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To my children
Mikael, Malin and Marie

You may well feel that there is an overwhelming amount of knowledge 
you must take in, but nobody expects you to memorize the entire con-
tents of this book. If you use it as a reference, and read a little at a 
time, you will gradually get to grips with the information it contains.
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Preface
The number of children and adolescents with
type 1 diabetes in the world is steadily increas-
ing. There would appear to be something in the
environment causing this, as genetic changes are
not this rapid in humans. By contrast, the num-
ber of young adults developing type 1 diabetes
seems to be constant, or even decreasing in
some places. This would suggest that a particu-
lar group of individuals tend to get type 1 dia-
betes, but some environmental factor or factors
are now causing it to appear earlier in the
lifespan. Generally speaking, countries with a
higher standard of living also have a high per-
centage of children with type 1 diabetes. In Fin-
land, the country where it is now most
common, 0.6% of all children can expect to
develop diabetes before the age of 15 years. 

A great deal of effort is put into research to find
the causes of diabetes and to find a cure for this
condition. In the meantime, however, we need
to make life with diabetes as manageable as
possible for our children, and young people.
Since I wrote the first edition of this book in
1998, a great deal has happened in the area of
insulin treatment. New analogues, both
rapid-acting and long-acting, have been devel-
oped. These are opening up new possibilities for
designing and “tailoring” individual insulin reg-
imens, the better to fit the life of each individ-
ual. 

Extensive advice on how to use these new ana-
logues is now included in the book. Insulin
pumps are beginning to be used more widely by
young people, so the chapter on this topic has
been updated extensively. The chapter on
research and new developments covers the lat-
est news, including the promising results of islet
cell transplantation. Sections on diabetes orga-
nizations have been added, and you will find
new topics such as driving safely with diabetes
as well as basic advice on carbohydrate count-

ing. Altogether, the amount of material con-
tained in this book has increased by 27% since
the first edition.

I am always so impressed by the huge motiva-
tion that whole families put into the learning
process. On being told their child has diabetes,
they often go to an astonishing amount of effort
to make life as good as possible for their child,
learning to live with this new condition. Within
a couple of weeks, they are able to manage
everyday situations in relation to diabetes quite
well on their own. In about a years’s time, after
having experienced the events of an ordinary
family life including birthday parties, holidays
and sports events but also infections, gastroen-
teritis and other things that can complicate life,
they will have taken over the reins and become
their own diabetes experts. It is from families
like these that I have learned how to deal with
diabetes in such a way that Professor Johnny
Ludvigsson’s saying becomes true: “It is not fun
getting diabetes, but you must be able to have
fun even while having diabetes”.

I hope that this new, updated edition will make
living with diabetes considerably easier for chil-
dren, teenagers and young adults. Let me know
your views and impressions of the contents of
this book so that, together, we can improve the
treatment of diabetes.

Ragnar Hanas, MD, PhD, Consultant Paediatrician
Department of Paediatrics
Uddevalla Hospital
S-451 80 Uddevalla
Sweden
Fax +46-522-93149
E-mail: ragnar.hanas@vgregion.se
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Foreword by Dr Peter Swift
When diabetes is managed successfully by
young people and families, general health, phys-
ical activities, sport, educational achievements,
job prospects and overall life style can be out-
standingly good. On the other hand, nobody
should doubt that diabetes is a very serious dis-
ease. In young people especially, it has the
potential to be extraordinarily destructive in
terms of both physical and emotional health.

In order to achieve success in diabetes Dr Robin
Lawrence, one of the founders of the British
Diabetic Association (now Diabetes UK), said
that people with diabetes should become their
own doctor. The author of this book, Dr Rag-
nar Hanas, goes further than this, claiming that
“having diabetes means you need to know more
about the disease than the average doctor”.
Patients and parents should be told from the
outset that they will become the real experts
within a few months of diagnosis because they
have to live with the condition 24 hours a day,
365 days a year.

The number of young people with diabetes has
been increasing for many decades. In the geo-
graphical area where I work the incidence has
almost doubled in every decade since the 1940s.
During this time we have learnt so much more
about how to manage diabetes properly. We
now have improved equipment, newer insulins
and expert teams of specialist doctors, nurses,
dietitians, psychologists and others. Research
has not only spelled out the serious conse-
quences of diabetes if it is not looked after suc-
cessfully, but has also highlighted the targets we
should set ourselves.

This book about type 1 diabetes in young peo-
ple “how to become an expert” is summed up
by the old Chinese saying, “Give a man a fish
and he will not go hungry that day. Teach him
how to fish and he will not be hungry for the

rest of his life”. In modern parlance this is what
we call empowerment, the principle of enabling
or giving power to a person to run their own
life and activities. Diabetes is a medical condi-
tion in which successful management depends
on the ability and motivation of the individual
to look after it themselves, often independently
of health care professionals. But in order to get
to that ideal state of independence, people living
with diabetes have to understand the complexi-
ties of the condition, and know how to manage
it in many different circumstances.

The author directs the educational process
using a step by step approach, with carefully
crafted words, abbreviated highlight boxes, car-
toons (many drawn by children), graphs and
diagrams and a huge list of references. Dr.
Hanas is a perfectionist in his own attention to
detail and his expectations for people with dia-
betes. Some of his ideas may not be the same as
some other doctors but that is typical of diabe-
tes, and readers can debate these differences in
their own clinics. The book has a huge amount
of information not only for the better under-
standing of people with diabetes but also for
health care professionals, teachers, schools,
counsellors and others. It is not a book to read
from cover to cover, but rather for dipping into
on a regular basis to improve knowledge,
understanding and motivation. 

It is my privilege to introduce the UK edition of
this extraordinary book to you. I know it will
help you to understand diabetes better and so
improve the care of young people with type 1
diabetes.

Peter G F Swift, MD, FRCPCH
Children’s Hospital
Leicester Royal Infirmary
Leicester, LE1 5WW UK
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Foreword by Dr Stuart Brink
The second edition of Dr Hanas' book remains
our favourite diabetes teaching manual at the
New England Diabetes and Endocrinology Cen-
ter (NEDEC). It is comprehensive, witty and
informative while at the same time paying par-
ticular attention to the psychosocial issues of a
chronic condition. Type 1 diabetes is increasing
around the world. It affects young children,
school age children, teenagers and young
adults. It is essential that physicians, nurses,
dietitians and other support personnel are well
informed for type 1 diabetes to be recognized
and treated correctly. It requires health care
professionals to work together as a team to sup-
port not only those who have this disease but
also their family members. 

Most importantly, type 1 diabetes is unique
because it requires not only excellent health
care providers but informed patients, parents
and friends. This is a disease where knowledge
is a critical component of care. Not just knowl-
edge, but up-to-date knowledge which brings
research findings directly to providers and
patients and facilitates the use of such knowl-
edge for self-care. This manual provides such
information for those who must live with type 1
diabetes. Such self-management skills are not so
easy to elucidate, and even more difficult to put
into practice. 

The simple “rules” of diabetes suggest that too
little insulin, too much food, too little activity
or major illness or emotional upheaval cause
high blood glucose, while too much insulin, too
little food and/or too much activity cause
hypoglycaemia. After all is said and done, the
application of these few bits of information
explains all of what we need to know about
diabetes. However, the details and the intrica-
cies as well as the variations of the themes of
these “rules” are what diabetes self-manage-
ment is all about. The application of such

knowledge allows the possibility of excellent
glucose control while the inability to afford
such care or the misapplication of such knowl-
edge is associated with both acute and chronic
complications of type 1 diabetes mellitus. 

The psychosocial aspects of self-care and the
interplay with family issues are important con-
cepts woven into the text. When appropriate
self-care is not taking place, psychosocial prob-
lems are often a key to understanding why
problems persist. Acknowledging such a
dilemma and applying research about empow-
erment and education coupled with the knowl-
edge of the importance of improving diabetes
care is a critical component of getting better
results. What Dr Hanas does so well is to start
with these basic premises and build the pieces of
the self-care treatment puzzle step-by-step so
that everyone involved with such care can
understand what needs to be done, why it needs
to be done and how it may be achieved. He
does not offer dogmatic suggestions but rather
options to consider under different real life cir-
cumstances. In fact, this second edition, like the
first, accomplishes its goal of a diabetes teach-
ing manual with attention to detail and applica-
tion of clinical as well as research findings.
School teachers, guidance counsellors, thera-
pists and all members of the diabetes medical
community should have this book in their
armamentarium as should those living with dia-
betes. 

Stuart Brink, MD, Associate Clinical Professor of 
Pediatrics, Tufts University School of Medicine
New England Diabetes & Endocrinology Center
NEDEC, 40 Second Avenue Suite #170
Waltham MA, 02451-1136 USA
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Introduction
“If you want something well done, do it your-
self.” This is a wise old saying, but of course
you need to know how to do it as well. If you
have diabetes, you will need a thorough under-
standing of the disease and how to manage it.
As anyone living with diabetes knows, it is an
illness that is with you 24 hours of every day. 

Traditionally, doctors have decided on the doses
of insulin, and the times it could be given.
Patients took the insulin as prescribed, neither
less, nor more. But for 20 years now, we have
been doing the opposite at our clinic. We begin
by teaching the fundamentals of diabetes man-
agement to our young patients. Then, gradually,

we delegate more and more of the daily respon-
sibility for diabetes care to the young people
themselves, and where appropriate also to par-
ents and other family members.

Usually, it takes about a year for someone to
experience most of the day-to-day situations
that can be affected by diabetes. These may
include holidays, birthdays, parties, heavy exer-
cise and periods of sickness. As you become
more confident, you will begin to draw upon
your own experiences and discover things about
your condition that we at the diabetes clinic will
find it helpful to know about. This sort of free
exchange of information not only helps us to
help you. It also enables the clinic to function as
an information centre, passing on suggestions
and knowledge from one family to another. 

Knowledge changes over time. What was advis-
able 5 to 10 years may not necessarily apply
today. At one time I would hear from families
whom I had just informed about some new
development, “Well, we have been doing it that
way for years, but we didn’t dare tell anyone”.
Nowadays we share knowledge and learning
with each other instead.

The underlying theme of this book is: “If you want some-
thing done well, do it yourself”. You are the only one who 
can be relied upon to be there 24 hours a day, and after 
a while you will be the greatest authority on your own dia-
betes. Learning to care for your diabetes from scratch, 
like learning anything else, is a matter of trial and error. 
And during the process, you are bound to make some 
mistakes. However, you can learn from each one of 
these, indeed you will learn more from your own mis-
takes than from the mistakes other people have made.

The diabetes clinic will often function as an information 
centre where we pass on good ideas from one family to 
another.



2 Type 1 Diabetes in Children, Adolescents and Young Adults

This book deals with type 1 diabetes in chil-
dren, teenagers and young adults. It does not
address the treatment of type 2 diabetes, except
in the briefest of ways. It describes methods of
treating diabetes that are common in much of
Europe as well as in North America and else-
where in the world. However, the methods used
may vary from one centre to another. The goal
is to find a way of treating your diabetes effec-
tively. There may be more than one way of
reaching this goal.

Don’t try to read the book from cover to cover,
or memorize it. Use it as a reference book
instead. A number of Latin medical terms are
included, but their meaning should be obvious
from the context, so you will not need to learn
them unless you particularly want to. If you
find some parts of the book difficult to under-
stand, especially on the first reading, please
don’t let this discourage you. When you come
back and read the text a second time, and when
you have more experience of living with diabe-
tes, it will all begin to fit together. More
detailed information, aimed at those who want
to learn a little bit more, can be found in the
boxes in the text.

The small numbers raised above the lines of text
(superscript) indicate the references which back
up a particular piece of information. A full list
of references, for those who are interested, is
given at the end of the book. 

Remember that you can learn things in many
different ways. We usually arrange lessons
around one aspect of diabetes at a time where
we sit down with the whole family. However,
you may also learn a great deal from a sponta-
neous conversation with a nurse, for example.
The nurse’s intonation, body language and
expression may give you as much information
as the spoken words. So, while you will be
given official information during your more for-
mal lessons, you will also hear unofficial views
and additional information from other health
professionals, fellow patients and others. Be
aware of their body language, what they say
and how they say it, and perhaps more impor-
tantly what they do not say. This type of infor-
mation is also available from every day contact
with doctors. Body language can make more
impact than words, and many people find that
if it comes to a choice between remembering
official information or informal information,
they usually find it easier to remember informal
information.500

If a member of your family has already been in
contact with diabetes (perhaps through a rela-
tive or colleague) they may well have a clearly
defined view of what diabetes is like. It is
important to remember that this experience is
not at all the same as having diabetes yourself
or in your immediate family. Also, the treat-
ment regime is likely to be quite different for
someone who has just been diagnosed com-

“It is time to replace the old mistakes 
with more modern ones.”

Grönköping’s Weekly

“The ability to think differently today 
than yesterday is what separates the 
wise from the stubborn.”

John Steinbeck

We must be humble. What we look 
upon today as established knowledge, 
may appear as something quite differ-
ent tomorrow.
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pared to that for a person who has had diabetes
for a number of years.

Many people are preoccupied by concerns
about the future and the possible difficulties
that may lie ahead. Your diabetes team will give
you straightforward information about compli-
cations that might occur, and how to postpone
them as long as possible or even avoid them.
Our policy is to tell all there is to tell, not leav-
ing any information out. Sometimes there is no
straight answer to a question but we will tell
you as much as we know.

During the first few weeks, you will need to get
to know yourself all over again, and your par-
ents will need to redefine their relationship with
you too. You now know you have diabetes. To
begin with, having to take this knowledge on
board may make you scared about all sorts of
aspects of your life. You may feel anxious and
insecure, since you don’t yet know how to
tackle the different situations that daily life
throws at you. But you will soon get to know

yourself or your child in this new situation and
you will gradually feel more confident about
getting on with your life.

SOON 
I WILL
HAVE
TAKEN

IN
JECTION

YEARS

MY
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Getting to grips with diabetes
Managing diabetes involves lifelong treatment
with insulin, but also permanent changes to
your daily routine. Diabetes care includes both
medical treatment and education. We want
young people with diabetes, and their parents,
to feel that they can assume responsibility for
their own treatment and take charge of their
own life. You can control your diabetes rather
than let your diabetes control you. Once your
diabetes has become manageable, so will other
aspects of your life.

When you first find out you have 
diabetes
In Sweden and many other countries,58 newly
diagnosed diabetes is usually treated in hospital,
where patients stay 1-2 weeks on the ward. In a
few centres in the UK 726 and many centres in
the US 134 it is more usual to start your insulin
treatment on an outpatient basis unless you are
ill with ketoacidosis (see page 29). Now that
health care costs are continually increasing, out-
patient treatment at this stage is becoming more
common.137 This approach requires the diabetes
team to be “on call” on a 24 hour basis for
back up while you are getting used to coping
with insulin treatment.137 The long-term glucose
control, which is measured by the level of a sub-
stance known as HbA1c, appears to be just as
good in patients who are treated as outpatients
initially as in hospitals.726 Whichever approach

you encounter, it is essential that you feel able
to approach members of the diabetes team on a
daily basis during the first week or two. It is
their job to ensure you have the basic under-
standing and self-confidence necessary to give
yourself the required doses of insulin.

The insulin requirement changes daily, and
early on, the insulin dose will need to be revised
continuously. During the first few days, patients
need high doses of insulin, which will then be
reduced by degrees. Many people feel much bet-
ter immediately, and find they become raven-
ously hungry. This is natural if you consider
that most young people who have been recently
diagnosed with diabetes will have been insulin
deficient for several weeks before the diabetes
was discovered, and are likely to have lost some
weight. We usually let them have as much food
as they want at this stage, regulating the doses
of insulin instead. The appetite usually settles
down after a few weeks. 

Keep a list of your 
questions to avoid 
problems recalling 
them when visiting 
us at the diabetes 
clinic.

“When a problem is too large and seems unsolvable, 
don’t forget that you can eat an elephant, assuming it is 
cut it into small enough pieces”.

Slavic saying

The first week is often chaotic, and it may be hard to 
understand how all the different facts fit together. Try to 
concentrate on one piece of information at a time. By the 
end of the second week, everything will be becoming 
much clearer, and you will begin to understand how it all 
fits together.
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During the first few days, many young people
(and their parents too) may experience a feeling
of disorientation. If you are in this situation,
you may have difficulty taking in the fact that
you actually have diabetes. You will need time
to examine your feelings and adjust gradually
to this strange new situation that now faces you
and the rest of your family. At this stage, you
will probably find your doctors and nurses
spend most of their time with you simply listen-
ing and answering questions. Then they will
move on by degrees to teaching you more about
diabetes. Most things will be new and you will
often find them difficult to understand initially
but, bit by bit, the different pieces of informa-
tion will fall into place. By the end of the second
week, you will be beginning to understand how
insulin and blood glucose affect each other. You
will discover that your blood glucose level fluc-
tuates frequently, and that a perfect blood glu-
cose level is a rare thing, even for those people
whose diabetes is very closely supervised.

Parents can find they lose touch with each other
if one is spending much more time than the
other with a child in hospital. It is essential that

both parents participate as much as possible in
the daily care of the child with newly diagnosed
diabetes. Taking time off work may help pro-
vide sufficient time to focus on diabetes care
needs if this is possible.

Most people find that managing diabetes at
home is easier than they had anticipated. To feel
confident caring for yourself (or, in the case of
parents, for your young child) at home, you
should know what to do if the blood glucose
level falls too low (see “Treating hypoglycae-
mia” on page 60). 

You will have time during the early weeks to
meet a dietitian several times, as well as a spe-
cialist diabetes nurse who can help you with
many practical issues. Diabetes is an illness that
can cause a lot of inconvenience, even in the
most “normal” and well-adjusted families. 

It can prove very valuable if you are able to see
a child psychologist to discuss any difficulties
that might arise. This way, if you do run into
problems later on, you will already have an
established contact should you wish to seek
help. 

“Give a man a fish and he will not go hungry that day. 
Teach him how to fish and he will not be hungry for the 
rest of his life.”

Chinese saying

It is important that you get used to handling your own (or 
your child’s) diabetes early on. If you understand “why 
and how”, you will be better prepared to meet different 
situations in life in harmony with your diabetes.

You will be feeling much better after a week or two with 
insulin. Now is the time to tell your friends at home and 
at school or work that you have diabetes. Then they will 
know and need not ask when you do something they 
don’t understand, such as taking a blood glucose test. 
Even if you are worried about telling them, it often feels 
better once it is done.
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Very young children
In the case of a baby or very young child having
diabetes, the teaching will be directed at the
parents, for obvious reasons. It is important,
however, that children are given every opportu-
nity to learn about diabetes themselves, and are
given an increasing amount of responsibility for
managing their illness as they grow. One way of
helping to achieve this is by including young
children in a diabetes holiday. Children who
have reached or who are approaching the age of
puberty should be encouraged to take an active
part in managing their diabetes from the start.
Parents’ self-help groups can also be very help-
ful, so do ask if there are any in your area.

Our goal is for all children with diabetes, how-
ever young they were when diagnosed, to be
able to take the greater proportion of responsi-
bility for their diabetes before they enter
puberty. If this applies to you, you can then
begin to recognize diabetes as your own illness
(not something your mum or dad uses to get
you to do what they tell you). Then you can
direct your energies towards other areas of life.

Routine check-ups
After the initial phase, you are likely to come to
the diabetes clinic for a check-up every second
to third month. At these check-ups, we can tell
how your glucose control has been over the pre-
vious 2-3 months by measuring a substance in
your blood called HbA1c (see page 104). It is
important that you realize from the start that it
is not possible to achieve perfect blood glucose
levels every day. Everyone with diabetes has
high blood glucose levels every now and then
and, with the methods of treatment available
today, this should not cause you too many
problems. What is important is that your aver-
age blood glucose level is acceptable. More
information about this will be found later in
this book.

Older teenagers often prefer to come by them-
selves to their check-ups, or perhaps with a
friend or partner for company. If you are in a
steady relationship, it is very important that
your partner comes with you to your clinic vis-
its. You may see the dietitian during team visits,
but you can also contact him or her directly for
further information. Once a year, you will usu-

Knowledge and self confidence are your best armour 
when you are confronted with other people’s opinions 
about diabetes. They will help you to recognize and deal 
with the prejudice and out of date views that, unfortu-
nately, you are likely to meet. It is important for patients 
and health professionals to help each other spread bet-
ter knowledge and understanding about diabetes.

Hurrah, today is my birthday! This is a day for celebrating. 
For once you can be a bit more relaxed about routines 
and rules. Young people should be allowed to remember 
their birthdays and other special occasions as joyful and 
happy days, without undue restrictions.

3



Getting to grips with diabetes 7

ally have a more thorough check-up, including
a full physical examination. Several additional
tests (mainly blood tests) may be included in
your annual check-up (see page 300). 

You need to be aware that the way your body
changes during adolescence will affect your dia-
betes. During puberty your body will need a lot
more insulin (see page 192). It is important to
know when to increase the doses. 

Living the life you choose
Diabetes is a chronic illness that will affect you
every day for the rest of your life. Try to
become friends with your diabetes (or at least
not to see it as an enemy) since you can’t escape
it and there is no currently known cure. It will
probably be easier to manage diabetes well if
you have a life with some sort of regular rou-
tine. If you are accustomed to a lifestyle that is
neither regular nor predictable, you may find it
more difficult (though by no means impossible)
to combine this with diabetes.

It is essential, however, that from the very
beginning you plan how to carry on with your
life in a manner that suits you. Don’t let your
diabetes dictate the type of life you should live.
A lot of people find themselves thinking: “I
can’t do such and such any more, now that I
have diabetes. But I used to enjoy it so much
before my diagnosis”. However, most activities
are not only “allowed”, but you can do them
perfectly well. Nothing is absolutely forbidden,
but you would be wise to think things through
more carefully than you used to, in all sorts of
situations. It is important to experiment and
learn by trial and error. If you choose the life
you want to live, it is our job as diabetes profes-
sionals to tailor an insulin regime that will
enable you to do this. However, there are a few
limitations on what sort of work you can do,
for example it may not be possible to join the
army or police force (see “Choice of job or
employment” on page 284).

We check your weight and 
height at every visit to make 
sure that you continue to grow 
as well as you did before having 
diabetes. If you don’t get 
enough insulin you will lose 
weight and may even experience 
growth retardation. If, on the 
other hand, you get too much 
insulin (and food) you will gain 
too much weight. 

“It is much easier to have a strong opinion if you don’t 
know all the facts involved”.

You and your family will find that many people you come 
in contact with think they know a great deal about diabe-
tes. Often their knowledge about diabetes treatment is 
far from up to date. Be a bit sceptical when you hear gen-
eralized statements about diabetes, especially early on 
before you have your own knowledge and experience to 
rely upon.
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Caring for your own diabetes
Goals for managing diabetes
A number of international authorities have put
together recommended guidelines for the treat-
ment of diabetes in young people. One of these
is the International Society of Pediatric and
Adolescent Diabetes (ISPAD, see page 290).728

Other national and international programmes
for the treatment of diabetes in childhood and
adolescents are to be found in the APEG Hand-
book on Childhood and Adolescent Diabetes
from the Australasian Paediatric Endocrine
Group,695 the St. Vincent Declaration 151 the
American Diabetes Association’s Clinical Prac-
tice Recommendations,19 and  among others.

An important goal of diabetes management is to
reduce the number and severity of the symp-
toms and side effects you may experience. It is
particularly important that young children
grow and develop normally, and we ensure this
by referring to standard weight and height
development charts at every stage of treatment.
In the past, insulin treatment plans were inade-
quate and prevented many children from grow-
ing properly, but this is no longer acceptable.

During puberty, insulin treatment plans need to
be looked at and modified regularly.

Diabetes should not disrupt schooling or work-
ing patterns. It is difficult to follow lessons if
you are hypoglycaemic, as this disturbs concen-
tration. During puberty, your peer group
becomes ever more important. Teaching teenag-
ers how to balance an enjoyable social life with
good diabetes management becomes a key goal
at this time. As the young person matures into
adulthood, having a family and children
becomes increasingly important. In the long
run, it is essential to prevent side effects and
complications from diabetes. 

How can you achieve these goals?
Traditionally there are three cornerstones of
diabetes management: insulin, meal planning
and exercise. The use of insulin is essential as
this hormone is more or less missing from your
body and it is essential for life. However, the

Goals of treatment

No symptoms or discomfort in everyday
life.

Good general health and well-being.

Normal growth and development.

Normal puberty and peer-group relations.

Normal schooling and professional life.

Normal family life including the
possibility of pregnancy.

Prevention of long-term complications.

“My home is my castle”, as the saying goes. Build your-
self a castle of knowledge and motivation so you can feel 
safe and comfortable while dealing with your diabetes.
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other two cornerstones are being questioned by
modern diabetes specialists, especially where
children and teenagers are concerned. Eating
sensibly is essential but meals that are appropri-
ate for people with diabetes need not be very
different from the sort of ordinary healthy
meals that everyone can benefit from. Similarly,
exercise is recommended for everyone and will
help you achieve a good general level of fitness.
In the past, exercise was an important part of
diabetes treatment, however newer studies of
diabetes and exercise do not indicate that it
improves glucose control.793 If your blood glu-
cose levels are high with not enough insulin, it
may not be a good idea to exercise. So exercise
is no longer considered as a part of the actual
diabetes treatment, although it is recommended
for more general reasons.350 See also the chap-
ters on healthy eating and physical exercise.

Dr Johnny Ludvigsson, Professor in Paediatric
Diabetology in Sweden, has re-defined the cor-
nerstones of diabetes treatment as: insulin, love
and care.500 These goals coincide well with our
clinic’s view of diabetes treatment. Diabetes is a
deficiency disease and it is natural to replace
what is missing, i.e. insulin. Love and care are
essential parts of every child’s upbringing, and
will be even more important for a child with a
chronic illness. 

I would like to introduce a fourth cornerstone
in the treatment of diabetes, namely knowledge.
A Chinese saying goes “Give a man a fish and
he will not go hungry that day. Teach him how
to fish and he will not be hungry for the rest of
his life...”.

Becoming your own expert
The more motivated you are, the better you will
be able to manage your own diabetes. It is
important you realize the treatment is for your
own sake, not for your parents’ or your fam-
ily’s, and certainly not to benefit your doctor or
nurse. Your motivation for the best possible self
treatment might be to be as good (or better...) at
football as you were before, to achieve good
results in a school examination without getting
hypoglycaemic, or to get the job you want and
make it run smoothly despite irregular working
hours. If you have diabetes you must become
your own expert, learning to handle whatever
life may throw at you in a satisfactory way. 

The treatment of diabetes has changed a great
deal in recent years, but public awareness has
not necessarily caught up. So you are likely to
come across a lot of people with out-of-date or
fixed ideas, who think they know a great deal
more than they actually do. But you need to be
able to rely on your own knowledge. Indeed, to

Traditional approach

Insulin

Exercise

Diet

Diabetes today 

Professor Johnny Ludvigsson, Sweden:

Insulin
Love
Care

“It is no fun getting diabetes, but you must be
able to have fun even if you have diabetes.”

I would like to add a fourth cornerstone:

 Knowledge

Motivation of your own  Self-care

If you want to manage well with diabetes you
must:

Become your own expert on diabetes.

Have more knowledge about diabetes
than the average doctor.

Accept your diabetes and learn to live 
with it.
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live your life in the way you want without too
many unpleasant symptoms, you will actually
need to know even more about diabetes than
the average doctor does! To gain this knowl-
edge you will have to ask questions and find out
information if any aspect is less than crystal
clear. Be sure to contact your consultant or dia-
betes nurse whenever you have questions on
insulin dosages or other issues. If you save the
question until your next visit, which might be
three months away, you may simply forget all
about it.

Becoming fully engaged with your diabetes and
your own care is vitally important. Because you
have to live with diabetes 24 hours a day, it is
crucial that you decide as early as possible
whether you are going to adjust your life
around your diabetes, or whether you prefer to
decide on a particular lifestyle and then adjust
your diabetes treatment to enable you to
achieve it. We encourage young people to be as
active as possible in the management of their
own diabetes from the start. We aim to ensure
that children have a good grasp of their diabetes
by the time they reach puberty. This is impor-
tant as there is so much else to occupy the mind
of a young person during the teenage years.
Children who have already come to grips with
the basis of their own diabetes care before this
stage will find they have more confidence to
enjoy the increased freedom that adolescence
should bring. 

Can you take “time off” from 
diabetes?

Well, this really isn’t possible since your diabe-
tes is with you 24 hours a day. But you can
make a distinction between everyday life and
having a good time on special occasions. Most
people (with or without diabetes) will allow
themselves something extra once in a while,
even if they know that this little extra is not
necessarily terribly healthy. If your usual life-
style is appropriate for diabetes, you too can
allow yourself to be a bit “more relaxed” with
food if you are celebrating for example (see also
“Party-time” on page 220).

If you go on holiday or a school trip, your rou-
tine is bound to differ from the one you have at
home. The goal on these occasions should not
be to have perfect control over your blood glu-
cose. The important thing is that you feel well
enough to participate in all activities. This may
mean you have to accept having a slightlyAll children need love and care...

“To dare is to lose foothold for a short while — not to dare 
is to lose yourself.”

Sören Kierkegaard, Danish philosopher 1813-55

It is not easy to take individual responsibility for your own 
diabetes. On the other hand you are the only one who 
can do it. Only you can be there 24 hours a day, and this 
is what it takes to make your diabetes function well both 
today and in the future.
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higher blood glucose level than usual, but of
course you shouldn’t let it get so high that it
affects your well-being.

It is better to have 15 “bad” and 350 “good”
days and feel happy about life, than 75
“half-bad” and 290 “good” days but feel miser-
able all the time. Many people with diabetes
choose to have a slightly higher blood glucose
level when they are about to do something
important, such as an examination in school or
an interview for a new job. And there are good
reasons for this. In certain situations it is much
more important to avoid hypoglycaemia than to
have a perfect blood glucose level.

Alternative and complementary 
therapies

Sometimes we encounter questions about com-
plementary or alternative treatment methods. In
Sweden it is forbidden to treat children below
the age of 8 with so called “alternative medi-
cines” according to the law of quackery. Many
parents have told us that despite this they have
been informed about different types of treat-
ment for children when they have consulted an
alternative practitioner. In Finland, a 5 year old
boy died in 1991 after his parents stopped giv-
ing him insulin and instead gave him different
types of herbal and steam baths. Both the par-
ents and the person responsible for the treat-
ment were prosecuted for causing the death of
the child. 

Four cases have been reported in the United
Kingdom of insulin doses being decreased or
stopped completely and different types of alter-
native treatment being given instead (prayers,
healing, special diet and treatment with vita-
mins and trace elements). Three of the people
involved developed ketoacidosis, while the
fourth suffered from high blood glucose levels
and weight loss.301

Unlike an alternative therapy, which is used
instead of a conventional one, complementary
therapy means exactly what its name implies. It
should be used in addition to medical treat-
ment, to complement, rather than replace it. So,
while a complementary therapy cannot be a
substitute for insulin you may benefit from it in
other ways, for example to help you to cope
with the anger you feel at having to organize
your life rather differently from your peers.

I have discussed this topic with parents on sev-
eral occasions. In my opinion, three issues are
especially important: 

We must talk frankly with each other
about this subject. If you want to try an
alternative or complementary treatment for
your diabetes despite our recommenda-
tions, it is better that you do this openly so
that your doctor and diabetes nurse know
about it.

Children and adults with diabetes must
continue taking their insulin and other
medical treatment as prescribed by the doc-
tor, otherwise their health will be in serious
danger.

The alternative or complementary treat-
ment must not be in any way dangerous or
harmful to the person with diabetes.

Sometimes you may feel like this when everything you 
have planned goes wrong and your blood glucose level 
ends up much too high or low. At a time like this, it might 
be a good idea to put your monitoring and adjustments 
“on hold” for a week and just take time off. Then, you can 
start afresh with renewed enthusiasm. Check your blood 
glucose only to avoid hypoglycaemia. Most things in life 
are learned this way, in “waves”. As you become more 
familiar with your diabetes, these moments of exaspera-
tion will occur less and less often.
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Diabetes: some background
Diabetes mellitus, usually referred to simply as
“diabetes”, has been known to mankind since
ancient times. Diabetes means “flowing
through” and mellitus means “sweet as honey”.
Diabetes used to be described as either “insu-
lin-dependent” (IDDM) or “non-insulin depen-
dent” (NIDDM). Nowadays, you are more
likely to hear the terms “type 1 diabetes” and
“type 2 diabetes”. 

Egyptian hieroglyphic findings from 1550 BC
illustrate the symptoms of diabetes. Some peo-
ple believe that the type of diabetes depicted
was type 2 and that type 1 diabetes is a rela-
tively new disease, appearing within the last
two centuries.109

In the past, diabetes was diagnosed by tasting
the urine. The only treatment was alcohol
which lowered the blood sugar level. Before
insulin was discovered, type 1 diabetes always
resulted in death, usually quite quickly. 

Type 1 diabetes 
If you are going to get type 1 diabetes, you will
probably know before your 35th birthday.
Most people whose diabetes is diagnosed in
childhood or the teenage years have type 1 dia-
betes. 

Type 1 diabetes is insulin-dependent, meaning
that treatment with insulin is necessary from the
time the disease is first diagnosed. In type 1 dia-
betes, the insulin-producing cells of the pan-
creas are destroyed by a process in the body
known as “autoimmunity” (i.e. in which the
body’s cells attack each other, see page 322).
This leads eventually to a total loss of insulin
production. Without insulin, glucose remains in
the bloodstream, so the blood glucose level
increases, especially after eating meals. Glucose
is then passed out of the body in the urine. 

Insulin history

The first human to be treated with insulin was
a 14 year-old boy, Leonard Thomson, in Can-
ada in the year 1922.

In the UK, insulin was first given as part of a
research trial later the same year. 

In Sweden, the first insulin injections were
given in 1923 to, among others, a 5 year-old
boy who subsequently lived almost 70 years
with his diabetes.

In the early days, insulin was distributed as a
powder or tablets which were mixed with water
before being injected.

Type
1

2
Type Know-

Insulin
ledge
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Type 2 diabetes 
Type 2 diabetes is also called adult onset diabe-
tes as the onset usually takes place after the age
of 35. In type 2 diabetes, the ability to produce
insulin does not disappear completely. But the
body becomes increasingly resistant to insulin,
so tablets are needed to balance this. The tablets
do not contain insulin, but act by increasing the
body’s sensitivity to insulin, or by increasing the
release of insulin from the pancreas. It is rare
for insulin injections to be necessary in the early
stages of type 2 diabetes.

Although type 2 diabetes is also called non insu-
lin-dependent diabetes, many people need treat-
ment with insulin at a later stage in much the
same way as people with type 1 diabetes. 

A new generation of medication for type 2 dia-
betes (glitazones) is now being used in adults.
These tablets make the body more sensitive to
insulin, and may also be helpful in other ways,
for example by lowering the level of fats in the
blood and reducing blood pressure. However,
they are not yet approved for use in children.

An increasing number of reports from North
America, Japan, the UK, and other parts of the
industrialized world indicate that overweight
teenagers are now beginning to develop type 2
diabetes. This appears to be more common in
girls than in boys.240,802 In North America, type
2 diabetes and heart disease among the young
and middle-aged people from the members of
the native American population is reaching epi-
demic proportions. 

In certain groups, the number of cases of type 2
diabetes as a proportion of the total number of
newly diagnosed diabetes among children is
extremely high. This proportion is nearly 100%
in native Americans, 31% in Mexican Ameri-
cans, and 70-75% in African Americans.802

Type 2 diabetes is often diagnosed in African
Americans after they become ill with the symp-
toms of ketoacidosis (see page 29).802 

Other risk factors for type 2 diabetes in children
and young people are low birth weight, type 2
diabetes in the family, ethnic origin (Canadian
and American First Nation’s people, Hispanic,
African American, Japanese, Pacific Islander,
Asian and Middle Eastern), high fat and low in
fibre, lack of exercise, and signs of insulin resis-
tance (such as high blood pressure and dark vel-
vety discolouration of the skin (known as
acanthosis nigricans).240,645 

A possible reason for the increase in type 2 dia-
betes in young people may be that some people
were “programmed” thousands of years ago to
survive famine by conserving energy compared
to periods when there was better access to
food.645 Today, when we have easy access to
food, these “survival capacities” may cause
problems instead. For example, the number of
young people with type 2 diabetes is much
higher in African Americans than among Afri-
cans still living in their home continent,
although the genetic make-up of these two
groups is very similar. This suggests that life-
style and diet may be particularly important.802

Being overweight will make you more vulnerable to type 2 
diabetes as, in the long run, your body will not be able to 
produce the large amounts of insulin necessary to keep 
your blood sugar normal. Japanese sumo wrestlers with 
a body weight of 200-260 kg have an increased risk of 
type 2 diabetes when they stop their intensive training.
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Other types of diabetes
LADA (Latent Autoimmune Diabetes in the
Adult) is a form of type 1 diabetes that appears
in adults and is caused by the body’s own
immune mechanisms. These persons are rela-
tively thin and are very insulin sensitive. They
usually produce insulin of their own for many
years, much longer than the typical remission or
“honeymoon” period we see in children and
adolescents. Perhaps as many as 15% of people
who are believed to have type 2 diabetes (and
up to 50% of those who are not overweight)
may have LADA.818 One way of finding out
whether someone actually does have LADA is
to measure the level of certain antibodies that
attack the insulin producing beta cells in the
pancreas (ICA and GAD, see page 322).818

Some children and adolescents have a rare form
of genetic diabetes (MODY, Maturity Onset

Diabetes of the Young 771). This is associated
with a definite family history of diabetes.

How common is diabetes?
The number of individuals with diabetes varies
enormously from country to country. In Europe
and the USA it is estimated that 50 million peo-
ple have type 1 or type 2 diabetes. The risk of a
child developing type 1 diabetes before adult-
hood is approximately 0.3-0.5% in the Scandi-
navian countries., This incidence varies between
countries, and an estimated 430,000 children
and adolescents aged 14 years or under are
thought to have diabetes worldwide.398 Each
year, another 77,000 children in this age group
are found to have diabetes, as are a further
119,000 aged 15 years or more.398

In the US, approximately 13,000 new cases of
diabetes are diagnosed in children every year.23
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Some 125,000 American individuals below the
age of 19 years have diabetes, making this the
second most common chronic disease in
school-age children (the first being asthma).23 In
the UK there are at least 20,000 children under
15 year with diabetes.404 In Sweden there are
approximately 6,500 children and adolescents
with type 1 diabetes and there are around 700
new cases of diabetes every year below the age
of 18 years.487

There is a slow but steady increase in the num-
ber of cases diagnosed per year in most coun-
tries, especially in the younger age group.169,293

The overall annual increase in Europe in the age
group 0-14 years from 1989-1999 has been
3.2%.314 However, in Sweden the incidence in
the age group 15 - 34 years is decreasing,617

which indicates that the same individuals are
getting diabetes at an earlier age. The same
trend of a continuing rise in number of new
cases in the ages 0-14 years over the last 20

years (around 6% per year) but not for young
adults aged 15-29 has been found in the UK.266

Finland has the highest incidence of childhood
and adolescent diabetes in the world and Swe-
den comes in third after Sardinia. In Japan
childhood and adolescent type 1 diabetes is very
uncommon. Although 120 million people live in
Japan (compared to Sweden’s 8 million) the
actual number of Japanese children and teenag-
ers with diabetes does not exceed the number in
Sweden.439 

We don’t know why there is such a difference
from one country to another, but it depends at
least partly on cultural and environmental dif-
ferences. For example, diabetes is more com-
mon among Asian immigrants living in UK than
in their relatives remaining in their countries of
origin.84 See also “What causes diabetes?” on
page 321.

Can you catch diabetes?
Diabetes is not infectious. This may be obvious
to adults but your young friends may be less
confident. It is very important to get the mes-
sage across to all your friends, both at home
and at school, that they cannot “catch” diabe-
tes off you or anyone else. The best way may be
to explain this to the whole class when you go
back to school. Ask your diabetes nurse to
come to school and talk to your friends and
teachers about diabetes, and show them how
injections and blood glucose tests are per-
formed. Also tell them about the symptoms of
hypoglycaemia and what they can do to help. It
is especially important for teenagers with newly
diagnosed diabetes to tell their friends. If, for
whatever reason, you don’t do this shortly after
you are diagnosed, it becomes increasingly
likely you will not tell them at all. Telling other
people is a very important part of accepting
your own diabetes.

Principles of treatment for type 2 diabetes 
in young people 802

Change what you eat to include smaller por-
tions with less fat and carbohydrate.

Take up a form of regular exercise that
involves your friends too. Walking, jogging
and team sports can all be fun in groups.

Get your school on board. Changing the type
of food offered in the school canteen and reg-
ular physical exercise on the school timetable
will help.

You are likely to need insulin in the first week
or so, especially if you had ketones or ketoac-
idosis when your diabetes was diagnosed. 

The use of oral anti-diabetic agents such as
metformin can be effective for treating type 2
diabetes in young people.414
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Does eating too many sweets cause 
diabetes?

No! Eating sweets will not influence your risk
of getting type 1 diabetes in adolescence or
childhood. If you are the parent of a young
child, remember to tell this to your child’s
friends as younger children in particular often
wonder whether sweet-eating will give them
diabetes too. Parents can fall into the trap of
thinking: “If we only had done this or that dif-
ferently, perhaps our child wouldn’t have diabe-
tes”. But they shouldn’t blame themselves like
this. Generally speaking, there is nothing a par-
ent could have done differently to prevent his or
her child from developing type 1 diabetes.

Type 2 diabetes is rather different however.
While sweets do not in themselves cause type 2
diabetes, excess calories of any kind (sweets,
cake, potatoes, sugary drinks) or just insuffi-

cient physical exercise coupled with eating too
much, is clearly related to obesity. And if you
have a genetic susceptibility to type 2 diabetes,
obesity will greatly increase your likelihood of
developing it.

Juvenile diabetes is most 
common in the Nordic 
countries. In spite of hav-
ing 15 times the popula-
tion of Sweden, Japan 
has approximately the 
same number of children 
and teenagers with dia-
betes as Sweden.

If you don’t have diabetes, your body will automatically work the 
way it should. Before you developed diabetes, your pancreas pro-
duced insulin without you having to give it a thought. Now you 
must listen to your body’s signals and give yourself insulin in a 
way that is suitable for the different situations you are faced with.
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How your body works
It is important to understand how the body
works in order to understand the difference in
the way it works when you have diabetes. If
you are not familiar with medical terms, or not
interested in learning them, you can skip the
terms in brackets. You do not need to know
them to understand what is being said.

The three most important things making up the
food we eat are sugar or starch (carbohydrates),
fat and protein. When we eat, the digestion of
starch (long chains of sugar, see page 203)
begins immediately in the mouth with the help
of a special enzyme (saliva amylase). An enzyme
is a protein compound that breaks the bonds
holding chemicals together. The food collects in
the stomach, where it is mixed and broken
down by the acidic gastric juice. The stomach
then empties this mixture, a little at a time, into
the small intestine through the lower opening of
the stomach (pylorus, see illustration on page
21 and 64). 

Once the food is in the small intestine, it will be
broken down even more by digestive enzymes
from the pancreas and suspended in bile pro-
duced by the liver. If you eat sugar (for example,
if you have hypoglycaemia, see page 60) it can-
not be absorbed into the blood until it has
entered the small intestine. A study on adults
indicates that glucose cannot be absorbed from
the mouth (oral cavity) 321 or from the stom-
ach.277 In this sense the emptying rate of the
stomach will have a considerable impact on
how quickly the sugar you eat enters the blood-
stream and increases your blood glucose level
(see page 203).

The carbohydrates we eat are broken down into
the simple sugars (mono-saccharides), glucose
(dextrose, grape-sugar), fructose (fruit sugar)
and galactose. Fructose must first be trans-
formed into glucose in the liver before it can
affect your blood glucose level. Food proteins
are broken down into amino acids, and fat into
very tiny droplets (known as chylomicrons, and
composed mainly of triglycerides). Simple sug-
ars and proteins are absorbed directly into the
blood while the fat droplets are absorbed into
the lymph system and enter the bloodstream
through the lymph vessels.

Phases in glucose metabolism

Storing at meals:
During a meal and for the following 2-3
hours glucose from the meal will be used as
fuel by the cells. At the same time the stores
of glycogen (glucose in long chains, see pic-
ture on page 203) fat and protein are rebuilt.

Fasting between meals
After 3-5 hours the carbohydrate content of
the meal is consumed and the blood glucose
level starts to decrease. The glycogen stores
in the liver will then be broken down to main-
tain a constant blood glucose level. The glu-
cose produced in this way will be used by the
brain while the body uses free fatty acids
from fat tissue for its fuel.

As soon as you see food your mouth will water and your 
body will begin to prepare to digest it.
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The venous blood draining the stomach and
intestines passes through the liver before reach-
ing the rest of the body. A large amount of glu-
cose will be absorbed by the liver with the help
of insulin, and then stored as a reservoir as gly-
cogen (see page 32). These stores can be used
between meals, during the night, and when a
person is starving. Only glucose that is not
absorbed by the liver can reach the peripheral
bloodstream (reaching all over the body), and it
is through this that glucose is delivered to the
rest of the body. This glucose can be measured
by a finger prick or a blood test from the vein. 

The muscles can also store a certain amount of
glucose as glycogen. Whereas the glycogen store
in the liver can be used to raise the blood glu-
cose level, the store in the muscles can only be
used by the muscles themselves during exercise.
The body’s ability to store glucose is very lim-
ited. The glycogen stores are only sufficient for
24 hours without food for an adult and 12
hours for a child.699

The glucose content of the blood is surprisingly
constant during both day and night in a person
without diabetes (approximately 4-7 mmol/l,
70-120 mg/d). In adults, this blood glucose level
corresponds to only about two lumps of sugar.
If you think about it this way, you won’t find it
surprising that even a small amount of sugar, a
few sweets for example, can disturb the balance
of glucose in the body of a person with diabe-
tes.

The smallest building blocks in your body are
called cells. All the cells in our body need glu-
cose to function well. With the help of oxygen,
glucose is broken down into carbon dioxide,
water and the vital energy to make cells work
throughout the body (see “A healthy cell” on
page 24).

Insulin

Many of the different things your body does are
controlled by hormones. Hormones act through
the blood and work like keys, “opening doors”
to different functions in the body. Insulin is a
hormone that is produced in the pancreas in
special types of cells called beta cells. The beta
cells are found in a part of the pancreas known
as “the Islets of Langerhans” which also con-
tain alpha cells producing the hormone gluca-
gon (see picture on page 23). Other hormones
are also produced by the islets, and help the
islet cells to communicate with each other. The
pancreas has another very important function.
It produces enzymes to help you digest your
food. This part works quite well, even in a per-
son with diabetes. 

The reason that insulin is so important is that it
acts as the key that “opens the door” for glu-
cose to enter the cells. As soon as you see or
smell food, signals are delivered to the beta cells
to increase insulin production.253 Once the food
has gone into your stomach and intestine, other
special hormones send more signals to the beta
cells to continue increasing their insulin produc-
tion.

The beta cells contain an inbuilt “blood glucose
meter” that registers when the level of glucose
in your blood goes up and responds by sending
the correct amount of insulin into your blood-
stream. When a person without diabetes eats
food, the insulin concentration in their blood
increases rapidly (see figure on page 22) to take

How insulin works

Insulin opens the door for glucose to enter
the cells.

It stimulates the storing of glucose in the liver
(as glycogen).

It stimulates the development of fat from 
excess carbohydrates. 

And it stimulates the development of protein 
compounds in the body.
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care of the glucose coming from the food, trans-
porting it into the cells. This person’s blood glu-
cose level will normally not rise more than 1-2
mmol/l (20-25 mg/dl) after a meal.253

Insulin follows the bloodstream to the different
cells of the body, sticking to the cell surface in
special insulin receptors. This makes it possible
for glucose to travel through the cell wall made
permeable to glucose. Insulin causes certain
proteins inside the cell to come to the cell sur-
face, collect glucose and then release it inside
the cell. In this way, the blood glucose level is
kept at a constant level.

Not all cells require insulin to transport glucose
into their interior. There are “insulin indepen-
dent” cells that absorb glucose in direct propor-
tion to the blood glucose level. Cells like this
can be found in the brain cells, nerve fibres, ret-
ina, kidneys and adrenal glands, as well as in
the blood vessels and the red blood cells. 

It may seem illogical that certain cells can
absorb glucose without insulin. However, in a
situation where there is not enough glucose in
the body, the insulin production will be
stopped, reserving the glucose for the most
important organs. If you have diabetes and
your blood glucose level is high, the cells that
don’t need insulin will absorb large amounts of
glucose. In the long run this will poison the
cells, making those organs susceptible to
long-term damage from having diabetes.

The body needs a small amount of insulin, even
between meals and during the night, to accom-
modate the glucose coming from the liver (see
page 32). This is often referred to as the “basal
insulin level” to distinguish between the need
for insulin in the background between meal-
times, and the “boluses” of insulin needed to
accommodate the eating of meals or snacks.
Around 40-50% of the total amount of insulin
produced by a person without diabetes, over
any 24 hour period, will be secreted as basal
insulin between meals.86 

A large amount of carbohydrate from a meal
will be stored in the liver (as glycogen, see page
32). If you eat more than you need, the excess
carbohydrate is transformed into fat and stored
in the fat tissue. The human body has an almost
unlimited ability to store fat, so fat left over
from a meal is stored in the same way. Proteins
(amino acids) from the meal can be used by dif-
ferent body tissues. There is no specific way of
storing amino acids. The liver can produce glu-
cose from amino acids, for example, if you
haven’t eaten for some time. But this means that
the body tissues themselves are broken down
since the body has no way of storing amino
acids.

The blood glucose in your body is controlled by many dif-
ferent actions that balance each other to achieve an as 
even a level as possible throughout the day.

Insulin
Exercise

Food
Stress 

hormones

Lowers 
blood glucose

Raises 
blood glucose

All the organs in the body are built of cells, which are like 
the bricks in a house. Each organ contains specialized 
cells to enable it to perform its function, so there are 
identifiable kidney cells, liver cells and muscle cells.
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Your body doesn’t realize it has 
diabetes

When you read about how your body functions
if you have diabetes, remember that it always
“thinks” and reacts as if it did not really have
diabetes, that is to say, as if the insulin produc-
tion was still working as well as it should. Your
body doesn’t understand why things go wrong
when you become insulin deficient, because it
doesn’t realize what has happened. On the
other hand your brain can help you by thinking
through what will happen when your insulin

production stops working. It is very important
therefore that you remember to stop and think
about how your body reacts in particular situa-
tions, why it reacts like this, and how you can
influence these reactions. 

Your insulin doses will vary from day to day
since you rarely conduct your life in the same
way from one day to another. If you did not
have diabetes, your beta cells would make auto-
matic adjustments for this. But now it is up to
you to notice how your body reacts on different
days, and how much insulin you need in differ-
ent situations.

Liver

Muscle

Intestine

Brain

GlycogenGlucoseCarbo-

Insulin

Glycogen

hydrates

What happens to the 
carbohydrates in the food?

Insulin

The complex carbohydrates in food are broken down to simple sugars in the intestine. Glucose is absorbed into the 
bloodstream and stored as glycogen in the liver and muscles. The key hormone insulin is needed to transport glucose 
into the cells of these organs. The brain cannot store glucose, so it has to depend upon a regular supply if it is to function 
well. The nervous system and some other cells (for example, those in the eyes and kidneys) can take up glucose without 
the help of insulin. There are advantages to this in the short term as the nervous system will not experience a lack of glu-
cose, even if no insulin is present. However, in the long term, there are disadvantages for a person with diabetes, as the 
nervous system will be exposed to high levels of glucose inside the cells when the blood glucose level is high.
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The anatomy of your body 

When you eat, the food passes from your
mouth through your gullet on its way down to
your stomach. Sugar can not be absorbed into
your blood until the food has passed the lower
opening of your stomach (pylorus) and entered
the intestine. In the intestine, it will be digested
by enzymes from your pancreas and intestinal
lining. 

The small intestine is very long (3-5 metres or
9-15 feet in an adult) and is folded or coiled in

order to fit comfortably inside your abdominal
cavity or tummy. The first part of the small
intestine, the duodenum, is 25-30 cm (10-12
inches) long. 

After leaving the small intestine, the food passes
into the large intestine (or colon) which is
approximately 1½ metres (4-5 feet) long. The
large intestine passes around the abdominal
cavity before entering the rectum. 

Pancreas

Large intestine

Gall bladder

Rectum

Duodenum

Liver
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Stomach
Pylorus Stomach

Pancreas

intestine
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Your pancreas is about the size of the palm of
your hand. It is positioned under the left rib
cage in the back of the abdominal cavity, close
to the stomach. The pancreas has two main
functions: it produces enzymes which help you
digest food, and it produces insulin which helps
control blood sugar. The digestive enzymes
from the pancreas reach the intestine through

the pancreatic duct. This drains into the duode-
num together with the duct from the liver and
gall bladder. There are approximately one mil-
lion islets of Langerhans in the pancreas. Insulin
produced in the beta cells of the islets is secreted
directly into the small blood vessels passing
through the pancreas. 

Pancreas
Blood vessel

Common opening

Bile duct

Gall bladder

Duodenum

Pancreatic 
duct

Islet of

from liver

Langerhans

of both ducts

Insulin is
secreted directly
into the bloodstream

Bile and pan-
creatic enzymes
are secreted
into the intestines

“I am now your pancreas but one day, 
when you are older and learn to take 
care of yourself, your brain will become 
your pancreas.”

The mother of Maria de Alva, former 
president of IDF (International Diabe-
tes Federation).

A person without diabetes

If a person doesn’t have diabetes,
the insulin concentration in the
blood will increase rapidly after a
meal.576 When the glucose in the
food is absorbed from the intes-
tine, and the blood glucose has
returned to normal levels, the
insulin level will drop back to
baseline once again. However, the
insulin level will never go right
down, as a low level of basal insu-
lin is needed to take account of
the glucose coming from the
reserve stores in the liver
between meals and during the
night.

The resulting blood glucose level
will be very stable in a person
without diabetes as this graph
illustrates.519 The normal blood
glucose level is between about 4
and 7 mmol/l (70-120 mg/dl.)
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Islets of Langerhans
If you look at an islet of Langerhans through a
microscope, you will find it contains beta cells,
which produce insulin, and alpha cells, which
produce glucagon. Both of these hormones are
secreted directly into the blood. The beta cells
contain a sort of “built-in” blood glucose meter.
If the blood glucose level is raised, insulin will
be secreted. If it is lowered, the secretion of
insulin stops. If it falls below the normal level,
glucagon is secreted. Other hormones are also
produced by the islets, and help the islet cells to
communicate with each other.

The islets of Langerhans are very small, only
0.1 mm (four thousands of an inch) in diameter.

All the islets together contain approximately
200 units of insulin in an adult. The volume of
them all combined is no larger than a finger-tip.
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Blood

Red blood cells
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A person with diabetes

In a person with newly diagnosed
type 1 diabetes, the beta cells are
unable to produce sufficient
amounts of insulin. The insulin
levels will be very low and by no
means sufficient to take care of
the glucose coming from a snack
or meal.

The resulting blood glucose level
will be very unstable and only
occasionally within normal levels.
Every time the blood glucose level
is higher than the renal threshold
(see page 92), glucose will be
passed out into the urine.
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Cellular metabolism

A healthy cell
Sugar in the food is absorbed from the intestine
into the blood in the form of glucose (dextrose)
and fructose. Glucose must enter the cells
before it can be used for producing energy or
other metabolic processes. The hormone insulin
is needed to “open the door”, i.e. make it possi-
ble for glucose to penetrate the wall of the cell.
Once it is inside the cell, glucose is metabolized
with the help of oxygen into carbon dioxide,
water and energy. The carbon dioxide travels to
the lungs, where it is exchanged for oxygen.

Energy is vitally important to the cell if it is to
function properly. In addition, glucose is stored
(in the form of glycogen) in liver and muscle
cells for future use. The brain, however, is not
capable of storing glucose as glycogen. It is
therefore dependent on an even and continuous
supply of glucose from the blood. 

Starvation
When no food is available, there is a shortage of
glucose in the blood. In this case, opening the
“cell door” with the help of insulin will not do
any good. In a person who does not have diabe-
tes, the production of insulin will be stopped
almost completely when the blood glucose level
goes down. The alpha cells in the pancreas rec-
ognize the lowered blood glucose level and
secrete the hormone glucagon into the blood-
stream. Glucagon acts as a signal for the liver
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cells to release glucose from the reserve supply
of glycogen. Adrenaline, cortisol and growth
hormone are other hormones that are produced
when the body is starving (see page 31).

If starvation continues, the body will use the
next reserve system for glucose supply. Fat is
broken down into fatty acids and glycerol with
the help of the stress hormone adrenaline. The
fatty acids are transformed into ketones in the
liver (these are known as “starvation ketones”)
and glycerol is changed into glucose. These
reactions will take place if you are fasting or if

you are too ill to eat, for example if you have
gastroenteritis.

All the cells of the body (except the brain) can
use fatty acids as fuel. Only the muscles, the
heart, the kidneys, and the brain, however, can
use ketones as fuel. The cells will retrieve some
energy from this but less than when glucose is
available. Ketones can be used as fuel by the
muscles, heart, kidney and brain. If the body is
without food for too long, proteins from muscle
tissue will start to break down too, so that they
can be converted into glucose. 

Diabetes and insulin deficiency 
Type 1 diabetes is a “deficiency disease” in
which the hormone insulin is missing. The
result of this is that glucose is unable to enter
the cells. The cells then act exactly as they
would in the starvation situation described
above. Your body will try to raise your blood
glucose to even higher levels since it believes
that the reason for the lack of glucose inside the
cells is a low glucose level in the blood (see
“Your body doesn’t realize it has diabetes” on
page 20). The hormones adrenaline and gluca-
gon (see page 33) will give signals to the liver to
release glucose from the glycogen stores.

In this situation, however, the starvation takes
place in the midst of plenty. The bloodstream
already contains an excess of glucose, which is
being passed out into the urine. Inside the cells,
fatty acids are being produced. These are then
transformed into ketones in the liver (“diabetes
ketones”), and the ketones are also passed out
into the urine. When insulin is supplied, the
cells can function properly again and this
“vicious cycle” will be broken.

“Starvation ketones” and “diabetes ketones”
are chemically identical but we often refer to
them differently depending on how they origi-
nate (see page 99).
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High blood glucose levels
When your blood glucose level is high, glucose
passes out of your body in the urine. This
increased urine output is caused by the extra
fluid excreted along with the glucose. So the
first symptoms of diabetes are likely to be a rag-
ing thirst accompanied by a need to go to the
toilet much more often. When you lose a lot of
fluid, your skin and mucous membranes
become dry. Women and girls often find this
causes itching round their genitals. The itching
can also be caused by a fungal infection which
is more common if you have a high urine glu-
cose level. In addition, your white blood cells,
which play an important part in your body’s
defence against infection, will be less effective
once your blood glucose level goes above about
14 mmol/l (250 mg/dl).48 

Vomiting with diabetes is a warning sign, as it is often the 
first sign of insulin deficiency. A child who is unable to 
drink may go downhill very quickly and soon become seri-
ously ill. Contact your diabetes clinic or the hospital if you 
are at all unsure as to how to handle the situation (see 
sick day rules on page 258). 

Increased
blood glucose

Ketoacidosis

Glucose

Ketones GlycogenFree fatty 

Glycerol

Proteins
Liver

Fat tissue

Triglycerides

Muscle

acids

What happens in the body when 
there is not enough insulin?

The reaction of a person’s body without diabetes to shortage of insulin is quite logical if you remember that the levels of 
insulin are normally low only when the blood glucose is low too. So low insulin levels make the body “think” it must send 
more energy to the blood. This process in turn triggers the hormones adrenaline, cortisol, glucagon and growth hormone 
to stimulate the production of both glucose and ketones. Ketones can be used as fuel by your brain if you are starving. 
However, if you have diabetes which is untreated or undertreated, insulin levels will be low at the same time as your 
blood glucose level is high. Your body will be confused by this, and will respond by trying to increase the blood’s supply of 
energy in the same way as it would have done before you developed diabetes. The amount of ketones in the blood will 
increase, which can lead to ketoacidosis. The blood glucose level will go right up, even if you don’t eat anything.
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If your blood glucose level rises temporarily
(e.g. following a large meal), you may not even
notice. Many people feel fine, even with a blood
glucose level of 16-18 mmol/l (290-325 mg/dl).
You may be a bit more tired and thirsty than
usual, but the symptoms are not nearly as obvi-
ous as when your blood glucose level is low.
One study of adults found no difference in
neuro-psychological function (simple motor
abilities, attention, reaction time, learning and
memory) when comparing blood glucose levels
of 8.9 and 21.1 mmol/l (160 and 380 mg/dl).222

However, if the rise in your blood glucose level
is caused by a lack of insulin, you are likely to
feel unwell even if your blood glucose is not
higher than 12-15 mmol/l (215-270 mg/dl) if
your level of ketones is raised. It is the lack of
insulin that makes you feel unwell, not the high
blood glucose level as such.

Not enough insulin? 
Insulin deficiency results in a lack of glucose
inside the cells (see figures on page 25). This
causes ketones to be produced, which can be
used as fuel. If a lot of ketones are produced,
however, they will have some very unpleasant
effects. In smaller children, nausea and vomit-
ing are often the first symptoms when the level
of ketones in the blood increases. For example,
if a child’s bedtime insulin is forgotten, he or
she may feel sick or vomit in the morning. If a
child with diabetes vomits, you should always
consider whether a lack of insulin may be to
blame (for example forgotten injections). Alter-
natively, the sickness may indicate the start of
an illness which will cause the child to need
more insulin than usual. Either situation could
rapidly become critical if the correct measures
are not taken! See the chapter on illness on page
259 for further information.

Remember that your blood glucose level will
rise when your insulin level is low, even if you
don’t eat anything. This is caused by an
increased level of hormones stimulating the
liver to release more glucose (see “Regulation of
blood glucose” on page 31) to make up for the

lack of glucose inside these cells. This is logical
if you remember that, before you had diabetes,
there was a lack of glucose inside the cells only
when your blood glucose level was low.

How to treat a high blood glucose 
level

A blood glucose level that is high only tempo-
rarily will not require any emergency treatment.
However, if it is high on repeated monitoring,
you should always check for ketones in your

Symptoms of insulin deficiency 

These symptoms will develop more quickly if you
take a smaller proportion of your daily insulin dose
as intermediate or long-acting insulin. If you use an
insulin pump you will be even more sensitive to
insulin deficiency as the pump uses only rapid or
short-acting insulin. 

Production of ketones
Vomiting, feeling sick.

Tiredness.

Abdominal pain.

Heavy breathing, the smell of acetone on the 
breath.

Pain in the chest or stomach, difficulty 
breathing.

Drowsiness.

Diabetes coma (unconsciousness).

Depletion of energy stores, 
breakdown of muscle tissue
Weakness.

Weight loss.

Decreased growth 
(long-standing insulin deficiency).
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blood or urine. If there are no ketones, it is
unlikely that the cells are “starving” (see page
99). If you feel well, measure your blood glu-
cose level once again before the next meal and,
if necessary, add another 1-2 units of rapid
(Humalog, NovoRapid) or short-acting
(Actrapid, Humulin S, Insuman Rapid) insulin
to your premeal dose if the level is still high (see
page 133 for further advice). 

If your blood glucose level continues high for
several hours and you have ketones in your
blood or urine, it is likely that your insulin level
is low (see page 100). If the ketone level
increases in spite of your taking extra insulin,
you should always contact the hospital or your
diabetes specialist. Blood levels of ketones
above 3 mmol/l, or urine ketones increasing to
large amounts, indicate that you are at risk of
developing ketoacidosis.786 See page 103 for
more information on interpreting blood ketone
tests. Don’t hesitate to seek advice from your
diabetes clinic if you feel unwell or are worried
about your glucose or ketone levels. See also
“What to do if your blood glucose level is high”
on page 133. 

When insulin levels are low, the blood glucose
level will be high and blood and urine tests will
show ketones. Once you have taken extra insu-
lin, however, it will be more difficult to inter-
pret your urine tests. Blood tests for ketones
will give you more correct information in this
situation. There are two types of ketones
(beta-hydroxybutyric acid and acetoacetate) but
only one type (acetoacetate) will show on the
urine ketone strips. Often both types of ketones
are increased when insulin levels are low. When
extra insulin is given, further production of
ketones is blocked. Early on in treatment, it
may appear that there is a rise in ketones in the
urine. This is because beta-hydroxybutyric acid
is transformed into acetoacetate, giving the
impression of an increase in ketones on the
urine test strip.465 Actually, however, the total
amount of ketones in the blood has gone down
(see also page 100). 

Symptoms of high blood glucose 

Glucose in the urine:

Needing to go to the toilet more 
frequently, including at night. 

Passing a lot of urine at a time.

Fluid loss:
Very thirsty, dry mouth. 
Dry skin, dry mucous membranes.

Lack of energy.

Weight loss, weakness.

Blurred eyesight.

Difficulty in concentrating, irritable 
behaviour.649

Ketoacidosis is treated with intravenous insulin and flu-
ids. It is always caused by a deficiency in insulin and it is 
not uncommon to be in ketoacidosis if you have had 
symptoms of thirst and increased urine output for a 
longer period of time before the diagnosis is made. In 
some countries intravenous insulin is used at the onset 
of diabetes even if you are not in ketoacidosis, as it is 
thought to increase the beta cell restitution and the 
chance for sustained insulin production in the pancreas 
(see “Remission (“honeymoon”) phase” on page 193).690 
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Ketoacidosis (diabetic coma)
Ketones are produced when fat is broken down
in the body for any reason. In normal circum-
stances, ketones are used as fuel by your mus-
cles, heart, kidney and brain. If you have
diabetes, ketones are produced in excess when
there is a lack of insulin in your body, for exam-
ple when insulin is omitted or not increased suf-
ficiently during an illness or growth spurt. Too
many ketones make your blood acidic, causing
ketoacidosis.207 Your body tries to get rid of
these ketones by excreting them, either in the
urine or in the form of acetone which is
breathed out through the lungs, giving a fruity
smell to the breath. Your breathing becomes
faster (called Kussmaul breathing) as your body
tries to get rid of as much acetone as possible. 

General abdominal pain and tenderness may be
caused by ketoacidosis, but these could have
other causes (not related to diabetes), so it is
important that other possible medical problems
are not dismissed until they have been ruled
out.644 If you cannot increase the intake of fluid
to compensate for the increased amount of
urine you are passing, you will become dehy-
drated. If this continues without treatment, you
will become unconscious and fall into a coma. 

Ketoacidosis is a life-threatening condition that
must be treated with intravenous fluid and insu-
lin in hospital.478,644 Although effective treat-
ment is now available, there are still people who
die from diabetic coma, ranging from less than
1% in developed countries 226 and 6-24% in
developing countries.478

Ketoacidosis can occur at the onset of diabetes,
though the likelihood of this happening varies
considerably (between 15% and 67%) from
one country to another.226 It can also occur if
you are unable to take your insulin for 12-24
hours, for some reason. Another situation
which can cause ketoacidosis is if your body
suddenly needs more insulin than usual, for
example if you have an infection accompanied
by a high temperature.

Insulin deficiency and ketoacidosis will develop
more quickly if a smaller part of your daily
insulin dosage consists of intermediate or
long-acting insulin. The reason for this is that
the insulin depot will be much smaller if you are

Diabetic coma (ketoacidosis) can rapidly develop into a 
life threatening condition. This must be treated ade-
quately in a hospital with intravenous fluid and insulin.

DKA

Absolute
or
relative
lack of
insulin

Insulin 
resistance

Counteracting 
hormones

Salt losses
in the urine

Salt disturbances

High ketone levels 

Missed
insulin doses

Onset of
diabetes

Increased 
need of insulin with 
stress or illness

Growth spurt, puberty High blood glucose

Ketoacidosis is always caused by a rela-
tive or absolute deficiency of insulin. Rela-
tive insulin deficiency occurs if, for 
example, you don’t increase your insulin 
doses when you are ill with fever, or during 
the growth spurt of puberty. The increased 
blood glucose level, along with other con-
tributing factors, results in increased insu-
lin resistance (i.e. a decreased sensitivity 
for insulin, see page 195). Much larger 
doses of insulin are needed to achieve the 
same blood glucose lowering effect as 
before the change.

Causes of diabetic ketoacidosis (DKA)
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using rapid or short-acting insulin, compared to
when you use intermediate or long acting insu-
lin. See “Depot effect” on page 79. With an
insulin pump the depot is very small since the
pump delivers only rapid or short-acting insu-
lin. Some people, therefore, can feel sick or
actually be sick after only one night without
insulin if the pump fails (see page 172). With
the use of rapid-acting insulin (Humalog,
NovoRapid) in pumps, the depot will be even
smaller, resulting in even faster symptoms of
insulin deficiency if the delivery is interrupted
(see page 185).

Blurred eyesight and diabetes 
Blurred eyesight can be a symptom of a high
blood glucose level. This is caused by difference
between the glucose content of the lens, com-
pared to that of the blood. The lens contains no
blood vessels (if it did they would block the pas-
sage of light into the eye). Glucose from the
blood must therefore be transported into the
lens through the surrounding fluid (aqueous
humour, see figure on page 306). So, when the
glucose content of the blood is changing rap-
idly, the glucose content of the lens is bound to
be different. If the glucose content of the lens is

higher than that of the blood, the lens will try to
absorb water, and this will make it swell. The
lens will then refract the light differently, caus-
ing temporary shortsightedness. It affects your
vision very much the same way as if you bor-
row someone else’s glasses. 

The eye itself won’t be damaged by this phe-
nomenon, and vision often returns to normal
within a few hours. It is like borrowing some-
body else’s glasses — you can focus but it is tire-
some for your eyes. This type of visual
disturbance is common at the onset of diabetes
and usually happens when the glucose level is
changing rapidly. It has nothing to do with the
eye complications that can occur after many
years of diabetes. See also page 308. 

Does ketoacidosis affect the brain?

In an Australian study, the IQ in a group of chil-
dren dropped approximately 10% when blood
glucose levels were raised to 20-30 mmol/l
(400-540 mg/dl).187 

When the blood glucose was normalized, the
IQ also returned to the normal level. However,
ketoacidosis seems to be able to damage
intellectual function in a way that is not revers-
ible. 

An American study found the IQ to be perma-
nently lowered by approximately one point for
every time a person needed hospital treat-
ment for ketoacidosis.278

Symptoms of a low blood glucose level are usually fairly 
easy to recognize. However, when the blood glucose 
level is high many people won’t have any symptoms at 
all. Try to train yourself to recognize the sensation of 
going into “autopilot”, warning you when the blood glu-
cose level is rising. If you can do this, you are less likely 
to need to rely on blood glucose tests. Thirst and the 
need to pass a lot of urine both occur when your blood 
glucose level goes above the renal threshold, but 
remember that this level can vary from one person to 
another (see page 92). Other common symptoms are 
apathy and a sense that everything is “slowing down”. 
One study of children and adolescents aged 9-18 years 
found that higher blood glucose levels were reflected in 
impulsive behaviour.649 What signs can you see to indi-
cate your own blood glucose level is high?
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Regulation of blood glucose 
If you are not eating, the chances are your entire
bloodstream will contain only about 5 g (1/5
ounce) of glucose (barely 2 lumps of sugar). If
you are not fully grown, it will be even less. At
the same time, your blood needs to deliver
about 10 g (1/3 ounce) of glucose every hour to
the tissues of the body.4 Obviously, if something
happens to the supply of glucose you will very
quickly run out, resulting in a severe shortage of
glucose in your blood within an hour. 

In someone who does not have diabetes, the
body is able to regulate its own blood glucose
levels within narrow boundaries, normally
between approximately 4 and 7 mmol/l (70-120
mg/dl). When your blood glucose falls below
3.5-4.0 mmol/l (65-70 mg/dl) you will feel
unwell. A drop in your blood glucose level
affects all your bodily reactions, as your body
struggles to give your brain access to what little
glucose is left. The body tries to get the remain-
ing glucose moving, while the cells outside the
brain attempt to economize by decreasing the
amount of glucose they use. The brain is unable
to store glucose, so it has to depend on an even
and continuous supply from the blood. How-
ever, if no food has been eaten for a while, the
brain adapts and uses other types of fuel,
mainly ketones.

While the hormone insulin lowers your blood
glucose level, there are other hormones in your
body which can raise it. The body reacts to low
blood glucose with a defensive reaction known
as counter-regulation. In counter-regulation, the
autonomic nervous system cooperates with a
number of different hormones to raise the

Where does the glucose in your blood 
come from?

From your food.

From the breakdown of glucose stored as gly-
cogen in the liver (called glycogenolysis).

From protein and fat used for production of 
glucose (called gluconeogenesis).

Counter-regulating hormones that
increase blood glucose levels

Adrenaline

Glucagon

Cortisol 

Growth
hormone

Increases the blood 
glucose for 2-4 hours after 
hypoglycaemia.103

The effect starts after 
3-4 hours, and lasts for 5-12 
hours after hypoglycaemia.103 

}

}

WHAT IS MY BLOOD GLUCOSE
IS LOW. CAN YOU

GET ME SOME
FOOD?

WRONG?
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blood glucose level. This defence against
hypoglycaemia is extremely important to your
body. The symptoms associated with hypogly-
caemia are caused by the brain’s response to a
lack of glucose as well as by the direct effects of
the counteracting hormones.

Children are generally more sensitive to
hypoglycaemia than adults. In one study on
healthy children and adolescents, hypoglycae-
mic symptoms and adrenaline responses were
evident when the blood glucose level was 3.8
mmol/l compared to 3.1 mmol/l (68 vs. 56
mg/dl) observed for adults.415 

It may be difficult to understand the biochemis-
try of the hormones and which hormone is
doing what. The figures on page 24 give you a
short summary.

The liver
The liver functions as a bank for glucose. When
times are good you deposit glucose in the liver,
and when times are bad you will be able to

withdraw it. The excess of glucose from a meal
will be stored as a “reservoir” in the liver and
muscle cells in the form of glycogen (see illus-
tration on page 203). Insulin is needed to trans-
port the glucose into both liver and muscle cells. 

The liver can also produce glucose from fat and
proteins to raise the blood glucose level (by a
process called gluconeogenesis). The adult liver
produces about 6 g (1/5 ounce) of glucose per
hour in between meals.699 The majority of this
glucose will be consumed by the brain which
can make use of glucose without the help of
insulin. A smaller child’s liver will produce up
to six times as much glucose counted per kg
body weight. The liver of a 5 year old will pro-
duce as much glucose in an hour as an adult.
After a longer period without food, the kidneys
can produce glucose in the same way as the liver
does.264 Recent research suggests that the kid-
neys can contribute as much as 20% of the
body’s total glucose production after a night
without food.133

People with diabetes can also use the stores of
glycogen when their blood glucose is low. If you
have emptied your stores of glycogen, e.g. dur-
ing a game of football when the body needs a
lot of extra glucose, you will have smaller
reserves for dealing with any hypoglycaemic
episode that might occur later, including during
the night. This leads to an increased risk of

Effects of insulin

Insulin is produced in the beta-cells in the
pancreas.

Insulin decreases blood glucose by:
increasing the uptake of glucose 
into the cells.
Increasing the body’s ability to store 
glucose as glycogen in liver and muscle.
Decreasing the production of glucose
from the liver.

Insulin counteracts the production of 
ketones from the liver. It stimulates utiliza-
tion of ketones in the cells.

Insulin also increases the production of mus-
cle protein.

It increases the production and decreases 
the breakdown of body fat.

Body reserves during fasting and 
hypoglycaemia

The store of glycogen in the liver is broken
down to glucose.

Fat is broken down to free fatty acids that can
be used as fuel. Fatty acids can be trans-
formed into ketones in the liver. Ketones can
also be used as fuel, mainly by the brain.

Proteins from the muscles are broken down to
be used in the liver in order to produce glu-
cose.
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hypoglycaemia several hours after physical
exercise (see page 245). 

A healthy pancreas produces insulin. Since the
blood flow from the pancreas goes to the liver
first, this organ will have the quickest and high-
est concentration of insulin. When insulin is
injected into the subcutaneous tissue, it will
enter a superficial blood vessel and reach the
liver only after the blood has passed through
the heart. Because of this, people with diabetes
have a much lower insulin concentration in the
liver than people without diabetes. 

Glucagon 
During the day you tend to feel hungry at inter-
vals of about 4 hours, whereas during the night
you can do without food for up to 8 or even 10
hours. This is because glycogen from the liver is

broken down into glucose during the night,
with the help of the hormones glucagon and
adrenaline Small children have small stores of
glycogen, so they need to eat more often. 

The glucagon production in the pancreas won’t
necessarily be affected in your early days with
diabetes. However, once you have had diabetes
for just a few years, your body’s ability to
secrete sufficient amounts of glucagon in
response to hypoglycaemia will usually disap-
pear. This is something that happens in children
as well as in adults.15,30 It is probably not a
long-term complication as such, but rather a
reflection of the way your body adapts to
repeated episodes of hypoglycaemia.160 Those
individuals who still produce some of their own
insulin appear to be better able to carry on

Liver and muscle stores 

Liver cells can release glucose into the blood
from the store of glycogen.

Muscle cells can only use the glucose
released from the glycogen stores as fuel
inside the cell. 

An adult has about 100-120 g (3.5-4.2
ounces) of glucose stored in the liver.412 

The glycogen store can be broken down to glu-
cose when the blood glucose is low (glyco-
genolysis) and can compensate for about 24
hours without food in an adult.699 

In children, glycogen stores are smaller and
can compensate for a shorter time without
food.

A pre-school child has enough glucose for
about 12 hours without food, a smaller child
even less.

A child will use up glucose faster than an
adult will, even when not very active. This is
because a child’s brain is larger in relation to
body mass than an adult’s brain.

The liver acts like a bank for glucose in your body. When 
times are good, i.e. during the hours after a meal, glu-
cose is deposited in the “liver bank” to be stored as gly-
cogen.

When times are bad, i.e. a couple of hours after the 
meal and during the night, glucose is withdrawn from the 
“liver bank” to keep the blood glucose level adequate.
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secreting glucagon in response to hypoglycae-
mia (“the glucagon defence”).15,160,585 Some
research results suggest that the glucagon
defence can be at least partly restored if you
manage to avoid hypoglycaemia258,424 (see also
“Hypoglycaemia unawareness” on page 48). 

In a person who doesn’t have diabetes, the pro-
duction of glucagon goes down when the blood
glucose and insulin concentration rise after a

meal. But this doesn’t happen when a person
has diabetes, even though their blood glucose
level goes up. This is because insulin from injec-
tions into the subcutaneous tissue is less con-
centrated by the time it reaches the
glucagon-producing alpha cells in the pancreas.
In addition to the glucose derived from a meal,
blood from the liver will contain glucose
derived from glycogen, also contributing to an
increase in blood glucose after a meal.215 

Glucagon injections
If a person with diabetes is unconscious or
unable to eat or drink, you can give an injection
of glucagon to stimulate the breakdown of gly-
cogen in the liver. This will raise the blood glu-
cose level. Glucagon injections are not difficult
to administer. It would be a good idea, for
example, to encourage a teacher or youth leader
to learn how to do this before school outings or
activity holidays. 

Glucagon is given as a subcutaneous injection
in the same way as insulin. If you are using an
indwelling catheter (Insuflon) you should not
use this for glucagon as the effect will be
reduced if the catheter is not working properly.
The dose of glucagon is 0.1-0.2 mg/10 kg (22
lb) body weight.16,160 The blood glucose raising
effect starts within 10 minutes and lasts for at
least 30-60 minutes.16 The effect will be just as

Glucagon directly affects your quality of life. Whenever 
you have a glucagon kit with you, you are armed with 
your own emergency treatment. You can go camping, hik-
ing in the mountains or sailing with minimum danger. It is 
a good idea to take glucagon with you if you go on holiday 
abroad, so you will not need to depend on local health 
care if you develop severe hypoglycaemia. Make sure 
that your travelling companion knows where you store 
your glucagon, and how it should be used.

The effects of glucagon

Glucagon is produced in the alpha cells in the 
pancreas.

Glucagon raises blood glucose by: 
Releasing glucose from the glycogen
stores in the liver.
Activating the production of glucose
from proteins.

Glucagon stimulates the production of 
ketones in the liver. 

Give a glucagon injection if a person with diabetes devel-
ops severe hypoglycaemia and becomes unconscious or 
has a convulsion. If the person has not woken up within 
10-15 minutes, call an ambulance. However, if he/she 
has woken up and has a normal blood glucose level by 
the time the ambulance arrives, it won’t be necessary for 
him/her to go to hospital. 
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good after a subcutaneous injection as after an
intramuscular one, so it does not matter how
deep you insert the needle.16 The higher dose
(0.2 mg/10 kg, 22 lb) will give a slightly higher
rise in blood glucose, but it may also increase
your risk of side effects.16 

Everyone who has diabetes and is using insulin
should have glucagon available.373,728,504 Check
the expiry date! When the expiry date has
passed and you have picked up a new injection
kit from the pharmacy you can use the old one
for practising and demonstrating mixing proce-
dures. Don’t eat anything for at least 30 min-
utes after taking a glucagon injection, or you
may feel sick or even vomit. This is a relatively
common side effect, and usually occurs within
30-60 minutes. You will be more likely to suffer
in this way if you eat large amounts of food.
Don’t repeat the glucagon injection either, as
this will make sickness more likely without rais-
ing the blood glucose level any further.16 If your
blood glucose level does not go back to normal

It may be difficult to mix glucagon for the first time in a 
situation where you really need it. In order to avoid panic 
at such a time, check the contents of the kit and read 
through the instructions as soon as you bring them 
home. Indicate the dose you would need on the syringe 
with a felt tip pen, so you will not have to worry about this 
when you are stressed. When the expiry date has passed 
and you have a new glucagon kit, you can use the old one 
for practising the mixing and drawing up of glucagon. 
Write in your own words the directions for administering 
glucagon on a small piece of paper and put this with the 
kit. 

Glucagon 

Every person treated with insulin should have
a glucagon kit and know how to use it.

Give glucagon if a person with diabetes is
unconscious, has convulsions or cannot eat
or drink without help.

Dose: 0.1-0.2 mg/10 kg (22 lb) body weight
(1mg/ml solution). If in doubt, give more
rather than less. Glucagon is not dangerous if
you accidentally overdose.

Glucagon takes effect within 10-15 minutes.

The effect lasts for 30-60 minutes.
Eat something when you are feeling better to
keep your blood glucose level up until the
next meal. But don’t eat too much at once.

Nausea is a common side effect. 
Wait at least 30 minutes before you eat to
avoid this problem.

Do not repeat the dose! One injection gives a
sufficient level of glucagon in the blood.

Loss of effect can be caused by:

Store of glycogen Glucagon 
already depleted by counteracted by

1) Exercise 1) Alcohol 274

2) Recent hypoglycaemia 2) High dose of 
3) Reduced food insulin

 intake, e.g. through illness

Always take glucagon with you, e.g. when
going on a picnic, hiking trip, sailing trip or
holiday abroad.

Teach people close to you how to administer
glucagon! 

You can never make a mistake when giving
glucagon. It has the same effect whether
injected into subcutaneous tissue or into the
muscle.
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after a glucagon injection, this suggests your
glucagon store has been completely emptied
out, for example by heavy exercise or a recent
hypoglycaemic episode. 

If you have to give glucagon, wait 10-15 min-
utes for the person to wake up. If they are still
unconscious after this time, call an ambulance.
However, if the person has revived, is feeling
well and has a normal blood glucose when the
ambulance arrives, it may not be necessary for
them to go to hospital. 

Glucagon is counteracted by insulin. This is log-
ical given that people who don’t have diabetes
will never have high concentrations of both
hormones at the same time. Insulin is secreted
when the blood glucose is high and glucagon
when it is low. If hypoglycaemia is caused by
too large a dose of insulin, glucagon will have
less effect than if the low blood glucose is
caused by not eating enough (see also “Too lit-
tle food or too much insulin?” on page 51). 

Some people with diabetes, especially children
and adolescents, feel sick after a difficult
hypoglycaemic episode, even if glucagon has
not been injected. One explanation is that the
production of glucagon from their own pan-
creas also can result in nausea as a side effect.

At present, glucagon can only be given as an
injection, but recent experiments giving gluca-
gon as a nasal spray have been encouraging.713

Mini-dose glucagon 

A small dose of glucagon has been effective in
treating mild or impending hypoglycaemia associ-
ated with gastroenteritis or refusal to eat. In one
study, children aged 2 years or under, received
two “units” using a standard U-100 insulin syringe
(= 20 µg), while those older than 2 years received
one “unit” for each year of their life, up to 15 units
(150 µg).345 If, after 30 minutes, the blood glu-
cose was essentially unchanged, the initial dose
was doubled. The average increase in blood glu-
cose was 3.3-5 mmol/l (60-90 mg/dl) within 30
minutes, and with a duration of effect of around
one hour. Approximately 50% of the children
needed more than one dose. Some children
received up to 5 injections over a 25 hour period,
without the glucagon losing its beneficial effect.
They didn’t suffer any more sickness or vomiting
than before.

Effects of adrenaline

Adrenaline is produced in the adrenal glands. 

Adrenaline raises blood glucose by:
Releasing glucose from the glycogen
stores in the liver.
Activating the production of glucose from 
proteins.
Reducing uptake of glucose into the cells.
Reducing insulin production (in people
who don’t have diabetes).

Adrenaline causes symptoms of hypoglycaemia, 
such as shakiness and irritation.

It also stimulates the breakdown of body fat.

Glucagon, fatty acids and ketones

Glucagon stimulates the transformation of
fatty acids to ketones in the liver (see illustra-
tion on page 24). 

The fatty acids are formed from the break-
down of fat in the starving cells, caused by a
lack of food or not enough insulin. 

The ketones contribute to nausea as a side
effect after a glucagon injection. 

Ketones can easily be detected in blood or
urine by self monitoring (see page 99). See
also “After hypoglycaemia” on page 66.
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Adrenaline
Adrenaline is a stress hormone secreted by the
adrenal glands. It raises the blood glucose pri-
marily by breaking down the glycogen stores in
the liver. The concentration of adrenaline rises
when the body is exposed to stress, fever and
acidosis (when the blood becomes acidic, e.g. in
diabetic ketoacidosis).459 Adrenaline also
reduces the amount of glucose taken up by the
cells of the body. This might strike you as odd
until you remember that all bodily reactions
during hypoglycaemia are aimed at reserving
any available glucose for the brain. 

The human body was originally designed for
living in the Stone Age. If a person ran into a
polar bear or a mammoth, the only alternatives
were to fight or take flight. In both situations
extra fuel, in the form of glucose, was needed
by the body. The problem with our present way
of life is that adrenaline is still secreted when we
get excited or fearful, though this is more likely
to be caused by a frightening TV programme
than by an activity which actually calls for extra
strength. A healthy person, whose insulin pro-
duction is working as it should, will not find
this causes a problem. However, a person with
diabetes will find their blood glucose level rises
(see “Stress” on page 255). 

When a person with diabetes becomes hypogly-
caemic, secretion of adrenaline can raise the
blood glucose by stimulating the breakdown of
the glycogen stores in the liver 699 and at the
same time causing shakiness, anxiety, and a

pounding heart. Adrenaline also stimulates the
breakdown of body fat to fatty acids which can
be converted into ketones in the liver. See illus-
tration on page 24.

Cortisone 
Cortisone is another important hormone which
is secreted by the adrenal glands in response to
stress and affects the body metabolism in many
ways. It increases the amount of glucose in the
blood by producing glucose from proteins (glu-
coneogenesis) and by decreasing the amount of
glucose that is absorbed and used by the cells.
Cortisone also promotes the breakdown of

Adrenaline and cortisol are produced in the adrenal 
glands. 

Adrenal gland

Kidney

Cross-section of the brain. Growth hormone is produced 
in the pituitary gland. 

Cerebrum

Cerebellum

Pituitary 

Spinal cord

gland

Skull bone

Effects of cortisol

Cortisol is produced in the adrenal glands.

Cortisol raises blood glucose by:
Reducing cellular uptake of glucose.

 Breaking down proteins that can be used
to produce glucose in the liver.

It also stimulates breakdown of body fat.
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body fat into fatty acids that can be converted
into ketones. 

Growth hormone 
Growth hormone is produced in the pituitary
gland, which is found just below the brain.
Some of the body’s most important hormones
are produced in this gland. The most important
effect of growth hormone is to stimulate
growth. It has the effect of raising blood glucose
by counteracting insulin on the cell surface,
thereby reducing the uptake of glucose into the
cells. Growth hormone increases muscle tissue
and stimulates the breakdown of body fat. 

During puberty, when a young person is grow-
ing quickly, large amounts of growth hormone
are secreted. This results in the person needing
more insulin.225 Growth hormone is released in
high concentrations during the night which
explains why teenagers often need very high
doses of bedtime insulin. The blood glucose
raising effect of growth hormone will start after
3-5 hours.103 This contributes to the problem of
high morning blood glucose that is common
among teenagers, especially if their HbA1c level
is high 103 (see “Dawn phenomenon” on page
54). 

Growth hormone also stimulates production of
ketones, thereby increasing the risk of ketoaci-
dosis in adolescents.225

Teenagers with diabetes have higher levels of
growth hormone than their peers without dia-
betes. Despite this, their growth can be slower
than it should be if their glucose control is not
adequate. This is because the effect of growth
hormone in the body is partly dependent on the
protein IGF-1. IGF-1 is produced in the liver
but insulin is necessary to stimulate this. Since
the insulin concentration in the liver is lower in
people with diabetes (see page 34) the levels of
IGF-1 will also be lower.225 IGF-1 has been
given in a trial to children and adolescents with
diabetes, and an improvement was seen in the
levels of HbA1c (see page 104) in the blood.
However, this improvement lasted for three
months only.2 A study of adults showed an
improved HbA1c level, but also a worsening of
retinopathy (eye damage) which has discour-
aged further research on IGF-I.751 

The effects of growth hormone

Growth hormone is produced in the pituitary
gland.

It stimulates growth.

It raises blood glucose by reducing the 
cellular uptake of glucose.

Growth hormone breaks down body fat. 

It increases muscular mass.
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Hypoglycaemia 
Hypoglycaemia means “low blood glucose”.
Sometimes symptoms of hypoglycaemia can be
experienced when the blood glucose is not par-
ticularly low, or even when it is high (see
“Blood glucose levels and symptoms of
hypoglycaemia” on page 43). It may be appro-
priate to refer to the symptoms of hypoglycae-
mia as “sensations”, warning of a particular
blood glucose level, but not necessarily actually
being proof of a low level. 

The glucose level can be measured as whole
blood glucose or plasma glucose. Most patient
meters now display plasma glucose which is
approximately 11% higher that whole blood
glucose.269 In this book the numbers refer
mainly to plasma glucose, unless otherwise
stated (in the previous edition whole blood glu-
cose was used so the numbers were slightly
lower).

Not everyone will have the same symptoms
when they develop hypoglycaemia. However,
the symptoms usually follow the same pattern
for each person.160 You should check your
blood glucose level whenever you have symp-
toms or simply feel strange. This is particularly
important in the early days following diagnosis,

when you are learning how to recognize your
own individual reactions to hypoglycaemia.
When your diabetes is newly diagnosed it is
important that the diabetes team at your hospi-
tal or outpatient clinic help you to understand
what your individual symptoms mean. It is
important that all family members know how
to treat hypoglycaemia in a safe and effective
manner.

Usually symptoms of hypoglycaemia are
divided into two categories: symptoms caused
by the body attempting to raise the blood glu-
cose level by adrenaline for example (known as
“autonomic” or “adrenergic” symptoms); and
symptoms originating in the brain as a result of
a deficiency of glucose in the central nervous
system (“neuroglycopenic” symptoms). See the
key fact boxes on page 40. 

When a person with diabetes starts to become
hypoglycaemic, he or she is likely to notice
bodily symptoms (e.g. shakiness, heart pound-

Hypoglycaemic reactions

Hypoglycaemic symptoms are usually divided into
two types:

Symptoms caused by the defence mecha-
nisms in your body, such as adrenaline,
attempting to raise the blood glucose (called
adrenergic and autonomic symptoms).

Symptoms from the brain due to low blood 
glucose (called neuroglycopenic symptoms).

Avoid situations where 
hypoglycaemia could 
have catastrophic conse-
quences. This does not 
mean that it is impossi-
ble for people with diabe-
tes to engage in risky 
sports such as moun-
tain climbing, paragliding 
or scuba diving. What it 
does mean, however, is 
that they should prepare 
very carefully, think 
about the sorts of 
adverse situations that 
could arise, and not 
practise the activity 
alone. See the section 
on diving on page 252 
for more information. 
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ing) at first. However, observers are more likely
to be aware of symptoms such as irritability,
and behavioural changes, which indicate the
brain is being affected. The brain’s reaction to
hypoglycaemia is usually triggered at a slightly
lower blood glucose level than the symptoms
from the body.33,160 

The brain is very sensitive to hypoglycaemia so
the body automatically reacts in such a way as
to help avoid this. Both children and adoles-

Symptoms of hypoglycaemia 
from the body 

Bodily symptoms (autonomic and adrenergic
symptoms) are the result of both adrenaline secre-
tion and the autonomic nervous system. They usu-
ally start when the blood glucose concentration
dips below 3.5-4 mmol/l (65-72 mg/dl). The
threshold for triggering these symptoms will
change depending on the person’s recent blood
glucose concentrations (the “blood glucose ther-
mostat”, see page 43). In very young children,
bodily symptoms of hypoglycaemia are reported
less frequently, if at all.762 

Irritability.

Hunger, feeling sick.

Trembling. 

Anxiety. 

Heart palpitations.

Throbbing pulse in the chest and abdomen.

Numbness in the lips, fingers and tongue.

Looking pale.

Cold sweats. 

Symptoms of hypoglycaemia 
from the brain 

The blood glucose concentration at which your
brain begins to show symptoms of dysfunction
(neuroglycopenic symptoms) is lower than that for
bodily symptoms, and largely independent of your
recent blood glucose levels. 29,160

Weakness, dizziness.

Difficulty concentrating.

Double or blurred vision.

Disturbed colour vision (especially red-green
colours).

Difficulties with hearing.256

Feeling warm or hot.

Headache. 

Drowsiness.

Odd behaviour, poor judgement. 

Confusion.

Problems with short-term memory.

Slurred speech. 

Unsteady walking, lack of coordination.

Lapses in consciousness. 

Convulsions. 
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cents will find their mental agility and their
ability to plan, make decisions and pay atten-
tion to detail will be affected, as will the speed
of their reactions. This will be evident when the
blood glucose concentration is no lower than
3.3-3.6 mmol/l (60-65 mg/dl).652 Adults seem to
adjust slightly better to low blood glucose con-
centrations as they experience neuroglycopenic
symptoms (i.e. symptoms from the brain, see
above) at lower blood glucose concentrations
(2.8-3.0 mmol/l, 50-55 mg/dl).151,160 

Hypoglycaemia is usually an unpleasant experi-
ence, involving loss of control over your body.
This is indeed what happens as the brain does
not function well without glucose. Some people
become unusually irritable, while others may
look pale, sick or sleepy. Fortunately, it is rare
for people to do something uncharacteristically

dangerous or stupid that may damage them-
selves or someone else. Traffic accidents on a
bicycle or in a car can sometimes be caused by
hypoglycaemia (see page 286). Occasionally
people do really strange things, for example one
boy spread butter on a paper towel and tried to

Different types of hypoglycaemia

Mild hypoglycaemia
Self-treatment is possible and blood glucose
levels are easily restored.

Moderate hypoglycaemia 
Your body reacts with warning symptoms of 
hypoglycaemia (autonomic symptoms) and 
you can take appropriate action. Self-treat-
ment is possible.

Hypoglycaemia unawareness
You experience symptoms from the brain 
(neuroglycopenic symptoms) without having 
had any bodily (autonomic) warning symp-
toms beforehand. However, it is obvious to 
people observing you that you are having 
symptoms. 

Severe hypoglycaemia
Severe symptoms of hypoglycaemia disable 
you temporarily, requiring the assistance of 
another person to give you something to eat 
or a glucagon injection. Severe hypoglycae-
mia can cause you to lose consciousness and 
have convulsions.

The blood glucose level at which you experience
symptoms of hypoglycaemia functions like a ther-
mostat (the “glucostat”). Unfortunately this ther-
mostat is adjusted up or down much too easily.
When your blood glucose has been high for a cou-
ple of days you will have symptoms at a higher
blood glucose level (“high-level hypoglycaemia”)
and when it has been low for several days you will
experience symptoms at a lower blood glucose
level (“low-level hypoglycaemia”). 

Symptoms at 
mmol/l mg/dl

Measure

High-level
hypoglycaemia

> 4.0-4.5 70-80 Wait before 
eating

Normal-level
hypoglycaemia

3.5-4.0 65-70 Eat something 
with glucose

Low-level
hypoglycaemia

< 3.5 < 65 Avoid all low 
blood glucose 
values

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

mmol/l

99

90

81

72

63

54

45

36

mg/dl

High-level
hypoglycaemia

Normal-level
hypoglycaemia

Low-level
hypoglycaemia

The “glucostat”
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eat it. So it is very important that your family
and friends understand that when you are hav-
ing a hypoglycaemic reaction you are not quite
in control of yourself, and cannot help what
you are doing.

Even if individuals with diabetes are aware of
having symptoms of hypoglycaemia, they may
find it difficult to eat or drink. This can still be
a problem if food is right in front of them. It
might be difficult for parents to understand that
their child can react so oddly, but adults with
diabetes have described the feeling as follows:
“You know you should drink the juice, but
your body just does not obey the orders from
the brain”. 

If the blood glucose is lowered quickly, even if it
stays within the normal range, symptoms of
hypoglycaemia can be provoked in certain peo-
ple. This type of reaction is more common in

people with a high HbA1c
541 (see page 107) but

there may be a difference between children and
adults. In one study, the blood glucose level in a
group of adults with diabetes with an HbA1c of
11% went down from 20 to 10 mmol/l
(360-180 mg/dl) using intravenous insulin.235

These subjects showed the same type of
increased blood flow to the brain that both peo-

Research findings:
Effects of low blood glucose

In one study, tests involving associative learn-
ing, attention and mental flexibility were the
ones most affected at a blood glucose level of
2.2 mmol/l (40 mg/dl).222 

Women were less affected than men in this
study. This may be explained by women hav-
ing lower levels of adrenaline and less pro-
nounced symptoms of hypoglycaemia than
men.31 

Changes in EEG (brain wave) activity will
occur when the blood glucose falls below 3.0
mmol/l (54 mg/dl) in children 75 and 2.2
mmol/l (45 mg/dl) in adults.29 

Unconsciousness occurs when the blood glu-
cose level drops to approximately 1 mmol/l
(20 mg/dl).5 

Symptoms of hypoglycaemia can change over
time, depending on your average blood glu-
cose levels (see below).

What caused your hypoglycaemia?

Too little to eat or delayed meal.

Skipped a meal?

Neglecting to eat despite symptoms of
hypoglycaemia.

Physical exercise? 
The risk of hypoglycaemia is increased during
the rest of the day and also the night after
heavy physical exercise.

Too large a dose of insulin?

New site for the injection? 
e.g. from thigh to abdomen or to a site free of
fatty lumps (lipohypertrophy).

Recent hypoglycaemia?
 glucose stores in the liver depleted.
 fewer warning symptoms of hypo- 

glycaemia (hypoglycaemic unawareness).

Very low HbA1c?(increased risk of hypoglycae-
mic unawareness).

Drinking alcohol?

Not mixing the cloudy insulin thoroughly
enough (see page 119).

Variable insulin absorption (see “How accu-
rate is your insulin dose?” on page 80).

Change of injection site (to an area free of
fatty lumps).

Gastroenteritis or tummy upset.

Certain drugs used for the treatment of high
blood pressure (so called non-selective beta
blockers) can increase the risk of hypoglycae-
mia.741
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ple in good control and people without diabetes
had at a blood glucose of 2.2 mmol/l (40
mg/dl). However, in a group of children and
adolescents with an average HbA1c of 10.8%,
no symptoms of hypoglycaemia were noted
when the blood glucose level was dropped from
21 mmol/l to 6 mmol/l (380 to 110 mg/dl).319

Blood glucose levels and symptoms
of hypoglycaemia 

Symptoms of hypoglycaemia may not be recog-
nized by a person with diabetes, particularly
when the focus of his or her attention is else-
where. For example, some people report that
they are less likely to recognize symptoms of
hypoglycaemia at work than when relaxing at
home. Children may notice symptoms more
readily when there is little distraction, com-
pared to when they are playing with friends.

Your brain contains a kind of blood glucose
meter that triggers defence reactions in your
body and raises a low blood glucose level. It
works in a similar way to a thermostat (“glu-
costat”), and is triggered at a certain blood glu-
cose level. This reaction depends very much on

Symptoms of hypoglycaemia in children 
and adolescents

Hypoglycaemic symptoms in children and adoles-
cents differ slightly from those experienced by
adults in that behaviour changes are more com-
mon. The table below is from a Scottish study in
which parents were asked how often certain
symptoms of hypoglycaemia occurred in their chil-
dren and teenagers, aged from 18 months to 16
years old.530 

Pale skin 88%
Sweating 77%
Tearfulness 74%
Irritability 73%
Poor concentration 69%
Argumentativeness 69%
Hunger 69%
Tiredness 67%
Aggression 64%
Trembling 64%
Weakness 64%
Confusion 60%
Dizziness 51%
Headaches 47%
Abdominal / tummy pain 43%
Naughtiness 40%
Nausea 33%
Slurred speech 29%
Nightmares 20%
Blurred vision 19%
Convulsions 16%
Double vision 11%
Bed wetting 10%

The level at which you start experiencing symptoms of 
hypoglycaemia will change depending on how often your 
blood glucose level has been low in the last few days. 
Make it part of your routine to measure blood glucose as 
soon as you notice symptoms. If you usually become 
hypoglycaemic when the level is 3.7 mmol/l (67 mg/dl, 
“normal-level hypoglycaemia”) and now have no symp-
toms until it falls to 3.2 mmol/l (58 mg/dl, “low-level 
hypoglycaemia”) you have probably had too many low 
blood glucose values recently. On the other hand, if you 
start experiencing symptoms of hypoglycaemia with a 
blood glucose level of 4.0-4.5 mmol/l or higher (72-81 
mg/dl, “high-level hypoglycaemia”) you have had too 
many high blood glucose values and your HbA1c is proba-
bly rising (see also page 57).
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where your blood glucose level has been during
the last few days.164,489 If your blood sugar has
been high for some time, symptoms of hypogly-
caemia and release of counter-regulating hor-
mones will appear at a higher blood glucose
level than usual.110,206 If your HbA1c is high, you
may start having symptoms of hypoglycaemia
when your blood glucose level is 4-5 mmol/l
(70-90 mg/dl).110,369,415 However, this type of
reaction seems to occur less frequently in
adults.58

When the “glucostat” adjusts to another blood
glucose level, the effect will be most pro-
nounced on your bodily (autonomic) symptoms
(mediated by adrenaline or the autonomic ner-
vous system). The blood glucose level where
symptoms from the brain (neuroglycopenic
symptoms) occur is influenced not so much by
recent blood glucose levels as the bodily symp-
toms.29,30,32,160 This may be due to the way in
which the body’s cells adjust to preserve as
much glucose as possible for use by the brain
when blood glucose levels are low.111 The func-
tion of the brain is affected when the blood glu-
cose falls below approximately 2.8-3.0 mmol/l
(55-60 mg/dl) in people who don’t have diabe-
tes.772 A study of people whose glucose control

was poor and whose HbA1c was high (9.2%)
found their short-term memory was deteriorat-
ing by the time the blood glucose level had
reached 3.9 mmol/l (70 mg/dl).369 See also page
58. 

To decrease the blood glucose level at which
symptoms of hypoglycaemia appear, you must
keep yourself from eating until your blood glu-
cose level has come down to 3.5-4.0 mmol/l
(65-70 mg/dl), even though you will have symp-
toms of hypoglycaemia. Do everything you can
to avoid high blood glucose levels during the
two weeks that follow. The “glucostat” thresh-
old will then automatically be lowered, until
your symptoms of hypoglycaemia appear at the
appropriate level (see also “Insulin sensitivity
and resistance” on page 195).

The opposite applies if your blood glucose has
been low for some time or you have often been
hypoglycaemic. The “glucostat” will then
change so that the defence mechanisms of
hypoglycaemia will not start until your blood
glucose falls below 2.6 mmol/l (45 mg/dl).29,368

Coffee and cola contain caffeine which may
cause the symptoms of hypoglycaemia to be
noticed at a slightly higher blood glucose level
than usual.203 This may be useful for individuals
with “hypoglycaemic unawareness” (see page
48) as caffeine enhances the intensity of the
symptoms that warn of hypoglycaemia.794

Some drugs used for treating high blood pres-
sure (beta-blockers) can have the opposite effect

When your blood glucose is lowered, the reactions in 
your body and brain take place at different levels. These 
levels are in turn dependent on your recent blood glu-
cose levels, i.e. if you recently have had higher blood glu-
cose readings, the symptoms will occur at a slightly 
higher blood glucose level and if you recently have had 
lower blood glucose readings and hypoglycaemia, the 
symptoms will occur at a slightly lower blood glucose 
level. The graph is from reference 33.
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and make symptoms of hypoglycaemia less
obvious. If you have diabetes and are taking
beta-blockers, you should always check your
blood glucose level if you start to sweat for no
obvious reason, as this may be the only symp-
tom of a very low blood glucose, 3.3 mmol/l
(60 mg/dl) or below.369 Some drugs for treating

depression (so called SSRIs, for example Parox-
etine/Paxil® and Sertraline/Zoloft®) have caused
the symptoms warning of hypoglycaemia to be
lost in some people with diabetes.670 Certain
drugs (beta-stimulating agents) used to treat
asthma increase the blood glucose level by stim-
ulating adrenaline and have been successfully
used to prevent night time hypoglycaemia.657

Symptoms of hypoglycaemia when
the blood glucose level is high

Some children will experience the same symp-
toms when the blood glucose is high as when it
is low. Younger children are particularly likely
to find it difficult to differentiate between the
two. They may feel hungry or hollow in the
stomach when their blood glucose is high
because the cells are starving due to a lack of
insulin (see figure at the bottom of page 25 and
“What to do if your blood glucose level is high”
on page 133).

Severe hypoglycaemia
Severe hypoglycaemia is defined as a hypogly-
caemic reaction with documented low blood
glucose (< 3.1 mmol/l, 55 mg/dl) or reversal of
symptoms after intake of glucose, with symp-
toms sufficiently severe for the person to need
help from another person or even admission to
hospital.195 In many cases, the person with dia-
betes will lose consciousness (either fully of par-
tially) and may have convulsions. Insulin coma
involves severe hypoglycaemia with loss of con-
sciousness. In a review, 10-25% of individuals
with type 1 diabetes were found to experience a
severe hypoglycaemic episode during a period
of one year.157 Severe hypoglycaemia was more
common in adults with long-term complica-
tions, alcohol use, a threshold for hypoglycae-
mia symptoms of < 3 mmol/l and use of certain
medications (so called non-selective beta-block-
ers).741 Other factors that will increase your risk
of severe hypoglycaemia include taking the
wrong dose of insulin, missing a meal, or drink-

Research findings:
Hypoglycaemic symptoms

In one study the threshold for symptoms of
hypoglycaemia changed, being 0.3 mmol/l (5
mg/dl) lower after only four days with low
blood glucose values (2.3 mmol/l, 42 mg/dl)
during one or a couple of hours per day.801

In another study, a single episode of after-
noon hypoglycaemia (approximately 2.8
mmol/l, 50 mg/dl) caused fewer symptoms
as well as a reduction of the hormonal
defence when hypoglycaemia occurred again
the following morning.164 The participants
were also more than usually sensitive to insu-
lin, i.e. the blood glucose was lower than the
day before although the insulin level in the
blood was the same. 

However, two days after a hypoglycaemic epi-
sode, (2 hours of 2.8 mmol/l, 50 mg/dl) the
ability to recognize symptoms of hypoglycae-
mia was back to normal according to another
study.296

Night time hypoglycaemia with an average
blood glucose of 2.7 mmol/l (48 mg/dl) over
a 3-hour period resulted in fewer bodily (adr-
energic) symptoms but no significant differ-
ence in brain (neuroglycopenic) symptoms
when having a new hypoglycaemia with the
same blood glucose level the next day.260 

However, the subjects in the study scored bet-
ter during hypoglycaemia on tests that mea-
sured memory, attention, and recognition
after a night with hypoglycaemia (compared
to a control night with normal blood glucose).
This indicates that the brain does have some
ability to adjust to lower blood-glucose levels,
thereby preserving brain function.
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ing alcohol after an unusual amount of activity
such as energetic dancing at a nightclub. Some
studies show severe hypoglycaemia to be more
common in younger children.188 Others, how-
ever, do not.336,761 It is rare in the first 12
months after diagnosis.189

An international study involving participants
from 18 countries found that 20-30% of school
children and 15-20% of teenagers had severe
hypoglycaemia with unconsciousness or convul-
sions in a year.551 If this happens to you, you
should check your insulin doses carefully. Usu-
ally, you will be able to identify why it has hap-
pened, e.g. a dose of insulin that is too high,
increased exercise, a missed meal, an incorrect
dose administered, alcohol drunk after a lot of
dancing or other activity. If you cannot identify
a clear reason, you should decrease the
“responsible” dose of insulin (see table on page
131). Anxiety about having another episode of

severe hypoglycaemia and the feeling of not
being able to trust your body can be very fright-
ening. If you have recurrent severe hypoglycae-
mia, you must discuss altering the insulin or
food regimen with your diabetes team. Some
people may find an insulin pump helpful in this
situation.370

Convulsions
A very low blood glucose (usually close to 1
mmol/l, 20 mg/dl)) can trigger convulsions.
Some very sensitive children may have muscle
twitches when their blood glucose level is
within the low normal range.504 These children
are likely to be conscious when the twitching
starts. Some will be able to talk, and even main-
tain eye contact at this time. 

Convulsions are not usually dangerous, but can
be very alarming for those who witness them.
The child may even appear to be dying. How-
ever, breathing is seldom affected. Turn the
child onto his or her side (recovery position),
after making sure that the airways are free. This
is the safest position for someone who might be
sick. Prepare glucagon and give an injection (for
doses see page 38). Call an ambulance if the
child does not wake up within 10-15 minutes.

Insulin doses should always be looked at again
after hypoglycaemia with convulsions, and the
dose should be reduced if the cause of the blood
glucose being so low cannot be identified.
Anti-convulsive medicine can be considered for
preventing repeated convulsions, especially
when these happen at a blood glucose level of
3.0-3.5 mmol/l (55-65 mg/dl), even if this is
accompanied by a normal EEG (brain-wave
trace).

We have seen several school children and teen-
agers who have had convulsions when their
blood glucose level has been around 3.0-4.0
mmol/l (55-70 mg/dl). After medication their
blood glucose level can dip below 2.5 mmol/l
(45 mg/dl) without convulsions, while they cure
their hypoglycaemia by taking glucose. 

Thresholds for reactions of hypoglycaemia 

Without With
 diabetes diabetes

HbA1c HbA1c
mmol/l 9.0% 5.2%

Symptoms start at 2.9 3.7 2.2*

Adrenaline response 3.4 3.3 2.6

EEG-changes ~2.2 ~2.2 ~2.2

mg/dl

Symptoms start at 52 67 40

Adrenaline response 68 61 46

EEG-changes ~40 ~40 ~40

With a low HbA1c you will get bodily (adrenergic)
hypoglycaemic symptoms and adrenaline respons-
es at much lower blood glucose values than if your
HbA1c is high.29 However, the blood glucose level
at which your brain starts showing symptoms is
the same whether your HbA1c is high or low.

*Values have been recalculated to plasma glucose
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Does severe hypoglycaemia damage 
the brain? 

It is not clear how or whether repeated severe
hypoglycaemia affects the physical or intellec-
tual development of children with diabetes.
Glucose is the most important source of energy
for the brain. When the blood glucose is low,
the blood flow to the brain can be increased to
allow a larger supply of glucose.235

Small children (under the age of 5) are more
vulnerable to severe hypoglycaemia with con-
vulsions because their nervous systems are still
developing.71 Children under the age of 2 are
especially vulnerable. Severe hypoglycaemia
should be avoided at all costs in this age group,
even if it means having a higher HbA1c.

501

Permanent neurological damage and EEG
(brain-wave) changes have been described in
exceptional cases where children have had such
severe hypoglycaemia that they have become
unconscious, mostly with convulsions.706 One
study of children and teenagers between the age
of 10 and 19 years showed poorer results on
neuro-psychological tests for those who devel-
oped diabetes before the age of 5, presumably
having had more severe hypoglycaemia.651

However, when the same individuals were
tested again as adults, their performance was no
different from that of the control group, made
up of people without diabetes. This indicated
there had been no permanent neurological dam-
age.653 Another explanation for the lower test
results in the teenage group may have been a
long-standing poor diabetes control with high
blood glucose levels. 

In an Austrian study of children and adoles-
cents aged 4-18 years, neurophysiological stud-
ies (so called auditory and visually evoked
potentials) showed poorer results both in par-
ticipants who had severe hypoglycaemia
(unconsciousness/convulsions) and poor glu-
cose control (HbA1c > ~10%) during the last
two years.687 In an Australian study, both recur-
rent severe hypoglycaemia and chronically ele-
vated blood glucose levels were associated with
reduced memory and learning capacity in chil-
dren two years after the onset of diabetes.570 A
Swiss study of children diagnosed with diabetes
before the age of 10 found a decline in intellec-
tual performance only in boys diagnosed before
the age of 6.680 This was attributed to long-term
high HbA1c and ketoacidosis at the onset of
diabetes, but not to severe hypoglycaemia. A US
study from 2003 did not find that severe
hypoglycaemia with convulsions or coma in
children aged 6-15 years had adverse effects on
attention, planning or simultaneous processing
when they were tested 18 months later.810

It seems as if children are especially vulnerable
to convulsions in combination with severe
hypoglycaemia. One study showed differences
in the ability to concentrate in children who had
experienced at least one severe hypoglycaemic

Research findings:
Severe hypoglycaemia

The risk may be increased with lower HbA1c
values. In an Australian study of children and
adolescents on two doses per day and an
HbA1c of 9.1% (DCCT numbers) the risk of
having an episode of severe hypoglycaemia
with unconsciousness or convulsions was
4.8%/year.189 

In a Finnish paediatric study using 3-4
doses/day and an HbA1c of 9% the risk was
only 3.1%.761 However, in a Swedish study
using mostly 4-5 doses/day and an HbA1c of
7% (equals 8.1% with DCCT numbers) the risk
was 15%.504 There was no correlation
between HbA1c and the risk of severe
hypoglycaemia in this study. 

Compare this figure with the DCCT study (see
page 315) where the 13-17 year old had a
risk of 26.7% of unconsciousness or seizures
in the intensively treated group (HbA1c of
8.1%) and 9.7% risk in the conventional
group (HbA1c of 9.8%).193 
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episode with convulsions.649 However, parents
did not report any difference in the children’s
ability to concentrate, and their school work
did not appear to suffer either. In the same
study, children with high blood glucose levels at
the time of the test appeared to be more impul-
sive in their behaviour. An American study com-
pared children with 1-2 vs. 3-4 injections per
day.359 The multiple injections group had more
severe hypoglycaemia (0.80 vs. 0.24 episodes
per person per year) and tests revealed them to
have reduced ability to recall past events. How-
ever, the rate of severe hypoglycaemia when
using multiple injections in this study was much
higher than that reported from other cen-
tres.336,567 Another study, of 55 children aged
5-10 years, found significant reduction in mem-
ory scores but only in the group that had expe-
rienced unconsciousness with convulsions while
severely hypoglycaemic.431 

Adults with diabetes seem to withstand severe
hypoglycaemia very well, even if they have been
unconscious. Episodes of hypoglycaemic coma
were not found to be associated with any per-

manent brain damage in people who developed
type 1 diabetes as adults.458 Neither the
DCCT 196 nor the Stockholm study 632 found
any impairment in neuro-psychological testing
in people who had experienced repeated severe
hypoglycaemic episodes.

Hypoglycaemia unawareness
Hypoglycaemia unawareness is defined as a
hypoglycaemic episode that comes on without
warning symptoms such as are usually associ-
ated with decreasing blood glucose. If you have
frequent hypoglycaemic episodes, the threshold
at which you recognize symptoms will occur at
a lower blood glucose level (see page 43). If the
threshold for secreting counter-regulatory hor-
mones falls below the blood glucose level that
provokes a reaction in the brain, you will not
have any physical warning symptoms. Because
of this, you will not react in time (by eating, for
example) so your hypoglycaemia can rapidly
become severe. Sometimes you will not even

It is difficult to determine whether a child’s development 
is affected by severe hypoglycaemia. Single episodes will 
probably have no effect, but if the child has recurrent 
severe hypoglycaemia with convulsions during the first 
2-3 years of life, some studies indicate that school 
results will not be as good as they should be. If the child 
has been suffering from severe hypoglycaemia, the insu-
lin doses should always be adjusted to avoid another 
such episode. With young children, it may sometimes be 
necessary to accept a higher HbA1c in order to avoid 
severe hypoglycaemia.

Research findings: 
Hypoglycaemia unawareness

In one study of adults, the ability to recognize
symptoms of hypoglycaemia had improved
after only two days of careful avoidance of
blood glucose levels less than 3.6 mmol/l (65
mg/dl).489

In a group of adults with an HbA1c of 6.3%
(DCCT numbers) and hypoglycaemia unaware-
ness, low blood glucose readings were care-
fully avoided.258 These patients aimed instead
for a slightly higher average blood glucose.
After just two weeks, the patients found it eas-
ier to recognize their hypoglycaemic episodes. 

After three months, the threshold for trigger-
ing the counter-regulatory hormones (the
defence against low blood glucose, see page
31) had changed from 2.3 to 3,1 mmol/l (42
to 56 mg/dl). At the same time HbA1c was
raised to 7.4% which still is not a too high
value.
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remember afterwards that you had hypoglycae-
mia. This is a common phenomenon. In one
study of children and adolescents 37% were
unaware of some or all episodes of hypoglycae-
mia.54 

Hypoglycaemic unawareness will increase sub-
stantially the risk of severe hypoglycaemia in
both children 54 and adults,158 and is more com-
mon among those prone to severe hypoglycae-
mia.159 It should be part of your routine always
to check your blood glucose as soon as you
start getting symptoms that might indicate
hypoglycaemia. If your readings are below 3.5
mmol/l (65 mg/dl), this is a warning sign that
your risk of becoming severely hypoglycaemic
may increase considerably.741 

If you are having problems with hypoglycaemia
unawareness, you should aim for a slightly
higher average blood glucose. Above all, you
should avoid a blood glucose level that is lower
than 3.5-4.0 mmol/l (65-70 mg/dl).32 Within a
fortnight, you are likely to find you can recog-
nize symptoms of hypoglycaemia more eas-
ily.160,258 By training yourself to recognize subtle
symptoms as your blood glucose is decreasing,
you will increase your chances of treating your
hypoglycaemia in time.30 See also page 58 and
108.

Many people with long-standing diabetes will
have a reduced adrenaline response to low
blood glucose, which will mean they have fewer
warning symptoms from their autonomic ner-
vous system. This contributes both to dimin-
ished symptoms and to less effective
counter-regulation when the blood glucose is
decreasing.30 The change from porcine (pork)
and bovine (beef) insulin to human insulin has
been associated with an increase in hypoglycae-
mia unawareness. Although several studies have
looked at this issue, there has been no scientific
evidence of such an increase.30 

Rebound phenomenon 
Your body will try to reverse hypoglycaemia by
using defence reactions (see “Regulation of
blood glucose” on page 31). Sometimes this
counter-regulation will be too effective and the
blood glucose will rise to high levels during the

A British study compared individuals who did not have 
diabetes with two groups of people with type 1 diabetes 
having an HbA1c of 10.1% and 7.7% respectively.521 Both 
diabetes groups had the same number of symptomatic 
hypoglycaemic episodes while in the group with lower 
HbA1c all had recorded at least three blood glucose read-
ings of less than 3 mmol/l without symptoms of hypogly-
caemia (hypoglycaemia unawareness) during the past 
two months. Most of them also had experienced one or 
more severe hypoglycaemic episodes (where they 
needed help from another person) during the previous 
six months. 

In the group with hypoglycaemia unawareness, people 
had no symptoms of hypoglycaemia until their blood glu-
cose went down to 2.3 mmol/l (41 mg/dl). Despite this, 
their reaction times deteriorated at the same blood glu-
cose level (2.9 mmol/l, 52 mg/dl) as those of the other 
groups. This means that if you have experienced hypogly-
caemia unawareness and drive a car with a blood glu-
cose of 2.8 mmol/l (50 mg/dl), you may feel quite well 
but your reaction times will be slow, making you a danger 
on the roads.
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hours following hypoglycaemia. This is called
“rebound phenomenon”. During the hours
when the levels of the counter-regulatory hor-
mones are increased, your body will be resistant
to insulin (see page 195), i.e. higher doses of
insulin than usual are needed to lower the blood
glucose to normal levels (for example when tak-
ing an injection before eating). 

When people are hypoglycaemic, they are likely
to eat too much. They are also likely to decrease
the next insulin dose in order to avoid further
hypoglycaemia. Both these factors contribute to
the rebound phenomenon, resulting in an even
higher blood glucose level. 

The rebound phenomenon will only develop if
the insulin level in the blood is low during the
hours following a hypoglycaemic episode.103

For example, it may occur if your hypoglycae-
mia has been caused by exercise or skipping a
snack. Your insulin level after night time
hypoglycaemia decreases as the night goes on. If
hypoglycaemia is caused by too large a dose of

insulin, however, the high level of insulin will
cause a smaller amount of the counter-regulat-
ing hormones to be secreted, making the
rebound phenomenon much less likely to occur. 

Children are more likely to experience rebound
phenomenon, because their hormones react
more strongly to hypoglycaemia than those of
adults.30,415 The defence mechanisms are also
triggered at higher blood glucose levels than
those of adults.415 The rebound phenomenon
often lasts 12 hours or more in adults, 6

whereas in children the high blood glucose level
usually lasts a few hours only (see the blood
glucose graph page 51). Sometimes a rebound
phenomenon can keep the blood glucose level
high for more than 24 hours.643 As the hormone
levels return to normal, so the blood glucose
level too will gradually normalize. 

If you take an extra insulin injection when your
blood glucose is high due to a rebound phenom-
enon, your blood glucose may fall rapidly, caus-
ing you to become hypoglycaemic again. The
more sensitive your body is to insulin, the more
likely this is to happen. You should therefore be
careful about taking extra insulin after a

Two situations of hypoglycaemia

Not enough food: 
Typical of this type is hypoglycaemia before a
meal. If you use premeal injections you will
not yet have taken the insulin and the insulin
level in the blood will not be so high. Adrena-
line and glucagon, therefore, can easily
release glucose from the liver and you may
very well get a rebound effect with high blood
glucose lasting several hours after hypogly-
caemia.

Too much insulin:
Typical of this type is taking the insulin as
usual but not eating enough (e.g. if you don’t
like the food). The blood glucose is low at the
same time as the insulin level increases. The
insulin then counteracts the production of
glucose from the liver, resulting in more
severe hypoglycaemia. The high insulin level
prevents the rebound phenomenon.

CGMS (Continuous Glucose Monitoring System, see page 
97) chart showing two rebound phenomena in the same 
day in a 9-year old girl (arrows).
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rebound phenomenon. There are large individ-
ual differences in the tendency to develop
rebound phenomena. If you are likely to have
long-lasting rebound effects, you can try
increasing your insulin injection at the meal fol-
lowing the hypoglycaemic episode.6 

Too little food or too much insulin? 
Both can result in a low blood glucose level, but
the body’s way of handling the situation is dif-
ferent. The effect of glucagon in breaking down
the stored glucose (glycogen) is counteracted by
insulin. Insulin acts in the opposite direction, by
transporting glucose into the liver cells to be
stored as glycogen. From this it follows that the
higher the insulin level, the more difficult it will
be to release glucose from the liver. This means
that a low blood glucose caused by a large insu-
lin dose (e.g. if you have taken extra insulin)
will be more difficult to reverse than a low
blood glucose due to inadequate food intake.

Night time hypoglycaemia

Night time hypoglycaemia is more common
than most people tend to believe. A number of
studies have shown that as many as 30-40% of
both children and adults have night time
hypoglycaemia.514,526,613 Adrenaline responses
are reduced during deep sleep which may con-
tribute to the failure to wake up.416 Symptoms
of hypoglycaemia may also be more difficult to
recognize when you are lying down than when
you are standing up.371 

As many as 45% of children and adolescents
using twice daily injections had night time
hypoglycaemia with blood glucose below
3.5-3.9 mmol/l (60-70 mg/dl) in two stud-

This 5 year old girl has recently been diagnosed with dia-
betes. She has a pronounced rebound phenomenon in 
the evening. Note the ketones in the urine after the 
hypoglycaemic episodes, which are caused by her own 
production of glucagon (see also “Ketones” on page 99). 
The blood glucose may have followed the dashed line 
instead, if she had not experienced hypoglycaemia and 
the resulting rebound effect.
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CGMS chart from a 13-year old boy, showing low glucose 
readings during the night. After breakfast there is a 
sharp rise in the glucose level, indicating that the insulin 
dose before breakfast needs to be increased. The glu-
cose level falls again during the following night.
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ies.63,526 Half of the children did not show any
symptoms of low blood glucose during the
night. A lowering of mood in the morning was
observed in one of the studies. When children
using multiple injections or insulin pumps were
studied on repeated occasions over a 6-month
period, using continuous subcutaneous glucose
monitoring (CGMS), every participant had at
least one instance of a night time glucose level
below 3.5 mmol/l.507 

Often, a young person will not be woken by
mild symptoms of hypoglycaemia, and this pro-
vides the opportunity for the blood glucose
level to drop even further. The only way to be
certain whether your blood glucose level is low
is to get up in the night and test it. It is a good
idea to do this at least every second week.
Sometimes children with diabetes wake up in
the night on account of becoming hypoglycae-
mic, and tell their parents. In other cases a par-
ent will wake up to strange or unusual sounds.
If your child has recently been diagnosed with
diabetes, or if you have changed your bedtime
insulin treatment, it would be a good idea to
check the blood glucose once or twice during

the night. A baby alarm may be helpful for
some families with young children. See page 90
and 139 for recommendations on when to test
at night, depending on which bedtime insulin
you use. 

Night time hypoglycaemia can be caused by too
large a dose of bedtime insulin. Another cause
can be too high a dose of short-acting insulin
just before your evening snack which will result
in hypoglycaemia early in the night. There are
several studies with NovoRapid and Humalog
insulins which suggest that reducing the action
time of the short-acting insulin (by the use of
rapid-acting insulin) helps to decrease night
time hypoglycaemia.383,605 Night time hypogly-
caemia can also be caused by vigorous after-
noon or evening exercise (see page 245).

If you are injecting short-acting insulin in your
thigh before the evening snack, the slow
absorption of insulin can result in night time
hypoglycaemia.355 If you inject your bedtime
insulin holding the needle at right angles to the
skin, or without lifting a skinfold, you might be
injecting intramuscularly. The insulin will then
be absorbed more quickly, putting you at risk of
low blood glucose early in the night. 356

A good basic rule for avoiding night time
hypoglycaemia is always to have something
extra to eat if the blood glucose is below
approximately 7 mmol/l (120-130 mg/dl) before
going to bed.63,676 See also “Bedtime insulin” on
page 138. Remember that an extra sandwich

Night time hypoglycaemia may 
be caused by:

The dose of short-acting insulin before the
evening snack being too high (hypoglycaemia
early in the night).

The dose of bedtime insulin being too high
(hypoglycaemia around 2 AM or later with
NPH-insulin).

Short-acting insulin before dinner/tea or the
evening snack being given in the thigh
(hypoglycaemia early in the night is caused by
a slower absorption from the thigh).

Not enough to eat in the evening or an
evening snack containing mostly “short-act-
ing” foods being absorbed too quickly.

Exercise in the afternoon or evening without
decreasing the dose of bedtime insulin. 

Alcohol consumption in the evening.

Symptoms indicating night time 
hypoglycaemia 

Nightmares.

Sweating (damp sheets). 

Headache in the morning. 

Tiredness on waking.

Bed-wetting (can also be caused by high
blood glucose during the night).
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before going to bed is never a guarantee that
you will avoid night time hypoglycaemia. If in
doubt, the only way to be certain is to get up in
the middle of the night to check your blood glu-
cose level. 

You can also experiment with the evening snack
to find something that gives a slower rise in
blood glucose over a longer period of time. Try,
for instance, high fibre bread with margarine
and cheese on it. Your stomach will empty more
slowly, resulting in sustained glucose absorp-
tion. High fat ice cream may have the same
effect. However, extra fat will not be a good
idea if you are prone to weight problems.

The most “long-acting” carbohydrate available
for an evening snack is raw corn starch, which
gives a rise in blood glucose over about 6 hours
and is effective in preventing night time

hypoglycaemia. We give it to children with dis-
eases other than diabetes who experience prob-
lems maintaining their blood glucose during the
night. However, one drawback is the taste. It
cannot be heated or prepared in any way or the
carbohydrates will become more “short-act-
ing”. Younger children can usually get used to
the taste of corn starch formula. Older individ-
uals may find the taste of a corn starch bar
(Z-bar) more acceptable.

Another possibility worth trying, if you are hav-
ing problems with night time hypoglycaemias,
is to eat ordinary (not “light”) potato crisps as
an extra late snack before going to sleep (unless
you have weight problems). The manufacturing
process and the high fat content result in the

Research findings:
Corn starch and hypoglycaemia

In a study of children and adolescents, the
number of hypoglycaemic episodes (< 3.7
mmol/l, 65 mg/dl) at 2 AM and before break-
fast were reduced from approximately one
per week to 0.3 per week when 25-50% of
the carbohydrate in the evening snack was
given as uncooked corn starch in milk.430 

In children aged 2.5-6 years, 0.3 g/kg
(0.6g/lb) of corn starch reduced the number
of night time blood glucose readings < 5.7
mmol/l (100 mg/dl) by 64%.212 Extra pancre-
atic enzymes were not being given. 

Unheated corn starch (0.3 g/kg, 0.6g/lb)
given to adults at the time of the bedtime
injection over a 4-week period increased the
blood glucose level at 3 AM by, on average, 2
mmol/l (35 mg/dl) in adults with diabetes.46 

The number of night time hypoglycaemic epi-
sodes < 3.4 mmol/l (60 mg/dl) were reduced
by 70% without changing the HbA1c. 

In these studies, patient meters showing whole
blood glucose readings were used. Values have
been recalculated to plasma glucose.

Corn flour mix when going to bed

Mix 2 tablespoons of corn flour with 100 ml
(~½ cup) of water. This mixture contains 14 g of
very slow-acting carbohydrates. It should be mixed
cold and heated up as little as possible. Heat
breaks down the cells of the corn flour making the
carbohydrates faster-acting. 

If the child has a meal of formula at bedtime you
can replace parts of it with corn flour mix. Begin
with a small part and increase gradually it as the
child accepts it. Try to lower the temperature a lit-
tle each day so that the child comes to accept
drinking the mixture at room-temperature.

If the child is less than 3 years old, it might be nec-
essary to add pancreatic enzymes for breaking
down the corn starch. Ask your paediatrician about
this.

Some older people find the taste of corn starch
bars acceptable, so these may be useful.
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glucose from potato crisps being absorbed very
slowly. The blood glucose will still not have
reached its peak after 3 hours (see graph on
page 234).132 Twenty-five grams of potato crisps
have the same content of both fat (8 g, 0.3
ounces) and carbohydrates (15 g, 0.5 ounces) as
an open cheese sandwich. This is often an
attractive alternative to minimize the risk of
night time hypoglycaemia for youngsters and
teenagers who do a lot of sport.

A late evening snack with high protein content
has been recommended to avoid night time
hypoglycaemia. However, according to one
study the addition of protein (bread with meat)
did not give better protection against hypogly-
caemia three hours after the snack.312 A
fibre-enriched bedtime snack (with beta-glucan)
did not help to prevent children developing
hypoglycaemia at around 2 AM.622

Dawn phenomenon
Blood glucose levels rise early in the morning
because of the so called “dawn phenomenon”
which occurs in 80-100% of adults with type 1
diabetes.103 This effect is caused by an increased
secretion of growth hormone raising the blood
glucose late in the night and early in the morn-
ing.6,102,225 The dawn phenomenon increases the
morning blood glucose by approximately 1.5-2
mmol/l (25-35 mg/dl) compared to the blood
glucose levels at midnight when adequate
amounts of insulin are supplied throughout the
night.103 A high morning blood glucose is a
common problem for growing children, espe-
cially during the later part of puberty when the
growth spurt is at its peak.225 It may be difficult
to tailor the insulin regimen to match the need
of increasing insulin levels in the morning. Lan-
tus or an insulin pump can be good alternatives
in this case. Younger children (who go to bed
early) tend to have their highest need for basal
insulin earlier in the night (often before mid-
night).150.
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Night time hypoglycaemia with rebound phenomenon. 
Without a blood glucose test at 1 AM, this 6-year old girl 
would appear to have had a high blood glucose all night 
long. An increase in her bedtime insulin would have led 
to an even lower blood glucose the following night (the 
Somogyi phenomenon). Note the presence of both 
ketones and glucose in the morning urine. Without the 
night time hypoglycaemia, her blood glucose may have 
followed the dashed line. 

Different factors influence the blood glucose level during 
the night and in the morning. The dawn phenomenon 
depends on the night time secretion of growth hormone 
and the Somogyi phenomenon is a night time rebound 
phenomenon. The insulin waning effect depends on the 
pharmacological properties of the intermediate-acting 
insulins used for bedtime injections. Long-acting insulins 
(Lantus, Ultratard, Humulin Zn) do not have this disad-
vantage. In one study looking at adolescents, the risk of 
night time hypoglycaemia decreased by 43% after 
switching to once-daily Lantus at bedtime.559
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Somogyi phenomenon
If your blood glucose level is low at night, you
are likely to continue sleeping without noticing
it. However, the secretion of counter-regulating
hormones in your body can result in a rebound
phenomenon with a rise in blood glucose to
high levels in the morning if the level of insulin
in the blood is low. If you haven’t recorded a
low blood glucose value in the middle of the
night, you may believe that your bedtime insu-
lin needs to be increased. A higher dose of bed-
time insulin the next night will give an even
lower blood glucose level and a more intense
rebound effect, resulting in an even higher
blood glucose level the following morning. You
can easily end up in a vicious cycle. This type of
night time rebound phenomenon is called the
Somogyi phenomenon after the chemist who
first described it.454,707 

If your morning blood glucose is sometimes low
and sometimes high, it may be because you
have problems with the Somogyi phenomenon.
Some nights your blood glucose might be low
enough to start the rebound phenomenon, caus-
ing the morning blood glucose to be high. On
other nights, the blood glucose will not be low

enough to trigger the rebound phenomenon and
the morning blood glucose will subsequently be
lower. 

The Somogyi phenomenon has been questioned
over the years, but consensus today is that it is
mainly seen in individuals using less intermedi-
ate and long-acting insulin (such as multiple
injection therapy and insulin pumps) resulting
in a lower level of insulin in the blood in the
morning before waking up.103,156 These people
also have a higher than normal rise in blood
glucose after breakfast following night time
hypoglycaemia.454 

If you are using twice-daily injections, the
amount of intermediate-acting insulin your
body is able to store will be larger (see page 79).
Insulin can be released from this store (or
“depot”) during the night, resulting in a level of
insulin that is unlikely to be low enough to
allow a night time rebound phenomenon. 103 

A urine test in the morning can be difficult to
interpret in this situation. It will show both

CGMS chart from a 16-year old girl, showing a dawn phe-
nomenon with considerable increase in glucose levels 
from the middle of the night until waking-up time. 
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CGMS chart from a 17-year old boy, showing a pro-
nounced Somogyi phenomenon with high glucose level 
early in the night, very low readings in the middle of the 
night, and further high levels on waking. Had he relied on 
his high morning reading alone, he might very well have 
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time levels.
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ketones (caused by a low blood glucose early in
the night or by insulin deficiency later in the
night when the blood glucose was high) and
glucose (from the later part of the night). You
will have the same urine test result (ketones and
glucose) if your blood glucose has been high all
night without hypoglycaemia (see page 144). 

Will low blood glucose levels return to 
normal if the child doesn’t wake up?

The long- or intermediate-acting insulin that
was given during the afternoon or at bedtime
will have lost most of its action by morning,
and blood glucose levels will rise even if a
hypoglycaemic child does not wake up. The
body will also try to raise the blood glucose
level by different defence mechanisms (see
“Regulation of blood glucose” on page 31).

Can you die from hypoglycaemia?
All parents are worried about night time
hypoglycaemia and wonder if their child might
die from this. However, this almost never hap-
pens and we always try to prevent night time
hypoglycaemia by advising an evening or bed-
time snack. On rare occasions, unexplained
deaths in otherwise healthy individuals with

type 1 diabetes have resulted in them being
found dead in bed in the morning. This
extremely rare phenomenon has been called the
“Dead-in-bed” syndrome.710

A possible explanation for such night time
deaths could be an erroneous injection of short
or rapid-acting insulin at bedtime instead of the
usual intermediate or long-acting insulin.333

Teenagers and young adults often have high
doses of bedtime insulin and it is not uncom-
mon to take insulin from the wrong pen when
administering the bedtime insulin. For example,
this happened twice to the same 13 year-old
during one of our diabetes summer camps. Lan-
tus can be confused with rapid-acting insulin if
syringes are used for both types of injection as
both are clear solutions. In one case, this
resulted in hypoglycaemia that needed treat-
ment with intravenous fluids containing glu-
cose.

Taking the wrong type of insulin

Be careful not to mix up different bottles or
types of insulin when using syringes.

Make sure that the pens you use for day time
and night time insulin are so different that
you cannot accidentally use the wrong pen,
even if it is completely dark. 

Beware of this also if you use disposable
pens! If you use disposable pens of the same
brand for both daytime and night time insulin,
you increase your risk of taking the wrong
type of insulin.

Research findings:
Hypoglycaemia and death

Between the years 1977-1990, 2653 boys
and 2341 girls were diagnosed with diabetes
in Sweden. Nine of these (aged 15-23) were
found dead in their beds. Hypoglycaemia may
be a possible cause as none had signs of
alcohol in their blood.666 

During the same period, seven children and
adolescents died because of ketoacidosis.
The total risk of dying was increased by 2-3
times for children and adolescents with dia-
betes compared to their peers without diabe-
tes.666 

In 1989, 22 such cases (aged 12-43 years)
were recorded in England. 737 

In another British study all deaths under 20
years of age were recorded from 1990 to
1996.239 Ketoacidosis caused 69 deaths and
hypoglycaemia 7. In three cases there was no
evident explanation for the deaths, defining
them as “dead-in-bed”.
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Another explanation is that nerve damage after
many years of diabetes can result in the body’s
response to hypoglycaemia being blunted or
absent. This is more likely to be the case in peo-
ple who have had diabetes for more than 20-30
years. 

Adults with type 1 diabetes have died from
hypoglycaemia after drinking alcohol (which
prevents the liver from producing glucose).
Such cases are more likely when the individual
has been suffering from another disease (such as
a heart disorder) that worsens the stress follow-
ing a hypoglycaemic attack.573,737

Why does the blood glucose level vary, at which 
hypoglycaemia is noticed?
The hot air balloon
A hot air balloon can be used to illustrate the
variations in the level where hypoglycaemia is
first noticed. The height of the balloon corre-
sponds to your average blood glucose level dur-
ing the day. The basket under the balloon
corresponds to the blood glucose level where
you first notice symptoms of hypoglycaemia.
With an average glucose level of 10 mmol/l
(180 mg/dl) symptoms are usually noticed when
the level is around 3.5 mmol/l (65 mg/dl). 

The HbA1c scale on the right corresponds to the
average blood glucose level over a 2-3 month
period, which is presented on the left side of the
scale. An average blood glucose of 10 mmol/l
(180 mg/dl) will give an HbA1c of approxi-
mately 8% (DCCT equivalent numbers, see
page 104).

The illustrations on the next page show what
will happen when the blood glucose level
changes. However, illustrating the level of

hypoglycaemia with only one basket is really a
simplification. The level at which you recognize
hypoglycaemia will change but the level where
clear thinking and reaction times are impaired is
less dependent on recent blood glucose lev-
els.32,521 This implies that while the body can
adjust to a low blood glucose level, brain func-
tion cannot adjust so much. See also page 43.

Hypoglycaemia and other diseases

People with diabetes are at increased risk of other
auto-immune diseases (see page 300). If you
encounter an increased number of hypoglycaemic
episodes, in spite of lowering your insulin doses,
you may need to be investigated for the following
diseases:

Coeliac disease.

Hypothyroidism (underactive thyroid gland).

Adrenal insufficiency (deficiency of cortisol).
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Normal-level hypoglycaemia Hypoglycaemia unawareness

Normally you will notice bodily symp-
toms (such as shaking and cold sweats) 
at slightly higher blood glucose levels 
than symptoms from the brain (such as 
difficulty in concentrating). This enables 
you to continue to think clearly and to 
take appropriate action promptly.

If you have many low blood glucose 
readings (less than 2.5-3.0 mmol/l, 
45-55 mg/dl) you will risk having 
hypoglycaemic unawareness (see page 
48). The hypoglycaemia may then go 
unnoticed until the blood glucose level 
is so low that it affects the brain. By 
then, you will find it difficult to think 
clearly and your reaction times will have 
slowed right down. Bodily symptoms 
begin to occur when your blood glucose 
level drops even lower, but by this time 
you will have real problems taking 
appropriate action.

It would be much better if your bodily 
symptoms could appear before the 
symptoms from the brain, warning you 
in time to do something about your low 
blood glucose level in an effective way.

Blood glucose

Bodily symptoms of 
hypoglycaemia

Thinking ability and reaction 
times are impaired due to 
hypoglycaemia in the brain

m
m

ol
/l

High blood glucose levels
If your blood glucose has been high for a period of time 
the “glucostat” (see page 41) in your body will readjust 
and you will notice symptoms of hypoglycaemia at 
higher blood glucose levels (“high-level hypoglycae-
mia”). If you have had an average blood glucose level of 
15 mmol/l (270 mg/dl) for a week or two (sometimes 
even less) you may even be noticing symptoms of 
hypoglycaemia when your blood glucose is 4.5-5.5 
mmol/l (80-100 mg/dl). When you increase your insu-
lin doses this level will fall. It will then be very important 
to measure your blood glucose when you experience 
symptoms of hypoglycaemia and not to eat until it 
comes close to 3.5-4 mmol/l (65-70 mg/dl). After 1-2 
weeks of “suffering” your sensitivity for insulin will 
again be normal, and you will recognize symptoms of 
hypoglycaemia at a lower glucose level (“normal-level 
hypoglycaemia”).

Increased doses to bring 
blood glucose down

Insulin resistance due to high 
blood glucose for a period of time
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Normal sensitivity 
for insulin 

Increased sensitivity 
for insulin 

Further increase of doses to bring 
blood glucose down even more Low blood glucose levels

If you continue with the same doses, your blood glu-
cose level will fall even more after a week or two since 
your sensitivity to insulin now increases (less insulin 
resistance). With a lower average blood glucose, the 
level where bodily symptoms of hypoglycaemia appear 
will also go down. If your average blood glucose level is 
7-8 mmol/l (125-145 mg/dl) you will probably not 
notice symptoms of hypoglycaemia until your glucose 
level falls as low as 3.0-3.5 mmol/l (55-65 mg/dl) 
(“low-level hypoglycaemia”). The risk of having hypogly-
caemia unawareness will increase.

When your average blood glucose level decreases, 
your sensitivity to insulin will increase, so you will need 
to lower your insulin doses to avoid hypoglycaemia. 
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Insulin resistance due to multiple high
blood glucose peaks and hypoglycae-
mia unawareness due to frequent epi-
sodes of low blood glucose. 

Very variable blood glucose levels
Sometimes it may be difficult to manage your insulin 
doses in that when you increase them you will indeed 
have many low blood glucose readings but also many 
high values (often caused by rebound phenomena). 
The high values will make you resistant to insulin and 
raise your HbA1c. At the same time, these low values 
cause your body to adapt to low blood glucose levels, 
resulting in a loss of warning symptoms until your 
blood glucose drops below 3.0-3.5 mmol/l (55-65 
mg/dl).

This problem can be difficult to resolve. Start by 
decreasing insulin doses to avoid blood glucose levels 
less than 3.5-4 mmol/l (65-70 mg/dl). When your 
hypoglycaemic symptoms start coming at levels of 

3.5-4 mmol/l (65-70 mg/dl) again, you 
can carefully increase those doses that 
are needed to cut off the high blood glu-
cose peaks.
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Treating hypoglycaemia
Although giving pure glucose may be the pre-
ferred treatment for hypoglycaemia, any form
of carbohydrate that contains glucose will raise
blood glucose levels.274 Ten grams of glucose
will raise the blood glucose of an adult by about
2 mmol/l (35 mg/dl) after 15 minutes.116,160 The
blood glucose will rise over 45-60 minutes and
then start to fall. Smaller children can be given a
smaller amount of glucose. For instance 1.5 g of
glucose/10 kg (1.5 g/20 lb) body weight will
raise the blood glucose by approximately 2
mmol/l (35 mg/dl) (see table on page 61). It is
important not to take too much glucose “just to
be on the safe side” since the blood glucose will
then rise too steeply. If you tend to eat too much
when your blood sugar is low, you will put on
weight.

The glucose from food can only be absorbed
into the blood after it has passed from the stom-
ach into the intestine. Glucose can not be
absorbed from inside of the mouth 321 or the
stomach.277 Glucose given rectally (as a supposi-
tory) will not raise blood glucose levels in
children 14 or adults.42

Practical instructions:
Test your blood glucose. The sensations of
a hypoglycaemic reaction do not necessarily
imply that your blood glucose is actually
low. If your symptoms are so intense that it
is difficult to measure the blood glucose
you should of course eat something con-
taining glucose or sugar as soon as possi-
ble. If your blood glucose happens to be
high, a little extra glucose will not make
much difference. This will outweigh the
risk of having a more severe hypoglycaemia
if you had not started reversing it straight-
away.

If your blood glucose is low (less than 
3.5-4 mmol/l, 65-70 mg/dl), have some-
thing sweet to eat, preferably glucose tab-
lets. Start with a lower dose according to 
the table on next page and wait 10-15 min-
utes for the glucose to take effect. If you 
don’t feel better after 15-20 minutes and 
your blood glucose has not risen, you can 
take a repeat dose of the same amount of 
glucose.

Glucose will give a quicker rise in blood 
glucose than other types of carbohy-
drate.116 Avoid food and drink containing 
fat (e.g. chocolate, biscuits, milk or choco-
late milk) if you want a quick increase in 
blood glucose. Fat causes the stomach to 

Always take glucose tablets with you wherever you go. 
Older children can keep them in their pockets. Younger 
children may find some kind of small bag that can be 
attached to their wrist or belt useful. Make sure that 
your friends know where you keep your glucose tablets 
in case you need help finding them after becoming 
hypoglycaemic. It may also be useful to ensure you 
always have a small amount of cash available in case 
you need to buy yourself something to eat.
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empty more slowly, so that the glucose 
reaches the bloodstream later (see page 
206). 

A blood glucose level of 3.5-4.5 mmol/l 
(65-80 mg/dl) may require a management 
decision such as eating some carbohydrate, 
postponing exercise, or change in insulin 
dosage.274 In this situation, a glass of juice 
or a piece of fruit may be appropriate.

If the person is conscious but has difficulty 
in chewing, give glucose gel (HypoStop®) or 
honey. Gels are very useful for infants and 
toddlers since no chewing is required.

 Which dose of insulin contributed to your 
hypoglycaemia?

Multiple injection therapy
premeal rapid-acting insulin and 2 doses of basal
insulin per day

Time of 
hypoglycaemia

“Responsible” insulin dose
Time of inj.  Type

After breakfast
Before lunch
After lunch
After dinner/tea
After evening snack
Before midnight
After midnight

Breakfast
Breakfast
Lunch
Dinner/tea
Evening snack
Evening snack
Bedtime

Rapid-acting
Basal insulin
Rapid-acting*
Rapid-acting
Rapid-acting
Rapid-acting
Basal insulin

Basal insulin can be intermediate-acting (NPH) or
long-acting (Lantus, Ultratard, Humulin Zn).

With rapid-acting insulin (NovoRapid, Humalog) the
premeal dose will be “responsible” for hypoglycae-
mia during 2-3 hours after the injection. After that,
the basal insulin is more likely to contribute to
hypoglycaemia.

* NPH for breakfast can contribute to hypoglycaemia
after lunch.

Premeal short-acting insulin and NPH-insulin at bed-
time

Before lunch
In the afternoon
In the evening
After evening snack/
Before midnight
After midnight

Breakfast
Lunch
Dinner/tea

Evening snack
Bedtime

Short-acting
Short-acting
Short-acting

Short-acting
NPH insulin

 2 dose treatment
Short-acting and NPH-insulin before both breakfast
and dinner/tea

Time of 
hypoglycaemia

“Responsible” insulin dose
Time of inj.  Type

Before lunch
In the afternoon
Early evening
After evening snack/
Before midnight
After midnight

Breakfast
Breakfast
Dinner/tea

Dinner/tea
Dinner/tea

Short-acting
NPH insulin
Short-acting

NPH insulin
NPH insulin

How many glucose tablets (3 g) are needed 
to treat hypoglycaemia?

Body weight Rise in blood glucose 
2 mmol/l 4 mmol/l

Kg  lb 35 mg/dl 70 mg/dl

10 22 ½ tablet 1 tablet (3 g) 
20 45 1 tablet (3 g) 2 tablets
30 65 1½ tablet 3 tablets 
40 90 2 tablets 4 tablets 
50 110 2½ tablets 5 tablets 
60 125 3 tablets 6 tablets
70 155 3½ tablets 7 tablets

Glucose /10 kg 1.5 g 3 g
“ /10 lb 0.75g 1.5g

“Rule of thumb”
1 tablet (3 g) of glucose/10 kg (½ tablet/10 lb)
body weight will raise the blood glucose approxi-
mately 4 mmol/l (70 mg/dl), i.e. your blood glucose
will be approximately 4 mmol/l higher after 15-30
minutes than it would be without extra glucose.
Usually, an increase of 2 mmol/l (35 mg/dl) will be
enough but if you have recently taken insulin and
your blood glucose level is falling, you may need
more glucose. Check the type of glucose tablets
you use as they are likely to contain 3-4 g of glu-
cose.

160
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If the person is unconscious or has convul-
sions, give a glucagon injection (for dosage, 
see page 38). Never give an unconscious 
person food or drink because it might be 
accidentally inhaled and cause suffocation 
or subsequent pneumonia.

Don’t take any physical exercise until all
symptoms of hypoglycaemia have van-
ished. Wait at least 15 minutes before you
do anything that demands your full atten-
tion or quick understanding, such as driv-
ing, operating a machine or taking an exam
in school. 

Don’t leave a child alone after a hypogly-
caemic reaction. If this happens in school,
make sure someone who knows how to
cope with the situation will be able to look
after the child at home. Smaller children
need someone to take them home if their
parents cannot come to the school.

If eating something containing glucose or
sugar doesn’t bring the blood glucose level
back to normal, it may be because the
stomach isn’t emptying its contents into the
intestine (where the glucose is absorbed). If
your blood glucose doesn’t increase suffi-
ciently within 30-60 minutes, try drinking

some carbonated lemonade to encourage
the relaxation of the muscle (pyloric
sphincter) that controls the exit of food
from the stomach to the intestines. 

Occasionally, there may be additional
problems and hypoglycaemia will carry on
for hours unless some other measure is
taken (for example, if you have gastroen-
teritis). The most effective of these is likely
to be injecting a small dose of glucagon,
which may need to be repeated (see page
36).

If there is no apparent explanation for
hypoglycaemia to have occurred, you
should decrease the “responsible” dose of
insulin the next day. For more information,
see the chapter on adjusting insulin, page
131.

It is important to consider how much time there is before your next meal when you have hypoglycaemia. Don’t eat more 
than you will need to get you through to your next meal. It is all too easy to have too much to eat since it takes a while 
before the blood glucose rises and makes you feel better. If your blood glucose is below 3,5 mmol/l (60 mg/dl) or the 
symptoms of hypoglycaemia are troublesome, it is best to take only glucose, then wait 10-15 minutes before eating any-
thing else to cure the hypoglycaemia as soon as possible. If you become hypoglycaemic while sitting with a meal in front 
of you,it may be quite a while before you feel better again if you eat immediately. It is better to eat something with a 
higher sugar/glucose content (e.g. glucose tablets), wait 10-15 minutes or until you feel better, and then enjoy your 
meal.

Wait
before
eating!

Meal Meal

30 min. 1 hour2 hours 1½ hour Just before the mealTime of hypoglycaemic reaction:

or

juice
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Timing and hypoglycaemia
The time interval between the bout of hypogly-
caemia and your next meal will determine
which response is appropriate.

Hypoglycaemia just before you eat

Take glucose and wait 10-15 minutes before
starting to eat. If you eat straightaway, your
food will mix with the glucose in your stomach.
Since it normally takes about 20 minutes for
solid food to be digested (sufficiently to be emp-
tied into the intestines) an increase in your
blood glucose will take at least this long.
Remember that glucose from the food must
reach the intestines before it can be absorbed
into the blood.

Hypoglycaemia 45-90 minutes before your 
next meal
The same advice applies as in the example
above for a rapid reversal of your hypoglycae-
mia. Afterwards you will need something to eat
(a piece of fruit, for example) to keep your
blood glucose level up until the next meal.

Hypoglycaemia 1-2 hours before your next 
meal

Take glucose and wait 10-15 minutes before
you eat anything else in order to reverse your
hypoglycaemia quickly. Since it will be a while
until your next meal, it is important to eat
something that contains more “long-acting”
carbohydrates. If the hypoglycaemia develops
slowly, you can skip the glucose and have a
glass of milk and/or a sandwich instead. An
alternative approach is to take fast acting sugar
only, and repeat if necessary. This has the
advantage of helping to avoid unwanted weight
gain. Try to find out what works best for you
and discuss with your diabetes team.

Helping someone with diabetes who
is not feeling well

If you find yourself in the situation of helping
someone else with hypoglycaemia, it is very
unlikely you will know what the person’s blood

How quickly does the sugar work?

10-15 min. Glucose drink

Glucose tablets

Glucose gel

Honey

Lemonade

Fruit syrup

Milk

Ice cream

20-30 min. Chocolate bar

Should you always eat when you feel 
hypoglycaemic? 

Measure your blood glucose.

If it is < 3.5 mmol/l (65 mg/dl), eat some-
thing sweet, preferably glucose.

If it is 3.5-4.0 mmol/l (65-70 mg/dl), eat 
something if your next meal is more than ½-1 
hour off or if you know that your blood glu-
cose is decreasing, e.g. after physical exer-
cise.

If it is > 4.0-4.5 mmol/l (70-80 mg/dl), you 
may be having hypoglycaemic symptoms at 
too high a blood glucose level. Wait a short 
while and test yourself again. Don’t eat until 
the blood glucose has fallen below 4.0 
mmol/l (70 mg/dl), see point . See also the 
text on page 44 and 57.
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glucose level is, and you may lose precious time
trying to measure it. The best course of action is
to give something containing sugar as quickly
as possible and then call for help. Make sure
that people (e.g. teachers, sports coaches etc.)
who may need to help, know this simple advice.

Remember that the little packets of sugar avail-
able in cafes and fast food restaurants will be
very effective in this situation, as will fruit juice
or fizzy drinks such as lemonade or cola (as
long as it is not the “diet” variety). 

If a high blood glucose is making the person feel
ill, the extra glucose will not have any adverse
effects. It is not the high blood glucose as such
which causes the unpleasant sensations, but the
lack of insulin that also causes the high blood
glucose. If the blood glucose is low, it is essen-
tial the person in question gets sugar as quickly
as possible. 

Glucose
Pure glucose has the quickest effect when cor-
recting hypoglycaemia.116 Emergency glucose is
available in tablets and gel form (for example
HypoStop®). It is important to think of glucose

as a medicine for hypoglycaemia and not as a
“sweet”. Everyone with diabetes should always
have glucose handy and must know when they
need to take it. Friends must also know in
which pocket the glucose tablets are kept. A
wrist bag or waist bag for carrying glucose is
useful. 

Sports drink (e.g. Lucozade® or Gatorade®)
contains pure glucose and gives a quick increase
in blood glucose. Pure fruit juice contains
mostly fructose, which gives a slower increase
in blood glucose. A glass of juice containing 20g
(2/3 ounce) of carbohydrate gives a slower
increase in blood glucose than glucose tablets
containing the same amount of carbohydrate.116

Ordinary sugar is sucrose (also called saccha-
rose) which is composed of both glucose and
fructose (see illustration on page 203). It will
therefore not give the same increase in blood

Younger children often run around a lot while playing and 
so get a certain degree of exercise in a natural way. Glu-
cose gel may come in handy if a child develops hypogly-
caemia while at the park or the beach. Glucose tablets 
will easily become wet and sticky.

Upper
sphincter 

Stomach

Lower
sphincter

Duodenum

Glucose is absorbed
into the blood

Oesophagus

Sugar must reach the intestine to be able to be absorbed 
into the bloodstream so that it can raise the blood glu-
cose level. Glucose cannot be absorbed through the lin-
ing of the mouth (oral mucosa),321 or from the stomach.277 
The lower sphincter (pylorus) regulates the emptying of 
the stomach. Different factors influence how quickly the 
stomach empties (see page 203) and this will have a 
direct effect on the speed with which glucose can be 
absorbed into the blood to correct hypoglycaemia. 



Treating hypoglycaemia 65

glucose as an equal amount of pure glucose, but
it is useful if glucose is not available.297 

It is extremely important that everyone under-
stands why children with diabetes must carry
glucose tablets with them everywhere they go.
Those who do not understand might otherwise
think that the child is “cheating”, eating the
tablets as sweets instead of taking them as a
medication for hypoglycaemia. 

Fructose
Fructose has a sweeter taste than ordinary
sugar. Fructose is absorbed more slowly from
the intestine and is not as effective as glucose in
raising the blood glucose level. 264 Fructose does
not affect the blood glucose directly. It is mainly
taken up by the liver cells (without the help of
insulin) where it is converted into glucose or
triglycerides. A high intake of fructose will
increase the body fat.264 Fructose can also raise
the blood glucose by stimulating glucose pro-
duction in the liver.264 Honey contains 35-40%
glucose and the same amount of fructose. Sorbi-
tol, found in many sweets, is converted in the
liver to fructose (see also page 225 and 225). 

Sweets and hypoglycaemia
Sweets containing only pure sugar (caramels,
boiled sweets) will raise the blood glucose
quickly. However, it is not a good idea to
reserve sweets so you only give them to children
when they are hypoglycaemic. This strategy can
encourage children to try to make themselves
hypoglycaemic so that they will get sweets. It is
best to reserve glucose tablets as “medicine” for
low blood glucose. Medicine is not for treating
your friends so glucose tablets will not be
regarded as sweets. Giving a child sweets for

treating hypoglycaemia involves a risk of them
being shared out among friends, leaving none
for when they are really needed. Another
advantage with emergency glucose tablets is
that they deliver a precise dose, allowing better
control when it is most needed. If your child has
hypoglycaemia at school, this will also make it
easier for the teacher to know how much to
treat with. An alternative may be to give sweets
for hypoglycaemia only when the child is
engaged in sports, for example riding or skiing.

Sweets containing chocolate and chocolate bars
raise the blood glucose very slowly and should
not be used to treat hypoglycaemia (see graph
on page 234). This is particularly important
when blood glucose levels are below 3.5 mmol/l
(60 mg/dl) as you then will risk a rebound phe-
nomenon (see page 49).

The graph shows results from a study where 13 adults 
with type 1 diabetes were given different types of sugar 
to reverse hypoglycaemia.116 Four hundred ml (2/3 pint) 
of water was given with the glucose tablets. Milk con-
tains fat and gives a slower rise in blood glucose, as fat 
leads to a slower emptying of the stomach.

400 ml orange juice 40 g carbohydrate
7 glucose tablets 20 g carbohydrate
400 ml milk 20 g carbohydrate
200 ml orange juice 20 g carbohydrate
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After hypoglycaemia 
Usually you will feel better within 10-15 min-
utes after you have eaten something containing
glucose. However, it will often take one or two
hours after the blood glucose has normalized
before returning to a level of maximum perfor-
mance again, necessary for example for an
exam at school. It is difficult to state a time
limit, but one study tested children at a diabetes
camp following recovery from hypoglycaemia
(the time intervals varied between 10 and 45
minutes). These children were found to score
less well on neuro-psychological tests that mea-
sured memory and concentration.616 A study of
adults with diabetes, however, found that reac-
tion times returned to normal 10-40 minutes
after the blood glucose had risen to a level
above 3.3 mmol/l (60 mg/dl).358

Headaches are common after recovering from
hypoglycaemia, particularly if your blood glu-
cose level was very low. Although they are less
common, you may also experience transient
neurological symptoms such as a temporary
paralysis or difficulties of speech caused by
some degree of brain oedema (swelling).610,692 If
you find yourself suffering any of these, you
should contact your doctor or diabetes unit.

If you are caring for a child with diabetes who
doesn’t wake up or return to full consciousness
within 15-30 minutes after being severely
hypoglycaemic, even though his or her blood
glucose has returned to normal, this may indi-
cate swelling of the brain (brain oedema).513 It
may take many hours before the child is awake
and behaving in the usual way again. This is an
acute condition that requires immediate treat-
ment in hospital!

Sometimes people feel sick or vomit after
hypoglycaemia, especially if the blood glucose
has been low for some time. This will often be
associated with raised levels of ketones in the
blood and urine. Both ketones and nausea are
caused by the hormone glucagon, which is

secreted from the pancreas during hypoglycae-
mia. This is the same type of side effect that can
be experienced after a glucagon injection. If the
vomiting continues you should contact the hos-
pital. Since the glucagon secretion from a per-
son’s body usually decreases after several years
with diabetes, this reaction is more common in
people who have had diabetes for a few years
only. 

Research findings:
Recovery from hypoglycaemia

In one study of adults without diabetes,
hypoglycaemia was induced using insulin
(blood glucose 2.7 mmol/l, 50 mg/dl, for 70
minutes). The reaction time was decreased
for 1½ hours and only returned to normal 4
hours after the blood glucose had normal-
ized.236 

Another study of adults found cognitive func-
tions (short-term memory, attention and con-
centration) to be normal in the morning after
a night with hypoglycaemia (blood glucose
< 2.2 mmol/l, < 40 mg/dl, for 1 hour).60 

A British study of adults shows their capacity
for exercise was unchanged after an episode
of night time hypoglycaemia (2.6-3.0 mmol/l,
45-55 mg/dl for 1 hour) even though partici-
pants complained of more fatigue, less
well-being and felt that they had experienced
a bad night’s sleep.443

In children, cognitive testing (coordination,
memory, attention and creative thinking) was
not affected after a night time hypoglycaemia
(< 3.9 mmol/l, 70 mg/dl) but their mood was
influenced negatively.526 

In these studies, patient meters showing whole
blood glucose readings were used. Values have
been recalculated to plasma glucose.
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Learning to recognize the symptoms
of hypoglycaemia

Every time your blood glucose measures less
than 3.5-4 mmol/l (65-70 mg/dl) you should
ask yourself: “Exactly what symptoms caused
me to take the blood test now? Did I experience
any symptoms 10 or 20 minutes earlier that
might have warned me my blood glucose was
falling?” If your blood glucose is below 3.0-3.5
mmol/l (55-65 mg/dl) and you have not experi-
enced any symptoms, you should always ask
yourself: “Were there really no symptoms at all
warning me that my blood glucose was low?”
Ask your friends if they have noticed any

change in your behaviour that could have been
caused by a drop in your blood glucose. 

There are now programmes that train people
with diabetes to recognize subtle and variable
changes in their behaviour and how they feel
while hypoglycaemia is developing. Such pro-
grammes include the use of simple cognitive
tests, and their success has been demon-
strated.154 To test for bodily symptoms, stand
up and walk around. Move your outstretched
arm in a circle or hold a pen between your fin-
gers to test for shakiness. To test for symptoms
from your brain, repeat your mother’s or
brother’s age and birthday, your friends’ phone
numbers or the combination for your locker or
bike key. Younger children may try counting
backwards from 100. Whatever test you set
yourself should be sufficiently difficult when
your blood glucose level is normal, for you to
notice the difference when doing the same thing
while your blood glucose is low. 

It will be difficult to achieve top results in an examination 
if you have hypoglycaemia, or have had it recently. Usu-
ally it will take a couple of hours after a difficult hypogly-
caemic episode before you are back on top form. 

A carton of juice can come 
in handy when a child has 
low blood glucose. It is easy 
to carry with you and if the 
child does not want to eat 
anything it is often easier to 
give a sip of juice than to 
use glucose tablets or gel.
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Insulin treatment
The pancreas of a person without diabetes will
always be secreting a small amount of insulin
into the bloodstream, constantly throughout the
day and night (called basal secretion). After a
meal, a larger amount of insulin is secreted to
deal with the glucose coming from the food
(called bolus secretion, see graphs on page 22).
The goal of all insulin treatment is to mimic this
function and provide insulin to the blood-
stream.

In the past, bovine (beef) and porcine (pork)
insulin were used for all people with diabetes.
Nowadays, mostly human insulin is used, i.e.
insulin with a chemical structure identical to the
insulin produced by the human pancreas.
Human insulin is produced using gene technol-
ogy or by semi-synthetic methods. Genetic engi-
neering involves the insertion of human
insulin-producing genes into a yeast cell or bac-
teria. In this way the yeast cells or bacteria are
tricked into producing insulin instead of their
own proteins. 

Short and rapid-acting insulins are pure insulin
without any additives. They are in the form of a
clear liquid and don’t require stirring or mixing
before use. Different additives are used to make

the insulin longer-acting, and these are what
make it cloudy. The cloudy part of the contents
will collect as sediment at the bottom of the
bottle or cartridge. This sediment must be min-
gled again with the rest of the contents by turn-
ing over or rolling (but not shaking) the
cartridge 20 times before use.405 The newer
basal insulins such as Lantus and Levemir are
clear because they are both solutions rather
than suspensions. These types of insulin have an
extended effect because of changes to the
molecular structure which slow down their
absorption, rather than added molecules such
as zinc or protamine.

Production of human insulin

Semi-synthetic method:

Porcine insulin is engineered 
enzymatically

Older method of 
making human insulin.

Biosynthetic DNA-technology method: 

Production from baker’s yeast Novo-Nordisk insulins.

Production from coli-bacteria Eli-Lilly insulins.
Aventis insulins.

Methods of postponing the action of insulin

NPH insulin Binds to a protein from 
salmon (protamine). 

Lente insulin Excess of free zinc. 

Lantus Clear solution but precipitates
(gets cloudy) after injection
due to a higher pH in the sub-
cutaneous tissue.

Levemir Binds to a protein in the blood-
stream (albumin).
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Regular short-acting insulin

Intermediate-acting insulin

Long-acting insulin 

Intravenous insulin

Regular short-acting insulin (also called soluble insulin) 
is given as a bolus injection before meals. The listed 
brand names are examples of insulins. Ask your diabetes 
clinic to find out which insulins are available in your 
home country.

Actrapid, Humulin S
Insuman Rapid
Velosulin BR Human (pump insulin)
Insuman Infusat (pump insulin)
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Intermediate-acting insulin is used as basal (background) 
insulin when injecting twice-daily and once or more daily 
in a multiple daily injection regimen. There are different 
types: NPH insulin () and lente (zinc-depot) insulin 
( ). The new basal insulin Levemir has an action pro-
file similar to ( ) but with less day to day variation.
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Levemir

Lente type:
Monotard
Humulin L

NPH type:
Insulatard, Humulin I
Insuman Basal

Long-acting insulin has effect over up to 24 hours. Ultra-
tard and Humulin Zn are usually injected twice daily to 
give a basal insulin level between meals and during the 
night. The new long-acting insulin Lantus gives a more 
stable insulin effect and is injected once or twice daily.
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LantusUltratard, Humulin Zn 

IV

Short-acting insulin given intravenously has an extremely 
rapid action with a half life of only 3-5 minutes.709 
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Intravenous insulin
(short-acting insulin)
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In intravenous insulin therapy, short-acting
insulin is given directly into the bloodstream.
This is the most effective way to treat diabetic
ketoacidosis. It is given only in hospitals as an
intravenous drip or in a motorized syringe.
There is no advantage in giving rapid-acting
insulin intravenously, since the blood glucose
lowering effect is not quicker than for regular
short-acting insulin.716 Since the half-life of
insulin is very short, only about 4 minutes,270

the blood glucose will increase sharply if intra-
venous insulin is stopped. If intravenous insulin
is being used, the blood glucose must be
checked every hour (even during the night) to
monitor the correct dosage.

Intravenous insulin is often used during surgery
or if a patient is suffering for any length of time
from diarrhoea and vomiting. It also gives us a
practical way of working out how much insulin
the patient needs over a 24 hour period, for
example when starting treatment with an insu-
lin pump.

Rapid-acting insulin
Normally, insulin molecules stick together in
groups of six (so called hexamer formation, see
illustration). These groups must be broken up
before the insulin can be absorbed into the
blood. If the insulin molecules could be injected
in a solution of single molecules (monomeric
insulin), the action would be much quicker. Due
to the shorter action span, it would also be pos-
sible to achieve more normal insulin levels
between meals, lessening the need for snacks.253

Regular short-acting insulin is actually a bit too
slow in action. The insulin level in your blood is
not high enough during the meal. Rather, it is
higher than necessary a couple of hours later,
which is what causes you to need a snack.

Insulin is always in a so called hexamer form when it is 
injected. It must then divide into dimers and monomers 
before it can pass between the cells of the blood vessel 
to enter the bloodstream. The new rapid-acting insulin 
analogues (NovoRapid or Humalog) dissolve much faster 
than regular short-acting insulin, thus making the time of 
action much faster.392 Massage of the injection site can 
also enhance the dissociation, into monomers causing a 
faster absorption of the injected insulin.486 The addition 
of zinc (as in lente insulins) stabilizes the hexamer, 
delaying the absorption.

Hexamer Dimer Monomer

Blood vessel

Ce
ll

Insulin

The new rapid-acting insulin analogues (NovoRapid, 
Humalog, Apidra) have a much more rapid action than 
regular short-acting insulin. You can inject them just 
before a meal and still get a good insulin effect at the 
time when the glucose from the food reaches the blood-
stream. However, the insulin effect wanes after 2-3 
hours,378 causing the blood glucose to rise before the 
next meal. Because of this, a basal insulin that takes 
effect during the day is usually given (see page 148).
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Rapid-acting insulin
NovoRapid, Humalog, Apidra

Regular short-acting insulin
(Actrapid, Humulin S, Insuman 
Rapid)
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By changing the protein building blocks in the
insulin molecule, the problems of hexamer for-
mation are considerably reduced. The rapid-act-
ing insulin analogue (Lispro or Humalog),
which was introduced to the market around the
world in 1996, takes effect very quickly.392

Today, it is used by many children and adults
with diabetes. 

NPL is a new intermediate-acting insulin origi-
nating from Humalog. The longer effect is
achieved by adding protamine, in the same way
as for ordinary NPH insulin. NPL has the
advantage of being stable for at least a year if
mixed with Humalog. It has the same action
profile as ordinary NPH insulin.403 

Another rapid-acting insulin analogue that is
being used successfully both in adults 382 and
children 552 was introduced in 1999 (Aspart or
NovoRapid, NovoLog in some countries). A
double-blind study of people with type 1 diabe-
tes showed that the two analogues, Humalog
and NovoRapidgave very similar levels of insu-
lin in the blood and had identical action on the
blood glucose profiles.609 A third rapid-acting
insulin analogue called Apidra (glulisine) will be
introduced soon.

Basal insulin
People without diabetes always have a low level
of insulin in their body between meals and even
during the night (see graphs on page 22). This
steady release of insulin from the pancreas takes
care of the glucose that is released between
meals from the store in the liver. This constant
low level of insulin is known as basal insulin or
background insulin. The basal insulin dose
given to people with diabetes in whom this nat-
ural supply is not available, will be either inter-
mediate-acting or long-acting. 

New basal insulins
Once a day injections of existing intermediate
or long-acting insulin preparations do not pro-

vide an appropriate 24 hour basal insulin level
(between meals and during the night) in most
people with diabetes.648 The new long-acting
analogue Lantus (Glargine) was introduced
recently. By altering the insulin molecule, the
blood-glucose lowering effect has been spread
more evenly over up to 24 hours,581 resembling
the background insulin secretion in a healthy
person. The subcutaneous uptake of insulin is
more stable from day to day with Lantus, com-
pared to NPH insulin.480

Occasionally, people report a stinging sensation
when injecting Lantus,626 which may be a disad-
vantage for children in particular. However, this
seems to be a minor problem as the vast major-
ity of children for whom we prescribe Lantus
feel no pain when injecting.

Levemir (Detemir) is another new basal insulin
which was introduced in 2004. A 6-month
study of adults using NovoRapid as premeal
insulin showed that with Levemir the same
HbA1c levels (7.6%) as with NPH insulin (Insu-
latard) were obtained, but with a lower risk of
hypoglycaemia, especially during the night.769

Overnight glucose profiles were more even with
Levemir, and body weight was significantly
lower after 6 months in the Levemir group. 

Research findings: Lantus

Lantus has been shown to give similar levels
of basal insulin over 24 hours as an insulin
pump.480 

In one study, researchers found both lower
morning blood glucose and less night time
hypoglycaemia.606

In another study, adults compared Lantus
(given once at bedtime) with NPH (given once
or twice daily).647 Fasting glucose was 2.2
mmol/l (40 mg/dl) lower when using Lantus. 

In the group using NPH once a day, the doses
of Lantus were similar. But Lantus doses for
the group using NPH twice daily were 6-7
units lower than the sum of the NPH doses. 
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Pre-mixed insulin 
The cartridges of pre-mixed insulin that are
available for insulin pens contain different pro-
portions of short-acting and intermediate-acting
insulin of NPH type. You can also find car-
tridges containing mixtures of rapid-acting and
intermediate-acting insulins. With pre-mixed
insulins the proportions of the two insulins can-
not be adjusted. If you change the dose you will
get more or less of both types of insulin. It is
important to assess the use of different mixtures
depending on your meal schedule. For example,
the prolonged effect of the intermediate-acting
part in a 30-50% mix with rapid-acting may be
useful if you have a long wait between lunch
and dinner/tea.

A larger dose lasts longer
A larger insulin dose will give a stronger insulin
effect which also lasts a longer time.344,473 An
exception to this rule is the rapid-acting insulin
(Humalog) which lasts for the same period of
time even when the dose is increased.807 

Units and insulin concentrations 
Insulin is measured in units, abbreviated U
(international units, previously abbreviated IU).
One unit of insulin is defined as the amount of
insulin that will lower the blood glucose of a
healthy 2 kg (4.4 lb) rabbit that has fasted for

24 hours to 2.5 mmol/l (45 mg/dl) within 5
hours.642 Quite a complicated definition, don’t
you think? See also “How much does insulin
lower the blood glucose level?” on page 129. 

Today, the most common insulin concentration
around the world is 100 units/ml (U-100). In
many countries other concentrations are used,
mostly 40 U/ml (U-40). 

Some standard pens for insulin 100 U/ml can be
used for giving half-units and there are pens
that have half-unit increments on the scale
(NovoPen ®Junior, NovoPen®3 Demi). Insulin
40 U/ml or 50 U/ml can be used for low doses
(less than 2-3 units) when giving insulin to
young children. This uses a cartridge that is
filled from insulin bottles. For the youngest
children, insulin can be diluted to 10 units/ml to
make small insulin dose adjustments possible.

A larger insulin dose (dashed line) gives both a stronger 
and longer-lasting insulin effect. 
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Disposable syringes

Disposable syringes can be practical to use if
you need to change the insulin dose in very
small increments. 

In one study, syringes for 30 units (100 U/ml)
were found to be accurate for adjusting doses
of ± 0.25 units in the interval between 2.5
and 3.5 units.696 However, they may be diffi-
cult to use for very small doses of only 0.5 - 1
unit. 

Another study found an error rate of 10%
when doses of less than 5 units were given by
syringe.498 When a pen injector was used, the
error was only 5%. 

In a study where parents were supposed to
deliver 1.0 units of insulin, the actual dose
varied between 0.6 and 1.3 units.130 The vari-
ability was even greater when the dose was
administered by paediatric nurses. 

Syringes for U-100 insulin must not be used
with U-40 insulin (risk of under-dosage), nor
should syringes for U-40 insulin be used with
U-100 insulin (risk of over-dosage).
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Insulin units are counted in the same way,
regardless of the concentration. A weaker insu-
lin will be absorbed more quickly.282 Insulin of
40 U/ml gives approximately 20% higher insu-
lin levels 30-40 minutes after injection com-
pared to the same number of units of 100 U/
ml.697 People taking insulin need to be aware
that it will take effect more quickly if they
switch from 100 U/ml to 40 U/ml. 

Twice-daily treatment 
Twice-daily injections are still the standard
treatment for many people with type 1 diabetes
today. This may be advantageous when the per-
son has a low total daily insulin requirement,
for example during the honeymoon phase. It is
also useful if the person, for whatever reason,
finds it difficult to take multiple injections. A
twice-daily injection regimen usually means that
there is less flexibility for planning mealtimes.
The afternoon dose of intermediate-acting insu-
lin may not last long enough, especially in ado-
lescents, to cover insulin requirements during
the night, so morning hyperglycaemia may
result. A large amount of intermediate-acting
insulin during the day will increase the need for
snacks between meals.

Three-dose treatment
If the insulin given with dinner/tea with a 2
dose treatment does not last until morning, you
can take only the short-acting component
(Actrapid, Humulin S, Insuman Rapid) for din-
ner/tea and postpone the injection of intermedi-
ate-acting insulin (Insulatard, Humulin I,
Insuman Basal) until bedtime. This decreases
the risk of night time hypoglycaemia.

Multiple injection treatment 
Multiple injection treatment implies taking
short-acting (Actrapid, Humulin S, Insuman
Rapid) or rapid-acting insulin (NovoRapid,
Humalog) before each main meal, and one or
two doses of intermediate-acting (Insulatard,
Humulin I, Insuman Basal) or long-acting insu-
lin (Lantus, Ultratard, Humulin Zn) to cover
the need for insulin between meals and during
the night.

Multiple injection treatment has been used since
1984 and the first insulin pen was introduced in
1985. Studies in both children 678,754 and
adults 192,342,675 have shown that it is possible to
improve glucose control with this regimen.
Using multiple injection treatment will not nec-
essarily give you a better HbA1c,

219,389 but you
may well find you are happier and have a better
quality of life 390 as well as more freedom to
choose a lifestyle you enjoy and greater flexibil-
ity over meal planning.733 

With multiple injection treatment it is fairly
easy for people with diabetes, along with the
rest of their family, to understand how their
insulin affects blood glucose at any given time
of day. This is particularly important as the goal
of our diabetes education is to enable the per-
son with diabetes (and where appropriate, the
family) to take an increasing responsibility for
their treatment, so that they eventually become
experts on their own diabetes.

Injections before 
meals (bolus insulin)

Bolus insulin is the short or rapid-acting insulin
that you take before a meal. Short-acting regu-
lar insulin (Actrapid, Humulin S, Insuman
Rapid) begins to act 20-30 minutes after a sub-
cutaneous injection and begins its maximal
effect after 1.5-2 hours. The blood glucose low-
ering effect lasts for about 5 hours. This means
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that with a multiple injection regimen there
should not be more than 5 hours between your
main meals and injections of regular short-act-
ing insulin. Rapid-acting insulin begins to act
after 10 minutes and is at its most effective after
just one hour. If you are using rapid-acting insu-
lin, you will not have to be as strict about meal-
times if you have a dose of basal insulin as well
in the morning (see page 148). Children and
teenagers having a late evening snack will need
a fourth injection of premeal insulin, otherwise
they will run short of insulin late in the evening
before the bedtime injection begins to take
effect.

One big difference between short and rapid-act-
ing insulins for multiple injections is that with
short-acting insulin you need to take snacks
between main meals to avoid hypoglycaemia.

With rapid-acting insulin, the opposite is the
case. If you eat a large afternoon snack, you
will often need another injection of analogue
insulin, unless you are playing a vigorous sport
or being otherwise very active. Check your
blood glucose level to help you decide what
dose you need.

Since it takes 20-30 minutes for regular short-acting 
insulin (Actrapid, Humulin S, Insuman Rapid) to begin its 
action, you must give the insulin a head start or the race 
will be very uneven.655 The carbohydrates from your meal 
will enter the bloodstream first and raise your blood glu-
cose level. The insulin will enter your bloodstream later, 
putting you at risk of a low blood glucose before your next 
meal. Taking your injection 30 minutes before the meal is 
particularly important at breakfast time. However if you 
recognize these problems you should take your injection 
20-30 minutes before all meals. The rapid-acting insulins 
(NovoRapid and Humalog) are very quick to take effect, 
and can be given immediately before the meal.

GOAL

20 - 30 min.

Research findings:
Multiple injections

Studies indicate that more than 90% of par-
ticipants have found multiple injections
acceptable.391 

In a French paediatric study of 5-19 year olds,
77% experienced an improvement in their
quality of life when switching from a 2-3 dose
regimen with syringes to a 4-5 dose regimen
with pen injectors.754 No significant change in
glucose control was observed in the group as
a whole, but the sub-group with poor control
improved their HbA1c significantly. 

In the DCCT study (see page 315), the major-
ity of participants on intensive treatment
used multiple injections with syringes if they
were not on insulin pumps. 

Results from the DCCT study show that start-
ing an intensive treatment regimen at an
early stage sustains the insulin production in
your own pancreas, reducing the risk both of
severe hypoglycaemia and the development
of diabetic complications.200 

In 1987 we switched all patients in our clinic
(aged 2-20 years) from twice-daily injections
with syringes to multiple injection treatment
with insulin pens. Only one person was dis-
satisfied with this new regimen and switched
back to twice-daily injections. 

Today our policy is to use multiple injections
from the onset of diabetes. Most children use
rapid-acting insulin and take two injections of
basal insulin per day. This regimen mimics
the insulin secretion of the pancreas better
than a twice-daily regimen (see graphs on
page 22, 128 and 148).
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If, for whatever reason, you prefer only four
injections per day, one alternative is to take a
combination of short or rapid-acting and inter-
mediate-acting insulin at the time of the evening
snack. Mixing these insulins in one syringe or
taking them as pre-mixed insulin is not an ideal
method however. If you inject yourself in the
thigh, there is a risk of hypoglycaemia early in
the night from the short-acting component. But
if you inject yourself in the abdomen, there is a
risk that the intermediate acting insulin will not
last until morning.

When should you take your premeal 
dose?

There is no difference in effect between different
brands of regular short-acting insulin.
Rapid-acting insulins (NovoRapid and Huma-
log) start working sooner than regular
short-acting insulin. The abdomen or tummy is
the most common injection site for premeal
injections (see page 113). If you take regular
premeal insulin in the thigh (or buttocks) you
will probably need to add another 15-30 min-
utes to these time limits. The time limits given in
this chapter refer to abdominal injections of
regular short-acting insulin if not otherwise
stated. If you use rapid-acting insulin you must
adjust the time intervals as indicated above.

Your insulin store from the bedtime injection
will be almost gone by the morning. You should
therefore have your morning injection of regu-
lar insulin at least 30 minutes before breakfast.
Wait for longer if your blood glucose is high,
and for less time if it’s low. NovoRapid and
Humalog can be given just before the meal
unless your blood glucose is high. See the table
on page 143 for recommended times of injec-
tions at breakfast.

Ideally, regular short-acting insulin should be
administered 20-30 minutes before all meals
since the blood glucose is not affected immedi-
ately.672 However, at lunchtime some of the

short-acting breakfast insulin still remains in
your body and the same holds true for the other
meals. Because of this, the 30 minute insulin
“head start” is not as essential with other meals
as it is with breakfast. 

When should I take my premeal 
insulin? (abdominal injections) 

*NovoRapid, Humalog, Apidra

Meal
Regular 
short-acting 
insulin

Rapid-acting 
insulins* 

Breakfast At least 30 
min. before

Just before
the meal

Other meals 0-30 min. 
before 
(see text)

Just before
the meal

Hypoglycaemia 
at mealtime

Just before 
you eat

After the meal

High 
blood-glucose 
at mealtime

Wait 30-60 
min. before 
eating

Wait 15-30 min. 
before eating

It is important to give regular short-acting insulin 30 min-
utes before breakfast. In this study, the blood glucose 
increased about 5 mmol/l (90 mg/dl) when the children 
took their insulin immediately before breakfast, com-
pared to less than 1 mmol/l (20 mg/dl) when taking insu-
lin 30 minutes before the meal.655 
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Children using small doses will absorb the insu-
lin faster than adults, especially if they do not
have much subcutaneous fat. Because of this,
they rarely need to wait 30 minutes before they
eat 501 (provided the premeal blood-glucose isn’t
high). Taking insulin 30 minutes before each
meal can be very difficult for younger children
as it causes so many interruptions to their daily
routine. So we recommend younger children to
take their insulin just before meals (except
breakfast). Some children, however, will absorb
the insulin slowly and individual advice on this
point is necessary. Older children and teenagers
are unlikely to experience problems taking the
insulin 30 minutes before meals. 

If you inject regular insulin just before your
meal, it is important that the food is not
absorbed too quickly from the intestine. Other-
wise, the blood glucose will increase before the
insulin reaches the bloodstream. Any fat con-
tent of the meal will slow down the gastric emp-
tying rate. For example, ice cream made with
milk products has a higher fat content and will
therefore give a slower rise in blood glucose

than water ice. See the nutrition chapter, page
200. 

The blood glucose reading before a meal will
indicate when it is appropriate to take the injec-
tion. If your blood glucose is high, you can wait
45-60 minutes before eating, if this is conve-
nient. If you have a low blood glucose, you
should leave the injection until it is time to eat
or wait 15 minutes at the most (see the table on
page 132).

Remember that it takes at least 2 hours for the
bedtime injection of NPH type insulin to have
any significant effect (even longer in the case of
Lantus). This means that the time span between
the last dose of regular insulin and the bedtime
injection should not be more than 3-4 hours.
With rapid-acting Humalog, this interval
should be shorter since there is a risk of a rise in
blood glucose and ketones if the interval is
longer than 2-3 hours.9 

For younger children who can get their bedtime
NPH dose while asleep, there is often a longer
interval as they go to bed early. It may then be a
good idea to use regular short-acting insulin
(Actrapid, Humulin S, Insuman Rapid) for the
evening snack to get a longer insulin effect that
lasts until the bedtime insulin effect can take
over. If the last dose of NPH is given at dinner/
tea time, this advice will not apply.

The rapid-acting insulin analogues (NovoRapid
and Humalog) can be injected just before a
meal and still give a good insulin effect at the
time when glucose from the meal enters the
bloodstream. You must then adjust the above
mentioned time tables. If your blood glucose is
high before the meal, you can try waiting 15-30
minutes before eating.624 If it is low, you can try
waiting for your insulin until after you have
eaten. NovoRapid 119,184 and Humalog 672,205

can also be given after the meal with good effect
if you are not sure exactly how much you or
your child are going to eat when you start the
meal. NovoRapid and Humalog are usually
combined with once or twice-daily injections of

Can regular insulin injections be taken just 
before a meal? 

To find out, take the injection just before your meal
and measure your blood glucose before and 1½-2
hours after the meal. The blood glucose should
have risen 3-4 mmol/l (55-70 mg/dl) at the most.
If it has risen more, the effect of your regular insu-
lin is too slow.

Try the same thing when you take your insulin 15
and 30 minutes before eating, to find out which
suits you the best. If the blood glucose is too high,
even when you have taken the insulin 30 minutes
before the meal, you will probably need a higher
dose.

If you use rapid-acting insulin (NovoRapid or
Humalog) it should normally be injected just
before the meal. 



Insulin treatment 77

basal insulin (intermediate or long-acting, see
page 148).

Insulin pump
If you are using an insulin pump, you will take
the premeal doses (called bolus doses) by press-
ing some buttons on the pump. In addition to
this, the pump will deliver small doses of insulin
continuously to cover your body’s need of a low
insulin level in the blood between meals and
during the night. See the pump chapter on page
160.

Can I skip a meal? 
Your body needs to have some insulin in the
blood, even between meals, to take care of the
glucose produced by the liver. So if you are
using multiple injection treatment with regular
short-acting insulin (Actrapid, Humulin S,
Insuman Rapid), you must take a low dose of
insulin even if you skip a meal as the mealtime
dose of short-acting insulin also covers the need
of basal insulin between meals. Half the ordi-
nary insulin dose will usually be enough, but
you will need to try this out yourself. Intervals
between meals and injections of regular insulin
should not exceed 5 hours. Listen to your hun-
ger signals and you will know when you must
eat. You cannot skip a meal and also skip the
snack a couple of hours later. And if your blood
glucose is low, you must eat something immedi-
ately.

If your blood glucose is above around 15 mmol/
l (270 mg/dl) and you want to skip a meal, you
still need to take some insulin to bring your
blood glucose level down. You can compensate
by eating more at snack-time or at the next
meal when the insulin has lowered the blood

glucose (also see “Temporary changes of insulin
dose” on page 130).

If you use NovoRapid or Humalog and take
basal insulin as well in the morning (or one
daily dose of Lantus), you may try to skip both
the meal and the corresponding NovoRapid or
Humalog dose. If your blood glucose is high,
you may need a corrective dose of a few units of
rapid-acting insulin. Increase the dose of Novo-
Rapid or Humalog, if necessary, the next time
you eat.

You can usually adjust your timetable for meals and 
injections by one hour in either direction. Just remem-
ber not to go for more than 5 hours between meals 
and injections of regular short-acting insulin if you 
don’t use a basal insulin during the day. If you wait 
more than 5 hours between injections of regular insu-
lin, you will be at risk of insulin deficiency. If you are 
using rapid-acting insulin (NovoRapid or Humalog) you 
won’t need to be as strict about meal times if you take 
basal NPH insulin in the morning too (see page 148) 
or if you use long-acting insulin (Lantus, Ultratard, 
Humulin Zn) as your basal insulin.

Can I change my meal times? 
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Bedtime insulin 
The bedtime insulin injection is the most diffi-
cult dose to adjust. Although we do not eat dur-
ing the night, our bodies need a continuous low
level of insulin to take care of the glucose being
produced by the liver. The most common bed-
time insulin with multiple injection treatment
used to be intermediate acting insulin of NPH
type. An insulin with longer effect (Lantus,
Ultratard, Humulin Zn) may be a better alter-
native for some people. The use of Lantus that
has a more even effect is increasing, in children
as well as in adults. Another alternative is the
new basal insulin Levemir.

The bedtime insulin covers one third of a 24
hour day, so is likely to be the dose that has the
greatest effect on your HbA1c (see page 104).
High blood glucose readings during the night
can give you a high HbA1c even if your glucose
level during the daytime is normal.

When should bedtime insulin of NPH
type be taken? 

It is important to take your bedtime injection at
the same time every night on week days. If you
change the time from one day to another, it will
be difficult to see a pattern in your blood glu-
cose readings. Since the most important thing is
to get the bedtime insulin to last until morning
(see graphs on page 139), it is a good idea to
take your bedtime injection as late as possible,
i.e. shortly before your usual bedtime. There is
no point your sitting up late, waiting to take
your injection. While 11 PM might be fine for
adults, older children will usually find 10 PM
more appropriate. Parents should be aware that
many young children will sleep through a late

night injection with only the smallest distur-
bance, if they give this just before they them-
selves go to bed at around 11 PM. An
indwelling catheter (Insuflon, see page 122) can
make this easier if the child wakes up when the
parents use regular syringes or pens. 

The dose of NPH insulin (Insulatard, Humulin
I, Insuman Basal) taken in the evening will take
effect after 2-4 hours and will usually last for a
good 8-9 hours of sleep. Lente insulins (Mono-
tard, Humutard) are a bit more long acting and
at their most effective after the first 4 or 5
hours. Remember that smaller doses of insulin
not only have less effect but also last for a
shorter period.

If you use pen injectors, it is very important to
turn over or roll the NPH pen cartridge care-
fully at least 20 times before injecting for thor-
ough mixing.405 The cartridge with NPH insulin
contains a small glass or steel ball that will help
to mix the insulin with the clear liquid. 

When should the long-acting
injection be taken? 

The ultralente type insulins (Ultratard, Humu-
lin Zn) are made long-acting by binding the
insulin to large crystals and an excess of free
zinc. They begin to take effect 2-4 hours after
the injection, are at their most powerful
between 6-12 hours and may still be having
some effect after 24 hours.279 Because of this
very long action you should take the injection
earlier in the evening, e.g. at the evening snack
or even at tea-time (if you eat four meals a day,
see graph on page 128). The timing is very indi-
vidual and you will need to experiment to find
out what suits you best so that you wake up
with a good blood glucose level before break-
fast. You should take at least 30-40% of the
total 24 hour insulin dose as long-acting insulin
to get a good basal insulin effect (40-50% if
you are using rapid-acting insulin). Remember
that these long-acting insulins continue to have
an effect even into the next day. 
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With high doses of long-acting insulin, it is
often advisable to divide the dose and take half
in the morning and half before dinner/tea, the
evening or bedtime meal. If you use rapid-acting
insulin (NovoRapid or Humalog) for premeal
injections, you will probably need to divide the
long-acting basal insulin into two daily injec-
tions. 

The new long-acting insulin analogue Lantus,
can be taken at the evening snack, at bedtime or
even in the morning. Most people find one daily
dose of Lantus is sufficient, but some may need
to split the dose and give part of it in the morn-
ing (see page 156). Since long-acting insulins act
for longer than a 24 hour period, it is important
not to change the dose more often than 2 (or 3)
times/week. Lente insulins are not available in
cartridges for insulin pens. The reason for this is
that the insulin is in crystal form and the crys-
tals will break if a glass ball is used in the car-
tridge for mixing. Lantus is a clear solution and
is usually given with a pen injector but can also
be given with a syringe.

Mixing insulins 
Insulin of NPH type (Insulatard, Humulin I, In-
suman Basal) can be mixed with both regular
short-acting insulin,348 rapid-acting Novo-

Rapid 325 and Humalog.418 If, however, you mix
insulin of Lente type (Monotard, Humulin L,
Humulin Zn, Ultratard or similar) with
short-acting insulin, you will lose part of the
short-acting effect. This is due to an excess of
zinc in the Lente insulin that binds to the
short-acting insulin and flattens the peak of ac-
tion, making it more long-acting.72,348 If you
prepare the mixture from vials stored in the re-
frigerator and inject immediately after mixing
in the syringe, this problem seems to be less pro-
nounced.594 If you use long-acting insulin lente
insulins (Ultratard, Humulin Zn) together with
short-acting insulin in a multiple injection treat-
ment these should preferably be taken as sepa-
rate injections. It is also not a good idea to use
lente insulins in indwelling catheters (Insuflon)
for the same reason. However, rapid-acting Hu-
malog seems to be an exception to this rule.
Mixing Humalog and Ultralente did not change
the peak action when injected within 5 minutes
of mixing.56 The newer long-acting insulin Lan-
tus cannot be mixed with any other insulin.104

Depot effect 
If only intermediate or long-acting insulin is
used, a depot (store) of insulin is formed in the
subcutaneous fat tissue, corresponding to about
24 hours of insulin requirements.79 The smaller
the share of intermediate or long-acting insulin
you use, the smaller the depot will be. If you are
using a multiple injection treatment you will be
using less intermediate or long-acting insulin
and the depot will correspond to only about 12
hours of insulin requirements.79 If the dose of
bedtime insulin is changed, the size of the insu-
lin depot makes it necessary to allow 2-3 days
for your body to adjust until you see the full
effect of the change (see “Basic rules” on page
135). 

The disadvantage of a large insulin depot is that
the insulin effect will vary from day to day. The
disadvantage of a small insulin depot is that lit-
tle or no extra insulin is stored in your body.
The depot functions like a “spare tank” in that
the extra insulin stored in your body can be
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used if you run short of insulin, for example if
you forget an injection. If your insulin needs are
increased (e.g. when you get an infection) or if
you forget an insulin injection, you are more
susceptible to insulin deficiency (elevated levels
of ketones, nausea or vomiting). With pump
therapy only rapid or short-acting insulin is
used, resulting in a very small depot of insulin.
If the insulin supply is stopped or blocked,
symptoms of insulin deficiency will develop
within as little as 4-6 hours (see page 172).

How accurate is your insulin dose?
A correctly used insulin pen will give a very
accurate insulin dose with an error of only a
few per cent. However, the effect of a given
insulin dose also depends on a number of other
factors. The effect of an identical dose of insu-
lin, given to an individual at the same site, can
vary by as much as 25%. It can vary by nearly
50% when the same dose is given to two differ-
ent individuals.344,368 This is the explanation for
the often very frustrating fact that you can eat
the same food, do exactly the same things and
give identical doses of insulin for two days in a
row, but may get quite different blood glucose
results.

Insulin absorption
The absorption of insulin from the injection site
can be influenced by a number of factors. Heat
will increase the absorption. If the room tem-
perature increases from 20° to 35° C (68-
95° F), the speed of absorption of short-acting
insulin will increase by 50-60%.451 Taking a
bath or a sauna at a temperature of 85° C
(185° F) may increase the absorption by as
much as 110%! In other words, you could be at
risk of hypoglycaemia if you inject short-acting
insulin shortly before taking a hot bath. A tem-
perature of just 42° C (108° F) in a shower, spa
bath or jacuzzi may double the insulin level in
your blood, while a cold bath (22° C, 72° F)

will decrease the absorption of insulin.67 Mas-
sage of the injection site for 30 minutes has
been found to give higher insulin levels and
lower blood glucose, with both short-acting,486

and long-acting insulins.67

The skin temperature is also important. In one
study, the same insulin injection gave twice the
concentration in blood after 45 minutes when a
skin temperature of 37° C was compared to
that of 30° C (same room temperature).697 In
the same study, individuals with a thicker sub-
cutaneous fat layer (10 mm) had lower insulin
levels than those with a thin subcutaneous fat
layer (2 mm). Also see “Where do I inject the
insulin?” on page 111. 

You may feel sad and disappointed when you see a sign 
like this, maybe even feel as if you have the plague. The 
reason for the warning is that insulin will be absorbed 
faster when the skin is heated by the hot water. This 
might cause hypoglycaemia. If you are aware of this phe-
nomenon and have taken proper precautions, you can 
spend time in a spa bath or jacuzzi without worrying. 
When using rapid-acting insulin (NovoRapid, Humalog) 
the absorption will be less affected by the skin tempera-
ture. 

Adults with diabetic foot ulcers or nerve damage have to 
talk this over with their doctor or chiropodist before using 
a spa bath, since hot water softens the skin on the feet 
and increases the risk of infection.

Jacuzzi pool.
Not for 

people with
diabetes!
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What happens if a child won’t finish a 
meal?

If it is your child who has diabetes, you will be
only too aware as a parent how much your
child will eat of any particular dish. If lunch is
served at school, it may be helpful, if possible,
to read through the school menu in advance
and discuss what your child does and doesn’t

like, and what can be eaten instead. Smaller
children are especially unpredictable as to how
much they will eat at the time when the insulin
is given. If the child eats less than anticipated
there will be a risk of hypoglycaemia. It is not
ideal to give insulin after the meal, but in this
situation it might be the best alternative, espe-
cially if you use rapid-acting insulin.
(NovoRapid 184 or Humalog 205). You can also
try giving insulin corresponding to a smaller
meal first and then give the rest of the insulin if
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the child eats a normal sized meal after all. If
the child uses pump or indwelling catheters
(Insuflon), the extra dose will not create a prob-
lem.

A child with good glucose control will often
have a well balanced opinion of how much he
or she needs to eat. If the blood glucose is high,
the child will often not be as hungry as usual
and will not need to eat as much but may need a
bigger snack later on to balance the insulin
level. (see “Hungry or full?” on page 215). Even
adults often feel more fullness when the blood
glucose level is high.413

A practical rule is to always offer bread to eat
after a cooked meal so that the child can eat
enough even if he or she does not like the food
that has been served. 

If a child has more or less than usual to eat, you
can compensate when it is time for the next
snack. If the child has had a small lunch, sched-
ule the snack a bit earlier and give him or her a
little more at this time, perhaps something extra
tasty if appetite has been a problem. If you use
rapid-acting insulin (NovoRapid, Humalog),
you will probably need to give extra insulin for
a larger than usual snack. 

If the child eats less while using twice-daily
injections, it may be possible to decrease the
dose of short-acting (Actrapid, Humulin S,
Insuman Rapid) or rapid-acting (NovoRapid
Humalog) insulin but give the same dose of
intermediate-acting insulin (Insulatard, Humu-
lin I, Insuman Basal). 

What if you forget to take your 
insulin? 

You can try the following suggestions if you
have had diabetes for some time and are confi-
dent about how the insulin you inject works. If
you are even slightly unsure you should contact
the hospital or diabetes clinic. 

Factors influencing 
the insulin effect

Subcutaneous blood flow 
(increased blood flow will give a faster insulin
absorption).

Increased by Heat, e.g. sauna, jacuzzi, hot
shower, hot bath or fever.344,748

Decreased by Cold, e.g. a cold bath.67 Smok-
ing (constriction of the blood
vessels).448,451 
Dehydration.344

Injection
depth

Faster absorption after an
intramuscular injection.282,767

Injection site
See page 113

An abdominal injection will be
absorbed faster than a thigh
injection. The absorption from
the buttocks is slower than
from the abdomen but slightly
faster than from the thigh. 

Insulin anti-
bodies

Can bind the insulin resulting
in a slower and less predict-
able effect.

Exercise Increases the absorption of
short-acting insulin even after
you have finished exercising,
particularly if the injection is
given intramuscularly.280,451

Massage of 
the injection 
site

Increased absorption, proba-
bly due to a faster breakdown
of the insulin.486

Subcutane-
ous fat thick-
ness

A thicker layer of subcutane-
ous fat gives a slower absorp-
tion of insulin.362,697

Injection in 
fatty lumps 
(lipohyper-
trophies)

Slower 816 and more erratic
absorption of insulin.

Concentration 
of the insulin.

40 U/ml is absorbed faster
than 100 U/ml.282
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Forgotten premeal injection 
(multiple injection treatment) 

Take the same dose of regular short-acting or
rapid-acting insulin or decrease it by a unit or
two, if you remember immediately after you
have eaten. If one or two hours have passed,
you can try taking about half the dose of regu-
lar short-acting insulin or, even better,
rapid-acting insulin (NovoRapid or Humalog).
If a longer time has passed, add a few units to
your next meal injection, but not until you have
measured your blood glucose level.

Forgotten bedtime injection 
(multiple injection treatment) 
If you wake up before 2 AM you can still take
your bedtime insulin, but you should decrease
the dose by 25-30% or 1-2 units for every hour
that has passed since the normal time of injec-
tion. If there are less than five hours before your
usual waking time, measure your blood glucose

and take an injection of regular short-acting
insulin (not NovoRapid or Humalog which
have too short an insulin action in this situa-
tion). You can try a dose of regular insulin with
half the number of units of your normal bed-
time injection of intermediate-acting insulin.
However, never inject more than 0.1 U/kg (0.5
U/10 lb) of body weight at one time. 

If you wake up with high blood sugar, nausea
and elevated levels of ketones in your blood or
urine, you have symptoms of insulin deficiency.
Take 0.1 U/kg (0.5 U/10 lb) body weight of
short-acting insulin (even better, NovoRapid or
Humalog) and measure your blood glucose
again after 2-3 hours. If your glucose level has
not decreased, take another dose of 0.1 U/kg
(0.5 U/10 lb) body weight. If you still are feel-
ing sick or if you vomit, you should contact the
hospital immediately. 

Forgotten injection with twice-daily 
treatment 
If, for example, you forget the morning dose,
take the same dose or decrease the regular
short-acting (or rapid-acting) part by 1 or 2
units if you remember immediately after having
eaten (but take the same NPH dose). If you
remember after an hour or two, you can try
decreasing the rapid or short-acting part by
about half and the intermediate part by about
25%. If you remember your injection even later,
measure your blood glucose before the next
meal and take only rapid or short-acting insulin
at this meal. If you are using pre-mixed insulin,
it won’t be possible to decrease only one of the
components. Give a smaller dose of this insulin
when you remember, or use only rapid or
short-acting insulin until it is time for the after-
noon injection.

If you have forgotten your afternoon injection
and remembered in the evening, you must take
a smaller dose of intermediate acting insulin
before going to bed. A little more than half
should be enough but you must test this with
blood glucose controls. You will probably also

If you are out clubbing, remember that dancing is exer-
cise too. Don’t forget to eat something during the 
evening. Because of the exercise you will probably not 
need an extra meal injection, that is if you are not plan-
ning on staying up very late. You may also need to 
decrease your bedtime injection by 2-4 units to avoid 
hypoglycaemia if you have been dancing a great deal. 
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need an injection of rapid or short-acting insu-
lin at your evening snack. Try the same dose (or
a few units less) than the short-acting part of
your afternoon injection. You should check
your blood glucose at night to avoid hypogly-
caemia. 

What if you take the wrong type of 
insulin?

At bedtime

Taking your premeal insulin instead of the bed-
time insulin by mistake when going to bed is
not uncommon. Long-acting Lantus insulin is a
clear solution so it can be easy to mistake
short-acting or rapid-acting insulin for the
long-acting variety if both are drawn from vials
and given with syringes.7 

Don’t worry, this is not a catastrophe! However,
you will have problems with low blood glucose
for a couple of hours and you will have a rather
sleepless night as you will need to check your
blood glucose levels at frequent intervals during
it. Make sure you are not alone at home, as you
will need somebody awake and ready to help
you throughout the night. If you are alone in
this situation, you would be best off going to
hospital.

You need to have glucose and food close to
hand. Start by checking your blood glucose val-
ues at least every hour, and more frequently if
your blood glucose falls below 6 mmol/l (110
mg/dl). Eat one or more extra meals during the
night, preferably food that is rich in carbohy-
drates but contains as little fat as possible. If
you need to take dextrose to counter hypogly-
caemia, the effect will be much slower if you
have a fat-rich meal in your stomach. If you
happen to take a large dose of NovoRapid or

Humalog instead of bedtime insulin, you should
expect a very rapid insulin effect. In this situa-
tion, it is even more important that what you
eat is rich in carbohydrates and low in fat. 

Taking the wrong type of insulin will only be
dangerous if you take short or rapid-acting
insulin at bedtime without noticing it. This may
happen if your day and night pen injectors are
very similar or if you draw up the wrong type of
insulin in a syringe (Lantus is also a clear insu-
lin). If you are used to low blood glucose levels,
your body might not give any warning symp-
toms until the blood glucose is dangerously low
(see “Hypoglycaemia unawareness” on page
48). See also page 56.

Remember that the effect of short-acting insulin
usually diminishes after 5 hours (a little later if
you have taken a dose larger than 10 units).
Because of this, you need to take your bedtime
dose of intermediate or long-acting insulin as
well, but lower it and wait a few hours after
taking the accidental injection. In the morning
you can take your breakfast insulin as usual,
adjusting it according to your morning blood
glucose reading. 

During the day

If you happen to take a dose of intermedi-
ate-acting instead of rapid or short-acting insu-
lin during the day, it will not give you much of a
blood glucose lowering effect for that meal. The
effect will come some hours later. If, for exam-
ple, you have taken intermediate-acting insulin
for breakfast (on a multiple injection treat-
ment), you can try taking a small dose (roughly
half your ordinary dose) of short-acting or even
better, rapid-acting insulin, to help take care of
your breakfast. Measure your blood glucose
before lunch and if it is high (more than
10 mmol/l, 180 mg/dl), take half your ordinary
lunchtime dose.
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Having a lie in at weekends

You can sleep a little longer at weekends with-
out problems. One hour more is rarely a prob-
lem and usually you can even extend your lie in
for two hours. Some people with diabetes expe-
rience problems with high morning blood glu-
cose (see page 142), and they will find it
difficult to sleep longer since their glucose level
can rise rapidly during the early hours. Switch-
ing to the long-acting insulin Lantus usually
solves the problem, but in some families it may
be solved by parents giving an early morning
injection. The child or teenager can then sleep
in for an hour while their blood glucose starts
to decrease before having breakfast. 

If you stay up late at night and plan to sleep in
late in the morning, you should take your bed-
time insulin when you go to bed. It will then
last the duration of a normal night’s sleep,
including the extra hours in the morning. 

If you are planning on having an early break-
fast, however, you should decrease the bedtime
dose as the night will then be shorter than
usual. Otherwise there is a risk of hypoglycae-
mia when your breakfast insulin starts working. 

If you have a late breakfast, your lunch will
usually be a little late too, since you will not be
as hungry by your normal lunchtime. In this
way your whole day will be shifted and you will
usually have no problem spreading your meals
evenly over the day. Just remember that the time
between the injections of regular short-acting
insulin should not exceed five hours. With
rapid-acting insulin analogues, this time inter-
val is less important since the need for insulin
between the meals is covered by the basal insu-

lin. If you use an insulin pump, having a lie in
will not cause a problem as long as you have
adjusted the basal rate to keep your blood glu-
cose levels at the same level in the morning even
if you don’t have breakfast (see page 184). 

When switching time with daylight savings at
summertime and wintertime, you need only
adjust your watch. You do not need to gradu-
ally adjust the time for meals and insulin injec-
tions. 

Staying awake all night
Being up all night is not common practice, but
it is sometimes unavoidable for teenagers or
young adults. One of our patients, an 18 year
old boy, worked as a travel guide and was
required to stay awake all night in the bus on
the way to a ski resort. During intercontinental
flights, people often have to stay awake for long

If you stay awake very late (2-3 AM), you will need 
another injection of premeal insulin (and food) late at 
night. Remember to give the injections of regular 
short-acting insulin not more than five hours apart. With 
rapid-acting insulin (NovoRapid and Humalog) you can 
have a longer interval between meals if your basal need 
for insulin between meals is covered by long-acting insu-
lin (Lantus, Ultratard, Humulin Zn) or twice daily interme-
diate-acting insulin (Insulatard, Humulin I, Insuman 
Basal).
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periods (see “Passing through time zones” on
page 297). 

If you stay awake all night you should not take
your bedtime insulin. Instead, you inject regular
premeal insulin when you eat every fourth or
fifth hour. Adjust the dose according to how
much you eat (compare the size of your meal
with your usual lunch, dinner/tea or evening
snack). You should not use the amount of insu-
lin taken at breakfast for comparison because
more insulin is commonly needed for breakfast
(see “Starting insulin treatment” on page 127).
If you use rapid-acting insulin (NovoRapid or
Humalog), and twice daily intermediate acting
basal insulin (Insulatard, Humulin I, Insuman
Basal), you may need to take half the night time
dose to cover your basal need of insulin during
a long-distance flight. If you use long-acting
insulin (Lantus, Ultratard, Humulin Zn), this
will probably give sufficient basal effect
throughout the flight.

Shift work
It may be difficult to combine diabetes with
shift work. When you come back home after a
night shift you will need to take insulin to cover
both the meal you will eat and the background
insulin you will need while you sleep during the
day. With regular short-acting insulin there will
be a risk of overlapping effects, which could
cause hypoglycaemia after 3-4 hours.
Rapid-acting insulin (NovoRapid or Humalog)
will probably be a better mealtime insulin in
this situation as its effect will have declined
before the basal insulin has reached a higher
effect. An insulin pump may be easier to use in
this situation, since you can easily adapt the
basal rates to your shift hours. 

It is very important for children with diabetes to
be able to take part in birthday parties or
school parties without being embarrassed about
having diabetes. We believe people with diabe-
tes should learn how to handle whatever food is
served at a party instead of bringing their own
“diabetes food”. It is often a good idea to call
the parents giving the party beforehand and ask
them to provide drinks containing artificial
sweeteners (preferably the same for all children
so that a child with diabetes will not feel singled
out). You can also request that not too many
“goodies” be served. At many parties, the chil-
dren receive a bag of sweets at the end to take
home rather than eating sweets all through the
party, which works particularly well for a child
with diabetes. 

Food served at birthday parties these days tends
not to be as sweet as it used to be. There may be
cake or ice cream on the menu, but preceded by
pizza, hamburgers or hot dogs. Try giving an
extra unit of insulin with the birthday cake,
depending on the size of the cake slices and also
on the amount of activity (running around,
dancing and so on) that is likely to happen at
the party (see extra doses on page 131). If the
party is a very active one, the child may not
need any extra insulin at all! It is a good idea to
check your child’s blood glucose level once the
party is over and make a note of the result in
your logbook. This will help you plan ahead for
the next party. 

If your child is at nursery or playgroup, the best
time to celebrate a birthday may well be during

Birthday parties
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break time. Make sure that all drinks for your
child (and preferably for the other children as
well) contain artificial sweeteners. Staff are usu-
ally very obliging for the small extra arrange-
ments needed to accommodate a child with
diabetes. Sometimes you might need to give an
extra unit of insulin if birthday cake or other
sweet foods are served. 

If you are taking your child to an adult tea
party, you are likely to find biscuits, cakes and
other sweet things being served. Your child will
need extra insulin to be able to pick and choose
from all that is on offer. Try to find some kind
of compromise here, for example only a few
biscuits or a small piece of cake (and, if needed,
one or two extra units of insulin). It is generally
not a good idea to eat too much of everything
offered at a party. And do tell grandparents
(who have only their grandchild’s best interests
at heart) that so called “sugar free” biscuits or
“diabetes cookies” are not a very good alterna-
tive. They are often not sugar free at all and,
anyway, many children find their taste disgust-
ing. 

Of course, how you manage will depend on
how often you or your child go to parties. Once
in a while, a person with diabetes can certainly
make an exception and accept some sweets or a
piece of cake if it is offered. But if exceptions
are being made every week, they cease to be
exceptions. Eating too many sweet things too
often will affect both your weight and your long
term blood glucose levels. 

Insulin at school and day nurseries 
Sometimes it is difficult to get help with insulin
injections at a day care centre or nursery, or to
get the teacher to remind the child to take their
insulin at school. The staff have no formal obli-

gation to give injections when needed, but some
schools have a nurse or teacher’s assistant who
will help. At some larger schools where several
pupils have diabetes, they might meet at lunch-
time, to eat together, and a staff member may be
able to be on hand to help them if necessary.
See also page 281. 

Sleeping away from home

Many children thoroughly enjoy having “sleepovers” at 
friends’ homes. This often means late night talking or 
playing games. It is advisable for the child to have a 
“midnight snack” to prevent hypoglycaemia. However, 
it is quite natural for parents of children with diabetes 
to be worried when faced with this situation. It is easy 
to be overprotective if you don’t feel confident about 
how to deal with it. It is important that the friend’s par-
ents are familiar with how and when a child should 
take his or her insulin, and what to do if the child 
develops hypoglycaemia. A good idea is to write down 
a list of instructions for the child with when and how 
much insulin should be taken depending on blood glu-
cose measurements. Don’t forget to leave your tele-
phone number if you will be out for the night or have 
your mobile phone available. 
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Monitoring 
“Everyone is like a child when starting some-
thing new.” This saying is particularly relevant
to the adjusting of insulin dosages. It is difficult,
if not impossible, to manage your diabetes with-
out monitoring it at home. Trying to manage
your diabetes without home monitoring is like
driving a car without a milometer, fuel gauge,
or temperature gauge. Without these instru-
ments, your car may run for a little while, but
you will probably end up in the wrong place or
have a breakdown.
Home monitoring tests can be divided into:

Immediate tests Tests that you can perform at
any given moment, in order
to find out what your blood
glucose level is, or whether
your ketone level is raised.

Routine tests Tests that you perform regu-
larly, and which help you to
make long-term adjustments
in your insulin doses, eating
habits and other activities.

Long-range testing Tests that reflect your diabe-
tes control over a long period 
of time. These include such 
tests as fructosamine and 
HbA1c. 

How many tests should I take?

Blood tests

It is recommended practice to take a 24 hour
glucose profile at least every other week, even
for very young children.505 This means measur-
ing your blood glucose before and 1½-2 hours
after each meal (including the evening snack) as
well as once during the night, preferably
between 2 and 3 AM. It is also a good idea to
take certain tests every day, as a matter of rou-
tine, to help you adjust your daily dosages.
Monitoring on other occasions should serve to
answer a specific question such as: “Is this the
beginning of a hypoglycaemic reaction?” or
“Can I get through the night without eating
something extra?”, “How much insulin should
I take in the morning?” There is no point in tak-
ing tests unless you are going to respond to the
results.

Timetable of monitoring

Test Reflects the blood
glucose levels over:

Blood glucose Minutes
Urine glucose Hours
Fructosamine 2-3 weeks
HbA1c 2-3 months

Measuring your blood glucose level is like checking the 
fuel gauge in your car. The difference is that you don’t 
just need to be careful to avoid running out of petrol 
(sugar), you need to make sure the level doesn’t go too 
high either. 

GLUCOSE METER
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You are likely to need least 2, and preferably up
to 4-5 (before each main meal and before going
to bed) blood glucose tests per day. This is
really the minimum to give the information
needed to adjust your insulin doses from day to
day in order to give you an acceptable level of
control over your diabetes. More frequent mon-
itoring is needed in situations when you change
your diet or other habits. After a while you will
be more familiar with how much insulin is
needed in different situations and you will then
be able to get away with fewer tests. 

You will need to test more frequently at times
when your insulin requirements are changing.
These include, for example, periods when you
are under stress, if you have an infection, when

you are exercising vigorously or playing sport,
or if you are eating out or going to a party. At
such times, it is a good idea to take a blood glu-
cose test before and 1½-2 hours after each meal
and, if necessary, to change the dose accord-
ingly. If you want to see what effect “quick-act-
ing” carbohydrates (like sweets) have on your
blood glucose, you should test this about 30
minutes after eating them. With slower carbo-
hydrates, like chocolate or ice cream, measure
your blood glucose level after 1-1½ hours.

Urine tests 

Although urine glucose monitoring is no longer
recommended as the primary method of glucose

A 24 hour glucose profile can look like this when you take 
blood glucose tests before and 1½ hours after meals. It 
is a good idea to combine the individual readings by 
drawing a line to link them if the readings are not more 
than 3-4 hours apart, which also makes it easier to read 
the chart. You will gather more information if you test the 
urine passed first thing in the morning for glucose and 
ketones frequently on the same day you perform the 24 
hour glucose profile. Today, most blood glucose meters 
have a memory but still it is very valuable to record every 
test and insulin dose in a logbook to be able to recognize 
patterns after meals and other daily events.
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Remember that you will not know anything about your 
blood glucose levels in between the times when you have 
performed tests. From the test results this chart may 
appear reassuring, but it covers the same day as the 
chart on the left, except with fewer readings. It is easy to 
fool yourself into believing that the lines also reflect the 
blood glucose levels in between the individual readings. 
But look at the urine test results. They show that glucose 
has been excreted into the urine, which indicates that 
the blood glucose must have been high somewhere in 
between the blood glucose measuring tests.
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monitoring,25 it does have its advantages. Urine
glucose monitoring can be particularly useful in
situations where blood glucose monitoring is
difficult or impractical, provided that the level
of renal threshold is known. In the case of a
small child who is still in nappies, it will usually
be possible to squeeze a drop of urine out of the
nappy for testing. 

Measuring urine glucose is a “screening
method” in that it enables you to determine
when during the day glucose is excreted. When
you have established this, you can follow up
with blood glucose tests. This can be practical
in periods when your diabetes is very stable, for
example during the “honeymoon” phase. A
urine glucose test can add information to the
blood glucose test in the morning about the
night time glucose levels (see page 144).

Ketones could earlier only be measured in urine
tests but we now have good methods for mea-
suring ketones in the blood at home. The blood
strips for ketones are much more expensive in
many countries, however, and this can make
using urine strips more practical. Urine strips
may be better to use for screening for ketones,

24 hour profile tests

Blood tests:

Before each meal.

1½-2 hours after each meal.

One test during the night depending on which 
bedtime insulin you use:
2-3 AM - NPH insulin
(Insulatard, Humulin I, Insuman Basal) 
3-4 AM - Lente insulin
(Monotard, Humutard)
4-6 AM - Lente insulin
(Lantus, Ultratard, Humulin Zn). 

In many cases more intensive monitoring may 
be needed at times, with premeal and 
pre-snack blood glucose values along with 
tests every 2-3 hours during the night.

Urine tests: Morning urine 
(glucose and ketones). 

It is a good idea for younger children to get into the habit 
of taking a urine test every time they go to the toilet.

mmol/l and mg/dl

mmol/l mg/dl mg/dl mmol/l

1 18 20 1.1
2 36 40 2.2
3 54 60 3.3
4 72 80 4.4
5 90 100 5.6
6 108 120 6.7
7 126 140 7.8
8 144 160 8.9
9 162 180 10.0

10 180 200 11.1
12 216 220 12.2
14 252 250 13.9
16 288 300 16.7
18 324 350 19.4
20 360 400 22.2
22 396 450 25.0

The numbers in this book refer to plasma glucose
unless otherwise stated, as this is what most new
patient meters display (the previous 1998 edition
had whole blood glucose numbers). Plasma glu-
cose levels are also used by doctors to diagnose
diabetes, and in most studies. Plasma glucose is
approximately 11% higher than whole blood glu-
cose.269 
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but once detected, following the blood ketones
gives you more accurate guidance (see page
103).

“Good” or “bad” tests?
It is common to refer to normal blood glucose
readings as “good” and high readings as “bad”.
A young person who hears these terms used fre-
quently may begin to look upon him or herself
as “bad”. “High blood glucose” sounds more
neutral and is a more appropriate term. Test
results are just pieces of information, and do
not reflect on the quality of the person with dia-
betes.

Diabetes or not?
In a person who does not have diabetes, the
blood glucose level will be regulated within
close limits (normally between 3.3 and 7
mmol/l, 60-125 mg/dl). This is despite the fact
that intake and expenditure of food varies enor-
mously throughout the day from one person to

another. In the fasting state, the blood glucose
level is normally below 5.6 mmol/l (100 mg/dl).
Higher values indicate that the person’s body is
not able to handle glucose in the way that it
should (impaired glucose tolerance). A fasting
plasma glucose level greater than 7.0 mmol/l
(126 mg/dl), or a non-fasting casual plasma glu-
cose level higher than 11.1 mmol/l (200 mg/dl)
with symptoms of diabetes (thirst, unexplained
weight loss and needing to go to the toilet a lot
more than usual) indicates that a person has
diabetes.20 The diagnosis should be confirmed
by repeat testing on a different day unless the
blood glucose is high or ketones are present.

You should not rely on patient meters in order
to diagnose diabetes. If a person without diabe-
tes has recorded a high reading, you should
never announce to the person “you probably
have diabetes”. Instead, ask them to check their
fasting blood glucose with their doctor.

Are some things forbidden?
We are often asked whether you are allowed to
do this or that when you have diabetes. The
best answer is that nothing is totally forbidden.
It is important, however, to experiment in order
to find out what you as an individual can and
cannot do. It is a good idea to experiment with
both food and insulin, provided this is done in
conjunction with blood glucose monitoring.
The only risk you are running is of having a
temporarily high or low blood glucose. 

Always write in your logbook the results of
your tests along with details of the activity you
were participating in. Next time you play
rugby, or go for a pizza or to a party, you will
find your notes really valuable.

Send your blood glucose charts by mail or fax to your dia-
betes clinic and you can discuss them over the tele-
phone. It may even be possible to send them by e-mail. 
Check this with your clinic.
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Urine glucose

All the urine produced by your kidneys is col-
lected in your bladder. This means that when
you measure urine glucose, it will reflect an
average blood glucose level since the last time
you passed urine. It is also important to remem-
ber that urine glucose concentration is mea-
sured as a percentage. This means that 5% will
represent much less glucose when you have
small amounts of urine than if you have large
amounts of urine with 5% glucose. A negative
glucose reading says nothing about how low the
blood glucose is or has been, only that is has
not been above the renal threshold since the last
time you went to the toilet.

Renal threshold 
The kidneys produce urine. They also try to
reabsorb as much glucose as possible, so there is
normally no glucose in the urine. When the
blood glucose is above a certain level, the kid-
neys’ “glucose absorption pump” becomes sat-

urated and glucose will be passed out with the
urine instead. The level where this happens is
called the renal threshold and is usually
between 8-10 mmol/l (145-180 mg/dl) in chil-
dren,501 and 7-12 mmol/l (125-215 mg/dl) in
adults. The renal threshold usually increases
with age. Certain individuals have a very low

It may be difficult to attain urine samples from modern 
nappies, which often absorb urine very effectively. Try 
putting a piece of a cloth inside the nappy to absorb 
some urine. It is easier to squeeze a couple of drops of 
urine out of an older-style disposable nappy (with a plas-
tic covering), or a towelling nappy.

You can determine your renal threshold by checking your 
blood glucose every 30 minutes, while watching for glu-
cose to be shown in the urine. You can test this either as 
the blood glucose is going up or as it is going down. In 
this chart, the test taken in the morning contained glu-
cose until the blood glucose dropped to between 11 and 
9 mmol/l (200 and 160 mg/dl). In the afternoon, glu-
cose was noted in the urine when the blood glucose rose 
from 9 to 10 mmol/l (160 to 180 mg/dl). This implies the 
person’s renal threshold is between 9 and 10 mmol/l.
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renal threshold, down to 5 mmol/l (90 mg/dl),
while others have a high threshold of up to 15
mmol/l (270 mg/dl). It is important to know
your renal threshold when interpreting urine
tests. 

You can determine your renal threshold by
checking your blood glucose and passing urine
once every 30 minutes. If there is glucose in the
urine and your blood glucose is decreasing,
your renal threshold will be the level at which
the urine is negative for glucose. If the blood

glucose is increasing and your urine tests are
negative for glucose, the renal threshold will be
at a level where glucose is first noted in the
urine (see chart). The renal threshold does not
affect kidney function, but if your renal thresh-
old is either very high or very low, you will find
urine tests less reliable.

When the blood glucose level is higher than the renal 
threshold (usually 8-10 mmol/l, 160-180 mg/dl) glucose 
will appear in the urine. The urine from the kidneys col-
lects in the bladder before urination.

Aortic blood vessel

Kidneys

Ureter

Urinary
bladder

When the blood glucose level has returned to normal val-
ues, glucose will stop leaking from the kidneys. However, 
there will still be glucose from the urine held in the blad-
der, as the fresh urine takes some time to clear from the 
body. So, when you take your next urine test you will find 
a high urine glucose, although by this time, your blood 
glucose level will be registering as normal (see also the 
charts on page 144).

Aortic blood vessel

Kidneys

Ureter

Urinary
bladder
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Blood glucose

When you take a blood test it will reflect your
blood glucose level at that moment. However,
the blood glucose can go up or down very
quickly, and you may have quite a different
reading 15 or 30 minutes later. Always check
your blood glucose level when you are not feel-
ing well so that you can avoid eating extra just
to be on the safe side when you suspect
hypoglycaemia. This is especially important in
the early days of being diagnosed with diabetes,
when you are not yet fully familiar with all the
symptoms of hypoglycaemia. Later on, you will
become more confident about these. (See also
“Symptoms of hypoglycaemia when the blood
glucose level is high” on page 45.)

Recognizing symptoms of high blood glucose is
usually more difficult. However, teenagers often
seem to learn how their body reacts when their
blood glucose is high. Some develop a kind of
“auto-pilot” which enables them to adjust insu-
lin doses and food portions without as many
blood tests as might be expected. Always try to
guess your blood glucose level before checking
it, and you will eventually become familiar with
the way your body reacts when your blood glu-
cose level is low or high.

How do I take blood tests?
Wash your hands with soap and water before
taking a blood test. This is not just to ensure
hygiene (though of course that is important),
but to ensure there is no sugar on your fingers
giving a false high reading, for example from
glucose tablets, sweets or fruit. Use warm water
if your fingers are cold. Do not use alcohol for
cleaning your hands as this will make your skin
dry. The risk of an infection from a finger prick
is minimal.

There are a variety of different finger-pricking
devices for taking blood glucose tests. With

some you can adjust the pricking depth. Prick-
ing devices and lancets can vary considerably in
size and the way they puncture the skin. Try dif-
ferent types to find out which suits you best.
From the point of view of hygiene, you can use
the same lancet for a day’s blood tests assuming
that your fingers are clean. However, the lancet
will be very slightly blunted every time you use
it, so the pricks might become more painful
with repeated usage.

If you prick the sides of your fingertips, your
sensitivity will be less affected, which may be
important if you play the piano or guitar, for
example. Don’t use your thumbs and right
index finger (or left if you are left-handed) for
finger pricking. You need the sensation of touch
most in these places and sometimes you will
even feel pain the day after a finger prick. 

It is easier to estimate low blood glucose values than 
high ones. In an American study of adults with diabetes, 
individuals were asked to estimate their blood glucose 
values.795 Potentially serious errors (dangerous failure to 
treat high/low blood glucose or erroneous treatment) 
were made by 17% when their blood glucose was 1.9 
mmol/l (34 mg/dl) but by as many as 66% when the 
blood glucose was 18.4 mmol/l (330 mg/dl).
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Most blood glucose meters have memories for
storing test results and can show the average of
your readings over 2-4 weeks which will give
you a good picture of how your blood glucose
levels have been during this time. The stored
information can be transferred to a computer to
view, analyse and print. This may be a very use-
ful tool for young people with diabetes who
may be interested, as well as for their parents
and members of the diabetes team. Some newer
meters have built-in blood glucose graphing
programmes for summarizing patterns of blood
glucose control. 

Borrowing someone else’s
finger-pricking device

Borrowing another person’s device for pricking
your fingers is not a good idea. This is because
one small drop of blood left on the device can
cause contamination if it is infected. For exam-
ple, an epidemic of hepatitis B in a hospital
ward was caused by using the same pricking

Lancets for blood glucose tests

Brand Diameter Fits to
of needle device

B-D Micro-Fine+ 0.20 mm Standard
B-D Micro-Fine+ 0.30 mm Standard
Monolet Thin 0.36 mm Standard
Surelite 0.66 mm Standard
ComforTouch 0.45 mm Standard
Unilet G Ultralite 0.36 mm Standard
Medisense Lancet 0.36 mm Standard
Softclix II 0.36 mm Softclix
Soft Touch 0,36mm Standard
Cleanlet Fine 0.36 mm Standard
Microlet 0,50 mm Microlet

Standard = Autoclix P, B-D Lancer-5, Glucolet, 
Microlet, Monojector, Penlet II among 
others.

All lancets can be used for finger-pricking without
using them in a device.

All the names mentioned above are ®  or ™ of respective
company. Other lancets may be available in your coun-
try.

mmol/l mg/dl

Meter value

Meal

Insulin

400
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0

Minimed CGMS chart showing wide fluctuations of glucose levels during the day and night in a 16-year old boy with an 
HbA1c of 7.2%. The three tests that the boy took (¤) are not sufficient to detect patterns that can lead to appropriate 
changes in insulin dosages. The dashed lines represent 10 and 3.0 mmol/l (180 and 55 mg/dl).
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device (Autolet®) despite switching lancets
between each test.221 

Does the meter show the correct 
value?

The margin of error in a correctly used blood
glucose meter is approximately 10%. This
means that with a blood glucose level of 20
mmol/l (360 mg/dl), the meter can show 2
mmol (35-55 mg/dl) above or below the correct
value. However, at a blood glucose of 3 mmol/l
(54 mg/dl) the error should not exceed 0.3
mmol/l (5 mg/dl). It is very important to apply
enough blood to the strip. Too small a drop will
give a false low reading. Don’t rub the blood
onto the strip. If you have sugar on your fingers

when you take the test, this will cause a false
high reading.

Ask your diabetes nurse for advice about the
available meters and their prices. Often you can
get a discount on the cost of a new meter if you
hand in your old one at the time of purchase.

Comparing different meters can be confusing as
they often show different readings. For exam-
ple, one may show a blood glucose level of
12 mmol/l (215 mg/dl), while another (used at
the same time on the same patient) shows a
level of 14 mmol/l (250 mg/dl). However, this
difference is well within the error margins
stated by the manufacturers of the meters. It is
advisable to stick to one meter that works well,
as the difference of one or two mmol/l is not
particularly significant at high readings. Bring
the meter with you when you come to clinic,
and ask your diabetes nurse to make a check
with glucose control solution at regular inter-
vals.

In hospital, blood for glucose monitoring is
often taken through an intravenous needle to
lessen the pain. In people without diabetes,
venous blood tested after a meal has about 10%
less glucose than capillary blood. This is logical

Why take blood tests?

Advantages 

You can take a test instead of eating “just to
be on the safe side”.

Helps you learn about hypoglycaemia and the
symptoms of it.

Lets you know when you need to change insu-
lin doses, e.g. with infections, stress, physical
exercise, or going to a party.

The only way to find out if you have night time
hypoglycaemia.

Blood glucose monitoring is necessary to get
a good glucose control and in the long run
lessen the risk of complications as much as
possible.

Helps you calculate your renal threshold.

Disadvantages

Pricking your finger can be painful.

Monitoring takes time and extra effort.

Sources of error when measuring 
blood glucose

Regular use of the control strip or control solution
provided with your meter for calibration is very
important to get and maintain reliable values.

False high reading False low reading

Glucose on fingers Drop applied too late
Finger removed too 

quickly 
Not enough blood 

on the strip
Water or saliva on finger
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if you remember that venous blood has already
delivered some of the glucose it contains to the
body tissues. However, in people with diabetes,
the difference was only 0.1 mmol/l (2 mg/dl).469

This can probably be explained by the lack of
fine-tuned insulin release in response to the
blood glucose level.

Continuous glucose monitoring
The MiniMed CGMS (Continuous Glucose
Monitoring System®) sensor is a device that
monitors glucose levels (2.2-22 mmol/l, 40-400
mg/dl) every 10 seconds and records an average
value every 5 minutes. It measures through a
thin needle in subcutaneous tissue, and can be
worn for up to 3 days. The current design does
not allow you to read the glucose values in
real-time. When the monitor is connected to a
computer, the data can be downloaded and
viewed on screen. Using this method has made
it easier to see patterns of glucose fluctuation,
which has in turn led to changes in treatment
and improved glucose control, in children 434,507

and in adults.89

The GlucoWatch Biographer® looks like a
watch and monitors blood glucose through the
skin on the wrist for 12 hours (after a 2 hour
warm up) using a method called iontophoresis.
It is not yet able to give actual time readings,
but you can download the information for pat-
tern analysis.232 

Children and blood glucose tests
Small children think of their body as a balloon.
If you puncture a balloon it will burst and the
contents will pour out. A child may think, quite
logically, “If I have a lot of jabs for blood tests,
won’t all the blood go out of my body?” The
sticking plaster that is put over the puncture
wound has an added significance: it can be seen

The CGMS monitor measures glucose continuously for 
up to 3 days through a small cannula that is inserted into 
your subcutaneous tissue.

Alternative site testing

Some new meters are used for testing blood
glucose at alternative sites. This may be
helpful if you play the piano, for example,
and do not want to keep pricking your fin-
gers.

In the fasting state, the glucose readings
from the forearm are similar to the finger-
tip.420

After an intake of 75g of glucose, the rise in
blood glucose in adults was 2.6-7.6 mmol/l,
(47-137 mg/dl) lower on samples taken from
the forearm compared to the fingertip.420 

When blood glucose fell quickly after an
insulin injection, the values from the finger-
tip were 3.4-6.6 mmol/l (61-119 mg/dl)
lower than the forearm.420 

Blood glucose changes in forearm tests were
delayed by an average of 35 minutes. By rub-
bing the skin vigorously for 5-10 seconds
before pricking, the accuracy from a forearm
test was improved considerably, but with
large individual differences.420

In another study where tests were taken
after a meal, lower glucose readings were
produced from the forearm and thigh com-
pared to the fingertip, in spite of vigorous
skin rubbing.249 

The differences are caused by a greatly
increased blood flow in the fingertip. To be
on the safe side, it seems best to rely on fin-
gertip tests when checking for hypoglycae-
mia, (for example when driving a car or after
exercise).
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as stopping the body contents from being
poured out. Even those children who don’t ask
what will happen to their body need to be reas-
sured that the doctors and nurses will take only
a tiny amount of blood for the test and the body
will quickly produce new blood again. The red
blood cells are produced in the bone marrow,
and live for only about 120 days. This means
that there is a continuous production of new
red blood cells going on in the body.

At times, it may be difficult to make your own
child agree to giving a drop of blood for moni-
toring if the pricking hurts. If a small child
struggles, the whole procedure will be more
painful for everyone involved. Child psycholo-
gists recommend that, in this situation, the par-
ents (preferably both together) hold the child
tightly in order to get the pricking done as
quickly and efficiently as possible. After it is
done, it is important to comfort the child.
Remind the child that struggling makes the test
more painful, especially as they are likely to
need several jabs rather than just one if they are
wriggling and fighting. It is also a good idea to
let young children watch their parents and
members of the diabetes team take blood tests
from themselves, so they can see that is doesn’t
hurt too much if they remain calm. Remember
that the goal is to get your child to accept blood

glucose monitoring in the long run, not only for
the time being.

If the child is feeling unwell it is important to
emphasize that after taking a blood glucose test
you will be able to do something to make the
symptoms better. When children have experi-
enced actually feeling better after testing and
taking the necessary measures, they are often
more willing to take the test the next time it is
necessary. 

Some young children are upset by the sight of
blood coming from their fingers. If this applies
to your child, you can try pricking the ear lobe
instead. 

Does a high blood glucose level make
you feel ill?

It is the increased level of ketones that makes
you feel ill, not the high blood glucose level as
such. If you have a high blood glucose and
ketones in your blood or urine, you are likely to
feel sick and generally unwell (see “Symptoms
of insulin deficiency” on page 27). However, if
your blood glucose level is temporarily high,
but without raised ketone levels, you will often
feel fine. You may not even notice your body
isn’t working as well as it should if you have

You can try to anaesthetize the fingertip with a piece of 
ice before pricking it. A topical anaesthetic cream 
(EMLA®, Ametop®) will not work on your fingertips as the 
skin is too thick. Sticking slightly on the side of the finger-
tip is preferable since it bleeds well and hurts less.

Taking blood glucose tests from your toes in the evening, 
during the night or in the morning will spare your finger-
tips. Young people with healthy feet can usually do this 
without problems.39 However, if you have reduced feeling 
in your feet, or any type of sores on them, you should 
avoid taking blood from the toes.
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had high blood glucose levels for some time and
a high HbA1c. But when your blood glucose has
returned to normal levels again, you will almost
certainly be aware of the difference. “Is this
how alert I should really feel?” is a frequent
comment. 

If your blood glucose level is normally below
10 mmol/l (180 mg/dl), you will be more likely
to notice an increase. Even if you don’t recog-
nize this clearly yourself, somebody else (such
as a teacher, parent or friend) will certainly
notice that you are tired and irritable when
your blood glucose level is high.

Does continuous finger pricking
cause loss of feeling?

A lot of people are afraid that constantly prick-
ing their fingers to test blood will cause them to
lose all feeling in them. Fortunately, all the evi-
dence suggests that this won’t happen. When
fingers that had been pricked an average of
1000 times were compared to control fingers
not used for pricking, it was only pressure sensi-
tivity that was affected (due to an increased skin
thickness). There were no signs of decreased
sensitivity to heat or touch.288

Ketones 

Ketones are produced by the body when the
cells do not have enough glucose energy. The
body then breaks down fat to produce energy
and the breakdown products are called ketones.
Ketones can be used as fuel by the muscles,
heart, kidneys and brain.

If a person has diabetes, ketones are produced
in excess when there is a lack of insulin and the
blood glucose levels are usually high. Diabetes
ketones therefore indicate high blood glucose
levels and the need for extra doses of insulin
(see page 131). 

Ketones can be measured both in blood and
urine. Blood ketone monitoring (see page 102)
for home use is a new method. It is not avail-
able in all countries, however, so some people
have to rely on urine tests to find out how high
their body’s ketone levels are. Positive urine
ketone readings are found in anyone who is
fasting (regardless of whether or not they have
diabetes) and in up to 30% of first morning
urine samples from pregnant women.25

It is particularly important to check for ketones
if you are ill, if you are under a lot of stress, or
if you are feeling sick or vomiting, as well as
when your blood glucose level is consistently
high (above 16 mmol/l, 300 mg/dl).25 

Ketones in the blood or urine indicate that the
cells are starving. Check the key fact box on
page 92 for information on how to interpret
urine tests. The ketones produced when the
body is starving, or when there is a deficiency of
insulin, are chemically the same. But we often
describe them differently as “starvation
ketones” or “diabetes ketones” respectively,
since they are produced in different situations.
(See also the section on “Cellular metabolism”
on page 24.)

A question of conscience: 
“Do you take the tests for your 
own sake or do you take them 
to have something to show 
your doctor or diabetes nurse / 
educator when you come to 
the clinic?”
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Starvation ketones 

Starvation ketones are produced when the
blood glucose level is low. The urine glucose
concentration will then be low too. The reason
the cells are starving is because there is not
enough food and glucose in the blood, which
happens when you haven’t been eating enough,
when you have been vomiting, or if you have
gastroenteritis. If low blood glucose is caused
by a high dose of insulin, the production of
ketones will be stopped as insulin counteracts
the transformation of fat and fatty acids to
ketones.

Diabetes ketones 

If you are deficient in insulin, the available glu-
cose will be in the wrong place, i.e. in the
bloodstream outside the cell instead of inside
the cell. Both the blood glucose level and the
urine glucose concentration will then be high. 

High blood glucose level at the same time as
ketones and high urine glucose concentration
(3-5%) always suggests a shortage of insulin, as
long as the urine test is taken during the day
and you have not suffered from hypoglycaemia
recently (see the blood glucose chart on page
51).

Ketones in the morning urine 

When you wake up in the morning, urine has
been in your bladder for so long that it is diffi-
cult to say exactly when during the night the
glucose or ketones entered the urine. A urine
test might show both glucose and ketones if you
had hypoglycaemia early in the night, followed
by a rebound effect in the morning (see page 49)
with high blood glucose resulting in both glu-
cose and ketones in the urine. The same results
will be seen if your blood glucose has been high
all night and the cells have been starved of
sugar by a shortage of insulin (see chart on page
54). In this case, the ketones may make you feel
sick when you wake up in the morning. Ketones
without glucose in the urine indicate that you
did not eat enough before going to bed (see
page 144).

High levels of ketones 

If you are insulin-deficient, you will feel unwell.
This is caused by the increased level of ketones,
rather than by the high blood glucose level. If
your body is producing a lot of ketones, your
blood will become acidic. Passing ketones into
the urine is the body’s way of getting rid of
these excess ketones. 

Ketones

Can be measured with both urine and blood 
tests.

Common symptoms: Hunger (!)
Nausea
Vomiting.

Always check for ketones when you are feel-
ing unwell!

When to check for ketones 

When you are acutely ill, for example suffering
from a common cold with fever.

When your blood glucose has been higher
than 14-15 mmol/l (250-270 mg/dl) for more
than a couple of hours.

If you are having symptoms of insulin defi-
ciency (nausea, vomiting, abdominal pain,
rapid breathing, fruity smell on your breath).

Regularly during pregnancy (see page 273). 
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Vomiting and ketones
If you are the parent of a child with diabetes,
you should always suspect an insulin deficiency
if your child starts being sick. Keep suspecting
this until the opposite has been proved! Vomit-
ing and diarrhoea may be caused by gastroen-
teritis, but vomiting alone is very likely to be
caused by ketones produced as a result of insu-
lin deficiency. The blood glucose level will then
be high and you will find that ketone levels are
raised. It is important to stress this point firmly
if, for example, you need to contact a doctor
while on holiday. It is all too easy for vomiting
to be misinterpreted as gastroenteritis by
non-specialist doctors or those who are unfa-
miliar with a particular patient. If this happens,
they are then likely to advise, wrongly, that you
lower the insulin dose. In fact, a child or young
person in this situation needs more insulin, not

less. (See also “Nausea and vomiting” on page
259.)

Possible errors when measuring 
ketones in the urine

False positive 
(looks like ketones but there are none)

If you take certain drugs
(e.g. captopril, valproate).

Acetone will also show on urine strips. Acetone
may be present in the blood for many hours
although no new ketones are formed after extra
insulin has been taken. Because of this, urine
strips may continue to be positive for ketones
although blood ketone strips are normal. 

False negative 
(ketones don’t show but they are there)

The lid of the jar has been off too long.

The strips are too old (discard the jar when
the expiry date is passed).

If you have eaten too much vitamin C (ascor-
bic acid) or salicylic acid (common in pain kill-
ers such as aspirin).

Elevated ketone levels

In some countries, the strips used to test urine for
ketones are much cheaper than the strips used for
testing blood. They may therefore be more suitable
for initial testing, especially if you suspect an
increased level of ketones. This may be if you feel
sick or vomit, for example, or after your blood glu-
cose has been high for more than a couple of
hours. If you find ketones in your urine it is a good
idea to use blood ketone strips for follow-up. 

If the level of ketones is rising or above 1.5 mmol/l,
you should take extra insulin (0.1 U/kg or 0.5 U/10
lb). See table on page 131 if you are using 2
doses/day. Insulin will convert “blood ketones”
(beta-hydroxybuturic acid, see page 102) to “urine
ketones” (acetoacetate).24 Check for ketones in the
blood every 1-2 hours. The level may increase the
first hour,446 but after that, should go down as the
insulin takes effect, while the level of “urine
ketones” may continue to be high for several hours.

Type of ketones Treatment

Starvation
ketones?
(high ketones,
low glucose)

Eat extra food.

If you have ketones in the morning urine, low glu-
cose indicates that you have starvation ketones.
You will then need to check blood glucose during
the next night to find out if there is overnight
hypoglycaemia. High urine glucose indicates that
your blood glucose has been high during the night
although it is low in the morning.

Diabetes ketones?
(high ketones,
high glucose)

Take extra insulin 
(see page 134).
Drink extra fluid. If you feel
sick, you may need to have a
drink that is high in glucose to
avoid hypoglycaemia. Contact
the hospital if you are actually
being sick.
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Blood ketones
New meters (MediSense Optium, Precision
Xtra, Precision Xceed, BioScanner Ketone) for
measuring the levels of ketones in the blood
were introduced in 2001.123 These measure a
different type of ketone (beta-hydroxybuturic
acid) from that measured by the urine strips
(acetoacetate). In a US study of young people
aged between 3 and 23 years, there was a 60%
reduction in hospital admissions and a 38%
reduction in emergency room visits among the
group checking blood ketones, as compared
with the group checking urine ketones during a
6 month follow-up.466 Among patients/families
using blood ketone measurements, 70%
reported they would check blood ketones more
often than urine ketones.

The advantage of measuring ketones in the
blood is that an increased level can be detected
earlier, for example when the level of insulin is
insufficient because of an infection. Occasion-
ally, only the level of beta-hydroxybuturic acid
is increased when the body becomes insulin
deficient, and urine strips will then not give any
reaction.465 Ketones produced if a person is not
eating enough (“starvation ketones”) also show
up on a blood test. Ketone levels of 0.1-0.2
mmol/l are common in adults with diabetes if
the test is taken before breakfast.9 Among chil-
dren with diabetes aged between 1 and 10, 12%
had a morning blood ketone of 0.2 mmol/l or
above.661 People without diabetes who have not
eaten overnight, usually do not have levels
above 0.5 mmol/l.656 Mild infections associated
with vomiting and diarrhoea in children with-
out diabetes commonly cause ketone levels to
rise to above 1.0 mmol/l.465

It may be difficult to interpret a morning urine
test showing ketones as you will not know at
what time during the night the ketones were
produced. However, if the level of ketones in
the blood is raised, you can interpret the results
like this:

Ketones + high glucose level = lack of insulin.
Ketones + low glucose level = lack of food.

If you, or your child with diabetes, feels nau-
seous or are being sick, you should test for
ketones. This is because nausea and vomiting
are common signs of insulin deficiency. Measur-
ing ketones in the blood is more effective than
urine tests for following progress and making
sure that the level is decreasing when extra insu-
lin is given. This is very important because if the
level continues to rise, there is a risk of develop-
ing ketoacidosis. In such a case you should
always contact your diabetes team or the hospi-
tal.

After you have taken extra insulin, your body
will stop producing ketones. Measuring blood
ketones will give you accurate readings of a
decreasing level. However, ketones will still
continue to be passed into the urine for several
hours and can sometimes be measured 1-2 days
after ketoacidosis (see page 29).207,308 The rea-
son for this is that ketones are partly trans-
formed into acetone which is stored in fat
tissue. Acetone is slowly released to the blood
and excreted via the urine and lungs, giving the
breath a fruity smell. 207

The measuring of ketones in the blood is partic-
ularly helpful for people using an insulin pump,
as the risk of insulin deficiency goes up when
the continuous supply of insulin is interrupted.
If your blood glucose is high (>15-20 mmol/l,
270-360 mg/dl) for a few hours, and giving
extra insulin via the pump does not decrease it,
you should check for ketones. An increased
level indicates problems with the pump and you
should take an extra dose of insulin with a pen
or syringe (see page 173). If the level is above 3
mmol/l this indicates that you have ketoacido-
sis. You should contact your diabetes team or
the hospital for further advice as soon as possi-
ble.786 Pregnant women should check for
ketones each morning, and more often if they
feel sick, vomit or have an infection with a
raised temperature (see page 276). 
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Interpreting blood ketones (adapted from 466,661)

Check for ketones when your blood glucose is repeatedly above 14 mmol/l (250 mg/dl) and during days when
you are unwell. High blood glucose and elevated ketones indicate a lack of insulin. “Starvation ketones” are
usually below 3,0 mmol/l. If you have nausea or vomit, you must try to drink sugar-containing fluids in small
portions to keep your blood glucose up in order to give extra insulin. Always contact your diabetes team/the
emergency department in this situation. When your ketone levels are raised, the number one priority is to give
extra insulin. Never mind if your blood glucose doesn’t decrease as much, the important thing is that the
ketone level decreases after you have taken extra insulin. The ketone level may increase slightly within the first
hour after taking extra insulin but after that, it should go down. If you use an insulin pump, you should remem-
ber to take extra insulin with a pen or syringe, not with the pump. 

Blood glucose

Blood ketones
mmol/l

< 10 mmol/l
< 180 mg/dl

10-14 mmol/l
180-250 mg/dl

14-22 mmol/l
250-400 mg/dl

> 22 mmol/l
> 400 mg/dl

< 0.5 No need to worry. Measure again after 1 - 2 h.

0.5 - 0.9 Measure again after 
1 - 2 hours.

May need extra 
insulin, for exam-
ple before exer-
cising.

Take 0.05 U/kg 
(0.25U/10 lb).

Take 0.1 U/kg 
(0.5U/10 lb). 
Repeat if needed.

1.0 - 1.4 “Starvation ketones” 
Eat something rich in 
carbohydrates.

Eat and take 
0.05 U/kg
(0.25 U/10 lb).

Take 0.1 U/kg
(0.5 U/10 lb).

Take 0.1 U/kg
(0.5 U/10 lb).
Repeat if necessary.

1.5 - 2.9 “Starvation ketones”. 
Eat, then take insulin 
when blood glucose 
has risen.

Eat and take 
0.1 U/kg
(0.5 U/10 lb).

Take extra insulin (0.1 U/kg, 0.5 U/10 lb).
Repeat dose if ketones do not decrease.

Risk of developing ketoacidosis. Contact your diabetes team! 

3.0 or above “ “ “

There is an immediate risk for ketoacidosis if the ketone level is 3.0 mmol/l or above - 
treatment is needed urgently! Contact your diabetes team or emergency department.
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The HbA1c test
HbA1c is the name for the test used to measure
average glucose control over a longer period of
time. It is named after a subgroup of adult hae-
moglobin, the red pigment in blood cells, (com-
pared to fetal haemoglobin, HbF) in which
glucose molecules are hooked to the haemoglo-
bin molecules in the red blood cells. Haemoglo-
bin binds and transports oxygen in the red
blood cells. The HbA1c test is based on red
blood cells living approximately 120 days. They
are produced in the bone marrow and are nor-
mally destroyed and recycled in the spleen. Dur-
ing the red blood cell’s life span, glucose is
bound to its haemoglobin depending on how
high or low the blood glucose level is.308 

HbA1c is a measure of the percentage of the
haemoglobin in the red blood cells that has glu-
cose bound to it. This reflects an average mea-
surement of the blood glucose levels during the
last 2-3 months.25,490,732 The blood glucose levels
from the week prior to testing will not be
included in the reading as this fraction of
HbA1c is not stable. If HbA1c is monitored at
regular intervals (at least every three months) at
the diabetes clinic, the results will provide a
good summary of how your glucose control has
been throughout the year. 

It is important to remember that HbA1c reflects
an average of your blood glucose levels. You
can get a good HbA1c reading with a combina-
tion of high and low blood glucose values.
More often than not, you will feel better when
your blood glucose level is relatively even.
However, there is no scientific evidence that you
will have more complications as a result of your
diabetes if your blood glucose level is unstable
than if your blood glucose readings are all the
same, assuming that HbA1c is unchanged too.
On the contrary, some recent data indicate that
it might be the other way around (see page
316).194

It is more difficult to obtain a good HbA1c
value during puberty, since the secretion of
growth hormone will raise your blood glucose
levels.225 During puberty it is not uncommon to
have an increase in HbA1c of up to 1% (for
example from 7 to 8%), even if you are as care-
ful with your diabetes as you were before
puberty.551 

What level should HbA1c be?
It is difficult to state an interval within which
your HbA1c should be because different labora-

HbA1c

Glucose is bound to haemoglobin in the red
blood cells. 

The level of HbA1c depends on the blood glu-
cose levels during the life span of the red
blood cells.

A red blood cell lives for about 120 days.

HbA1c reflects the average blood glucose dur-
ing the previous 2-3 months.732

Haemoglobin in the red blood cells takes up oxygen in 
the lungs and transport it to the cells. They take carbon 
dioxide from the cells back to the lungs. During their life-
time in the blood circulation, glucose also sticks to hae-
moglobin, which can be measured by HbA1c.
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tories have different reference values. Many lab-
oratories have the reference values of their
methods at the same level as the DCCT refer-
ence laboratory,191 and this is the recommended
standard in the UK and US.524 The American
Diabetes Association recommends that the goal
of therapy in adults and adolescents should be
an HbA1c below 7% and that the treatment reg-
imen should be re-evaluated in patients with
repeated HbA1c above goals.25 The Canadian
Diabetes Association recommends that adoles-
cents should aim for an HbA1c below 7%; that
children 5 to 12 years old should aim for an
HbA1c below 8%; and that in children under 5
years, an HbA1c below 9% is acceptable.126

Many studies have shown that with an HbA1c
value of less than 8% (DCCT equivalent
method) the risk of long-term blood vessel com-
plications will be considerably less.192,631 If your
HbA1c is above 9% we feel that this is unfair to
your body since we know that in the long run it
will sustain damage from this (see “Lowering
the risk of complications” on page 314).

As of today there is no international standard
for measuring HbA1c but a true reference labor-
atory method is under development.374,450 A
given blood test can have values ranging from
8% to almost 15% in different laboratories.82

To know what your HbA1c value really means

Your HbA1c value depends on the average blood glucose 
levels during the last 2-3 months. A 1% increase in HbA1c 
(measured with DCCT-equivalent method) means that 
you have had an average increase of approximately 
2 mmol/l (35 mg/dl) in blood glucose levels compared to 
when your last test was taken.639 The graph shows read-
ings from the American DCCT study and is redrawn from 
reference 639. The solid line shows the relationship 
between HbA1c and plasma glucose (11% higher than 
blood glucose in this study 269). Aim at having an HbA1c 
value of 7% or below if possible.25 If it is above 8%, you 
and your diabetes team have some work to do together, 
assessing and revising your diabetes care.25

This table from reference 639 shows the mean glucose 
values that a certain HbA1c value represents. Most 
meters used nowadays display plasma glucose.

HbA1c Plasma glucose Whole blood 
glucose

% mmol/l mg/dl mmol/l mg/dl

5
6
7
8
9

10
11
12

5.6
7.6
9.6

11.5
13.5
15.5
17.5
19.5

103
138
173
208
243
278
314
349

5.1
6.9
8.6

10.4
12.2
13.9
15.7
17.4

92
124
156
188
219
251
283
314

14

12

10

8

6

4

6 8 10

180 220 260 300 340140100

12 14 16 18 20

Average blood glucose mmol/l

mg/dl

HbA1c and blood glucose

Whole blood glucose 

Plasma glucose 

HbA1c

HbA1c in different studies

HbA1c, % (average) 6.0 8.0 10.0

Linköping, Sweden 97 5.4 7.4 9.5
Stockholm, Sweden 630 5.0 7.1 9.2
Oslo, Norway 176 6.6 8.3 10.1
Steno, Denmark 263 6.7 8.7 10.8
DCCT, USA 192 6.3 8.4 10.5

Unfortunately HbA1c values are not the same when
measured at different laboratories. Remember
this when you compare your own HbA1c with the
results of studies you find, for example on Internet.
The table is from reference 461.
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you should compare it with the results of one of
the long-term studies (see page 315). The NGSP
(National Glycohemoglobin Standardization
Program) has developed a standardization
allowing laboratories to relate their results to
those of the DCCT and a majority of laborato-
ries in the UK and US already give their answers
in DCCT numbers. Many other countries are
also standardizing their HbA1c methods to
show DCCT equivalent numbers, enabling cen-
tres and patients in different countries to com-
pare their results. HbA1c methods calibrated to
give the same values as the DCCT study are
most useful since you can compare your own
value directly with the results of the study. If
you have 7% with this method, you know that
the risk of long time complications is low while
an HbA1c of 9% is a warning signal of consid-
erably increased risks. 

Studies of adults have shown that those with a
lower HbA1c experience better levels of psycho-
logical well-being. This includes less anxiety
and depression, improved self-confidence and a
better quality of life.368 This has also been con-
firmed in children and adolescents (see page
348).375

The occurrence of severe hypoglycaemia will
limit how low an HbA1c the individual person
can achieve. An HbA1c within the range for
individuals without diabetes usually means they
are at high risk of severe hypoglycaemia and/or
hypoglycaemia unawareness. In the DCCT
study, patients with low HbA1c had a signifi-
cantly higher risk for severe hypoglycaemia.195

However, the risk decreased during the years of
the study. At centres where intensive insulin
treatment has been routinely implemented for a
longer time, the relationship between the HbA1c
value and severe hypoglycaemia is not as pro-
nounced.567,774 

Is checking your HbA1c worthwhile? For whose
benefit is the HbA1c test being done? Many
patients feel as if they are visiting a “control sta-
tion”, and being examined by health profes-
sionals to see how well they have “behaved

themselves”. From our point of view, however,
the HbA1c test is most valuable to individuals
with diabetes themselves. When you see the
reading, you will know if your way of life over
the last three months has allowed you to
achieve the average blood glucose level you
want for the future. It may be difficult to man-
age this every time but we often see teenagers
taking such a degree of responsibility for their
own health that it seems natural for them to
say: “Oh, now my HbA1c has increased again. I
will have to do something about it.” And with-
out anything more being said at the clinic, the
HbA1c value comes right down by the next
visit. 

When the HbA1c method was introduced, 240
adults with diabetes measured it every third
month without otherwise changing their diabe-
tes treatment otherwise.471 After one year, the
average HbA1c value was unchanged but it
turned out that those with very low values had
increased them and those with high values now
had lower, showing the benefit of knowing your
HbA1c level.

Many countries (USA, Australia, UK, Denmark, France, 
Netherlands among others) have standardized their 
HbA1c monitoring methods to show DCCT-equivalent 
numbers. In times of increased international communi-
cation it is very important to check the level of the HbA1c 
method if you read about the results of studies from dif-
ferent countries.
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How often should you check your 
HbA1c?

HbA1c should be checked regularly every third
month in all people with insulin-dependent dia-
betes.25 A high level (> 8-9% with DCCT num-
bers or an equivalent method) is not acceptable,
considering the risk of future complications. If
your HbA1c is this high, it is a good idea to
check it every month until it has gone back to
an acceptable level. In children and adolescents,
the HbA1c value is usually slightly higher
(~0.4%) in the autumn and winter than in the
spring or summer.568

After a visit to the diabetes clinic you may feel
more motivated to “get your act together”, and
keep your blood glucose readings low. How-
ever, after a few weeks this determination can
slip to the back of your mind, as daily life gets
back in the way again. It is important to
remember that it was not only insulin treatment
that was intensive in the DCCT study. HbA1c
was taken at every visit with monthly intervals,
and telephone contact was made between the
visits. So get into a routine of visiting the clinic
every month to check HbA1c until it has come

down below 8.5-9%, preferably to 8% or
lower.

Some clinics send their HbA1c tests to the labor-
atory, so it may be some days before you get the
result while others ask you to send in a blood
sample a week before the clinic. Others use a
desktop method (such as DCA-2000®) that
gives a result after a few minutes.

Even if your blood glucose control is improving
and your tests are showing lower readings, it
will still take some time for this to show in your
HbA1c. Half the change will show after about

Set up your own personal goal for your HbA1c in collabo-
ration with your diabetes team. This goal will be different 
for different people and perhaps also different during dif-
ferent times of your life. It may be more difficult to 
achieve the same HbA1c level for example at times when 
you are having problems at home or at work. By compet-
ing with yourself and setting a reasonable goal you will 
have a fair chance of winning the race.

What should your HbA1c be?

There may be individual differences in the HbA1c
value it is realistic to achieve. HbA1c should also be
graduated according to the child’s age. Extreme
caution is required to avoid severe hypoglycaemia
in children under 5 years old as there may be a risk
of neurological damage. An HbA1c level of 9% may
therefore be acceptable in this age group if needed
to avoid severe hypoglycaemia.126 Discuss with your
diabetes team what value may be realistic for you.

DCCT 
method and 
equivalent

Normal value, 
person without diabetes

4.1-6.1%

Ideal diabetes glucose 
control 25

6-7%

Acceptable glucose 
control

7-8%

Needs improving and re- 
evaluation of treatment 25

8-9%

Not acceptable
High risk of complications > 9%

High risk of severe hypo-
glycaemia (if not in “honey-
moon” phase)

< 6%
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one month, and three quarters of the change
after two months.732 If you start with a very
high HbA1c (12-13%) and normalize your
blood glucose levels completely (as often hap-
pens at diagnosis) it will go down by approxi-
mately 1% every tenth day.731

Can my HbA1c be “too good”?
If you have a very low HbA1c your average
blood glucose is low and you may have a high
risk of developing serious hypoglycaemia with-
out any warning symptoms (“hypoglycaemic
unawareness”, see page 48), unless you are in
the remission phase (see page 193). If you have
a low HbA1c (< 6-7%) and problems with
severe hypoglycaemia or hypoglycaemia
unawareness, it may be a good idea to aim for a
slightly higher blood glucose level. With these
HbA1c values, you will still have a good margin
of error before the HbA1c level rises to levels
which increase the risk of later complications.

In very young children (under 2 years of age)
the brain is still developing and repeated severe
hypoglycaemic episodes with a very low blood
glucose and convulsions can damage the brain
(see page 47). In pre-school children, avoiding
severe hypoglycaemia should have the highest
priority and it may be necessary to accept a
slightly higher HbA1c if this is to be avoided. 

HbA1c when travelling
Sometimes you will want to know your HbA1c
but for one reason or another, it may be diffi-
cult to visit a diabetes clinic. You can get round
this by putting a few drops of blood on a filter
paper and sending it to the laboratory. This
might be particularly useful if you are travel-
ling, and cannot get hold of a doctor who
knows enough about you or your diabetes. If
you have well-controlled diabetes, sending an
HbA1c test every three months may be fine. You
can call your diabetes team to discuss the result.

Sometimes you will want to test your HbA1c at
shorter intervals (e.g. after a change in your
insulin dose) but you might live a bit far away
from your clinic. Ask your diabetes nurse if
“HbA1c by mail” is available and how it works.
If your clinic uses this method for routine test-
ing, make sure you have taken the test long
enough in advance to have the results ready in
time for the visit.

Is it worth taking tests?
A Belgian study of children and young adults
with good blood glucose control (HbA1c was
6.9% on average) found that HbA1c was
affected both by the actual number of tests
taken (on average up to 77 tests per month) and
the number of visits to the diabetes clinic (on
average 6.6 visits/patient).219 The patients tak-

For how long do blood glucose levels 
affect HbA1c?

Your recent blood glucose level affects HbA1c much
more than that from 2-3 months ago. However,
your values during the last week will not show on
most methods since this fraction of HbA1c is very
unstable. Of a given HbA1c value, the contribution
of the blood glucose is (counting backwards): 732

Day 1-6 very low
Day 7-30 50%
Day 31-60 25%
Day 61-90 15%
Day 91-120 10%

Send an HbA1c test by mail to your diabetes clinic if you 
are away from home for any length of time. 

Diabetesmottagningen
Sverige

To my
Diabetes Clinic

HbA 1c
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ing four doses of insulin per day had a freer diet
than those taking two per day, but there was no
difference in HbA1c between the groups.

It is important to reflect on the reasons for your
blood glucose values and, if necessary, to take
action and change your insulin doses after hav-

ing evaluated the tests. The blood glucose level
will not improve by merely measuring it.
Remember that the tests are for your own sake,
not just to show your diabetes nurse or doctor.
(See also “Lowering the risk of complications”
on page 314.)

Fructosamine

Monitoring fructosamine is a method of mea-
suring the amount of glucose that is bound to
proteins in the blood. The value reflects the
blood glucose level during the last 2-3 weeks.
Fructosamine can be good indicator during
times of rapid changes in glucose control, for
example when you start with a new method of
treatment. However, if you only take a fruc-
tosamine test every third month you will not get
a representative measurement of your glucose
control over a longer period of time. This
method, therefore, is not recommended for rou-
tine monitoring of long-term glucose control.25
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In this study, 2 groups of patients took 2 or 4 blood glu-
cose tests/day during 3 month periods. The glucose con-
trol was significantly better in both groups when they 
were taking four tests a day. 675 The HbA1c values are 
recalculated from HbA1, an older method of analysis.

4 or more blood tests/day
2 or less blood tests/day

Months
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Injection technique
The only way insulin can work on the cells is by
binding to the receptors on the cell surface.
Because of this, insulin will take effect only
when it has entered the bloodstream and the
bloodstream has supplied it to the cells. Today,
the only practical method of administration is
by injection. However, a great deal of research
is currently being carried out to explore alterna-
tive ways of administration (see page 329). 

Getting used to 
injections

Having an injection is never going to be plea-
surable. It is an annoyance at best, and at worst
it can be painful, certainly at the beginning. But
most people can adapt to most things, if they
are allowed to take them at the right pace. Most
school-age children learn quickly how to give
themselves injections. The average age for
learning this is 8 years.809 However, there are a
few children and adolescents who find them
close to unbearable even after many years of
diabetes.331 The use of indwelling catheters
(Insuflon®, see page 122) may help to decrease
the injection pain for someone who is new to
injections, especially if they use multiple injec-
tions from the start.337

Injections for parents
How do you teach yourself or your child to
take or give insulin injections? It helps if the
child can play with the pen or syringe and inject
in teddy bears or dolls. The first step is usually
to practise injecting oranges and then to inject a

nurse or parent. After this, they may be ready to
try an ordinary injection on their own. It is very
important for adults to show the children in
their care that giving themselves injections is
not such a big deal. If mum and dad can over-
come their fear of needles, the child will find it a
lot easier to learn how to self-inject. Let small
children try injections (giving saline, not insu-
lin) and blood glucose monitoring on their par-
ents (and perhaps also on a brave brother, sister
or grandparent) as often as they want to, as this
will demonstrate that injections are not danger-
ous. But remember that needles should not be
shared! Use a new needle for each person. If you
are the parent of a young child with diabetes,
try to put yourself in the child’s situation and
think how it would appear if your parents
appeared to be scared of having injections. “I
am supposed to take several injections every
day the rest of my life and yet my mum doesn’t
want to have one. Nor does dad, but they are
grown up and can do just about anything...
Having an injection must be something terri-
ble!”

Don’t tell younger children too far ahead when
it’s time for an injection or blood glucose test.

Nerve fibres look like thin branches of a tree. If you hit a 
nerve you will feel more pain than if you inject between 
the nerve fibres.

OK!

Ouch!

Nerve fibres look like thin branches of a tree. If you hit a 
nerve you will feel more pain than if you inject between 
the nerve fibres.
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Many children will become anxious if they
know something unpleasant will happen too far
in advance. Other children want to know
exactly and in plenty of time what will happen
and when. Try to find out which approach suits
your child best.

Taking the pain out of injections 
Pain is generated by thin nerves and their end-
ings. The nerves spread like the branches of a
tree. If you hit a nerve directly, this will be pain-
ful. You can test out the position of nerves by
pressing the needle carefully against your skin,
and feeling where it hurts more and where it
hurts less. Remember to hold the needle so that
the sharp end of the needle will penetrate the
skin (see picture on page 112). Certain areas on
your abdomen and thighs will probably hurt
less than others. However, the disadvantage of
always using the same places for injections is
that you will soon start to develop fatty lumps
(lipohypertrophy, see page 189). Insulin will be
absorbed more slowly from such lumps.816 If
you insert the needle quickly with thrust, you
will feel less pricking. However, some people
prefer to push the needle slowly and carefully
through the skin. 

Where do I inject the insulin?

In the fat or in the muscle?

The recommendations for how to inject insulin
have changed considerably over the years. With
old (25 mm, 1 inch) needles it was natural to
use a raised skin fold when injecting. When the
12-13 mm (½ inch) needles were introduced, it
was thought that a perpendicular injection
would deposit the insulin within the subcutane-
ous (fatty) tissue. However, as mentioned
below, you risk injecting into muscle when
using this technique, and people are now being
advised again to inject at an angle into a raised
skin fold,749 except when using the very short 5
or 6 mm needles.

Insulin should be given by subcutaneous injec-
tion, i.e. into the fat beneath the skin, not into
the muscle. To avoid injecting into the muscle, it

Try to find an injection site that hurts less when you press 
the needle against your skin!

Ouch!This hurts
less!

Nerve
ending

Research findings: 
Injection technique

In a British study, the distance from the skin to
the muscle was measured using ultrasound.
The conclusion was that most boys and some
girls who used the perpendicular injection
technique risked injecting into muscle or even
into the abdominal cavity.704 

In a French study, 31% of children who used a
whole-hand skin fold with perpendicular injec-
tion technique performed the injection intra-
muscularly. The figure was as high as 50% in
young slim boys.611 

Even with an 8 mm needle there is a consider-
able risk of injecting into the muscle when
using a perpendicular injection technique
(despite lifting a skin pinch-up with a correct
two-finger technique).757 

The safest way to inject with the 5-6 mm nee-
dles is to lift a skin fold with two fingers and
inject at a 45o angle.376
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is important to lift a skin fold with the thumb
and index finger (“two-finger pinch-up”) and
insert the needle at a 45° angle (see illustration
on page 114).280,749 Lifting a skin fold is impor-
tant, even if you are using an 8 mm (1/3 inch)
needle. With 5-6 mm needles, injections can be
given without lifting a skin fold if there is
enough subcutaneous fat (at least 8 mm as skin
layers may be compressed when injecting
perpendicularly 74). Lean boys, however, usually
have less fat, especially on the thigh.74,704

Wiggle the needle slightly before injecting. If the
tip feels “stuck” you have probably reached the
muscle. If this is the case, withdraw the needle a
little before injecting. You can also inject insulin
into your buttocks where there is usually a layer
of subcutaneous fat that is thick enough to
insert the needle perpendicularly without lifting
a skin fold. The speed of injection (varied
between 3 and 30 seconds) does not affect how
rapidly the insulin is absorbed according to a
Danish study.360

Some research has found that injecting into the
muscle is not necessarily more painful, 355,808 but
the insulin is absorbed more quickly. An injec-
tion into the muscle can be experienced as

uncomfortable, even if it is not particularly
painful. The uptake of short-acting 280 and
intermediate-acting 767 insulin is increased by at
least 50% from an intramuscular injection com-
pared to a subcutaneous injection in the thigh.
However, the insulin absorption is the same
when comparing intramuscular and subcutane-
ous injections in the abdomen.280 

The thicker the layer of subcutaneous fat, the
smaller the blood flow. This results in a slower
absorption of insulin. In one study, short-acting
insulin (8 units were injected into the abdomen)
was absorbed twice as fast from a subcutaneous
fat layer of 10 mm (3/8 inch) compared to 20
mm (3/4 inch).362 The same result was found in
patients using insulin pumps. You can take
advantage of this phenomenon by injecting
where the subcutaneous fat is thinner, if you
wish the insulin to take effect more quickly.
Also, insulin that is injected above the navel will
be absorbed slightly more quickly than insulin
injected below or beside the navel.283

Some people find it more convenient to inject
themselves through clothing. Although this can
cause unpleasant skin reactions, these seem to
be unusual.268 However, it is more difficult to
get hold of a proper skin fold through clothing,

Recommended injections sites

Rapid-acting insulin Abdomen (tummy)

Short-acting insulin Abdomen (tummy)

Intermediate-acting insulin Thighs or buttocks

Long-acting insulin Thighs or buttocks

The buttocks are the preferred injection site for
intermediate and long-acting insulin in children with
thin subcutaneous fat on the thigh.162 They may
also be used for injecting short and rapid-acting
insulin to spread the injection sites and lessen the
development of fatty lumps (lipohypertrophies). The
buttocks may be a better injection site for pregnant
women, especially once the abdomen has become
large and tight.

Look closely at the needle tip before pushing it through 
the skin. The tip of the needle is cut very sharp so that it 
will pierce the skin easily. If you prick the skin with the 
eye of the needle facing towards the skin (B) you will feel 
more pain than if you prick the skin with the sharp tip 
pointing towards the skin (A).

A B

OK!

Ouch
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and this increases the risk of accidentally inject-
ing into muscle. There is also a risk of blood
staining your clothes.

In the tummy or the thigh?

In adults, insulin is absorbed more rapidly after
a subcutaneous injection in the abdomen
(tummy) compared to an injection in the thigh,
and the blood glucose lowering effect is also

increased 51,280 (see figures, page 113). The
absorption from a subcutaneous injection in the
tummy is comparable to that of an intramuscu-
lar injection in the thigh.280 This is caused by an

Blood glucose values from the same study as above. 
Because insulin enters the blood more quickly after an 
injection in the tummy, this will cause the glucose con-
tent from breakfast to enter the cells more effectively, 
resulting in a lower blood glucose level. 

In an American study, adults took the same dose of 
short-acting insulin before breakfast in the tummy one 
day and in the thigh one day.51 The injection in the tummy 
gave both a faster onset of insulin action and a higher 
peak level of insulin in the blood.
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Subcutaneous injection technique
8-13 mm needle

Eject a tiny amount of insulin (½-1 unit with a
pen) in the air to ensure that the tip of the
needle is filled with insulin. 

Lift the skin with your thumb and index finger
(“two-finger pinch-up”).

Penetrate the skin at an angle of 45o (but 90o 
to the skin surface).

Hold the skin fold and inject the insulin.

Count to 10 slowly or 20 quickly (about 15
seconds).304 When using a syringe it is enough
to wait for only a few seconds.

Withdraw the needle.

Let go of the skin fold.

If you have problems with leakage you can
press a finger over the hole in the skin after
the needle is withdrawn or consider using a
longer needle.

When injecting into the buttocks the subcutaneous
fat layer is usually thick enough to inject even with
8 and 13 mm needles without lifting a skin fold.

Disinfection of the skin before injection is not nec-
essary as the infection risk is negligible. 

Subcutaneous

Muscle

fat
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increased blood flow in the subcutaneous fat in
the tummy compared to that in the thigh.51 The
insulin uptake from the buttocks is quicker than
from the thigh but not as quick as from the
tummy.575 In some countries, the upper and
outer area of the arm is used for subcutaneous
injections as well, the uptake being similar to
that in the thigh.740 This injection site is not rec-
ommended in other countries (like Sweden)
since the subcutaneous layer is very thin and it
is difficult to lift a skin fold at the same time as
injecting at an angle of 45°. 

The absorption of intermediate-acting insulin
(NPH-insulin) is better balanced after an injec-
tion in the thigh and will give a lower insulin

effect early in the night and a higher insulin
effect later in the night, compared to an abdom-
inal injection.356 

As insulin is absorbed faster from the tum-
mythan from the thigh, we recommend giving
the premeal doses of short-acting (or rapid-act-
ing) insulin in the tummy and the bedtime injec-
tion of intermediate or long-acting insulin in the
thigh (or in the buttocks). We don’t recommend
changing the site of injection between the thigh
and the tummy from day to day as this will vary
the effect of the insulin.50 A young child has a
smaller area on the abdomen or tummy that is
suitable for injections, so we recommend using
the buttocks for short-acting insulin as well.

Subcutaneous injection technique
5-6 mm needle

Eject a tiny amount of insulin (½-1 unit with a
pen) in the air to ensure that the tip of the
needle is filled with insulin. 

The 5-6 mm needle can be used for perpen-
dicular injections if the subcutaneous tissue
is at least 8 mm thick.74

Penetrate the skin at an angle of 90o.

Inject the insulin.

Count to 10 slowly or 20 quickly (about 15
seconds).304 When using a syringe it is enough
to wait for only a few seconds.

Subcutaneous

Muscle

fat

If you inject at a 90° angle with a 12-13 mm needle, 
there is a considerable risk of accidental intramuscular 
injection. This risk is substantial even with the shorter 8 
mm needle if you inject in areas with a thin subcutane-
ous layer, such as the outside of the thigh, the upper 
arm or the sides of your body.757 Insulin from an intra-
muscular injection is absorbed more quickly into the 
bloodstream and this will give you a stronger but shorter 
effect from the insulin dose. However, you can take 
advantage of this type of injection in the thigh if you 
want your insulin to start working more quickly, or if you 
have problems with lipohypertrophies (see page 189).

If you inject with the needle held at right angles to the 
body with an 8 or 13 mm needle, into the abdomen or 
tummy, you run a considerable risk of injecting the insu-
lin directly into your abdominal cavity.282

Subcutaneous
fat

Muscle
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A small child using indwelling catheters for
injecting short-acting insulin can try using this
device for the bedtime insulin as well if it is
NPH-type insulin. However, if you encounter
problems with night time hypoglycaemia or
high blood glucose readings in the morning, it is
better to give the bedtime insulin in the thigh as
a separate injection (see also page 122).

Don’t give short-acting insulin in the thigh late
in the day. The slower uptake may result in
hypoglycaemia early in the night.355 

Rapid-acting insulin

The difference in uptake between injection sites
is not as pronounced when using rapid-acting
insulin. If you are using NovoRapid,555 or
Humalog 740 the uptake is only slightly faster
from the abdomen than the thigh. There was no
difference in absorption between subcutaneous
and intramuscular injections when using
Humalog for thigh injections in a German
study.627

New long-acting insulin

The new long-acting analogue Lantus (glargine)
gives the same effect when injected in the
tummy, thigh or arm.581

The absorption of insulin is affected by many
other factors as well (see page 82). 

Put one hand above the knee and one below your groin. 
The area between your hands is suitable for injections in 
the thigh. Remember that insulin will be absorbed more 
slowly from the thigh than from the tummy.

The abdomen is usually used for injections of short-acting 
and rapid-acting insulin (NovoRapid or Humalog). It will be 
absorbed slightly faster above the tummy button com-
pared to other areas of the abdomen.283 Always use the 
same area for a given type of insulin, e.g. the tummy (or 
buttocks for small children) for short-acting insulin and the 
thigh for bedtime insulin. It is important to rotate the injec-
tion sites within each area to avoid the development of 
fatty lumps (lipohypertrophies, see page 189). 

Hip bone

You can also use your buttocks for injections. Inject a few 
centimetres below the edge of the hip bone. The but-
tocks can be used for injections in small children who 
have a thin subcutaneous fat layer on the abdomen or a 
tendency to develop fatty lumps (lipohypertrophies). The 
absorption of insulin is slightly slower from the buttocks 
than from the tummy. The illustrations are from refer-
ence 700.
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Is it necessary to disinfect the skin?
There is no need to disinfect your skin with
alcohol before injecting with an insulin pen or
syringe. The risk of skin infection is
negligible 529 and alcohol disinfection often
causes a stinging pain when the needle is
inserted. Good hygiene and careful hand-wash-
ing are more important.

If you use an insulin pump or indwelling cathe-
ter you should wash the skin with chlorhexidine
in alcohol or a similar disinfectant. Some skin
disinfectants contain skin moisturisers which
may cause the adhesive to loosen more easily. 

Storage of insulin
Insulin withstands room temperature well.
Most manufacturers recommend that insulin in
use should be discarded after 4 weeks at room
temperature (not above 25-30° C, 77-86° F).310

Check the package leaflet for the type of insulin
you are using and the expiry date on the bottle
or cartridge. At room temperature, insulin will
lose less than 1.0% of its potency every
month.310 According to one study, regular, Lente
and NPH insulin used for up to 110 days kept
the insulin concentration at 100 U/ml.625 Even
after a year or more of being stored at room
temperature, as long as it is kept in darkness,
the insulin will lose only 10% of its effect.578

Check the expiry date on the bottle or cartridge.

A practical routine is to have your spare insulin
supplies stored in the refrigerator (4-8° C,
39-46° F) and the bottle or cartridge that is cur-
rently in use, stored at room temperature. Stor-
ing it at room temperature makes the
preservatives more effective in killing any bacte-
ria that may have contaminated the vial during
repeated use for injections.625 Humalog that is
diluted (with sterile NPH medium) to 50 U/ml
(U-50) and 10 U/ml (U-10) is stable for one
month when stored at 5° C and 30° C.715 

The safest way to inject with the 5-6 mm needles is to 
lift a skin fold with two fingers and to inject at a 45o 
angle.376 However, if you inject slightly to one side with 
a 5-6 mm needle, there is a risk of an injection into 
the superficial skin (intracutaneous injection, see fig-
ure) from which the insulin may be absorbed more 
slowly.719 With 5-6 mm needles, the injections can be 
given perpendicularly without lifting a skin fold to avoid 
intracutaneous injections 719 if there is enough subcuta-
neous fat which often is the case in girls (at least 8 mm 
as the skin layers often are compressed when injecting 
perpendicularly 74). Lean boys, however, have a thinner 
subcutaneous fat layer, especially on the thigh.74,704 
When injecting into the buttocks, the subcutaneous fat 
layer is usually thick enough to inject without lifting a 
skin fold.

Subcutaneous fat

Muscle

Skin

If you lift the skin with a whole-hand grip there is less risk 
of a superficial injection with a 5-6 mm needle. This 
technique, however, should not be used with the longer 8 
and 13 mm needles since the muscle will be lifted as 
well resulting in a risk of intramuscular injection.611
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Don’t put your insulin too close to the freezer
compartment in the fridge as it cannot with-
stand temperatures below 2° C (36° F). Don’t
expose insulin to strong light or heat, such as
the sunlight in a car or the heat of a sauna.
Insulin loses its effect when it is stored at tem-
peratures above 25-30° C (77° F). Above 35° C
(95° F) it will be inactivated four times as fast
as it is at room temperature.315 A practical way
on holiday is to store insulin in a cooled ther-
mos flask or wrapped in moist flannel to keep it
cool. 

In very hot climates where there is no refrigera-
tor available, insulin vials and cartridges can be
stored in a box that is floating in an earthen-
ware pitcher (matka) filled halfway with water
without losing in activity. The pot should be
kept in the shade. An Indian study showed that
insulin stored in this way did not lose any of its
effectiveness after 60 days with temperatures up
to 40° C (104° F).623 

You need not store human insulin in the dark as
it keeps just as well in daylight (but not sun-
light).315 However, beef insulin degrades more
rapidly in daylight.315 Human insulin carried in
a shirt pocket for 6 months did not deteriorate
significantly more quickly than when it was
stored at room temperature.315 Never use

short-acting regular insulin that has become
cloudy. Intermediate or long-acting insulin that
contains clumps or that has a frosty coating on
the inside of the vial should not be used
either.648

If you mix Lente-type insulins (Monotard,
Humulin I, Ultratard, Humulin Zn) with
short-acting insulin in the same syringe before
injecting, the insulin will start acting more rap-
idly if you inject yourself immediately after mix-
ing insulin from refrigerated bottles 594 (see also
page 79). 

Syringes

Disposable syringes have been used since the
1960s and are still the standard injection device
in many countries. They are graded in units for
U-100 insulin, containing 30, 50 or 100 units.
Syringes are used when mixing two types of
insulin into the same injection or for types of
insulin that are not available in pen cartridges.
You will need to be careful when travelling,
especially if you are visiting countries that use a
different concentration of insulin. It is particu-
larly important not to use U-40 insulin in a
U-100 syringe or vice versa. In countries where
pen injectors are less common, syringes are used
for multiple injection therapy. In many coun-
tries with lower economic standards, non-dis-
posable glass syringes with needles that require
manual sharpening are still used. 

Different ways of administering insulin

Syringes 1-3 injections/day.

Insulin pen 4-6 injections/day.

Insuflon® Indwelling teflon catheter. Can
be used if injection pain is a
problem.

Insulin pump Delivers a basal rate over 24
hours and bolus doses at
meal times.

Jet injector Injection without a needle. 
A thin jet stream of insulin is
shot through the skin.

Insulin is sensitive to heat and sunlight, so don’t leave it 
in the sun or a hot car.
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Injections with syringes
Cloudy insulin (intermediate and long-acting)
needs to be mixed before use. This is done by
gently turning or rolling the bottle between the
hands (10 -) 20 times.405 Do not shake the bot-
tle as this will lead to problems with air bubbles
in the syringe. Start the injection by drawing air

into the syringe corresponding to the dose of
insulin you will inject. Then inject the air into
the insulin bottle, turn it upside down and then
draw up the correct dose of insulin. Hold the
syringe with the needle upwards, then tap on it
a couple of times to get rid of the air bubbles.

Pen injectors
A pen injector (insulin pen) is a
practical tool that is loaded with
a cartridge of insulin for
repeated injections. The stan-
dard cartridges contain 300
units (3 ml). Pen injectors will
give a more accurate dosage
compared to syringes, espe-
cially in the low doses.242,391

Some pens can be adjusted to
half units (NovoPen® Junior,
NovoPen®3 Demi). Children
will need a pen which can give
single or half unit increments
but many teenagers and even
adults find that they also appre-
ciate being able to adjust the
doses in half unit increments.
When you use a pen injector,
start by holding the pen with the
needle upwards and eject 1-2 units into the air
to ensure insulin flow (an “air shot”, see also
page 121). 

Mixing insulins in a syringe

Start by injecting air into the bottle of inter-
mediate-acting insulin (cloudy insulin).

Take the syringe out of first bottle.

Inject air into the bottle of the short or
rapid-acting insulin (clear insulin). 

Draw up the short or rapid-acting insulin
(clear insulin).

Take out the syringe of the second bottle.

Carefully insert the needle into the bottle of
intermediate-acting insulin (cloudy insulin).

Draw up the correct dose (without injecting
into the bottle).

Take the syringe out of the first bottle.

It is best to draw up the insulins in this order
as it matters less if a drop of short-acting
insulin enters the bottle of intermediate-act-
ing insulin than the other way around.

A small syringe can be experienced as a huge, frightening thing by someone who is afraid of injections. Daniel made this 
drawing of his insulin syringe on one of the first days in the hospital.

SYRINGEMY
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Disposable pens are also available for most
insulins. They are a practical alternative for car-
rying spare insulin, for example when you are
travelling. Make sure that you have an extra
disposable insulin pen at school, at work, with
your grandparents or anywhere else you visit
often.

Why aren’t all insulins available for 
pens?

Most intermediate and long-acting insulins are
cloudy and the bottle must be turned or rolled
(not shaken!) at least 20 times before the insulin
is injected to mix it up well.405 The pen car-
tridge contains a small glass or steel marble that
will help stir the insulin when the pen is turned.
Ultralente-type insulins (Ultratard, Humulin
Zn) are in crystal form and the crystals will
break if a glass marble is present. Therefore, no
pens are available for this insulin.

Replacing pen needles 
Sterile, disposable pen needles and syringes are
designed for single use only. However, many
patients reuse them for several injections. The
risk of infected injection sites when reusing dis-
posable needles seems to be negligible.145,684

However, the injections may hurt more 136 since
the needle becomes blunted due to tip damage
after repeated use 497 and the silicon lubricant
wears off. There is also some evidence that reus-
ing needles with damaged tips causes repeated
small injuries to the tissue when injecting. This
can cause a release of certain growth factors
that may lead to the development of fatty lumps
(lipohypertrophy) which may affect the amount
of insulin required and its absorption.718

You should replace the needle of intermedi-
ate-acting insulin after every injection, because
of the risk of leakage of fluid from the cartridge
or air entry (see page 121) if the needle is left
on.391 The needle may also be blocked by insu-
lin that has crystallized inside the barrel.
Remove the needle directly after the injection
and put the new one on immediately before the
next injection. 

Eject a unit or two into the air with each new
pen needle (the “air shot”) to make sure that
the tip of the needle is filled with insulin.

Different pens for day and night time 
insulin

It is easy to take the wrong pen injector by mis-
take if the pens for day time and night time
insulin are similar. 

To avoid taking the wrong type of insulin we
recommend that you always use two completely
different pens for day time and bedtime insulin,
so that you can feel the difference even if it is
completely dark. If you have experienced taking
the wrong type of insulin even once, having two
completely different pens can start to look like a
cheap form of life insurance.

Needles for insulin pens

Brand Diameter Size of Length
of needle needle

B-D Micro-Fine+ 0.25 mm 31G 5 mm
NovoFine 0.25 mm 31G 6 mm
Penfine 0.25 mm 31G 6 mm
Unifine 0.30 mm 30G 6 mm
B-D Micro-Fine+ 0.25 mm 31G 8 mm
Penfine 0.25 mm 31G 8 mm
Unifine 0.30 mm 30G 8 mm
NovoFine 0.30 mm 30G 8 mm
Omnican mini 0.30 mm 30G 8 mm
Penfine 0.33 mm 29G 10 mm
Penfine 0.33 mm 29G 12 mm
Omnican fine 0.33 mm 29G 12 mm
Unifine 0.33 mm 29G 12 mm
B-D Micro-Fine+ 0.33 mm 29G 13 mm
NovoFine 0.36 mm 28G 12 mm
Optipen 0.36 mm 28G 12 mm
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Air in the cartridge or syringe
When the cartridge warms up with the needle
attached (e.g. when you carry it in an inner
pocket), the liquid in the cartridge will expand
and a few drops will leak out through the nee-
dle. When the temperature falls again, air will
be sucked in. In one study the surrounding tem-
perature was lowered from 27° to 15° C (81° to
59° F). This caused  air corresponding to 4 units
of insulin to be sucked into the cartridge.135 

A particular problem will occur with intermedi-
ate-acting insulin when the temperature is low-
ered. As the insulin is in the cloudy substance
that sinks to the bottom of the cartridge, only
the inactive solution will leak out through the
needle. The result will be that the remaining
insulin will become more potent, up to a con-
centration of 120 or 140 U/ml. If the pen is
stored upside down the problem will be
reversed. The insulin crystals will then be clos-
est to the needle and leak out when the temper-
ature increases and the liquid expands. The
remaining insulin will then be diluted. In one
study the insulin concentration in used vials and
cartridges of NPH insulin that had not been

mixed thoroughly varied between 5 and 200
units/ml.405

The problem of altered concentration will not
occur with clear insulins as the insulin is com-
pletely dissolved in the liquid. However, the air
as such can cause problems of accuracy. You
will be less likely to have problems if you
remove the needle after each injection and store
the pen with the needle pointing upwards, for
example in the pocket of your jacket. 

It is possible, on occasion, to accidentally inject
a bubble of air from the syringe or cartridge
along with the insulin. Subcutaneously placed
air is quite harmless to the body and will soon
be absorbed by the tissue. The real problem is
that you will have missed out on a certain
amount of insulin (as much as was displaced by
the air). You may need to take a unit or two
extra to compensate for this. 

The same also applies if you are using an insulin
pump. Air injected through the tubing is com-
pletely harmless but you will have missed a cer-

Daniel made this drawing before he was discharged from 
the hospital. The giant syringe is now a small insulin pen 
and on his stomach he has placed a small indwelling 
catheter. The initial fear of needles has been substituted 
by a more realistic view of the modern injecting equip-
ment that is now available.

Needle choice guidelines 717

All injections should be given with a lifted skin fold
(“two-finger pinch-up”) at a 45° angle regardless of
the needle used, except for injections in the but-
tocks where perpendicular injections without
pinch-up can be used. Injections with 5-6 mm nee-
dles can be done without pinch-up if the subcuta-
neous fat layer is at least 8 mm.74

Sex and age Body type Needle 
recommended

Children < 12
Males 12-18
Females 12-18
Females 12-18
Adult males
Adult males
Adult females
Adult females

All
All

Normal
Overweight

Normal
Overweight

Normal
Overweight

5-8 mm
5-8 mm
5-8 mm

5-8 or 13 mm
5-8 mm

8 or 13 mm
5-8 or 13 mm

13 mm
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tain amount of insulin at the same time which
may cause problems.

Insulin on the pen needle
Sometimes a drop of insulin will leak from the
tip of the needle after it has been withdrawn
from the skin. The drop contains up to 1 unit of
insulin and is caused by air in the cartridge
which is compressed when you press the pen
mechanism.304 You can avoid this problem by
waiting about 15 seconds for the air to expand
before withdrawing the pen needle.304 You can
also remove the needle after each injection
which will prevent air from being sucked into
the cartridge. This problem will not occur when
you are using a syringe because you inject all
the insulin it contains. Remove the air in the
pen cartridge according to the figure on page
121. Even if all air is removed, it is a good idea
to hold the needle in for 10 seconds to prevent
insulin dripping from the tip of the needle.37 

Used needles and syringes
Discard used syringes, pen needles and finger
pricking lancets in an empty jar or milk bottle
so that no one will be pricked by mistake. You
can get a special cutter to remove needle points
(B-D Safe-Clip®).

If there is air inside the pen cartridge, you may see a drop 
of liquid coming out from the needle-tip after your have 
withdrawn the needle from your skin.

How to get rid of the air in the insulin 
cartridge 

When you replace the needle you can get rid of the
air by following these steps:

When the needle is removed, depress the
pen mechanism a few times so that the pres-
sure inside the cartridge will be increased.
Tap on the cartridge to make the air rise. 

Slowly push the needle through the mem-
brane on the cartridge.

Air will leak out as soon as the needle pene-
trates the membrane. If you push the needle 
through the membrane too quickly an air 
pocket will remain in neck of the cartridge 
(see illustration). 

BA

Air 
bubble

Push the needle slowly through the membrane when 
you replace it to allow air to leak out (A). When the nee-
dle is pushed quickly all the way in, a small pocket of 
air is formed in the neck of the cartridge (B).

B-D Safe-Clip® can be used to cut off the needle point
from both syringes and pen needles. 
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Injection equipment
The development of thinner needles means that
injections for adults are now less painful than
they used to be.512 However, in a double-blind
study, children and adolescents did not appear
to feel a difference in the amount of pain experi-
enced from 0.30-0.40 mm needles.335 “Placebo
injections” (no needle was attached to some pen
injectors, but the people in the study were not
aware if this was the case) caused significantly
less pain. This contradicts the common belief
that the needles of today are so thin that most
of the experienced pain is psychological in ori-
gin. 

Automatic injectors
An automatic injector will thrust the needle
very quickly through the skin, and this keeps
pain to a minimum. With one type (Injecto-
matic®, Inject-Ease®) the syringe needle is
pushed through the skin automatically, but you
have to push the insulin in yourself. A similar
device (PenMate™) is available for the pen
injectors from NovoNordisk. With another type
(Autoject®) the syringe needle is pushed in and
the insulin is injected automatically. The Dia-
pen® both inserts the needle and injects the
insulin automatically. The Autopen® is a pen
injector that injects the insulin automatically
after you have pricked the skin yourself with
the needle.

Jet injectors
A jet injector uses very high pressure to form a
thin jet stream (thinner than a needle) of insulin
that penetrates the skin. The insulin is absorbed
quickly and the glucose control can be as good
as it is with an insulin pump.142,391 Some find the
device less painful while others experience the
pain of a jet injector to be comparable to that of
an ordinary injection needle. Bleeding, bruising,
and delayed pain after the injection have been
described.388 A jet injector might be a good
alternative for patients with pronounced nee-
dle-phobia if the person is not helped by using
Insuflon. However, some children may find the
device very noisy when the insulin mechanism is
triggered.

Insuflon
We like to make the introduction of injections
at the onset of diabetes as painless as possible.
Our present policy is to give all pre-school chil-
dren their injections by means of indwelling
catheters (such as Insuflon®) when their diabe-
tes is newly diagnosed. Older children and ado-
lescents are also given the chance to try this
method during their first week of subcutaneous

The Inject-Ease will insert the syringe needle automati-
cally when you press the spring.

With a jet injector, the insulin is pressed through the skin 
by using a very high pressure. Once inside, it will spread 
more widely (left picture), compared with the depot from 
a regular injection with a pen or syringe (right picture).
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injections after diagnosis. We take all the blood
glucose tests by means of an intravenous can-
nula. These procedures ensure as little pain as
possible in the early stages of what will be a
life-long relationship with diabetes. After a
week or so, the child has had time to adjust psy-
chologically and learn the correct injection tech-
niques. When this has been mastered, he or she
can start to try regular injections. Children are
given a choice of which injection method to use
when they are discharged from hospital. Some
20-25% continue with indwelling catheters
while the others choose to start giving them-
selves regular injections. Insuflon is even used
by many adults who find the injections painful

or uncomfortable. In children and adolescents,
the use of indwelling catheters from the onset of
diabetes has decreased pre-injection anxiety,
injection pain and other injection problems sig-
nificantly.339

The use of indwelling catheters makes multiple
injection treatment for small children much eas-
ier. It is also helpful for people who are not used
to giving insulin by injection. Such people may
include grandparents, babysitters or day-care
staff. In addition, an indwelling catheter also
makes it easier to give extra injections if they

Use the shaded area of the abdomen for insertion of the 
indwelling catheter (or pump needle). Insert it in a hori-
zontal position or up to 30° from a horizontal line. Other-
wise there is a risk of bending the catheter when you 
lean forwards. If you have problems with fatty lumps 
(lipohypertrophies) you can insert the indwelling catheter 
in the buttocks as well.

Aim at an angle of 45° to the skin when you are inserting 
Insuflon or a pump needle/catheter. After removal, you 
can check the catheter profile to see how it was inserted. 
A “fish-hook” appearance (lower picture) indicates that it 
was inserted too superficially.

Subcutaneous fat Insulin

Hard
Plastic tube Soft teflon catheter

Silicon membrane
Insulin pen

Skin When using Insuflon you 
pierce a silicon membrane 
with the needle instead of the 
skin. The soft teflon catheter 
is placed under the skin, and 
you inject the insulin through 
it. The catheter is replaced on 
average every 4-5 days. This 
can easily be done at home. If 
it is painful, you can use a top-
ical anaesthetic cream before 
replacement.



124 Type 1 Diabetes in Children, Adolescents and Young Adults

are needed, as an additional injection will not
involve the child in any extra pain. This can be
particularly useful in situations such as, for
example, choosing to give a child half an insulin
dose before a meal even though you cannot be
sure just how much that child will eat. This
leaves you with the option of giving the child
some extra insulin after the meal depending on
how much he or she actually has eaten.

Children using indwelling catheters are proba-
bly at less risk of developing needle-phobia
through having been spared traumatic injec-
tions during their early experience of diabe-
tes.339 One study showed that, in particular, the
younger patients using indwelling catheters and
multiple injection treatment would have found
this method more difficult to accept if indwell-
ing catheters had not been available.331 

When should the catheter be replaced?

The average time between replacements is
4-5 days.329 Some patients will be quite com-
fortable replacing their catheter once a week
while others may need to replace it twice a
week. If you disinfect the site with alcohol
before inserting the catheter, you will cut the
risk of infection. 

Which insulin can be given in the catheter?

Small children usually use the same indwelling
catheter both for short or rapid-acting insulin at

mealtimes and for bed-time insulin of
NPH-type (Insulatard, Humulin I, Insuman
Basal). However, if the bedtime insulin needs a
longer-acting time, it is better to give it as a sep-
arate injection in the thigh. Older children usu-
ally accept this easily. It is not advisable to mix
insulins of lente-type (Monotard, Humulin L)
with short (Actrapid, Humulin S, Insuman
Rapid) or rapid-acting insulin (NovoRapid,
Humalog) to give in the catheter since part of
the short or rapid-acting effect will vanish (see
“Mixing insulins” on page 79). However, if the
person is already coping well with mixing these
types of insulin, there should be no disadvan-

Insert the needle with the opening of the tip directed 
towards your skin and it will slide in more easily (picture 
B). Wiggle the needle sideways and rotate it if it still gets 
stuck.

BA

Tips for using 
indwelling catheters

Use topical anaesthetic cream (EMLA®, Ame-
top®) when inserting the catheter in small
children and when new to the technique.
Apply it for 1½ -2 hours before insertion.

Lift a skin fold and insert Insuflon at a 45°
angle (see figure on next page). Lift the skin
with three or four fingers if the subcutaneous
tissue is thin, as is likely to be the case in
small children.

Insert with a slight thrust and there will be
less risk of “peel-back”.

Apply end of the adhesive that covers the
insertion site first. Never try to remove an
adhesive that is already stuck to the skin.

Insert the injection needle with the opening
turned towards the skin and it will not get
stuck on the plastic wall. Rotate the needle
gently. (See figure on page 124.)

Use an adhesive of stoma-type (such as Com-
peed™) if you experience itching or eczema
from the enclosed adhesive.

Use an 8-10 mm needle for both pens and
syringes and there will be no risk of piercing
the teflon catheter by pushing the needle too
far in. With the new Insuflon design that will
be introduced soon, different needle lengths
may be used. Check this with the inserted
instructions.
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tage giving them through an indwelling cathe-
ter. Mixing Lantus and rapid-acting analogue
insulin in a syringe before injection did not
affect the 24 hour glucose values in one study.425

If Lantus is to be given via Insuflon, one should
give this insulin first. 

Dead space

The dead space of the catheter (the hollow
inside that will be filled with insulin with the
first injection) is approximately half a unit of
insulin, measured in a clinical setting.338 If the
doses are very small, one can add 0.5 extra unit
with the first injection after replacing an ind-
welling catheter. 

When you give yourself your bedtime insulin,
the catheter will already be filled with short or
rapid-acting insulin. This will partly be
exchanged for intermediate-acting insulin dur-
ing the injection. Remaining in Insuflon will be
a mixture of approximately 0.3 units of bedtime

insulin and 0.2 units of short or rapid-acting
insulin.338 In practice, these tiny amounts of
insulin are usually insignificant.

Infection and redness

A very small number of our patients develop
infections requiring antibiotic treatment (one
out of 140 patient months or one out of 850
used catheters). If you develop an infection of
the catheter canal in the subcutaneous tissue, it
is likely to cause redness and/or pain around the
insertion site. If you have problems with red-
ness or infections at the insertion site, we rec-
ommend you to use chlorhexidine in alcohol
(Hibiclens™ or similar disinfectant) for skin
disinfection and hand washing. Don’t use prod-
ucts containing a skin moistener since this
causes the adhesive to come loose more easily.

Hygiene is more important if 
you use an insulin pump or 
indwelling catheter. Always 
wash your hands before 

replacing the catheter. We 
recommend using chlor-
hexidine in alcohol for disin-
fection of the insertion site.

The catheter can peel backwards on the metal needle 
(called “peel-back”) if you penetrate the skin too slowly. 
This is a typical beginner’s problem.

Injection pain in children younger 
than 8 years using indwelling cath-
eters for introducing insulin injec-
tions at the onset of diabetes.339 
This study demonstrated a reduc-
tion in pre-injection anxiety, injec-
tion pain and other injection 
problems over a six-month period. 
Those children who continued to 
use Insuflon throughout the whole 
study scored the pain even lower.

(*Data from two children were 
excluded; one skipped Insuflon for 
a week due to eczema problems, 
one had pneumonia).
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Redness and/or itching can be caused by an
allergic reaction to the adhesive. Application of
1% hydrocortisone cream usually helps. If the

problem continues, we have successfully used a
stoma type adhesive (such as Compeed® or
Duoderm®). Cut a hole for the catheter hood
before applying it. Another alternative is to
apply a skin film (for example Tegaderm®) first,
and insert Insuflon through it, putting the regu-
lar adhesive on top of the skin film. Itching can
also be caused by perspiration in hot weather or
during sports activities. The itching usually dis-
appears when the person stops sweating.

Research findings: 
Insulin absorption and Insuflon

HbA1c test results, blood glucose levels, and
insulin were all unaltered when using Insu-
flon during a two-month so called cross-over
study.330 

Studies of insulin pump users have shown
both an unchanged insulin absorption during
five days’ use 576 and an increased absorp-
tion after three days of using the same injec-
tion site.492 

Studies from Finland with indwelling cathe-
ters show no change in insulin absorption
during five days of use.421 

A Swedish study using radio-actively labelled
insulin did not show any change in absorp-
tion during four days of using indwelling cath-
eters.332

An eight-year old boy 
made this drawing of 
himself using an ind-
welling catheter. Before 
he started using this, 
his father had to come 
home from work twice 
a day to help his 
mother hold him, so 
they could give him his 
insulin injections.8 years

Problems with indwelling catheters?

Problem What to do about it

Adhesive comes 
off

Wash the anaesthetic 
cream (EMLA®, Ametop®) 
off carefully with water. 
Apply Skin- Prep™, Masti-
sol™ or Tincture of Ben-
zoin™ that leave a sticky 
film when drying. Warm the 
adhesive with your hand 
after application. Apply 
extra tape if necessary.

Itching, eczema 
from adhesive

Apply Hydrocortisone 
cream. Use a stoma type 
adhesive (e.g. Compeed®).

Sticky traces of 
adhesive

Wipe off with remover 
such as Detachol™ or 
Uni-Solve™.

Infection/irrita-
tion at the injec-
tion site

Wash hands and skin with 
chlorhexidine in alcohol 
(Hibiscrub™). Replace the 
catheter more frequently.

Leakage of insu-
lin

An increased pressure 
when injecting indicates a 
bent catheter. Replace it! 
Use 8-10 mm needles.

Sore skin from 
plastic wings

Apply a piece of tape 
beneath the wings.

Scars in the skin 
from old cathe-
ters

Caused by an infection of 
the injection site. Replace 
Insuflon more frequently. 
See infection advice above.
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Adjusting insulin doses
Starting insulin treatment
When type 1 diabetes is first diagnosed, treat-
ment with subcutaneous insulin is started with-
out delay. The total dose may be as high as 1.5-
2 units/kg/day (0.7-0.9 units/lb/day) in the
period immediately after diagnosis, but it soon
goes down. Smaller children are more sensitive
to insulin and usually need fewer units/kg.
However, insulin dosages are very individual
and two children of the same age often need
quite different amounts. 

2 dose treatment

In the UK and many other countries, most chil-
dren are started on 2 injections/day. Many chil-
dren will use combinations or mixtures of short
(Actrapid, Humulin S, Insuman Rapid) or
rapid-acting insulin (Humalog, NovoRapid)
and intermediate-acting insulins (Insulatard,
Humulin I, Insuman Basal) before breakfast
and before dinner/tea. These doses and mix-
tures are adapted to the size of meals and usual
activity levels. With a 2 dose treatment it is
essential that the last meal of the day is taken
immediately before going to bed (bedtime
snack) to prevent night time hypoglycaemia.

Many things need to be balanced in your body to keep the blood glucose level steady. It isn’t easy to make all the 
pieces fit, and it can often be difficult to work out exactly what went wrong. Sometimes, we just have to accept that 
there is no obvious explanation for why the blood glucose level was high or low at a given time. In this drawing, 
Robert uses a shark to illustrate how it feels when his body loses this balance.

InsulinFood

years
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3 dose treatment

A 3 dose insulin treatment usually consists of a
combination of short or rapid-acting and inter-
mediate-acting insulin for breakfast, short-act-
ing insulin for lunch or at teatime after
returning from school and intermediate-acting
insulin at bedtime. This may be a suitable regi-
men for a smaller child, especially if it is diffi-
cult to find someone who can give the
lunchtime dose at school or in the day nursery.
A combination of short-acting and intermedi-
ate-acting insulin at breakfast may also be a
good solution for the teenager who tends to for-
get lunchtime insulin doses when at school or
out with their peer group. In situations like this,
pre-mixed insulin that can be administered with
a pen may be the best choice.

Multiple injection treatment

In Sweden, the US, and other countries, we tend
to use a multiple injection treatment with pre-
meal doses of rapid-acting insulin from the
onset of diabetes, even for younger children and
toddlers. In some places children are started on
insulin pumps from the onset of diabetes but
usually this form of therapy is started later.
With multiple injections, premeal injections will
be given for the main meals breakfast, lunch,
dinner/tea, and evening snack. An extra bed-
time snack will usually be given only if the
blood glucose level is low with this type of insu-
lin regimen.

Insulin is adjusted in relation to the carbohy-
drate content of the meal. Before breakfast,
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Multiple injection treatment with short-acting insulin

Before the introduction of the
insulin pen in 1985, the usual
regime was twice-daily injections
mixing short-acting and interme-
diate-acting insulin. The advan-
tage was fewer injections per
day. But the disadvantage was
difficulty in adjusting doses to
take account of changes in food
intake or physical activity, and
problems with night time hypo-
glycaemia when the supper time
dose was increased.

Five daily insulin doses
(4 doses of short-acting insu-
lin and 1 dose of intermedi-
ate-acting) will mimic the
body’s normal meal time
insulin secretion. The system
is easy to understand as each
insulin dose affects only one
meal. Today, rapid-acting
insulin is often used for multi-
ple injection therapy (see
page 148).

07 08 12 13 1817 21 22 01 05 Time

In
su

lin
ef

fe
ct

Regular Regular
Intermediate (bedtime insulin)Intermediate

AM PM AM

Breakfast Lunch Dinner/tea Evening snack
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higher doses of insulin are needed in relation to
the size of the meal. This is due partly to

increased levels of growth hormone (the dawn
phenomenon) and partly to a reduction over
time in the effect of the bedtime insulin dose. In
addition, breakfast usually contains a greater
proportion of carbohydrates than other meals
(e.g. from juice, bread, cereals). 

The instructions for adjusting insulin doses in
this chapter apply mainly to multiple injection
treatment. However, many of the principles can
be applied even if you are using a 2- or 3 dose
treatment. If you are in the remission (honey-
moon) phase and produce insulin of your own,
you should reduce the recommended doses (see
page 157).

How much does insulin lower the
blood glucose level?

The actual blood glucose lowering effect of a
given insulin dose depends on many factors; the

Different types of insulin treatment

Multiple injection treatment with 
rapid-acting insulin 

(Humalog, NovoRapid, see page 148)

Meal Type of insulin % of 24 h. dose

Breakfast  Rapid-acting 15-20
Basal insulin 15-20

Lunch Rapid-acting 10-15

Dinner/tea Rapid-acting 10-15

Evening snack Rapid-acting 10-15

Bedtime Basal insulin 25-30

With Lantus as basal insulin ~50% is given as one
dose in the evening or morning but some may
need 2 doses of this insulin (see page 156).

Multiple injection treatment with 
short-acting insulin

(Actrapid, Humulin S, Insuman Rapid)
Meal Type of insulin % of 24 h. dose

Breakfast  Short-acting 20-25

Lunch ” 15-20

Dinner/tea ” 15-20

Evening snack ” 10-15

Bedtime Intermediate-acting 25-30 (-40)

2 dose treatment 
Meal Type of insulin % of 24 h. dose

Breakfast Short-acting 20 - 25

Intermediate-acting 35 - 40

Dinner/tea Short-acting 10 - 15

Intermediate-acting 25 - 30

The pre-dinner/tea intermediate-acting insulin can
be given with the evening snack or before bedtime
if a 3 dose treatment is preferred. 

Increase 
the dose?

Decrease 
the dose?

Questions before taking insulin 

What is my blood glucose level?

What am I going to eat?
More or less food than usual? 
Food with a higher or a lower sugar content?

What am I going to do after the meal? Physi-
cal activity, normal work or school, relaxation?

What happened last time I was in the same 
situation? (Check your logbook!)
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meal size, the amount of insulin taken earlier in
the day, the amount of exercise and even the
level of stress. A dose of 0.1 unit/kg (0.5 units/
10 lb) body weight will give a substantial blood
glucose lowering effect and extra doses in the
home should rarely exceed this amount as it
will only increase the risk of hypoglycaemia
after a couple of hours (although the newer
rapid-acting insulins will be safer in this
respect). 

One unit of insulin given between meals will
lower your blood glucose by about 1 mmol if
you weigh 70-80 kg and about 2 mmol if you
weigh 30-40 kg (20 mg/dl if you weigh 150-170
lb and 35 mg/dl if you weigh 65-90 lb). Another
way of counting, which often is used in the US,
is to divide 83 (100 for rapid-acting insulin) by
your daily insulin dose in units and you will
have the blood glucose lowering effect of one
unit in mmol/l (1500 for short-acting and 1800
for rapid-acting insulin to get the results in mg/
dl).210 See key fact box on page 130.

Temporary changes of 
insulin dose
The term “temporary changes” refers to the
changes you make based upon your ordinary
everyday dosage. Don’t go looking for high
blood glucose readings. If you change your
ordinary insulin doses on a daily basis in line
with every individual blood glucose reading,
you will soon find it impossible to identify
which dose actually does what. The blood glu-
cose can swing up and down like a roller
coaster, resulting in frequent, and often diffi-
cult, hypoglycaemic episodes without your
understanding why.59 While you may often
know the reason for a temporary high or low
blood glucose reading, sometimes things go
wrong with no obvious explanation. In cases
like this, it is best to wait until the next meal
before taking extra insulin so that you can see
whether your blood glucose remains high. 

How much does one unit lower blood glucose?

The figures are from the “1500 Rule” for regular short-
acting insulin 186,210 (divide 1500 by daily insulin dose
for mg/dl, 83 for mmol/l) and the “1800 Rule” for
rapid-acting Humalog 789 (divide 1800 by daily insulin
dose for mg/dl, 100 for mmol/l). This method is widely
used to calculate “the correction factor” or “insulin
sensitivity factor”, i.e. the glucose-lowering effect of
one unit of insulin.792

You can try using this table if, for instance, you want to
increase the premeal dose because of a high blood
glucose reading. If a person usually takes 40 units/day
and has a blood glucose of 14 mmol/l (250 mg/dl)
before the meal, an extra dose of 2 units will lower the
blood glucose level by an additional 4 mmol/l (70 mg/
dl), 5 mmol/l (90 mg/dl) with NovoRapid or Humalog.
In the same way you can subtract units from the pre-
meal dose if the blood glucose level is low.  

The actual blood glucose lowering effect of an extra
unit is of course dependent upon many factors includ-
ing food intake, insulin dose, exercise, variable absorp-
tion etc. For this reason, the tables must not be used to
predict the exact lowering of blood sugar in any individ-
ual. They only show the average effect. These rules are
determined for adults and the doses may be too high
for children or for people who have had diabetes for a
shorter period of time. By experimenting, you can find
out how well they work for you.

Units/24
hours

Short-acting 
Regular 

Rapid-acting 

20
30
40
50
60
70
80
90

4.2 mmol/l
2.8 mmol/l
2.1 mmol/l
1.7 mmol/l
1.4 mmol/l
1.2 mmol/l
1.0 mmol/l
0.9 mmol/l

5.0 mmol/l
3.3 mmol/l
2.5 mmol/l
2.0 mmol/l
1.7 mmol/l
1.4 mmol/l
1.3 mmol/l
1.1 mmol/l

Units/24
hours

Short-acting 
Regular 

Rapid-acting 

20
30
40
50
60
70
80
90

75 mg/dl
50 mg/dl
38 mg/dl
30 mg/dl
25 mg/dl
21 mg/dl
19 mg/dl
17 mg/dl

90 mg/dl
60 mg/dl
45 mg/dl
36 mg/dl
30 mg/dl
26 mg/dl
23 mg/dl
20 mg/dl
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What about the food you eat? 
Once you have learnt about the way the carbo-
hydrate content of a meal relates to your indi-
vidual insulin dose, it is often possible to
determine the effect of your meal on blood glu-
cose levels just by looking. If you eat a little
more carbohydrate (for example, an extra
potato or some more pasta) than usual, you can
take 1-2 units of short or rapid-acting insulin
extra if you are on a multiple injection or pump
therapy. If you eat a little less, you can decrease
the dose by 1-2 units. Measure your glucose
level after 1½-2 hours to determine whether the
dose was correct. However, if you eat some
more meat, chicken or fish, you need not

increase your insulin dose since this type of
food does not contain carbohydrates. Make a
note in your logbook for future reference in
case you are confronted with a similar situation
another time.

A useful “rule of thumb” is that 1 unit of insu-
lin takes care of approximately 10 grams of car-
bohydrate. This applies if you eat something
extra between meals which contains mainly glu-
cose (such as cake or ice cream at a party).
When eating a mixed meal, many other factors
influence the blood glucose response. See also
page 202. For a description of how to count
carbohydrates in a more exact manner, see page
216.

Changing the content of the meal to
affect blood glucose

An alternative is to change the size of the meal
depending on the actual blood glucose level.
The feeling of fullness after a meal is often
increased when the blood glucose level is
high.413 If the blood glucose before the meal is
increased (8-14 mmol/l, 145-250 mg/dl) you
can drink water instead of milk with the meal
or decrease the carbohydrate content of the
meal. If the blood glucose is more than 15-20

When does the insulin dose have the most 
effect?

Time of injection Effect when?

Rapid-acting:
(Humalog, NovoRapid)

Before meal For that meal

Short-acting:
(Actrapid, Humulin S, Insuman Rapid)

Before breakfast Until lunch
Before lunch Until dinner/tea
Before dinner/tea Until the evening snack
Before evening snack Until midnight

Intermediate-acting:
(Insulatard, Humulin I, Insuman Basal)

At bedtime 10 PM During the night until
(multiple inj. treatment) breakfast

2 dose treatment:
Morning Lunch and afternoon

Afternoon Evening and night

Long-acting: 
(Lantus, Ultratard, Humulin Zn)

At dinner/tea-time During the night and 
the morning thereafter

Morning Afternoon, evening and
part of the night

Extra doses when using 
2 dose treatment

When you are using a 2 dose treatment, this table
can be used for extra doses of rapid-acting insulin
(NovoRapid, Humalog) that can be given any time
up to 10 or 11 PM depending on age.729

Blood glucose

Age,
years

mmol/l 
mg/dl

15-17 
270-305

17-20 
305-360

> 20 
>360

0-6
7-11

12-15
16+

0.5-1U
1-2U
2-3U
3-4U

1-2U
2-3U
3-4U
4-6U

2-3U
3-5U
4-8U

6-12U
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mmol/l (270-360 mg/dl), it may be a good idea
to wait a while after taking the insulin to let the
glucose level begin to decrease before eating.
The carbohydrate content can be decreased by
eating less pasta, potato, rice or bread. 

Reduction in food should be used very cau-
tiously with growing children. Children them-
selves should be involved in discussions and any
decisions about this. They should also be
offered increased amounts of food later in the
day to compensate. In general, witholding food
in an effort to control blood glucose, should be
discouraged.274 But it can be a practical solution
on occasions when a child whose blood glucose
is high, does not feel hungry.

Temporary changes of the premeal insulin dose, 
e.g. during illness

1-2 U implies changing the short or rapid-acting dose by
1 unit for a child (premeal dose of < 10 U) and 2 units
for a teenager or adult (premeal dose of > 10 U). The
table is modified from reference 368). 

Blood test 
before meal

 Measure / Change in dose 

< 3.5-4 
mmol/l
< 60-70 
mg/dl

1) Take 10 g of glucose (3 dextrose tab-
lets) or 1 glass of sweet juice (see 
table on page 61).

2) Wait 10-15 minutes before eating any-
thing else to allow glucose to pass into 
the bloodstream.

3) Take the insulin just before eating 
(after, with rapid-acting).

4) You may need to decrease your dose 
by 1-2 units.

4-8 mmol/l
70-145 mg/dl

Take your ordinary dose.

8-11 mmol/l
145-200
mg/dl

1) Increase the dose by 1-2 U or drink 
water with the meal.*

2) Take the insulin at least 30 min. before 
you eat (just before with rapid-acting).

11-14 
mmol/l
200-250
mg/dl

1) Increase the dose by 2-3 U or drink 
water with the meal.*

2) Take the insulin 45 min. before you 
eat. (10 min. before with rapid-acting)

14-20 
mmol/l
250-360 
mg/dl

1) Increase the dose by 2-4 U and drink 
water with the meal.*

2) Take the insulin 60 min. before you eat 
(20 min. before with rapid-acting), or 
wait until the blood glucose level 
returns to normal before you eat.

> 20 mmol/l 1) Increase the dose by 0.1 U/kg (0.5 U/
10 lb) body weight. 

2) Same as 14-20 mmol/l.

Consider for 
a moment...

Why the blood glucose might be high? 
Missed insulin dose? Other illness or 
fever? Have you eaten more than usual?

Ketones? Contact your diabetes staff, clinic/ward 
or A&E department if you vomit or feel 
generally unwell.

* if you normally drink something containing carbohy-
drates with the meal.

What if your blood glucose level wasn’t 
what you expected it to be?

Had you eaten the usual amount of food?

Was the timing between your meal and the
injection correct?

Had you been more active physically than
usual? Taken more exercise?

Were you feeling ill, with a cold or fever?

Could you have had hypoglycaemia with
rebound phenomenon?

Was your injection technique different from
usual? Did you change the injection site for
your premeal injection (e.g. from abdomen to
thigh)?

Did you inject into muscle rather than fat?

Did you inject into a fatty lump (lipohypertro-
phy)?

The variability in effect of injected insulin
doses is huge, even when 2 identical doses
are given under the same conditions. This
variation lies outside the “human factor” and
may explain much of the frustration of trying
to find correct doses.
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Adjusting food intake can be a useful tempo-
rary measure but it should always prompt you
to think about why your blood glucose was so
high. Had you been eating too much just
before, or was your last insulin dose too small?
The feeling of fullness can be the same if the
amount of non carbohydrate food is increased
although the decreased amount of carbohydrate
contributes to a lower glucose level after the
meal.274

The stomach empties more slowly when the
blood glucose level is high.686 This makes it
much more likely that food will still remain in
your stomach from the previous meal if you
have a high blood glucose level. Food will then
continue to empty into the intestine (where glu-
cose can be absorbed into the blood) even
though you have not necessarily eaten recently. 

Fluids are emptied from the stomach more
quickly than solid food.770 Drink early in the
course of the meal if your blood glucose is low.
If it is high, it is better to wait until the end of
the meal before drinking as your stomach will
be more slow to empty. See also “Emptying the
stomach” on page 203.

You may feel hungry even if your blood glucose
level is high. This is due to a lack of glucose

inside the cells which signals hunger. If you eat
as usual (without taking extra insulin) despite a
high blood glucose level, your blood glucose
will remain high. If this continues for some time
it will result in increased insulin resistance, e.g.
a given insulin dose will be less effective than
usual (see page 195).

Feeling ill, especially with fever, is likely to
depress your appetite. In spite of this, the blood
glucose level will often be high, due to an
increased need for insulin during illness. You
should then increase the insulin doses and try to
eat the usual amount of carbohydrate. If your
appetite is poor, it is important to drink plenty
and eat food with a high carbohydrate content,
e.g. bread, potatoes, rice, pasta, or cereal. This
will give the insulin “something to work with”
(see page 258 for further advice on insulin treat-
ment when ill).

Physical exercise or relaxation?
If you will be exercising within a few hours of a
meal, you may need to eat a little extra or
decrease your short or rapid-acting premeal
dose by 1-2 units (see also the chapter on physi-
cal exercise, page 242). If you will be resting
more than usual, you may need to increase the
dose by 1-2 units. 

What to do if your blood glucose level 
is high 

Your blood glucose is high but you are 
feeling perfectly well

A temporary high blood glucose level from time
to time is impossible to avoid in everyday life. A
person with diabetes, whether child or adult,
will not necessarily feel at all unwell when this
happens, nor will it affect long-term diabetes
control. A temporarily very high blood glucose
level (>25-30 mmol/l, 450-550 mg/dl) can often
be caused by not drinking enough. If the person

By how much at a time should the dose be 
changed?

If you need to change the short or rapid-acting
insulin dose, for instance when you are running a
temperature, while you are exercising, or when
you are eating more or less food than usual, we
recommend the following changes to start out
with:

If your usual Change the 
insulin dose is dose by

1 - 3 units ½ unit

4 - 9 units 1 unit

> 10 units 2 units
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is able to pass plenty of urine, the blood glucose
level can go down to approximately 20 mmol/l
(360 mg/dl) without extra insulin.511 If you find
your blood glucose reading is very high when
you are feeling fine, therefore, it may be a good
idea to drink plenty of extra water or sugar-free
drinks. You should also check your blood and
urine for ketones (see below).

Don’t take extra insulin immediately if the
ketones are negative — this could cause you to
become hypoglycaemic after a while. A tempo-
rary high glucose will usually come down with-
out extra measures. Wait until the next meal
and then increase your insulin dose by 1-2 units
if the blood glucose level still is high. An alter-
native is to have a little less to eat or to skip
your snack.

Your blood glucose is high before a meal

Increase your premeal short or rapid-acting
dose by 1-2 units if you are eating a standard
meal. Instead of increasing the insulin dose you
can decrease the carbohydrate content of the
meal if you are using multiple injection therapy
(see page 131). You are usually not as hungry
when the blood glucose level is high (see “Hun-
gry or full?” on page 215). Drink water instead
of milk or juice with your meal. If your blood
glucose is high (> 12-15 mmol/l, 215-270 mg/
dl) at snack-time, you will probably not need
the snack at all.

Your blood glucose is high at bedtime

There is always a risk of night time hypoglycae-
mia when you take additional short-acting insu-
lin before going to bed. If you need to give
yourself extra insulin in this situation, it is bet-
ter to give rapid-acting insulin (NovoRapid or
Humalog), as the effect of this will usually dis-
appear before the bedtime insulin has begun to
act. If your blood glucose level is high (more
than about 12 mmol/l, 215 mg/dl) you can
increase the dose of bedtime insulin by 1-2 units
(see the algorithm on page 131 if you are using

a 2 dose therapy). Check your blood glucose at
2-3 AM if you have taken extra insulin at bed-
time or changed the dose.

You are feeling unwell

If you are feeling very hungry, feeling sick or
vomiting you should check for ketones in your
blood or urine. The presence of ketones is a
sign of insulin deficiency! (See page 99.) 

If your blood glucose is high, and especially if
ketones are present, give yourself an extra dose
of insulin, preferably rapid-acting, (0.1 U/kg,
0.5 U/10 lb) to lower your blood glucose and
block the production of ketones in the liver (see
page 36). Extra insulin should not be adminis-
tered more often than every second (rapid-act-
ing) or third (short-acting) hour in case the
insulin effects accumulate and cause hypogly-
caemia. If you have access to rapid-acting insu-
lin (NovoRapid or Humalog) this is the best
type to use in this situation. Its quick effect
means there is less risk of the doses overlapping.
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Ordinary short-
acting insulin

Rapid-acting insulin is preferable when the blood glucose 
level is high. You can give an extra dose at snack-time 
without risking dose overlapping and hypoglycaemia, 
since much of the effect is gone after 2-3 hours. Com-
pare the insulin effect at noon (arrow A) with the right 
chart illustrating ordinary short-acting insulin (arrow B). 
When taking an extra dose of Humalog before going to 
bed, the effect of this dose will have waned before the 
effect of the bedtime dose starts.

)

Rapid-acting insulin 
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If you are caring for a child with diabetes, and
he or she is hungry, some chewing gum may be
a good idea as it will give them something to
hold in their mouth until the insulin begins to
work. Also, encourage the child to drink some
water or low sugar squash, as high blood glu-
cose causes people to pass a lot of urine. 

Your blood glucose level is high at the same 
time of the day, several days in a row 
Take a blood test 1½-2 hours after the meal sev-
eral days in a row, first ensuring that on each
day the meal has a similar carbohydrate con-
tent: 

If it is > 10 mmol/l (180 mg/dl),
increase your usual dose by 1-2 units. 

Change the present premeal dose of short or
rapid-acting insulin. However, it is important
that you wait a couple of days between each

dose increase otherwise it will be difficult to see
which change led to what.

Permanent changes of 
insulin dose
Check your blood glucose before and 1½-2
hours after meals and during the night. (See the
key fact box on page 90). Aim for blood glu-
cose values not below 4.0 mmol/l (70 mg/dl)
and not above 10 mmol/l (180 mg/dl) when
adjusting insulin doses. See key fact box for rec-
ommended levels before and after meals. If
there are difficulties in finding a pattern in regu-
lar blood glucose monitoring, a continuous glu-
cose measurement will give much more
information (CGMS, see page 97).

Basic rules

You cannot adjust insulin doses while you
are hypoglycaemic. A high blood glucose
level could be the result of a rebound phe-
nomenon following a hypoglycaemic epi-
sode. Begin by decreasing the doses to
avoid hypoglycaemia before attempting
long-term adjustments.

Symptoms of hypoglycaemia should
appear at a normal level, i.e. at 3.5-4.0
mmol/l (65-70 mg/dl). If they first appear
when your blood glucose has fallen below
3.5 mmol/l (65 mg/dl), you should take

High blood glucose and ketones

If your blood glucose level repeatedly tests high
(15-20 mmol/l, 270-360 mg/dl) and particularly if
you have ketones in your blood or urine (as a sign
of insulin deficiency), you need extra insulin.

Give 0.1 units/kg (0.5 units/10 lb) of short-
acting insulin or preferably rapid-acting insu-
lin (NovoRapid or Humalog). See algorithm on
page 131 if you are using a 2 dose treatment.

Test your blood glucose level again after 2-3
hours.

Give another 0.1 units/kg (0.5 units/10 lb) if 
your blood glucose level has not gone down.

Do not give short-acting insulin more often than
every second hour, or you will risk dose overlap
resulting in hypoglycaemia after a couple of hours. 

Contact your diabetes team, GP or the hospital if
you vomit or are in the least unsure about what you
should do. This is equally, if not more, important if
you are looking after a child with diabetes.

Important

Never decrease the amount of food to regulate
your blood glucose level if you are ill. Drink sugar
containing drinks if your appetite is poor!

Don’t adjust insulin doses in relation to food
quantities “by eye” when you are ill. See the
chapter on illness, page 258.
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great care to avoid all low blood glucose
levels for the next 1-2 weeks. This will help
improve the situation. If you have
hypoglycaemic symptoms at levels above
4.0-4.5 mmol/l (70-80 mg/dl), you should
resist the temptation to eat until the blood
glucose has fallen to 3.5-4.0 mmol/l (65-70
mg/dl). After a couple of days, the symp-
toms will appear at a lower blood glucose
level (see pages 43 and 58).

Be sure that you eat meals with your usual 
carbohydrate content when you are adjust-
ing insulin doses. The total carbohydrate 
content of meals and snacks is more impor-
tant for the premeal insulin dosage than the 
type or source.274

Don’t change more than one dose at a time. 
It is otherwise easy to end up in a vicious 
cycle where you don’t know what has 
caused what. 

Don’t make large changes in your doses all
at once. Change doses of less than 3 U by
½ U at a time, 3-10 U by 1 unit, and those
more than 10 U by 2 units at a time.

Wait a couple of days between insulin
changes so that you can see clearly what
the outcome is. There is always a depot of
insulin in your body and it will take a cou-
ple of days before this has reached equilib-
rium (see “Depot effect” on page 79).
Intermediate-acting insulin (Insulatard,
Humulin I, Insuman Basal) should not be
changed more often than every 2 or 3 days.
When using long-acting insulin (Lantus,
Ultratard, Humulin Zn) you should not
change the dose more often than 2 (or 3)
times per week. 

Review blood glucose readings and insulin
doses once a day when you have time to sit
down and plan preliminary doses for the
following day in your logbook. If you do
this, you will be much less likely to make
rash decisions.

Be careful about extra insulin on days
when you are making adjustments to the
longer acting insulins. You will otherwise
distort all the information you have built
up relating to the usual doses. If you feel
that you need to give yourself extra insulin
(if you are ill, for example) it is better to
stop your blood glucose monitoring for the
24 hour profile. Start over again after a
couple of days or a week when you are
back to normal doses again.

For the same reason, you should not eat
anything extra if you measure a low blood
glucose level, between 3.5 and 4.5 mmol/l
(65-80 mg/dl), but feel well when doing a
24 hour chart. This applies also to the 2-3
AM blood glucose test (but be sure to
check again after ½-1 hour). You want to
know the blood glucose values during a
night with normal sleep, not when you
have been eating. As you have no symp-
toms you would have slept on without eat-
ing if you had not been taking the test.

What is the best blood glucose
level to have?

Ideally, your blood glucose readings during the day
should be between 4.0 and 10.0 mmol/l (70-180
mg/dl).32,151 If you have problems with hypoglycae-
mic unawareness you should be careful to avoid
all readings below 3.5-4.0 mmol/l (65-70 mg/dl,
see page 48).

Blood glucose Before meal 2 h. after meal

Ideal 4-6 mmol/l
70-110 mg/dl

5-8 mmol/l
90-140 mg/dl

Acceptable 5-7 mmol/l
90-130 mg/dl

8-10 mmol/l
145-180 mg/dl

Hypoglycaemic
unawareness

5-9 mmol/l
90-160 mg/dl

8-11 mmol/l
145-200mg/dl
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If you don’t understand why your blood
glucose reading turned out the way it did,
try keeping to the same doses for another
day or two. You will often see the pattern
better then.

Keeping good records
Register all blood glucose readings in your log-
book, otherwise you can never make an ade-
quate judgement. If you have difficulties
remembering to write them down, an electronic
logbook can be a good alternative. Many blood
glucose meters have memories and can be con-
nected to a computer to be read. In an Ameri-
can study, patients who recorded their blood
glucose readings in a logbook had lower HbA1c
values (7.1% compared to 7.9%) than those
who did not record their tests.85 

What is the best order for changing 
the doses?
(multiple injection treatment)

Lower the doses to avoid hypoglycaemia.
Then concentrate on one dose at a time for
a couple of days.

Start by adjusting the dose for the evening
snack if you are on multiple injections.

Adjust the bedtime insulin dose (dinner/tea 
dose if on 2 dose therapy) to obtain good 
overnight and pre-breakfast blood glucose 
levels.

Adjust the breakfast insulin dose.

Adjust the doses for lunch and dinner/tea
(if on multiple injections).

Low blood glucose levels

If you have a hypoglycaemic reaction without
an apparent reason (such as exercise or too little

food) you should decrease the “responsible”
insulin dose the following day (see table on
page 61).

Insulin for evening snack
When using multiple injections, premeal insulin
is usually given with the last meal eaten in the
evening. Aim to start the night with an appro-
priate blood glucose level by monitoring it
shortly before the evening snack and adjusting
food and the dose of rapid or short-acting insu-
lin thereafter. This system works especially well
for younger children and for those going to bed
fairly early, as long as they do not have too
much physical exercise after eating. 

Two units of rapid or short-acting insulin per
open sandwich is usually an appropriate dose if
you have a glass of milk along with the sand-

Blood glucose before 
evening snack

When taking the short or rapid-acting dose before
the evening snack when using multiple injections,
you should aim to have a blood glucose level of
around 8-10 mmol/l (145-180 mg/dl) at bedtime.

Test before 
evening snack

Measure

< 5 mmol/l
< 90 mg/dl

Decrease the dose by
1-2 units.

>10-12 mmol/l
> 180-215 mg/dl

Increase the dose by 1-2 units
or eat less for your evening
snack.

>18-20 mmol/l
> 325-360 mg/dl

Give 1-2 units extra and eat
less for your evening snack.
You can also try taking your
regular dose if you eat a very
small meal (or skip the meal
completely) but then you must
check your blood glucose level
again before going to bed.
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wiches for the evening snack. For more exact
carbohydrate counting, see page 216.

When using a 2 dose treatment, no insulin is
given at bedtime. A bedtime snack is essential to
avoid night time hypoglycaemia.

Bedtime insulin
During the day, it is fairly easy to observe reac-
tions and watch for signs of hypoglycaemia. At
night however, when everyone is asleep, it is
much more difficult. Besides, the night is long

and high blood glucose levels during the night
can have a substantial effect on the HbA1c. It is
often difficult to ensure that bedtime insulin of
intermediate NPH type will last till morning. A
smaller dose is not only less effective, it also
lasts for a shorter period of time.

Many different factors contribute to a high
blood glucose level in the morning. The most
widely used bedtime insulins (Insulatard,
Humulin I, Insuman Basal) have their greatest
effect early in the night. At the same time, the
body’s insulin sensitivity is increased between
12 PM and 2 AM compared to 6-8 AM,103 (due
to the night time secretion of growth hormone).
When combined, these factors result in an

Tests to take when adjusting 
the bedtime dose

The tests will be more representative if your day
has been routine, without heavy physical exercise
or hypoglycaemia. The blood glucose level should
be about 8-10 mmol/l (145-180 mg/dl) when you
take the bedtime dose to ensure a “normal” night.
We advise our patients to take a test in the middle
of the night every 1-2 weeks to make sure that
they are not at risk of night time hypoglycaemia.

Blood tests: Before evening snack
Evening at 10 PM
Night at 2-3 AM
Morning

Urine tests: Morning (ketones?)

Getting up in the middle of the night to take a test is 
not much fun. Try to take tests during “normal” nights 
when you will obtain most information. 

Blood glucose monitoring 
before bedtime insulin

Younger children will usually allow blood tests and
injection of bedtime insulin to be done while they are
asleep. On the other hand, giving food to a newly
awakened child can be very tricky, especially when
the blood glucose level is low. It is often more practi-
cal to test before eating the evening snack. You can
then adjust the amount of food and insulin dose, in
order to start the night with the best possible blood
glucose level.

Giving an extra dose of insulin along with the bed-
time insulin may increase the risk of a hypoglycae-
mia early in the night. It is best to use rapid-acting
insulin (NovoRapid or Humalog) as the peak effect of
this insulin will decline before the bedtime insulin of
NPH type begins to act. With Lantus there will be
less risk of night time hypoglycaemia in this situa-
tion.

Test before
bedtime insulin

Measure

< 6 mmol/l
< 110 mg/dl

Give a sandwich and milk

6-12 mmol/l
110-215 mg/dl

Give the ordinary dose

> 12 mmol/l
> 215 mg/dl

Increase the bedtime dose
by 1-2 U or give a small dose
of NovoRapidor Humalog
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increased risk of hypoglycaemia early in the
night. See page 156 if you are using Lantus as
your long-acting insulin. 

It is difficult to state the best blood glucose to
go to bed on. Studies have shown that blood
glucose levels of more than approximately 7
mmol/l (120-130 mg/dl) when going to bed,63,676

or at midnight,526 decrease the risk for night
time hypoglycaemia. It is a good idea, therefore,
to start the night with a slightly higher blood
glucose level, preferably 8-10 mmol/l (145-180
mg/dl) if you use intermediate-acting insulin
(Insulatard, Humulin I, Insuman Basal) at bed-
time. You will then have “more glucose to draw
from” and you can give a higher dose of bed-
time insulin without risk. A higher dose will last

longer, and thus have a better effect on the
morning blood glucose level (see page 72).

Later in the night, the effect of the bedtime insu-
lin decreases at the same time that the insulin
sensitivity also decreases due to the dawn phe-
nomenon (see page 54). This causes a morning
rise in the blood glucose level. Night time
hypoglycaemia followed by rebound phenome-
non (so called Somogyi phenomenon) can occur
if the insulin levels are low during the later part
of the night and can further contribute to a high
morning glucose (see charts on page 54 and
140).

In adults on multiple injection treatment, the
risk of night time hypoglycaemia seems to fol-
low a different pattern, probably due to a lower
degree of hormonal activity. In one study,61 only
30% of the night time hypoglycaemia would

The blood glucose level during the night usually assumes 
a “hammock-like” curve when you use insulin of NPH 
type for bedtime injections (Insulatard, Humulin I, 
Insuman Basal) in a multiple injection therapy. This insu-
lin will have its greatest effect 3-4 hours after the injec-
tion.657 If you increase the dose, the morning blood 
glucose will be lower (dashed line) but the risk of night 
time hypoglycaemia will increase. The blood glucose 
level at 2 AM (approximately four hours after injection) 
should therefore be used as an indicator when adjusting 
the bedtime insulin dose.103 Ideally, you should aim for a 
blood glucose of about 10 mmol/l (180 mg/dl) when you 
take the bedtime insulin and then let it fall about 4 
mmol/l (70 mg/dl) to reach 6 mmol/l (110 mg/dl) at 2 
AM (which usually is the lowest point during the night). 

If your blood glucose level is below 7-8 mmol/l (125-145 
mg/dl) at the time of taking the bedtime insulin, you will 
need a bedtime snack to prevent night time hypoglycae-
mia. 
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Night time glucose monitoring 

Test your blood glucose levels at the time when
you expect them to be at their lowest. This may
differ from person to person. See page 90 for sug-
gestions on times for monitoring. 

Monitoring for a 24 hour chart
If you have something to eat, the entire
night’s blood glucose values will be affected
and the chart will be difficult to interpret. Eat
only if the blood glucose level is less than
about 3.5-4 mmol/l (65-70 mg/dl) or you are
feeling unwell. The same applies if you are
caring for a child. If the level is above 3.5
mmol/l (65 mg/dl) it is better to take another
test ½-1 hour later to see in which direction
the level is heading.

Monitoring because of actual risk of night
time hypoglycaemia
If you (or your child) have not eaten well or
have exercised more than usual during the
afternoon/evening, you should take precau-
tions to avoid hypoglycaemia during the
night. Eat something if your blood glucose
level is < 5-6 mmol/l (90-110 mg/dl), and
you will be able to sleep on safely.
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have been detected by a 3 AM blood glucose
test. In another study,775 29% of the patients
had night time hypoglycaemia (< 3.0 mmol/l,
54 mg/dl) but none of these occurred between
1.30 and 3.30 AM. This suggests a longer time
to peak action of the bedtime insulin (of NPH
type) which was taken at 11 PM. The conclu-
sion from this study was that after midnight
(e.g. 1-2 AM) hypoglycaemia always is pre-
ceded by a bedtime glucose reading of < 7.5
mmol/l (135 mg/dl) and that early morning
hypoglycaemia does not occur if the blood glu-
cose level on waking is > 5.5 mmol/l (100 mg/
dl). 

If the blood glucose level early in the night is
higher than it would be in a person without dia-
betes (about 7 mmol/l, 125 mg/dl) the blood
glucose level as such will cause insulin sensitiv-
ity to decrease (increased insulin resistance).
The result will be that increased insulin sensitiv-
ity, present at a normal blood glucose level, will
not occur.103 This is an important part of the
explanation why it is so difficult to adjust the
bedtime insulin dose. You will have a sort of
either/or situation when it will be practically
impossible to find “the correct” insulin dose.

Either:

If the insulin dose is high enough to bring the
blood glucose down to about 7 mmol/l (125
mg/dl) or less early in the night, the insulin sen-
sitivity increases and there will be a risk of night
time hypoglycaemia.

Or:

If the insulin dose is too small causing the blood
glucose to increase above 7 mmol/l (125 mg/dl),
the insulin sensitivity will decrease. This will
result in even higher blood glucose later in the
night and in the morning.
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A small difference in insulin dose can cause a large dif-
ference in the blood glucose level due to an either/or 
effect. The insulin sensitivity increases (decreased insu-
lin resistance) early in the night, causing the blood glu-
cose to fall, but only if the blood glucose is within normal 
levels for people without diabetes, below about 7 mmol/l 
(125 mg/dl, dashed line). If the blood glucose increases 
after midnight, the insulin resistance will increase as well 
and the bedtime insulin dose will not be able to lower the 
blood glucose level sufficiently (solid line).
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The blood glucose level rises early in the night and is still 
high in the morning after a night with high values. With a 
large insulin dose for breakfast, the blood glucose level 
will fall before lunch, but you will risk hypoglycaemia in 
the afternoon.

Start by decreasing the lunchtime dose to avoid the 
afternoon hypoglycaemia. Then increase the pre-evening 
snack insulin dose, (or perhaps eat slightly less), and 
increase the bedtime insulin (remember to check the 
blood glucose at 2-3 AM!). Then you can adjust the dose 
before breakfast when you have obtained a better blood 
glucose level during the night.

9 U 6 U 4 U 6 U 9 U 34 U/24 h.
Reg. Reg. Reg. Reg. NPH

Ketones!
B-glucose

U-glucosemmol/l
B-glucose

mg/dl

TimeAMAM PM
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In practice, the blood glucose level will vary a
great deal from morning to morning due to this
either/or effect. The dawn phenomenon on the
other hand is mostly constant from night to
night. The large and often frustrating variability
in morning blood glucose, despite the same
insulin dose, is caused by variations in the speed
of absorption of the injected dose of bedtime
insulin, in combination with a waning insulin
effect early in the morning.103

The new long-acting insulin Lantus (glargine)
gives a more even insulin level during the night,
resulting in both a decreased risk of night time
hypoglycaemia and less rise in the early morn-
ing blood glucose level.626 See page 156.

What should you do next?
Increase the bedtime dose by 1-2 units at a time
until the blood glucose level at 2-3 AM
approaches 6-8 mmol/l (110-145 mg/dl). The
blood glucose level should be at least 5-6 mmol/
l (110 mg/dl) when you take the 2-3 AM test to
avoid night time hypoglycaemia. A level of 6
mmol/l as such is not disturbingly low but you
should have some leeway as the blood glucose
level another night might very well be 1-2
mmol/l (20-40 mg/dl) lower, even if you take
the same insulin doses.

Try giving the bedtime insulin of NPH type
(Insulatard, Humulin I, Insuman Basal) as late
as possible to ensure that it lasts until morning.
Giving it at 10 PM usually works well for most
people. You must of course consider your fam-
ily routines, particularly if the family member
with diabetes is a young child. It is not a good
idea to sit up late in order to give the bedtime
dose. For many children, it may be possible to
administer a late (11 PM) bedtime insulin dose
without them waking, or even stirring. If the
child has an indwelling catheter (Insuflon, see
page 122), it will be easy to give the late night
dose while he or she is sleeping.
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This person used NPH insulin as bedtime insulin. The 
dawn phenomenon (see page 54) contributes to a rising 
blood glucose level during the later part of the night. If 
you increase the insulin dose for bedtime you will have a 
lower morning blood glucose level (dashed line) but you 
will also increase the risk of night time hypoglycaemia. 
You must therefore check the blood glucose at 2-3 AM 
when adjusting your bedtime insulin dose. Compare with 
the graphs on the top of page 139.

5 U 4 U 4 U 3 U 5 U 21 U/24 h.
Reg. Reg. Reg. Reg. NPH

B-glucose
U-glucosemmol/l

B-glucose
mg/dl

TimeAMAM PM

The only way to know for sure what your blood glucose 
level is in the middle of the night is to take a test. Take it 
at 2-3 AM if you use NPH insulin (Insulatard, Humulin I, 
Insuman Basal), at 3-4 AM when using intermediate-act-
ing Lente insulin like Monotard or Humutard and at 4-6 
AM when using long-acting insulin (Lantus, Ultratard, 
Humulin Zn).
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High blood glucose levels in the morning: 
what can you do?

If the bedtime injection uses NPH type insulin
(Insulatard, Humulin I, Insuman Basal) it may
cause problems because its effectiveness can
cease before the morning. In order to make it last
longer, you will need to increase the dose (see
page 72). However, if you are to do this without
risking night time hypoglycaemia, you may need to
start the night with a slightly higher blood glucose
than usual, tentatively 10-12 mmol/l (180-215
mg/dl). Try following these steps:

Lower your evening premeal dose by 1-2
units at a time, until your blood glucose level
is 10-12 mmol/l (180-215 mg/dl) at the time
you take your bedtime insulin.

Increase your bedtime insulin dose slowly.
However, your blood glucose should always
be at least 5-6 mmol/l (110 mg/dl) at 2-3
AM. 

You might have to accept a rather high morn-
ing blood glucose level. This will be OK as 
long as you feel well and your HbA1c is 
acceptable.

You can also try using another insulin that is 
slightly longer lasting (Monotard, Humulin L). 
With these insulins the lowest blood glucose 
level will usually be slightly later, often 
around 3-4 AM. 

Long-acting insulins (Lantus, Ultratard, 
Humulin Zn) have a much longer duration. 
They can sometimes cause problems with 
hypoglycaemia the next morning, or even the 
following afternoon. So long-acting insulins 
often need to be injected much earlier, pref-
erably at the same time as the pre-dinner/tea 
dose (at 4-5 PM), if they are to have a good 
effect during the night. If the dose is large, it 
is best to split it into two: one dose before 
breakfast and one before dinner/tea. See 
page 156 for details on Lantus.

You must increase the bedtime insulin dose to lower 
the blood glucose level in the morning...

... but if you increase it too much, the insulin sensitiv-
ity early in the night will increase when the blood glu-
cose is lowered and you will be at risk of 
hypoglycaemia. This will happen not only if you 
increase the bedtime dose too much, but also if you 
forget to decrease the bedtime insulin when needed, 
e.g. after a game of football or when you have had 
less to eat for your evening snack than usual. See the 
text for a strategy to address this “either/or” 
dilemma. The very variable absorption of injected 
insulin further adds to the frustration of finding a cor-
rect bedtime dose. If you recognize these problems 
you may be better off trying Levemir, as its effect var-
ies less from night to night, or Lantus which has an 
effect that is longer and more even. 

The difficult, often impossible,
balance of bedtime insulin

Either...

Or...
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If you still have a high morning blood glucose
level (more than 10 mmol/l, 180 mg/dl), you
might need to try another bedtime insulin with
a slightly longer (Monotard, Humulin L) or
much longer duration (Lantus, Ultratard,
Humulin Zn). See key fact box on page 142.
Discuss this with your doctor or diabetes nurse.
We don’t recommend giving extra short-acting
insulin at bedtime to decrease a high blood glu-
cose level, not even if you inject it in the abdo-
men. The effect of such a dose will overlap with
the bedtime injection, putting you at risk of
hypoglycaemia around 2-3 AM. However, if
you are using rapid-acting insulin (NovoRapid
or Humalog) you can administer a small extra
dose along with the bedtime insulin if your
blood glucose level is high. This is because this
insulin will have ceased to be effective before
the intermediate-acting insulin kicks in. 

Blood glucose levels at night
If you are taking tests from a child for a 24
hour profile, you should not give anything to
eat if the blood glucose is low in the middle of
the night (4-5 mmol/l, 70-90 mg/dl) and the
child is not showing any symptoms of hypogly-
caemia. After all, the child would not have
woken up if you had not taken the test — and
what you are interested in is what happens dur-
ing an ordinary night. Instead of giving the
child food, check the blood glucose once again
after ½-1 hour and don’t forget to check the
morning blood glucose as well. This will be a
tiresome night but you will learn a lot about
how your child’s diabetes works. An adult with
diabetes may find it more difficult to reset the
clock and go back to sleep. It is therefore best to
eat something in this situation. Check the urine
for glucose and ketones in the morning so you
can compare them with the blood glucose levels
you have measured during the night. Don’t for-
get to record all test results in your logbook.

Possible causes for high blood glucose in 
the morning

Insufficient insulin effect late at night due
to the dawn phenomenon (see page 54) or
too low a dose of bedtime insulin?

Rebound phenomenon after night time
hypoglycaemia?

Not enough insulin to cover the evening 
snack or bedtime snack?

Too high a blood glucose level in the 
evening?

Forgot to mix the bedtime insulin 
thoroughly?

When should you take your 
pre-breakfast insulin?

It is especially important to take the insulin some
time before breakfast if you use regular short-act-
ing insulin. This may be difficult to accomplish as
part of a stressed morning routine and may be
easier if you are using NovoRapid or Humalog.
Measure your blood glucose as soon as you wake
up, then adjust the time of your breakfast accord-
ingly. Use this as a baseline for experimenting with
different times: 

Insulin at breakfast

Blood 
glucose level

Ordinary 
short-acting 

insulin

Rapid-
acting 
insulinmmol/l mg/dl

< 3
3-5

5-10
10-14

> 14

< 55
55-90

90-180
180-250

> 250

just before
15 min. before
30 min. before
45 min. before
60 min. before

after the meal
just before
just before

10 min. before
20 min. before
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Morning tests: Blood glucose 8 mmol/l (145 mg/dl)
Urine glucose 0.1% 
Ketones 0

When the blood glucose level rises above the renal 
threshold, glucose passes into the urine. Since the 
blood glucose level is not so high in the morning you 
know that it has been higher sometime earlier in the 
night. You will need to know what your renal threshold is 
if you are to interpret urine tests correctly (see page 92). 

Morning tests: Blood glucose 12 mmol/l (215 mg/dl)
Urine glucose 0.5% 
Ketones 0 (or +)

The blood glucose level has been adequate during most 
of the night since the urine glucose concentration is low. 
Only blood glucose monitoring during the night can 
determine how low the blood glucose level actually has 
been. What you do know from the urine test is that the 
blood glucose level only has been above the renal 
threshold for a short while, since the urine glucose con-
centration is low. If ketones are present when urine glu-
cose during the night is low, this indicates that the blood 
glucose has been low as well (“starvation ketones”, 
dashed line).
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Morning tests: Blood glucose 14 mmol/l (250 mg/dl)
Urine glucose 5% 
Ketones ++

The blood glucose level has been high during most of the 
night due to a lack of insulin. This has caused a large 
amount of glucose to pass into the urine. The ketones in 
the urine are caused by a lack of glucose inside the cells.
.

Morning tests: Blood glucose 14 mmol/l (250 mg/dl)
Urine glucose 5% 
Ketones ++

There has been a rebound phenomenon after hypogly-
caemia in the night. Ketones were passed into the urine 
during hypoglycaemia (starvation ketones) and glucose 
was passed into the urine when the blood glucose level 
was high. The morning tests are exactly the same as in 
the example above. If you misread this, believing that the 
blood glucose has been high all night, you may very well 
increase the insulin dose instead. The blood glucose 
level would then fall even lower the following night, giving 
an even more pronounced rebound phenomenon. This 
type of reaction is called the Somogyi phenomenon (see 
page 55). The only way to distinguish it from the pattern 
above is to check your blood glucose at 2-3 AM.
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Night time hypoglycaemia
The first thing to do is to decrease the bedtime
insulin dose or make sure that a reasonable bed-
time snack is eaten every night. See page 51 for
further instructions.

Insulin for breakfast
It is more difficult to obtain a good blood glu-
cose level during the night than during the day.
Ideally, you want to start the morning with a
normal blood glucose level. If you have prob-
lems with your blood glucose early in the morn-
ing, you may be better off with Lantus as your
basal insulin. The insulin dose for breakfast will
usually need to be slightly higher in relation to
the size of the helpings (see “Starting insulin
treatment” on page 127). This is because of two
things: most people need more insulin in the
morning than at other times of day, and break-
fast generally contains more carbohydrates than
other meals. So the breakfast injection is likely
to contain the largest premeal dose of the day. 

Insulin for lunch and dinner/tea
Measure your blood glucose level before and 2
hours after the meal. The same strategy applies
for lunch and dinner/tea doses as for breakfast.
If lunch at school is very early, the dose can be
divided into two, where one dose is taken with
the early lunch and one with a larger snack in
the afternoon.

Holiday or weekday?
Your physical activity level can vary a great deal
depending on whether you are at school, work-
ing or enjoying the weekend. It is normal, and
relaxing, to have a lie in at the weekend, and
the time-table for meals may be different. Fac-
tors such as these may make it appropriate to
have different insulin doses for weekdays and
weekends. Make notes in your logbook and try
to find a schedule that works well for you.

Exercising or relaxing?
If you practise competitive sports or do hard
physical training on regular days or evenings,
you will probably need less insulin before your
evening snack and at bedtime on these days (see
“Physical exercise” on page 242).

Just as all fingerprints are different 
all insulin doses are different and 
unfortunately they often seem to 
work differently every day. This is 
perfectly logical if you think about it 
— we are all very different as individ-
uals and insulin must be adjusted to 
fit the individual lifestyle.

If you are using regular short-acting insulin and your 
blood glucose readings look like the chart on the left, 
you can try increasing the breakfast dose by 1-2 units. If 
the blood glucose level decreases before lunch (as on 
the chart on the right) you will have problems with 
hypoglycaemia if you increase the pre-breakfast insulin 
dose of short-acting insulin. It is better to take it earlier, 
i.e. 45 minutes before breakfast, if you usually have a 30 
minute interval. However, if you use rapid-acting insulin 
(NovoRapid, Humalog) you can try increasing the break-
fast dose by 1-2 units in both cases.

B-glucose mmol/l

AMAM PM PM

mg/dl

Breakfast Breakfast
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Puberty
During the teen years and puberty, when the
body is developing quickly, the need for insulin
is increased and young people are likely to find
they must increase their doses considerably.
Girls grow fastest the year before their first
menstrual period, while boys have their growth
spurt later on in the teen years. During puberty
the levels of growth hormone (see page 38) in
the body increase, leading to a decreased sensi-
tivity for insulin (increased insulin resistance,
page 195).3 If too little insulin is given during
these “growth spurt” years, the young person’s
final height may be one or several centimetres
(½ - 1 inch) less than predicted.225 In earlier
years, it was common for children with diabetes
to be stunted in their growth, but today this is
very rare (see also page 192). 

If you are growing fast, you are likely to need to
increase your bedtime insulin considerably. For
example, teenagers often find they have to
increase their NPH insulin (Insulatard, Humu-
lin I, Insuman Basal) from 12 to 20 or 24 units
within a short period. Then, this may need to be
increased even further, up to 30 units, a couple

of months later. A teenage girl using multiple
injection treatment increased her bedtime dose
of NPH insulin from 6 to 20 units within a year.
A teenage boy increased his 24 hour dose from
1.2 units/kg to 1.7 units/kg (0.5 to 0.8 units/lb)
during his growth spurt. 

Large doses of growth hormone are secreted
into the bloodstream at night during puberty,
increasing the blood glucose level,225 and thus
requiring large doses of bedtime insulin. Indi-
viduals without diabetes have increased levels
of insulin in the blood to manage this.225 

Increase your bedtime insulin by 2 units at a
time until the blood glucose at 2-3 AM
approaches 5 or 6 mmol/l (110 mg/dl, see page
139). Wait a few days before increasing the dose
again to make certain that the effect is fully
established. If your blood glucose level is still
high in the morning, despite your 2-3 AM being
6 mmol/l, you may need to try another type of
insulin for bedtime injections. Long-acting type

Blood glucose before lunch

The pre-breakfast dose of regular short-acting
insulin can be adjusted by referring to the results
of tests taken before lunch. With rapid-acting
insulin you can use readings taken 1½~2 hours
after breakfast. See the chart on page 145. 

Blood glucose Measure

< 4 mmol/l 
< 70 mg/dl

Decrease the breakfast 
dose by 1-2 units.

> 8 mmol/l 
> 145 mg/dl

Increase the breakfast 
dose by 1-2 units.

> 12-20 mmol/l
> 220-360 mg/dl

Think! Is there any partic-
ular reason for your blood 
glucose level to be high 
just now? Did you miss 
your breakfast dose? Are 
you unwell?

Hypoglycaemia 
between break-
fast and lunch?

Decrease the breakfast 
dose by 1-2 units.
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insulins, such as Lantus (see page 156), may be
better alternatives. An insulin pump (see page
160) that will deliver sufficient amounts of
insulin during the later part of the night could
be even better.

No one can claim that remembering to take all
your insulin injections is easy. But missed doses
can contribute to a raised HbA1c, especially
during puberty. A Scottish study compared the
amount of insulin that young people (under the
age of 30) with diabetes collected from the
pharmacy, against the amount that was actually
prescribed for them by their doctor.550 As many
as 28% obtained less insulin than their pre-
scribed dose. On average, these individuals left

themselves short of insulin adding up to 115
days in the year. People obtaining less insulin
had higher HbA1c levels, and were more likely
to be admitted to hospital with ketoacidosis.

Try to find a way of reminding yourself to take
your insulin regularly without getting repetitive
or boring yourself. One pen injector (Innovo®)
has a memory so that you can see how long ago
you took the last injection, and how big it was.
If you are using an insulin pump, most pumps
have a memory that records the premeal doses,
along with the total amount of insulin given
over a 24 hour period. It may be a good idea for
parents and teenagers to read this memory
together every now and again.

Try to make diabetes part of your daily routine. For exam-
ple, you could test your blood glucose when you get up in 
the morning and then inject insulin before or after taking 
a shower, depending on your blood glucose level.

It can be tough if your parents 
seem to be nagging you about 
your diabetes during your teen 
years. But at the same time you 
need their support. Try to look 
upon them as “diabetes 
coaches” instead of “diabetes 
parents”. A successful team 
player always has a good coach 
in the background. Even David 
Beckham wouldn’t score so 
many goals without a good 
coach. 
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Using rapid-acting insulin
analogues

The new rapid-acting insulins NovoRapid and
Humalog have led to major improvements in
the treatment of diabetes. Another rapid-acting
insulin, Apidra, will be introduced shortly. The
effect of this type of insulin resembles the rapid
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have a level of basal insulin in
between meals. Previously, Ultra-
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only once daily, in the evening,
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using small doses you may need
to give it twice daily. Compare
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meal short-acting insulin with
rapid-acting insulin (NovoRapid
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ter effect with that meal. How-
ever, you are likely to be short of
insulin by the time of the next
meal as rapid-acting insulin will
not last for more than 3-4 hours
at the most. 
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You can take a dose of interme-
diate-acting NPH insulin (Insula-
tard, Humulin I, Insuman Basal)
for breakfast to attain a better
insulin effect before lunch and
dinner/tea. However, it is difficult
to get this dose to last until the
evening snack without risking
too strong an insulin effect at
lunchtime, especially in children
and adolescents. A third dose of
intermediate-acting insulin at
lunchtime may solve the prob-
lem.
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insulin action of a healthy pancreas during the
eating of a meal (see page 22). The rapid effect
is caused by the splitting of the insulin into
smaller parts directly after the injection, allow-
ing it to be absorbed into the bloodstream very
quickly (see page 70). The two rapid-acting in-
sulins NovoRapid (aspart) and Humalog
(lispro) have identical effects on blood glucose
control, whether they are given as injections 609

or via an insulin pump.92

At the present time, we in Sweden give all those
children and adolescents with newly diagnosed
diabetes an intensive insulin treatment with
multiple premeal doses. This regimen consists
of NovoRapid or Humalog before meals (3-4
doses) and basal insulin (intermediate or long-
acting) once or twice daily. 

NovoRapid 119 and Humalog 672 take effect so
quickly that even taking the injection after a
meal can produce a good insulin effect on the
carbohydrates in that meal. While this
approach is not really recommended as a rou-
tine for older children or adults, it can be a very
practical strategy for younger children if you
are not sure how much they are going to eat.

Rapid-acting insulin works well during the
remission phase (honeymoon phase, see page
193) for premeal doses as you are likely to be
producing enough of your own insulin to pro-
vide the basal requirement. A study of adults in
the remission phase found a fall in the numbers
of low blood glucose readings some hours after
the meal, when this type of insulin treatment
was being used.583

To avoid lack of insulin and rise in blood glu-
cose before the next meal, you will probably
need to take an injection of intermediate-acting
(Insulatard, Humulin I, Insuman Basal) or long-
acting insulin (Ultratard, Humulin Zn) also in
the morning. This should ensure that your need
for basal insulin between meals is met. Without
basal insulin, your blood glucose will begin to
rise 3-4 hours after an injection of rapid-acting
insulin.392,488 If you take basal insulin in the
morning, you will have more freedom to adjust

your mealtimes, even if your meals are irregular
with up to 6-7 hours between them. If you are
using Lantus, one dose per day may cover your
need for basal insulin. Younger children using
small doses often need to take Lantus twice
daily to be sure it is effective round the clock.

When can rapid-acting insulin be used for 
premeal injections?

Since the effect of rapid-acting insulin is too short
to cover the periods between meals, you will need
to take a basal insulin (i.e. another type of insulin
that covers the basal need of insulin between
meals) as well. You can try using rapid-acting insu-
lin (NovoRapid or Humalog) in the following situa-
tions:

If you take two injections of intermediate
(Insulatard, Humulin I, Insuman Basal) or one
to two of long-acting (Lantus, Ultratard,
Humulin Zn) insulin as basal insulin (see
page 148). 

If you eat frequent, regular meals (not more
than 3-4 hours apart) NovoRapid or Humalog
may be a good alternative even if you do not
take basal insulin in the morning. However,
you will need to be very strict with your meal
times.

If you are in the remission phase (honey-
moon phase), your pancreas may produce
enough insulin on its own to cover the basal
needs between meals.

NovoRapid and Humalog are very good alter-
natives if you use an insulin pump since the
pump will supply the basal insulin (see page
185). 

If you have insulin antibodies (see page 190)
you will produce your own long-acting insulin
by binding insulin to the antibodies. One sign
of having insulin antibodies is that you get
redness in the skin after injections. You can
try replacing your regular short-acting insulin
with rapid-acting insulin. The chemical struc-
ture of this insulin is slightly different and it
may give you fewer problems with antibodies
and redness after insulin injections.
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See page 156 for further advice on using Lan-
tus. 

Adults may try using only one dose of basal
insulin to start with. In a US, study only 20% of
the adults needed to be switched to twice daily
basal insulin.820 This study also found that
patients using Ultralente as twice daily basal
insulin had a slightly higher HbA1c than the
NPH group (8.2% vs. 7.7%). In an Australian
follow-up of 100 adults transferred to Huma-
log, 54% required an additional NPH dose in
the morning.147 

Adjusting the dose
Adjust the premeal doses for rapid-acting insu-
lin in the same way as for regular short-acting
insulin, depending on how much you are eating
and your actual blood glucose level. If you are
using NPH insulin (Insulatard, Humulin I,
Insuman Basal) for basal insulin, you should

adjust the bedtime dose as you did before.
Long-acting insulin (Ultratard, Humulin Zn)
takes effect so slowly that you should probably
take it around 5-7 PM to get the benefit during
the night. However, long-acting Lantus can be
given later in the evening. 

The morning dose of basal insulin should give a
low and even level of insulin between meals
during the day. Check the blood glucose before
meals and, if necessary, change the dose of basal
insulin (see the graph on page 154). It may be a
bit difficult to decide how to adjust the doses of
basal insulin. Ask your diabetes team for
advice, especially when you are new to using
rapid-acting insulin.

High blood glucose levels
NovoRapid and Humalog are well suited as
“emergency insulins” in a situation when you
need to lower a high blood glucose level fast
(e.g. if you have nausea and ketones). You
rarely need to take more than 0.1 unit/kg (0.5
unit/10 lb) body weight as an extra dose at one
time. Test your blood glucose level again after
two hours. Give another 0.1 units/kg (0.5 units/
10 lb) if the level has not gone down. Some peo-
ple need to take more than 0.1 unit/kg in this
situation. Increase the dose slightly if you need
to, as you work out what is appropriate for
you.

You can take an extra injection of rapid-acting
insulin at snack-time, and the effect of this
injection will be almost over by the time you are
ready for your next meal 2-3 hours later.378 If
you inject yourself with short-acting insulin at
regular 2 hour intervals, you run the risk of the
effects of these injections overlapping. This
would make you more likely to experience
hypoglycaemia later on (see figure on page
134). If your blood-glucose level is high at bed-
time, you can take a small dose of rapid-acting
insulin and have less risk of hypoglycaemia
later in the night compared to short-acting insu-
lin. 

Tests when changing type of insulin

When you change the type of insulin you take, you
will need to take more tests than usual. It is advis-
able to keep in touch with your diabetes nurse or
doctor every day by telephone, fax or e-mail for the
first few days or even a week.

Blood tests:

1) Before each meal
2) 1½-2 hour after each meal
3) One test during the night depending on which 

bedtime insulin you use:
2-3 AM - NPH insulin
(Insulatard, Humulin I, Insuman Basal)
3-4 AM - Lente insulin
(Monotard, Humulin L)
4-6 AM - Long-acting insulin
(Lantus, Ultratard, Humulin Zn) 

Urine tests: Morning urine (glucose and ketones). 
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Hypoglycaemia
If you are using rapid-acting insulin, your pre-
meal dose will be “responsible” for hypoglycae-
mia that occurs within 2-3 hours of the meal
(see key fact box on page 61). Due to the very
short time action of rapid-acting insulin, you
will need to rely more upon carbohydrates with
a high glucose content (dextrose, honey, sugar)
to treat hypoglycaemia. If hypoglycaemia
occurs later, the basal insulin usually contrib-

utes more. If you do not lower your premeal
doses when you start using Humalog, you will
increase the risk of hypoglycaemia within a few
hours of a meal, especially if it contains pasta
(giving a slow rise in blood glucose) or fewer
carbohydrates and more fat, e.g. meat with a
cream sauce.121 Due to the rapid decline of the
insulin effect after 2-3 hours, hypoglycaemia
caused by NovoRapid and Humalog will
resolve more quickly than those caused by regu-
lar short-acting insulin.

Examples of doses when switching to rapid-acting insulin with 2 types of basal insulin
Beware! These doses are only suggestions for your first doses when switching to rapid-acting insulin. In the
early days you must test your blood glucose before and after every meal as well as during the night.
You must not change insulin types on your own before discussing them with your doctor or diabetes nurse. See
action profile graphs on page 148:

Example 1: 8 year old weighing 32 kg (70 lb)

Example 2: teenager (50-60 kg, 110-130 lb) or young adult (70-80 kg, 150-190 lb)

Reg. = regular short-acting insulin, NPH = NPH insulin, NR = NovoRapid, HL = Humalog, LA = Lantus (with
smaller doses of Lantus, it is sometimes necessary to give it twice daily).

The difference in rapid-acting doses with Lantus or NPH as basal insulin is caused by different insulin profiles:
Breakfast  a higher level of basal insulin with Lantus  a slightly lower NovoRapid or Humalog dose
Lunch  ” ” NPH  ” ”
Dinner/tea and evening snack  ” Lantus  ” ”

Breakfast Lunch Dinner/tea Evening Bedtime U/24h.

Previ-
ous
dose

2 dose 
treatment

18 U Mix 30/70
(=5 Reg. + 13 NPH)

-- 14 U Mix 30/70
(=4 Reg. + 10 NPH)

-- 32

Multiple injec-
tions with Reg.

6 U Reg. 5 U 
Reg.

5 U Reg. 4 U Reg. 12 U 
NPH

32

New
dose

Rapid-acting
and NPH

6 U HL/NR
5 U NPH

4 U 
HL/NR

5 U HL/NR 4 U HL/NR --
8 U NPH

32
(40% basal)

Rapid-acting
and Lantus

6 U HL/NR
6 U LA

5 U 
HL/NR

4 U HL/NR 3 U HL/NR
8 U LA

-- 32
(42% basal)

Breakfast Lunch Dinner/tea Evening Bedtime U/24h.

Previ-
ous
dose

2 dose 
treatment

14 U Reg.
18 U NPH

-- 10 U Reg.
26 U NPH

-- 68

Multiple injec-
tions with Reg.

14 U Reg. 12 U 
Reg.

10 U Reg. 8 U Reg. 24U 
NPH

68

New
dose

Rapid-acting
and NPH

12 U HL/NR
10 U NPH

9 U 
HL/NR

8 U HL/NR 7 U HL/NR 22 U 
NPH

68
(47% basal)

Rapid-acting
and Lantus

12 U HL/NR 10 U 
HL/NR

7 U HL/NR 7 U HL/NR
32 U LA

-- 68
(47% basal)
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A meta-analysis (analysis of many studies) sug-
gests that people who use rapid-acting insulin
are at lower risk of hypoglycaemia than those
who use other insulins.118 In a study where the
participants were free to adjust their premeal
doses, the number of hypoglycaemic episodes
decreased by 11% among those people who
injected Humalog immediately before the meal
compared to those who took regular short-act-
ing insulin 30-45 minutes before.35 The risk of
hypoglycaemia has also been shown to decrease
among people using NovoRapid.382 In a clinical

follow-up of 100 adults switching to Humalog,
86% reduced their HbA1c and 57% reduced the
frequency of hypoglycaemia.147 47% managed
to reduce both HbA1c and the hypoglycaemia
frequency.

In several studies, the frequency of hypoglycae-
mia decreases even during the night when using
NovoRapid 383 or Humalog.35,118,354,605 This may
be because a dose of regular short-acting insulin
for the last meal of the day gives a long enough
effect to last into the night. 

Do you need regular short-acting insulin 
while using rapid acting insulin for meals?

Short-acting insulin (Actrapid, Humulin S,
Insuman Rapid) will give you a longer insulin
effect (around 4-5 hours compared with 2-3 hours
for Humalog, NovoRapid) and may be better in
certain situations (sometimes we call it the “party-
insulin”):

A meal with 2-3 courses that takes longer
than usual to eat.

A birthday party where food will be served
several times within a couple of hours.

A meal rich in fat (such as pizza) or protein
(such as a large steak).

Rapid-acting insulin can be mixed with short-act-
ing insulin to give a slightly prolonged insulin
effect for example:

To cover a mid-morning snack.

When the interval between meals is longer.

When eating a meal with high fat content.

If you have a pump you can use a prolonged bolus
dose to achieve a longer insulin effect for meals
like this. The only way to find out what works best
for you is to experiment while checking your blood
glucose.

Achieving a better HbA1c with rapid-
acting insulin

Rapid-acting insulins have a very quick but fairly
short span of action. This may result in a lack of
insulin in your body by the time of the next meal,
especially if your meals are widely spaced. Most
studies do not show any significant improvement
in HbA1c when switching to Humalog unless this
change is combined with other measures. Below
are some alternatives that have been tried with
good results:

Need of basal insulin between meals.
1) Intermediate-acting (NPH) or

long-acting insulin (Ultratard, Humulin Zn)
also in the morning.234,640

2) 10-40% intermediate-acting insulin
(NPH) mixed with the rapid-acting insulin
for all main meals.208,234

3) Use Lantus as a basal insulin.401

Adjust your diet to the action profile of the
rapid-acting insulin (smaller snacks 640 or no
snacks at all 455 and larger main meals).

Many teenagers appreciate the possibilities of
increased mealtime flexibility, which may be a rea-
son for the change to rapid-acting insulin.104 In a
US study, teenagers using Humalog found coping
with diabetes less difficult and reported less nega-
tive impact of diabetes on quality of life and fewer
worries about diabetes.316



Adjusting insulin doses 153

Can you eat the same things as 
before?

To avoid a lack of insulin between meals when
using premeal doses of regular short-acting
insulin, the gap between major meals preceded
with insulin injections should not be more than
five hours. If you are using rapid-acting insulin
you need not be so strict about timing if you
have a sufficient supply of basal insulin.

You may need to think again about the make-
up of some of your meals. Cereals with milk for
breakfast will now be fine, but food that is
absorbed slowly such as pasta or beans (with a
low glycaemic index, see page 209), which had
previously been covered well by regular short-
acting insulin, may give you problems now.
This also applies to meals rich in fat, since fat
causes the stomach to empty more slowly. With
rapid-acting insulin the result may be a lower-
ing of the blood glucose level within one hour
after the meal, before the glucose in the food
has been absorbed into the blood. If your blood
glucose is low (below 4 mmol/l, 80 mg/dl) at
mealtimes, it is a good idea to take your injec-
tion of rapid-acting insulin after the meal to
stop your blood glucose from dropping even
lower before the carbohydrates in the meal have
time to enter your bloodstream.396

If you start the meal by drinking something
containing glucose, such as a glass of milk or
juice, your blood glucose may be prevented
from falling. You could also take an injection of
regular short-acting insulin with this type of
meal while using rapid-acting insulin for the
other meals.

Many parents find it difficult to estimate how
much food their toddlers will eat at a meal. In
this situation it is an advantage to be able to
give the injection after the meal when they
know how much the child has actually eaten.
Rapid-acting insulin is effective early enough,
even if it is taken after the meal.119,650,672

Snacks become less necessary if you use rapid-
acting insulin. This is because the insulin effect
coincides better with the blood glucose raising
effect of a meal. As a result, insulin levels
between meals are lowered. So if you do have a
substantial snack between meals, you will prob-
ably need an extra dose of insulin to be sure you
avoid an increase in blood glucose.

Rapid-acting insulin has a quick effect that fits
well with sugary sweets. However, for treats
containing fat, such as ice cream and chocolate,
the effect may be too quick. A dose of regular
short-acting insulin may then be more appropri-
ate. The alternative is to inject NovoRapid or
Humalog after a treat of this type.

Rapid-acting insulin may be a good alternative
if you have irregular eating habits. Some people
find they can even manage to skip a meal (and
the dose of NovoRapid or Humalog) if they use
a basal insulin regimen such as Lantus, Ultra-
tard or twice daily NPH insulin (Insulatard,
Humulin I, Insuman Basal). Check your blood
glucose more frequently if you try this. How-
ever, if you eat very slowly, or eat many small
meals (rather than main meals) during the day,
regular short-acting insulin may be a better
alternative.95 If you are having a dinner with a
lot of courses, you can try to divide your meal
dose of rapid-acting insulin and take part of it
for the starter and part for the main course. An
alternative is to take regular short-acting insulin
for meals when you are sitting still for longer
than usual.

NovoRapid or Humalog may be good alterna-
tives if you work shifts (see page 86).

Exercise
As the effect of NovoRapid or Humalog is most
active within ½-1½ hours of the injection, you
should avoid strenuous exercise during this time
to prevent your blood glucose from falling too
quickly or decrease the dose accordingly. If you
take a dose of Humalog within 2-3 hours before
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exercising, you may often need to lower the
dose (see page 249).760 If you have exercised late
in the evening you may need to decrease your
breakfast dose of rapid-acting insulin. Remem-
ber to decrease your bedtime insulin by 2-4
units after strenuous exercise, such as running
or a football game.

Pre-mixed insulin
Pre-filled mixtures of rapid-acting and interme-
diate-acting insulin are available (NovoMix 30
Humalog Mix 25). If you have a long wait (4-5

hours or more) between lunch and dinner/tea,
you may have problems with rising blood glu-
cose before the next meal. This is caused by the
waning of the breakfast intermediate-acting
insulin. In such a situation, it may be a good
idea to take a premixed insulin (e.g. 50/50) at
lunchtime or add some NPH insulin in the
syringe. When you calculate the doses, try to
think in terms of half-quantity NovoRapid or
Humalog and half-quantity intermediate-acting
insulin (Humulin I, Insulatard). A mixture of
70% rapid-acting and 30% NPH insulin has
shown good results in adults, but is not yet
commercially available.752 In children, it is gen-
erally preferable to mix insulins in a syringe
rather than using premixed insulin (see page
72).

Switching to rapid-acting analogues
Some patients who are currently on a regimen
that is working well, may also volunteer to try
NovoRapid or Humalog. This would have the
advantage of enabling them to give themselves
their injections just before eating. For those
who are having problems with their present reg-
imen (for example a high HbA1c or repeated
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When adjusting your premeal doses of Rapid or Huma-
log, it is a good idea to check your blood glucose before 
and 1½-2 hours after the meal. If the blood glucose 
readings are like the graph on the left, you should try 
increasing your breakfast dose of rapid-acting insulin by 
1-2 units. The dose of basal insulin (intermediate or 
long-acting) or basal rate (if you are using an insulin 
pump) seems to be correct since the glucose level 
doesn’t change much more until lunchtime. On the right 
graph, the blood glucose doesn’t rise until two hours 
after breakfast. The breakfast dose is correct but the 
dose of basal insulin in the morning needs to be 
increased by a unit or two. 

Sometimes people can feel burdened by so many tests 
and changes in insulin doses. If this applies to you, take 
a break for a week or two, taking blood glucose tests 
only when necessary to avoid hypoglycaemia. Make sure 
that you concentrate instead on having as good a time 
as possible. (The same principle applies to parents mon-
itoring their children.) You can then come back to moni-
toring again afterwards with renewed commitment and 
enthusiasm.
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severe hypoglycaemia), we usually suggest they
try NovoRapid or Humalog as mealtime insulin
since this regimen has tended to give very good
results. 

If you are using rapid-acting insulin, you can
inject yourself immediately before your meal,
then you will not have to worry about the time
interval before eating. In practice, many indi-
viduals using short-acting insulin end up taking
their premeal doses shortly before eating (per-
haps feeling guilty about ignoring their diabetes
team’s advice to wait 20-30 minutes before eat-
ing). This sort of “bending the rules” can often
pass without problem, but on occasions, the
person can find their blood glucose level rising
sharply after the meal, only to be followed by a
low blood glucose some hours later when the
effectiveness of the short-acting insulin has
passed its peak.

When more than 2-3 hours have passed since
the last meal, the liver will supply glucose to
prevent the blood glucose level from falling too
low. A low basal level of insulin is necessary to
keep the blood glucose level stable. If there is no
insulin available at all, the counter-regulatory
hormones (adrenaline and glucagon, see page
33) will raise the blood glucose level by increas-
ing the output of glucose from the liver even
more. Regular short-acting insulin, when used
for premeal injections, covers both the carbohy-
drate contents of the meal and the need for
basal insulin until the next meal. 

The action of rapid-acting insulin will begin
much more quickly than regular short-acting
insulin when given as an abdominal injection,
almost as quickly as the insulin that is produced
in the beta cells of a healthy pancreas. This
means you can administer it just before meals
and still get a good insulin effect when your
blood glucose level starts rising. Because this
insulin better matches the blood glucose profile
after a meal, you will probably have to reduce
your premeal doses by about 10% when start-
ing with Humalog.583 Otherwise there will be a
risk of hypoglycaemia 2-3 hours after the
meal.455

Switching to rapid-acting insulin

Always talk to your diabetes team if you are interested in
changing types of insulin. A rule of thumb is that the total
number of units/day should be about the same with the
new type of insulin. However, when using Lantus you
may need a slight reduction. It is very important to take
frequent tests, especially when you are new to a certain
type of insulin. 

Premeal doses
A - You are on multiple injections:
Decrease the premeal doses by 1-2 units and add these
units as an extra injection of basal insulin for breakfast.
If you will be using NPH insulin (Insulatard, Humulin I, In-
suman Basal) you can continue taking the same number
of units of bedtime insulin as before. If you plan to use
long-acting basal insulin (Lantus, Ultratard, Humulin Zn)
you will probably need to decrease the premeal doses by
2-3 units.

B - You are on 2 doses/day:
You already take basal insulin twice daily as NPH or
Lente insulin (alone or in a mix). Begin by distributing 50-
60% of your total number of units/24 hours as Humalog
on the number of main meals you eat (usually 3-4 de-
pending if you eat an evening or bedtime snack). The
breakfast dose usually needs to be slightly larger than
the dose for other meals. 

Divide the remaining number of units/day as shown
below:

Distribution of basal insulin: 
Begin with approximately 40-50% of your daily dose as
basal insulin. You will probably end up with 40-60%, of-
ten slightly higher for adults than for children or teenag-
ers.

NPH:
Begin with approximately 40% of your daily dose as
basal insulin, one third in the morning and two thirds at
bedtime.

Lantus:
Begin with 50% of your daily dose as a single dose at
your evening snack or at bedtime. Young children may be
better off taking Lantus in the morning to avoid low glu-
cose levels in the night. When using small doses, it may
be better to split the dose into two and to take around
half the dose in the morning and half in the evening.

Ultralente (Ultratard, Humulin Zn):
Begin with approximately 50% of your daily dose as
basal insulin, slightly less than half in the morning (often
2-4 U more at dinner/tea time).
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In a Finnish study, patients were advised to
transfer at least half of their snack carbohy-
drates to the previous main meals, when start-
ing with Humalog.640 This resulted in a 0.25%
decrease of HbA1c (for those who followed the
dietary advice) and less hypoglycaemia, even
during the night.

With regular short-acting insulin, the dose for
the last meal of the day will also contribute to
the insulin levels during the early part of the
night. Adults who switched to Humalog found
that a 20% decrease of the evening snack dose
combined with a 25% increase in the bedtime
NPH dose resulted in a better glucose levels
after the meal and unchanged glucose levels
overnight.10 In our experience, younger children
using rapid-acting insulin often have their blood
glucose level rise shortly after falling asleep.
One way of compensating for this is to give
short-acting insulin (Actrapid, Humulin S,
Insuman Rapid) for the evening snack, and
increase the dose until the right balance is
achieved.

Using long-acting Lantus
When switching to the new long-acting insulin
analogue, Lantus, from intermediate-acting
NPH insulin (Insulatard, Humulin I, Insuman
Basal) you can begin with the same number of
units if you take NPH at bedtime only.626 If you
take NPH twice a day, it is advisable to decrease
the total NPH dose slightly (by around 20%)
and give it as one dose of Lantus.228 You can
give the Lantus dose at bedtime or at dinner/tea
depending on the individual effect of the insu-
lin.326 Use your morning blood glucose to adjust
the dose but make sure that you also check
some night time glucose levels (for example at
3-4 AM) especially when you just have started
with Lantus. Lower the dose if your morning
glucose level is low (< approximately 4 mmol/l,
75 mg/dl). Since the effect of Lantus lasts for up
to 24 hours 581 it is best not to change the dose
more often than 2 (or 3) times in any week.581

In clinical practice, the effect of Lantus in doses

given to adults decreases after around 20
hours.326 A smaller dose of Lantus will last for a
shorter time, meaning that some children will
need two injections every day.

If you find that you have a tendency towards
lower glucose levels before lunch than when
you wake, you could try taking Lantus earlier in
the evening (perhaps even at dinner/tea-time).
Aim for an ideal blood glucose of 4-6 on wak-
ing but 7-9 mmol/l (80-160 mg/dl) is also
acceptable.626,679 If you have problems with
night time hypoglycaemia, Lantus can be given
in a single dose in the morning.326 Several chil-
dren divide their Lantus dose, injecting between
half and one third in the morning. In such cases,
the basal insulin effect between meals has been
too low in the afternoon, but increasing the
evening dose has led to morning glucose levels
that are too low.

If you eat an afternoon snack after school you
often need a premeal injection when using a sin-
gle dose of Lantus as basal insulin. If the after-
noon snack is small, it may work without a
premeal dose if you split the Lantus dose and

Switching to Lantus

Example of doses:

Morning NPH Bedtime NPH Lantus

12 U 12 U
36 U 30 U

8 U 14 U 18 U
12 U 26 U 30 U

If you take Intermediate-acting NPH insulin once
daily, you can begin by taking the same number of
Lantus units in the evening. With twice daily NPH,
it is best to decrease the combined doses by
approximately 20% and give it as one dose of Lan-
tus. If you are taking large doses of NPH, it is a
good idea to lower the dose even more to reduce
the risk of hypoglycaemia. You can then increase
the Lantus dose, aiming at a wake-up blood glu-
cose of 4.5-9 mmol/l (80-160 mg/dl).
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take part of it in the morning. Another solution
is to add a small amount of NPH insulin to the
lunchtime dose of rapid-acting insulin.

If you are using Lantus, you may need to reduce
the dose by 2-4 units the evening before a day-
time exercise session that will last more than 2-
3 hours. Due to its prolonged action, Lantus
has been used successfully in people who are
being fed continuously by means of a stomach
tube.618

Insulin adjustments during the
remission phase

A couple of weeks after the onset of your diabe-
tes, your insulin doses will probably have been
lowered considerably and they will go down
even further in the weeks to come. There is no
reason to worry if your blood glucose level is
high on one occasion. Don’t take extra insulin.
Rather, you should wait and check the level
again before your next meal. It is likely that it
will have returned to normal by itself.

When the daily insulin dose is less than 0.5
units/kg (0.2 units/lb) of body weight the indi-
vidual has entered the remission phase (honey-
moon phase, see page 193). The duration of this
phase varies widely among individuals but will
often last 3-6 months, sometimes even longer.

Rapid-acting insulin (NovoRapid and Huma-
log) can be given as premeal doses during the
remission phase since the body’s own insulin
production will often be enough for the basal
needs in between meals. The basal insulin injec-
tion in the morning can then be omitted for a
longer or shorter period of time but you will
usually need to take a small dose of NovoRapid
and Humalog before each main meal. In a study
of adults with diabetes, the frequency of
hypoglycaemia after the meal decreased with
this type of insulin treatment.583

Insulin requirements during the remission
period may be very low, often only a few units
to a meal. Our policy is to temporarily with-
draw the lunchtime and evening premeal insulin
doses, if even half or a single unit results in low
blood glucose readings. This would leave only
three doses per day (premeal insulin for break-
fast and dinner/tea, and intermediate-acting for
bedtime). When the blood glucose level
increases after lunch, or after the last meal of
the day, this means it is time to reinstate these

Research findings: Lantus

When compared to NPH insulin given once or
twice daily, one dose of Lantus at bedtime
results in a lower fasting blood glucose, and
less hypoglycaemia but unchanged HbA1c.
This is the case for children from age 5,456,679

adolescents,456,679 and adults.626 

Lantus has been used in children as young
as 2 years.590 

Overnight profiles when Lantus has been
given at 8-10 PM have shown lower levels of
insulin and a smaller drop in night time blood
glucose compared to NPH.544 

When Lantus was given as a supervised
injection at lunchtime in school to children
with an HbA1c of > 8%, there was a drop in
average HbA1c from 10.1% to 8.9%.401

Come down to earth gently! Don’t change too much at 
any one time when you are adjusting your insulin doses, 
or you will have difficulty establishing what caused what 
afterwards.
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other doses. Another common policy is to give
2 dose treatment during the remission phase.
Daily glucose monitoring is important during
this phase, as it lets you know when to increase
the insulin doses again. 

During the remission phase it is important to
increase the insulin doses if the blood glucose
level is high on consecutive readings. This situa-
tion might occur if you have an infection, for
example. Check your blood glucose levels
before each meal and increase the dose by one
unit at a time (two if the dose is more than 10
units), if you find that the blood glucose is 8-10
mmol/l (145-180 mg/dl) or higher and your
appetite is unaffected. You may have to get near
to doubling the dose very quickly (more than 1
unit/kg, 0.4 units/lb) during an illness accompa-
nied by fever (see chapter on illness, page 258).
Always telephone the diabetes clinic if you have
a child with diabetes who is ill for the first time
since being diagnosed.

During the remission phase, you need to take
smaller doses of additional insulin if you eat
something extra (for example ice cream or
pizza) compared with later in your diabetes life.
This is because, during the remission phase, you
will be producing some insulin of your own (see

“How much extra insulin should you take?” on
page 228).

There is some evidence that better blood glu-
cose control and intensive insulin treatment
early in diabetes makes the remission phase
more likely to last longer.585,690,200 High blood
glucose levels seem to be harmful to the insulin
producing beta cells. The capacity to produce
insulin is decreased, even at a blood glucose
level of around 11 mmol/l (200 mg/dl), and at
28 mmol/l (305 mg/dl) one can see alterations
inside the cells.241 See also page 193. From this
it follows that if your “aim” is better when
adjusting the insulin treatment during the
remission phase, the chances of a prolonged
remission increase. It is important that you
check your blood glucose level regularly, even
when you are feeling perfectly well. In order to
be able to see when the dose needs to be raised
to deal with an increasing blood glucose level.
This is especially important when you have an
infection with a temperature, as fever often
increases the need for insulin (see page 258).

Hypoglycaemia
Problems with hypoglycaemia are less common
during the remission phase. This is because the
amount of insulin you produce yourself is regu-
lated according to your blood glucose level.

Not everyone likes physical exercise. Some people feel 
more like having a lazy time fishing or sunbathing. You 
must find the approach that suits you best, and it is our 
job, at the diabetes clinic, to help you find a way of 
adjusting the insulin doses to your preferred lifestyle. 
However, you will undoubtedly be healthier in the long 
run if you can find some kind of exercise that you enjoy.

“You must swim upstream if you want to find the spring”

Iraqi saying

When you feel that you understand the basics of your 
diabetes, it is important to have the courage to explore 
new pathways.
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Therefore, it can be stopped completely if the
blood glucose falls too low. For example, if you
take three units of insulin for breakfast, your
own pancreas can contribute by making
another couple of units. These units will not be
secreted at all if your blood glucose is decreas-
ing to a low level, thereby preventing the
hypoglycaemia. The ability of your pancreas to
secrete the hormone glucagon that increases the
blood glucose level is better during the remis-
sion phase.585

If you have symptoms of hypoglycaemia, with a
blood glucose lower than 3.5 mmol/l (65 mg/
dl), and you are not sure why (e.g. whether you
are having too little to eat or more exercise than
usual) you should lower the “responsible” dose
of insulin (see page 137) by one unit (2 if the
dose is more than 10 units) the next day. See
page 61.

Low blood glucose readings
Reduce the insulin in the same way as above if
your blood glucose is 4 mmol (70 mg/dl) or
lower at the same time of the day for 2 days in a
row (even if you have no symptoms of hypogly-
caemia).

Hypoglycaemia before a meal 
During the remission phase you may need to
shorten the recommended interval between the
injection and eating to 15-20 minutes when
using regular short-acting insulin.583 If you use
rapid-acting insulin, you can give it after the
meal. This often works very well for children
who are unpredictable in what they eat. 

Experiment!
We encourage young people to experiment with
their injections in different situations. It is
important to try and avoid terms like “permit-
ted” or “forbidden”. The point is to find out
what is suitable just for you. Do remember to
measure your blood glucose level and record
the results in your logbook so that you know
what you are doing. The worst situation you
are likely to encounter (and it is not particularly
serious anyway) is that you can find yourself,
after trying something new, hypoglycaemic or
with a temporary high blood glucose level.
Gradually, you will get to know yourself better,
finding out which insulin doses your pancreas
would have supplied if it had worked as usual.
There is a saying that goes: “You can only learn
by your own mistakes”. Remember that most
lessons in life are learned by trial and error!

In winter, most children will rush outside to play if they see snow fall, especially in areas such as southern England 
where global warming means this is now an exciting rarity. However, the extra exercise often makes it necessary to lower 
the doses by a unit or two at dinner/tea and the evening snack to avoid hypoglycaemia. If children have been out playing 
for many hours, it is advisable to lower the bedtime dose as well.
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Insulin pumps
We aim to offer all the young people with dia-
betes, in our care, an individually tailored insu-
lin treatment programme that is as close as
possible to ideal for them. If treatment by regu-
lar insulin injection does not give acceptable
glucose control, we often suggest trying an insu-
lin pump. The pump delivers insulin to your
body in a way that much more closely mimics
that of a normal pancreas. Many of the children
and teenagers in our care, especially those with
brittle diabetes, feel much better after changing
to pump therapy. More than 40% of those in
the intensive treatment group in the DCCT
study (see page 315) chose an insulin pump. In
2002 there were approximately 200,000 people
with diabetes on insulin pumps in the US. 

Insulin pump therapy (also called CSII, continu-
ous subcutaneous insulin infusion) is more
expensive than conventional syringe or pen
therapy. In countries where insulin pumps are
not subsidized, they may be difficult to afford.
If this applies to you, ask your diabetes team
whether you might be eligible for any grants or
other financial help from local organisations or
national charities.

Only short-acting or rapid-acting insulin is used
in the insulin pump. In the past, short-acting in-
sulin with a special solvent was used to avoid
the catheter becoming blocked (Velosulin BR
Human, Insuman Infusat). The action time and
effect of this insulin is similar to ordinary
short-acting insulin (Actrapid, Humulin S, In-
suman Rapid). Today most pumps are started
using rapid-acting insulin (NovoRapid 88 and
Humalog,819 see page 185). A study comparing
NovoRapid and Humalog found no difference
between the two insulins in the effect on blood
glucose levels and HbA1c when used in
pumps.92 There was also no difference in the
rate of hypoglycaemia or the number of block-
ages in pumps and infusion sets.

The insulin pump will deliver a steady basal
rate of insulin for 24 hours every day. Most
modern pumps can be adjusted for different
basal insulin rates during the day and night.
Extra insulin is given with meals (a “bolus
dose”) by pushing a button on the pump. The
insulin is pumped through a thin tubing (cathe-
ter) that is connected to a metal needle or ind-
welling catheter placed under the skin
(subcutaneously). 

A common problem with pen injectors and
syringes is that the insulin will not always give
quite the same effect even if the dose is exactly
the same. With an insulin pump, the insulin will
be deposited in the same site for several days
and the absorption will be more even.472 Insulin
absorption after a premeal dose will be constant
for at least four days as long as the needle is
inserted in an area free of lipohypertrophy
(fatty lumps).576
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The total insulin requirement per 24 hours usu-
ally decreases by around 15-20% after starting
with insulin pump treatment.87,176,712 A US study
of adults found an average decrease of 26%,

with greater percentage reductions for patients
on Humalog, and for those with higher daily
dosages.90 In a study of children with diabetes,
those who had not reached puberty showed lit-
tle change in insulin requirements, while those
of the adolescents decreased by an average of
18%.150 The basal dose with a pump was
reduced by around 40% compared to the basal
dose (intermediate or long-acting insulin)
needed by young people on multiple injections. 

The glucose control often improves, resulting in
a lower HbA1c.

87,176,337 Some patients (especially
teenage girls) will gain weight when they start
using an insulin pump if they don’t decrease
their food intake as their glucose control
improves. The extra glucose that, beforehand,
was lost in the urine now remains in the body
and is transformed into fat instead. 

The risk of severe hypoglycaemia usually
decreases with pump treatment,87,176 even when

Advantages of using an insulin pump 

The basal rate will give you sufficient
amounts of insulin in the early morning to
avoid a high blood glucose level when you
wake up (dawn phenomenon).

Some people need more insulin than others
between meals. An insulin pump can provide
this.

The continuous supply of basal insulin makes
it less essential to eat at regular intervals.

You will always have your insulin with you.

It is easier to take a bolus dose with the
pump than to take an injection with a pen or
syringe, especially if you don’t feel like inject-
ing when you are out in a group.

Your premeal doses can be adjusted in 0.1
unit increments or even 0.05 units for
younger children using diluted insulin on
some pumps.

If the pump can be programmed for different
basal levels, you will be able to adjust it to
take account of the differing needs of basal
insulin during the day and night.

The pump uses only short-acting or rapid-act-
ing insulin. These are likely to be more pre-
dictable in their effect than intermediate or
long-acting insulins.

The risk of severe hypoglycaemia is usually
lessened by using an insulin pump.

The fact that the body’s insulin store is small
will mean that additional insulin is less likely
to be released in an unpredictable fashion
during physical exercise.

During and after exercise, a temporary basal
rate can be used.

Pumps are easy to adjust if you are travelling
across time zones.

Disadvantages of using an insulin pump

A small store of insulin in your body means
you will be sensitive to any interruption in
insulin supply, which puts you at risk of rap-
idly developing ketoacidosis. 

You need to do more regular monitoring tests
if you are using an insulin pump.

The insulin pump will be connected to you 24
hours a day. Some people feel this makes
them more tied to their diabetes.

The pump will be very obvious, for example if
you go swimming in a public pool. So you will
not be able to keep your diabetes secret.
Other people may be curious about the pump,
something people who are not yet entirely
comfortable with their diabetes might find dif-
ficult to deal with.

The pump’s alarm is likely to go off every now
and then, and you might need to stop your
activities to change the needle or tubing at an
inconvenient time.
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used in children under the age of 6.756 The risk
of ketoacidosis (diabetic coma) may increase
according to some studies 176 but appears to
decrease in others.87,756 Ketoacidotic episodes
may occur soon after starting with a pump,
before the person has got used to the new form
of treatment.534 Those teenagers who are prone
to frequent episodes of ketoacidosis caused by
interrupted insulin supply, may find the fre-

quency and severity of these to be drastically
reduced by using an insulin pump that makes a
continuous insulin supply possible.77,712 

Starting the pump
We start our pumps on an outpatient basis,
except for the very youngest children (under 3
or 4 years old) who are admitted to hospital for
a night or two. Patients attend a three-day

Reasons for starting with 
an insulin pump

High HbA1c.

Complications of diabetes.

High blood glucose levels during the night or
morning (dawn phenomenon).

Wide fluctuations in blood glucose.

HbA1c OK with multiple injections but it takes
too much work.

Missed injections.

Pain from insulin or needle.

Recurrent severe hypoglycaemia.

Hypoglycaemia unawareness.

Possibility of having a lie in.

Need for flexible meal sizes and schedules.

Need to manage diabetes while exercising.

Shift work / variable working patterns.

Quality of life issues.

Use of a pump from the time diabetes is diag-
nosed in pre-school children?

At one time, we would only give people insulin
pumps if there were definite medical reasons, but
now more attention is being paid to quality of life
issues and the use of pumps is becoming more
widespread. We have recently started several
pre-school children on pumps from the onset of
diabetes with very good results. Pre-school chil-
dren often have an irregular lifestyle and the use of
pumps for this age group can be very positive.491,756

Insulin pump treatment will be 
easier if you: (adapted from 735)

Are comfortable with the pump being con-
stantly attached to your body and understand
how it works.

Check your blood glucose regularly, at least
2-3 times a day (including morning and
evening) and preferably before each meal.

Regularly monitor ketones: every morning
(urine ketones), and more often when you are
ill or feeling sick, or when your blood glucose
is repeatedly above 15 mmol/l (270 mg/dl)
(preferably blood ketones).

Recognize symptoms of low blood glucose.
Always carry glucose tablets.

Recognize early symptoms of ketoacidosis
(diabetic coma). Always carry extra insulin
and a pen or syringe to be able to treat this
condition. 

Make sure you keep in regular contact with
your diabetes clinic.

If you live alone, you should make sure you
can always contact a close friend or relative.
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pump school at our day care ward together
with their parents (even older teenagers need to
bring their parents to the sessions). No interme-
diate-acting insulin (Insulatard, Humulin I,
Insuman Basal) is taken in the morning they
start using the pump, and only half the dose the
evening before for those using long-acting insu-
lin (Lantus, Ultratard, Humulin Zn). Only the

premeal bolus of short-acting or rapid-acting
insulin is taken in the morning. The pump nee-
dle is inserted after anaesthetizing the skin (with
EMLA®, Ametop® or similar) and using a skin
disinfectant. The first pump bolus is given at
lunchtime. Today, we start almost all of our
pumps on rapid-acting insulin. For a few
patients, the slightly larger insulin depot when
using short-acting insulin (Velosulin BR
Human, Insuman Infusat) can help to avoid
recurrent episodes of ketones/ketoacidosis.

Even though the amount of insulin you are
receiving goes down when you start using a
pump, you will probably find your blood glu-
cose levels will be in the lower range at first. If
so, it is very important to lower your pump
doses even further to avoid problems with
hypoglycaemia. The reason you will need even
lower doses is that when your blood glucose
readings decrease, your insulin resistance will
decrease as well (increased insulin sensitivity,
see page 195). This implies that a certain insulin
dose will be more effective at lowering your
blood glucose level than the same dose was just
a few days before.

The basal rate
The small amounts of insulin that the pump
automatically delivers every hour is called the
basal rate. An appropriate basal rate lets you
keep your blood glucose levels stable when you
are not eating, for example during the night or
between meals. When starting a pump we usu-
ally set five basal rates: after midnight
(12-3AM), early morning (3-7AM), morning
(7AM-12noon), afternoon (12-6PM) and
evening (6-12PM). The charts on page 167 give
more details. It is important to emphasize that
starting doses are only estimates, also that it is
essential to monitor your blood glucose very
frequently (including at night) during the first
few weeks in order to establish correct basal
rates and bolus doses. If the basal rates are set
correctly, the pump user will usually be able to
delay or skip meals, and sleep longer in the
morning when they want to.

Daytime basal rate

These guidelines apply to pumps with program-
mable basal rates. When new to the pump, it is
advisable to make changes in basal rates in col-
laboration with your doctor and diabetes nurse. 

A good idea is to divide the hours of the day into
different basal rate profiles where each contains
a main meal. Measure the blood glucose level
before the meal a couple of days in a row. Change
the basal rate profile before the meal:

Another way of adjusting your daytime basal rate
is to skip breakfast (and the pre-breakfast bolus)
and adjust the basal rate to keep the blood glu-
cose level constant until lunchtime.86 Repeat the
procedure with the other meals during the day. In
children, this may be difficult to accomplish but
parents can try serving food that contains only
protein and fat (i.e. no carbohydrates). 

One good opportunity for finding out the basal
rate can be when you are having a lie in. If your
parent or friend takes an early blood glucose fol-
lowed by a few more tests until you wake up, you
will get a good understanding of your basal rate.
Many pumps have the ability to use different
basal rate profiles, for example during weekdays
and weekends, or during periods of intense physi-
cal activity.

Blood test 
before meal

Measure

< 5 mmol/l 
< 90 mg/dl

Decrease the basal rate by
0.1 U/h if the rate is < 1U/h,
0.2 U/h if the rate is >1U/h.

> 8-10 mmol/l
> 144-180 

mg/dl

Increase the basal rate by
0.1 U/h if the rate is < 1U/h,
0.2 U/h if the rate is >1U/h.
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Approximately 40-50% of the daily insulin
requirement is given as the basal rate (often
close to 1 U/hour for an adult person).368 The
remainder is given as premeal bolus injections.
For older children and teenagers, a starting dose
of up to 60% as basal rate has been recom-
mended with rapid-acting insulin (50% if using
short-acting insulin in the pump).432 Younger
children often need a lower percentage of their
daily dose as basal insulin. In a US study, chil-
dren before puberty had 41% of their daily
dose as basal insulin and the pubertal group
had 46%.150 

After a change in the basal rate, it will take 2-3
hours before the blood glucose level is affected
when using short-acting insulin,361 and approxi-
mately 1-2 hours with rapid-acting insulin. The
basal insulin is absorbed twice as rapidly if the
person has a thin layer of subcutaneous fat (less
than 10 mm in a lifted skin fold) compared to a
thicker subcutaneous fat layer (more than 20
mm).363 

The body’s insulin requirement in adults is
about 20% lower between 1-3 AM compared
to 5-7 AM.103 If you are using a pump with the
possibility of different basal rates, you can
administer a lower basal rate from 11-12 PM to
3 AM to avoid night time hypoglycaemia.103 If
you have problems with high glucose readings
in the morning, you can try a slight increase in
the basal rate (0.1-0.2 U/hour) between 3 and 7
AM. Many children below the age of puberty
need a higher basal rate late in the evening (9
PM to 12 AM) 100,150 and it is not uncommon
for the basal rate to need to be higher in the
middle of the night (midnight-3 AM) than later
in the morning (3-7AM).758 This may be caused
by an early rise in the level of growth hormone
shortly after the child falls asleep.150

Night time basal rate

Check your blood glucose levels during a night
after an ordinary day when you have been feeling
well and have not had extra exercise. Adjust the
premeal bolus dose before the evening snack to
reach a blood glucose level of about 7-8 mmol/l
(125-145 mg/dl) at 10-11 PM.103

If your pump cannot be adjusted for different
basal rate profiles, you should adjust it to fit the
night time need of basal insulin to reach a blood
glucose level of 6-7 mmol/l (110-125 mg/dl) at 3
AM.103 

Make the changes in basal rates in collaboration
with your doctor and diabetes nurse.

Blood test at 
3 AM and in the 
morning

Measure

< 6 mmol/l 
< 108 mg/dl

Decrease the basal rate after 
midnight and/or early in the 
morning by 
0.1 U/h if the rate is < 1U/h,
0.2 U/h if the rate is >1U/h.

> 9-10 mmol/l
> 162-180 

mg/dl

Increase the basal rate after 
midnight and/or early in the 
morning by 
0.1 U/h if the rate is < 1U/h,
0.2 U/h if the rate is >1U/h.

Many people come to look upon their pump as a reliable 
friend that they will use for many years. Little Linda has 
even given her pump a name “Bloue Pumpis”.
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Do not make too great a change in the basal
rate at any one time. It is usually sufficient to
change by 0.1 U/hour if the basal rate is < 1 U/
hour and by 0.2 U/hour if the basal rate is > 1
U/hour. You should not change the basal rate
more than twice in any week as, otherwise, it
may be difficult to see which change leads to
what. To avoid hypoglycaemia you should be
prepared to decrease the basal rate (especially at
night) when blood tests start to show lower
readings. 

The advice on basal rates in this chapter are
written for a pump that can be adjusted for dif-
ferent basal rate levels throughout the day and
night. Some pumps can be adjusted for different
basal rates every hour, and others can be set for
different profiles for a longer or shorter period
of time. However, if you have a pump that can
be programmed for only one basal rate, you

should adjust it according to your night time
blood glucose values. You will then have to
adjust the premeal bolus doses to fit the fixed
basal rate.

Temporary change of the basal rate
Most pumps allow you to make temporary
changes of the basal rate for one or several
hours. This is practical if, for example, you
have problems with low blood glucose and
repeated hypoglycaemia for sustained periods
despite extra food intake. It will usually help to
decrease the basal rate or stop the pump com-
pletely for an hour or two. If your blood glu-
cose is high at bedtime you can temporarily
increase the basal rate by 0.1-0.2 U per hour
(10-20%) for a couple of hours. If your blood
glucose is low during the early part of the night,
you can temporarily decrease the basal rate for
a few hours by 0.1-0.2 U/hour (10-20%). The
temporary basal rate is very useful for pro-
longed exercise. For example, during a 5 hour
bike ride, try decreasing the basal rate by 50%.
If you have exercised in the afternoon or
evening, you should decrease the basal rate by
0.1-0.2 U/hour (10-20%) for the whole night. 

If you work shifts, it may be a good idea to use
the temporary basal rate during the nights you

2.2

1.8

1.4

1.0

0.6

0.2

1 1 12 2 23 3 34 40

2,2 1,1 1,1 U/hour

In
su

lin
 a

bs
or

pt
io

n
U

/h
.

h.

Basal dose

When you change the basal rate, it will take 2-3 hours 
before the uptake of insulin into the bloodstream is 
increased. The reason for this is that when you 
increase the basal rate, part of the insulin will stay in 
the subcutaneous tissue as an insulin depot. When 
you decrease the basal rate, the insulin from the 
depot will continue to be released and absorbed into 
the bloodstream for another 2-3 hours until the depot 
has decreased in size. The graph is from a study 
where regular short-acting insulin was used.361 With 
NovoRapid or Humalog the time is shorter, estimated 
at around 1-2 hours.

Changes in the basal rate

A modern insulin pump is small and easy to manage. You 
will soon master the different controls. Many teenagers 
with labile diabetes find life easier with an insulin pump. 
Even small children can benefit from using a pump. For 
example, one of our patients, a 3-year old boy, had better 
morning blood glucose levels in addition to less night 
time hypoglycaemia after starting with an insulin pump.
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are working or use a separate profile pro-
gramme if your pump has this feature. It is com-
mon to find you need to increase the basal dose
during the latter part of the night to compensate
for the stress effect of staying awake.

Premeal bolus doses
Take a bolus dose 30 minutes before the meal
when you are using regular insulin in the pump,
and just before the meal if you are using
rapid-acting insulin (NovoRapid and Huma-
log). However, the timing will also depend on
what your actual blood glucose level is (see

page 132 and 143). Adjust the bolus doses up
or down in the same way as you would if you
were on multiple injections. See graph on page
154 for adjusting rapid-acting insulin. The
breakfast dose is usually slightly larger than the
other premeal bolus doses. Since the basal need
of insulin between meals is now supplied via the
pump, your premeal bolus doses will be lower
than when on multiple injections. You will
probably need to decrease the size of extra insu-
lin doses as well if you eat something extra. On
many pumps the type of bolus dose can be var-
ied from rapid delivery (standard bolus),
administered over a period of time (square
bolus), or a combination of both (dual bolus).
See the figure on page 168.

You can calculate the amount of insulin needed
for a given amount of carbohydrates by

When should basal rates be changed? 
(adapted from 86)

You should not change the profiles of the basal
rate too often. When you are used to the pump it
may be practical to change the basal rates once or
twice in a month according to what your 24 hour
blood glucose profiles show. Change the premeal
bolus injections to adjust for temporary changes in
diet or blood glucose readings or use the tempo-
rary basal rate. In the following situations it may be
necessary to make permanent changes to the
basal rates:

Illness with fever and increased need of insu-
lin.

Change in school or work activities with a new
timetable or different physical activity.

Change in body weight of 5-10% or more.

Pregnancy.

Women may have different insulin needs dur-
ing different phases of the menstrual cycle
(see page 277).

Initiation of treatment with drugs that
increase the need of insulin (such as cortisol
/ prednisolone).

Prolonged physical exercise (such as a hiking
or cycling trip lasting 12-24 hours or more).

Changing the basal rate

Since it takes 2-3 hours with regular insulin and 1-2
hours with NovoRapid or Humalog before a change
in the basal rate will take effect (see chart on page
165), you must plan ahead.

Change the dose 2 hours before you want it to
take effect, e.g. increase from 3 AM if you
want an increased insulin effect from 5 AM on. 

If you want a rapid increase in the effect of the
basal rate (e.g. if you are ill with fever) you
should administer an extra dose of insulin
(corresponding to 2 hours of the basal rate)
before increasing the basal rate. This will
result in a rapid increase of the insulin depot
resulting in a quicker absorption of insulin into
the blood. 

If you want to decrease the effect of the basal 
rate fast (e.g. if you are going to exercise) you 
should stop the basal rate for 2 hours and 
then start it again at a lower level. The insulin 
depot will then rapidly decrease in size and 
the change in basal rate will take effect 
sooner.
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Interpreting the 24 hour profile 
(boy 40 kg, 88 lb)

It is best to take tests for a couple of days in a row to be 
sure that the results of any one day were not unusual. 
Start by looking at the evening snack since that affects 
the level your blood glucose will be on going to bed. The 
dotted line shows what the blood glucose values might 
have been with the suggested changes.

Evening snack: The blood glucose after the meal is a bit 
low. Decrease the dose by 1 unit. Adjust the dose so that 
you will have a blood glucose of about 6-8 mmol/l 
(110-145 mg/dl) when you go to bed. 

Night: Early in the night the basal rate needs to be 
increased slightly to 0.6 U/hour as the blood glucose is 
rising until 3 AM. The blood glucose level from 3 AM to 7 
AM is stable so this rate does not need to be changed.

Breakfast: The blood glucose rises very quickly after 
breakfast. The insulin could have been given even earlier 
before breakfast to prevent the peak at 8 AM. If you use 
NovoRapid or Humalog you can try increasing the 
pre-breakfast dose to 9 U and lowering the basal rate to 
0.8 U/hour.

Lunch and dinner/tea: No changes.

Sit down when you have some time for yourself and con-
sider all the doses for the next day. Don’t change all 
doses at the same time as it can be difficult to see which 
change resulted in what. Let a few days go by between 
changes to make sure that the profiles look similar from 
day to day. Read the pump memory and write down in 
your logbook the total number of units your pump has 
delivered each day. 
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Interpreting the 24 hour profile
(girl 30 kg, 66 lb)

See the previous profile for general interpretation.

Evening snack: No changes in premeal bolus. Young chil-
dren often need to have their highest basal rates before 
midnight. The rise in blood glucose before midnight indi-
cates that an increase in basal rate of 0.1 U/hour from 
9PM to midnight is appropriate.

Night: The blood glucose does not change much between 
midnight and 3 AM. However, late at night it drops signifi-
cantly, so reducing the basal rate from 3 AM to 0.4 U/
hour is recommended. Young children often need less 
insulin during these hours and a further decrease to 0.3 
U/hour may be appropriate.

Breakfast: The blood glucose rises quickly after breakfast 
and the dose should preferably be increased to 5 units. 
The basal rate is probably sufficient as the blood glucose 
is lowered at lunch again. However, when the breakfast 
bolus dose is increased to 5 units the basal rate might 
need to be decreased.

Lunch: The blood glucose two hours after the meal is only 
slightly increased indicating that the premeal bolus dose 
is correct. However, as the blood glucose rises prior to 
dinner/tea, the basal rate could be increased to 0.7 U/
hour.

Dinner/tea: No changes.
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dividing the total amount of carbohydrates
eaten during the day by the amount of insulin
taken as premeal bolus injections.186 One unit
will usually cover 10-15 grams of extra carbo-
hydrate. If, for example, you eat ice cream con-
taining 26 g of carbohydrate, 2 units of extra

insulin will probably be enough. See page 216
for advice on carbohydrate counting. 

With an insulin pump, you will not be bound to
maintain a regular interval between meals (and
insulin injections) as when you were on multi-
ple injection treatment with short-acting insu-
lin. The basal rate will probably make it
possible to increase the time period between
meals to 6-7 hours, which might be an advan-
tage if you keep irregular hours. 

You should, however, be aware of eating and
taking premeal bolus injections with intervals of
less than 3-4 hours as there will be a risk of
overlapping insulin doses when using short-
acting insulin in the pump. Try reducing the sec-
ond premeal bolus by 1 or 2 units if the previ-
ous meal was only 3 hours earlier. You will not
have this problem if you are using rapid-acting
insulin (NovoRapid and Humalog) in the pump
as the action profile of this insulin is consider-
ably shorter. 

With a pump you can adjust the premeal bolus to match 
the carbohydrate content of your meal. Breakfast usually 
contains a high proportion of carbohydrates.You may 
find that 1 unit of insulin can take care of a slightly lower 
amount of carbohydrates for breakfast compared to 
other meals. See page 216 for further advice on count-
ing carbohydrates.

Square or dual bolus doses: 
when can they be useful?

When you are eating pasta, as this gives a
slower blood glucose rise;

When you eat a meal rich in fat or protein that
is digested more slowly, for example a pizza;

When your meal is larger than usual;

When you eat a meal that takes a longer time
than usual, for example a three course din-
ner;

When several small meals are eaten within a
short period of time, for example at a birthday
party;

When you eat slowly, for example popcorn or
crisps while watching a movie;

If you have problems with delayed stomach
emptying (see page 313).

The type of bolus dose can be varied on most pumps. A 
square or dual bolus may be preferred for a large meal 
that is rich in fat or proteins, a meal with low glycaemic 
index (see page 209), or when you will be eating over a 
longer period, at a party for example. These bolus doses 
may also work well if you have problems with delayed 
emptying of the stomach (gastroparesis, see page 313). 
In a study of a meal high in carbohydrates, calories and 
fat, the square (whole dose over 2 hours) and dual (70% 
as an immediate bolus and 30% over 2 hours) bolus pro-
vided the lowest glucose levels over a 4-hour period.138

Square bolus = bolus over period
of time

Rapidly delivered bolus

Dual bolus = Initial bolus followed
by bolus over period of time

Meal
1 2 hours

1 2 hours

1 2 hours
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Change of insertion site
The most common insertion site is the abdo-
men, because the absorption of insulin is quick-
est here. Avoid your waistline, belt line and
underwear line and a 5 cm (2 inch) circle
around your belly button (see illustration on
page 123). With small children, it is preferable
to use the buttocks as well to be able to spread
the injection sites, thereby decreasing the risk of
fatty lumps (lipohypertrophies, see page 189).
You can also use the thigh or the upper arm but
both sites can result in an increased absorption
of insulin when exercising. There is also a
greater risk of the needle catching on the cloth-
ing and being pulled out. 

Individual advice is needed on how often the
needle should be replaced. We usually start by
recommending the use of a soft teflon catheter,
but some people prefer a short steel needle.
Start by replacing the catheter twice a week and
then try to increase the number of days between
replacements. You can usually let the catheter
remain in place for 3-4 days if your blood glu-
cose readings do not become raised. Some peo-
ple, especially young children, will need to
replace it every 2 days. The longer the catheter
remains in one site, the greater the risk of devel-
oping fatty lumps (lipohypertrophies) and infec-
tions. A steel needle usually needs to be
replaced every second day. 

Disinfect the insertion site with Hibiclens™, IV
Prep™ or similar product. Skin-Prep™, Masti-
sol™ and Tincture of Benzoin™ leave a sticky
film after drying to help the adhesive get a firm
grip. Don’t use products containing skin mois-
turizers, as these may cause the adhesive to
loosen more easily. If you are allergic to the
adhesive, it can cause redness or itching. Try
another type of adhesive or infusion set.
Another solution is to apply a thin transparent
adhesive (like Tegaderm™, IV 3000™ or
Polyskin™) and then insert the needle through
it. In this way the needle adhesive will not get
into contact with the skin. A thicker stoma type
adhesive (like Duoderm™ or Compeed™) will
often help in especially difficult cases. A small
hole needs to be cut for the catheter in these
thicker types of adhesives.

Avoid inserting the needle in skin folds, close to
the tummy button or under the waistline.
Straighten your back before you apply the
adhesive to avoid tight skin. Always check your
blood glucose level 2-3 hours after replacing the
needle/catheter to make sure that it works prop-
erly.

Always use a topical anaesthetic cream such as (EMLA
®

, 
Ametop

®
) before replacing the needle/catheter when 

beginning with pump treatment in children. Apply the 
cream 1½-2 hours ahead of time to get full effect. An 
alternative way of lessening the pain is the Sof-serter™ 
for automatic insertion of the Sof-set

®
 catheter. Applying 

an ice cube is a quick way of decreasing the pain of inser-
tion in less difficult cases.

EMLA

When should you replace the accessories?

Teflon
catheter

Start by replacing it 2-3 times a week.
If there are no problems try using it 4-5
days before replacement. Some peo-
ple, especially small children, may
need to replace every second day.

Metal 
needle

Replace every second day, more often
if signs of irritation are noted.

Tubing Replace the tubing at least every other
time you replace the needle/catheter
and when you replace the reservoir.

Insulin
reservoir

Some pumps have prefilled reservoirs,
others need to be filled. Do not reuse
them as the silicon on the plunger
wears off, resulting in “no delivery”
alarms.
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Insert the new needle or catheter before you
remove the old one. If you do it the other way
around, you will be at greater risk of contami-
nating your hands on the old site and therefore
of transferring bacteria to the new site. Insert
the new needle/catheter at least 4-6 centimetres
(2 inches) away from the old one to avoid
developing fatty lumps. The adhesive should
not cover a previous injection site until it has
healed completely. It is best to change sides on
the abdomen (left/right) with each replacement.

Some sets of tubing and needles need to be filled
with insulin before the needle is inserted. With
others you need to give a small amount of extra
insulin (around half to a full unit) after inser-
tion to fill up the air inside it (called dead
space). Even if you have filled the tubing by
pressing the reservoir plunger you need to build
up the pressure in the tubing by giving a prim-
ing dose with the pump to make sure insulin
appears at the tip of the tubing.

It is not a good idea to change injection sites
just before going to bed, Since the basal rate
runs very slowly during the night, it may take
longer for the alarm to be triggered if something
is wrong with the new insertion site. Many
pump users find it more convenient to replace
the injection site straight after coming home
from school or work. This leaves plenty of time
to find out if something is wrong with the new
injection site. If you replace the needle and cath-

Replacement of needle/catheter

If you replace the needle or catheter before
taking a premeal bolus it will be flushed clean
by the larger volume of fluid.

Avoid replacing your infusion set before bed-
time as you will need to be awake for a couple
of hours to see that it functions properly.

Start by washing your hands with soap and
water.

Choose an insertion site well away from your
beltline.

Disinfect a skin area that is a little larger than
the adhesive you are going to apply. Use Hibi-
clens™, IV Prep™ or a similar product. Apply-
ing Skin-Prep™, Mastisol™ or Tincture of
Benzoin™ will make the adhesive stick better.
Use a disinfectant for hand-washing as well if
you have problems with skin infections.

Fill the Teflon™ cannula (tube) with insulin
after removing the needle. Depending on the
length of the cannula, it needs to be filled with
0.3-1 unit of insulin to fill up the dead space.

Be careful not to touch the sterile needle. Do
not breathe or blow directly onto the needle,
as this may contaminate it. 

Pinch a two-finger skin fold and insert the
needle at a 45° angle (see illustration on
page 123) or according to the instructions for
other types of needles.

Remove the protective tape and apply the
adhesive carefully. If it sticks unevenly don’t
try to move it. There is a considerable risk of
removing the needle at the same time if you
try to move the adhesive.

Withdraw the old needle after the insertion of
the new one. Pull the adhesive from the side
where the tip of the needle/catheter is
located and it will come off more easily.

If you have problems removing sticky traces of
adhesive, try a remover such as Detachol™ or
Uni-Solve™.

Put the tubing in a sling and fix it with some adhesive to 
minimize the risk of pulling the needle loose if the tubing 
is pulled or jerked, for example if you drop the pump.
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eter before taking a meal bolus dose, the tubing
will be flushed clean.

Problems with irritation or infection at the
insertion site can be prevented by careful hand
washing, disinfection and needle or catheter
replacement every second or third day. Use
chlorhexidine in alcohol (Hibiscrub™) or simi-
lar agent for hand-washing. If you have recur-
ring problems with infected sites in spite of
good hygiene routines, it might mean that the
bacteria originate from your armpits or nostrils.
If tests show you have bacteria (staphylococci)
in your nasal cavity, you may need antibiotic
treatment. Another approach is the application

of local antibiotics to each nostril nightly, and
chlorhexidine body washes on a daily basis.

If you have problems with fatty lumps or red-
ness of the skin you should replace the needle or
catheter more frequently. If the redness doesn’t
disappear soon after you have replaced the nee-
dle, you can speed up the healing process by
applying a dressing soaked in warm soapy
water for 20 minutes four times daily. You can
also try an antibiotic ointment or hydrogen per-
oxide cream. If the redness increases or starts
hurting, you might need antibiotic treatment.
Contact your diabetes clinic or doctor.

More frequent home monitoring
Since there is a greater risk of insulin deficiency
with a pump, you must be willing to test your
blood glucose level more often. At the very
least, you will need to be doing 2-3 tests a day
including morning and late evening. Preferably
you should test before each meal. You must also
be careful to check for ketones in the morning if
your blood glucose is high, or if you are feeling
unwell, as ketones are a sign of insulin defi-
ciency. It is a good idea to keep reagent strips
for blood ketone monitoring at home, so that
you can monitor the effect of extra insulin doses
given in this situation (see page 102). A 24 hour
blood glucose profile with tests before and
1-1½ hours after each meal is needed every
week or every second week to allow you to
adjust your doses correctly. You should also
take night time tests when compiling a 24 hour
profile (at 2-3 AM and if necessary at 5 AM as
well).

 How many tests should you take when 
using an insulin pump? 

Blood glucose at least 2-3 times daily (includ-
ing morning and before going to bed), prefera-
bly 4-5/day, especially if you are using
NovoRapid or Humalog in the pump.

One or two 24 hour profiles every or every
other week with readings taken before and
1½-2 hours after each meal and at night.

Before each meal if you are ill or feeling
unwell for any reason at all.

Check for ketones if you are nauseous, when
you are ill, or when your blood glucose level is
high (> 15 mmol/l, 270 mg/dl).

Urine tests: 
Glucose and ketones every morning. Younger
children often don’t mind taking urine tests.

If you are not feeling well, 
remember to test your 
blood or urine for ketones 
as a matter of course!
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Record your test results in a logbook where you
can document clearly the pump’s basal rate. We
find it best to use a logbook where every entry
is written on a blood glucose chart. Doing this
will help you to see patterns in your blood glu-
cose readings (see charts on page 167). Make it
part of your routine to check the pump daily for
the total number of units delivered every 24
hours and record this in your logbook.

Insulin depot with a pump
The disadvantage of using an insulin pump is
that the insulin depot will be very small, since
only rapid or short-acting insulin is used. This
will be important if the pump gets blocked, or if
you intentionally turn it off when playing sport
or swimming, for example. If the insulin supply
is interrupted you will very soon develop symp-
toms of insulin deficiency such as high blood
glucose, nausea and vomiting (see “Depot
effect” on page 79). 

Thicker layers of subcutaneous fat will result in
a larger insulin depot of the basal dose. In one
study a basal rate of 1 U/h was used. The insu-
lin depot for those people with a subcutaneous
fat layer of 40 mm (1½ inch) was close to 6 U

There is an increased risk of ketoacidosis in pump users 
if there is any interruption to insulin delivery as the insu-
lin depot is so small. Ketoacidosis must be treated in the 
hospital with intravenous insulin and fluids. To avoid risk-
ing ketoacidosis, always use a pen or syringe when taking 
extra insulin if your blood glucose is high and you have 
ketones in your blood or urine.

KETONE ALERT! 

If you are using an insulin pump, you are at greater
risk of ketoacidosis because you have a very small
insulin depot.

ALWAYS check your blood glucose and ketones
when you are not feeling well. Check for ketones in
the following situations too:

If you wake up with a blood glucose of more
than 15-16 mmol/l (270-290 mg/dl).

If your blood glucose has been higher than
15-16 mmol/l (270-290 mg/dl) for more than
a couple of hours.

If you are ill and running a temperature (for
example with a cold or flu).

If you have any symptoms of insulin defi-
ciency (nausea, vomiting, abdominal pain,
rapid breathing, or your breath smells “fruity”
or of “pear drops”’).

If your ketone levels increase, this means that you
are becoming more and more insulin-deficient. You
will need to contact your hospital to discuss what
to do next! 

Be aware that insulin deficiency leading to
increased ketone production shows in the urine
within a couple of hours. With a blood ketone test,
you will detect ketones even earlier. If you take
extra insulin, the production of ketones will stop
and the level of blood ketones will decrease within
an hour or two (you may notice an increase in the
first hour after extra insulin is given but the level
should then drop). The excretion of ketones in the
urine will continue for many hours but you should
notice the concentration stabilizing, then decreas-
ing, as the hours pass.

If you are the least bit concerned, or cannot get
hold of someone who is familiar with insulin
pumps over the phone, you should take an injec-
tion of insulin by pen or syringe and then go to your
nearest hospital casualty department.

Always bring extra insulin to give with a pen or
syringe wherever you go, even if you expect to be
away from home for only a couple of hours or so.
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while those with less than 10 mm (1/3 inch)
subcutaneous fat had only 1 U in their depot.363

This suggests that thin people will be more sen-
sitive to an interrupted basal rate since their
insulin depot is smaller. 

Ketoacidosis (diabetic coma) 
A small insulin depot will result in early insulin
deficiency symptoms if something goes wrong
with the pump or the tubing. Your blood glu-
cose will be high within 2-4 hours of inter-
rupted insulin delivery (see chart on page 174).
One night’s interrupted insulin supply is enough
to cause incipient ketoacidosis in the morning
with symptoms of insulin deficiency such as
nausea and vomiting. Be extra careful to check
both blood glucose and ketones whenever you
are feeling at all unwell.

It is very important to be able to recognize
symptoms of insulin deficiency early on (nau-
sea, vomiting, abdominal pain, rapid breathing,
fruity smell on the breath). To avoid episodes of
ketoacidosis, we admit the person to our day
care ward a few weeks after pump start and the
pump is stopped for 6-8 hours (except in the
younger children). See graph on page 174.
Pump wearers (and family members) will learn
to recognize the individual symptoms caused by
lack of insulin, and can practise taking extra
insulin with a pen or syringe under safe condi-
tions. None of the patients who have undergone

High blood glucose and ketones?

If your blood glucose is higher than 15 mmol/l (270
mg/dl) and you have ketones in the blood (>0.5
mmol/l) or urine (++ or +++), this indicates a
blocked insulin supply or increased need of insulin,
for example, because of an infection.

Take 0.1 U/kg (0.5 units/10 lb) body weight of
short-acting insulin (or preferably rapid-acting
NovoRapid or Humalog) with a pen or a
syringe. Don’t use the pump as you cannot be
sure whether or not it works properly.

Measure blood glucose every hour. If it
doesn’t decrease, the insulin dose of 0.1 U/kg
(0.5 units/10 lb) body weight can be repeated
(every 1-2 hours with rapid-acting insulin,
every 2-3 hours with regular short-acting insu-
lin). Measure blood ketones if you have such
sticks available (see page 102). Often there
will be an increase in the first hour after insu-
lin is given but after that you should find the
level decreases.

Check the pump by disconnecting the tubing
from the needle. Activate a bolus dose. Insulin
should immediately appear from the tubing. If
it drops slowly you should give another bolus
injection. If this dose also drops slowly it indi-
cates a partially blocked tubing, e.g. caused
by coagulated blood or crystallized insulin.
Replace both the tubing and the needle.

Replace the needle/catheter if the tubing
works well. Check for signs of redness in the
skin and of moisture close to the injection site
as this would indicate insulin leakage.

Be sure to drink large amounts of sugar-free
fluids. If your blood glucose is approximately
10-11 mmol/l (180-200 mg/dl) or below and
you still have high ketone levels in the blood,
you will need to drink fluids containing sugar
and repeat the extra dose of rapid-acting insu-
lin.

Causes of ketoacidosis

Insulin delivery is interrupted, for example by
a leak in the piece connecting the tubing to
the reservoir or a loose needle.

Increased insulin requirements caused by ill-
ness (e.g. a cold with fever) without the insu-
lin dose being increased.

Inflammation or infection at the injection site
(indicated by redness or pus).

Decreased insulin absorption, for example
caused by inserting the needle into a fat pad
(lipohypertrophy).

Decreased insulin potency, for example after
it has been frozen or exposed to heat or sun-
light.
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this form of test have had more than a mild
degree of nausea with ketone levels of up to 2
mmol/l (with a normal pH). This reassures them
that they can tolerate being without the pump
for 6-8 hours (“a night’s sleep”) without risk of
ketoacidosis. This procedure has also been rec-
ommended for adult pump users.633

If your blood glucose is above 15 mmol/l (270
mg/dl) and you have ketones in the urine or
blood you should take an extra dose (0.1 U/kg
or 0.5 U/10 lb body weight) of insulin (prefera-
bly rapid-acting NovoRapid or Humalog if
available). The dose can be repeated after 2-3
hours if necessary (1-2 hours with NovoRapid
or Humalog). Contact the hospital if you vomit
or feel sick and are unable to drink. If you often
have episodes of raised ketones or ketoacidosis,
it may be a good idea to replace part of the
night time basal rate with an injection of
long-acting insulin in the evening. This will
make insulin deficiency less likely to occur. We
have found using a low dose of Lantus (0.1U/
kg) to be particularly effective in this situation
(you may need to lower the basal rate in the
pump slightly).

Causes of a lack in insulin delivery

The connector between the tubing and the
insulin reservoir can be cracked. Feel it with
your fingers. It may smell of insulin even if
you do not see a leak.

Hole in the tubing. (A cat bite in the tubing
resulted in leakage which led to ketoacidosis
for a teenage girl.)

Air in the tubing is not dangerous as such but
will give you less insulin.

If the tubing is squeezed or bent, e.g. by a
belt or tight jeans, it will take several hours
before the pump’s blockage alarm is trig-
gered.

A few hours’ interruption of the insulin supply may cause 
the blood glucose level to rise sharply. The blood glucose 
will increase even if you don’t eat as the liver will produce 
glucose when there is a lack of insulin. It is important to 
familiarize yourself with the symptoms of insulin defi-
ciency (nausea, vomiting, abdominal pain, rapid breath-
ing, fruity smell on the breath) and we therefore plan a 
“pump-stop” some weeks after pump initiation. This 
graph was recorded at our day care ward when a planned 
pump stop was performed (see page 173). This 15-year 
old boy stopped his pump with Humalog at 5 AM. He was 
without insulin for 6 hours and felt slightly nauseous 
when his blood glucose increased and ketones were 
present. When he started the pump again at 1 PM he 
had his lunch and gave himself 7 units extra (0.1 units/
kg) besides his normal premeal dose. Typically, blood 
ketones will rise to around 1.5 mmol/l when performing 
a pump stop like this. A few patients have been slightly 
nauseous, but the stop has not caused ketoacidosis in 
any of them (pH has not been affected).

If your blood glucose rises like this and you have raised 
ketone levels, you should take an extra dose of approxi-
mately 0.1 U/kg body weight (0.5 U/10 lb). Always use a 
pen or syringe to be on the safe side! Remove the needle 
and take a bolus, watching whether insulin appears from 
the tip. Bend the needle and take another bolus. The 
pump should now give a “no delivery” alarm. Check the 
tubing and connections for leakage (smell your fingers). 
Replace the needle. Test your blood glucose again after 
1-2 hours and repeat the bolus if necessary.
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Disconnecting the pump
Sometimes you will want to disconnect the
pump for one reason or another, for example
when playing football or other sports, doing
aerobics, or swimming. Most needle/catheter
sets allow you to disconnect the tubing by using
a silicon membrane as a one way valve. If the
needle is supplied with a sterile casing, remem-
ber to save it so that you can put it back on
again when you want to disconnect the tubing. 

Taking a bath or shower
Most pumps can tolerate some water but we
recommend disconnecting them when taking a
bath. If you have a shower, there will be a
shower protector you can put over the pump,
but many people prefer simply to disconnect it
for a short while. You should also disconnect
the pump if you have a sauna since insulin can’t
take the heat. The heat in a sauna will also

cause previously injected insulin to be absorbed
much more quickly (see page 80). 

Pump alarm
Insulin pumps seldom malfunction. If yours
does, the pump will stop. There is no risk that
the pump will pulse or surge, giving you too
much insulin. The pump alarm will go off when
something is wrong, for example if the tubing is
blocked, the insulin container empty or the bat-

In this study of adults, the pump was stopped for 5 
hours.320 Blood ketone (beta-hydroxybutyric acid) levels 
increased rapidly to around 1.2 mmol/l. When the pump 
was started again, a bolus dose was given along with a 
meal and 1-4 U of extra insulin, resulting in a quick 
decline in ketone levels. Monitoring blood ketones is an 
effective method of monitoring the degree of insulin defi-
ciency if you are having pump problems (see page 102). 
The ketone levels are comparable to those we have 
found in children and teenagers (see page 174).
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Causes of high blood glucose
(adapted from 708)

The pump
Basal rate too low
The pump has triggered an alarm and shut

itself off
Other problems with the pump

Insulin reservoir
Wrong position in the pump
Empty reservoir or plunger is stuck
Leakage in the connection with the tubing

Tubing and needle/catheter
Forgetting to fill the tubing when replacing
Leakage in connections or hole in tubing

(feel the tubing and smell your fingers)
Adhesive and/or needle is loose
Air in the tubing
Blood in the tubing
Needle/catheter has been in place too long
The tubing was replaced in the evening 

without giving a bolus dose to build 
up the pressure.

Bent / squeezed tubing
Blocked needle / catheter or tubing

Injection site
Redness, irritation / infection
Fat pad at the injection site
Placement close to belt or waistband

Insulin
Cloudy insulin
Expiry date passed
Exposed to heat / sunlight or extreme cold
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teries flat. However, the pump cannot detect if
the insulin is leaking somewhere, for example if
the needle has come out, the connections have
come loose or there is a hole in the tubing (pets
can bite through it). Check the operating

instructions to see what the different alarms
stand for and how to respond to them. 

Most pumps have an alarm that is triggered if
you have not pushed any of the buttons after a
certain number of hours. It may wake you up

A few hours of interrupted insulin supply is sufficient to 
make the blood glucose rise quickly. The blood glucose 
will rise even if you don’t eat because the liver will pro-
duce glucose when there is a lack of insulin (see page 
32). When the blood glucose level was raised in the 
evening, this teenager (who used short-acting insulin in 
his pump) was feeling nauseous. He checked for ketones 
and discovered that something was wrong. When he 
examined the needle, he found it to be loose so the insu-
lin could not get into his body. He gave himself 5 extra 
units (0.1 U/kg, 0.5 U/10 lb) with a pen injector, replaced 
the needle and started the pump. The blood glucose 
level returned to normal during the night.

If the blood glucose rises quickly you should remove the 
needle/catheter. Give a bolus dose and see if insulin 
comes out from the tip of the catheter. Bend the catheter 
and give another bolus dose. The pump should now give 
a blockage alarm. Check the tubing and connections for 
leaks. Replace the needle/catheter and check the blood 
glucose level frequently to make sure it goes down. Take 
an extra injection (with a pen or syringe) of 0.1 U/kg (0.5 
units/10 lb) body weight if you have raised ketone levels, 
and check your blood glucose again after 1-2 hours. 
Repeat the dose if necessary.
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mg/dl Disconnecting the pump

Time that the pump Measure
has been stopped 

< ½-1 hour No extra insulin needed.

1-2 hours Take an extra dose when you 
connect the pump correspond-
ing to the basal rate you have 
missed.

2-4 hours Take an extra dose before you 
disconnect the pump corre-
sponding to the basal rate that 
you should have had during the 
missing 1-2 hours. 
Check your blood glucose when 
you connect the pump and take 
an extra bolus dose corre-
sponding to 1-2 hours’ basal 
rate if needed. 

> 4 hours Dose as above before discon-
necting. Using a pen injector or 
syringe, take extra insulin every 
3-4 hours corresponding to the 
missed basal rate. Take the pre-
meal bolus dose with a pen or 
syringe.

If you remove the pump to exercise, you will proba-
bly need to lower the doses more than suggested
above. Test this to find out what is right for you.
Always leave the pump in “run” mode when discon-
necting for a shorter time, as this prevents you
from forgetting to turn it on again when you recon-
nect it. 

Make sure there is no air in the tubing when recon-
necting it. Prime it with some insulin if necessary.
Do not put the pump lower than the insertion site
when reconnecting (for example on the floor when
in the gym). If you do, there is a risk that gravity will
pull some air into the tubing.
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early in the morning if you didn’t take your
evening snack insulin or forgot to push one of
the buttons before going to bed. We usually rec-
ommend this alarm be set for 14-16 hours.

“No delivery alarm”
The pump alarm will be triggered if there is an
increased resistance when pumping insulin. But
it cannot tell whereabouts in the system the
problem may be. It may be that the insulin res-
ervoir is empty, the plunger may be sluggish, or
the tubing or needle blocked. The tubing can be
bent or squeezed, for example by a belt buckle.
If the “no delivery” alarm is triggered, start by
checking the tubing for bends or pinches. Then
give the remainder of the premeal bolus. If no
alarm is triggered, all is well now and you have
received the intended amount of insulin. If the
alarm goes off again, the next step is to stretch
out and try careful massaging of the infusion
port and catheter under the skin. If the tubing
hasn’t been disconnected, there is no need to
take any more than the remaining premeal dose
of insulin if the pump now works without an
alarm (unless the blood glucose level is still
raised).

If the needle or tubing is blocked it may take
several hours before the pressure has increased
enough to trigger the alarm. During this time
you will not have received any insulin. Find out
how much is needed to trigger the alarm in your
pump. It may also depend on what kind of tub-
ing you have, and how long it is. Test it by
pushing the needle into a rubber cork or pinch
the end of the catheter. If you then give a bolus
dose you will see how many units are pushed
into the tubing before the alarm is triggered.
For example, if your pump has given 4.3 units
of the meal bolus dose when the alarm goes off
and 2.6 units are needed to build up pressure to
trigger the alarm, you will have only received
4.3 less 2.6 units, or 1.7 units of the bolus dose. 

For smaller children we often use insulin of 40
or 50 U/ml. This means that fewer units are
needed before the alarm goes off since the fluid

volume is larger. If 2.5 units of 100 U/ml are
needed to trigger the alarm, this will equal 1
unit of 40 U/ml.

Sometimes the pump will trigger the alarm for a
block in the tubing even after you have replaced
both the tubing and the needle. If this happens,
remove the insulin reservoir from the pump.
Then start the pump again. If the alarm still
goes off, the problem is an internal one, such as
a motor problem. Don’t reuse the pump reser-

Problems with the pump?

Problem  Measure

Infection/irrita-
tion at the 
injection site

Wash hands and skin with chlor-
hexidine in alcohol. Replace nee-
dle/catheter more frequently.

Blocked 
needle or 
catheter

It can be bent or blocked by coag-
ulation or insulin crystals. 
Replace it.

Blocked tubing Can be caused by precipitation of 
insulin. Disconnect the needle 
and tubing and give a prime dose. 
Replace if the alarm is triggered. 

Blood in the 
tubing

Disconnect the tubing from the 
needle and give a bolus dose. The 
pump will then trigger the occlu-
sion alarm if it is blocked. 

Air in the tub-
ing

No insulin delivered. See page 
178.

White spots on 
the inner layer 
of the tubing

Most tubing is made from double 
plastic layers that can come 
apart, showing as white spots. 
This does not affect the function 
or the insulin.

Leakage of 
insulin at the 
insertion site

Has the needle/catheter come 
loose? Is there a bent catheter? 
Replace the needle/catheter.

Moisture under 
the adhesive

This indicates insulin leakage. 
Replace the needle/catheter.
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voir. If doing so, the silicon on the plunger
wears off, and this may result in a “no delivery”
alarm. 

Leakage of insulin
The pump can’t trigger the alarm if there is an
insulin leak. It will only trigger if the motor
runs against an increased resistance. Insulin can
be deposited outside the injection site if the nee-
dle has been retracted. Often this can only be
detected when you take a bolus dose. When the
basal dose is running, the amounts of insulin

are so small that it can be difficult to pick up
leaks.

The tubing connector on the pump end can
crack, causing leakage, especially if you apply
too much force when connecting it. Feel the
connector with your fingers. If it is leaking, you
can often detect the smell of insulin. Sometimes
a cat or dog may be able to warn you that there
is a leak as they often like the smell of insulin.

Air in the tubing
When you connect the tubing to the pump there
is always a risk of air coming in, especially if
you fill it with cold insulin. Air will come out of
the solution when the temperature rises. Always
make sure that the insulin is at room tem-
perature before refilling the reservoir. Introduc-
ing air into the subcutaneous tissue is not
dangerous in itself, but you will miss out on the
corresponding amount of insulin. The alarm
will not be triggered since the pump’s micro-
computer cannot tell the difference between air
and insulin in the tubing.

Problems with the pump, cont.

Problem  Measure

Moisture under 
the adhesive

This indicates insulin leakage. 
Replace the needle/catheter.

Adhesive 
comes off

Wash the EMLA®- cream off 
carefully with water. Disinfect 
the skin with Skin-Prep® that 
leaves a sticky film when drying. 
Warm the adhesive with your 
hand after application. Apply 
extra tape if needed.

Itching, eczema 
from adhesive

Apply hydrocortisone cream. Use 
a stoma-type adhesive.

Sticky traces of 
adhesive

Wipe off with special remover or 
medical benzine.

Sore skin from 
plastic wings

Apply a piece of tape beneath 
the hard plastic.

Scars in the 
skin from old 
catheters

Often more visible with dark 
skin. Replace needle/catheter 
more frequently. Try using a 
metal needle.

Redness of the 
skin at the 
needle tip

Can be caused by insulin allergy. 
See page 190

Nothing works Try running the pump with both 
insulin and tubing removed. 

The pump alarm will tell you if there is a blockage in the 
tubing or needle. The alarm is triggered by the increased 
pressure in the tubing. However, if the pressure goes 
down, for example because of a leaking connection, a 
loose needle, or a hole in the tubing, the alarm will not go 
off. This type of delivery failure can only be detected by 
repeated monitoring of glucose and ketones. If you sus-
pect a leak, feel along the tubing and smell your fingers; 
insulin has a very distinctive smell. If the pump alarm 
goes off, and your blood glucose is high, you should first 
give yourself an extra injection with a pen or syringe and 
then check all possible reasons for the alarm.
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If you see air in the tubing when you are about
to take a premeal bolus dose you can compen-
sate with a little extra insulin. Five to seven cm
(2-3 inches) of air in the tubing usually corre-
sponds to 1 unit of insulin. To find out the exact
dimension of your pump tubing, give a bolus
dose of 1 unit when you are priming the tubing.
Make a mark on the tubing with a felt tip pen
corresponding to the length that the insulin
travels for that unit. 

If the air in the tubing corresponds to more
than ½-1 unit when the basal rate is running
(e.g. between meals) it is best to disconnect the
tubing from the needle in the skin. Prime the
tubing to purge the air and fill it with insulin
once again.

Sick days and fever
When you are ill, especially if you are running a
temperature, your body will increase its insulin
requirements, often by 25% for each degree
Celsius of fever (see page 258). It is advisable to
begin by increasing the basal rate. Start by a
10-20% increase when you notice that your
blood glucose is rising. You will probably also
need to increase the meal bolus doses in
response to your blood glucose readings. It is
important that you test your glucose level

before each meal if you are ill, and preferably
1½ -2 hours after the meal as well. Usually, you
will need to monitor your blood glucose levels
during the night as well.

Pump removal doses
It is very important always to carry extra insu-
lin wherever you go in case your pump fails to
work properly. Check to see that the insulin has
not expired. You should have your pump
removal doses written down and with you in
case you need to use a pen or syringe as a tem-
porary measure. The total number of units over
24 hours will probably need to be increased by
10-20% if you stop using the pump for a whole
day or more.

“How do I wear the pump at night?” is usually one of the 
first questions asked by someone interested in trying a 
pump. You will be surprised by how quickly you get used 
to this, and find a solution that fits in with your sleeping 
habits.

Occlusion alarm (“no delivery”)

Check the tubing for bends and pinching. Try
a careful massage of the infusion port and
the catheter under the skin. If the alarm was
triggered when taking a premeal bolus, take
the remaining portion.

No alarm OK, no problems
Alarm

Disconnect needle/catheter from tubing. 
Start a prime dose with the pump.

No alarm Replace needle/catheter
Alarm

Disconnect tubing from insulin reservoir.
Start a prime dose with the pump.

No alarm Replace tubing
Alarm

Remove the insulin reservoir from the pump 
and start a prime dose.

No alarm Replace reservoir
Alarm

Something is wrong with the pump. 
Contact the pump dealer and deliver insulin
with a pen or syringe.
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Use the old doses

It is easiest to start with the same doses that you
had when you used a pen injector or syringes,
provided that you have written down the doses

and not too much time has elapsed since then so
that you still have more or less the same insulin
requirements.

Regular short-acting insulin in the pump

Look at the pump doses. The breakfast dose
with a pen will be the sum of the pump
pre-breakfast bolus dose and the number of
units the pump would have delivered between
breakfast and lunch. If you have a high basal
rate (>1.5-2 U/hour), start by counting just
1-1.5 U/hour when calculating the dose when
using a pen or syringe. 

Calculating the bedtime dose

The bedtime dose of intermediate-acting insulin
(Insulatard, Humulin I, Insuman Basal) is calcu-
lated by adding the basal rates between 10 PM
and 8 AM (see example on page 182). You can
also use short-acting insulin (not NovoRapid or
Humalog) during the night, giving two doses, at
10 PM and 3 AM, corresponding to the sum of
the basal rates during the night.

Insulin pump and illness

Continue with your ordinary meal bolus doses
even if you eat less, increasing them by 1 Unit
if necessary (2 Units if your dose to start with
is 10 Units or more). Begin by increasing the
basal dose if you have a raised temperature.

Increase the basal rate by 0.1-0.2 U/hour
(0.2-0.4 U if the basal rate > 1 U/hour) if your
blood glucose continues to be high. 

Check your blood glucose every 2 to 4 hours.
Check for ketones frequently. Keep good
records in your logbook.

Take extra insulin (1 U/10 kg or 0.5 U/10 lb
body weight), preferably NovoRapid or Huma-
log, if your blood glucose is high and you have
ketones. Give another 1 U/10 kg (0.5 U/10
lb) every second hour until the blood glucose
is below 10 mmol/l (180 mg/dl) and the level
of ketones is decreasing.

Give all extra doses of insulin with a pen or
syringe if your blood glucose has risen sud-
denly. This is in case the high blood glucose
has been caused by a problem with the pump.

Try to drink large amounts of fluids as this will
increase the excretion of ketones and lessen
the risk of dehydration. As long as there is glu-
cose in your urine, you will lose extra fluid.
Drink glucose-free fluids when your blood glu-
cose is above 10-12 mmol/l (180-215 mg/dl)
and change to something containing glucose
when the blood glucose is below this level. If
you feel nauseous, try to drink small amounts
(a couple of mouthfuls) at a time.

Try to drink something sweet if hypoglycaemia
is a problem. You may need to lower the basal
rate but never discontinue it completely.

When to call the hospital 
or your diabetes team

The first time you become ill after you have
started with the pump. 

If you have been feeling too sick to eat for
more than 6-8 hours.

If you have vomited more than once during a
4-6 hour period.

If your blood glucose level has not come
down, or the ketone level is still running high
after the second extra dose of insulin. 

If your general well-being is deteriorating.

If you are at all uncertain as to how to handle
the situation.
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Rapid-acting insulin (NovoRapidHumalog) 
in the pump

You can continue taking the same premeal
bolus doses with a pen or syringe. Replace the
basal dose with intermediate-acting insulin.
Divide the total basal dose during the day, tak-
ing one third in the morning as NPH insulin,
and two thirds at bedtime. You will probably
need to increase the night time dose by 10-20%.

Long-acting basal insulin

Another alternative is to replace the basal dose
in the pump with long-acting insulin (Lantus,
Ultratard, Humulin Zn) and to use the same
bolus doses (and type of insulin) before meals as
when using the pump. However, it will take sev-
eral days for the doses of long-acting basal insu-
lin to settle down, so this may be a better
alternative only if you know that you will be
without the pump for more than a day or two.
Take the total basal dose during 24 hours, and
take the same dose of Lantus as one dose at din-
ner/tea or the evening snack.93 For Ultratard,
add 10-20% and divide into two equal doses
that you take with breakfast and dinner/tea
around 5-6 PM. Take the same amount of bolus
insulin as when on the pump.

Admission to hospital
If you are admitted to hospital in an acute situa-
tion, you may well find that none of the staff
members on duty are familiar with your pump.
So, if you have any problems using it, it would
be best to begin injecting insulin with a pen or
syringe until the daytime staff arrive. If you are

Brand Length cm inches 

Classic 60, 80, 110 24, 31, 43
Clinisoft ® 55, 80, 110 22, 32, 43
Comfort ® 30, 60, 80, 110 12, 24, 32, 43
Disetronic Tender® 30, 60, 80, 110 12, 24, 32, 43
Silhouette ® 60, 110 43, 23
Sof-set ® 61, 107 24, 42
Sof-set ® Micro (6mm) 61, 107 24, 42
Tender 60, 80, 110 24, 31, 43
Quick-Set ®(6, 9 mm) 60, 110 43, 23
Ultraflex (8, 10 mm) 60, 80, 110 24, 31, 43

Steel needles:
Rapid (6, 8, 10, 12 mm) 60, 80, 110 24, 31, 43
Polyfin ® 61, 107 24, 42

For most tubings, 5-7 cm (2-3 inches) contain
approximately 1 unit of insulin. Test your tubing by
putting a felt pen mark on its end, then deliver one
unit at a time as a bolus dose.

The Silhouette, Sof-set and Quick-Set needles can be
used with an automatic inserter that lessens the
pain. 

Infusion sets 

Many people with diabetes are successful in competitive 
sports. Others, like most children, just play for the fun of 
it. In either case, the pump helps keep the blood glucose 
at an appropriate level both during and after exercise.
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being sick or have signs of ketoacidosis, the best
treatment may be by intravenous insulin (see
page 69).

Physical exercise
Try wearing the pump in a case on a strong
elastic waistband during exercise. If you are
involved in contact sports, you can disconnect
the pump for 1-2 hours without taking any
extra insulin. If you are exercising for longer
than 2 hours, it will probably be better to keep
the pump connected and temporarily decrease
the basal rate. Try half the basal rate while exer-
cising and for the following hour or two. You
may need to lower the basal rate even more, but
the only way to know for sure is to try it your-
self. Another alternative is to connect the pump
again for a short while when you are halfway
through the exercise (for example at half-time
in a game of sport), and take a small bolus dose.
If you have problems with hypoglycaemia early
in your exercise session, you will need to dis-
connect the pump at least 2 hours before the
session starts. 286

If you are exercising within 1-3 hours of a meal,
you can try taking half the meal bolus dose or
even skipping it if the exercise is particularly
strenuous. However, you will probably then
need to keep the pump connected to get the
basal rate during the entire time of the exer-
cise.787 If you are using rapid-acting insulin,
your blood glucose level may plummet if you
exercise shortly after the premeal bolus dose
(see graphs on page 249).

Don’t forget to refill your glucose stores after
exercise (see page 245). After strenuous exercise
(e.g. a ball game or skiing) you must decrease
the basal rate by 0.1-0.2 U/hour or even more
during the night to avoid hypoglycaemia. Try
this out yourself and note the blood glucose test
results in the logbook for future reference
should you be faced with the same situation
again.

07 09 11 13 15 17 19 21 23 01 03 05 07

Sometimes you must use an insulin pen or a syringe for a 
while, for example if something is wrong with the pump. 
You can calculate which dose to use if you add the meal 
bolus dose in the pump with the basal rate. You will prob-
ably need to increase the night dose since the pump is 
more effective, giving more insulin late at night and early 
in the morning than you would get from the intermediate 
acting bedtime insulin. Check with your diabetes nurse if 
you are unsure what doses you used when you were on 
multiple injections.

Premeal

Basal rate
pump U/h.

Calculation

7 U 5 U 5 U 4 U

0.9 0.8 1.0 0.7 0.9

42 U
/24 h.

11 U 9 U 9 U 6 U 8 U
Reg. Reg. Reg. Reg. NPH

43 U
/24 h.

7+ 5+ 5+ 4+ 1.0 x 2
0.9x5 0.8x5 0.8x2+ 1.0x2 0.7x3+

1.0x2 0.9x4

Time

bolus dose

Premeal
bolus dose

Pump

Pen/syringe

NPH = Intermediate-acting bedtime insulin

7 U 5 U 5 U 4 U 16U 45 U/24 h.
8U NPH  NPH

Continue with the same premeal NovoRapid or Humalog 
doses as with the pump.

Take the basal rate in pump, add 20% (20 U+20% = 24U) 
and divide it into 2 doses of intermediate-acting insulin. 
Give 1/3 in the morning and 2/3 in the evening.

If you use rapid-acting insulin (NovoRapid or Humalog) in 
the pump, you can replace the basal dose with an inter-
mediate-acting insulin (NPH) given twice daily. Continue 
with the same doses of NovoRapid or Humalog before 
meals as when on the pump. Begin by taking one third of 
the basal insulin in the morning and two thirds at bed-
time, adjusting according to blood glucose monitoring. 
You will probably need to increase the amount of basal 
insulin by 10-20%. If you will be without the pump for 
more than one day, you may try substituting the basal 
rate with the same number of units, taken as Lantus 
once daily.93

AMPMAM

Short-acting insulin in the pump:

Pump removal doses

NovoRapid or Humalog in the pump:
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When you go to a diabetes or sports camp you
will be very active for several days in a row. Try
lowering the basal rate 0.1-0.2 U/hour
(10-20%) when you arrive at the camp, and
then adjust it according to your blood glucose
levels.

Using the pump at night only
Some people feel that the pump has obvious
advantages during the night but that multiple
injections are better during the day. This may be
the situation for a child who is not yet ready to
manage the pump alone without adult supervi-
sion. A night time pump may be a good alterna-
tive for children who are using intermediate-
acting insulin (Insulatard, Humulin I, Insuman
Basal) at bedtime and experience problems with
night time hypoglycaemia or high blood glucose
levels in the early morning.433 It is perfectly
acceptable to connect the pump in the evening,
let it stay in place overnight, and disconnect it
the next morning. During the day you can use a

pen injector or syringe for premeal bolus doses.
Talk to your diabetes doctor if this sounds like
the right approach for you.

In a group of children aged 7-10 years, the
pump was used for the dinner and evening
snack bolus doses and for the basal rate during
the night.433 Intermediate-acting NPH was given
in the morning and premeal boluses during the
day were given as injections of rapid-acting
insulin. The children’s blood glucose readings
were lower with the night time pump than
when using bedtime NPH insulin. In one study
of night time pumps in adults, the morning
blood glucose levels were more even and the
patients also experienced fewer episodes of
hypoglycaemia in the daytime.423

Is the pump a nuisance?
You must keep your insulin pump next to you
24 hours a day. Many people ask us, “How do
you sleep with it?” But they are then surprised
by how quickly they get used to wearing the
pump at night. Some people who lie quite still
put the pump beside or under the pillow and
wake up in the morning with it still there. Oth-
ers, who are more restless, find it better to have
the pump on a waistband, leg band, or in a
pyjama pocket. 

On rare occasions, some people have taken
bolus doses while sleeping. It may well be that

An insulin pump needs to be looked after, and tubing 
and batteries need to be replaced. When the alarm goes 
off, you must know how to respond. You will be the “first 
line pump mechanic” and will probably find that you 
soon learn how to take care of the practical details.

In the winter when it’s 
cold, you must keep the 
pump close to your body. 
The tubing is very thin 
and no part of it must be 
outside the clothing, or it 
will easily freeze. It may 
be a bit awkward taking 
the bolus dose but since 
the insulin can’t be 
allowed to freeze, you 
must protect it from low 
temperatures.
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they have dreamt of eating and are so used to
the pump that they have taken a bolus dose
without waking up. If you have hypoglycaemia
unexpectedly in the morning, it is a good idea
to check the pump memory to find out if you
have taken a dose in your sleep. If this is the
case, you should wear the pump in a case at
night to prevent you from pressing the buttons.
in error. Another solution is to lock the pump at
night, or to use a remote control for bolusing
and place this far away from your bed at night.

An 18 year old girl said that the first question
friends asked her was, “What do you do with
the pump when having sex?” Fortunately, it is
easy to disconnect the pump for a short while to
stop it getting in the way. Making love also
involves physical exercise, so be aware that you
might need a little less insulin for a while. Just
don’t forget to reconnect the pump afterwards. 

Does using a pump cause weight 
gain?

There is always a risk of gaining weight when
your blood glucose improves since less glucose
will be lost via the urine. You should therefore
try to reduce your calorie intake when starting
with a pump. If you have frequent hypoglycae-
mic episodes you will be likely to gain weight
since you will find yourself needing frequent
snacks. If you start treating yourself to sweets
and crisps you are bound to put on weight. Talk

to your dietitian about how to find a way
around these problems. It might be easier to
lose weight without an increase in HbA1c if you
have an insulin pump because you can then
decrease both your food intake and meal bolus
doses but be able to ensure you meet your basal
insulin requirements.

Having a lie in
With an insulin pump it is easier to sleep longer
in the morning as your basal need for insulin is
covered automatically. To find a suitable basal
rate, skip breakfast (don’t take the breakfast
bolus dose either) and test your blood glucose
several times until lunch. If the level hasn’t
changed you know it will work well when you
sleep in late. Before you know how your body
reacts, it is a good idea to have a parent or rela-
tive help check your blood glucose at 7-8 AM
and adjust the basal rate accordingly. If it is
below 3.5-4 mmol/l (63-72 mg/dl) it may be
easier for them to shut off the pump for a while
than to wake you up in order to eat something.

Travel tips
Always take extra insulin and an insulin pen or
syringes wherever you go. Don’t forget to adjust
the pump’s clock if you travel across time zones.
Change the clock to the new time when you
arrive at your destination. Since you will be sit-
ting still on the plane, it may be a good idea to
increase the basal rate slightly on a long trip.
Measure your blood glucose before each meal
and make necessary adjustments to the bolus
dose. You may need a certificate for customs
declaring that you need to wear an insulin
pump. The pump does not usually trigger the
metal detector at airports. If you travel in a very
hot climate, the insulin may lose its potency.
You may need to change insulin cartridges every
1-2 days. If you fill your reservoirs yourself, do
not fill with more insulin than you will use in
this time. Keep your insulin supply in a refriger-
ator, if possible. See page 294 for further travel
tips.

When should I disconnect 
the pump?

In the bath tub

In a public bath or swimming pool

In a sauna or jacuzzi

During an X-ray, Cat scan or MRI scan
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Toddlers using pumps
No child is too young to use a pump. It has
been used successfully even in babies only a few
weeks old. In a US study of toddlers aged 2-5
years, HbA1c decreased from 9.5% to 7.9%
and the numbers of severe hypoglycaemia
decreased from approximately one episode
every 2 months to approximately one episode
every 10 months.491 For young children with
basal rates < 0.3 U per hour U-40 or U-50 can
be used, for babies often U-10. Small children
often need a lower percentage of the total daily
dose as the basal rate (around 40%). Young
children often need the highest basal rate in the
late evening from 9PM-12AM.100 

Especially picky and unpredictable eaters will
benefit from repeated small bolus doses in
accordance with their eating habits. Dual or
square bolus can be very effective if there is any
doubt about just how much a child will eat. The
pump can be kept out of reach of the toddler by
being worn in a harness between the shoulders.
Children from the age of 4-5 years can often
wear the pump in the same way as older chil-
dren. In our experience, they very quickly learn
not to interfere with the pump. If in doubt, use
a pump on which the buttons can be locked. 

The buttocks are often used for injection sites
for the very youngest, since the needle then is
out of sight. If the child wears nappies, position
the insertion site so that it won’t be soiled by
the nappy contents.

Pregnancy
Using an insulin pump is an excellent way to
obtain blood glucose values close to those of a
person without diabetes.417 With a close to nor-
mal blood glucose, the risk of complications
during pregnancy decreases to the same levels as
for women without diabetes (see page 273). In
pregnancy, basal needs are usually only 40% of
the total daily dose.223 The insulin requirements
will gradually increase during pregnancy, but
will often plummet after delivery (see page
275). During the later part of pregnancy it
might be difficult to have the pump needle on
the distended abdomen. Instead, it would be a
good idea to use the buttocks, the upper part of
the thighs or the upper arm. 

Ketoacidosis is more likely to occur during
pregnancy. You should check your blood glu-
cose more often and also change tubing and
needle more often (every day with metal needles
and every other day with teflon catheters). Con-
tact the hospital immediately if your blood glu-
cose level is high and you have raised levels of
ketones in your blood or urine. Adding a bed-
time dose of intermediate-acting insulin (0.2 U/
kg) to cover part of the normal basal dose deliv-
ered by the pump has decreased the risk of
ketoacidosis considerably.522 A dose of long-act-
ing Lantus may also be an alternative in this sit-
uation.

Rapid-acting insulin in the pump 
As rapid-acting insulin (NovoRapid and Huma-
log) acts more quickly and more closely mimics
the non-diabetic insulin response, it seems logi-
cal to try it when using an insulin pump. 

Using an insulin pump works well for all age groups; no 
child is too young to try one. Even babies only a few 
weeks old have used insulin pumps successfully. If your 
child has unpredictable eating habits, it is very practical 
to be able to give small bolus doses every time he or she 
eats something. The best insertion site for the needle in 
toddlers is the buttocks.
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One problem when using insulin with an even
shorter duration is that your body’s insulin
depot will go down considerably as well (see
page 172). This implies that symptoms of insu-
lin deficiency will arise fast if the pump fails.
The production of ketones will start after
approximately 4 hours when a pump with
Humalog is stopped.752 One can compare a
pump-free period of about 4 hours with
rapid-acting insulin to about 6 hours with regu-
lar short-acting insulin. However, this can vary
considerably from one individual to another.

NovoRapid and Humalog are now both
approved for pump use in most countries and
their use is increasing fast. The experiences to
date are positive. In our department, we start all
new pumps with rapid-acting insulin. However,
if you develop symptoms shortly after the pump
stops, you would probably be better off using
regular short-acting insulin. 

When switching from short-acting to rapid-act-
ing insulin in the pump, you may need to lower
the bolus doses slightly (by approximately 1-2
units) since the bolus doses of regular short-act-
ing insulin supplied part of the basal insulin,
overlapping with the next meal as well. To com-
pensate for this you may need instead to
increase the basal rate slightly, when you are
using either NovoRapid 91 or Humalog.146

The onset of action with a premeal bolus dose
of NovoRapid or Humalog may be too rapid in
certain situations, such as eating a meal that is
digested slowly because it is rich in fat and car-
bohydrates (e.g. pasta or pizza), or a long
drawn-out dinner with many courses. You can
then try taking the bolus dose after the meal. If
you have a pump that can deliver the dose more
slowly (“square wave bolus”, see illustration on
page 168) this is an ideal solution in these situa-
tions. You can use this type of bolus dose even
if you have problems with gastroparesis (slower
emptying of the stomach due to diabetic neur-
opathy, see page 311). See the chapters on insu-
lin adjustments on page 148 and diet on page

Research findings: 
Rapid-acting insulin and pumps

Long-term studies show that individuals can
achieve a 0.5% lower HbA1c when using Huma-
log in the pump without increasing the risk of
severe hypoglycaemia or ketoacidosis.677,535

In a Canadian study, regular short-acting insu-
lin and rapid-acting insulin were used in insulin
pumps during a 3 month double-blind cross-
over study.819 All bolus doses were given imme-
diately before the meals. HbA1c was signifi-
cantly lower (7.7% compared to 8.0%) when
using rapid-acting insulin but there was no dif-
ference in the frequency of hypoglycaemia. 

In a French pump study, blood glucose levels
were more stable and the number of readings
below 2.0 mmol/l (36 mg/dl) decreased when
using Humalog.535

In a German study of adults, the pump was
stopped from 10 PM in the evening until 7 AM
in the morning. With Humalog, the changes in
blood glucose and ketones developed 1.5-2
hours earlier than with regular short-acting
insulin.633 Blood glucose increased with about
11 mmol/l (200 mg/dl) in 6 hours using
Humalog compared to about 6 mmol/l (110
mg/dl) with short-acting insulin. One patient
stopped the test after 7 hours due to head-
ache and nausea but no one developed
ketoacidosis. 

In an Italian study of adults, the pump was
stopped for 5 hours in the morning without
eating breakfast. During these hours, glucose
levels increased by 5.6 mmol/l (100 mg/dl) on
average when using short-acting insulin (Velo-
sulin) compared to 9.2 mmol/l (165 mg/dl)
with Humalog.320 Blood ketone levels rose to
about 1.2 mmol/l when using Humalog com-
pared to 0.9 mmol/l with Velosulin (see figure
on page 175). 

In an American study, the differences between
regular short-acting insulin and Humalog were
not as pronounced when the pumps were
stopped for 6 hours.41
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206 for further advice on the use of NovoRapid
and Humalog.

If you use regular short-acting insulin in the
pump and want to sleep half an hour longer in
the morning, you can take the pre-breakfast
dose with rapid-acting insulin in a pen or
syringe immediately before eating instead of 30
minutes earlier. NovoRapid or Humalog is also
a good alternative if your blood glucose is high
before you eat.

Which type of treatment do the health
professionals prefer?

In an American study, professional members of
AADE (American Academy of Diabetes Educa-
tors) and ADA (American Diabetes Associa-
tion), mainly nurses, doctors and dietitians,
were asked how they treated their own diabe-
tes.309 The results showed that as many as 60%
of the AADE members with diabetes and 52%
of the ADA members with diabetes used insulin
pumps. Only 3-4% used 1-2 injections per day.
The rest used multiple injections with 3-4 doses
per day. The average HbA1c for pump users was
6.7%, for multiple injections 7.2%. One inter-
esting observation was that diabetes (type 1)
was 13 times more common among the AADE

and ADA members than in the general popula-
tion. The explanation may be that since diabe-
tes generally develops at a younger age (average
age at onset in the US is 16 years), the disease
may influence a person towards choosing a
career involving diabetes care.

For further reading on insulin pumps, try either
of the following: The Insulin Pump Therapy
Book by Linda Fredrickson (Ed.), Minimed
Inc., Sylmar, CA, USA; and Pumping Insulin by
John Walsh and Ruth Roberts, Torrey Pines
Press, San Diego, USA.

Remember to bring extra batteries and other accessories 
when you are away from home for more than a couple of 
hours. Also bring a pen or syringe and rapid-acting insulin 
so you can take extra insulin if your pump stops working 
properly.

An insulin pump will 
enable you to “fine 
tune” your insulin doses 
and will give you more 
“horsepower under the 
bonnet” for taking care 
of your diabetes. How-
ever, greater knowledge 
and attention will be 
needed if it is to work 
well, just like a stronger 
and faster car. Used cor-
rectly, an insulin pump 
is a very good tool that 
can give you wonderful 
support on your long 
diabetes journey.

Insulin pump
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Side effects of insulin
treatment
Pain
If an injection is particularly painful you have
probably hit a nerve (see illustration on page
111). If you can stand the pain you can readily
inject the insulin, otherwise you must pierce the
skin once again. If your injections are often
painful, see the chapter on injection equipment,
page 122.

Insulin leakage
It is not uncommon for a drop of insulin to
come out on the skin after the needle is with-
drawn. Two to three drops from a pen needle
contain approximately one unit of insulin (100
U/ml). In one study on children and adolescents
with diabetes 68% encountered leakage of insu-
lin after injections during one week.714 And
23% of these injections were followed by leak-
age of up to 18% of the injected dose (2 units
out of an intended dose of 11 units). 

It may be difficult to avoid insulin leaking, but
the risk will be reduced if you lift a skin fold
and inject at a 45° angle (even if you use an 8
mm needle). Try to inject more slowly. You can
also try to withdraw the needle halfway and
then wait 20 seconds before withdrawing it
completely. Some people find it helpful to press
a finger on the injection site or to stretch the
skin immediately after removing the needle. At
one time, the standard advice was to stretch the
skin sideways before injecting to avoid insulin
leakage, but this is not a good idea because you
risk giving yourself an intramuscular injection
by mistake. 

Blocked needles

Sometimes the needle will be blocked when you
inject long or intermediate-acting insulin. This
can be caused by the crystals in the insulin that
build up. It seems to depend on how quickly
you inject the insulin. The problem is more
likely to occur if you perform the injection
slowly (over a period of more than 5 seconds).
Try to inject the insulin quickly (within 5 sec-
onds) of penetrating the skin. The risk increases
when you reuse needles as any remaining insu-
lin may crystallize inside the needle barrel.

Bruises after injections
If you penetrate a superficial blood vessel in the
subcutaneous fat layer, there may be a small
amount of bleeding. However, the blood vessels
in the subcutaneous fat are so small that there is
no risk of insulin being injected directly into
one of them. The bleed will feel like a small
bubble under the skin and may be bluish in

If you penetrate a superficial blood vessel with the nee-
dle it may bleed a little. Bleeding under the skin will feel 
like a small bubble, which is often bluish in colour.

Blood

Subcutaneous
fat

vessel
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colour. Bleeding like this is quite harmless and
is absorbed completely after a while. 

Fatty lumps
Fatty lumps (lipohypertrophies) are caused by
insulin’s effect of stimulating growth of fat tis-
sue. This is a common problem when you don’t
rotate your injection sites often enough. Fatty
lumps contain both fibrous and fat tissue.750 Up
to 30% of patients have problems with fatty
lumps.588,641

A child usually wants to prick the skin where it
hurts the least, resulting in injections too close
together. It is important to explain carefully
why this is not a good idea, and help to find a
system for rotating the injections sites effec-
tively. Younger children (aged under 10-12
years) should have a parent helping them with
one or two of their injections each day. The par-
ent can then inject into areas that the child
might have difficulty in reaching, such as the
buttocks (see “Where do I inject the insulin?”
on page 111).

Re-using needles causes blunting which means
that repeated injections are not only more pain-
ful, they also cause more damage to the skin
and may even contribute to an increase in the
formation of fatty lumps.718

Injections in fatty lumps will usually result in a
slower (and probably more erratic) absorption
of insulin.464,816 An area with lipohypertrophy
should be left alone for a couple of weeks. One
way to accomplish this can be to use an

indwelling catheter (Insuflon, see page 122)
with which the injection sites can be actively
rotated. Another way is to use a guide with a
rotation scheme, designed with holes or sections
for different days of the week.276

In one report, the problems with lipohypertro-
phies decreased among individuals using
Humalog.641 The explanation may be that, as
this type of insulin enters the bloodstream much
faster, the time for which the fat cells are
exposed to the insulin will decrease.

Remember that insulin will start to act sooner if
you inject it in an area free from lipohypertro-
phy. You may have to lower the dose to avoid
hypoglycaemia when you switch your injections
into a “fresh” site without lipohypertrophy. 

Redness after injections
Redness, sometimes with itching, that occurs
immediately or within hours of an insulin injec-
tion can be due to an allergy towards the insulin
or a preservative. This type of reaction will usu-
ally subside after some years as you continue
with insulin treatment.593 Inform your doctor if
you have problems with redness after injections.
There is a special skin test available to find out
whether you are allergic to the insulin or the
preservative. There is often an increased level of
insulin antibodies in the blood as well (see
later). If problems with redness continue, so
called antihistamine tablets can be helpful. Add-

Insulin causes the subcutaneous tissue to grow if you 
inject frequently into the same spot. You will get a “fatty 
lump” (lipohypertrophy) in the skin that feels and looks 
like a bump.

Insulin will usually be absorbed more slowly and probably 
more erratically if you inject in an area with fatty lumps 
(lipohypertrophy).
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ing a small amount of cortisone to the insulin
may also help.494 Switching to rapid-acting insu-
lin (NovoRapid 12 or Humalog 462) has de-
creased the problem with redness after injec-
tions in some cases. The slow infusion rate of
an insulin pump was helpful for building up tol-
erance for insulin (so called “desensitization”)
in a girl who had problems with burning local
reactions to insulin.229 We have the impression
that the problem of redness after injections has
decreased considerably since we began giving
all patients NovoRapid right from the onset of
diabetes.

It is important to make sure your insulin has
not passed its use-by date and that it is stored
correctly (see page 116). Inappropriate storage
conditions can result in the insulin breaking
down and give rise to harmful substances that
can cause local allergic reactions.315 A general-
ized allergic reaction after insulin injection is
very rare.143,462

Allergy to the nickel in pen and syringe needles
can cause redness after injections. The needles
are covered with a layer of silicone lubricant. If
you are allergic to nickel you should not use the
needles more than once as the silicone layer
wears off and the nickel will come in closer con-
tact with the skin. Needles on syringes have a
thicker silicone layer since they need to pene-
trate the membrane of the bottle when drawing
up insulin. For this reason, they will be more
appropriate if you are allergic to nickel. You
can have a skin test to see whether this is the
case. If you are allergic to nickel, you will usu-
ally react to it in other items as well, for exam-
ple earrings, belt buckles or wrist watches. 

EMLA®-cream (a topical anaesthetic used for
venepuncture or when replacing indwelling
catheters) can cause an allergic redness that
looks very much like an allergy to the adhesive. 

Insulin antibodies
Your body will produce antibodies to “defend”
itself against foreign substances. Insulin anti-

bodies with pork and beef insulin were com-
mon. With the use of human insulin it is not
common to have high enough levels of antibod-
ies to cause problems. Higher levels of insulin
antibodies are more common when using multi-
ple injections or insulin pumps compared to
conventional treatment with two doses a day.177 

Insulin antibodies work by binding insulin
when there is a high level of free insulin, for
example after a meal bolus injection.30,177 When
there is a low level of free insulin, for example
during the night, they release insulin.30,177 In this
way the insulin concentration in your blood
will be levelled off in a way that does you no
good at all. When you want a high level of insu-
lin after a meal, it will be lowered (resulting in
high blood glucose); and when you want a low
level in the blood during the night you will
instead have too much insulin (resulting in
hypoglycaemia). It could be said that if you
have high levels of insulin antibodies you will
produce long-acting insulin on your own. In
fact, one of the new long-acting insulin ana-
logues (Levemir) is using the same principle:
after entering the bloodstream, the insulin is
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bound to a protein (albumin) and then released
very slowly.349 

One possible method of reducing the impact of
this reaction is to give yourself a fairly large
dose of insulin in the morning to “saturate” the
insulin antibodies. During the day, you can take
smaller and smaller doses just before meals. At
bedtime give only a very little dose of insulin to
lessen the risk of night time hypoglycaemia. As
the injected insulin will have a prolonged
action, it may help to keep in mind that
rapid-acting insulin (NovoRapid or Humalog)
will work like short-acting insulin (Actrapid,
Humulin S, Insuman Rapid) for a person with a
high level of insulin antibodies; short-acting
insulin will work like something in between
short and intermediate-acting (Insulatard,
Humulin I, Insuman Basal) while intermedi-
ate-acting insulin will work as long-acting (Lan-
tus, Ultratard, Humulin Zn) normally does.

Switching to rapid-acting insulin (Humalog)
substantially decreased the level of antibodies
and problems with early morning hypoglycae-
mia in one case report 468 and solved the prob-
lem of redness at the injection site and
generalized insulin allergy in another.462 Appar-
ently, the structural differences between regular
short-acting and rapid-acting insulin molecules
prevented Humalog from binding to the human
insulin antibodies. NovoRapid has also been
used successfully in patients who are allergic to
insulin.12 

A blood test is available to measure how much
of the total amount of insulin is bound to anti-
bodies. Normally this level is approximately
6% but we have seen values above 90% in
cases where the person has had particular diffi-

culty both with redness after injections and
with prolonged insulin activity. Insulin antibod-
ies can be very troublesome but usually the neg-
ative effects will slowly subside after several
years, even if you still have measurable levels of
antibodies. 

Lipoatrophy
Lipoatrophy appears as a cavity in the subcuta-
neous tissue. The reason for its development is
not clear. It does not usually appear in areas
that have been used too often as injection sites.
Rather, it is believed to be an immunological
reaction towards insulin which causes the
breaking down of subcutaneous tissue.593

Patients with lipoatrophy often have high levels
of insulin antibodies.

Lipoatrophy has also been described in a person
using Humalog in an insulin pump.317 You can
try treating the cavities by injecting insulin
along the edges. This will cause the formation
of new fatty lumps and eventually the cavities
will disappear.

Insulin oedema
Sometimes, local or generalized oedema can fol-
low a rapid improvement in blood glucose con-
trol (for example, shortly after diabetes has
been diagnosed). This is caused by a temporary
build-up of fluid in the body and usually sub-
sides spontaneously over a period of days to
weeks if the blood glucose control continues to
be good.695 In severe cases, ephedrine has been
an effective treatment.385
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Insulin requirements
How much insulin does your body 
need?

An adult without diabetes produces approxi-
mately 0.5 units of insulin/kg (0.23 units/lb)
body weight every day.6 After the remission
phase (usually within 1-3 years after the onset
of diabetes) the insulin requirement for a grow-
ing child stabilizes, generally somewhere
between 0.7 and 1.0 units/kg/day (0.3-0.45
units/lb/day),501,695 and usually close to the
1 unit/kg/day (0.45 units /lb) mark. Sometimes
only a few units less per day can result in quite a
difference in HbA1c. If the young person
becomes unwell, it will usually be necessary to
increase insulin doses, especially if the illness is
accompanied by fever (see page 258).

Puberty and growth
During puberty, the young person starts to
grow rapidly, so larger doses of insulin are
needed. Boys usually have their growth spurt at
around the age of 14, and girls at around 12
years (a year before they start menstruating) but
this does vary considerably. Boys usually
require much higher doses during puberty, often
as much as 1.4-1.6 units/kg/day (0.6-0.7
units/lb/day),499 sometimes even more. Girls
may also need to increase their doses to exceed
1 unit/kg/day during their growth spurt.765 After
they start menstruating, their growth slows
down, and they have usually reached their full
adult height within a further two years. At this
time it is very important to lower the insulin
dose, and regulate food intake, to avoid “gain-
ing width” instead. 

Within a few years after puberty, insulin
requirements decrease to an adult level, usually
0.7-0.8 units/kg/day (0.3-0.35 units/lb/day). It

is a good idea to try and get used to counting
insulin requirements in units/day in different sit-
uations as well as considering the number of
units in each injection. 

Height and weight should be monitored regu-
larly. Children and adolescents with diabetes
are often slightly taller than their healthy peers
when they develop diabetes, but their final
height falls within the normal range.658,817 Poor
diabetes control, especially during early
puberty, can slow down growth.225,803 Puberty
may be delayed and girls’ menstrual periods
missed or their onset delayed.225 Generally, the
HbA1c will be high, but it may not be if a lack
of insulin is combined with poor nutrition.
Because of this, it is very important to consider
both insulin and nutritional requirements in
relation to growth patterns. Treatment with an
insulin pump can considerably improve growth
rate in poorly controlled diabetes by establish-
ing a reliable supply of basal insulin.712

During the growth spurt of 
puberty, insulin doses often 
need to be increased con-
siderably.
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Remission (“honeymoon”) phase
You are likely to need particularly large doses of
insulin when your diabetes has just been diag-
nosed. This is because your body will not be as
sensitive to insulin as it should be, on account
of your high blood glucose levels during the
weeks immediately before diagnosis (around the
time you may have been feeling unbelievably
thirsty). Once you start treatment, your body is
likely to regain its sensitivity to insulin very fast
so that, within a week or so, the amount of
insulin you need is likely to have come right
down.

When your blood glucose level has been normal
for some time, the beta cells usually start to pro-
duce some insulin again, and this makes it pos-
sible to decrease your insulin doses further.
Often this natural insulin production will con-
tinue to rise and, if the insulin doses can be low-
ered to 0.5 units/kg (0.23 units/lb) body weight
or less, you can be described as having entered
the remission phase (also called “honeymoon
phase”). The advantage of insulin coming from
your own pancreas is that it is secreted in rela-
tion to the blood glucose level, which makes it
easier to manage your diabetes. 

Even if the beta cells produce only a small
amount of insulin, this can be enough to coun-
teract the production of ketones. Insulin inhib-
its the breakdown of fat into fatty acids, which
then can be transformed to ketones in the liver.
Because of this, patients who produce their own
insulin over a period of several years have a cer-
tain “protection” against ketoacidosis.412 But if
they are faced with a stressful situation or an
infection, their need for insulin will increase
considerably. This is because the increased lev-
els of cortisol and adrenaline result in more fat
being broken down into fatty acids and causing
more ketones to be produced. 

The remission phase usually lasts 3-6 months,
sometimes a year or longer. Insulin require-
ments are usually at their lowest between 1 and

Large doses of insulin are usually needed during the first 
1-2 weeks after diagnosis as blood glucose levels will 
have been high for a sustained period of time, resulting 
in considerable insulin resistance in your body. The 
amount of insulin needed usually goes right down during 
the first few weeks and months. 

A growing child is likely to need an insulin dose of around 
1 unit/kg body weight/day. When children need less 
than this, their pancreas is probably producing some 
insulin of its own. This is common during the first 6-12 
months after the onset of diabetes. A child who needs 
less than 0.5 units/kg/day (0.23 units/lb/day) has 
entered the remission phase (“honeymoon phase”).
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During puberty, teenagers grow fast, and larger doses of 
insulin will be necessary. It is important to be sure to 
take enough insulin at this time. Growth hormone is 
secreted mainly during the night and the bedtime insulin 
dose may need to be raised by a considerable amount. 
Young people who don’t get enough insulin during 
puberty may lose a few centimetres (½-1 inch) from their 
final height. Once the final height has been reached, 
insulin doses will need to come down again.
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4 months after the onset of diabetes.501 How-
ever, this varies from person to person. Some
will not have a remission phase at all; for others
it can last for more than a year. After 2-4 years
of insulin treatment in young people, it is very
unusual to be producing any insulin at all. If
you had symptoms (thirst, needing to pass a lot
of urine, weight loss) for only a week or two
before starting insulin treatment, your chance
of having a remission phase is higher. Younger
children usually have a shorter remission phase.
Children who were below the age of 5, or who
had ketoacidosis at the onset of diabetes, are
unlikely to have a remission phase according to
one Italian study.105 Intensive insulin treatment
and better blood glucose control from the early
start of diabetes is thought to give the beta cells
an opportunity to rest, increasing the chances of
enough insulin subsequently being produced to
allow a longer remission phase.183,200

Insulin doses can sometimes be brought right
down during the remission phase, to the extent
that the person requires only a few units of
insulin a day. It almost feels as if the diabetes
will disappear, but unfortunately this doesn’t
happen. Medicine has not yet found a cure for
diabetes. If you have it, you will need to take
insulin for the rest of your life. The remaining
insulin produced by the beta cells reduces grad-
ually, then usually disappears completely.

An infection will often trigger an increased need
for insulin, and cause your blood glucose levels
to rise. Insulin doses must be adjusted accord-
ingly. If you are prompt in modifying your
doses in response to your blood glucose read-
ings, it is possible that your total insulin
requirement per day will go down again once
the illness is over.

The term “remission phase” might more accu-
rately be described as “partial remission”.
Complete remission would mean needing no
insulin at all for a shorter or longer period of
time. We usually don’t withdraw all the insulin,

although the insulin requirement may be very
low.58 An exception to this rule is when a per-
son with diabetes finds themselves experiencing
hypoglycaemia as a result of tiny doses such as
0.5-1 unit. The reason for not withdrawing
insulin completely is that even small doses help
to keep the beta cells working, which in turn
makes a longer remission phase more likely. 

How much insulin does the pancreas
produce?

It is not possible to measure the insulin pro-
duced in the pancreas in a direct way as it is
chemically identical to the insulin you inject.
However, internal insulin production can be
indirectly assessed by measuring C-peptide, a
protein produced in equal measure to insulin in
the healthy pancreas but not present in the insu-
lin you inject (see page 320). A person with type
2 diabetes produces more insulin in his or her
own pancreas, so measuring C-peptide can be
used as a method of distinguishing between
type 1 and type 2 diabetes.

Insulin requirements
(after the remission phase) 

Pre-pubertal
growth

0.7-1.0 U/kg/day, usually
closer to 1 U/kg/day.

Puberty Boys 1.1-1.4 U/kg/day,
sometimes even more.499

Girls 1.0-1.2 U/kg.765

After puberty Girls: < 1 U/kg/day from 
a couple of years after the
first menstrual period.

Boys: ~ 1 U/kg/day at
18-19 years of age, less
after a couple of years.

(1 kg = 2.2 lb)
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Insulin sensitivity and resistance
The body’s insulin sensitivity is essential for
determining how much the blood glucose level
will be lowered by a given dose of insulin. You
might think that the same dose of insulin would
have the same effect on the blood glucose in any
single individual, but unfortunately this is not
the case. Certain factors increase insulin sensi-
tivity while others decrease it (see key fact box
on page 196).

Insulin resistance implies that a higher insulin
concentration in the blood is needed to obtain
the same blood glucose lowering effect. You
could also say that the insulin sensitivity is
decreased. The decreased effect of insulin is
caused by a restrained transport of glucose
through the cellular wall when the blood glu-

cose level is high.467,813 The decreased uptake of
glucose into the cells can also be caused by a
constriction of the blood vessels, resulting in a
decreased blood flow.292 Insulin resistance will,
in this sense, be a defence for the insulin-sensi-
tive cells that are prevented from taking up too
much glucose.814 These cells will not be exposed
to glucose toxicity and will therefore not be
affected by the long term complications of dia-
betes. The cells that are not dependent on insu-
lin for their glucose uptake (e.g. the eyes, the
kidneys and the nerves) will, on the other hand,
have a high uptake of glucose. This will expose
them to glucose toxicity leading to long term
complications. See illustration on page 305.

If your blood glucose level has been high for a
short period only (just one day, for example)
such as during an infection, your body will
require higher insulin doses to achieve the same
blood glucose lowering effect. A meal of a given
size and composition will accordingly need a
higher dose of insulin than usual. This increased
insulin need may continue for a week or so after
the infection has subsided if your blood glucose
level has been high for a longer period of time.
Some people have noted higher blood glucose
levels during periods when the pollen count is
high if they have hay fever. This may be because

Early in the night (midnight-2AM) when we don’t eat, the 
body’s sensitivity to insulin is increased. The secretion of 
growth hormone increases early in the night but the 
blood glucose raising effect does not appear for 3-5 
hours.103 Growing children have higher levels of growth 
hormone than adults do. Levels of growth hormone are 
even higher during puberty, which explains why the dawn 
phenomenon is more pronounced in adolescents. Young 
children who fall asleep early have their growth hormone 
peaks before midnight and it is common to see an 
increased need for insulin from 9PM-12AM.100,150 
Patients whose glucose control is poor have increased 
levels of growth hormone which make increased blood 
glucose levels in the morning more likely, as well as 
retarding growth (see page 38).103
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Increased insulin-
sensitivity early in 
the night

Decreased insulin- 
sensitivity caused by 
growth hormone

22 PM 2 AM 6 AM

Think of your blood glucose level as simi-
lar to your body temperature, the blood 
glucose meter as a thermometer and the 
regulation of the blood glucose as a ther-
mostat (the same type that radiators have 
to maintain an even temperature). If you 
are faced with insulin resistance, i.e. 
decreased sensitivity for insulin, it is as if 
the “glucostat” has been turned up. Your 
blood glucose will be higher and more 
insulin than usual will be needed to lower 
it again. This is similar to having a fever 
which raises your body’s thermostat and 
causes your temperature to increase.

When you have recovered, your body will reset the ther-
mostat so your body temperature returns to normal. In 
the same way the “glucostat” resets to a normal insulin 
sensitivity when the blood glucose level has been back to 
normal for a day or two.
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they are less active while suffering from pollen
allergy. 

After some time with high insulin doses (and
normal blood glucose levels) you will start
experiencing hypoglycaemia, even though you
have not changed either your insulin doses or
the amount of food you eat. The body’s sensi-

tivity to insulin will change when the blood glu-
cose level is low, and the same insulin
concentration in the blood will now lower the
blood glucose more effectively,158 resulting in a
lower dose of insulin for the same meal. As you
experience this you will learn to decrease your
insulin doses slightly as a preventive measure
when your blood glucose levels have been nor-
mal for a day or two (or up to a week depend-
ing on individual differences), thus preventing
hypoglycaemia. 

Compare your blood glucose level with a ther-
mostat that regulates the central heating in a
house. If the thermostat is adjusted to 20° C
(68° F) more energy will be needed to maintain

Increased insulin resistance

Short-term factors
High blood glucose level for 12-24 
hours.5,259,812 

Rebound phenomenon (see page 49).

Later part of night (dawn phenomenon).

Infection with fever.

Stress.543

Surgery.

Inactivity, bed rest.787 

Ketoacidosis. 

Long-term factors
Puberty.

Pregnancy (the later part of). 

Weight gain, being overweight.36 

Smoking.43,243,557

High blood pressure.

Drugs, e.g. cortisol, contraceptive pills.

Other diseases like toxic goitre, chronic uri-
nary tract infection, dental abscess. 

Decreased insulin resistance

Low blood glucose levels 
(improved glucose control).

Weight loss.

After physical exercise.793 

Early hours of the night (midnight - 2 AM).

Research findings: 
Insulin resistance

In one study, the blood glucose level was
held at 17 mmol/l (305 mg/dl) during part
of the day and night, 15 hours in total.259

The following day the patients had a
decreased sensitivity for insulin. 

Another study showed that if the blood glu-
cose level had been sustained between
13-20 mmol/l (220-360 mg/dl) during a 24
hour period, the effect of a given insulin
dose was decreased by as much as
15-20%.812 After 44 hours with a blood glu-
cose level of 15 mmol/l (270 mg/dl) the
insulin effect decreased by 32%.273 

In the same study it was found that admis-
sion to the hospital in itself resulted in a
decreased insulin effect by 21%, probably
caused by associated illness, bed rest and
temporary changes in life style. The effect
seems to be due to an increased blood glu-
cose level as such, since the levels of the
blood glucose increasing hormones (adrena-
line, cortisol and growth hormone) were not
increased. 

In a healthy beta cell, the production of insu-
lin will be decreased if it is being exposed to
high glucose levels even for as short a
period as two days.477
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this temperature if the outside temperature is
colder than usual. In the same way, more insulin
will be needed to keep the blood glucose at the
same level when insulin resistance is high. If the
blood glucose level has been high for a while,
the “glucostat” will adjust and you will start
having hypoglycaemia at a higher blood glucose
level than before. If you have had very low
blood glucose levels for some time, the glucostat
will readjust in the opposite direction and you
will not experience hypoglycaemia until your
blood glucose level is very low (see also page 43
and 57). 

Weight gain increases insulin resistance while
weight loss decreases it. This is one of the rea-
sons why it is difficult to maintain a normal

blood glucose level if you are overweight. Male
pattern obesity (“apple fatness”) is particularly
likely to increase insulin resistance.496 Other
factors can also contribute to the level of insulin
resistance (see key fact box on page 196). 

Increased levels of stress hormones (adrenaline,
noradrenaline) will induce an insulin resistance
that develops within 5-10 minutes.496 Stress also
causes release of cortisol, which increases insu-
lin resistance within hours.

During puberty, an increase in the secretion of
growth hormone raises the blood glucose level.

A vicious cycle can easily develop, in which a high blood 
glucose level can give an increased insulin resistance 
within 24 hours.812 This will make your insulin less effec-
tive, you will find it more difficult to get your blood glu-
cose levels down to normal, and your blood glucose 
levels will rise after some time as will your HbA1c. The 
graph above shows that a high HbA1c implies that twice 
the amount of insulin is needed to obtain the same 
blood glucose lowering effect.813

To start with, you must increase the insulin doses if you 
are to break this vicious cycle. However, in the long run 
the key issue is to become more “accurate in aiming” 
your insulin doses, not letting the blood glucose increase 
too much or too often again. After just 1-2 weeks with 
lower blood glucose levels, you will be able to decrease 
the insulin doses again. If you have been using pump 
treatment for 3-6 months, it may be possible to lower 
insulin doses by 10-30% as the insulin resistance 
decreases after a period with lower blood glucose lev-
els.813
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It is common to seek the “ideal insulin dosage”. Just 
imagine, finding this would ensure “smooth sailing” for a 
long time to come. Unfortunately this is never as easy as 
it sounds. Sometimes you will find it very frustrating 
searching for the right insulin dose. It seems that no mat-
ter how you approach the problem you cannot make any 
sense of the relationship between your blood glucose 
measurements and the amount of insulin you take. This 
is made all the more frustrating by the fact that the 
speed at which injected insulin is absorbed varies enor-
mously (see page 80). Often, your insulin doses are 
unlikely to be suitable for more than a couple of weeks at 
a time. After that, something in your daily life changes, 
the insulin sensitivity is affected and suddenly your 
doses are not appropriate any more. Of course, this can 
be very difficult to understand and to live with. But it is 
important not to have unrealistic expectations. Just as 
daily life differs slightly from week to week and month to 
month, so your insulin requirements will also change. 

If you are unable to find a schedule that works, it can be 
helpful to keep to exactly the same doses for a week. You 
will then be better equipped to see a pattern in your glu-
cose readings and insulin doses. Contact your diabetes 
clinic to discuss what to do next.



198 Type 1 Diabetes in Children, Adolescents and Young Adults

This causes a resistance to insulin that contrib-
utes to the need for increased insulin doses dur-
ing puberty. Smoking leads to increased insulin
resistance because nicotine decreases the uptake
of glucose to the tissues of the body.43 

Regular exercise (at least every other day) leads
to a decrease in insulin resistance that lasts
between exercise sessions, while inactivity (for
instance caused by being bedridden) gives an
increased resistance within days.787 Active ath-
letes, for example, need to lower all their insulin
doses considerably. When the training season is
over, doses are likely to need considerable
adjustment upwards if higher blood glucose lev-
els are to be avoided. Sometimes 30-50% more
insulin will be needed during periods of reduced
activity.

Ideal insulin doses?
Of course we all want to search for the ideal
insulin doses, but unfortunately this is not a
realistic goal since insulin requirements vary
according to activity, other illnesses, insulin
resistance (see page 195) and other factors. A
good parallel can be seen with body tempera-
ture. Your body strives to maintain a tempera-
ture around 37° C (99° F) but this would be
difficult if you always wore the same amount of
clothing regardless of what the weather was
like. Just as an outfit that is perfect one week
can be much too warm the next, so a particular
dose of insulin is likely to be ideal for a week or
two only, before you need to readjust it. As with
your clothing, you will need to make daily
adjustments in your insulin doses if you are to
remain comfortable.

High blood glucose levels, 
e.g. due to an infection, give 
an increased insulin resis-
tance leading to an 
increased need of insulin.

When the blood glucose level is increased for 
some reason (for example an infection), 
more insulin is needed depending on the 
level of resistance. However, if you continue 
with the higher doses you will start having 
hypoglycaemia before long. The best strategy 
is to lower the doses as a preventative mea-
sure when you start getting a lot of low blood 
glucose readings. These “waves” of insulin 
resistance usually appear with an interval of 
a few weeks. 

After a couple of days the blood glu-
cose level will fall too low and you will 
need to lower the doses again.

Back to normal 
insulin resistance 
and normal insu-
lin doses. 

You increase the 
doses and the 
blood glucose level 
improves.

1 - 2 weeks
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Continued insulin resistance due to high blood glucose 
levels when body temperature is raised.

Increased insulin resis-
tance due to fever.

This graph shows the insulin requirements 
instead of the blood glucose level. Compare 
with the previous graph. The increased insu-
lin need persists for some time after the 
infection has been cured since the high 
blood glucose levels (caused by the fever) 
have resulted in an increased resistance to 
insulin (decreased insulin sensitivity).
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Infection cured

Gastroenteritis with vomiting 

Time

and/or diarrhoea

Continued low insulin 
resistance due to low blood glucose levels. 

Decreased insulin resistance 
due to low glucose levels.

When a young person gets gastroenteritis 
with symptoms of vomiting and/or diarrhoea, 
the blood glucose levels will usually be low-
ered by a reduction in food intake, causing 
insulin requirements to go right down. This 
reduction in need for insulin is likely to go on 
for some time (often 1-2 weeks) after the 
infection has been cured, as the low blood 
glucose levels cause a drop in insulin resis-
tance (increased insulin sensitivity).

The same type of insulin resistance will arise 
if the blood glucose is high for a period of 
time due to other reasons, such as failing to 
follow your diet or eating too many sweets. 
Even if you stop eating sweets. higher doses 
of insulin than usual are needed to bring the 
blood glucose back to normal levels. To avoid 
hypoglycaemia, lower the doses once again 
when the blood glucose has been normal for 
1-2 weeks. Otherwise there is a risk that you 
will go back to eating larger amounts to avoid 
hypoglycaemia and thereby gain weight, end-
ing up in a vicious circle.

B
lo

od
gl

uc
os

e
le

ve
l

Time

Insulin resistance due to high blood 
glucose levels for a period of time.

Increased doses to lower the 
blood glucose level.

You must decrease 
the doses here!

Normal insulin 
sensitivity again.
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Nutrition
From a historical perspective, dietary advice for
people with diabetes has been very restrictive
when it comes to carbohydrate intake. Foods
containing sugar were excluded from the diet.
This created feelings of guilt in people with dia-
betes when the “rules were broken”. To do as
most other people do, i.e. to vary one’s food
intake and indulge in the occasional sweet
“treat” was discouraged and by some looked
upon almost as “sinning”. But this is an out-
moded and inappropriate approach. The inclu-
sion of foods containing moderate amounts of
sugar has not been found to worsen blood glu-
cose control. 

Sticking to a rigid pattern of meal times and
selected food is unlikely to be necessary because
of diabetes alone, especially if you are taking
premeal insulin in a multiple injection or pump
regimen, although regular eating habits and a
knowledge of carbohydrate quantities is impor-
tant. Many people with diabetes live full and
varied lives, enjoy their food, and still manage
to control their blood glucose levels effectively.

The more knowledge you have about carbohy-
drate foods and their effects on your blood glu-
cose, the more control you will have over your
diabetes.

It is important to be careful about what you eat,
even if you don’t have diabetes. But remember
that food should not be looked upon as medi-
cine. Food should look and taste good. Meals
are meant to be pleasurable, we should enjoy
food and feel satisfied afterwards. If you con-
centrate upon food being “good for you” to the
exclusion of everything else, you will find no
pleasure in it. It will be much more rewarding if
you are able to discuss what you can eat with a
dietitian who will help you draw up a meal plan
based on the mealtimes, routines and prefer-
ences that are important to your family. “You
should never eat what you don’t like”, says UK
dietitian Sherry Waldron.

“What can I eat?”, “What should I avoid?”
Such questions are commonly asked by people
newly diagnosed with diabetes. Usually, the
comment after the first consultation with a die-
titian will be: “I am glad to discover I can eat
most of the things as I used to before getting

Kitchen scales can be useful for weighing food and extras 
to calculate the carbohydrate content. Many centres rec-
ommend estimating helpings and nutritional contents by 
eye,783 after an initial learning period when diabetes is 
first diagnosed. Other centres teach carbohydrate count-
ing as a more exact method of calculating premeal insu-
lin doses when using multiple injections or a pump (see 
page 216).
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diabetes”. Dietary advice should be directed
towards the whole family from the very begin-
ning. In a Finnish study of young children with
type 1 diabetes, all family members increased
their consumption of skimmed milk, low-fat
cheese and low-fat cold meats. They also ate
more fruit and vegetables.781 

Nutritional recommendations will be based on
requirements for all healthy children and ado-
lescents.274 Children need to double their energy
intake between the ages of 6 and 12 years if
they are to grow as much as they should.784 At
this time, they need to eat more food rich in
energy and protein. However, if they do not
reduce their energy intake once the growth
spurt stops, they are at risk of becoming too
fat.784 At the present time, there is no good sci-
entific evidence for recommending vitamin or
mineral supplements.784

Absorption of carbohydrates
Glucose from food can only be absorbed into
the bloodstream after it has passed into the
intestines. It cannot be absorbed through the
lining of the mouth, as used to be believed.321,703

To reach the intestines, the food must first pass
through the lower opening of the stomach
(pylorus, see illustration on page 21) where a
special muscle, the pyloric sphincter, acts as a
“gateway” to the intestine below. The sphincter
will only allow very small pieces to pass
through. 

Complex carbohydrates must first be broken
down to simple sugars before they can be
absorbed into the bloodstream. The length of
the carbohydrate chain does not seem to affect
absorption as much as was once believed since
“cleavage” (breaking) is a fairly rapid process.

Structure of different foods Quick 
absorption

Quick
absorption 

Slow
absorption 

Slow
absorption

Whole fruit
The cell walls enclose
the carbohydrates

Fruit puree Juice

Beans, peas, lentils Pasta Rice
Potatoes

Fibre content

Bread from fine-grounded
flour without fibre

Bread from fine-grounded
flour rich in fibre

Bread with coarse meal
and whole grain

The structure and fibre content of different foodstuffs affect how quickly the carbohydrate content is absorbed. The illus-
tration is from the book “Food and diabetes” by the Swedish Diabetes Association, printed with permission.
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Simple carbohydrates are cleaved by enzymes in
the intestinal lining while more complex carbo-
hydrates and starch are first prepared by amy-
lase, an enzyme found in the saliva and
pancreas. Starch fibre cannot be cleaved into
carbohydrates in the intestine. 

At one time, carbohydrates were divided into
quick-acting and slow-acting, mainly depending
on the size of the molecule. It is more accurate
to speak of quick-acting and long-acting foods
and to evaluate the composition, fibre content
and preparation in order to determine the effect

on the blood glucose level, rather than simply
its content of pure sugar.426,783 The term “gly-
caemic index” (GI) is used to describe how the
blood glucose level is affected by different foods
(see page 209). 

Dietary fibre content and particle size seem to
be particularly important according to recent
studies.36 The starch in vegetables is broken
down more slowly than the starch in bread.746

The starch in potatoes is quick to break down
to glucose. The starch from pasta products is
broken down much more slowly, even though it
is made from white flour, which is low in
fibre.426

Factors that increase the blood glucose 
level more quickly

(increased glycaemic index)

Cooking:

Boiling and other types of cooking will break
down the starch in food.

Preparing food:

Prepared food, e.g. polished rice will give a
quicker rise in blood glucose than unpol-
ished, mashed potatoes quicker than whole
potatoes and grated carrots quicker than
sliced.746 Wheat-flour gives a higher blood
glucose response when baked in bread than
when used for pasta.426

Fluids with food: 

Drinking fluids with a meal causes the stom-
ach to empty more quickly.753 

Glucose content:

Extra sugar as part of a meal can cause the
blood glucose level to rise, but not by as
much as was once believed. Particle size and
cell structure in different food compounds
give them different blood glucose responses
in spite of their containing the same amount
of carbohydrates.36

Salt content:

Salt in the food increases the absorption of
glucose into the bloodstream.747

Factors that increase the blood glucose 
level more slowly

(decreased glycaemic index)

Starch structure: 

Boiled and mashed potatoes give a quicker
blood glucose response (as fast as ordinary
sugar) while rice and pasta give a slower
blood glucose response.776 

Gel-forming dietary fibre:

A high fibre content (as in rye bread) gives a
slower rise in blood glucose by slowing down
the emptying rate of the stomach and binding
glucose in the intestine. 

Fat content:

Fat in the food will delay the emptying of the
stomach.798

Cell structure:

Beans, peas and lentils retain their cell struc-
ture even after cooking. Whole fruits affect
the blood glucose level more slowly than
peeled fruits and juice.776 

Size of bites: 628

Larger pieces of food take longer to digest in
the stomach and intestine. Larger pieces also
cause the stomach to empty more slowly.
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How much you chew the food and the size of
the food particles swallowed also influences the
blood glucose response.628 Industrially manu-
factured mashed potatoes contain a fine powder
that is mixed with fluid. The glucose in mashed
potatoes is absorbed just as quickly as a glucose
solution.776 Pasta and rice are swallowed in
larger bites and must be digested before they
can be absorbed. Likewise, a whole apple will
give a slower rise in blood glucose than apple
juice which contains smaller particles and is in a
liquid form.

Heating decomposes starch, making sugar more
accessible and faster to digest. Industrial food
processing usually involves higher tempera-
tures which gives food a quicker blood glucose
raising effect compared to home-cooked
meals.746 Industrial baby food and semi-manu-
factured food (sometimes used in schools) can
raise the blood glucose more than comparable
home-cooked meals.

The amount of carbohydrate listed on a food
label can be misleading as no distinction is
made between digestible and indigestible carbo-
hydrates. Indigestible carbohydrates cannot be
broken down in the intestines and will therefore
not give a blood glucose response. Your dieti-
tian can discuss this with you further.

Emptying the stomach
Everything that causes the stomach to release
food more slowly into the intestines will also
result in a slower increase of the blood glucose
level 36 (see illustration on page 64). From this,
it follows that the composition of the meal will
be important, not only the amount of carbohy-
drates it contains. Fat 798 and fibre 571 cause the
stomach to empty more slowly while a drink
with the meal will make it empty more
quickly.770 A meal containing solid food (such
as pancakes) is emptied more slowly than liquid
food like soup.770 Swallowing without chewing
also causes a slower rise in blood glucose.628

Extremely cold (4° C, 39° F) or hot (50° C,

✽
✽✽

✽

✽

✽

✽
✽

Carbohydrates are important for metabolism in the body. 
Only mono-saccharides can be absorbed from the intes-
tine. Di-saccharides and starch must first be broken 
down by digestive enzymes. Dietary fibre cannot be bro-
ken down to saccharides in the intestines. The glycogen 
store in the liver is composed of very long chains of glu-
cose. 

The illustration is modified from reference 36.
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saccharides

Di-
saccharides

Mono-
saccharides

Glucose (dextrose)
Fructose (fruit sugar)
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122° F) food will also slow down stomach emp-
tying.721

The emptying of the stomach is also affected by
the blood glucose level. The stomach empties
more quickly if the blood glucose is low and
more slowly if it is high. Both solid and liquid
food are emptied from the stomach twice as fast
when the blood glucose drops from a normal
level (4-7 mmol/l, 72-126 mg/dl) to a hypogly-

caemic level (1.6-2.2 mmol/l, 29-40 mg/dl).685

Even small changes in blood glucose levels, well
within the normal ranges for individuals with-
out diabetes, seem to affect the rate of stomach
emptying. One study of people without diabe-
tes, showed a 20% decrease in the emptying
rate when the blood glucose level was increased
from 4 to 8 mmol/l (72-144 mg/dl).686

A high insulin level in the blood can also cause
slower stomach emptying.244 This is logical
since the body (before the onset of diabetes)
was used to having high levels of insulin only
when the blood glucose was also high. This
reaction works against us if we develop diabe-
tes. If your blood glucose level has been lowered
by a large dose of insulin, you want your stom-
ach to empty as quickly as possible so that the
glucose can be absorbed into the blood. In this
situation you should take something with a
high glucose content, such as glucose tablets,
glucose gel, or a sports drink. 

Non-strenuous exercise will lead to unchanged
or more rapid emptying of the stomach, while
physical exertion stops the stomach from emp-
tying for 20-40 minutes after muscular activity
finishes.117 A possible explanation for this
delayed stomach emptying after physical exer-
tion is an increased secretion of adrenaline and
morphine-like hormones (endorphins).

What is our food made of?411

The food that we eat is mainly made up of a mix-
ture of:

Carbohydrates Fat Protein

Sugar
Bread/flour
Biscuits
Potatoes
Pasta
Rice
Fruit
Cereals
Sweet corn, taro
Milk, yoghurt

Butter
Margarine
Oil
Cream
Milk
Yoghurt
Cheese

Meat
Fish
Egg
Cheese
Milk
Yoghurt

G
A
R
F
I
E
L
D

PIB
COPENHAGEN

GARFIELD GARFIELD GARFIELD

To eat  is easy
one only has to choose 

from the four basic foods

BREAKFAST, LUNCH, 
DINNER/TEA AND 
EVENING SNACK

It isn’t easy to balance food and insulin at all times. Many people seem to think that “It can’t be that difficult, since a dia-
betes diet is what we all should eat”. You may find well-meaning friends or relatives acting as “sugar-guards”, telling you 
shouldn’t be doing this every time you eat something sweet, even if you have hypoglycaemia. Try to explain that at times 
it can be both healthy and necessary to eat sweet foods, and you may avoid some of the glances and remarks.
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Stomach emptying can also be delayed if you
have gastroenteritis.52 This may contribute to
the problem of prolonged low blood glucose
levels that are often associated with vomiting
and diarrhoea. 

There is a complication of diabetes known as
gastroparesis in which the autonomic nervous
system is damaged. This damage involves the
nerves that co-ordinate the movements of the
stomach and intestine, resulting in the emptying
of the stomach being mildly or even severely
delayed. See also the section on complications
on page 313.

Sugar content in our food
From a nutritional point of view, we do not
actually need pure sugar at all. The liver is quite
capable of producing the 250-300 grams of glu-
cose that a healthy adult normally needs per
day. 

Small amounts of glucose along with a meal do
not cause an increased rise in blood glucose
according to several studies in which a small
amount of starch has been exchanged for glu-
cose at a meal.36,274 This means that you can add
5 grams (1/5 ounce) of sugar to a meal without
risk, for example in the form of ketchup.725

Where sugar is an integral part of the meal, it
should be balanced by a comparable reduction
in carbohydrate, or an appropriate increase in
insulin.274 Dietary sugar does not increase blood
glucose more than an equivalent amount of
starch.274 This is great news for people with dia-
betes as it makes following the food plans much
easier. However, sugar eaten between meals
affects the blood glucose level much more. Your
blood glucose level will rise just as quickly if

You can have a modest amount of ketchup with your food 
without any problems. However, if you use a large amount 
of ketchup, you will end up eating a lot of additional 
sugar. 

Aims of nutritional management 784

To provide appropriate energy and nutrients
for optimal growth, development and health.

To maintain or achieve an ideal body weight.

To achieve and maintain optimal glucose con-
trol for the individual by balancing food intake
with insulin, energy requirements and physi-
cal activity.

To prevent and treat acute complications of
insulin therapy, for example hypoglycaemia,
crises with high blood glucose, illness and
exercise-related problems.

To reduce the risk of long-term complications
through optimal glucose control.

To reduce the risk of heart complications and
blood vessel disease. 

To preserve social and psychological well
being.

How can this be achieved?

Healthy eating principles should be applica-
ble to the whole family.

Distribution of energy and carbohydrate
intake to balance insulin action profiles and
exercise (and adjustment of insulin doses to
varying food patterns).

Total energy needs should be sufficient for
growth in children and adolescents, but
should not cause overweight or obesity.

Fruit and vegetables should be eaten regu-
larly (five portions per day are recom-
mended).
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you eat sweets or white bread (without butter
or something on it) in between meals.287 The
important factor is whether the snack contains
fibre or fat (like chocolate-covered biscuits)
which delay stomach emptying. Far too many
people in the UK, Australia, USA, Canada and
other countries are now becoming overweight,
often seriously so. Therefore, you should be
very careful to avoid high fat snacks if you have
a weight problem.

The recommendation to decrease the sugar con-
tent in food is based on more general factors:

Sugar gives “empty calories”, i.e. sugar
gives only energy and contains no other
nutrients. This energy will cause you to
gain weight, while reducing your appetite
for more healthy foods. 

Sugar is bad for your teeth.

In an American study where children took insu-
lin twice daily, there was no difference in their
blood glucose levels when they had a diet with
2% of the carbohydrates as pure glucose (in
fruit and bread) compared to 10% (in fruit and
bread, cereal and toast with jam for breakfast,
chocolate chip cookies with lunch, chocolate
for an afternoon snack and chilled milk with

dinner).495 This may be surprising, but can be
explained by the fact that all the meals con-
tained both fat and protein. The total carbohy-
drate content was the same for both types of
meal.

It used to be common practice to decrease the
carbohydrate content in a diabetes meal plan at
all costs. The problem with this approach is
that the fat content usually increases instead,
and this results in the diet becoming inferior to
the diet of many children without diabetes.727,783

It is much more important to eat regularly and
to adjust the insulin dose according to appetite
and the content of carbohydrates in the meal.

Taking fluids with food 
You can affect your blood glucose level consid-
erably, depending on what you have to drink
with your meals. Sweet drinks like fruit juice
can be used to raise your blood glucose fast if
you are hypoglycaemic. But if your blood glu-
cose level is high, it is better to have water. It is
a good idea to drink plenty of calorie free
drinks between meals if your blood glucose is
high as this will help to bring it down (part of
the excess glucose will be excreted into the
urine). If you want ice cream for dessert, you
can drink water instead of milk with your meal,
thereby keeping the amount of carbohydrate
unchanged.

Dietary fats

The reason that individuals with diabetes
should be careful with fat intake is that they
have an increased risk of arteriosclerosis and
heart disease (see page 305). A key goal for peo-
ple with diabetes is to decrease the intake of
total fat (including saturated fat and trans fatty

How is the emptying of the stomach 
affected?

More quickly  More slowly

Small bites Large bites
Liquid food Solid food
Drink with food Drink after food

Fatty food
Food rich in fibre
Extremely hot or cold
food

Hypoglycaemia High blood glucose
High levels of insulin
Smoking 
Gastroenteritis

Light exercise Heavy exercise



Nutrition 207

acids) and cholesterol.274 You need to be partic-
ularly careful with saturated fat and so called
“trans fats”.274 Foods that contain large
amounts of saturated fats include dairy prod-
ucts and red meats. They are also found in
many snack foods such as chocolate, cakes and
pastries and sometimes in crisps. Trans fats are
often listed as “partially hydrogenated vegeta-
ble oil” or “vegetable shortening” on the food
label.792 Try to use monounsaturated and poly-
unsaturated fats where possible instead. An
increased intake of monounsaturated fats may
even improve your HbA1c.

218 The softer the fat
the better. Liquid margarine and oil do not con-
tain any trans fats at all and also have a low
content of saturated fatty acids. Be careful of
palm, vegetable and coconut oil as all are high
in saturated fat and used widely in different
products. 

Today, dietitians promote monounsaturated
fats (MUFA) which have a protective effect
against heart disease.607 Choose a margarine
that contains monounsaturated fat. Light mar-
garine is not recommended for very young chil-
dren, however, as they have an increased need
for fat in their diet. Ordinary margarine and
butter contain only 3% polyunsaturated fat.
Olive oil and rapeseed oil contain large

amounts of monounsaturated fat and are useful
for frying. However, if the frying pan is very
hot, the unsaturated fat can be broken down.
Some types of light margarine cannot be used
for frying. Sunflower oil is an example of oil
which is good for frying as it is not broken
down as readily as olive oil.

Up to the age of 5 years, it is expected that the
proportion of energy derived from dietary fats
will fall from about 50% (as it is in breast milk
and infant formula) to levels recommended for
adults, but this moderation should not occur
below the age of 2 years.784 Below this age the
energy density of foods is important and also
low fat foods in toddlers may be associated
with rapid gastric emptying and diarrhoea.784 

Although the total fat intake of children in the
UK has gone down over the last decade, chil-
dren with diabetes still seem to find it difficult
to keep their intake within the recommended
levels, and total fat intake remains above what
is generally advised.784 The food habits of peo-
ple in the UK and the unhealthy snack choices
made by children may be responsible for this.784

Many people believe that fat increases the
blood glucose level since people with diabetes
are usually advised to cut down on fat in their
diet. However, fatty food has no direct effect on
the blood glucose level. Fat affects the blood
glucose level indirectly by slowing the rate at
which the stomach empties.387,798 Studies on
monkeys have found that their stomachs empty
portions of food through the lower sphincter
with the same amount of energy every
minute.532 As fat yields more energy than carbo-
hydrate, the stomach is emptied more slowly
when the fat content is high. A meal with a high
fat content, therefore, will cause the blood glu-
cose level to rise more slowly. 

The fat in food must pass into the intestine
before it can affect the emptying rate of the
stomach.798 This means that if you start a meal
with something rich in fat, the signal that slows
down the emptying rate will reach the stomach
more quickly. 

Food rules of thumb

Eat meals and snacks at about the same time
of the day every day.

Plan meal times and contents with other daily
activities in mind, e.g. will you be taking physi-
cal exercise or sitting at a desk?

Take extra insulin when necessary, e.g. at par-
ties, or when eating lots of sweet things.

Eat fresh fruit as a snack rather than drinking
fruit juice.

Cut down on snacks and what you eat at
every meal if you have weight problems.

Aim for a high fibre content in your food.
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If you eat a meal very rich in fat, you may still
have food remaining in your stomach when you
are about to have your next meal. If you are
using multiple injections, you will need to
decrease the amount of food you plan to eat
(without changing the insulin dose), if you are
to avoid an increase in blood glucose. If you are
using rapid-acting insulin (NovoRapid or
Humalog) you may be at risk of hypoglycaemia
shortly after a meal rich in fat. If so, try giving
yourself the injection after the meal instead of
before.

It is the total amount of fat over time that is
important in the long run. You can cut down on
fat during the week and then have a festive meal
at the weekend, complete with a delicious
cream sauce, or a takeaway meal. Most fat sub-
stitutes, for example maltodextrin (modified
food starch), are made of carbohydrate which
may affect your blood glucose. 

Dietary fibre
The fibre content of food is healthy for many
reasons. There are two kinds of fibres, soluble
(gel-forming) and insoluble. Both help to pre-
vent constipation but only the soluble fibres
(found in fruit, vegetables, legumes, and oats)
affect the glucose control. You will feel full for
longer after eating coarse rye or wholemeal
bread with a high soluble fibre content, than
you would after eating the same amount of
white bread without fibre. A high soluble fibre
content will also decrease the cholesterol level
in your blood.571 Adding fibre (such as oats and
barley) to a meal will increase the viscosity,
causing the contents of the stomach and intes-
tines to empty more slowly.571,811 The fibre
forms a thin film on the intestinal surface caus-
ing the glucose to be absorbed more slowly.571 

When a glucose solution is mixed with large
amounts of water-soluble, gel-forming fibre (i.e.
guar, ß-glucan) the expected rise in glucose con-
centration will be reduced.571 Soluble dietary
fibre probably has the greatest impact on food
intake with high glucose content (such as many
snacks) since it has been difficult to show in
long-term studies that the addition of dietary
fibre has resulted in a better HbA1c.

571 These
studies have mainly been done on individuals
with type 2 diabetes. An Italian study of adults
with type 1 diabetes compared a low-fibre diet
with a high-fibre diet rich in fruit, legumes, and
vegetables.298 Both diets contained exclusively
natural foodstuffs. The high-fibre diet resulted
in lower blood glucose levels, 0.5% lower
HbA1c, and decreased frequency of hypoglycae-
mia. In a European study on 2065 adults with
type 1 diabetes, a ~0.3% lower HbA1c was
found in people whose fibre intake was high.122

Fruit and vegetables are good sources of fibre,
but children in the UK eat on average less than
half of the minimum of five portions recom-
mended per day.784 A piece of fresh fruit and
multi-grain bread can be a good basis if the rest
of the meal is made up mainly of “quick-act-

If the meal contains fat, the emptying of the stomach will 
be delayed, causing the blood glucose to rise more 
slowly. In this study, two helpings of mashed potatoes 
(50 grams of carbohydrate) were given with or without 
corn oil (approximately 30 ml, 2 tablespoonfuls). The 
study was done in adults without diabetes who can 
increase the amount of insulin in their blood very fast.798 
Notice that the blood glucose level increased quickly 
despite this, with a significant change appearing in 30 
minutes, in the group of people whose mashed potatoes 
did not contain oil. If you have weight problems you need 
to be careful about adding fat to your food.
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ing” carbohydrates. Parents can make use of
the “fibre effect” by offering a slice of coarse
wholemeal bread with some fat (for example
margarine or cheese) to their child before other
concentrated sugary foods or snacks. The com-
bination of fibre and fat in the meal will help to
slow down any rise in the blood glucose level. 

Glycaemic index
The glycaemic index (GI) is an attempt to
describe the blood glucose raising effect of dif-
ferent foods. The glycaemic index of a mixed
meal can be predicted from the GI of single
foods.140 It may be difficult to estimate the GI
for some combined meals from the GI of the
single ingredients since the fat content also
affects the speed with which carbohydrates are
absorbed. A foodstuff with a low but easily
accessible sugar content (for example carrots)
has a high glycaemic index but you must eat a
great deal if your blood glucose is going to be
increased. Although the use of low GI food may
reduce blood glucose levels after meals, more
research is required before GI can be used as a
general tool in diabetes care. The Diabetes and
Nutrition Study Group of the European Associ-
ation for the Study of Diabetes recommends the
substitution of high GI for low GI foods to
improve glycaemic control.231 A summary of
many studies (called meta-analysis) found that a

Glycaemic index 

50g 
High glycaemic index GI carb. in

Glucose 100 50g
Instant mashed potatoes 85 375g
Potato, baked 85 250g
Corn flakes 81 60g
Jelly sweets 78 65g
White bread (gluten free) 76 100g
Waffles 76 135g
French fries 75 260g
Weetabix 75 70g
Oatmeal porridge 74 80g (dry)
Rice, puffed 74 180g
Potato, boiled 74 440g
Water melon 72 1000g
Popcorn 72 90g
White bread 70 110g
Fanta 68 370g
Sucrose (sugar) 68 50g
Gluten-free pasta 66 215g
Rice, white 64 210g

Average glycaemic index

Rye bread (wholemeal) 58 110g
Cola 58 480g
Rice, long grain 56 180g
Gluten free pasta 56 582 64g
Honey 55 70g
Banana, all yellow 51 230g
Pasta 46-52 200g
Lactose (milk sugar) 46 50g
Grapes 46 330g
Rye bread (whole-grain) 46 135g

Low glycaemic index

Milk chocolate 43 90g
Banana, yellow and green 42 240g
All Bran 42 65g
Orange 42 550g
Apple 38 400g
Ice cream 37-61 190-280g
Yoghurt 36 1100g
Lentils, green 30 440g
Kidney beans 28 300g
Milk, 3% fat 21 1000g
Fructose (fruit sugar) 19 50g
Soya beans (dried) 18 1250g
Peanuts 14 415g

See reference 536 for an extensive list of foods.

Glycaemic index 

The glycaemic index is an attempt to describe the
blood glucose raising effect of different foods. A
certain amount of carbohydrate is given (usually
50 g) and the area under the blood glucose curve
is measured for 2 hours. Glucose is used to give a
baseline glycaemic index of 100. The glycaemic
index can be misleading if you want to know how
the blood glucose level is affected during a shorter
period of time (e.g. 30-60 minutes) or if the food
has a low, but easily accessible, sugar content. The
list to the right is based on reference 272.
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low GI diet reduced HbA1c by 0.43% com-
pared with conventional or high-GI diets.114 In
Australia, the GI concept is much more
accepted and widely used than, for example, in
the US and UK. 

Potatoes (GI 74) give a faster blood glucose
response than pasta (GI 46-52). Adding a small
amount of oil or polyunsaturated or monoun-
saturated margarine to mashed potatoes (GI 85)
will slow down the glucose peak. If you replace
one item in a meal with another (for example
potatoes with pasta) the GI of the individual
foods will help you determine the likely effect
on the blood glucose. For example, it may be a
good idea to have something with a low GI for
supper as this could lower the risk of night time
hypoglycaemia.

GI is very useful when you are looking at eating
between meals (single items of food often such
as yoghurt, an apple, a bun, ice cream, crisps
etc.). Professionals and parents alike have the
difficult task of explaining to children how they
should handle items such as these.

If you know that an ice cream made from dairy
products has a GI of 37-61, you can recom-
mend this as a good diabetes snack to be eaten
in moderate amounts together with siblings or
friends. When treating hypoglycaemia we want
to use something with a high GI to obtain a
quick glycaemic response. Milk (GI 21) and
chocolate bars (GI 43) are widely used for treat-
ing hypoglycaemia but the rise in blood glucose
is actually very slow.116,132 However, white
bread (without margarine, GI 70) with some
ordinary Fanta (GI 68) will cause the blood glu-
cose to rise much faster. Glucose tablets have a
GI of 100 and are appropriate when symptoms
are more pronounced or the blood glucose level
is lower (< 3.5 mmol/l, 65 mg/dl). 

Milk
Many children drink milk with their meals. Dif-
ferent types of milk have different fat contents.
However, all types have the same amount of
milk sugar (lactose, 5 grams/100 ml) and usu-
ally the same amount of vitamins and minerals,
including calcium. Small children (up to 2-3
years of age) need more fat in their diet and
should drink whole milk. In practice, this
means that the change from whole fat milks to
semi-skimmed or even skim milk should only be
instituted after the age of 2 years.784 Which type
of milk is most suitable also depends on how
much the child drinks per day. Half a litre or
1 pint a day is recommended for its calcium
content.

Vegetables 

You can eat freely from this food group (except
sweet corn) as the carbohydrate content is very
low (see table on page 221). Vegetables are also
high in dietary fibre. Put the vegetables on the
table before the children come to eat and they
will probably help themselves to them while
waiting for the food to be served.

The starch in vegetables is broken down more slowly than 
other types of starch. Vegetables also contain soluble 
fibre which is good for the digestion and prevents consti-
pation.
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Potatoes

Potatoes, sweet potatoes, taro, and yam belong
to this type of food stuff. The carbohydrate
content of raw potatoes is absorbed slowly, but
boiling causes the cell walls to burst. This
allows the carbohydrates to be absorbed more
quickly from the intestines. The carbohydrate
content of mashed potatoes is absorbed as
quickly as pure glucose 805 (see graph on page
208). This can give a quick rise in blood glucose
after the meal but may also result in hypogly-
caemia 2-3 hours later, since all the carbohy-
drates in the mashed potatoes will have been
absorbed during a fairly short time after the
meal. If you change the surface of a potato (for
example, by frying, deep frying, or storing it in
the refrigerator) the glucose will be absorbed
more slowly than if you eat it freshly boiled.179

The manufacturing process and the high fat
content in potato crisps cause the glucose con-
tained in these to be absorbed very slowly (see
graph on page 234).132

In one study of adults, chocolate cake was sub-
stituted for a baked potato without an increase
in blood glucose levels.598 If the chocolate cake
was added to the baked potato, the glucose
level increased. However, remember that choco-
late cake and baked potato are very different in
nutritional and energy value!

Bread

At one time, people with diabetes were strongly
advised to eat unsweetened bread. Today, we
know that white bread raises the blood glucose
level every bit as rapidly as ordinary sugar.
However, margarine and something with a high
fat content (e.g. cheese) on the bread will slow

the rise in blood glucose by delaying emptying
of the stomach. Bread (such as whole grain)
that is high in fibre will also slow down any rise
in blood glucose levels. 

If you bake your own bread, it is perfectly
acceptable to use an ordinary recipe. It should
not be necessary to leave out sugar or experi-
ment with alternative sweetening agents. Three
to 6 tablespoons (45-90 ml) of sugar or syrup
for a dough made from ½ litre (1 pint) of liquid
can be used as only a small amount will remain
in the bread after baking. It is more important
to choose bread that is rich in fibre rather than
omitting small amounts of sugar. Gluten free
wheat bread gives a quicker rise in blood glu-
cose compared to the same amount of bread
containing gluten.536 

Nutritious meals do not always need to be
hot.411 A sandwich or roll with tuna, egg, lean
meat, chicken or cheese and salad, along with
yoghurt, fromage frais or fruit can be very
enjoyable. 

Unsweetened breakfast corn cereal (corn flakes)
contains 90% starch, most of which rapidly
becomes available as glucose. Sweetened
(sugar-frosted) flaked corn cereal, on the other
hand, contains around 50% starch and 50%

How quickly is the blood glucose increased?

Puffed rice

Corn flakes

Mashed potatoes

Boiled potatoes

White bread

Whole grain bread

Rice

Pasta

Potato crisps

Beans, lentils, peas
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sugar. Initially, both give the same blood glu-
cose rise but sweetened corn flakes give slightly
lower blood glucose levels after 3 hours.799 This
may surprise you, but corn starch raises the
blood glucose faster than ordinary sugar. The
volume of sweetened corn cereal is around 25%
less for the same carbohydrate content, so
pre-sweetened corn cereals can be used in a
meal plan without increasing the blood glucose
if the total amount of carbohydrate is taken
into consideration when estimating the insulin
dose. However, increasing the number of calo-
ries you consume will cause you to put on
weight in time.

Pasta gives a slow rise in blood glucose since it
is prepared from crushed or cracked wheat, not
wheat flour which causes the starch to be
enclosed within a structure of protein (glu-
ten).379,537 This makes pasta a suitable food for
people with diabetes. It has the additional
advantage of being popular with children. If
you are using rapid-acting insulin (Humalog),
however, the rise may even be too slow, result-
ing in hypoglycaemia within 30-60 minutes.395

If this applies to you, you should take your
NovoRapid or Humalog after your meal, or use
regular short-acting insulin when eating pasta
(or beans as in chilli con carne). If you have a
pump, you can use a prolonged bolus dose (see
page 166).

Thinner pasta, such as macaroni, gives a
quicker blood glucose response than spa-
ghetti.379 Cooking time is not a factor in how

quickly the blood glucose is raised by spaghetti
except in extreme cases of overcooking. Tinned
spaghetti increases the blood glucose just as
quickly as white bread.379 As the gluten content
of pasta contributes to the slow rise in blood
glucose,811 gluten free pasta allows blood glu-
cose levels to rise faster.582

Meat and fish

Meat and fish have a high protein content.
Sometimes the fat content is high as well. They
do not contain any carbohydrates that will
increase your blood glucose levels directly.
Dietary protein does not slow the absorption of
carbohydrate, and the adding of protein to a
carbohydrate snack does not prevent late-onset
or night time hypoglycaemia.274

Intake of protein does not increase blood glu-
cose in people who do not have diabetes.274

However, proteins stimulate the release of glu-
cagon, and this in turn helps to convert protein
into glucose (a process called gluconeogenesis,
see page 32).312 If there is not enough insulin,
the blood glucose may be increased as a result.
This increase comes rather late (after 3-5
hours) 599 so counteracting it with a premeal
dose of rapid-acting insulin may not be the best
approach. For a meal very rich in protein (like a
big steak) it may be better to use regular
short-acting insulin or, if you use an insulin
pump, to use a prolonged type of bolus (see
page 166). If you have diabetic kidney disease,
you may need to reduce the amount of protein
in your diet. Consult your doctor and dietitian
about this.

Pasta
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If you are preparing food with a very low fat
content (e.g. white fish such as cod or haddock,
or very lean meat) it is a good idea to add a lit-
tle extra fat. This can be in the form of oil or
margarine when frying or baking, or with a
sauce containing butter or cream. If your meal
is entirely fat-free, your stomach will empty
very quickly, leaving you at risk of hypoglycae-
mia after a couple of hours. As the energy con-
tent of boiled fish is fairly low, you may find
having a larger helping is one way to avoid
hypoglycaemia. However, be careful about add-
ing extra fat if you have weight problems, and
check first with your dietitian.

Pizza 

Pizza contains bread, meat or fish, cheese and
vegetables. In other words, it is a balanced
meal. One problem if you have diabetes is that a
pizza meal will usually contain more bread than
a traditional meal. The bread is baked hard
which causes the carbohydrates to be absorbed
more slowly. Cheese has a high fat content,
which causes the stomach to empty more
slowly. Try taking 1-2 extra units of insulin (or
according to the actual carbohydrate content if
you have calculated this) with the pizza or
avoid eating the crust. If you use rapid-acting
insulin (Humalog, NovoRapid), it may be better
to take this after the meal or substitute a dose of
short-acting insulin (Actrapid, Humulin S,
Insuman Rapid) instead. If you have a pump
you can use a prolonged (“square”) bolus dose.

Salt
Salt intake is generally far too high. In Western
countries, it is difficult to decrease this as salt is
added to many processed foods (only 20% of
total intake is added at the table and in cook-
ing).784 Extra salt in the form of sodium chlo-
ride (table-salt) will increase the blood pressure

and can be a risk factor especially as diabetes
itself increases the risk of heart and vascular
diseases (see page 305). Eating salty food can
cause glucose to be absorbed more effectively
from the intestine.747 Salt is also available as
potassium chloride but this is more expensive
than common table-salt and tastes rather differ-
ent. Sea-salt and herb-salt usually contain the
same amount of sodium as table-salt. In many
countries iodine is added to table salt. If this is
available, it is a good choice since iodine is
important for the function of your thyroid
gland (see page 300).

Herbs and spices
Herbs will not affect your blood glucose at all.
However, it is important to be aware that some
herbal “seasoning” preparations also contain a
lot of salt. If the flavouring is strong enough to
make you drink more, your stomach may empty
more rapidly, resulting in a quicker rise in your
blood glucose level.

Fruit and berries
Fruits and berries have a high carbohydrate
content (see table on page 221). The higher the
fibre content, the less the effect they will have
on the blood glucose level.

Meal times
Each family has its own routines for meal times,
and they are likely to be the ones that particu-
larly suit them. A dietitian should use the fam-
ily’s own eating habits and routines as a starting
point when drawing up dietary advice for a per-
son with diabetes. If you use multiple injection
treatment with regular short-acting insulin, you
should never leave more than 5 hours between
the meals accompanied by insulin. If you are
using rapid-acting insulin (NovoRapid or
Humalog) it is less important to have strict meal
times since the basal insulin covers the time
between meals.
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Snacks
People who don’t have diabetes have low insu-
lin levels in between meals. In diabetes, when
regular short-acting insulin is injected, it lasts
for 5 hours, and intermediate-acting insulin
even longer if taken in twice daily injections.
This results in people with diabetes having a
higher insulin concentration between meals,
than would be found in individuals without dia-
betes. This is why snacks are important (see
below if you are not using rapid-acting insulin,
NovoRapid or Humalog). Since the morning
injection is usually larger than the lunchtime
one, it is even more essential to eat a snack in
the morning. A child in school will usually
require a sandwich (or something equally sub-
stantial) as the mid-morning snack. However, if
the school lunch is served early, a piece of fruit
might do. In the afternoon a piece of fruit will
usually be an adequate snack.

The school snack mid morning is often the most
difficult of the day because it has to be taken
from home or bought, carried in the school bag
and be acceptable to the school and peer
group.784 This often allows for few alternatives
when children do not want to eat either fruit or
other healthy items in front of their friends. The
fat content of snacks such as fruit or a bag of
crisps can range from nothing to 12 g of fat per
portion with similar carbohydrate values. The
lower or average fat products, such as corn
chips, potato sticks etc. should be encour-
aged.784 The National School Fruit Scheme in
the UK is an example of implementing healthy
eating habits for all children. 

If your blood glucose level is high, you won’t
need a snack. Try having half the snack if your
blood glucose level is close to 10 mmol/l (180
mg/dl) and skip it completely if it is above
13-15 mmol/l (230-270 mg/dl). If this happens
more than occasionally, you will need to adjust
your insulin doses.

Some younger children (up to 9-10 years of age)
need a larger afternoon snack when they come
home from school. When on multiple injec-
tions, many families find it easier to give insulin
with this afternoon snack and have dinner/tea a
little later. The evening snack is then omitted.
Try giving the same amount of insulin with the

Some fruit is a good and 
healthy snack.

Common meal planning

Time Meal

Example of doses 
for a child weighing 
33 kg (73 lb)

7.30 AM
12 Noon
5.30 PM
8.30 PM

Breakfast
Lunch
Dinner/tea
Evening snack

9 U Premeal dose
6 U ”
6 U ”
4 U ”

Alternative meal planning

Time Meal

Example of doses 
for a child weighing 
33 kg (73 lb)

7.30 AM
11.30 AM

3.00 PM
7.00 PM

Breakfast
Lunch
Afternoon snack
Dinner/tea

9 U Premeal dose
6 U ”
4 U ”
6 U “

With a multiple injection therapy or an insulin pump, 
you can be more flexible with your meal times and can 
switch mealtimes, for example between weekdays and 
weekends. If you are using rapid-acting insulin you may 
need a dose of basal insulin in the morning as well.
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afternoon snack eaten earlier, as you would
have done with the evening snack (see the meal
schedule above).

If you are using rapid-acting insulin (Novo-
Rapid or Humalog) with multiple injections or
an insulin pump, you will be less dependent on
snacks in between meals. This is because its
action is closer to the way blood glucose rises
after a meal. This results in a lower insulin level
between meals. Most children can have a fruit
(10 g of carbohydrate) as a snack without extra
insulin but if it is larger, you will probably need
a small dose of insulin along with it.

Can mealtimes be changed?
If you eat your meal up to one hour earlier or
later than usual, you are unlikely to have prob-
lems as long as you don’t change the time gap
between taking your insulin and eating. Just
remember not to exceed 5 hours between the
doses of ordinary short-acting insulin. A child
will usually be hungry and need something to
eat every 3-4 hours anyway. If you use
rapid-acting insulin (NovoRapid or Humalog)
and twice daily basal insulin (or once daily Lan-
tus), you will probably not have to be so strict
about the hours between meals. If you check
your blood glucose, you could try shifting
meal-times by up to 2 hours.

Hungry or full?
A person whose diabetes is well controlled can
often rely on feeling hungry or satisfied at the
appropriate time. In one adult study, where full-
ness after a meal was measured, individuals
with higher blood glucose levels experienced
more fullness.413 It is particularly important, if
you are caring for a child with diabetes, to trust
the child to respond sensibly to the promptings
of appetite. Continuing to tell children that they
must eat more or less regardless of how hungry
they feel, will cause them to cease recognizing
these feelings after a while. Children often expe-

rience lowered appetite if their blood glucose
level is high. It is important, therefore, to give
children time to reflect and build up their own
opinion about what size meals should be. On
the other hand, it is important for parents to be
vigilant about how much children drink with
any meal, especially if the drink contains carbo-
hydrate (e.g. milk) or sugar.

Beware! If you are lacking insulin and your dia-
betes is badly regulated, you may feel hungry
even when your blood glucose level is high (see
page 45).

Infant feeding
The glucose content of infant formula is
absorbed fairly quickly. With a multiple injec-
tion regimen, the child will need short or
rapid-acting insulin for every bottle of formula
milk (5-6 insulin doses/day). You may need to
adjust in half units or even lower increments to
find the right dose. If the child drinks formula
milk at night, a small dose of short or rapid-act-
ing insulin can be given with this. If the child
has problems with night time hypoglycaemia, a
corn flour mix or commercial products made

Counting the carbohydrates in your food will help you 
determine the size of your premeal bolus doses. Main 
sources of carbohydrates in your food are bread, pasta, 
rice, potatoes, chapatti, togas and tortillas. Meat and fat 
contain no carbohydrates at all. 



216 Type 1 Diabetes in Children, Adolescents and Young Adults

with uncooked cornstarch may help (see page
53).

If the child is breast-fed and takes full meals,
you can give insulin in the same way as
described above for formula. However, if the
child feeds more frequently, taking a little at a
time, a 2 dose treatment may work better. Lan-
tus or a pump may also be a good alternative.

Carbohydrate counting
Insulin is needed mainly to balance the carbo-
hydrates eaten. The practice of carbohydrate
counting differs between centres and countries.
In many countries, carbohydrate counting is
part of routine diabetes care (see page 216) and
extensive tables are available for this.381

Another method is to “judge by eye” for the
size of the helpings (mainly the carbohydrate
content, for example potatoes) and adjust the
insulin dose accordingly. 

Check with your dietitian what the local tradi-
tions are. If you eat more or less the same
amount of carbohydrate every day, you will
find it less important to count carbohydrates.
Young children can be unpredictable eaters, so
carbohydrate counting can be valuable for cal-
culating the appropriate insulin dose for this
age group.

The total carbohydrate content of meals and
snacks is more important for the premeal insu-
lin dosage than the type or where they come
from.274 However, some carbohydrates that are
listed on food labels do not have any effect on
the blood glucose level (dietary fibre, resistant
starch).806 If a food contains 5g dietary fibre or
more, the fibre grams should be subtracted
from the total carbohydrate grams for that
food.303 When counting carbohydrates, only
half the amount of sugar alcohols (polyols)
should be included.792 Glycaemic index and
fibre content of foods do not affect the premeal
insulin requirements.274 In the DCCT study (see
page 315), individuals who adjusted their pre-
meal insulin dosages based on the carbohydrate

Toddlers’ food (adapted from 411)

Food fads, picky eating, and food refusal are common
in this age group. In fact, such behaviour can be con-
sidered almost “normal” for toddlers, even though it is
frequently worrying and frustrating for parents. Not sur-
prisingly, such problems will cause even more anxiety
to the parents of a child with diabetes. The following
tips may be useful:

Most children grow and thrive without being “told”
how much to eat. Don’t worry. Even if you feel your
child is not eating enough, it is likely he or she is.
Talk to your dietitian and diabetes team if you feel
concerned and check your child’s growth chart with
your paediatrician.

Rigid meals and snacks don’t work well. Try to
think what sort of food you would have provided,
and when, if your child did not have diabetes and
try to adjust the insulin accordingly. 

Plan meal times and menus taking into account
the child’s other activities, e.g. has the child been
running around or sitting still?

Children never respond to being force-fed. Even
though it can be difficult, try to play down the
emphasis on food. Usually a falling blood sugar will
make the child hungry and more inclined to eat. 

Avoid using sweet foods or sugary drinks to “make
up” for a low carbohydrate intake. Children soon
learn to refuse food if the “reward” is a sweet drink
or chocolate biscuit.

Fresh fruit, eaten as a snack, is better than fruit
juice to drink.

Give the child extra insulin when necessary, for
example at birthday parties or when they are given
sweets.

Breakfast time can be difficult, as it is quite com-
mon for children not to feel hungry early in the
morning. Try a glass (or half a glass) of juice or milk
to start with. After half an hour or so, when the
blood glucose has risen a little, the appetite often
improves. 

Glucose gel (for example Hypostop®) and juice can
be very useful in this age group as children need
not chew the glucose tablets when they are
hypoglycaemic.

Toddlers are growing and may often change their
food habits. Talk to your dietitian for further advice. 
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content had 0.5% lower HbA1c than those who
did not adjust their premeal insulin.209 

Different methods of carbohydrate
assessment

Many methods of counting or estimating carbo-
hydrate intake are used in clinical practice.
There is no consensus in favour of one particu-
lar method and some methods are better suited
to particular individuals, children and families.
What is becoming clearer is that if we are aim-
ing at really tight glucose control to improve
diabetes outcomes, there seems to be a need for
some form of carbohydrate estimation to coun-
terbalance insulin doses.784 Three levels of car-
bohydrate counting have been identified by the
American Dietetic Association and can be con-
sidered as a step by step approach:303,784

Basic level

For counting carbohydrates, there are printed
food tables in which you can find the carbohy-
drate content of different foods. Or you can use
exchange lists where servings of (for example)
starch, fruit and milk contain between 8 and 15
grams of carbohydrate each. Your dietitian can
help you compile lists giving the carbohydrate
contents of different products in special catego-
ries such as treats, ice cream or Christmas fare.

In the simplest form of carbohydrate counting,
your dietitian teaches you how to calculate the
amount of carbohydrate you need for different
meals and snacks during the day. You also learn
to read food labels, and how to use food lists to
count carbohydrates. With fixed insulin doses,
it is important to eat about the same amount of
carbohydrate for meals and snacks at the same
time every day to keep your blood glucose levels
within the target range. 

Intermediate level

At this level you learn to recognize patterns of
blood glucose response to carbohydrate intake
and how it is modified by insulin and exercise.
You make your own adjustments to insulin
doses, or alter carbohydrate intake or timing of
exercise to achieve blood glucose goals. Alter-
ations of insulin should be made in response to
a pattern of blood glucose results over a few
days, not based on a single high or low blood
glucose reading. A more flexible method is to
correct the premeal dose for changes in size of
the carbohydrate content of a meal (without
counting the exact carbohydrate content). See
page 133 for advice on how much to adjust the
insulin dose. Simple insulin adjustments are
used to manage intake of extra carbohydrate
(see page 228).

In an Australian study, children tested both a
flexible meal plan (servings based on appetite)
and a fixed carbohydrate exchange model (serv-
ings based on carbohydrate content).300 The
exchange model included recommending artifi-
cially sweetened alternatives whenever avail-
able. In the flexible model, by contrast,
sugar-sweetened products were preferred except
for diet drinks. The children on the flexible
meal plan appreciated their food much more
than those on the exchange model. They also
had, on average, a 0.3% lower HbA1c with this
type of food. In addition, children from this
group experienced less family conflict. With
multiple injection therapy or an insulin pump,
you can enjoy flexible food habits together with
the opportunity of adjusting your insulin doses

Foods that contain carbohydrate

Bread, cereals, grains.

Pasta, rice, potatoes.

Starchy vegetables, such as corn and peas.

Fruit and fruit juices.

Dairy products, such as milk and yoghurt
(cheese usually contains no carbohydrate).

Chocolate, biscuits, sugar, and sweets.
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in line with the carbohydrate contents of your
meals. 

Advanced level

Individuals taking short or rapid-acting insulin
before meals (via either injections or a pump)
can vary the amount of insulin depending on
the carbohydrate content of the meal. Use food
labels and/or a food table to calculate how
many grams of carbohydrate there are in the
meal. In the advanced form of carbohydrate
counting, you need to determine the amount of
insulin to take for the amount of carbohydrate
you wish to eat. This is called an insulin-to- car-
bohydrate (insulin:carb) ratio (the number of
grams of carbohydrate covered by one unit of
insulin). This method gives a more flexible meal
schedule and, once you have learned it, you can
apply it both at home and when eating out.
Basically, you count the grams of carbohydrates
in a meal and divide by the number of units of
insulin required to keep the blood glucose at a
similar level 2-3 hours later. Another method of
calculating the insulin:carb ratio is to divide the
total number of grams of carbohydrate con-
sumed for all meals in a day by the total bolus

(mealtime) insulin taken during the day (see key
fact box on page 218).186 Do not include inter-
mediate or long-acting insulin (or pump basal
rate) doses in this calculation. 

A third method of calculating the insulin:carb
ratio is the “500 Rule”.789,792 Divide the number
500 by your total daily dose of insulin (adding
all types of insulin, both premeal doses and
basal insulin). The answer is the number of
grams of carbohydrate covered by 1 unit of
rapid-acting insulin (Humalog, NovoRapid).
The number 450 can be used for short-acting
insulin (Actrapid, Humulin S, Insuman Rapid). 

Check the appropriate ratio by calculating the
insulin dose from the carbohydrate content of
the meal. When you take this dose, the blood
glucose should be within approximately 2
mmol/l (35 mg/dl) of the initial blood glucose

How many carbohydrates will one unit of 
insulin cover?186

Example: Carbohydrates (g) Insulin units

Breakfast 60 6
Lunch 50 4
Dinner/tea 55 5
Evening snack 35 3

Total 200 18

Insulin:carbohydrate ratio =18:200=1:11
(one unit of insulin/11 grams of carbohydrate).

The above example considers a 12 year old boy
(weighing 38 kg, 84 lb). One unit of insulin will take
care of 11 grams of carbohydrate without changing
the blood glucose level.

General advice on balancing carbohydrate 
intake against the insulin action profile 784

Regular and frequent carbohydrate intake
including snacks is advisable to prevent
hypoglycaemia during inevitable periods of
high insulin levels when the insulin regimen
is twice daily mixtures of quick and slower
acting insulins.

A flexible carbohydrate intake is possible
when mealtime doses of insulin are given
with multiple injection regimens or during
insulin pump treatment.

Carbohydrate intake is required before bed-
time to prevent night time hypoglycaemia
with a 2 dose regimen.

Extra carbohydrate is required before, during
and after increased exercise and sport to
balance increased energy needs and pre-
vent hypoglycaemia.

A “grazing” or “little and often” style of eat-
ing, often seen in younger children, may be
suited to an insulin regimen consisting
mainly of longer acting insulins or an insulin
pump.
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after 2-3 hours if you use rapid-acting insulin,
after 4-5 hours if you use regular short-acting
insulin. Checking your blood glucose after the
meal is the only way to find out how well your
bolus dose has worked.

One unit of insulin will usually cover 10-15
grams of carbohydrate in a meal for an adult.
For a school child who is more insulin-sensitive,
one unit may cover up to 20 of carbohydrate,
perhaps even 30g if they are in the remission
(“honeymoon”) phase. An overweight person
who is extremely insulin resistant may require
one unit of insulin for every 5 gram of carbohy-
drate.186 You may find that one unit of insulin
covers a slightly lower amount of carbohydrate
in the morning. This may be explained by tem-
porary insulin resistance due to the dawn phe-
nomenon (see page 54) and less physical
activity at this time of the day.186 In a Canadian
study of adults, an average of 1.5 U was needed
for every 10 g of carbohydrate for breakfast,
1.0 for lunch and 1.1-1.2 for dinner.620 In this
study, the glycaemic index, fibre, fat, and
caloric content of the meals did not affect the
premeal insulin requirements. People who are
physically active need to lower their insulin
doses, changing the insulin:carb ratio. So, if you
take part in seasonal sports you will probably
need to adjust your insulin:carb ratio. If, for
example, it is 1:15 (i.e. 1 unit per 15 grams of
carbohydrate) in the active season, you may
need to change to 1:10 when the season is over.

When focusing on the carbohydrate content of
a meal, food and insulin can be matched more
precisely as you will eat different amounts of
carbohydrates depending on your appetite or
regime. However, if you concentrate only on the
carbohydrate content, you may forget that
some foods contain a lot of fat as well, and this
is not healthy in the long run.

In the DAFNE (Dose Adjustment For Normal
Eating) Study of adults in UK, participants took
part in a five-day course that provided the skills
to enable patients to replace insulin by match-
ing it to desired carbohydrate intake on a meal
by meal basis.163 One year later, the number of

daily injections had increased from 3.6 to 5.3,
HbA1c was improved by 0.5% without increas-
ing severe hypoglycaemia, and psychological
wellbeing had improved significantly.

School
These days, it is unlikely that there will be any
problem over a child with diabetes receiving
appropriate types of food and snacks at school. 

It may be difficult to get school staff to under-
stand that a child with diabetes will not always
eat the same amounts of food. When using mul-
tiple injection therapy or an insulin pump, the
insulin dose can be adjusted according to the
appetite and size of portion. Some times chil-
dren need additional snacks to avoid hypogly-
caemia if there is a long interval between

Nutrition behaviours associated with 
lower HbA1c

Adherence to the prescribed meal plan.

Adjusting food and/or insulin in response to
high blood glucose levels.

Adjusting the insulin dose for carbohydrate
content.

Consistent consumption of agreed snacks
within the meal plan.

Appropriate treatment of hypoglycaemia (not
over-treating).

The average HbA1c among intensively managed
patients in the DCCT study who reported that they
followed specific diet-related behaviours was 0.25
to 1.0% lower than among subjects who did not
follow these behaviours.209 

These behaviours were associated with a higher
HbA1c:

Over-treating hypoglycaemia.

Consuming extra snacks outside the meal
plan.



220 Type 1 Diabetes in Children, Adolescents and Young Adults

breaks. The dietitian can speak to the staff if
necessary.

School lunches are best eaten at the same time
every day, not too early since the time until the
next insulin dose may be a long way off for a
young person on multiple injection treatment.
See the suggestions for meal schedules on page
214. Schools should be given the necessary
information about appropriate meal times in
order to be able to make the appropriate time-
tabling adjustments. 

When school friends buy sweets, children with
diabetes may find it difficult to resist joining in.
There is always a risk that, instead of being sen-
sible, they will “show off” by eating even more
sweets than the others. A compromise could be
to buy a small number of sweets to have after
lunch, when the stomach already contains some
food. At that time and under those conditions,
the blood glucose level will not be affected to
such an extent, especially if the lunch dose is
adjusted to cover the sweets. Skipping lunch
and buying sweets instead, as some teenagers
do, can be harmful for those with diabetes.
Children who do buy sweets would be better

advised to buy chocolates than sweets made
from pure sugar (see page 231) unless they have
a weight problem. 

Special “diabetic” food?
So called “diabetic” food (often found in health
food stores) is not recommended for children
with diabetes 695,783 and is not suitable for adults
either.231 It is often both more expensive and
higher in energy content than similar “normal”
food. Besides, many find the taste unappetizing.

School menu

It may be a good idea to note the relevant
insulin doses on the school menu.
Children usually know what they like, and are
put out if it doesn’t taste as it should.

Units Food

5U Spaghetti and meat sauce

4U Fish with rice

6U Mashed potatoes and sausage

4U Lasagne

Check with the school dietitian to make sure
that you have received the diabetes menu
and not the ordinary menu! 

Party-time
If you eat healthy foods on most
days, you can allow yourself some
exceptions on special occasions.
It is important to teach yourself
(or your child, if appropriate) how
to cope with whatever food is
served at parties, etc. Bringing
along your own bag of “diabetes
food” is bound to make you feel
uncomfortable. It would be better
to try increasing your insulin dose
by 1-2 U (or according to your car-
bohydrate counting) if you eat
more than usual or if the food
contains more carbohydrates
than you are used to. Check your
blood glucose and record it in your
logbook, so you can refer back to
it on future occasions. Some par-
ties involve sitting at the table for
long periods. In such cases, it may

be best to check your glucose
level when the meal is over,
and take an extra dose of
insulin if necessary.



Nutrition 221

Children may feel singled out as “different” if
they are not allowed to eat the same food their
friends eat. Diabetes food often contains sorbi-
tol as a sweetener, which may produce side
effects such as abdominal pain and diarrhoea. It
is much better to learn how to handle ordinary
food if you have diabetes.

“Fast food”
Many children, teenagers and adults like fast
food, and it has become a fixture of modern

life. As fast food often contains a lot of fat, it is
not a good idea to make a habit of eating it.
However, occasional eating of fast food
shouldn’t cause problems, and after a couple of
times you will have found out what insulin
doses are appropriate for your favourite items.

Food at educational camps
Children who attend diabetes education camps
are likely to be very active physically while they
are there, and usually very hungry at meal
times. It may be difficult for the staff to judge
how much individual children are used to eat-
ing. The basic rule must be that they are
allowed to eat enough to feel satisfied to com-
pensate for the increased energy expenditure.
Sometimes you see a child eating very large
helpings, and it may then be a good idea to cau-
tiously limit their food intake and then check
with the parents how they handle such situa-
tions at home. This may present a good occa-
sion for a discussion on how the amounts eaten,
and what drinks are consumed with a meal, will
affect the blood glucose levels. The increased
activity will often require lowered insulin doses,
especially at bedtime. A later evening snack
(8.30-9 PM) will help young people withstand
the night better. The total daily insulin dose was
lowered by around one third, on average, in
children aged 7-12 years, attending a physically
active (mainly water sports) camp in New
Zealand.112

Vegetarian and vegan diets
A pure vegetarian or vegan diet may result in a
disturbed balance between the amount of pro-
tein and carbohydrate in the diet. This is
because vegetarian nutrients contain much less
protein than animal nutrients. A lactovegetarian
diet includes milk and milk products resulting
in a higher protein content. A vegan diet includ-
ing a high proportion of fruits and berries may
even have a higher content of sugar than a
mixed diet.40

Fruits

Quantity Carb. Fibre Fibre/
carb.

Grapes 100g 17g 1.6g 0.09
Blackcurrant 100g 16g 4.9g 0.32
Blackberries 100g 16g 7.2g 0.46
Pineapple, canned 100g 16g 1.0g 0.06
Redcurrant 100g 13g 3.4g 0.27
Pineapple, fresh 100g 12g 1.2g 0.09
Cherries, sweet 100g 12g 1.7g 0.13
Strawberries 100g 10g 2.4g 0.24
Watermelon 100g 9g 0.6g 0.07
Raspberries 100g 8g 3.7g 0.46
Honeydew melon 100g 8g 0.9g 0.11

Banana 1 fruit 21g 1.5g 0.07
Pear 1 fruit 16g 3.0g 0.19
Apple 1 fruit 14g 1.9g 0.13
Kiwi fruits 2 fruits 14g 3.8g 0.27
Orange 1 fruit 13g 2.0g 0.16
Plums 2 fruits 9g 1.2g 0.13
Grapefruit 1 fruit 9g 2.0g 0.22
Raisins 1 tbs 8g 1.0g 0.12

More dietary fibre/gram (1 ounce = 28 g) carbohy-
drate will cause the glucose to be absorbed more
slowly. Bananas contain very little dietary fibre and
will raise the blood glucose level more quickly than
other fruits. It is therefore a suitable fruit to take if
your blood glucose is low, or during exercise. 

Carb. = carbohydrates
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However, if reasonable attention is paid to
achieving a balanced diet, many vegetarians do
very well and avoid vitamin and mineral defi-
ciencies despite having diabetes. As many of
these young people are in their mid teens or
older, problems with growth are likely to be
avoided too. 

A strict vegetarian or vegan diet is not recom-
mended for children, as it will put them at risk
of a deficiency of protein, vitamins and miner-
als. Not eating meat, fish or eggs is not neces-
sarily synonymous with being a vegetarian. In
vegan or lactovegetarian diets, the animal prod-
ucts are mostly replaced by products from legu-
minous plants. The intake of vitamin B12 will
be cut in half when the vitamins in animal prod-
ucts are not replaced. This will lead to a consid-
erable risk of anaemia which can show as
tiredness. You should always talk to your dieti-
tian or doctor before changing your diet.

Different cultures
Families from different cultures and different
religions often have quite different eating hab-
its. The number of meals can be fewer and
sometimes certain foods are excluded due to
religious reasons (Muslims and Jews are not
supposed to eat pork, Hindus should not eat
beef). The way of cooking is usually different.
Lactose intolerance is more common among
children from some countries.

In every case, it is of course important to take
the family’s customary food habits into consid-
eration when discussing nutrition with a person
who has diabetes. With a multiple injection
treatment and premeal injections there are usu-
ally no difficulties in dovetailing healthy meal
planning for a person with diabetes into the
wider family routine. 

Religious fasting days

Special religious fasting days, such as Yom Kip-
pur for Jews, can easily be accommodated by

appropriate attention to monitoring and adjust-
ment (downwards) of insulin doses. Consult
your diabetes clinic for advice if you are at all
unsure about how to handle the situation, and
keep records in your logbook for the next time!

Ramadan: the fasting month

During Ramadan, the ninth month of the
Islamic year, Muslims fast from dawn until sun-
set. Sick people, and women who are pregnant,
breast feeding or menstruating are exempted, as
are young children. Fasting is not recommended
for individuals with type 1 diabetes according
to some health professionals 11 but even so,
many devout Muslims with diabetes prefer to
fast during Ramadan. If this applies to you, it is
important that you find a way of accommodat-
ing both your body’s need of a low basal insulin
level during fasting hours, and the need for an
increased insulin level for the meals you take
just before sunrise and at sunset. This means
frequent monitoring of your blood glucose and
adjusting your insulin doses, so that you can
avoid low levels during the day as well as high
levels after ceasing your fast in the evening.

Fasting accelerates the breakdown of fat and
ketone production, by increasing glucagon lev-
els. So, if you cut down your insulin doses too
much during the period of fasting, you will put
yourself at risk of ketoacidosis. One patient, a
15 year-old boy, was admitted to hospital in
ketoacidosis after omitting his lunchtime dose
of insulin in combination with dehydration and
overeating during the sunset-to-sunrise meals.284 

In addition to the problem of fasting, there is
risk of over-eating high-calorie sweets in the
evenings.11 Two doses per day of rapid-acting
(Humalog) and NPH insulin gave better blood
glucose levels and less hypoglycaemia than reg-
ular short-acting insulin and NPH in one
study.422 The two doses were taken before the
morning and evening meals. Lantus should be a
good alternative as basal insulin in this situa-
tion. Ask your diabetes team for practical
advice if you plan to fast during Ramadan.
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Sweeteners
Sugar free?
When manufacturers state that a product has
“no sugar added”, this does not always mean it
is completely devoid of sugar. It usually implies
that no sugar is added, whereas the natural
sugar from berries or fruits are still present. No
added sugar chocolate or ice cream can contain
more calories than ordinary alternatives. Sweet
foods like this often contain sorbitol, which
eventually will be transformed into glucose in
the liver. Check the food label carefully. 

Non-nutritive sweeteners

Aspartame
Aspartame (E951) is made up of two synthetic
proteins, asparaginic acid and phenylalanine. It
is 200 times sweeter than sugar and is used in
such small amounts that the energy content is

negligible. It can lose its sweetness through
cooking and baking.

Aspartame is made up of two amino acids
called aspartic acid and the methyl ester of phe-
nylalanine. Amino acids and methyl esters are
found naturally in foods like milk, meats, fruits
and vegetables. When digested, the body han-
dles the amino acids in aspartame in the same
way as those in foods we eat daily.419 Although
aspartame can be used by the whole family,
individuals with a rare genetic disease called
phenylketonuria (PKU) need to be aware that
aspartame is a source of the protein component,
phenylalanine. Those who have PKU cannot
properly metabolize phenylalanine and must
monitor their intake of phenylalanine from all
foods, including foods containing aspartame. In
many countries, including the UK, every infant
is screened for PKU at birth. 

Unfortunately, many myths about aspartame
are circulating, scaring people with diabetes and
others who use “diet” drinks. The fact is that
aspartame has been studied extensively in
humans. The safety of aspartame has been well
established and it has been shown that eating or
drinking products sweetened with aspartame is
not associated with adverse health effects.419 A

Free from sugar? 

Unsweetened No compound with sweet 
taste has been added to 
the product. However, it 
can contain natural sugar 
(fruit sugar, milk sugar).

Without added 
sugar
No added sugar
No sugar added

No sugars have been 
added. However it may 
contain sugar naturally, 
e.g. pure fruit juice.

Sugar free No more than 0.2g sugar 
per 100g or 100mls.

Reduced sugar At least 25% reduction on 
the original product.

Since prehistoric times, humans have craved sugar. This 
is believed to be because sweet natural products are sel-
dom poisonous while many bitter ones can be so.
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240 ml (8-oz.) glass of milk has six times more
phenylalanine and thirteen times more aspartic
acid than an equivalent amount of soda sweet-
ened with NutraSweet. An 8-oz. glass of fruit
juice or tomato juice contains three to five times
more methanol than an equivalent amount of
soda sweetened with NutraSweet.419 

The UK’s Committee on Toxicity, Consumer
Products and the Environment (COT, a com-
mittee of independent experts who advise the
Government on the safety of food chemicals)
recently concluded that there is no evidence to
suggest a need to revise their earlier statement
that confirmed that aspartame is safe for use or
revise the previously established Acceptable
Daily Intake (ADI) of 40mg/kg body weight/
day. An adult would have to consume 14 cans
of a sugar-free drink every day before reaching
the ADI, assuming the sweetener was used in
the drink at the maximum permitted level. In
practice, most drinks use aspartame in combi-
nation with other sweeteners so that the level is
considerably lower. Aspartame intakes have
been shown to be considerably below the rec-
ommended maximum level, even among chil-
dren and people with diabetes who consume
large quantities of sugar-free drinks.

Saccharin

Saccharin (E954) is a synthetic product. It is
300-500 times sweeter than sugar and contains
no energy. It gives a slight metallic taste when
heated above 70° C (158° F) and should there-
fore be added only after cooking. 

Acesulphame K

This sweetener (E950) is 130-200 times sweeter
than sugar. It withstands heating well and can
be used for baking. It is mixed with milk-sugar
(lactose) but in amounts too small to give any
significant amount of energy.

Sucralose

Sucralose (E955) is 600 times sweeter than
ordinary sugar. It is made from sugar but does
not affect blood glucose. Sucralose tastes like
sugar and is heat stable. It can be used both for
baking and for cooking.

Cyclamate

Cyclamate (E952) is 30-50 times sweeter than
sugar and contains no energy. It is stable in high
temperatures and therefore suitable for cooking
and baking. It is often used in soft drinks, dairy
products and chocolate.The UK Food Stan-
dards Agency is advising parents to give young
children no more than three beakers (about
180ml each) a day of dilutable soft drinks, or
squashes, containing the sweetener cyclamate.
Drinking more than this amount could lead to
children aged 1½ to 4½ years taking in more
than the cyclamate Acceptable Daily Intake

Hot and cold drinks

Quantity Carb. Fat Kcal

Low-fat milk 200 ml 10 g  1g  75
1.5%-fat milk 200 ml 10 g 3 g 96
3%-fat milk 200 ml 10 g 6 g 120
Chocolate milk 200 ml 26 g 1-6 g 113-158

Orange juice 200 ml 20 g -  100
Squash 200 ml 15 g 60
Soft drinks 200 ml 20 g 100

Lemonade 330 ml 30 g - 120

Diet Fanta 200 ml 0 g - 1

Diet Cola 200 ml  0 g - 1

Coffee 200 ml 0.3 g 2
Tea 200 ml 0 g 2
Herb tea Can have a high sugar-content!
Carb. = carbohydrates, kcal = kilocalories
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(ADI). The Agency is also recommending that
when preparing dilutable soft drinks containing
cyclamate for young children, parents should
dilute them more than they would for an adult. 

Nutritive sweeteners
These all contain energy which should be con-
sidered if weight is a problem.

Fructose

Fructose is almost twice as sweet as sugar. Even
if fructose does not affect your blood glucose
level directly, it is transformed into glucose in
the liver, and the calorie content can cause
weight gain. Because of this, fructose is not con-
sidered as a suitable sweetener for people with
diabetes in some countries. In other countries
(such as Finland and Germany) many “diabetes
products” containing fructose are sold (see also
page 65).

Sugar alcohols

Sugar alcohols (also called polyols) are used by
food manufacturers to lower carbohydrate and/
or fat content and are often used in chewing
gum, “sugar-free” sweets, ice cream, and pastry.
Sugar alcohols provide approximately half the
energy (2.5 kcal/g) compared to other carbohy-
drates (4 kcal/g). Chemically, they are neither
sugars nor alcohols but eventually they will be
converted into fructose and glucose by the liver.
The names of sugar alcohols usually end in
“-ol”, for example Sorbitol, Xylitol, Mannitol,
Maltitol, and Lactitol. Hydrogenated starch
hydrolysates and Isomalt are also sugar alco-
hols. The sweetness of sorbitol is about half
that of sugar. When counting carbohydrates, it

is currently suggested that only half the amount
of sugar alcohols should be included.792 

Sorbitol (E420) is a natural component of
plums, cherries and other fruits and berries.
Sorbitol and other sugar alcohols absorb water
from the intestines and provide nourishment for
intestinal bacteria. Large amounts of sorbitol
can cause abdominal pains and diarrhoea,
which may put an automatic limit on the
amounts eaten.

Sweeteners without energy

Substance Trade name Common in

Ace-
sulphame 
K

Sunett
Hermesetas Gold
(aspartame + ace-
sulphame K)

Beverages, 
jams, baked 
goods, sweets

Aspartame NutraSweet 
Canderel
Equal

Chewing gum
Sweets
Soft drinks
Table top 
sweetener

Cyclamate Sucaryl, Cologran, 
Sugar Twin, Natreen

Tabletop 
sweetener

Saccharin Sweet'n Low
Hermesetas Original
Hermesetas Liquid 
(saccharin + cycla-
mate)

Tabletop 
sweetener

Sucralose Splenda Tabletop sweet-
ener, drinks, 
baked goods, 
frozen and 
canned fruit
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Diet drinks and 
“light” foods

Diet drinks are usually sweetened with aspar-
tame and do not contain any sugar. Most of
these drinks are “unrestricted” for people with
diabetes in the sense that they do not raise the
blood glucose. However, cola drinks often con-
tain caffeine so it is not healthy to drink large
amounts of them. 

When a foodstuff is labelled “light”, the situa-
tion is more complex. Such products are not
necessarily sugar-free. In some countries a food-
stuff may be described as “light” if the sugar
content is decreased. Products containing fat
can be labelled “light” if the fat content has
been decreased. Most countries have regula-
tions to ensure that terms such as “light” or
“low fat” are explained on food labelling. As
the rules for labelling may vary from country to

country, you should check with your dietitian
about what is applicable where you live. 

Light (low-fat) ice cream contains around one
third of the fat content found in regular ice
cream. “Fat free” means the product contains
no fat, while “no sugar added” may mean sugar
alcohols are added instead.
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Sweets, treats and 
ice cream
Sooner or later all young people with diabetes
will be tempted by their friends and peer group
to indulge in treats like ice cream or sweets. At
home, families often try to regulate this by
allowing ice cream on special occasions and
sweets only on certain days. This is something
all parents may find difficult to enforce, regard-
less of whether or not a child has diabetes. The
obvious problem for a young person with dia-
betes is that all these delicious things will also
increase the blood glucose (if they don’t take
extra insulin or exchange for other sources of
carbohydrates). This is often the reason parents
feel they have to say, “No, you can’t have that.
It is bad for your diabetes”. 

In saying this, it is easy to forget that the
answer is likely to have been “No” even if the
child did not have diabetes: “No, you will dam-
age your teeth”, “No, we can’t afford it”, or
“No, in our family we have sweets only on Sat-
urdays”. The practical effect will be the same
(no sweets) but, for the child, the difference is
important. If you always refer to the child hav-
ing diabetes when saying “No!”, the child will
soon start hating the illness which appears to
lie behind the limitations. He or she will start
to believe that it is the diabetes alone that
makes this and everything else impossible. 

We don’t want to ban sweets from children (or
adults) with diabetes, but we do not in any way
want to say that they are unrestricted either.

What is in “unhealthy” food?

Quantity/Weight Carb. Fat Kcal

Peanuts 100g 15g 53g 630
Cheese Twisties 28g 15g  9g 150
Potato crisps 25g 15g  8g 130
Peanut rings 25g 15g  6g 120
Chipsticks 25 sticks 20g 15g  2g  80
Popcorn ½ litre 23g 15g  3g 110

Milk chocolate 6 squares 27g 15g  9g 150
Sugar-free
milk chocolate 30g 15g 11g 170
Kit Kat ® ½ biscuit 23g 14g 6g 103
Cream 1 biscuit 10g  5g 105
Plain biscuits 2 pieces 15g  2g  90

Jelly beans 5 pieces 19g 15g  -  65
Toffee 4 pieces 17g 15g  3g  77
Boiled sweets 5 pieces 15g  -  60

Glucose tablets  3 - 5g each - 12-20
Lifesavers 1 2g 2g - 8

Chewing gum 1 packet 10g  -

Sponge cake with 
chocolate icing  1 slice 80 g 45g 12g 300

Carb. = carbohydrates, 1 kcal = 4.6 kJoule

Read the list carefully! Fifteen grams of carbohydrate 
corresponds to one slice of bread. Which would you pre-
fer? Four sweets or ½ litre of popcorn (25 g of 
unpopped popcorn)? 



228 Type 1 Diabetes in Children, Adolescents and Young Adults

Our message is that of course you can have
some sweets or ice cream — but you need to
think about how and when to eat them so your
blood glucose will not be affected too much.
Most adults allow themselves a treat every now
and again. So children, too, should be given
opportunities to manage their insulin and food
in a way that enables them to enjoy something
sweet on occasion, without their blood glucose
rising too high. Going to parties is far more fun
if you can eat the same food as everyone else.
However, just as adults won’t feel well if they
go out partying all the time, we emphasize to
children that this is something they can do only
on special occasions, not every day. Too many
sweets are not good for people without diabetes
either. They provide empty calories which
increase the risk of weight gain and cause dam-
age to your teeth.

It is all about freedom with responsibility and
to master this you need to practise and experi-
ment. It is important to monitor your blood
glucose before and after you have tried some-
thing new. It will often not be perfect at your
first attempt but after a few times you will learn
better how your body works. The logbook is
important so that, later, you will remember
what you did and how it turned out.

How much extra insulin should you 
take?

One additional unit of insulin for every 10-15 g
(1/3-1/2 ounce) of extra carbohydrate (i.e.
sugar) is usually enough.186 Use your insu-
lin:carb ratio if you have calculated this (see
page 218). If sweets or ice cream are eaten
instead of the usual snack, only the carbohy-
drate content which is in excess of that of your
ordinary snack should be counted. Of course,
the effect on your blood glucose level will not
be ideal, so this is not something we recom-
mend you do on a regular basis. But it can be a
good method for special occasions. Remember
that exceptions must be exceptions — if you do
it every day it will become a habit and such a

habit is not compatible with your diabetes.
How and when to eat sweets and ice cream is
something that you and your family will need to
discuss together. Your diabetes team can only
tell you how the sugar in these treats works in
your body and how to adjust your insulin.

You can take extra insulin at the same time as
you have chocolate or a regular ice cream. But
you should take it 30 minutes before having
sweets containing only sugar as this will affect
your blood glucose more quickly. Rapid-acting
insulins (NovoRapid or Humalog) are likely to
be more effective if you are eating sweets con-
taining pure sugar, but may be too quick for
treats containing fat, such as ice cream and
chocolate bars. If you find this to be the case, it
may be better to take the dose after you have
had the treat. If you use a pump, you can set it
to deliver a prolonged bolus dose if needed (see
illustration on page 168).Water ices and ice lol-
lies (those that are not special “no added sugar”
ones) contain a lot of sugar that can affect your
blood sugar considerably. They may come in
handy, however, if your blood sugar dips while
you are on the beach, for example. 

It is good idea to have your sweets or ice cream
as dessert after a regular meal. The sugar con-
tent will then be mixed in your stomach with
the rest of the food, so it will not affect your
blood sugar too quickly. You can take your
ordinary insulin dose if, for example, you
replace a glass of milk (~200 ml) with 10 g of
carbohydrates in sweets or ice cream. Substitut-
ing sweets for other carbohydrates in your meal
plan is probably the best way to deal with this if
you have a “sweet tooth”. You can, for exam-

When should you test your blood 
glucose level?

Sweets, ice lollies After ½ hour 

Ice cream, chocolate bar After 1-1½ hour

Potato crisps After 2-3 hours
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ple, have smaller servings of bread, potatoes or
fruit. If you add a dessert you will have eaten
more carbohydrates than usual, in which case
you will need to increase your insulin dose as

described above. Like everyone else, doing this
often will put you at risk of gaining weight. 

The amount of extra insulin needed will depend
on your total insulin requirement. If you are in
puberty and your total insulin dose is high
(more than 1 U/kg/24 hours, 0.5 U/lb/24
hours), you may need more than 1 U of insulin
for every 10 g of carbohydrate. If you are in the
honeymoon phase (low insulin requirements
during the first 6-12 months after the onset of
diabetes, see page 193) you should only take a
quarter to half a unit extra per 10 g of extra
carbohydrate. Your own insulin production will
supply the rest. Measure your blood glucose
level ½-1 hour after you have eaten your sweets
and experiment to find out what works well for
you. See “Carbohydrate counting” on page 216
for a more exact method of finding your indi-
vidual need of insulin for a given amount of
carbohydrates.

Ice cream
A summer without ice cream is no summer at
all in the eyes of many children. Of course you
can eat ice cream even if you have diabetes. The
usual advice applies: think ahead and experi-
ment to find out what is best for you. There are
mainly two types of frozen treats: water ice (ice

Carb. Fat Kcal

Super Cornetto®  31 g 10 g 230
Cornetto® strawberry  ” 25 g 11 g 183
Magnum®, lolly  ” 24 g 25 g 300
Solero® “ 18 g 6 g 133
Paddle Pop 19 g 4 g 144
Fruit and Yoghurt Ice block 14 g 3 g 85
Ben & Jerry’s
Cherry Garcia (½ cup) 26 g 16 g 260
Chocolate Chip Cookie 34 g 16 g 300
Chubby Hubby (½ cup) 33 g 21 g 350
Orange and Cream 23 g 14 g 230

Ice cream carton (approximate figures)
Light ½ litre (1 pint)  45 g 12 g 275
Whole-fat ½ litre (1 pint) 60-70g25-30g 650

Water ice (ice lolly)
(contains no fat = glasses of squash)
Calippo® 24 g 0 g 114
Spirello® 18 g 0 g 75
Fruit juice bar (3 oz.) 19 g <1 g 75

For comparison
1 glass of 3%-fat milk 10 g 6 g 120
1 open sandwich, margarine 15 g 8 g 150
and 2 slices of cheese

Carb. = carbohydrates, 1 kcal = 4.6 kJoule

The content of the ice creams can change from time
to time as recipes are adapted. The more fat that is
added, the slower the blood glucose rise will be but
the more calories it will contain.

Contents of some 
common ice creams

It is easy to develop a “sweets- 
mania” if you have diabetes. 
Some children with diabetes eat 
more sweets than their friends 
although they know this is not 
healthy for them. Try not to make 
sweets too big a thing in your life. 
Aim at managing to eat only small 
amounts on appropriate occa-
sions. Even if you can’t manage 
this just at the moment, you can 
make a decision to do it when you 
are a little older. The question will 
then not be if you will succeed, it 
will be when you will succeed...
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lolly, ice block) and ice cream made from dairy
products. Water ices are like frozen fruit juice
(often with added sugar or sweetener) and
affect the blood glucose level in the same way as
juice except that it takes longer to lick an ice
lolly than to drink a glass of fruit juice. Ice lol-
lies can be perfectly suitable if you have
hypoglycaemia, for example while you are at
the beach. You will need to be sure, however,
that what you are eating is an ordinary ice lolly,
and not a “light” or low sugar variety, as the
latter would have little or no effect on your
blood glucose level.

Ice cream made from dairy products contains
fat that causes your stomach to empty more
slowly. Thus the increase in blood glucose level
will not be seen until 45-90 minutes after eating
ice cream.561 From this it follows that
dairy-based ice cream is not suitable for revers-
ing hypoglycaemia. However, it can be a good
alternative if you are playing football, for
example, as an activity such as this requires
extra sugar over a longer period of time.
Dairy-based ice cream goes well with regular
short-acting insulin in the sense that the insulin
will start working at about the same time as the
ice cream starts raising the blood glucose level.
However, rapid-acting insulin (NovoRapid or
Humalog) may have too quick an action for
dairy-based ice creams. If this is the type of
insulin you use, it may be better to take it after

finishing the ice cream or use a prolonged bolus
if you have a pump.

During our educational holidays for young peo-
ple with diabetes, we do some experimenting
with ice cream and caramels. The dietitian tells
the children about the contents of different ice
creams. We then have an “ice cream test” at
snack-time. The children measure their blood
glucose levels beforehand and then discuss with
their leaders what they should do next in order
to have their favourite ice cream. If it is neces-
sary, they will take an extra dose of insulin
along with the ice cream. It may not be the most
sensible thing to have a large ice cream if your
blood glucose level is 15 mmol/l (270 mg/dl) —
but life is full of such situations and it is a good
idea to know how to handle them. The children
can have their choice of ice cream, but only if

Ice cream cones usually contain:

Soft ice cream 20-30 g of carbohydrate
Ice cream (1 scoop) 20-25 g ”

Ice cream cones

Ice cream gives a slower blood glucose rise than you 
might expect. The reason for this is that the high fat con-
tent causes the stomach to empty more slowly. The 
graph is from an American study of adults with diabetes 
who ate 100 g (3/4 cup) of vanilla ice cream (24% carbo-
hydrate and 11% fat content). When they injected regular 
short-acting insulin (3-5 units) 30 minutes before the ice 
cream, the rise in blood glucose was reduced consider-
ably.561
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they take extra insulin. When the children mea-
sure their blood glucose level 1-1½ hours after
the ice cream, the average level is lower than it
was before eating the ice cream.

Chocolate
Chocolate contains fat which will slow down
the absorption of glucose by emptying the stom-
ach more slowly. For example, you may eat a
small chocolate bar (24 g, 1 oz. = 14 g carbohy-
drate) for a snack instead of an open sandwich.
This may be fine occasionally, but (in common
with anyone who does not have diabetes) you
should not snack like this every day. However,
when you are physically active you will proba-
bly be able to take a small chocolate bar in
addition to your usual snack without problems.

Sweets
During our educational camps, we exchange the
apple of the afternoon snack (on the “treasure
hunt”) for a box of sweets that contain jelly
making them tougher to chew, and causing the
sugar to be absorbed more slowly. Other sweets
which taste sweet and easily break into small
pieces during chewing, contain mostly pure
sugar. Sugar-free sweets usually contain sorbitol
which is better for your teeth and raises the
blood glucose level more slowly. We tell chil-
dren these facts at the same time as they taste
sweets of various types, in order to help them
recognize the difference. 

One box of jelly-type sweets sweetened with
sorbitol (about 15 g) has the same blood glu-
cose raising effect as an apple or a pear. How-
ever, the contents of a box of sugar-type fruit
pastilles gives the same effect as 6 lumps of dex-
trose (18 g). If a child chooses to eat one small
sweet of this type at some stage in the course of
an afternoon, it will not affect the blood glucose
level at all. By saying this we don’t mean that
children should have sweets every day. Keeping
sweet intake low is a good rule for all children
whether or not they have diabetes. This situa-
tion should be the same for families without
diabetes, in that it is the parents who decide
which rules apply. The important thing is that
children with diabetes feel that, as far as possi-

“Ice cream test”

Measure your blood glucose level at snack- 
time.

Calculate the carbohydrate content of your
snack in grams (one open sandwich = 15 g,
one glass of milk = 10 g, for fruit see table on
page 221). 
Decide which ice cream you want (not water
ices — they only contain frozen sugar-water). 

Calculate the carbohydrate content of the ice 
cream. 

Take one unit of extra insulin for every 10 g of 
excess carbohydrate in the ice cream (or 
according to your insulin:carb ratio).

Decrease the dose by 1-2 U if your blood glu-
cose level before the ice cream is less than
4-5 mmol/l or if you are about to exercise.
Increase by 1-2 U if the blood glucose level is
above 10 mmol/l. You can also use the cor-
rection factors on page 130 if you are used to
this system. 

If you are in the remission phase (honeymoon
phase, see page 193) you should only take a
quarter or half the above mentioned extra
doses of insulin.

Measure your blood glucose level 1-1½ hour
after you have finished the ice cream to see if
things worked out the way you expected. 

Record what you did in your logbook and you
will be better placed to know what to do the
next time you want to eat ice cream.

Remember that, whether or not they have diabetes,
children do not eat ice cream every day. It is their
parents who decide when they eat it, and the same
rules should apply to children both with and with-
out diabetes.
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ble, they receive equal treatment as their friends
without diabetes and siblings when it comes to
sweets.

These principles for managing eating both ice
cream and sweets combine freedom and respon-
sibility. In order to learn how to manage differ-
ent situations well, you will need to practise and
experiment. It is important to measure your
blood glucose level both before and after trying
something new. It is likely that your blood glu-
cose level will not be quite as it should be the
first time around, but after a couple of times
you will get to know your body better. The log-
book is important — afterwards you can go
back and determine what worked well and
what did not.

Weekend sweets

In some places it is common to restrict sweets
for children to the weekends. The best
approach then is probably to give the sweets as
part of a regular snack or meal, substituting the
carbohydrates. If you want to have sweets for a
snack, start by having a sandwich (preferably
bread with a high fibre content). The combina-
tion of fat and dietary fibre contained in this
snack will slow down the emptying of the stom-
ach, thereby lessening any effect on the blood
glucose level. Rapid-acting insulin (NovoRapid
or Humalog) is effective much more quickly, so
you may not need the slow absorption effect of
the sandwich. Check your blood glucose before
and after you eat sweets to find out what works
best for you.

How much in the way of treats and sweet
things can a young person have? You must try
this out individually. Eating too many sweets
will cause you to gain weight, in exactly the
same way as it would if you didn’t have diabe-
tes. A rule of the thumb is that half to three
quarters of the weight of any sweet is pure
sugar. The carbohydrate content of an open
sandwich corresponds to approximately
20-30 g (1 ounce) of sweets. Sweets containing
fat give a slower blood glucose rise but contain
more energy. This applies to treats such as milk
chocolate or chocolate type sweets. Caramels,
toffees and othersweets containing almost pure
sugar will increase your blood glucose level
much more quickly. The sugar content of liquo-
rice sweets is about the same as of other types
of sweets.

A good way to enjoy sweets is to eat them while
you are engaged in some sort of active outdoor
pursuit — for example, during an afternoon

Use the opportunity to eat your regular portion of sweets 
while you are doing some physical exercise. One girl had 
her “Friday sweets” every week while horse-riding and 
they did not affect her blood glucose level at all.
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walk, playing football, or when you are out
riding or running around on the beach. The
additional activity will use up the extra calories
gained from the sweets.

Taking a break from eating sweets
It is not easy to manage diabetes if you are eat-
ing large amounts of sweet things as everyone
who has tried can testify. Even so, many indi-
viduals with diabetes do this. This is a bit like
smoking for some people — just cutting down
doesn’t work. Try then to avoid eating sweets
completely, at least for a while. If it is difficult
to say “no” to yourself, do not keep them in the
house. Unfortunately, excessive sweet eating
must remain exceptional behaviour for any per-
son with diabetes. And if you do something
every day, it ceases to be exceptional. 

Many families practise a system of taking a
break from eating sweets, whether or not they
have diabetes in the family. Children may then

receive money instead or some other kind of
bonus if they can manage without sweets for six
months or a whole year. This system works well
for children who benefit from not having sweets
for other reasons as well, such as those who are
overweight. Adults can try giving themselves
some kind of bonus, such as a new dress or a
holiday, if they manage without sweets for a
longer period of time.

If you have weight problems you will find it dif-
ficult balancing sweet eating with diabetes. If
you eat sweets containing fat, this will have less
of an effect on your blood glucose, but it will
cause you to put on weight. If you eat sweets
containing less fat, they will have a greater
effect on your blood glucose level. A total break
from eating sweets is your only chance in this

Weekend sweets

A child’s typical afternoon snack:
1 sandwich = 30 g carbohydrate
(2 slices of bread)

Saturday snack:
½ sandwich = 15 g carb. 
20-30 g sweets ≈ 15 g carb. 

30 g carb.

15-20 g sweets extra ≈ 10 g carb. 1 U extra
30-40g sweets extra ≈ 20 g carb. 2 U extra

If the sweets contain fat (e.g. chocolate), this pro-
duces a slower emptying of the stomach and
thereby a slower rise in the blood-glucose level. If
you have access to both regular short-acting insulin
(Actrapid, Humulin S, Insuman Rapid) and
rapid-acting insulin (Humalog, NovoRapid)you may
find that short-acting insulin works better with
sweets like these.

What does the labelling on sweet 
packets mean?

Tip: Ask your dietitian to learn more about food
ingredients, sweeteners and types of carbohy-
drates and their impact on blood glucose.

Types of sugar Fructose
Lactose
Xylose 
Dextrose

Sugar alcohols Xylitol 
Mannitol
Sorbitol
Isomalt
Maltitol
Lactitol

Other 
carbohydrate
terms

Hydrogenated starch
hydrolysate (HSH)
Maltodextrins
Corn Syrup
High-maltose syrup
High fructose corn syrup 
(HFCS)
Corn starch
Unmodified starches
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situation if you want to manage both your
weight and your HbA1c. 

Potato crisps
Potato crisps are not a healthy snack option
since they contain a lot of fat and calories
which easily can create a weight problem. In the
UK it is common to have crisps at lunch time
but lower fat snacks (e.g. Quavers) would be a
healthier alternative on an everyday basis. They
can be OK to eat twice a week if you do not
have them for lunch. 
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3 open sandwiches (white bread)
1 open sandwich + 9 jelly drops

In a Swedish study, teenagers replaced 2 out of 3
open cheese sandwiches with jelly drops at snack
time.131 The blood glucose rise is slightly more
rapid with jelly drops and the sandwich, but consid-
erably less rapid than if they had eaten jelly drops
alone. White bread contains almost no fibre but
gives a larger volume compared to jelly sweets
alone, causing the stomach to empty more slowly.
The fat in margarine and cheese also leads to a
slower emptying of the stomach.

A sandwich made of bread rich in fibre, along with
the jelly drops, would probably have made the
blood glucose response even less pronounced.
From this it follows that a good way to eat your
sweets is to eat them after a meal and your blood
glucose level will be less affected.

In another study, different types of snacks with the
same calorie-content were compared: 2½ slices of
dark rye bread with cheese and an apple, a bar of
milk chocolate (67 g, 2.3 ounces) and potato crisps
(70 g, 2.5 ounces).132 The ordinary snack contain-
ing slightly more carbohydrates gave the highest
blood glucose rise while potato crisps gave the
slowest rise. The bar of milk chocolate gave a slow
rise making it unsuitable for anyone with hypogly-
caemia.

The fat in chocolate and potato crisps causes the
stomach to empty more slowly and the increase in
blood glucose level will therefore be slower. The
food processing used in the manufacturing of
crisps causes the sugar to be less accessible to
digesting enzymes, thereby being absorbed more
slowly.

The message from the dietitian, Gunilla Cedermark,
who carried out these studies is not that we should
have chocolate and crisps for snacks every day.
Most children don’t, even if they would very much
like to... The difference is that saying “No!” to crisps
and bars of chocolate should be done on the same
terms as it is for children without diabetes. It is very
important to avoid referring to diabetes more often
than necessary when saying “No!”.

A bar of chocolate is a good snack for children with
diabetes who are going on a hiking or skiing trip, in
the same way as it is for friends and siblings with-
out diabetes. One day a week you can replace a
snack or parts of the evening snack with potato
crisps. The whole family can enjoy these together
with an easy conscience.
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Potato crisps will raise the blood glucose very
slowly over a period of at least 3-4 hours (see
graph on page 234).132 Twenty-five grams of
potato crisps (the amount that can be held in
the palm of an adult hand) have approximately
the same content of both fat (8 g) and carbohy-
drate (15 g) as an open cheese sandwich. It may
be a good idea to eat crisps as an extra bedtime
snack after a game of football to avoid night
time hypoglycaemia. But remember that moder-

ation is all and make sure you get crisps with
unsaturated fat (vegetable oil). If you eat a
whole 200 g (8 oz.) bag, your blood glucose
will certainly rise.

Chewing gum
Chewing gum contains such small amounts of
sugar (about 10 g/package) that chewing one
piece at a time over a couple of hours will not
cause you a problem. If you chew in this way,
you will find little disadvantage, from the point
of view of your diabetes, in using ordinary
chewing gum, as opposed to the “sugar-free”
variety. Your dentist will almost certainly rec-
ommend the latter of course. If you prefer
chewing half a packet at a time, it is better to
choose a brand with an artificial sweetener, like
NutraSweet®.

Different types of sweets

Quantity Carb. Fat Kcal

Gelatinous sweets 100 g 79 g 0 g 355
Caramels/
pastilles 100 g 97 g 0 g 400
Wine gums 100 g 75 g 0 g 300
Jelly Beans 100 g 100 g 0 g 400
Marshmallows 100 g 80 g 0 g 360
Milk chocolate 100 g 54 g 33 g 570
Dark chocolate 100 g 60 g 32 g 560
Toffee 100 g 69 g 18 g 470

Carb. = carbohydrates

The contents are approximate as they vary from
brand to brand. Chocolate with a high fat content
increases your blood glucose level more slowly.
Gelatinous sweets raise the blood glucose level
slightly slower than sweets that are easy to chew. If
you have access to both rapid-acting insulin (Huma-
log, NovoRapid) and short-acting insulin (Actrapid,
Humulin S, Insuman Rapid) you may find that
short-acting insulin works better with chocolate
sweets.

The best time to eat sweets is when you are physi-
cally active, when you have a low blood glucose
level or immediately after a meal.

Popcorn makes a good “diabetes treat”. Half a litre 
(1 pint) of popcorn contains about the same amount of 
carbohydrate as one open sandwich (1 slice of bread). 
Micro-wave popcorn contains the same amount of carbo-
hydrate as ordinary popcorn.
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Weight control
Many young people, particularly teenage girls,
find they have problems with keeping their
weight at a desirable level, whether or not they
have diabetes. There are plenty of girls without
diabetes who put on quite a lot of weight dur-
ing the years following their first menstrual
period (menarche), especially if they decrease
the amount of regular exercise they do. This is
caused by continuing to eat the same amount of
food even though they have stopped growing in
height. Most girls only grow another 6-8 cm
(2-3 inches), after the menarche. The problem is
made more complicated for girls with diabetes,
as they find it particularly difficult to lose
weight. It is very important, therefore, that
teenage girls with diabetes reduce both their
food intake and the insulin doses when their
growth rate is slowing down and especially
when they have reached their final height. 

Body Mass Index (BMI) is an index for assess-
ing body weight in relation to height. BMI can
be calculated by dividing a person’s weight by
their height in metres square (kg/m2). Over-
weight is defined as a BMI above 25.0, obese is
above 30.0 and severely obese is above 35.0
kg/m2. Overweight is a result of consuming
more energy than is expended. Even moderate
activity of just 30 minutes per day has been
shown to improve insulin sensitivity, and this is
what really helps weight loss.

A British study found females with diabetes to
be overweight as adolescents, and both sexes to
be overweight as young adults. Approximately
30% of the young women (but none of the
young men) had given themselves less insulin
than prescribed, in the hope this would help
them control their weight.120 A Swedish study
found girls with diabetes to be on average 6.5
kg (14.3 lb) heavier than their peers without
diabetes. Between the age of 18 and 22 their
weight was unchanged but HbA1c improved

and the daily insulin dose was significantly
reduced.216

Satisfied or “feeling full”?
We believe children should always eat enough
to satisfy them, but we should differentiate
between being comfortably satisfied and “feel-
ing full”. Eating until you feel satisfied is not
the same as eating as much as you want. Even
children in their very early years at school
should understand this distinction, and can be
aware that over-eating will lead to weight gain.

Many children prefer to eat large helpings at
every meal and this can easily become a habit.
So, stop eating just as soon as you begin to feel
satisfied and wait for 10-15 minutes. By this
time, your feelings of hunger are likely to have
disappeared without your having eaten any
more. Vegetables will satisfy your hunger with-
out providing significant amounts of carbohy-
drates or calories, and are a good alternative if
you still want more to eat. 

When a child or teenager has weight problems,
some parents make a deliberate decision to
avoid cooking more food than is needed for a
normal helping for every family member. Once
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all the food prepared has been eaten, there will
be less room for discussion about second help-
ings and how much more it is appropriate to
eat. Parents can also make sure there are no
sweets, biscuits or cakes available at home to
tempt children to eat food when it is better they
don’t.

Many parents are quite strict about their chil-
dren finishing what is on their plate. But if you
are trying to lose weight, you might find it diffi-
cult to judge by eye how much you are going to
eat. If you have weight problems, therefore, you
should ask permission to leave food on the plate
if you find that you have taken too much and
feel satisfied before you have finished. If your
blood glucose level is high, you won’t need to
eat as much as usual, and you are likely to find
you feel unusually full.413

Reducing weight
Talk to your dietitian about adjusting food
intake and insulin doses. Losing weight can eas-
ily lead to a vicious circle if you have diabetes.
Taking insulin forces you to eat even if you are
not hungry at the time. Try to decrease your
food intake and, at the same time, decrease the
amount of insulin you give yourself. It can be
difficult to find the appropriate balance
between insulin and food. 

You may find it hard to know what foods you
can cut down on. Write down everything you
eat in the course of a three-day period, record-
ing the exact quantities. Include everything,
food, drink, sweets, ice cream and so on. Ask
your dietitian to calculate the energy amounts
and advise you on reducing the amount of fat
and calories you consume.

If you decrease the amount of food you eat, you
run the risk of becoming hypoglycaemic — and
if this happens you will need to eat to reverse
the situation. But the next day you can think
about reducing both food and insulin to lose
weight sensibly. Remember to check that you
really have low blood glucose (less than 3.5-4
mmol, 60-70 mg/dl) before eating something
extra. Be careful not to eat too much if your
blood glucose level is too low. Ten to fifteen
grams of glucose is usually enough (see page
61). Then wait 10-15 minutes before eating
anything else, even if you are still hungry, as this
will give your blood glucose level time to rise.

You should avoid losing weight too quickly. A
slow and steady loss resulting from a change in
habits is better than a quick loss caused by
reducing your food intake to a minimum. A suf-
ficient rate is usually 1-3 kg/month (2-6 lb). It
may not sound like much, but will result in
many kilograms in one year. Complete fasting
can be dangerous for a person with diabetes
and it is something that is positively discour-
aged (see also page 240).

It seems unfair that some individuals can eat as much as 
they want, while others gain weight by just “looking at” 
food. The reason for this is that our bodies work differ-
ently when it comes to using energy and storing it. During 
the Stone Age it was useful for survival to be able to store 
energy as fat when food was not available on a daily 
basis. But in today’s world, for those with an unlimited 
supply of food, this ability has become a disadvantage.
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The little extras
A little extra food, such as sweets, crisps, or bis-
cuits every day, will amount to quite a lot
before the year is over. About 7000 Kcal are
needed to build up 1 kg (2.2 lb) of fat in the
body. An extra bun or some biscuits each day
(100 kcal) will cause you to put on 5 kg (11 lb)
of weight in one year! A small bag of peanuts
(175 g, 6 ounces) every week will result in
almost 8 kg (17 lb) weight increase in one year!

Never skip a meal. If you eat regularly, your
blood glucose levels will be more steady and
prevent you from getting too hungry. A missed
meal is often followed by binge eating on some-
thing less healthy, such as crisps, which contain
a lot of empty calories.

High HbA1c and weight loss
Having a high blood glucose level will result in
the loss of large amounts of glucose in the
urine. You might say that you “eat for two”
since you not only eat to cover your daily
energy requirements but also for the glucose
lost in the urine. When your HbA1c is between
9 and 10%, it is not unusual to lose glucose in
the urine in amounts of up to 100-200g of glu-
cose in a day. 

Having a high HbA1c can be an effective but
dangerous way to lose weight.181 Many teenag-
ers will deliberately skip insulin injections to
avoid gaining weight. In an American study,
15% of teenage girls with diabetes (but no
boys) had used this method to diet.602 You may
get rid of a few pounds or kilograms tempo-
rarily, but the high blood glucose level that fol-
lows will increase your risk of long term
complications. If you feel tempted to use this
method, try speaking instead to your diabetes
team. They will make every effort to help you
find a safe means of controlling your weight.
The parents of young people with diabetes
should be alerted if their teenager loses weight,
or fails to show a normal weight increase at the
appropriate time.

Increasing insulin doses will cause your body to
take up the glucose that was being lost in the
urine, and this will cause you to put on weight.
Unfortunately, you have to increase the insulin
doses initially because the high blood glucose

How do you count calories?

All food is made up of from different ingredients.
Check the table of contents to calculate how many
calories you will get.

Fat 9 kcal/g
Sugar 4 kcal/g
Protein 4 kcal/g
Alcohol 7 kcal/g
Sugar alcohol 
(e.g. sorbitol in sweets) ~2.5 kcal/g

Calorie table

28 g = 1 ounce, 100 ml ≈ 0.2 pints

The following will give 
you 100 kcal

Activities which will 
spend 100 kcal

Whipped cream 
Sugar
Oil 
Mayonnaise
Bun
Danish pastry
Crisps
Peanuts
Sweets
Chocolate
Snowball

200 ml
4 tbs
2 teasp.
1 tbs
1 
½ 
20 crisps
15g
8-10 pieces
20g
1 

Walking
slow 40 min.
quick 15 min.

Cycling
normal 35 min.
quick 10 min.

Running 10 min.

Skating 25 min.

Dancing 25 min.

Chopping 15 min. 
logs

Swimming 10 min.

Light beer
Beer
White wine
Spirits
Liqueur

400 ml
250 ml
100 ml

44 ml
28 ml
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level itself has induced increased insulin resis-
tance (see page 196). What you must do is to
increase the insulin doses for a short while (one
or two weeks) to overcome the insulin resis-
tance, and then lower them again as quickly as
possible. This is because your blood glucose
level goes down when the insulin resistance is
back to normal. If you also reduce your food
intake you will have a good chance of success.

Remember that if your blood glucose level has
been high for some time you will have early
symptoms of hypoglycaemia even at a low nor-
mal blood glucose level of 4-5 mmol/l (70-90
mg/dl).110,369,415 Because of this, you should
always take a blood glucose test when you feel
hypoglycaemic. Eat only if your glucose level is
less than 3-3.5 mmol/l (55-65 mg/dl). If your
blood glucose level is higher, try to avoid eating
despite symptoms. Your body may be giving
you warning symptoms, but remember that it
believes you want a higher blood glucose level
as this has been the case for some time. (See
“Blood glucose levels and symptoms of
hypoglycaemia” on page 43.) You must be pre-
pared for a difficult time during the first 1-2
weeks, but after this you should start to experi-
ence warning symptoms at a lower blood glu-

cose level. It is a good idea to have a friend or
parent present while you are getting accus-
tomed to this. You will need support and under-
standing from someone close to you, if you are
to make it work.

You might some-
times find it neces-
sary to put a guard on 
the refrigerator in 
case you find your-
self craving some-
thing tasty... One 
extra sandwich per 
day turns into 16 kg 
of extra fat in one 
year!

Exchange list

It is more important than one might imagine to
choose an alternative with fewer calories. The table
shows the difference (Diff.) between foodstuffs in
calories and weight gain.

1 kg = 2.2 lb

If you replace with Diff. in 
kcal

Diff. in 
Weight

½ litre of stan-
dard milk

½ litre of 
low fat milk

120 
kcal/day

6 kg /year

3 open sand-
wiches with 
margarine and 
full fat cheese

3 open sand-
wiches with 
low-fat cheese 
but without mar-
garine 

205 
kcal/day

10 kg 
/year

1 fried egg 1 boiled egg 40 kcal 
/day

2 kg /year

2 tbs 
mayonnaise

3 tbs sour cream 155 kcal 1 kg/ 
45 times

1 bar of 
chocolate

1 apple 235 kcal 1 kg/ 
30 times

1 helping of
french 
fries

1 helping of 
boiled potatoes

145 kcal 1 kg/ 
50 times

1 bottle of
beer

1 bottle of light 
beer

45 kcal 1 kg/155 
bottles

1 bag of pea-
nuts (175g)

½ litre of 
popcorn

1000 
kcal

1½ kg/ 
10 bags
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Eating disorders 
Both anorexia and bulimia (binge eating) are
symptoms of weight phobia, in that the person
concerned finds it impossible to eat without
worrying about putting on weight. A person
with an eating disorder always has a distorted
picture of their own body, but it is the emo-
tional disturbance which is the most important.
Eating disorders are much more common
among girls, but can occur in boys as well.
Anorexia usually starts between the ages of 13
and 16 years, bulimia somewhat later.252 A per-
son with an eating disorder is unlikely to appre-
ciate the seriousness of the problem and may
not feel it at all necessary to seek medical help. 

Anorexia

In anorexia there is a weight loss of at least
15% of the estimated normal weight for age or
not being able to reach this weight at all. There
is also an extreme fear of gaining weight and a
very distorted idea of what the body looks like.
Typically, someone with anorexia will see them-
selves as fat when looking into the mirror —
even though, to others, they appear very slim.
Food fixation is common, i.e. being interested
in cooking for others while avoiding eating any-
thing themselves. A person with anorexia is
usually quite active physically, often running
many miles a day in an attempt to keep their
weight down.

The starvation that a person with anorexia is
going through can result in physical symptoms
such as headaches, lowered body temperature,
increased body hair and irregular or disrupted
menstrual periods. Psychological symptoms
may include depression, feelings of inadequacy,
sleeping difficulties and obsessions. 

Bulimia

People with bulimia engage in bingeing large
amounts of food, much more than a person
without the disorder would eat at one sitting.
There is sense of loss of control and an inability
to stop eating unless, for example, another per-
son comes into the room. Self-inflicted vomiting
or laxatives, excessive exercise or fasting may
be used to control the weight. These individuals
are often very impulsive and, if they also have
diabetes, may find the regular routines neces-
sary to manage it effectively, really very diffi-
cult.637

Having an eating disorder is difficult. It is common for 
young people with anorexia or bulimia to try and manipu-
late their insulin doses and individuals often have prob-
lems with low or high blood glucose levels. Anyone with 
anorexia or bulimia will definitely need help. If this 
applies to you, tell your diabetes nurse or doctor, or 
another adult whom you trust. You will probably need to 
be referred to a specialist in these problems. It is also 
very difficult to calculate the insulin doses to match your 
irregular food intake if you have an eating disorder, so 
you will need help from your diabetes team with this.
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Diabetes and eating disorders

A UK study found that 9% of 11-18 year olds
met the criteria for eating disorders, and that
the proportion was the same among girls with
or without diabetes.602 However, a Swedish
study found that teenage girls with diabetes
were at greater risk of eating disorders (binge
eating and self-induced vomiting) than their
peers without diabetes.252 The combination of
diabetes and eating disorders has been called
“diabulemia”.115 Physical or sexual abuse or
any form of trauma can be the root cause of
eating disorders such as anorexia and
bulimia.788

Having diabetes and an eating disorder usually
implies problems with blood glucose control
and a tendency to manipulate insulin doses to
control weight.602,637,638 Not eating enough
causes low blood glucose levels, and reducing
insulin doses results in high blood glucose
peaks. 

Individuals with diabetes cannot starve them-
selves the same way as people without diabetes
are able to, because insulin levels will not adapt

to the situation of hunger as it does in people
without diabetes. If you have diabetes, it is
much more dangerous for you to make yourself
vomit or take laxatives than it would be if you
did not have diabetes. Your body will be easily
thrown off balance, especially if you change
insulin doses up and down as well. Your condi-
tion can deteriorate to a dangerous level and
hospitalization may be necessary. A BMI below
14-15 usually indicates that you need medical
attention. The risk of dying a diabetes-related
death is considerably higher if you have anor-
exia too.566 A high HbA1c will increase your
risk of developing late complications of diabetes
in the future.

Anorexia and bulimia in someone with diabetes
demand expert psychological and psychiatric
care in addition to diabetes care. Anyone suffer-
ing from such a combination may also require a
long hospital stay because of the risks of death
and diabetic ketoacidosis if insulin is omitted.
Family involvement should be an integral part
of the treatment of eating disorders in young
people.181 Most people with these disorders can
recover if they receive proper treatment.
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Physical exercise
Everyone should do some form of physical exer-
cise if they are to keep healthy. A body in good
general condition can withstand hardships bet-
ter. However, exercise must be enjoyable and
should not be something one is forced into.
Younger children usually run around a lot while
they are playing, but older children are very dif-
ferent. Some like sports or riding while others
prefer to sit quietly with books, the television or
a computer. We must adjust the insulin treat-
ment to the individual, not the other way
around.

Controlled studies have not been able to show
that physical exercise improves the management
of diabetes.725,793 Because of this, exercise is not
considered as a treatment for diabetes.350 How-
ever, everyone should be encouraged to take
part in some form of regular physical activity,
even if it is only riding a bicycle to and from
work or school, and people with diabetes are no
exception to this. Regular physical exercise also
lowers the risk of cardiovascular diseases in
people with diabetes.479 In contrast, the pro-
nounced lack of exercise and muscular activity
in some teenagers seems to contribute to an
increased insulin resistance, a tendency to be
overweight and a deterioration in blood glucose
control.501 

When your muscles are working, the store of
glucose in the muscles (muscle glycogen,
approximately 400 g in an adult person) is used
first. After this, glucose from the liver and fatty
acids (breakdown products from fat) are used
as fuel. Exercise lowers the blood glucose level
by increasing glucose uptake into the muscle
cells without increasing the amount of insulin
needed. This is because more glucose is con-
sumed by your muscles during exercise. After
exercise, the muscles will have increased insulin

The effect of exercise on 
the blood glucose level

Exercise increases absorption of insulin from
the injection site.

It also increases the consumption of glucose
without increasing the need for insulin.

BUT — insulin must be available or the 
muscle cells will not be able to take up glu-
cose!

Beware! Be careful with exercise when there is
not enough insulin available in your body
(blood glucose above 15-16 mmol/l, 270-290
mg/dl and elevated levels of ketones). You
might need an extra insulin injection (0.05-1
units/kg, 0.25-0.5 units/10 lb) and abstain
from exercise for 2-3 hours until the blood glu-
cose level has gone down.

You will be at risk of hypoglycaemia many
hours afterwards (in the evening or night)
because you have used the liver’s store of gly-
cogen after a lot of exercise.

If you exercise regularly you will know how
much the blood glucose is affected but if you
exercise occasionally only, your blood glucose
may drop much more than you expect during
and after exercise.

Walking to and from 
school or riding your 
bicycle will give you 
some exercise every 
day. It is easier to 
find an appropriate 
dose of insulin when 
you are exercising 
daily than if you sit 
still one day and do 
a lot of exercise the 
next.
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sensitivity for 1-2 days 787 (see also “Insulin sen-
sitivity and resistance” on page 195). This
means that exercise 3-4 times/week will result in
increased insulin sensitivity even between the
training sessions and the total insulin dose can
probably be lowered. Sometimes the increased
insulin sensitivity does not begin until 4-6 hours

after the exercise 787 which may occur during
the night if you exercise in the evening.

If you have been exercising your leg muscles,
insulin injected into the thigh will be absorbed
rather more quickly from the subcutaneous tis-
sue.280 If you inject insulin deep enough to enter
the muscle it will be absorbed much more

Blood vessel Muscle cell

Insulin

+ Oxygen
Carbon 
dioxide
Water

Energy

Insulin Glucose (sugar)

Sitting still
Insulin “opens the door” to the 
cell for glucose to enter. The size 
of your insulin dose decides how 
quickly your blood glucose level 
will fall. Your regular insulin 
doses during school or work days 
are adjusted in line with your 
usual level of physical activity.

How do insulin and exercise work together?

Insulin

+ Oxygen
Carbon 
dioxide
Water

Energy

Physical exercise
If you play football or take part in 
some other type of intensive physi-
cal activity you will need to lower 
your insulin dose. Exercise will cause 
the same amount of insulin to keep 
the door open for a little longer, i.e. 
more glucose will be transported 
into the cell, and the blood glucose 
level can easily fall too low. 
Decrease the insulin dose slightly.

The effect of strenuous exercise may 
last for at least 8-10 hours which 
means that you should decrease 
your bedtime insulin as well (by 1-2, 
up to 4 units) and have a substantial 
bedtime snack to avoid night time 
hypoglycaemia.
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quickly and you will risk having hypoglycaemia
(see page 81). It is important to remember that
exercise alone will not lower the blood glucose
level at all. Insulin has to be present to enable
this to happen. Glucose from the bloodstream
needs insulin in order to enter the muscle cells.

The rate of glucose uptake into the muscles of
an adult is approximately 8-12 g/hour when
exercising at an ordinary rate, and is more than
doubled with heavy exercise.793 The levels of the
hormones, adrenaline, glucagon and cortisol in
the bloodstream increase during physical exer-
cise. Glucose is released from the liver depot
(liver glycogen, see page 32) and new glucose is
produced in the liver from proteins. If the liver
was unable to increase its glucose production,
the blood glucose level would drop by about

0.1 mmol/l (2 mg/dl) per minute during exer-
cise, soon resulting in hypoglycaemia.793 A high
level of insulin in the blood counteracts the pro-
duction of glucose in the liver which, in turn,
increases the risk of hypoglycaemia. In people
without diabetes, the level of insulin in the
blood drops during exercise.793 

Can the blood glucose level increase
through exercise?

The blood glucose level will increase on
account of exercise if there is not enough insu-
lin. The cells don’t “understand” that there is
plenty of glucose in the bloodstream. On the
contrary, they act as if the body was starving
(see figures on page 24). This is caused by the
muscle cells having a lack of glucose following a
period of exercise in the presence of insulin defi-
ciency. The muscle glycogen is used up, and
insulin deficiency prevents new glucose from
entering the cells. Hormonal signals will then
tell the liver to release more glucose from its
glycogen depot.

You can never replace insulin with exercise! 
When exercising, you will need less insulin. But if
you exercise without enough insulin in your body,
your blood glucose level will rise.

Exercise when there is a lack of insulin

Signals

via hormones

Release of glucose into the bloodstream

Fatty
in the
liver

Ketones

acids

Can physical 
exercise be a 
substitute for 

insulin? 
No! It doesn’t 

work like this, despite 
the fact that both act in the 

same direction, i.e. lowering the 
blood glucose level.Without insulin, 

there will be a lack of glucose inside the 
cells. The cells will then send signals to the 

liver via the hormones, adrenaline and glucagon, to 
increase the output of glucose. Since there is an insulin 
deficiency, the glucose will remain in the bloodstream, 
resulting in an increased blood glucose level. Because of 
this reaction, you should not exercise when your insulin lev-
els are low (see the key fact box on page 242).

(adrenaline,
glucagon)

Liver



Physical exercise 245

The signals to the liver are communicated by
the hormones glucagon and adrenaline. The
increased amount of glucose in the blood comes
from both a breakdown of the liver’s glycogen
and a production of glucose in the liver. At the
same time, when there is a lack of insulin, there
will be a breakdown of fat to fatty acids which
are transformed into ketones in the liver. This
puts you at risk of developing ketoacidosis.793

When your blood glucose level is above 15-16
mmol/l (270-290 mg/dl), and there are raised
ketone levels indicating insulin deficiency, exer-
cise should be postponed while extra insulin is
taken. Running to lower a high blood glucose in
this situation is not a good idea. It might even
be dangerous.

Some friends of mine met a 45-year old man
when starting out on a mountain hike. He
asked them if he could accompany them as he
was alone, and they agreed. During the second
day the man felt sick, began vomiting and
appeared very tired. Then he told my friends he
had diabetes. He was under the impression that
exercise lowers the blood glucose level and had
thought that exercise might cure his diabetes.
He had left all his insulin at home. One of my
friends ran 20 km (13 miles) to the nearest tele-
phone, and called for a helicopter. But by the
time it reached the camping site, the man was
already dead. He died from a diabetes coma
caused by a total lack of insulin, made more
severe by the hard physical exercise.

This happened many years ago. Knowledge has
improved since then and people with diabetes
know it is dangerous to not take insulin. In
spite of this, episodes of serious ketoacidosis,
caused by missed insulin injections, and requir-
ing hospital treatment, are not uncommon.
Many of these cases involve teenagers who do
not realize how dangerous it can be to leave out
insulin injections.

Hypoglycaemia after exercise
As the glycogen stores in the liver are depleted
during heavy exercise, there is a greatly
increased risk of hypoglycaemia several hours
after the exercise. The muscles will have
increased insulin sensitivity for at least another
8-10 hours, sometimes up to 18 hours after the
exercise is finished. This means that you are
likely to be at risk of night time hypoglycaemia
after strenuous physical activity. If you find
yourself in this situation, you should begin by
trying to refill the glycogen stores in your liver
and muscles, by eating during and after the
exercise. Count on needing an additional 10-15
grams (1/3-1/2 ounce) of carbohydrate (15-30
grams, 1/2-1 ounce, for an adult) for every 30
minutes of exercise after the initial 30 min-
utes.787

Your blood glucose level will rise if you exercise when the 
insulin level in your body is low. This is due to the lack of 
sugar inside your muscle cells causing different hor-
mones to increase your blood glucose level. Your body 
still “thinks” as if it did not have diabetes, so it cannot 
adapt to the fact that you already have too much sugar in 
your blood. If your blood glucose level is high (above 
15-16 mmol/l, 270-290 mg/dl) and you also have ele-
vated ketone levels, you should take some extra insulin 
and wait a while for it to start working before exercising. 
The graph is from reference.782
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You might find it valuable to experiment with
different amounts of carbohydrate during a
game of football for example, and when you
find a suitable amount, follow this up by eating
the same amount of extra carbohydrate every
time you play. If you start playing within one
hour of your injection, the insulin uptake will
be increased and you will probably need to
increase your carbohydrate intake again or
decrease the insulin dose.738

Remember that it takes more than one meal to
refill the glycogen stores in your liver and mus-
cles after heavy physical exertion. This means
that even if you have eaten a substantial meal
after the game you may become hypoglycaemic
later in the day or evening, since the glycogen
stores have not had time to be refilled com-
pletely. If you play sport in both the morning
and the afternoon, you will be more likely to
have problems with hypoglycaemia during the
afternoon game for the same reason.

What this means, in practice, is that you are
likely to need an extra helping at your evening
snack if you have been playing sport all after-
noon. Your appetite may well remind you of
this! However, even though you are eating
more, you may still find your need for insulin
has gone down, and you need to decrease the
dose at the evening snack by 1-2 units. More
often than not, the bedtime insulin dose should
be decreased as well to avoid night time
hypoglycaemia (by 1-2 units for a younger
child, 2-4 units for a teenager or adult).

To be able to run quickly your muscles need glucose. If 
your exercise session lasts longer than 30 minutes, you 
will need extra food, approximately 10-20 grams of car-
bohydrate for every 30 minutes of exercise.

Physical exercise — some rules

Plan ahead so that you have eaten and taken
your premeal insulin 1-2 hours before you start
exercising, otherwise you risk having the great-
est blood glucose lowering effect right at the
beginning. If you are using NovoRapid or Huma-
log it may be better to reduce the dose by 1-2
units if you are going to exercise within 1-2
hours of the injection.760

Test your blood glucose before starting the
exercise. If it is below 5-6 mmol/l (90-110
mg/dl) you should eat something before start-
ing.793 If you have ketones in your blood or urine
too, this is a sign that your cells are starving.
You should wait until your blood glucose level
has increased before you start your exercise.

If your blood glucose is above 15-16 mmol/l
(270-290 mg/dl) you should check for ketones
before starting the exercise. If your ketone lev-
els are raised, you should not exercise until 1-2
hours after you have taken extra insulin (0.05-1
units/kg, 0.25-0.5 units/10 lb). 

Eat something extra during exercise if the ses-
sion lasts more than 30 minutes. Depending on
your body size, half to a whole banana (or other
source of 10-20 g of glucose) is usually about
right. Find out what suits you best. Take blood
tests while you are exercising and note them in
your logbook for future reference.

Eat a large meal after the exercise, preferably
something with a high carbohydrate content,
like sandwiches. 

Decrease the insulin doses following exercise
(evening premeal by 1-2 units and bedtime
dose by 1-2, up to 4 units). If you exercise more
than 3-4 times a week, the increased insulin
sensitivity that your exercise causes will proba-
bly be effective “round the clock”. You will
therefore be unlikely to need to lower your insu-
lin doses as much in this situation. For sea-
sonal sports you may need to lower your insulin
24 hour dose considerably during active sea-
son, e.g. up to 40% when playing ice hockey.

If you exercise to lose weight, it is important to
lower the premeal dose instead of eating more
after exercising.
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It should be borne in mind that exercise can
take many forms. It could include, for example,
spending a full day swimming at the beach, a
long bicycle ride, a day of skiing or ice skating,
as well as many hours dancing or clubbing in
the evening. The after effects of such aerobic

exercise are all similar and often include
delayed, activity-induced hypoglycaemia in the
middle of the night or the next morning. Sleep-
ing late the next morning can be especially dan-
gerous under such circumstances. Mixing this
increased activity with alcohol can cause partic-
ular problems since alcohol blocks the body’s
ability to respond to hypoglycaemia. Uncon-
scious hypoglycaemic reactions or hypoglycae-
mic convulsions may result if you forget to
decrease your bedtime insulin or to have an
extra snack before going to bed.

Physical education
Children and teenagers with diabetes can and
should take part in physical education (P.E.) to
the same extent as youngsters without diabetes.
The risk of hypoglycaemia will be lower if P.E.
activities can be timetabled for the first (or pos-
sibly the second) period in the morning, or
alternatively the first (or possibly the second)
period after lunch when using regular short-act-
ing insulin. The second class after lunch is less
suitable for younger children as they are more
likely to be active during the lunch break as
well. If a child is using rapid-acting insulin
(NovoRapid or Humalog), the second or third

Tips for heavy exercise

4-5 PM Dinner/tea 
Ordinary insulin dose, decrease 1-2 U if
you are using NovoRapid or Humalog.
Make sure you have taken the premeal
dose at least 1 hour before the game. 

Take a blood test:

< 7 mmol/l Eat extra carbohydrates.
< 125 mg/dl

7-10 mmol/l OK to get started.
125-180 mg/dl

11-15 mmol/l Go ahead but take a blood glucose
180-270 test again after 30 minutes -1 hour.
mg/dl If the level is decreasing, there is 

insulin available and it is OK to 
continue. If the level is increasing,
there is a lack of insulin and you should
stop exercising and take extra insulin.

>15-16 Check for ketones in blood or urine. 
mmol/l If positive take 0.05 units/kg
> 270-290 (0.025 units/lb) body weight of
mg/dl short-acting (or preferably rapid-acting)

insulin and wait 1-2 hours for it to
have an effect.

5-6 PM Game: 
Eat half (or a small whole) banana just
before the game. Repeat at half-time.

8 PM Evening snack (rich in carbohydrates): 
Eat more than usual. If insulin is due,
take your ordinary dose but usually one
will need to decrease it by 1-2 units. 

10 PM Bedtime insulin: 
Try lowering the dose by 1-2, up to 4
units, sometimes more, and take a
bedtime snack. Lower the basal rate by
0.1-0.2 U/hour if you have a pump (use
the temporary basal rate).

Tips for heavy exercise, cont.

Rule of thumb:  For every 30 minutes of heavy exer-
cise you will need about 10-15 g
(1/3-1/2 ounce) of extra carbohy-
drate (15-30 g, 1/2-1 ounce, for an
adult). Take half as “quick-acting”
carbohydrates (like juice, sports
drink) and half as slower carbohy-
drates (like a chocolate bar) or eat
half to a whole banana (about
10-20 g of carbohydrate). 

Hypoglycaemia: Make sure that your coach and
team-mates know how to help you
should you need it. 
Always carry dextrose in a pocket!
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period following a meal is likely to be best for
them as the insulin level increases rapidly dur-
ing the first hour after an injection (see graph
on page 249). 

Talk to the P.E. teacher about the timetable well
in advance to find out if it is possible to adjust
the schedule. Indeed, it is important to be sure
that the P.E. teacher, and any other members of
staff who have regular contact with young peo-
ple, are aware if any pupil has diabetes, what
their particular needs are, as well as how to rec-
ognize hypoglycaemia, what to do when it
occurs and how to call others for help. The P.E.
teacher and the school nurse should both have
access to glucose tablets and know when and
how they should be used. This should be a key
part of the education plan for children with dia-
betes in all grades of the education system.

It would be helpful for children to have an extra
snack before the P.E. lesson if their blood glu-
cose is low. Many children need an extra snack
after this sort of activity, in order to prevent
delayed hypoglycaemia. Because of the risk of
hypoglycaemia, a schoolchild who has diabetes
should always be accompanied by a friend or
teacher (who knows how to help) when climb-

ing or balancing or on outings such as nature
walks, cross country running, swimming or
school trips.

You can certainly take part in competitive
sports even if you have diabetes. There are
many successful sportsmen and women with
diabetes playing in international teams or at a
professional level. A normal blood glucose level
is essential if you are to achieve maximum per-
formance. You may need to decrease the
amount of insulin you take just before the phys-
ical exercise, for example a game of football or
basketball. Remember that, if you have a diffi-
cult bout of hypoglycaemia, it will take you sev-
eral hours to return to a level of maximum
performance. Check your blood glucose level
frequently to find out how your body reacts in
different situations during training and compe-
tition. This will make it easier to plan food
intake and insulin doses for the training ses-
sions if they take place at regular times. For
example, Sir Steve Redgrave (see page 352) who
has won 5 Olympic gold medals in rowing, a
tough endurance sport, needs to consume 6,000
calories a day, which he does in six meals, each
accompanied by an insulin injection. And he
measures his blood glucose before each meal to
know how much insulin to take.

The best time to begin exercising varies slightly,
depending on whether you are using regular
short-acting insulin (Actrapid, Humulin S,
Insuman Rapid) or rapid-acting insulin before
meals (when on multiple daily injections or a
pump). During the first hour after an insulin
injection, the level of insulin in the blood
increases quickly — particularly with Novo-

Testing the effect of exercise on blood 
glucose levels

In an American study, teenage boys con-
sumed a sports drink (Gatorade®, 6.5%
sucrose/glucose) corresponding to 2 ml/kg
(1.3 grams of carbohydrate/10 kg body
weight) and exercised for 10 minutes fol-
lowed by 5 minutes rest.738 

In spite of this the blood glucose level fell by
4-5 mmol/l after 90 minutes (6 bouts of exer-
cise).

The boys performed the same test for 2 days
and there was a clear similarity between the
glucose lowering effect of exercise for each
person during the testing. 

Top level 
competitive 
sports
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Rapid or Humalog. If you were to exercise dur-
ing this time, insulin would be absorbed even
faster (especially if you have injected yourself in
the thigh) making hypoglycaemia more likely.
You should therefore avoid injecting premeal
doses in the thigh before exercising. 

Short-acting insulin
Exercise within one hour of the injection is usu-
ally OK.760 If you start your exercise 3 hours after
the meal and the injection, you will need an extra
snack before starting.

Rapid-acting insulin
If you are using NovoRapid or Humalog, it may be
better to decrease the dose by 1-2 units if you
are going to exercise within 1-2 hours after the
injection 760 (see page 153).

If you have problems with night time hypogly-
caemia following evening training sessions, it
may be better to reschedule them to the after-
noon.793 Avoid being alone for strenuous train-
ing sessions as you may need the help of a
friend if you have difficult or severe hypogly-
caemia. Don’t forget to decrease your bedtime
insulin by 2-4 units after strenuous exercise,
such as a football or rugby game. If you are
using Lantus you may need to reduce the dose
by 2-4 units the evening before a daytime exer-
cise session that will last more than 2-3 hours.

If you use an insulin pump, try taking the pre-
meal dose as usual (or perhaps 1-2 units less)
and disconnect the pump during the period you
are exercising (provided it is not for more than

1-2 hours). Another alternative is to try skip-
ping the premeal injection before you start exer-
cising, keeping the pump connected with the
basal rate running during the exercise. 

The blood glucose lowering effect of 
exercise will last for at least 8-10 
hours.
Always lower the bedtime dose by 
2-4 units after heavy exertion, such 
as a game of football or squash.
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With the exercise timed late after the meal (3 hours in 
this study) there is a greater drop in blood glucose level 
with regular short-acting insulin than with Humalog. 

A Finnish study compared the use of Humalog and regu-
lar short-acting insulin prior to moderate exercise on a 
cycle exerciser (comparable to jogging).760 This tells us 
that, even with relatively moderate exercise, the blood 
glucose level can decrease considerably if you time the 
exercise closely after a premeal dose of Humalog. With 
regular short-acting insulin you will have fewer problems 
with this intensity of exercise but as you see from the 
graph, there is still a drop in blood glucose levels which 
may get worse if you increase the load. 
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In competitive situations, your body may react
a bit differently, even though you are doing the
same physical work as you do during training.
The stress will increase your blood glucose level
with the help of adrenaline (by increasing the
liver output of glucose). This usually reduces
the risk of hypoglycaemia and the need for
extra carbohydrates during a competition as
compared to a training session. On the other
hand, it will be even more important to eat
extra food afterwards, so that you refill the gly-
cogen stores in the liver and muscles. 

If you find your blood glucose levels go up
when you compete, you can try taking the insu-
lin dose less than an hour before you start. In
some team sports (such as ice hockey) you will
probably be sitting on the bench for a large part
of the game so there will be less physical exer-
cise in total compared to a training session.

The effect of stress will often reveal itself early
on in a competition. It is usually short-lived,
often lasting only 10 or 20 minutes.700 Different
individuals react differently and you should find
out how you react, for example by testing your
blood glucose level during the first break of the
game (like the professional soccer, player Gary
Mabbut, see page 351). Very heavy exertion can
cause excessive amounts of adrenaline to be
secreted. This can make the blood glucose level
rise even though insulin levels are adequate.695

After a heavy bout of exercise, such as a game
of football, the blood glucose will often be
raised because of stress hormones in people
who do not have diabetes. They can compen-
sate for this with doubled levels of insulin in
their blood. People with diabetes have the same
reaction, but as their insulin levels are not
increased, the blood glucose level will rise
sharply instead.540 It is difficult to match this
situation with extra insulin. Wait an hour or
two and your blood glucose will usually start
coming down by itself. If you have this reaction
often, you could try taking some insulin at
half-time.

Should you lower your premeal insulin doses 
before exercising? 

A study of adults using Ultralente and Humalog,
found that blood glucose was lowered approxi-
mately 3 mmol/l (55 mg/dl) after 60 minutes of
light exercise or 30 min. of heavy exercise.621, This
should be taken into consideration when you take
your premeal insulin dose of rapid-acting insulin. If
your blood glucose level is a bit high, such a drop in
the level may be a good thing, but if it is lower (< 6-8
mmol/l, 90-150 mg/dl) the premeal dose can be
lowered according to the table below in order to
reduce the risk of hypoglycaemia. This is very indi-
vidual, of course, but after some attempts you will
know which levels and doses suit your body best.

Reduction of premeal insulin dose

Intensity of exercise 30 min. 60 min.

Walking, swimming 
(¼ of Vo2max)
Jogging (½ of Vo2max)
Football, handball 
(¾ of Vo2max)

25%

50%
75%

50%

75%
100%
(no dose)

How much energy is spent per hour? (adults) 

Slow walking 100-200 kcal

Bicycling (leisure) 250-300 kcal

Table tennis, golf
tennis (doubles)  300-350 kcal

Dancing 300-400 kcal

Gymnastics 300-400 kcal

Tennis (singles) 400-500 kcal

Gym work-out ~ 500 kcal

Jogging, downhill skiing, 
football 500-600 kcal

Swimming ~ 600 kcal

Cross-country skiing 800-1000 kcal
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Keeping fit with diabetes
One study of teenagers with diabetes showed
that those with higher HbA1c had poorer capac-
ity for physical work.53 This means that if you
want to achieve top performance you must also
have an optimal HbA1c. Competitive athletes
risk decreasing their insulin too much in an
attempt to avoid hypoglycaemia, thus resulting
in higher HbA1c levels compared to those doing
moderate physical exercise.233 Although physi-
cal training enhances insulin sensitivity, it
improves HbA1c levels only if blood glucose is
carefully monitored.

Regular exercise (at least every other day) leads
to a decreased insulin resistance (see page 195)
that lasts between the sessions. Meanwhile,
inactivity (for instance caused by being confined
to bed) gives an increased resistance within
days.787 Active athletes in training will therefore
need to lower all their insulin doses consider-
ably. When the training season is over, the doses
are likely to need a considerable increase if
higher blood glucose levels are to be avoided.
Sometimes 30-50% more insulin is needed dur-
ing the inactive season. A major benefit for all
young people with diabetes is that regular daily
exercise of one sort or another helps to keep the
weight down and also in the long term
improves heart and blood vessel fitness. 

However, a person with diabetes-related eye
damage, kidney damage or nerve damage
should consult their doctor about what type of
exercise is most appropriate. It is important to
be careful with strenuous physical exercise if
you have pronounced complications in your
eyes, kidneys or nervous system. This is because
vigorous exercise will increase the risk of high
blood pressure or skin wounds.793 People with
complicated eye damage (so called proliferative
retinopathy) should avoid strenuous exercise
and anyone who has loss of sensation in their
feet should limit weight-bearing exercise (e.g.
running or playing football).26 People with kid-
ney damage often have a reduced capacity for
exercise, which places an automatic limit on
their activity level.26

Camps and skiing trips
If you are physically active for a prolonged
period, on a skiing trip or an outward bound
camp for example, you will have an increased
insulin sensitivity after 1-2 days which will
probably call for substantially lower insulin
doses (decreased by 20% or sometimes even
50% especially if you are not used to hard
physical exercise). You must increase your food
intake to compensate for the increased energy
output and it is usual to be hungry after a day
of vigorous activity. The increased insulin sensi-
tivity will continue for at least a couple of days
after you return home. Check your blood glu-
cose levels and you will see when it is time to
increase the insulin doses again. It is important
when skiing to eat extra sweet snacks before
going on a long ski-lift ride to make these car-
bohydrates last through the next ski slope. 

Marathon efforts!
If you are engaged in heavy physical activity for
an entire day, you may need to lower your insu-
lin doses considerably (often by 20% and some-
times even by 50%). You will need extra energy,
glucose and fluid at regular intervals (approxi-
mately 40 g carbohydrate/hour 233). When you
are involved in prolonged physical work (many
hours) it is best to try gradually to increase the
time of activity by 1-2 hours each day. If you
use an insulin pump or take basal insulin twice
daily (2 dose treatment or 2 injections of inter-
mediate/long-acting insulin using multiple daily
injections) you will probably need to lower
your basal dose considerably. You may need
short-acting or rapid-acting insulin more fre-
quently (every second to fourth hour) together
with extra energy in the form of quick carbohy-
drates.

Extreme physical performance can be achieved
by very careful planning, although there may
still be risks. The participants with diabetes in a
mountaineering expedition on Kilimanjaro
decreased their insulin doses by half.548 They
had more symptoms of acute mountain sickness
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than the other participants. More worryingly,
some experienced severe hypoglycaemia and
there were two episodes of ketoacidosis. So
there would appear to be clear hazards associ-
ated with extreme altitude climbing for people
with type 1 diabetes.

Meticulous planning can minimize problems,
however. One father took a long distance
canoeing trip with his two sons, covering the
entire coastline of Sweden (more than 2000 km,
1250 miles). One of the boys was 15 years old,
and had diabetes. He managed the whole trip
without severe hypoglycaemia. Talk to your
doctor about how to plan insulin doses, food
intake and glucose testing before you attempt
any such extreme situations. 

Anabolic steroids
Anabolic steroids are unfortunately used by
many sportsmen and women in spite of all the
warnings from the medical profession, not to
mention the risk of being discovered in a doping
control. How might anabolic steroids affect dia-

betes? They are known to disturb the glucose
metabolism in people without diabetes, because
they increase the body’s resistance to insulin. So
they are also likely to increase insulin resistance
in people who have diabetes, but this has not
yet been studied. There also appears to be a risk
of hormonal changes, and some reports indicate
problems with impotence. The long-term effects
of anabolic steroids are still not very well
understood, but it is likely they will prove to be
very dangerous, especially for people who also
have diabetes.

Diving
Diving is a fascinating sport, which places great
demands on the individuals performing it. Tasks
that are easy to accomplish on shore (like open-
ing a package of dextrose) may be very difficult
to do in the water even without any hypogly-
caemic symptoms. Hypoglycaemia may proceed
into sudden unconsciousness with the risk of
drowning. It therefore implies additional risks
also for the diving partner who does not have
diabetes. Diving with diabetes has been much
discussed and opinions on the subject differ.
However, on the basis that the degree of caution
called for is over and above that required of
their counterparts without diabetes, most div-
ing organisations now allow people with diabe-
tes to dive under certain conditions (see key fact
box). 

Olle Sandelin, Swedish diving physician: 662 
— A declaration of health for a normal diving
certificate is not possible when it comes to indi-
viduals having diabetes who are treated with
insulin. Individuals with diabetes should dive
with an instructor or with a so called handicap
certificate which is only valid when they are
accompanied by two people instead of one,
which is the usual requirement.

Consulting physician Bengt Pergel from the
Swedish Marine gives the following advice: 483

— An ordinary diving certificate should not be
issued to a person with diabetes out of consider-
ation for both the diver and the person she/he is

It is possible to dive if you have diabetes. You must be 
extra careful to avoid hypoglycaemia as this can be very 
dangerous when you are under water. However, it is not 
justifiable from a medical standpoint to have a standard 
diving certificate. The diver who has diabetes should 
should have as their diving buddy, a person who is famil-
iar with the problems of diabetes (but this person should 
not have diabetes). This can be either a regular diving 
partner or a trained medic/paramedic. 
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diving with. If a person diving has diabetes it is
essential that everyone in the diving team
knows about it.

— When it comes to the physical examination,
the doctor issuing the certificate must be able to
verify that the person doesn’t have an increased

risk of hypoglycaemia when doing the heavy
physical work associated with diving. This may
be a difficult decision even for a qualified diabe-
tologist. It is virtually impossible to adjust
blood glucose levels while diving and it is very
difficult even when swimming at the surface.
Divers who count on having glucose available
in their life jacket pockets have probably never
been diving in rapid water or a rough sea.

Christopher Edge, UK diving physician (who is
referenced in the key fact boxes):
— Don't forget that we don't allow the vast
majority of adolescents to dive with diabetes, as
their control is very rarely good enough, and a
lot of the time there is parental pressure on
them to “dive with dad”. We've only allowed
one 16 year old to dive. Certainly no-one under
16 has been considered.

While you are diving you must be able to recog-
nize clearly symptoms of blood glucose levels
below 4 mmol/l (70 mg/dl). If you have
so-called “hypoglycaemic unawareness” (see
page 48) with blood glucose levels less than 3
mmol/l (55 mg/dl) without symptoms, your life
will be in danger if you dive!

You should eat extra carbohydrates before div-
ing, just as you would before any strenuous
physical exercise, to keep your blood glucose
level reasonably high (around 10-12 mmol/l,

Limitations for the diver with diabetes 238

All members of the diving team must be
informed that you have diabetes.

It is advisable to dive only a maximum of 2 dives
per day (and on not more than 3 consecutive
days) to avoid the build-up of an excessive tis-
sue nitrogen load. 

Do not dive deeper than 30 metres.

Remain well within the diving tables or have no
more than 2 minutes no-stop time left on a dive
computer.

Be aware that diving sickness (“the bends”) has
similar symptoms to hypoglycaemia (e.g. confu-
sion, unconsciousness, convulsions). In this sit-
uation, treat as if the person has both
conditions, giving both oxygen and glucose or a
glucagon injection.

See reference 237 and 460 for further advice.

Hypoglycaemia in or under 
water is the greatest problem 
when diving with diabetes. 
Getting dextrose out of a 
pocket can be difficult 
enough even at the surface. 
To do it under water while 
experiencing hypoglycaemia 
may be close to impossible, 
as your symptoms make the 
task even more difficult. Prac-
tise finding dextrose both in 
and under water.

DEXTROSE !
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180-215 mg/dl). This will help, as far as possi-
ble, to prevent hypoglycaemia under water.
Cold water increases the body’s energy con-
sumption. If your blood glucose level is high
due to an insulin deficit, you will not feel well
and diving will be dangerous, even life-threaten-
ing. You should also check for ketones in your
blood or urine before you dive (see page 100).
The message here is that it is much better to
have a higher glucose level because of eating too
much, rather than because your body has too
little insulin.

Diving and diabetes

The diving clubs in the UK (BSAC, SAA and SSAC)
allow a person with diabetes to dive if certain con-
ditions are fulfilled.238 These rules are also referred
to by the US diving organisations DAN and UHMS.

The medication regime of the diver with diabe-
tes should not have changed considerably
during the course of the last year.

No severe hypoglycaemia (requiring help from
another person, glucagon treatment or hospi-
tal admission) should have occurred during
the last 12 months.

No hospitalization during the last 12 months
for diabetes-related conditions.

Satisfactory glucose control throughout the
last 12 months (HbA1c < 9%).

There should be no evidence of long-term
complications from diabetes (retinopathy,
nephropathy including microalbuminuria, neu-
ropathy and heart and blood vessel disease). 

The physician in charge of the diver’s diabetes
should confirm that he/she considers the
diver both mentally and physically capable of
undertaking the demands of sport diving.

The diver with diabetes should be prepared to
give an annual lecture to his/her club on the
problems associated with diabetes and diving. 

An SOS (Medic Alert) bracelet stating that the
diver has diabetes should be worn at all times.

Tips when diving (modified from 238)

To be able to experience obvious symptoms of
hypoglycaemia below 4 mmol/l (70 mg/dl) on the
day of diving, you must take care to avoid having
any readings below 4-5 mmol/l (70-90 mg/dl) 1-2
weeks prior to the dive.

Never dive if you have hypoglycaemia unaware-
ness or if you have had any readings below 3.5
mmol/l (65 mg/dl) within 24 hours of the dive
(otherwise your hypoglycaemic warning symptoms
will be inadequate, see page 48).

Don’t drink alcohol within 24 hours of the dive.

Eat more carbohydrate than usual on the day of
the dive and drink enough not to be dehydrated.

Dive after a meal. Leave at least 1-2 hours
between your premeal insulin dose and diving if
you are using rapid-acting insulin. Try decreasing
the premeal dose by 1-2 units. The blood glucose
level should be at least 8, preferably 10 mmol/l
(150-180 mg/dl) when you start diving. Eat extra
carbohydrate just before diving.

Have 2 packets of glucose tablets or gel/liquid in
the pockets of your wet suit and practise taking
them out in water and under water. The nozzle of
a tube of glucose gel/liquid can be placed
between the mouthpiece of the demand valve
and the corner of the mouth, thus avoiding the
need to remove the mouthpiece from the mouth.
Glucagon for injection should be readily available
in the boat and on the shore and someone should
be available who can give an emergency injection.

Always dive with a friend or trained medic/para-
medic who is capable of giving you adequate help
(such as glucose under water) if you develop
hypoglycaemia. Your diving partner should not
have diabetes.

Decide on a signal in advance to indicate when
you begin to feel hypoglycaemic.

Measure your blood glucose after the dive and
take extra food or insulin. If you deliberately keep
your blood glucose level slightly high when diving,
you can take extra insulin if it is still high after the
dive. This will prevent your HbA1c from being nega-
tively affected by frequent diving. Be aware that
you are at greater risk of hypoglycaemia after
heavy exertion and use only small doses of extra
insulin.
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Stress 
Stress and psychological strain affect your body
and will at times increase the blood glucose
level on account of the way different hormones
behave. Different individuals are more or less
sensitive to these reactions in their bodies.

When the body is exposed to stress, the adrenal
glands secrete the hormone adrenaline which in
turn increases the output of glucose from the
liver. To explain this you must understand our
Stone Age legacy. During this far off period,
stress was usually associated with danger, for
example an attacking bear. The alternatives
were to stay and fight or to run away as quickly
as possible. Extra fuel in the form of increased
glucose in the blood is needed for both these
responses. 

Today, the same stress reaction can occur in
front of the TV if you are watching something
exciting, but you will not benefit from the
increased blood glucose level. A person without
diabetes will automatically release insulin from
their pancreas to restore the glucose balance. In
theory it is possible for a person with diabetes
to take extra insulin in this situation. In practice
this is often hard to accomplish since it is diffi-

cult to evaluate one’s stress level, and the stress
will be different from day to day. It is advisable
to be careful when using extra insulin to treat
high blood glucose levels caused by stress.

In one study, adults with diabetes performed a
mental stress test for 20 minutes causing the
blood glucose level to rise after one hour. It con-
tinued to be raised by about 2 mmol/l (35
mg/dl) for another 5 hours.543 The blood pres-
sure was increased as well and the stress
induced a resistance to insulin (see page 195)
via increased levels of the hormones adrenaline,
cortisol and growth hormone. Patients who
were able to produce some of their own insulin
found the stress had less influence on their
blood glucose level. After the earthquake in
Kobe, HbA1c levels rose in people living in the
affected area. The highest increase was found in
those who had experienced the death or injury
of a close relative, and those whose homes had
been severely damaged.400

Studies of heart attack victims have shown that
so-called positive stress is not as dangerous as
other forms of stress. Positive stress is defined
as the kind of tension that is produced when

A divorce is always stressful for a child. If, instead of 
co-operating, the parents engage in a “tug of war” with 
the child, his or her situation will become very difficult. 
The child will feel bad in every sense and the blood glu-
cose levels and HbA1c are likely to increase as a result.

Your body is built to withstand the strenuous life of a 
Stone Age man or woman. In a stress situation, large 
amounts of adrenaline are secreted to help prepare the 
body for fight against, or flight away from, the danger.
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you have a lot to do, but you choose to do it
yourself and you are in control of the situation.
The type of negative stress that increases the
risk for heart attack is when the person cannot
influence the situation, for example, if they are
having problems at work or at home within the
family, such as relationship break-up or divorce.
Similar situations may contribute to an
increased blood glucose level as well. One of
our patients was a little boy whose blood glu-
cose level went up whenever an intravenous
needle was inserted. The level remained ele-
vated for several days in spite of increased insu-
lin doses. It was the needle that bothered him.
As soon as it was removed his blood glucose
returned to normal and the insulin doses could
be decreased again. In one study of adolescents,
higher blood glucose levels were found after
negative stress.343

Blood glucose readings taken at the hospital are
often higher than those taken at home. Raised
blood glucose levels have been observed in peo-
ple with diabetes, in both outpatient 124 and
inpatient 330 settings. This is also the case for
blood pressure measurements, so called “white
coat hypertension”. 

Stress in daily life
Everyday stress factors can cause a higher
HbA1c.

153 For example, during school exams
many people find that the stress causes higher
blood glucose levels. The exams also involve a
change to routines and you may forget to take
your insulin, or forget to bring dextrose into the
exams with you. It is not a good idea to take
extra insulin before the exam, but when it is
over, a small amount extra might well be justi-
fied. 

Parents’ stress reactions can be very important
for children’s psychological adjustment to dia-
betes. Metabolic control is better in families
where the mother and, in particular, the child
show initial injection anxiety and protest, but
less generalized distress.745 This implies that dis-
tress in itself makes adaptation more difficult
and that families who focused their emotional
upset on the practical aspects of the disease
used problem-solving coping strategies. Since
the daily management of diabetes involves such
a great deal of practical application, it is proba-
bly necessary to control one’s feelings in order
to be more problem-focused.745

Learned helplessness is a phenomenon that can
occur when you feel unable to control a situa-
tion and the reason for this is unrealistic expec-
tations rather than insufficient ability on the
part of the individual.227 One example is when
you follow every piece of advice given by the
diabetes team and your blood glucose is still
much too unstable. This “teaches” you that it is
not possible to control your blood glucose and,
after a while, you will stop trying. The reason
for this is the unrealistic expectation that you
can achieve a stable blood glucose level simply
by “trying hard”. This has also been called
“diabetes burnout”.612 An example of a realistic
expectation is that your blood glucose will
swing between high and low values and that
you will have at least one reading above 10
mmol/l (180 mg/dl) every day. It can be realistic
to try to achieve a lower average blood glucose

Stress

Stress that cannot be influenced (such as
problems in the family or at work) will have the
greatest effect on your health.

Stress can also affect your blood glucose for
the simple reason that you will not have as
much time to care for your diabetes when life
becomes busy and stressful.

Adrenaline (stress hormone) gives

Increased blood glucose level by:
A) Release of glucose from the liver.
B) Decreased uptake of glucose into the cells.

Ketones by:
Breakdown of fat into fatty acids that are trans-
formed into ketones in the liver.459
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(HbA1c) without laying yourself open to an
increase in hypoglycaemia-related problems.
Realistic expectations for the long term might
include being able to manage school or work,
for example, without being inconvenienced to
any great extent by your diabetes. 

Research findings:
Stress and HbA1c levels

One study found that individuals with higher
HbA1c levels reported poorer quality of life, and
more anxiety and depression.528 

When the HbA1c value was increased or
decreased during the scope of the study, the
scores for quality of life, anxiety and depres-
sion changed accordingly. 

These results suggest that you will feel better
with a lower HbA1c. However, another interpre-
tation is that it is easier to obtain a good HbA1c
when you feel well. 

Individuals who had experienced many severe
stress factors (unpleasant life events, ongoing
long-term problems, conflicts with other peo-
ple) within the previous three months had
higher HbA1c in one study.493

Another study showed that stress causes a
higher HbA1c but only in individuals who han-
dle the stress in an ineffective way.603 Anger,
impatience and anxiety were examples of inef-
fective coping mechanisms. Stoicism (not
reacting emotionally in stressful situations),
pragmatism (handling stress in a problem-ori-
ented way) and denial (disregarding the stress
and thereby not letting it affect you) were effec-
tive coping mechanisms.

However, in earlier studies, denial has been
shown to have a correlation with impaired
blood glucose control.603 This might be
explained by the fact that a problem must first
be recognized before being solved. Appearing
to accept a chronic disease initially, but then
refusing to let it affect your daily life negatively,
may be an effective form of denial.

In an analysis of 24 studies (so called
meta-analysis), depression in persons with dia-
betes was associated with a higher HbA1c.510

However, it is difficult to conclude whether the
elevated HbA1c is the result of depression or
the other way around. 

Some data indicate that anti-depressive medi-
cation can improve HbA1c in people with
depression.510

“Negative stress” is experienced when a person cannot 
change a stressful situation. Insurmountable problems 
at work, or at home within the family, may contribute to a 
raised blood glucose level. 
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Fever and sick days
If you have an infection, especially if you are
running a temperature with it, the secretion of
blood glucose-raising hormones (particularly
cortisol and glucagon 785) is increased. This
effectively also increases your insulin require-
ments. However, it is common to eat less and
rest more when you are ill, so these factors usu-
ally balance each other out. The basic rule,
therefore, is to resist decreasing your insulin
doses despite a drop in food intake. 

Start by taking your usual dose. Measure your
blood glucose level before each meal and adjust
the dose before eating. If your blood glucose
level is above 10 mmol/l (180 mg/dl) you can
increase by one unit at a time (half a unit if your
premeal dose is less than 3 U, two units if it is
greater than 10 U) until your readings are bet-
ter.

With temperatures above 38° C (100° F) a 25%
dose increase is often needed. Sometimes up to
a 50% increase of the total dose over 24 hours
is needed if your temperature is above 39° C
(102° F).501 If you use a 2 dose treatment it can
be difficult to meet the changing needs of insu-
lin when you are ill. It is probably best to
change temporarily to 4 or 5 doses per day
while you are unwell. An alternative is to give
extra doses of rapid-acting insulin when the
blood glucose is high (see algorithm on page
131). Feeling ill or well?

Feeling well

Start out with your need for food and your
appetite. 

Adjust your insulin dose in relation to the size
of the meal.

Aim not to let the blood glucose level rise too
much.

Feeling ill

Start out with your need for insulin.

Take your usual insulin dose to begin with
(unless your blood glucose is low, or you have
diarrhoea) and make sure that you can eat
enough to supply the insulin with carbohy-
drates “to work with”.

Aim at preventing your blood glucose level
from falling too low by drinking something
sugary when necessary.

Illness and need for insulin

Fever increases the need for insulin.

But — decreased appetite and food intake
decrease the need for insulin.

Thus — you will probably have at least the
same need for insulin/24 hours as usual.

You are likely to need up to 25-50% more
insulin when you are feverish.

You could also be at risk from ketoacidosis
caused by insulin deficiency. Check for
ketones in your blood or urine!

But — you may need less insulin if you have
gastroenteritis with vomiting and diarrhoea.
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During the remission phase (honeymoon phase,
see pages 193 and 157), the insulin doses often
need to be increased considerably if you are
unwell. A child will usually need up to
1 U/kg/24 hours (1 U/2.2 lb), sometimes more,
an adult slightly less. The rapid increase in need
for insulin is due to the fact that your own pan-
creas no longer contributes substantial amounts
of insulin.

Good glucose control increases the body’s
defence against infections. Document your
blood glucose and ketone readings (as well as
insulin doses) in your logbook and contact your
diabetes clinic or the hospital if you are in the
least unsure about your condition or how to
handle the situation. This is equally, if not
more, important advice for the parents of chil-
dren with diabetes.

The increased insulin requirements during ill-
ness (e.g. a cold with fever) usually last for a
few days, but sometimes they can last up to a
week after recovery. This is due to the increased
blood glucose level which, in turn, gives rise to
increased insulin resistance (see page 195 and
graphs on page 198). Sometimes there are
increased insulin requirements during the incu-
bation period for a few days before the onset of
the illness.694 

If the child does not feel like eating regular
meals you should still try to convince him or
her to eat regular amounts of carbohydrates.
Offer food the child likes, such as ice cream,
fruit or soup.

Nausea and vomiting
Nausea and vomiting are common symptoms of
many “bugs” and illnesses, particularly in chil-
dren. At the same time, nausea and vomiting in
a child with diabetes can often be the first signs
of insulin deficiency. This is why it is always
important to check both blood glucose and

IMPORTANT!! 
Do not adjust insulin doses “by eye” or by
carbohydrate counting when you are ill! 

Write down all insulin doses and 
test results in your logbook. You will 
find it easier to adjust insulin doses 
and food intake next time you are 
faced with the same situation. 
Make a note of how many units you 
have taken over 24 hours. This is 
the best way of measuring how the 
illness has affected your diabetes.

 Diabetes and illness in children
(adapted from 695)

Treat the current illness
The reason for the child’s illness must be diag-
nosed and treated in the same way as for chil-
dren without diabetes.

Symptomatic treatment
If the child has a fever or headache, paraceta-
mol/acetaminophen (Calpol®, Disprol®, Pana-
dol®) can be given to relieve symptoms. The
child will feel better and often have a better
appetite.

Staying home from school
It is advisable to let a sick child with diabetes
stay at home as blood glucose levels are
affected by infection and fever.

Fluid balance
It is important to give plenty of liquids to a
child who is running a temperature, especially
if they also have a high blood glucose level
(> 12-15 mmol/l, 215-270 mg/dl) as this will
cause them to produce larger volumes of
urine than usual. The risk of dehydration may
increase rapidly if the child vomits or has diar-
rhoea.

Nutrition
It is important that the child gets insulin, sugar
and nourishment. Serve something the child
enjoys and is likely to eat. 
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ketone levels when these symptoms appear. If
the blood glucose level is high and ketones are
present, the child is probably feeling sick on
account of insulin deficiency. The insulin level
may not be high enough, despite the usual doses
being taken, because an intercurrent illness can
increase the body’s need for insulin. 

If, on the other hand, the blood glucose level is
low, the nausea is probably caused by the illness
itself. Ketones may still be present in the blood
or urine as a sign of a lack of food (carbohy-
drates) when the child has no appetite and can
then contribute to the nausea.

The same principal also applies with adults. If
you feel sick while you are running a tempera-
ture, and if you eat less, it is important that the

food you do eat contains something sweet, both
to give your body nourishment and to lessen the
risk of hypoglycaemia. The nausea will usually
get worse if you drink large amounts of liquid
at one sitting. It is better to drink small amounts
frequently, for example a couple of sips every
10 minutes. Oral rehydration solution (ORS),
available at the pharmacy, is very useful in this
situation, particularly if you are caring for a

Insulin treatment during sick days
(except gastroenteritis)

Always start out by taking your usual dose
(except when you have gastroenteritis).

Monitor your blood glucose before each meal
and in between when needed. 
Check for ketones regularly.

Adjust insulin doses according to the results
of the blood tests. Increase the premeal
doses by 1-2 units when needed (see text for
guidelines).

Give extra short-acting insulin (or preferably
rapid-acting NovoRapid or Humalog) 0.1
unit/kg (0.5 units/10 lb) body weight if the
blood glucose is more than 15-16 mmol/l
and you have elevated levels of ketones in
the blood or urine. Repeat the dose if the
blood glucose level has not decreased after
2-3 hours.

An alternative rule is to give an additional
dose of 10-20% of your total daily insulin
dose every 3-4 hours.

Contact your diabetes clinic or the hospital if
you start vomiting or if your general condition
is affected.

Remember to check both blood 
glucose and ketones in your blood 
or urine frequently when you are ill! 
Always carry on taking your insulin, 
and make sure you eat or drink 
something containing carbohy-
drates.

How do different illnesses affect blood 
glucose? (adapted from 695)

Not much influence at all
Illnesses that have no significant effect on
your general condition do not usually affect
your insulin requirements either. Examples
are common colds without fever and chick-
enpox with few symptoms (in children). 

Low blood glucose levels
These illnesses are characterized by difficul-
ties in retaining nutrients due to nausea,
vomiting and/or diarrhoea. Examples are
gastroenteritis or a viral infection with
abdominal pain. 

High blood glucose levels
Most illnesses that give obvious distress
and fever will increase the blood glucose
levels, thereby increasing the need for insu-
lin. If insulin doses are not increased when
the blood glucose level rises, there may be a
risk of developing ketoacidosis. Examples
are colds with fever, otitis (inflammation of
the ear), urinary infection with fever or pneu-
monia. A genital herpes infection may also
result in a substantial increase in insulin
requirements.742 
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sick child with diabetes. However, older chil-
dren may not accept the taste (since it is quite
salty). Try adding some juice to improve its
taste. Sports drinks such as Lucozade or Gato-
rade can be helpful in this situation as they
already contain both glucose and salts, thus
helping to prevent dehydration and salt imbal-
ance. A small dose of metoclopramide
(Reglan®, Maxolon®, Pramin®, Clopamon®)
can be helpful in preventing vomiting. 

If a child with diabetes vomits and cannot keep
liquids down, you should contact the diabetes
clinic or hospital emergency department!

It is very important to give insulin, even if the
child cannot eat regular meals. Give something
sweet to drink, so that the blood glucose level
will not fall. Make sure that the drink contains
real sugar. Children usually like juice, fruit

smoothies or ice cream and will take at least
small helpings of these foods without problems.
Sugar-free drinks should not be used at all in
this situation but extra water can be given,
especially with fever, once enough sugary drink
has been taken to keep the blood glucose level
up. 

Gastroenteritis
Gastroenteritis is an infection of the intestinal
tract, which usually causes both vomiting and
diarrhoea. Very little nourishment will stay in
the body and there are generally problems with
low blood glucose levels, and you will need to
lower the insulin doses considerably. Gastroen-
teritis and food poisoning are therefore excep-
tions to the rule that the need for insulin will
increase during illness. This reduction in need
for insulin is likely to go on for some time
(often 1-2 weeks) after the gastroenteritis has
been cured, as the low blood glucose levels
cause a drop in insulin resistance (increased
insulin sensitivity, see graph on page 199).

A slower emptying of the stomach 52 contrib-
utes to a low blood glucose level when a person
has gastroenteritis. You may need to lower the
insulin doses by 20-50% in order to avoid
hypoglycaemia. For prolonged problems with
low blood glucose, repeated mini-doses of glu-
cagon can be helpful (see page 36).

The signs that tell you when to go to 
hospital (adapted from 695)

Voluminous or repeated vomiting.

Increasing levels of ketones in the blood or
urine, or laboured breathing.

Blood glucose levels remaining high despite
extra insulin.

It is unclear what the underlying problem
might be.

Severe or unusual abdominal pain.

Confusion, or a deterioration of general
well-being.

The sick person is a young child (2-3 years
old or under) or has another disease
besides diabetes.

Exhaustion on the part of the person or their
carer, for example due to repeated night
time waking.

Always call if you are in the least unsure
about how to manage the situation.

A cold with fever increases your insulin requirements, 
often up to 25%, sometimes even up to 50%. Begin by 
increasing all your doses by 1-2 units if your blood glu-
cose levels are high. Increase further if needed, depend-
ing on results from blood glucose and ketone tests.
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Remember to drink plenty of fluids containing
sugar, but take small sips at a time as long as
you are being or feeling sick. When you have
stopped being sick, you can start taking ordi-
nary food. However, we no longer recommend
the diet that used to be prescribed after gastro-
enteritis (boiled fish, rice, toast etc.). This diet
meant it was often difficult to obtain enough
glucose and calories, so is rarely (if ever) used
now. It is better to eat what you like. The only
exception is milk for small children. If diar-
rhoea continues to be a problem, milk and milk
products should be excluded from the child’s
diet for a week or two. 

Be aware that vomiting can often be a symp-
tom of insulin deficiency which should be
treated with increased insulin doses. 

You should check both the blood glucose and
the ketone levels (in blood or urine) if you, or a
child with diabetes, feels sick or vomits. If you
are short of insulin, your blood glucose level
will be high and the ketone test will show high
readings. Extra doses of rapid-acting insulin are
urgently required to prevent ketoacidosis. Talk
to your diabetes doctor or nurse about the
results before changing any doses if you are not
sure about how to interpret them.

Insulin and gastroenteritis in children

Make sure that it really is gastroenteritis:

Vomiting and diarrhoea.

Low blood glucose levels.

Slight or moderate elevation of levels of ketones
in blood (see page 102) or urine. The blood level
of starvation ketones seldom exceeds 3 mmol/l.
In adults, eating 150-200 g carbohydrate daily
(45-50 g every 3-4 hours) will reduce or prevent
starvation ketones.274

Always call the hospital if it is the first time your
child has gastroenteritis after developing diabe-
tes or if you are in the least unsure about what to
do. If your child is being very sick, you should go
to the hospital. He or she might require treat-
ment with intravenous fluids and insulin in this
situation.

Give a drink containing real sugar (not “light” or
“diet” drinks!) in small and frequent portions
(several sips every 10-15 minutes) when the
child feels sick or is vomiting. Suitable drinks
include fruit juice, tea with sugar and oral rehy-
dration solution and sports drinks, such as
Lucozade or Gatorade. Write down how much
fluid the child has taken.

Measure blood glucose every other hour (every
hour if at risk for hypoglycaemia) and check the
blood or urine for ketones every 1-2 hours.

If prolonged low blood glucose is a problem, the
best approach may be to inject a small dose of
glucagon, (see page 36). The dose can be
repeated with good effect.

The insulin doses usually need to be lowered.
There will be a balance between how much the
child can eat and how much the insulin should
be lowered. Low blood glucose levels will
increase the insulin sensitivity (decreased insulin
resistance, see page 195) and the doses usually
need to be lowered by 20-50%. If the child uses a
2 dose treatment, start by decreasing the
short-acting insulin which at times may even be
omitted. The intermediate-acting insulin may
need to be decreased as well.

Begin with solid food as soon as the vomiting
decreases or stops.

Vomiting but no diarrhoea? 

Beware! Remember that nausea and vomiting are
often symptoms of insulin deficiency. 

Vomiting without diarrhoea should always prompt
you to suspect insulin deficiency. This also causes
high blood glucose levels and elevated levels of
ketones in the blood or urine. See also “Not
enough insulin?” on page 27 and “Ketones” on
page 99.
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Wound healing

It is commonly believed that when people with
diabetes injure their feet, they will heal more
slowly and because of this regular chiropody is
needed. This is certainly true for individuals
who have had diabetes for many years, and
who are beginning to suffer from complications
in the form of reduced circulation and loss of
feeling in the feet and toes (see also page 311).
However, if a child or young person with diabe-
tes is injured, and the blood glucose control is
good, the wound will heal just as well as it
would in anyone else of the same age, provided
good care is taken to prevent the wound from
becoming infected.

On the other hand, the body’s defence system
will not work as well as it should if the diabetes
is uncontrolled and the blood glucose level
high. This will increase even young people’s sus-
ceptibility to infection.470

Surgery
People with diabetes should be taken care of in
hospital if they need surgery, even if the opera-
tion is only a minor one. The operation should
be scheduled for as early in the day as possible.
During operations of more than 20-30 minutes
under general anaesthetic, it is advisable to give
insulin intravenously (see page 69).429,604 This

system is very easy to adjust and will ensure
appropriate blood glucose and insulin levels
throughout the operation and during the recov-
ery phase. During shorter operations, it is better
to continue with the ordinary basal insulin,
which can be supplemented with intravenous
insulin, if necessary. When the person can eat
and drink again, they can return to their usual
method of insulin administration. It is impor-
tant to adjust the insulin doses carefully during
and after surgery, since high blood glucose lev-
els (over 11-13 mmol/l, 200-230 mg/dl) have
been found to increase the risk of infections
after surgery.307

If your child is admitted to a paediatric surgical
ward, you should be put in touch with a paedi-
atric diabetes team to discuss appropriate insu-
lin treatment. As parents of a child with
diabetes, you have every right to express your
own views on the treatment. Remember that
your knowledge about your child’s diabetes is
likely to be much more extensive than that of
the staff on a surgical ward.

It would also be appropriate to ensure that you,
along with the anaesthetist and all members of

Take care of small wounds and poor 
friends... (Swedish saying)

Wash the wound with soap and water. 

Apply a clean, dry dressing.

Signs of infection? See a doctor!

Pain / throbbing from the wound after
the first 1-2 days.

Increasing redness of the skin.

Red streak in the skin going from the
wound towards the body (infection of the
lymph vessel).

Painful nodule in the groin or armpit
(infected or inflamed lymph node).

High temperature.
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the operating team, can contact your diabetes
team in the case of any elective surgery. This
will help to ensure that diabetes care and appro-
priate monitoring, as well as insulin adjustment,
can be carried out effectively. For emergencies,
it would be appropriate to insist that the diabe-
tes doctor on emergency call be contacted, if at
all possible, or the local specialists contacted, as
a minimum. It is important for teenagers to be
accompanied by a parent to help them keep
track of their blood glucose levels.

Drugs that affect blood glucose
Drugs that contain sugar can affect blood glu-
cose. However, the sugar content is often low
enough not to raise the blood glucose apprecia-
bly. If a medication is given with a meal, 5 g
(1/6 ounce) of extra sugar is unlikely to make a
noticeable difference to the blood glucose level.
If it does rise, however, you can give a small
extra dose of insulin (½-1 unit/10 g of sugar).

Other drugs may affect the glucose level with-
out containing sugar. Treatment with cortisol or
other steroids (e.g. prednisolone, dexametha-
sone) causes a marked increase in the blood glu-

cose level, often to above 20 mmol/l (360
mg/dl). This can happen even when the cortisol
is given as a single dose, for example to treat
asthma or croup. When taking cortisol medica-
tion for several days or longer, the insulin doses
need to be increased considerably. The total
dose for a 24 hour period often needs to be
doubled, increasing both the premeal doses and
the intermediate or long-acting insulin. Steroids
for inhalation affect glucose levels far less. At
times, a slight increase in glucose levels is seen
as a small amount of the given drug is absorbed
into the bloodstream. You should try to find the
lowest possible dose that is effective for the
asthmatic disease. It may be advantageous to
take the maintenance dose at bedtime. This will
make it easier for you to increase your bedtime
insulin if necessary to counteract the effect of
the steroids. In acute severe asthma, the combi-
nation of beta-sympathomimetics, such as salb-
utamol, with prednisolone often raises the
blood glucose level considerably.

Teeth
It is a good idea to see your dentist regularly,
and ask for advice about your dental hygiene so
that you can minimize the damage. Be sure to
tell your dentist that you have diabetes!

It is unusual for children with diabetes to have
more tooth decay (dental caries) than other chil-

During surgery it is advisable to administer insulin intra-
venously. This is a convenient and safe way to obtain a 
stable blood glucose level without risking hypoglycaemia.

Even if you eat fewer sweets than your friends, you are at 
risk of tooth decay. This is caused by glucose in the 
saliva when your blood glucose level is high. Don’t forget 
to brush your teeth at least twice a day.
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dren. On the contrary, they often have fewer
such problems than many children of the same
age.445 It might be seen as surprising that they
have any decay at all, as they eat fewer sweets
than their friends. The explanation may be that
children with diabetes eat snacks regularly. In
addition, they might often need to take dextrose
or something else with sugar if they become
hypoglycaemic, and this contributes to an
increased number of bacteria in the oral cavity.
One study on adults, found that the subjects
who had diabetes had the same amount of car-
ies as those in the control group who did not
have diabetes.739

Another contributing explanation is that glu-
cose is excreted into the saliva when the blood
glucose level is high, and this may contribute
further to cavities.739 The saliva would not nor-
mally contain glucose but, if the blood glucose
level is above a certain threshold, increased
amounts of glucose will be found in the saliva.
In this sense a person with very high or variable
blood glucose level has a higher risk of tooth
decay. Unfortunately the agreement between the
glucose level in blood and saliva is not very
good, so we are not able to use tests on saliva to
estimate the blood glucose level.739 

Gingivitis is an inflammation of the gums
caused by bacteria accumulating in the tooth
sockets. The bacterial deposits on the teeth
harden into tartar. The gums go red and bleed
when you brush your teeth. Gingivitis and peri-
odontal disease are slightly more common in
people who have diabetes than in people who
don’t, even in young people.608 They are also
more common when the blood glucose level is
high. People with diabetes may also find their
gingivitis progresses more rapidly, and causes
more damage than it does in people who don’t
have diabetes. Periodontal disease is also more
common in smokers. 

Removal of the wisdom teeth is a common pro-
cedure usually carried out on older teenagers or
young adults. If the person concerned has dia-

betes, however, the dentist will need to take spe-
cial precautions. The procedure is often carried
out on a “walk in” outpatient basis, or “in the
dentist’s chair”. The dentist or oral surgeon
should have a formal protocol to follow when
treating a person with diabetes as you will need
intravenous glucose treatment during the proce-
dure, and possibly insulin as well. Your insulin
dose is likely to be adjusted in advance, but
make sure you know what is happening and
who is responsible for monitoring your blood
glucose levels and making any necessary
changes to our insulin dose. For a procedure
such as this, it is essential that you ensure every-
one involved in treating you knows well in
advance that you have diabetes.

Vaccinations
Children with diabetes should have the same
vaccinations as other children. See page 295 for
more information about vaccinations when
travelling abroad.

Does the medicine contain sugar? 

Check the label for a list of the contents. Many anti-
biotics contain saccharose (sugar) while other
drugs can be mixed with lactose (milk sugar), fruc-
tose (fruit sugar) or sorbitol.



266

Smoking
Everyone knows that smoking is unhealthy.
Despite this, a large number of people smoke
while nobody seems to care. While we don’t
seem to be very concerned about this aspect of
smoking from a moral point of view, many peo-
ple with diabetes feel that society at large
employs double standards by disapproving of
them for eating “the wrong sort of food” but
completely ignoring people with all sorts of
health problems who smoke. For example, if a
person with diabetes stands in a queue to buy
sweets, others seem to feel it is perfectly accept-
able to act as “sweets police”, and stare at them
as if they are thinking “you are not allowed to
do that”. Many will even make hurtful com-
ments. On the other hand, if a smoker is stand-
ing in the same queue to buy cigarettes, nobody
will say anything despite the fact that smoking
can cause just as many health problems as
excessive sweet-eating in a person with diabe-
tes.

About the same number of people with diabetes
smoke as do other people. And smoking results
in a substantially increased risk for lung cancer,
chronic bronchitis and diseases of the heart and

blood vessels. Having diabetes, in itself, puts
you at increased risk of heart and blood vessel
diseases such as arteriosclerosis, heart attacks
and stroke. In diabetes the risks are cumulative.
If you imagine diabetes as a balancing act on a
slack rope, smoking may be the extra factor
that tips you over. Many studies in adults con-
firm that the risk of premature death for a per-
son with diabetes who smokes is 1.5-2 times
that of a person with diabetes who does not
smoke. But research also indicates that giving
up smoking reduces this risk.139,557 

At the 1994 World Congress on Tobacco it was
established that every second smoker will die
from a disease that is connected with smoking.
Smoking was called the greatest epidemic of the
20th century causing more deaths than both the
plague and AIDS. A 14-year old who has begun
smoking should be treated like a contagious
tuberculosis patient, considering the risk that
such a person can influence other teenagers to
start smoking too!

Nicotine from smoking affects the blood glu-
cose level by contracting the blood vessels,
resulting in a slower absorption of insulin from

“A 14-year old smoker is about as con-
tagious as a patient with tuberculosis, 
when you consider the risk that he/she 
can entice other adolescents to start 
smoking” (message at the 1994 World 
Congress on Tobacco).
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the injection site.448,451 Nicotine will also cause
increased insulin resistance 43,243 (a poorer
blood glucose lowering effect of a given dose of
insulin), which makes diabetes more difficult to
manage (see page 195). The risk of acquiring
type 2 diabetes is twice as high for a person
who smokes, especially if that person is a
woman.557

Smoking causes the inhalation of carbon diox-
ide, which binds strongly to haemoglobin in the
red blood cells and prevents oxygen from bind-
ing to them. The number of red blood cells
increases to compensate for this. Scientific stud-
ies show that in a person with diabetes, smok-
ing increases the risk of renal failure, visual
impairment, foot ulcers, leg amputations and
heart attacks.554,557,669

Passive smoking
Even passive smoking will damage your health.
It has been shown that children absorb nicotine
into their bloodstream at twice the rate of
adults through smoking passively. Smaller chil-
dren are even more sensitive. Children of smok-
ing parents also have increased levels of lead
and cadmium in their blood. Smoking near an
extractor fan (e.g. in the kitchen) will not pre-
vent smoke from spreading into the house. It
has been claimed this is “about as effective as
urinating in a corner of a swimming pool.”

Giving up smoking
The easiest way to give up is never to start.
Most smokers have started in their teens. It is
difficult to withstand the “peer pressure” but it
can save many years of your life. Besides, giving
up smoking will save you a lot of money. 

It may be difficult to give up smoking by your-
self. We can help you at the diabetes clinic with
advice and nicotine chewing gum or patches
that may be effective. However, unless you are
motivated yourself, you will never succeed in
giving up! In one study the HbA1c levels
decreased from 7.7% to 7.0% in a group of
people with diabetes who ceased smoking.322

There is a risk that you will put on weight when

You will stay much more healthy if you give up smoking!

Passive smoking is dangerous to your health. Small chil-
dren are often exposed to passive smoking by their par-
ents. One woman who never had smoked developed a 
fatal type of lung cancer normally seen only in smokers. 
It was established that she had developed her cancer 
because people were smoking in the room where she 
worked. 

Can you die from smoking?

Statistics presented at the 1994 World Congress
on Tobacco 601 estimated that out of 1.000 20-year
old habitual smokers: 

1 will be murdered.

6 will die in traffic accidents.

250 will die in middle age from smoking- 
related diseases.

250 will die in older age from smoking-related 
diseases.



268 Type 1 Diabetes in Children, Adolescents and Young Adults

you stop smoking, but this will not necessarily
happen. So it may depend on how you go about
trying to give up. You should talk to your dia-
betes health care team for specific advice to
maximize your chances of success while mini-
mizing your chances of any adverse effects dur-
ing the actual process of giving up. 

Snuff
The use of snuff in the UK is almost unheard of
these days, but the global picture is very differ-
ent. In Sweden 30% of all men under the age of
30 use snuff and it is common in other coun-
tries as well. Nicotine from snuff is absorbed
through the oral lining as quickly as from an
intravenous injection. Whether you smoke it or
sniff it, nicotine has strong effects on your
heart, blood vessels and blood pressure. It may
increase the risk for kidney damage when hav-
ing diabetes.251 The addiction to nicotine is just
as strong as that for cocaine or heroin. Because
of nicotine addiction, it is just as difficult, if not
more so, to give up snuff as it is to give up
smoking. 

A survey of teenagers found that forbidding children to 
smoke has a greater effect on smoking habits than 
whether or not parents smoke themselves.1 

Parents forbid their child to 
smoke and do not 
smoke themselves

Parents forbid their child to 
smoke but smoke 
themselves

Parents allow their child to 
smoke but do not 
smoke themselves

Parents allow their child to 
smoke and smoke 
themselves

10%
of children 
smoke

19%
of children 
smoke

52%
of children 
smoke

72%
of children 
smoke

It is never too late to give up smoking. For every day with-
out a cigarette, the damaging effects of tobacco in your 
body are reduced.
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Alcohol
We do not recommend a total ban on drinking
alcohol if you have diabetes. However, it is
important to know how alcohol works and that
you take it easy, making sure you stop drinking
before you get drunk. If you are not old enough
to be able to drink legally, your parents should
have the final say about whether or not you can
drink. The age when you are allowed to buy
alcohol differs from country to country (it is 18
in the UK). We at the diabetes clinic can neither
allow you to do something, nor forbid it. We
can only tell you how things work and where
and why you should be particularly careful.

Alcohol and the liver
Alcohol counteracts the ability of the liver to
produce new glucose (a process called gluco-
neogenesis) by keeping the enzymes occupied
with the breakdown of alcohol.45 The liver can
still release glucose from the glycogen store (see
page 32) but when this is depleted you will
experience hypoglycaemia.45 The concentration
of cortisol and growth hormone in the blood
will decrease after alcohol intake.45 Both hor-
mones have an enhancing effect on the blood
glucose level, and this appears 3-4 hours after
they are released into the bloodstream (see page
31). This will contribute to an increased risk of
hypoglycaemia many hours after alcohol intake.
The liver’s ability to produce free fatty acids
will also be impaired.45 These biological factors
come together, making the risk of hypoglycae-
mia much greater after drinking alcohol.This
effect of alcohol will last the entire time it takes
the liver to break down the alcohol in your
body. The liver will break down 0.1 g (1.5
grains) of pure alcohol/kg body weight per
hour. For example, if you weigh 70 kg (155 lb)
it will take one hour to break down the alcohol
in a bottle of light beer, two hours for 40 ml of
liquor and 10 hours to break down the alcohol

in a bottle of wine. Therefore, if you drink dur-
ing the evening you will be at risk of hypogly-
caemia all night as well as part of the next day.

Why is it dangerous to be drunk with
diabetes?

When you have diabetes you must be able to
think clearly in many situations, so you can
take the correct amount of insulin at the right
time and be aware of feeling unwell if your
insulin levels are low or you are becoming
hypoglycaemic. You cannot do this if you have
had too much to drink, in exactly the same way
as you cannot drive a car safely after taking
more than a small amount of alcohol. Severe
hypoglycaemia after drinking alcohol has
caused the death of some young people with
diabetes. Scientific studies show the role of
alcohol in causing hypoglycaemia has more to
do with losing the ability to recognize the signs
of impending hypoglycaemia than with reduc-
ing the liver’s ability to produce glucose.285,438,452

In one study, people with diabetes drank either
white wine (approximately 600 ml, 3 aver-
age-sized glasses) or water 2-3 hours after the
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evening snack.763 The morning blood glucose
was 3-4 mmol/l (55-70 mg/dl) lower after
drinking wine and five of the six individuals
experienced symptomatic hypoglycaemia 2-4
hours after breakfast. This suggests it is advis-
able to be prepared for late-morning hypogly-
caemia after an evening spent drinking, and it is
advisable to lower the insulin dose both at bed-
time and before breakfast. 

Basic rules
For a person with diabetes, the intake should be
limited to one drink (defined as a 350 ml beer,
150 ml glass of wine, or 45 ml glass of distilled
spirits) for women and two drinks for men in
one day.274 Make sure that your friends know
you have diabetes and wear some type of diabe-
tes ID (necklace or Medic-Alert bracelet) when
you are socializing. Always eat something at the
same time as you are drinking alcohol. Remem-
ber that what you eat should be “long-acting”
carbohydrates as the risk of hypoglycaemia
extends into the next day. Alcohol containing
sugar (liqueur, for example) will cause your
blood glucose level to rise for a short time, but
then it will drop and you will be at risk of
hypoglycaemia. A glass of beer contains about
the same amount of carbohydrate as a glass of
milk. Adults with diabetes can drink moderate
amounts of alcohol if they eat food at the same
time. One or two glasses of wine or 60-80 ml of
spirits along with food will not increase your
risk of hypoglycaemia the following night.113 

It takes a long time for your body to break
down alcohol, which increases the risk of severe
hypoglycaemia. Because of this, sleeping late is
particularly dangerous the morning after you
have been drinking. If you have also been espe-
cially active, playing team games or dancing at
a club for example, the combined risks of extra

It is not dangerous for an adult person with diabetes to 
drink a glass or two, but if you drink too much you will 
find it difficult to think clearly... 

Alcohol and calories 

Drink Alcohol content Kcal Carb. g

1 bottle,300ml 
Low alcohol beer 1.8%  96 13
Beer 2.8% 112 14
Strong beer 4.5% 149 11

1 glass,150ml 
Red wine 9.9% 114 3.5
White wine, dry 9.5% 99 0.7
White wine, sweet 10.7% 147 8.9

60ml
Sherry 16% 91 6

45ml
Vodka 32%  100 0
Whisky 32%  100 0
Punch 20%  132 14
Liqueur 19%  150 24

(Data from the National Swedish Food Administration)

If you develop severe hypoglycaemia after drinking alco-
hol, the person finding you is likely to assume that you 
are simply drunk. So it is essential that you wear some-
thing very obvious to indicate that you have diabetes, 
such as an ID-card or a Medic-Alert necklace/bracelet.
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activity with alcohol intake put you at much
greater risk than usual of severe hypoglycaemia.
Under such circumstances, preventing hypogly-
caemia becomes imperative.

What if you’ve had too much to drink? 
Eat extra food immediately before going to bed.
You can eat potato crisps in this situation as
they give a slow increase in blood glucose over
several hours (see page 53). The blood glucose
level should not be less than 10 mmol/l (180
mg/dl) when you go to bed. Decrease the dose
of bedtime insulin by 2-4 units to avoid
hypoglycaemia. Don’t go to bed alone; if you
have severe hypoglycaemia during the night you
will need someone to help you. If you come
home very late, make sure to wake a parent or
partner, and let them know about your condi-
tion. Your life may actually depend upon it,
even if you find the situation embarrassing. Set
your alarm clock. Don’t sleep in late! Be sure to
eat a proper breakfast as soon as you wake up
the next morning If you feel sick, check your
blood glucose level. It may be caused by high
glucose levels rather than a hangover.

You also need to understand that even giving a
glucagon injection may be less effective in cor-
recting severe hypoglycaemia in this situation
because the liver will be “busy” breaking down
the alcohol and therefore unable to respond and
raise the blood glucose levels.274 This is because
alcohol counteracts glucagon’s ability to
increase the production of glucose in the liver. If

a person becomes unconscious or has convul-
sions due to hypoglycaemia following alcohol
intake, they may need to be put on a glucose
drip in hospital.

Can you drink at home?
Many assume that “stolen pleasures are the
sweetest”, i.e. that it is better for teenagers to
try alcohol at home under parental supervision
than to sneak a drink on the quiet. However,
studies have shown that more children start
drinking alcohol if you have a permissive atti-
tude towards trying alcohol in the home. A
total prohibition of alcohol for teenagers seems
to have a better preventative effect than the idea
that it is advisable to test at home.523 The same
is true for smoking.1 Whether or not parents
allowed experimenting in the home had a
greater impact in these studies than if the par-
ents drank alcohol or smoked themselves. 

If you are under the age when it 
is legal for you to drink alcohol, 
remember that the staff at your 
diabetes clinic can neither give 
you permission nor prohibit you 
to drink alcohol. This is some-
thing to be discussed with your 
parents. What we can do is to 
tell you how alcohol affects your 
body if you have diabetes and 
what the risks might be.

Parents’ attitudes are important when it comes to 
the alcohol habits of the teenager.523 “Forbidden fruit 
is sweetest” does not seem to be the case. Rather, it 
is important for parents to be very clear in their atti-
tudes of what is allowed and what is not.

Never offer
alcohol

Let taste from 
their glass

Offer 
alcohol

Not at all Gets drunk 
seldom or 
never

Parents’ habits:

Gets drunk 
sometimes 
or often

The teenager’s drinking habits:
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Illegal drugs
Drugs affect the brain and nervous systems and
will make it much more difficult to manage
something like diabetes. Many drugs make you
forgetful and the risk of ketoacidosis (diabetic
coma) will increase if you have not taken
enough insulin or missed your injections. A per-
son taking drugs is at high risk of developing
hypoglycaemia since drugs make you think less
clearly. If friends know about your diabetes and
how to treat hypoglycaemia, they may be able
to help (unless they also are too heavily affected
by drugs or alcohol). Unless the drug user wears
a diabetes ID, it may take some time to get
appropriate help, even if the police or ambu-
lance staff intervene.

Narcotics and other illegal drugs are likely to be
very addictive, so if you start using them you
will have great difficulty giving up without help.
If you have diabetes, you must understand that
it is completely inappropriate from a medical
point of view, as well as extremely risky to use,
or even try, any type of illegal drug.

Certain drugs may have specific extra risks
associated with the blood vessels. Amphetamine
is known to damage the linings of blood
vessels 515 thereby increasing the short-term and
long-term risks of diabetes damage. Many peo-
ple who are drug users would find it extremely
difficult to take good care of themselves and
their diabetes while continuing their drug use,
because of the behavioural aspects of drug use.
Casual drug users would have the same prob-
lems as those of other medications that interfere
with rational self-care at the time. 

Marijuana

Use of marijuana (cannabis, hash, blow, weed)
is often viewed as less harmful than the use of
“hard drugs” such as heroin, cocaine or

amphetamines. In terms of making rational
decisions about complex activities such as driv-
ing or diabetes self-management, marijuana is
likely to be at least as risky as alcohol. Combin-
ing marijuana with alcohol (as often happens)
adds special risks for making diabetes-related
decisions about, for example, when to wake up
the next day. Many people who take marijuana
find themselves becoming especially hungry and
want to eat everything in sight, especially junk
food (the “munchies”) which will raise the
blood glucose level considerably. 

“Uppers”

Uppers like amphetamine (speed, whizz, sulph),
ecstasy (E, eckies, doves), and cocaine (coke,
charlie, snow) are used to give more energy and
confidence and have been popular at rave par-
ties. There is a risk of dehydration when the
body loses fluid through continuous dancing or
other strenuous activity. Uppers can suppress
appetite, and combined with dancing there is a
risk of experiencing severe hypoglycaemia. In
this sense these drugs can be extremely danger-
ous for a person with diabetes, especially if not
enough extra fluid is taken or the extra bedtime
snack is forgotten. 

Illegal drugs act as poi-
sons on your brain, and 
are likely to be extremely 
addictive.
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Pregnancy and related
issues
One of the first things a girl with diabetes and
her family will ask is whether she will be able to
have babies. Being pregnant exerts a certain
strain on every woman, but there is no reason
to discourage women with diabetes from having
children. The mother’s risk of developing diabe-
tes complications later in life is not affected by
pregnancy.68 

Of the children born in UK and US, approxi-
mately 0.3% have a mother with diabetes.108,347

About 90% of these mothers have type 1 diabe-
tes.69 Gestational diabetes (a temporary form of
diabetes occurring during pregnancy) affects
3-5% of pregnancies.705 The symptoms of dia-
betes usually disappear after the birth but these
women have an increased risk (40-60%) of
acquiring type 2 diabetes later in life.155,580

If the woman has good glucose control with an
HbA1c similar to that of a person without dia-
betes at the time the baby is conceived and dur-
ing early pregnancy, the risk of birth defects or
miscarriage is no greater than average.197,447,720

This is the case even if the mother has diabetes
complications.340 The risk increases with
increasing HbA1c and is very great (close to
25%!) when HbA1c is above 11%.595,720 It is
therefore very important to plan your preg-
nancy, if at all possible, and to ensure that your
HbA1c is below 8% before you get pregnant.591

However, it is important to point out that even
if your HbA1c is high during pregnancy, this
does not necessarily mean your baby will have
something wrong with it. A high HbA1c value is
not, in itself, a reason for recommending abor-
tion, for example.595 Fifty percent of all women
with a high HbA1c (above 10%) have quite nor-
mal pregnancies.69

If the mother’s blood glucose level is high, there
is a risk that the unborn baby will be affected. A
high blood glucose level early in pregnancy

(during the first 8 weeks) seems to give an
increased risk of birth defects, about 2-3 times
the 1.6% risk that is present in all pregnan-
cies.69 In about half of these cases, the baby is so
badly affected that it will not survive. Most
major malformations can be identified by ultra-
sound or a blood test.720 These studies were
done on women with type 1 diabetes. There is a
increased risk of birth defects 457 and difficulties
at delivery 597 even with diabetes that is identi-
fied during pregnancy (gestational diabetes).
However, these risks are associated with diabe-
tes in the mother and do not apply if only the
father has diabetes. 

Insulin requirements may decrease early in
pregnancy, especially if the woman has prob-
lems with sickness. Thereafter, the amount of
insulin needed rises steadily, until close to
full-term (36-38 weeks), when it is often as
much as twice the level it was before the preg-
nancy.223,595 This increased need for insulin is
partly caused by weight gain during pregnancy
but also by hormones excreted from the pla-
centa, which counteract the blood glucose low-
ering effect of insulin. The average weight gain

If you make up your mind to achieve a good HbA1c 
before getting pregnant, you will give your growing and 
developing baby a better start in life.
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during pregnancy is around 11-12 kg (24-26 lb)
but individuals vary greatly. 

Although eye and kidney damage may be accel-
erated by pregnancy,441 these changes have been
found by the DCCT study to be reversible once
the pregnancy is over.202 However, if the
mother’s kidneys have been damaged by her
diabetes, the risk of fetal growth retardation
and premature birth will increase consider-
ably.69,441

Short periods of hypoglycaemia are not danger-
ous to the unborn baby.591 However, severe
hypoglycaemia with convulsions or uncon-
sciousness can be dangerous.595 Low blood glu-
cose levels can increase “morning” sickness
during pregnancy.223 Feeling very sick may
make it difficult to eat regular meals, resulting
in hypoglycaemia. A vicious cycle may easily
develop. The use of an insulin pump can be an
effective way of minimizing these problems.

Glucose in the mother’s blood will pass easily
through the placenta into the blood of the
unborn baby.417 In this way, the baby is continu-
ously consuming a large proportion of the
mother’s glucose, leading to a risk of hypogly-
caemia when she does not eat regularly. This
may result in her needing more snacks during
the day and increase the risk of night time
hypoglycaemia.223 

If the mother’s blood glucose level is increased,
some of the glucose will be delivered via the pla-
centa to the baby — whose own pancreas can
produce enough insulin to take care of the extra
sugar. However, insulin cannot pass back to the
mother through the placenta. If the blood glu-
cose level is high during a large part of the preg-
nancy, the baby will grow faster than it should,
and will have gained excess weight by the time
it is born. This may cause problems at delivery.

Even if the HbA1c during pregnancy is kept well
controlled, the child may have gained excess
weight by the time it is born. The blood glucose
level after meals seems to be most significant

according to one study.148 The recommendation
in this study was to aim for a blood glucose
level of approximately 7.3 mmol/l (130 mg/dl)
one hour after the meal. With lower levels there
was some risk that the baby will show a slight
retardation in growth, instead of weight gain,
by the time it is born.

Blood glucose levels should be as normal as
possible during labour and childbirth, as high
blood glucose levels cause increased insulin pro-
duction in the unborn baby. This means that the
baby will be less able to cope with the partial
lack of oxygen that even a normal delivery
entails.68 When the umbilical cord is cut, the
high insulin production by the baby’s body will
continue, causing the blood glucose level to
drop. The child of a mother with diabetes,
therefore, will be monitored carefully with
extra blood glucose tests. If the baby becomes
hypoglycaemic, glucose will be given intrave-
nously. The child will also receive extra food
early on, before the mother has begun to pro-
duce breast milk.

Diabetes and pregnancy: 
risks for the unborn baby

Early in pregnancy:

Increased risk of congenital malformations
if the HbA1c is increased, especially if it is
higher than 9-11%.

Complications at delivery:

The baby will have the same blood glucose
levels as the mother since glucose can
pass freely through the placenta. 
An increased amount of glucose to the
infant will increase its growth, as it can pro-
duce insulin of its own.

The infant will be large in size which will
increase the risk of a difficult delivery.

The infant will be at risk of developing
hypoglycaemia during the first few days of
life as he or she will continue to produce
considerable amounts of insulin.
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The woman’s daily insulin requirement
decreases quickly after childbirth, returning to
the pre-pregnant level after as little as one
week.560 Breast-feeding mothers usually need to
decrease their insulin doses to levels lower than
they were before pregnancy to avoid hypogly-
caemia. If doses are not lowered considerably,
there is a clear risk of experiencing severe
hypoglycaemia.790 After a few weeks or months,
the insulin doses will usually be back to the lev-
els they were at before the pregnancy.
Breast-feeding lowers blood glucose, and a
high-carbohydrate snack is often needed before
or during breast-feeding. Evening or late night
snacks may also be necessary.560

Pre-pregnancy care
If you are thinking about becoming pregnant,
let your diabetes team know and they will help
you to get your diabetes under best control
before conception. Advice and counselling will
be available.

It is better for a girl to wait at least until she is
in her twenties before becoming pregnant as a
teenage pregnancy brings about increased medi-
cal risks both for the baby (premature birth,
complications in the new-born) and the mother
(anaemia, eclampsia or pre-eclampsia).

Caring for the mother
Pregnant women with diabetes are usually very
highly motivated and will also receive closer
attention from the maternity care services. Tell
us at the diabetes clinic as soon as possible if
you suspect you may be pregnant, or if you are
hoping to become pregnant. We can help you
get a pregnancy test (so called chorionic gona-
dotropin test) which will give a reliable result
within a couple of days after you have missed a
period.

A general consensus is that it is a full time job to
be pregnant if you have diabetes. This means
that it is quite hard work to maintain blood glu-

cose levels at as normal a level as possible dur-
ing pregnancy. The goal is for HbA1c during
pregnancy to be within the normal range for
individuals without diabetes. Treatment with an
insulin pump may be an effective way of achiev-
ing this. 

During the latter part of pregnancy, it often
becomes more difficult to recognize symptoms
of hypoglycaemia as the threshold for develop-
ing symptoms will be lowered because of fre-
quent low blood glucose levels 646 (see

Insulin requirements during pregnancy 223

U/kg U/lb

Before pregnancy 0.6 0.27

Week 6-18 0.7 0.32
Week 18-26 0.8 0.36
Week 26-36 0.9 0.41
Week 36-delivery 1.0 0.45

During delivery Very low

After delivery Below 0.6 Below 0.27

Breast-feeding Further decrease in insulin 
need

Nearly every woman has 
thoughts during pregnancy 
about something being wrong 
with her child. However, most 
women with diabetes have a 
quite normal pregnancy, lead-
ing to the birth of a healthy 
child. If you have a low HbA1c 
before and during pregnancy, 
the risks for your child are 
approximately the same as if 
you didn’t have diabetes.
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“Hypoglycaemia unawareness” on page 48).
The HbA1c value for women without diabetes is
approximately 0.5-1% lower at the end of preg-
nancy, which is the reason for aiming for a
HbA1c close to 6% (upper limit for individuals
without diabetes) during the later part of preg-
nancy.306,341 In a Scottish study, half of the
women attained an HbA1c in the non-diabetic
range at some point during their pregnancy.306

Within one year, however, most of them
increased in HbA1c to levels observed before
pregnancy. This may be attributed to not having
the time to take care of their diabetes in the
most effective way at the same time as caring
for an infant at home. Women giving birth to
their second or third child had higher HbA1c
during pregnancy, suggesting that the amount
of work to be done at home affects how easy it
to care for your diabetes during pregnancy.

During pregnancy, the ketone production dur-
ing periods of insulin deficiency is increased,
making ketoacidosis more likely.68 Ketoacidosis
during pregnancy is very dangerous, especially
for the unborn child.223,547 You should therefore
check for ketones in blood or urine regularly,
especially if you are feeling or being sick, or
have an infection with a raised temperature. A
bedtime snack is usually necessary for pregnant
women as it decreases the risk of night time
hypoglycaemia and fasting ketones. Ketones
will show in the urine after only 12-14 hours of
fasting.274 Urine testing every morning will
show whether or not you have “starvation
ketones” from inadequate carbohydrate intake
in the evening. Morning ketones are present in
30% of pregnant women who do not have dia-
betes.25 A slight delay in development was
found in children aged 2-9 years whose mothers
had raised ketone levels during pregnancy.635

If you use an insulin pump, your risk of ketoac-
idosis will increase due to the smaller insulin
depot (see page 172). If the pump needle fails
during the night you will have high blood glu-
cose levels and elevated levels of ketones in the
morning. One method of avoiding this is to give
a bedtime injection of intermediate-acting insu-
lin (0.2 U/kg) in addition to the normal basal

dose delivered by the pump.522 Lantus can also
be an alternative in this situation.

The renal threshold is usually lowered in preg-
nant women, causing an increased excretion of
glucose via the urine. Urine tests for glucose
cannot be relied upon therefore.

How will the child develop?
In a Swedish study, children of women with dia-
betes were seen to be developing normally at
the age of 5.68 The height and weight were also
found to be normal in another study.68 An Aus-
tralian study followed children up to the age of
3 years.688 Children of mothers having low
HbA1c readings were found to be developing
normally, while children of mothers with high
HbA1c values during pregnancy had delayed
language development and a smaller head cir-
cumference.

Will the child have diabetes?

If you have diabetes you may ask yourself:
“Should I have a baby when there is an
increased risk of the child getting diabetes?” In
one study 3% of the children of mothers with
diabetes went on to develop diabetes themselves
by the age of 10-13 years 596 (which is about 10
times the risk for the child of a mother without
diabetes). Although we believe that half the fac-
tors contributing to diabetes are inherited, only
about one in every 10 children with newly diag-
nosed diabetes has a parent or sibling with dia-
betes.165 The hereditary disposition for
developing type 1 diabetes is very common, at
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least 40% according to certain studies.167 From
this it follows that we should not in any way
discourage a person with diabetes from having
children. See also “Heredity” on page 323.

A few people may choose adoption instead.
They do this because of increased risks, both for
the child acquiring diabetes and, for the mother,
of going through a pregnancy with diabetes,
especially if she also has diabetes complications
(see page 284).

It appears that the risk for a child of acquiring
diabetes decreases as the mother’s age increases.
If a mother has diabetes and is older than 25
when she gives birth, the risk to the child of
developing diabetes later in life is not signifi-
cantly increased compared to mothers without
diabetes.791 Another study showed that 8.9% of
children born to fathers with diabetes, but only
3.4% of children born to mothers with diabetes
developed the disease before the age of 20.78 If
the mother was 8 years old or younger when
she developed diabetes, the risk for the child
was considerably higher, 13.9%, in this study.

Infertility
Women with average diabetes control have the
same chances of getting pregnant as women
without diabetes.68 If you suspect problems
with your fertility, contact your diabetes clinic
who will refer you to a gynaecologist.

Does the need for insulin change
during menstrual periods?

Many women have noticed that their blood glu-
cose level increases the days before they have
their period.6,509 In a Hungarian study, the pre-
menstrual insulin doses were approximately 3
units higher than they were mid-cycle.734 How-
ever, during the first couple of days of menstru-
ation, the insulin requirements may fall,
predisposing for hypoglycaemia. If you notice
that you have this type of problem, check your

blood glucose level especially carefully the days
close to menstruation. This will enable you to
adjust your insulin doses upwards just before
your period, and lower them again afterwards. 

It is quite normal for teenage girls’ menstrual
periods to be irregular and unpredictable during
the first 6-12 months. A high HbA1c increases
the risk of having irregular or missed periods.682

The risk of menstrual disturbances in adoles-
cents in this study was increased seven times if
HbA1c was above 10% and 18 times if HbA1c
was above 12%. 

Sexuality

In terms of sexual relationships, teenage boys
and girls with diabetes will function in exactly
the same way as their friends of the same age.
The only difference is that it is particularly
important to use contraceptives to avoid an
unwanted pregnancy. Remember that you may
encounter hypoglycaemia after having inter-
course — making love can be energetic exercise!
Some people find they don’t function well sexu-
ally if their blood glucose level is high, but this
can improve if the level is corrected.49 Accord-
ing to some studies, sexual desire is negatively
affected by long-standing diabetes, in both
women and men.250 Other studies, however,
have not found this to be true.250

Impotence may be a complication of diabetes,
which some men who have had diabetes for
many years will encounter. This can be caused
by a combination of premature arteriosclerosis
and a reduction in the intensity of physical
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response caused by disturbances in the auto-
nomic nervous system (see page 311). 

Impotence commonly has a psychological
(rather than a physical) cause in individuals
both with and without diabetes. If you have
erections in the morning, it is likely that the rea-
sons for your impotence are psychological.49

Temporary disturbances of erection are some-
thing that all men encounter once in a while.
The difficulty for a young man with diabetes is
that any temporary erection problem is likely to
be attributed immediately to the diabetes, when
the cause may be something as simple as tired-
ness or feeling nervous in a new relationship. A
vicious cycle may arise with negative expecta-
tions and the fear of continued failure. Do not
hesitate to talk to your diabetes doctor or nurse
about the problems.

If the impotence is a complication of diabetes,
there is a good chance of getting effective treat-
ment. In the past, injection treatment was used
but the new impotence drug Viagra® functions
well even for men with diabetes.634 If you have
heart disease you should consult your doctor
before using this type of drug. Part of the treat-
ment involves lessening other risk factors such
as alcohol, tobacco and drugs (for example, cer-
tain drugs for blood pressure). 

Poor diabetes control with a high HbA1c will
increase the risk of impotence.674 In the same
way as with other complications (see page 303)
the problems may be halted or even reversed if
they are discovered early, and the diabetes treat-
ment is changed, leading to a lowered HbA1c. 

Female sexuality is less affected by diabetes.49

Problems with vaginal discharge and fungal
infections are more common in women with
diabetes and may have a negative effect on sex-
ual desire. The vaginal mucous membranes can
become temporarily dry when the blood glucose
is high, and this can be troublesome during
intercourse. It is not yet established whether late
complications to diabetes (nerve damage) can
result in the same problem.250 A pharmacist can

advise you about suitable lubricants if you have
this type of problem. The ability to reach
orgasm does not appear to be affected by diabe-
tes.250 

Contraceptives
In the past, the “minipill” (containing only
progesterone) was usually recommended to
women with diabetes. However, this increases
the risk of “spotting” between periods, and has
a narrower time margin for taking the pills (not
more than 30 hours between pills). Combined
contraceptives (“ordinary” pills) are more effec-
tive in preventing pregnancy. They contain two
types of female sex hormone. Oestrogen pre-
vents the egg from developing and being
released from the ovary. Progesterone prevents
the sperm from passing through the mucus of
the neck of womb (cervix). The use of oral con-
traceptives does not appear to increase the risk
of later complications with the eyes or kid-
neys.294

At one time, combined contraceptive pills were
thought to raise the blood glucose level slightly,
but recent studies show no adverse affects on

If you have diabetes, it is particularly important that your 
pregnancy be planned. Tell us at the diabetes clinic if you 
need contraceptives and we will refer you to the appro-
priate professional.
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glucose control.600 If the glucose control is dif-
ferent during the week without pills and it is
difficult to adjust the insulin doses, it might be
appropriate to wait longer before interrupting,
that is, take pills for three months without
interruption.8 Today, we recommend combined
pills to begin with. Combined pills are not
advisable if you smoke (due to an increased risk
of thrombosis and heart attack), if you have
high blood pressure, severe migraine attacks, or
complications with your eyes or kidneys.8 

An intrauterine device (IUD, coil) is a safe con-
traceptive for women with diabetes according

to recent studies.440 Problems with infections or
spotting are no more common than for women
without diabetes.442 However, they are not rec-
ommended if you have irregular or heavy men-
strual periods. As there is a small risk of
infection of the womb or ovary (and thus a risk
of becoming infertile), intrauterine devices are
not recommended for women who have never
been pregnant. However, for a woman who has
diabetes complications affecting the eyes or kid-
neys, intrauterine devices may be a good alter-
native to contraceptive pills. 440

Depot injections or implants contain the same
hormone (progesterone) as minipills. However,
they will give a higher hormone concentration
and affect the blood glucose level more than
minipills. Common side-effects are nausea,
increased appetite or irritability, all of which
make it more difficult to control the blood glu-
cose levels. The contraceptive depot injection is
not considered suitable for women with diabe-
tes as the effects of one injection last for many
months.

A contraceptive implant contains the same hor-
mone as a depot injection. It is implanted under
the skin using local anaesthesia. The advantage
is that it can be removed if the woman experi-
ences serious side-effects. This makes it more
suitable for a woman with diabetes than the
depot injection.

Contraceptive methods

Condom The only contraceptive 
that protects against sexu-
ally transmitted disease.

Ordinary pills Sometimes result in a 
slight increase in blood 
glucose levels.

Minipills Risk of spotting. Less mar-
gin for error when forget-
ting to take tablets.

Depot injection Can affect metabolic con-
trol. Sometimes trouble-
some side-effects.

Implant Same as depot injection 
but easy to remove if 
side-effects are not 
acceptable.

Diaphragm and 
spermicidal jelly

Not so easy to use. Risk of 
itching as side-effect.

Intrauterine device 
(IUDs, coil)

Risk of pelvic infection is 
low but an IUD is not rec-
ommended before the 
first pregnancy.

“Morning-after” 
pills

For “emergency” situa-
tions. Needs to be taken 
within 72 hours.

Which contraceptive should you choose if 
you have diabetes? 68

Pills (not minipills) for teenagers.

Coil (IUD) for women who have been preg-
nant.

Using a condom is always a good alternative 
and, besides, it is the only way of protecting 
yourself from sexually transmitted diseases. 
Always use a condom in a temporary relation-
ship.
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Remember that most contraceptive methods
only prevent unwanted pregnancy. It is as
important to protect yourself against sexually
transmitted diseases. Some of these diseases can
be life-threatening, others can have a serious
effect on women’s fertility. A condom is the
only contraceptive that offers full protection
from sexually transmitted diseases. Talk to your
general practitioner or pregnancy advice service
about which type of contraceptive can be suit-
able for you. Depending on local policies and
practices, your GP can give you a prescription
or refer you to a gynaecologist for further
advice. Young women using oral contraceptives
should have regular blood pressure monitoring
and gynaecological check ups.

Forgotten to take a pill?
If you discover that you have forgotten to take
your contraceptive pill within 48 hours, you
should take an extra pill when you realize this.8

If more than 48 hours have passed (more than
30 hours with minipills) you will have no pro-
tection and you must use another method, such
as condoms, during the following week.8 If you
forget this, you will need to take a pregnancy
test.

Emergency contraception
Emergency contraception (“morning-after
pills”) is available in most countries for emer-
gency situations, that is if you have had unpro-
tected intercourse between day 8 and 18
(counting with 28 days between menstrual peri-
ods, and day 1 being the first day of bleed-
ing).305 The risk of getting pregnant after
unprotected intercourse is 6-7% overall, and at
the time of ovulation as high as 20-30%.38 With
“morning-after pills”, this risk goes down to
1-3%.

This type of medication prevents the fertilized
egg from implanting in the membranes of the

uterus. Unfortunately, feeling or even being sick
is a relatively common side effect. A new type of
tablet containing only one type of hormone
(progesterone, Norlevo®, Postinor®,
Levonelle®, Plan B®) decreases both the risk of
unwanted pregnancy and the risk of sickness.
“Morning-after pills” must be taken at the very
latest 72 hours after intercourse,305 which is
why you should get in touch with your preg-
nancy advisory service, general practitioner, or
local pharmacy as soon as possible. They are
over the counter medication if you are above
the age of 18 in the UK. The contraceptive
effect is higher, the earlier the tablets are taken.
Contact an emergency pharmacy, or the hospi-
tal if the need for these arises over the weekend
or after office hours.

Morning-after methods
Only for “emergency” use!

Pills:

Two pills taken within 72 hours after unpro-
tected intercourse and 2 pills after another
12 hours. Only special pills with high hor-
monal content can be used.

Contact a doctor or pregnancy advisory ser-
vice as soon as possible. You will need to see
your GP within 3-4 weeks to discuss which
contraceptive to continue with.

A new type of pills (Norlevo®, Postinor®,
Levonelle®, Plan B®) gives higher security
and fewer side effects.

Inserting a coil:

A coil should be inserted within 72 hours, at
the very latest within 5 days.

Coils are recommended only for women who
have been pregnant.
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Social issues 
School
When you go back to school or work again
after your diagnosis, it is important to tell your
friends about your diabetes. It is very under-
standable not to want to talk about your diabe-
tes at this stage and many people find this is
how they feel. It takes real courage to tell your
classmates and friends at home or at work.
However, it really will make your life much eas-
ier if you can tell them right away and have
done with it, rather than find yourself worrying
about who knows and who doesn’t. If it can be
arranged, it is a good idea for a specialist diabe-
tes nurse to come to your class and talk about
diabetes, inviting all teachers who come into
contact with you, including the physical educa- tion teacher. Invite the diabetes nurse to come

to school again when you move to a new class
or change to a new school.

It is very helpful when a teacher really under-
stands a child or teenager with diabetes. Some-
times it may be difficult for them to know if
something the child does or a particular behav-
iour (such as tiredness or irritability) is due to a
low blood glucose level or something else. It is
important for the child to be able to measure
blood glucose values at school when necessary.
Some parents have the impression that the
school and teachers take diabetes more seri-
ously only after the child has had a difficult
hypoglycaemic reaction at school, but this is of
course an unfortunate way to demonstrate how
serious diabetes can be. 

When a schoolchild has diabetes, it is a good
idea to draw up an individualized Diabetes
Health Care Plan as a collaborative effort
between the child’s parent or guardian, mem-
bers of the diabetes care team, and the school or
day care provider — as well as with the child
him or herself. This plan sets out the basic med-
ical needs the child has while at school, and

Hypoglycaemia in school

An emergency plan should be set up to deter-
mine who does what if a child with diabetes 
is unwell or develops hypoglycaemia.

Your teacher or the school nurse (if there is 
one) should preferably be able to help you 
measure your blood glucose level if neces-
sary.

Make sure that your teachers and friends 
know where you keep your emergency glu-
cose and when you need to take it.

Free snacks should be available so that you 
have something to eat if hypoglycaemia 
occurs. Eating in the classroom must be per-
mitted.

The other children must be helped to under-
stand why you may have to eat glucose tab-
lets, a piece of fruit or a sandwich during 
class to prevent or treat hypoglycaemia.
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how these needs will be met. Inherent in this
process are responsibilities assumed by all par-
ties, including the parent or guardian, the
school personnel, and the child. In addition to
the medical issues covered in such a health care
plan, children with diabetes must be permitted
to eat wherever and whenever they need to,
even if other children are not allowed to eat (for
example, in class, on the school bus, during P.E.
lessons).424

School routines (adapted from 64 and 23)

It is desirable for school routines to be adjusted in
line with the needs of a child with diabetes:

Understand that the diabetes expert closest to
hand is the young person and his or her par-
ents.

Staff need to have sufficient background
knowledge about diabetes, and must be made
aware of the fact that diabetes in childhood is
not at all the same disease as diabetes (type
2) in adults and the elderly.

Reach an agreement with staff about how
much help the young person needs, such as
reminders to take insulin or test blood.

Appropriate help with monitoring blood glucose
and ketones, taking insulin injections, and
managing hypoglycaemic reactions should be
available, according to the age of the child,
both in school and on field trips. 

Understand the need for frequent trips to the
bathroom when the blood glucose level is high.

Young people with diabetes should be able to
test their blood and urine in an undisturbed
environment when necessary. They should also
be allowed to test their blood glucose during
lessons.

Young people should be allowed to take their
lunchtime dose of insulin undisturbed.

Don’t send a child who is in hypoglycaemia on
their own to the medical room. Give dextrose
first and then, if necessary, send the child
accompanied by a friend or adult.

Don’t send a child with diabetes home on their
own from school earlier than expected (espe-
cially not after a hypoglycaemic episode) with-
out first checking that someone is at home
who can take care of him or her.

Understand that the young person’s school
tests and exam results can be less reliable
than they should be because of hypoglycae-
mia. The young person should be allowed to
retake the test or exam, as it is difficult to
obtain full concentration for several hours after
hypoglycaemia.

School routines, continued

Regular mealtimes should be established,
with lunch as close to noon as possible.

The food served must be appropriate for a
child with diabetes. However, it needs to be
eaten if it is to do any good at all for the blood
glucose level. It is important to be aware that
young people with diabetes do not have the
same choice as their peers to go hungry if
they don’t find the food appetizing. An alter-
native outside the regular menu must be
available at all times. It may be helpful if par-
ents check the school menu in advance,
together with the young person.

Physical education (see also page 247)
should be scheduled as the first or second
lesson in the morning or the first or second
lesson after lunch when using short-acting
insulin. However, when using rapid-acting
insulin (NovoRapid or Humalog), physical
education should rather be scheduled the
second or third lesson after a meal since
there will be a quick increase in insulin level
in your blood during the first hour (see graph
on page 249).

Report timetable changes to parents well
ahead, such as visiting a public swimming
pool or a games day. 

Organize a parent-teacher conference when
needed, inviting the diabetes nurse or doctor
to attend.

School staff can come to the diabetes clinic
along with the child, to increase their knowl-
edge of diabetes.

Give realistic vocational guidance.
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JDRF (the Juvenile Diabetes Research Founda-
tion, see page 289) has a special pack for
schools containing brochures, a Warning Signs
card, a Low Blood Sugar Emergencies card, a
book list and more. This is available on request.

Hypoglycaemia

It is important and very helpful for the child to
talk to friends about diabetes and the signs of
hypoglycaemia. Friends should know where to
find dextrose tablets. Hypoglycaemia will affect
a child’s performance at school, not only when
the blood glucose level is low, but also up to 3-4
hours after it has been normalized. In a study of
children and adolescents between the ages of
11-18 years, a significant decline in mental effi-
ciency was found at blood glucose levels of
3.3-3.6 mmol/l (60-65 mg/dl). This was most
evident in measures of mental flexibility, plan-
ning, decision making, attention to detail, and
rapid responding.652

Exams

Always make sure that you have something
extra to eat during an examination. Many stu-

dents prefer to have a slightly higher blood glu-
cose level during examinations to avoid
hypoglycaemia. Stress before an exam may
make the blood glucose levels higher (see page
256).

You should feel free to measure your blood glu-
cose if you experience difficulties in concentrat-
ing during an examination. You will then know
if you need to eat something extra. It may also
be important to be able to show a low blood
glucose reading to your teacher, if you feel that
your results from an examination are not as
good as they should be, and you want to resit.
In some cases, you might need a doctor’s certifi-
cate to support this. See also page 67, 219 and
247 concerning low blood glucose levels, food
and physical education in school.

Day nurseries and child care 
A child with diabetes attending a day nursery
will need more time and attention than children
without diabetes of the same age. In some com-
munities, children with diabetes can be counted
as two in the accounting, giving the staff more
time for the child. The rules and regulations dif-
fer from country to country. 

In most countries, child minders or day nursery
staff have no formal obligation to help with
blood glucose testing. However, you will usu-
ally find someone interested enough who will
help, at least if the child is not feeling well. In
some places the staff will also give insulin. This
may be easier to do if the child has an injection
aid, such as Inject-Ease®, PenMate™, or Insu-
flon (see page 122) or a pump. Sometimes it
may be appropriate to have glucagon available
if staff members know how and when to give it.

Regular babysitters and child minders will ben-
efit from accompanying the family on a clinic
visit, or the diabetes nurse may visit the day
nursery to talk to staff and children about dia-
betes (see also page 87). 

Don’t send a child with diabetes home from school alone 
earlier than expected without checking that someone is 
at home. If the child experiences hypoglycaemia on his or 
her way home and nobody is there to help, this may eas-
ily develop into severe hypoglycaemia.
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In some countries, special allowances are avail-
able for parents of a child with diabetes to com-
pensate for the extra time and commitment that
is involved in diabetes care (e.g. Disability Liv-
ing Allowance in the UK). Regulations change
from time to time so it is best to obtain the cur-
rent status from your diabetes clinic, especially
as the forms to be filled in are often long and
complicated. Special rules may also apply to
health care insurance or benefits when you stay
at home with a sick child.

Adoption 
Some countries have restrictions on adoption by
a parent with diabetes. Such restrictions are
usually due to outdated information about life
with diabetes but you may be required to get
medical clearance indicating your ability to pro-
vide appropriate self-care.

Choice of job or employment
Almost all types of employment are open to
people with diabetes. It is important that you,
like everyone else, think first and foremost
about what you would like to do. Jobs which
include some type of physical work or at least
not sitting still all day have the advantage of
giving you regular exercise. However, consider-
ing the risk of hypoglycaemia, you should avoid
jobs where your own or other peoples’ safety
depend on you always functioning perfectly in
all situations. Particularly dangerous situations
can occur for police and fire personnel while
most other situations (for example a physician

or other health care professional) would include
the possibility of stopping to check blood glu-
cose levels and making appropriate adjustments
with food and/or insulin accordingly. The risk
of developing hypoglycaemia will hinder some-
one with diabetes from becoming a policeman,
pilot, or airline steward, joining the armed
forces, and in most countries also driving a bus,
taxi or train. Professional diving or working at
high altitudes is usually discouraged since these
are difficult situations in which to deal with
hypoglycaemic emergencies. The rules will vary
in different countries.

Usually, you can adjust insulin doses to fit with
most working schedules, even when irregular
hours are included. When working shift pat-
terns, or if there are frequent changes in work
schedules and meal timetables, this may be
more difficult to accomplish. A flexible insulin
regimen or a pump with different basal rate
profiles for work days and days off may help.

Examine the possibility of trying out different
occupations to find out how well you can cope
with your diabetes under the work situations;

Child care 
allowance

Policemen, firemen and pilots are examples of profes-
sionals who might be putting their own or other peoples’ 
lives at risk if they develop severe hypoglycaemia. In 
most countries, you are not allowed to work as a pilot or 
policeman if you have diabetes, but being a fire fighter or 
driving an ambulance may work well if you do not have 
problems with hypoglycaemia. 



Social issues 285

talking to people in different jobs may be help-
ful in terms of flexibility for food and snacks as
well as insulin administration and blood glu-
cose testing. People with diabetes should be
individually considered for employment, based
on the requirements of the specific job but this
is not always the case. There are many myths
about people with diabetes and what they can
and cannot do, so that you may have to educate
folk about diabetes in such circumstances. Ask
Diabetes UK for advice if you feel that your dia-
betes stops you from getting a particular job.
Diabetes UK believes that a person with diabe-
tes should be eligible for employment in any
occupation for which he or she is individually
qualified. They feel that a person with diabetes
has the right to be assessed for specific job
duties on his or her own merits based on rea-
sonable standards applied consistently. They
also believe that employers have the duty to
accommodate employees with diabetes unless
the employer can show it to cause undue hard-
ship to the organization. The IRFD (Interna-
tional Register of Firefighters with Diabetes) is
a UK organisation that works to prevent diabe-
tes discrimination in employment.

Military service
Young people in the UK do not have to do mili-
tary service, but in many other countries it is
still obligatory. However, young people in many
parts of the world will automatically be
exempted from mandatory military service if
they have diabetes. In some countries
non-active employment in the services are
allowed, such as office or administrative work.
Ask your doctor for a medical certificate if you
are drafted. Your diabetes clinic and the mili-
tary authorities can give you further informa-
tion.

Licence to drive

Most countries will allow people with diabetes
who are taking insulin and are free of complica-
tions to obtain a driving licence. However, regu-
lations, restrictions and the need for a medical
review vary considerably from country to coun-
try. Your diabetes clinic or Diabetes UK can tell
you exactly what is applicable in Britain and
other countries. People treated with insulin are
able to take the driving test and obtain driving
licences, but will usually need a letter from their
doctor. This licence is reviewed every three
years with respect to, for example, being able to
look after diabetes competently and avoiding
hypoglycaemia. 

While European governments have further
restricted driving licences for insulin-treated
drivers with diabetes, the restrictions on drivers
in the US have been relaxed.The EU driving
licence directive from 1998 (91/439) prevents
people who are being treated with insulin from
driving lighter goods vehicles (weighing
between 3.5 and 7.5 tons) and small passenger
carrying vehicles for more than 8 passengers on
a commercial basis.517 Driving these vehicles on
a voluntary basis is still permitted. 

In the UK, if someone already has a licence for
heavy goods vehicles (class C1, 3500-7500 kg),
and develops type 1 diabetes, that person may
continue to drive subject to an annual medical
examination.302 Until recently, a person with
type 1 has not been allowed to apply for a class
C1 licence. Now the DVLA (Driver and Vehicle
Licensing Agency) has agreed that insu-
lin-treated drivers with diabetes may apply for
C1 licences and be assessed individually.302 The
proposed DVLA criteria for C1 vehicle driving
include regular review by a diabetes consultant,
home glucose monitoring, lack of recent severe
hypoglycaemia, and also awareness of milder
hypoglycaemia.
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Driving and diabetes
Key safety issues with regard to driving for peo-
ple with diabetes involve frequent blood glucose
testing and hypoglycaemia prevention, espe-
cially unawareness of hypoglycaemia, to maxi-
mize the individual’s safety while driving and to
ensure public safety as well.

The risks associated with driving while suffer-
ing from hypoglycaemia are obvious. Drivers
with diabetes are generally not more prone to
accidents than other drivers according to most
studies.160 However, there are case reports of
serious accidents due to hypoglycaemia.214 In
the DCCT study (see page 315) hypoglycaemia
was the main contributing factor in 36% of the

traffic accidents that the participants encoun-
tered during the nine years of the study.195 In a
Scottish study, 25% of the participants attrib-
uted their road accidents to hypoglycaemia.516

Of cases reported to British authorities,
16-17% of cases of collapse at the wheel were
caused by hypoglycaemia in a person with dia-
betes.267 Although these studies exemplify an
increased risk for traffic accidents in a small
number of cases, the conclusion of a review is
that, for the general population with diabetes,
accident rates do not exceed the rates for driv-
ers without diabetes.517 As a comparison, a ban
on all young male drivers would be more effec-
tive in terms of improving road safety, but
would represent a totally unacceptable restric-
tion in the freedom of individuals.517

You should check your blood glucose before
driving and if it is below 4-5 mmol/l (75-90
mg/dl) you should eat something before begin-
ning your trip. If you don’t experience hypogly-

Research findings:
Driving with diabetes

In an American study, subjects with diabetes
were tested in a driving simulator.152 They were
not told their blood glucose readings (a blind
study). 

At a blood glucose level of 3.6 mmol/l (65
mg/dl) only 8% showed impaired driving while
at 2.6 mmol/l (45 mg/dl) 35% were driving
more slowly, and had steering difficulties (more
swerving, spinning, time over mid-line, and time
off road). Only half of them were aware of their
impaired ability. 

When the same investigations were re-done
three months later, the results were similar in
that the same individuals had impaired ability
to drive at lower blood glucose levels.619 

In another study, the blood glucose level was
reduced from 6.7 mmol/l (120 mg/dl) to 2.2
mmol/l (40 mg/dl) without the patients being
aware of their actual blood glucose level.796 

At 6.7 mmol/l (120 mg/dl) 70% of the subjects
judged they could drive safely. At 2.2 mmol/l
(40 mg/dl), 22% still thought it safe to drive. 

These studies illustrate the importance of checking
your blood glucose before driving.

Licence for driving heavy trucks

The rules for people with diabetes regarding driving
trucks heavier than 3500 kg vary considerably
between countries.214 USA and Canada are head-
ing for fewer restrictions while the European Com-
munity is doing the opposite. If a person who
already has a truck licence develops diabetes, the
licence will be suspended in 8 countries, restricted
in 7, and in 6 will continue to be free of restric-
tions.

No 
restrictions

Certain 
restrictions

Not allowed

Argentina
Brazil
Finland
Japan
Libya
Puerto Rico
Tanzania
Thailand

Australia
Austria
Canada
Chile
Israel
New Zealand
Great Britain
Sweden
USA

Belgium
Greece
Italy
Mexico
Poland
Romania
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caemic symptoms at low blood glucose levels
(hypoglycaemia unawareness) you are not fit to
drive. Even if you feel quite capable of driving
when your blood glucose level is 2.6 mmol/l (45
mg/dl), your reaction time will be too slow for
safety. This has been shown to occur below the
level of approximately 2.8 mmol/l (50 mg/dl).521

See page 48 for further information on how to
treat this phenomenon, which is caused by your
body becoming accustomed to low blood glu-
cose levels. It will take a while after a hypogly-
caemic episode before your reaction time is
back to normal. In one study where the blood
glucose was lowered to 2.7 mmol/l (48 mg/dl)
the reaction time was still prolonged 20 minutes
after the blood glucose level had returned to
normal.255

Insurance policies
Insurance policies for people with diabetes may
differ considerably from country to country and
between insurance companies as well. In coun-
tries where there is health insurance, at the time
your child develops diabetes you may receive a
one-time reimbursement or a monthly allow-
ance from the insurance company. It can be dif-
ficult for a person with diabetes to get health or
life insurance although some companies may
have special arrangements, which allow enrol-

To consider 
while driving:

Check your blood glucose level before you
take your place behind the wheel. It should
not be below 4-5 mmol/l (75-90 mg/dl) when
you set out. Even if you feel quite well, your
blood glucose level must never fall below 4
mmol/l (75 mg/dl), or your driving perfor-
mance will be impaired.152 

Don’t start out on a drive or a bicycle trip if
you have not eaten recently.

Always bring along extra food and carry dex-
trose tablets in your pocket or the glove com-
partment of the car.

Always pull over and stop the car if you have 
hypoglycaemia and wait until you feel better 
before continuing. Remember that your think-
ing and judgement will not be back to normal 
until several hours later.

Be extra careful when the risk of hypoglycae-
mia is increased, for example, after playing
sport or when you have recently adjusted your
insulin doses.

Alcohol increases the risk of hypoglycaemia
as well as making you unfit to drive. Make it a
habit never to drive a car or motorcycle when
you have been drinking.

Changes in your blood glucose level can
result in transient blurred vision.

Refrain from driving for a week or so if you
make major changes in your insulin regimen
(such as changing from 2 to 4 or 5 doses/day
or starting to use an insulin pump) until you
find out how the new treatment affects you.

No matter how good a driver you are with a
normal blood glucose level, you are never a
safe driver if you have hypoglycaemic
unawareness (no warning symptoms until the
blood glucose level is very low). See page 48
for advice on how to treat this problem.

There are many situations in which one must be 100% 
alert when driving a car. Never drive with a blood glucose 
level below 4-5 mmol/l (75-90 mg/dl) even if you feel 
perfectly well!
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ment for a higher premium (impaired risk insur-
ance). Shop around different insurance
companies to get the best deal or ask Diabetes
UK for specific advice.

You may need to appeal if your health insur-
ance conditions change after you are diagnosed
as having diabetes. Unfortunately, people with
diabetes don't always take as much care of
themselves as they should, and the insurance
companies use this information to assign higher
risk to all people with diabetes. People with dia-
betes use hospital and emergency room
resources more than those without diabetes;
people with diabetes require ongoing medica-
tions (syringes, pens, insulin, glucose and
ketone testing equipment) and need more hospi-
tal or clinic visits to help manage their illness
than those without chronic illnesses.

Disability insurance policies and life insurance
policies are often not allowed for people with
diabetes since statistically they are at higher risk
for being disabled at earlier ages compared to
their peers, as well as of dying prematurely.
While this is clearly improved with better
self-care, more self blood glucose monitoring
and better insulins, this is not always apparent
to individual insurance providers or even to
employers. Policies may be available but with
much higher premiums so that one must weigh

the benefits of such policies against their costs.
Travel insurance may also be available at higher
premiums because of a pre-existing condition. 

The present practice of increased accident insur-
ance premiums and limited coverage is not sup-
ported by scientific evidence. A Danish study of
7,599 adult individuals with diabetes found
that the risk of accidents and permanent dis-
ability was no different from that in a control
group without diabetes.525 Furthermore, the
authors found an increase in average life
expectancy of 15 years or more over a 40-year
period (mainly because of a decreased risk of
kidney damage), which should motivate and
encourage insurance companies to re-evaluate
their policies.106

Diabetes ID 

It is a good idea to always carry something on
your person showing that you have diabetes,
such as a special necklace or bracelet
(Medic-Alert® or something similar). It is not
uncommon for a person with diabetes to be
mistaken for being drunk when in fact he or she
is hypoglycaemic. Even if you have only had a
small amount to drink, people noticing the
smell of alcohol are likely to pass by without
helping you.

If you are travelling abroad, it is a good idea to
have some kind of identification showing that
you have diabetes and that you need to carry
insulin and accessories. Insulin companies and
Diabetes Associations often have special cards
with text in different languages explaining what
help you need if you become hypoglycaemic.

You may need to appeal if your health insurance condi-
tions change after you are diagnosed as having diabetes.

Diabetes
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Juvenile Diabetes Research
Foundation International 

The Juvenile Diabetes Research Foundation
International (JDRF) was founded in 1970 by
parents of children with juvenile diabetes. JDRF
volunteers have a personal connection with dia-
betes in the young and this translates into an
unrelenting focus on the needs of all people
with diabetes and the commitment to finding a
cure as soon as possible.

The mission of JDRF is to find to find a cure for
diabetes and its complications through the sup-
port of research. Embedded in JDRF’s mission
are its three core goals:

Restoring normal blood sugar levels.

Preventing and reversing complications.

Preventing type 1 diabetes.

JDRF is now leading the worldwide effort to
replicate and expand upon the success of the
Edmonton Protocol (see page 273), while con-
tinuing progress towards the goal of inducing
tolerance to transplanted islets without the need
for long-term immunosupression. To date,
JDRF has established eight centres specifically
for islet transplantation, co-funded the
NIH/JDRF Immune Tolerance Network, and
has invested or committed more than $150 mil-
lion for islet transplantation worldwide.

JDRF has more than 120 Chapters, Branches
and Affiliates worldwide. There are Affiliates in
Australia, Canada, Chile, Greece, India, Israel,
Italy, Puerto Rico and the UK. In their magazine
Countdown, you will find in-depth analysis of
cutting edge diabetes research along with infor-
mation on treatments, profiles and more.
Countdown for Kids is especially for children
with diabetes and includes information and

opportunities for fun, as well as access to role
models and pen pals.

Diabetes Associations

In nearly every country, there is a Diabetes
Association protecting the interests of people
with diabetes. Local branches can be found in
most towns. Find out if there is a special section
for children and adolescents in your area. We
strongly recommend joining your local diabetes
association. You will receive valuable informa-
tion including a newspaper or journal. 

Diabetes UK is a charity working for people
with diabetes, funding research, campaigning
and helping people to live with the condition.
The mission of the organisation is to improve
the lives of people with diabetes and to work
towards a future without diabetes. Their visions
include setting people free from the restrictions
of diabetes, giving the highest quality care and
information for all, and putting an end to dis-
crimination and ignorance. Diabetes UK pub-
lishes magazines for people with diabetes
(Balance, On the Level for young people, and
Link Up for parents of children with diabetes)
and for health care professionals (Diabetes
Update, Diabetic Medicine). They also produce
leaflets and factsheets covering all aspects of
diabetes care and some are downloadable from
the www.diabetes.org.uk website.

Diabetes UK
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Diabetes Federation Ireland
The aims of the Federation are:

To represent people with diabetes.

To help and provide information for people with
diabetes, their families and the community.

To create awareness and foster programmes for
the early detection and prevention of diabetes.

To support and encourage advances in diabetes
care and research.

To raise funds which will make the achievement
of these aims possible.

The activities of the Federation include dissemi-
nation of non-judgmental advice and informa-
tion through meetings, its 5 issue yearly
magazine (Diabetes Ireland) and by request.
The Federation provides support through its
telephone helpline and regular public meetings.
It raises awareness of diabetes by running cam-
paigns and actively lobbies on behalf of people
with diabetes in areas where they are being dis-
criminated against and for national diabetes
service development. All the above activities are
possible only through the close collaboration of
all people concerned with diabetes, whether
their interest is tied to their work or living with
the condition.

The International 
Diabetes Federation 
(IDF)
The International Diabetes Federation (IDF) is
open to members of all countries. It promotes
diabetes interests in many different areas. An
international conference is organized every 3rd

year. The 1994 conference was in Kobe, Japan,
1997 in Helsinki, Finland, 2000 in Mexico City
and the year 2003 conference in Paris. The
2006 conference will be held in South Africa.
You can obtain further information about IDF

from your local diabetes association or over the
Internet.

International Society for 
Pediatric and Adolescent
Diabetes (ISPAD)
ISPAD is the only global (professional) advocate
for children and adolescents with diabetes. It is
an association for diabetes teams (doctors,
nurses, dietitians, educators, psychologists, and
all others involved in the care of children with
diabetes. The society is committed to promoting
the best possible health, social welfare and
quality of life for all children and adolescents
with diabetes, anywhere in the world. The aims
of the society are outlined in the Declaration of
Kos from 1993:

To make insulin available for all children and
adolescents with diabetes.

To reduce the morbidity and mortality rates asso-
ciated with acute metabolic complications or
missed diagnosis relating to diabetes mellitus.

To increase the availability of appropriate urine
and blood self-monitoring equipment for all chil-
dren and adolescents with diabetes.

To develop and encourage research on diabetes
in children and adolescents around the world.

To prepare and disseminate written guidelines
and standards for practical and realistic care
and education of young patients with diabetes,
and their families, emphasizing the crucial role
of health care professionals (not just doctors) in
these tasks around the world.

Many things about diabetes are difficult to
learn from a book or from the staff at the diabe-

Sponsor families
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tes clinic. For example, few of the health profes-
sionals you come into contact with will either
have diabetes themselves, or have children with
diabetes. Because of this, some clinics have a
system for finding a sponsor (or “befriending”)
family with a child of a similar age, preferably
living close by. Such a family will be able to give
you valuable tips and information about practi-
cal ways of handling different situations such as
school, birthday parties, travel and so forth.
The befriending system may be equally valuable
for an adult with diabetes.

The St. Vincent Declaration
The St. Vincent Declaration (SVD) originated in
1989 when the European region of the IDF met
with representatives of almost all European
government health departments, the National
Diabetes Associations and a broad multidisci-
plinary base of health care professionals from
throughout Europe. Later meetings have
expanded to countries outside Europe, includ-
ing Central Asia and the recent Declaration of

the Americas has taken its central themes from
the St. Vincent Declaration. 

The SVD emphasizes the recognition of diabetic
problems and the necessity of making available
resources for solutions at national, regional and
local levels. Specific target areas are: detection
and control of diabetes, self-care, prevention,
care of children, promoting independence and
self-sufficiency, access to health care, tackling
discrimination against people with diabetes,
reducing blindness, kidney disease, amputa-
tions, heart disease, stroke and complications of
pregnancy, setting up special diabetes registers
and promoting international collaboration.

Diabetes camps and educational 
holidays

Participating in a diabetes camp or educational
holiday gives young people the opportunity to
increase their self-confidence by establishing
friendships with other children with diabetes

At diabetes education 
camps, the children will 
meet friends who are “in 
the same boat” and under-
stand what living with dia-
betes is like. Our aim is to 
have fun together but also 
to prepare the children for 
a life with diabetes by 
increasing their knowledge 
and ability to manage on 
their own. 

CAMP
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who have to abide by the same rules about insu-
lin, diet and testing. The programme varies
from camp to camp but most of these holidays
emphasize improving young people’s ability to
manage diabetes on their own. In small groups,
they can learn about correct injection tech-
nique, testing and monitoring, diet, physiology
and other issues relating to diabetes. 

It is more fun to take insulin and see what your
blood glucose level is when your friends are
doing the same thing. Children who have diffi-
culties taking insulin or testing blood glucose
levels will soon learn all about this from peers
at a diabetes educational camp. The children
are often relieved to find that their friends at the
camp already know what diabetes is. They do
not need to explain what hypoglycaemia is or
why they take injections and so on, as is often
the situation in daily life at home.

Many will meet new friends with whom they
will keep in touch for years to come. At our
educational holiday for children below the age
of puberty, we emphasize the importance of

managing the basics of their diabetes indepen-
dently. If they can handle major parts of diabe-
tes on their own during their teenage years, they
will be helped in their struggle for independence
and hopefully diabetes will not play too large a
role in the family conflicts associated with
puberty (see also page 343). At theeducational
holiday we aim primarily for the children to be
able to participate fully in all activities. From
this, it follows that we will not achieve perfect
control of diabetes. Some children may even
have higher blood glucose levels than they man-
aged at home. Most children will be more active
than usual during the holiday and, therefore,
we often lower the insulin doses, especially at
bedtime, to prevent night time hypoglycaemia.

Participating in a diabetes education holiday
can also increase children’s confidence in their
own ability to manage without their mother or
father. This will be especially true for children
who are perhaps away from home for more
than a night or two for the first time ever. Many
parents find it a relief to be on their own, know-
ing that their child is being taken care of by pro-

Diabetes and the Internet

There is a vast amount of diabetes information available on the Internet. However, you must be aware that the
information on the Internet often is not reviewed by health care professionals and may only be the opinion of
the person writing it. Bring questions and thoughts about what you read to your diabetes team for continued
discussions.

Associations:
Diabetes UK www.diabetes.org.uk
Diabetes Federation of Ireland www.diabetes.ie
American Diabetes Association (ADA) www.diabetes.org
Diabetes Australia www.diabetesaustralia.com.au
International Diabetes Federation (IDF) www.idf.org
International Society for Pediatric and Adolescent Diabetes (ISPAD) www.ispad.org
Juvenile Diabetes Research Foundation International www.jdrf.org

Links to patient information:
Children with Diabetes www.childrenwithdiabetes.com
Betamed - home page of this book www.betamed.se/eng
At www.betamed.se you will find many other links of diabetes interest. Since Internet pages are constantly
updated and many sites change their addresses from time to time, we have chosen not to include more links in
this book.
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fessional staff. Diabetes UK runs national
holidays but your own clinic might also organ-
ise holidays, weekends or other activities for
children and teenagers.

Diabetes and the Internet
An increasing amount of information on diabe-
tes is available on the Internet. Both medical
companies and institutions have homepages dis-
playing information and news. Use one of the
search services to find the type of information
you are looking for. 

One thing is particularly important to remem-
ber when you are reading information on the
Internet. Most of what you find will not have
been reviewed by health care professionals, and
may often be only the opinion of the person
writing it. However, if you judge the informa-
tion somewhat critically, you may find out a lot
of interesting information about diabetes and
you can discuss it with your team at clinic.

When does a young person become
an adult?

The precise age at which we enter adulthood
may be difficult to determine, as most of us
carry part of our childhood and adolescence
with us throughout our lives. Practice and regu-
lations about when diabetes care is transferred
from paediatric to adult units differ between
countries. It may also differ between centres
depending on local policies. In the UK, adoles-
cents usually start seeing an adult physician
above the age of 16, although the age of trans-
fer can vary between 13 and 22 years.444 Sys-
tems of transition vary. One example is for the
paediatrician to join the teenager for his or her
first visit to the adult clinic. Another is for the
diabetes nurse from the adult team to join the
last paediatric visit before transfer. Some centres
have joint adolescent or young adult clinics

with both paediatric and adult physicians
attending. Discuss with your care providers
what is best for your individual circumstances.

Reimbursed accessories
In most countries, insulin is available free of
charge for people with diabetes. Often syringes,
pen injectors and needles are either free or reim-
bursed as well. Other accessories such as ind-
welling catheters are reimbursed in some
countries, though not in all. Sometimes the per-
son with diabetes has to pay for blood glucose
meters while the sticks for testing are free or
reimbursed. In the UK, blood testing meters are
usually available free, but you will need a pre-
scription from your doctor for the testing strips.
Sometimes the companies producing the meters
will provide them free of charge at the onset of
diabetes. Insulin pumps and accessories for
these are often not reimbursed, but may be
available through various insurance companies
or under special conditions. In the UK, a recent
report from the Government organisation NICE
(the National Institute for Clinical Excellence)
has recommended that pumps be made avail-
able for those in special need, in particular peo-
ple who have unstable diabetes. However,
funding in the NHS remains a problem.

Most diabetes associations have journals where you can 
read news on diabetes research and many other helpful 
articles. It is a good idea to become a member of Diabe-
tes UK or your local diabetes association. 
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Travel tips
Travelling is an important part of life for many
people, and you should not avoid this activity
just because of your diabetes. If you think
things over and plan the trip ahead, no destina-
tion or means of travel is impossible. However,
you must be able to measure your blood glucose
during the trip, and adjust your insulin doses in
line with differing conditions, if you are to man-
age well.

It will be necessary to test your blood glucose
levels more frequently. They could be raised if
you have been sitting still in the car or on a
plane or eating food with more carbohydrates
than usual. The excitement involved in visiting
a new city or country may also increase your
blood glucose level.

Remember always to take spare insulin, at least
2-3 times the amount you expect to use. Keep
insulin and pens/syringes in your hand-luggage
but make sure that you have an extra set in
another bag in case you lose one bag. Don’t put
insulin in the check in-luggage as there is a risk
of it freezing in the aeroplane luggage hold at
high altitudes. Besides, there is always the risk
of your luggage being lost or arriving late. The
X-ray in security controls will not affect your
insulin. It is important to have some kind of ID
showing that you have diabetes, as you may
have to show it to the customs officer.

Usually, you will have no problem obtaining
insulin from a pharmacy abroad if you can
prove that you have diabetes. Take a card on
which your doses, concentration and brand of
insulin are documented, or bring the original
pharmaceutically labelled box. It may be diffi-
cult to store your insulin in a refrigerator all the
time, but usually it will not be wasted during a
short trip, as long as you avoid temperatures
above 25-30° C (77-86° F). Remember that it
can be extremely hot (up to 50° C, 120° F) in a
closed car on a sunny day. Bring a thermos flask
or similar with you, containing cold water (cool
it with ice before putting insulin into it) during
hot days. Remember that insulin is absorbed
more quickly from the injection site if you are
very warm and that this can result in unex-
pected hypoglycaemia (see also page 82).

Insulin that has been frozen loses its effect.
Don’t leave it in the car on a skiing trip, for
example. Keep your insulin bottles or pen injec-
tor in an inner pocket if it is below freezing out-
side. Damaged insulin will often turn cloudy or
clumpy, sometimes with a brownish colour.
Some blood glucose sticks can give too high a
reading when it is very hot outside and too low
a reading when it is very cold. Many glucose
meters will give you a warning if the tempera-
ture is too high or too low.

Remember that you 
are never more 
than a phone call 
away from the dia-
betes clinic when 
on holiday or a busi-
ness trip.
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Remember that some countries use other con-
centrations of insulin, mostly 40 U/ml. If you
use insulin of 100 U/ml in syringes designed for
40 U/ml or vice versa, you will be in trouble.
The insulin concentration appropriate for each
syringe is clearly printed on the side of the
syringe. If you run out of insulin it is probably
better to buy both insulin and syringes for 40
U/ml if 100 U/ml is not available. You can con-
tinue taking your usual doses when counting in
units. The units are the same and will give just
about the same insulin effect with both 40 U/ml
and 100 U/ml. The only difference is that insu-
lin of 40 U/ml may give a slightly quicker onset
of action. (See also “Units and insulin concen-
trations” on page 72.) 

Blood glucose is measured in mmol/l in some
countries and mg/dl in others (see page 90 for
conversion table).

1 mmol/l = 18 mg/dl 100 mg/dl = 5.6 mmol/l

Make sure that you have dextrose and glucagon
when travelling, sailing or hiking. With gluca-
gon you can treat a serious hypoglycaemia even
if you are a long way from emergency care.
Make sure that your friends know how and
when dextrose and glucagon should be used. 

Vaccinations 
There are no special restrictions for vaccina-
tions or gamma globulin injections due to dia-
betes. However, it is particularly important that
individuals with diabetes make sure they get the
recommended vaccinations, since illness often
leads to difficult consequences with problems of
diabetes control. Vaccination for hepatitis A,
typhoid and other diarrhoeal diseases is a sensi-
ble precaution if you travel to areas where these
may be a problem. It is a good idea to have the
vaccinations well ahead of the trip, as some
cause an episode of fever that can affect the
blood glucose for a few days after the shot.

Ill while abroad?
Remember to take documents relevant to your
health insurance so that you receive compensa-

Names of insulin abroad

Most insulins can be found under different names in
different parts of the world. If you plan a longer trip,
have the insulin vial and box available, or ask your doc-
tor to write down what type of insulins you use so that
you can get them from the local pharmacy if you lose
your supplies. Be aware that the premixed insulins have
their proportions stated in opposite ways in the US from
in the UK!

Type UK US

Analogue NovoRapid
Humalog

NovoLog
Humalog

Regular insulin Actrapid
Humulin S

Novolin R
Humulin R

NPH insulin Insulatard
Humulin I

Novolin 
Humulin N

Lente insulin Monotard
Humulin L

Novolin L
Humulin L

Ultralente Ultratard
Humulin Zn

Ultratard
Humulin U

Mixed insulin
(70% NPH)

Mixtard 30
Humulin M3

Novolin 70/30
Humulin 70/30

Mixed analogue
(70-75% basal)

NovoMix 30
Humalog Mix 25

NovoLog Mix 70/30
Humalog Mix 75/25

Problems with travel sickness?

Take medication: depot adhesives (e.g. sco-
polamine) or travel pills.

You will be less likely to feel sick if you eat “lit-
tle and often” rather than large helpings sev-
eral hours apart. 

Avoid fizzy drinks.

Sit in the front if you are in a car or bus, so
you can see the road.
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tion if you fall ill abroad. Check the small print
on your insurance policy to find out whether
your health insurance covers acute illness only,
or whether it will also cover any deterioration
of your diabetes.

If you are a citizen of the UK or another EC
country, you will also need a Form E111, avail-
able from post offices.

Always say that you have diabetes if you need
to see a doctor abroad. If you become ill while
in countries other than Western Europe and the
USA you should, if possible, try to avoid surgi-
cal intervention, blood transfusions and injec-
tions. If you need medication, ask for tablets
instead of injections. If possible, also avoid den-
tal treatment as there may be a risk of acquiring
a blood infection.

Diarrhoea problems
Prophylactic antibiotic treatment aimed at
avoiding diarrhoeal diseases while on holiday is
a controversial issue. Since a person with diabe-
tes will have problems with blood glucose levels
and insulin adjustments when they ill, some
doctors are more liberal about prescribing treat-
ment for diarrhoeal diseases in advance.129 It
can be given during a short trip (3-4 weeks or
less) to high risk areas (Africa, Asia or Latin
America) with a 70-90% protective effect.724

Without this, the risk of catching a diarrhoeal
infection is 25-35%. On a longer trip, antibiot-
ics should be given only if you actually have
diarrhoea. It is best to take the antibiotics with
you. Avoid buying them locally as you may not
know exactly what you are getting, thereby
increasing the risk of side-effects.

Considering the risks of gastroenteritis, you
should avoid drinking water in some countries
if you cannot be sure it is entirely clean. Avoid
all tap water (even frozen, i.e. ice cubes!) Bot-
tled water and fizzy drinks (Cola, Fanta or sim-
ilar) are usually safe. Rehydration solution is a

Remember that insulin 
cannot withstand heat 
and sunshine as well 
as you can. The boot of 
a car or bus will be too 
hot for insulin in the 
summer and too cold in 
the winter.

Oral rehydration solution

Oral rehydration solution can be found at many
pharmacies, both at home and abroad. You can
also mix your own rehydration solution. Remem-
ber though that the water you use must be pure!
Buy bottled water if you are in any doubt.

1 litre pure water
½ teaspoon of salt
8 dextrose tablets (3 g each)
or 2 tablespoonfuls of ordinary sugar

Avoid the following in hot climates and 
places with poor standards of hygiene

Tap water (even when brushing your teeth)
Ice
Milk, cream, mayonnaise
Unsealed ice cream
Diluted juice
Cold buffets
Food kept warm for a long time
Shellfish
Salad, vegetables and fruit rinsed in water
Raw food
Poorly cooked chicken

Other advice:804

Wash your hands often.
Food should be freshly prepared and piping hot.
Don’t eat food prepared in the street.
Drink only bottled, carbonated fluids.
Beer, wine, coffee and tea are also safe.
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good alternative if you feel sick or are vomiting
(see “Nausea and vomiting” on page 259).

If you travel in primitive conditions, water
should be disinfected by boiling it briefly or by
using water purifying tablets (Chlorine®, Puri-
tabs®, Aqua Care® or similar).804

If you do not drink enough when outdoors in
the heat, you will risk dehydration. This causes
the insulin to be absorbed more slowly.344 Later,
when, you drink properly, more insulin will be
absorbed and you will risk becoming seriously
hypoglycaemic. A high blood glucose level
above the renal threshold (see page 92) will also
cause you to lose extra fluid as you will be pass-
ing more urine.

Passing through time zones
When you travel to other continents there will
be a time difference. If you go westwards, the
day will be longer, and if you go eastwards, it
will be shorter. Calculate your total insulin dose
for the travelling day by increasing or decreas-
ing it by 2-4% for every hour of time shift.428,663

If you are flying, don’t order special diabetes
food as this is often not very appetizing and the
amount of carbohydrates served is often too
small. It is better to adjust your insulin doses to
the food being served on board. 

Due to the pressure differences in the cabin, air
bubbles easily accumulate in the pen cartridges.
To avoid this, remove the needle immediately
after each injection. If air bubbles are present,
be sure to get rid of them before taking injec-
tions after you have landed (see page 121). It is
common to feel a bit weary before adjusting to
the new time zone (called jet-lag) and it will
usually take a couple of days before your energy
levels are where they should be and your sleep-
ing pattern returns to normal.

Multiple injection treatment

Use short-acting insulin and eat every 4 to 5
hours during the trip. If you fly westwards, take
one or two extra doses. If you fly eastwards,
you will need fewer doses. Take your usual bed-
time insulin in the evening when you arrive at
your destination (at the “new” bedtime). It is
important to check your blood glucose before
every meal when improvising like this. If you

Passing through time zones
(adapted from 428) 

Multiple daily injections

Going west (longer day):
Extra doses of mealtime insulin with 
1-2 meals.
Usual dose of bedtime insulin 
adjusted to the “new” night.

Going east (shorter day):
Decreased number of meals.
Usual dose of bedtime insulin 
adjusted to the “new” night.

2 dose treatment

Going west (longer day):
Extra doses of mealtime insulin with
1-2 meals.
Usual dose of intermediate-acting 
insulin adjusted to the “new” night.

Going east (shorter day): 
Night time flight:

Take the ordinary mealtime insulin with
dinner/tea. 
Reduce the intermediate-acting insulin by
3-5% pertime shift hour.663 If the night on
the plane is shorter than 4-5 hours, you
can try skipping the intermediate-acting
bedtime insulin. Instead take an extra
dose of rapid or short-acting insulin if
necessary. 

Daytime flight:
Usual insulin dose with breakfast.
Reduce the intermediate-acting insulin 
at dinner/tea time on the plane by 3-5% 
per time shift hour.663
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sleep for many hours on the plane you can try
taking a small dose of bedtime insulin. How-
ever, if you sleep less than 4-5 hours, it will
probably be easier to adjust to the new time
zone if you stick to rapid or short-acting insulin
during the night (see also “Staying awake all
night” on page 85).

2 dose treatment

If you use a 2 dose treatment it may be difficult
to adjust to a shorter or longer day. You will
probably be better off if you change tempo-
rarily to premeal injections 3-4 times daily
while travelling. You should have tested this
regime well in advance to know what doses are
needed with different types of meals.

If you use a 2 dose treatment and travel west-
wards (longer day) take extra premeal insulin
doses on the plane and take your usual after-
noon dose when you arrive, adjusting it to the
night time at the destination. If you travel east-
wards (shorter day) take a dose of premeal insu-
lin for the late evening snack on the plane. If the
night on the plane is shorter than 4-5 hours,
you can try skipping the intermediate-acting
bedtime insulin. Instead take an extra dose of

A camel can survive many days in the desert without 
drinking, on account of its humps. Diabetes makes you 
more sensitive to dehydration. Be sure always to drink 
plenty of fluid when you are in a hot country, especially if 
you have problems with diarrhoea or vomiting. If you find 
yourself feeling sick or vomiting, you should drink often 
but only a few sips at a time. (See the chapter on illness 
page 258.)

Travel pharmacy

Glucagon.

Fever suppressing drugs.
Paracetamol/acetaminophen and/or aspirin 
/salicylic acid (adults only). 

Nose drops (flying while you have a cold can be
painful).

Imodium®(loperamide) for diarrhoea 
(above 12 years of age).

Give if:≥ 4 loose stools a day or
≥ 2 loose stools a day and fever.

Dose: 2 tablets initially, thereafter 1 tablet
after each bout of diarrhoea. 
(Maximum 8 tablets per day for 3 days.)

See a doctor if your general condition is
affected, your symptoms worsen or if you do
not improve within 3 days.724

Oral rehydration solution, powder or tablets
(Dioralyte® or similar).

Antibiotics for diarrhoea when travelling to 
Southern Europe, Asia, Africa or Latin/South 
America:

Lexinor®, Utinor®, Norfloxacin 
Not for children younger than 12
years old or pregnant women.

Dose: 200 mg twice daily for prophylactic 
use or 400 mg twice daily for 3 days
if you are having acute diarrhoea.724

Co-trimoxazole, Colizole®(trimethoprim 
+ sulphamethoxazole) or similar for chil-
dren younger than 12 years old.

Travel sickness pills or scopolamine adhe-
sives.

Always take gluca-
gon wherever you go 
and you will have 
your own emergency 
treatment handy.
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rapid or short-acting insulin if necessary. Take
your usual dose of rapid or short-acting insulin
with breakfast but decrease the intermediate
portion by 20-40%.428

Safety rules for flying within the US

Syringes or insulin delivery systems should be
accompanied by the insulin in its original phar-
maceutically labelled box.

Capped lancets should be accompanied by a
glucose meter that has the manufacturer’s
name embossed on the meter.

An intact glucagon kit should be kept in its
original preprinted, pharmaceutically labelled
container.

No exceptions will be made. Prescriptions and
letters of medical necessity will not be
accepted.

A passenger encountering any diabe-
tes-related difficulty because of security mea-
sures should ask to speak with a Complaints
Resolution Officer (CRO) for the airline.

Diabetes equipment you may need 
on the trip

ID and necklace or bracelet indicating that
you have diabetes.

Extra insulin pen and/or syringes 
(pre-filled pens are handy for this). 

Keep all your insulin divided into separate
items of hand-luggage.

Thermometer to check the temperature of
the refrigerator (for insulin).

Finger-pricking device, and lancets.

Test strips for blood glucose, and meter.

Test strips for ketones (blood and/or urine).

Dextrose/glucose tablets and gel.

Clinical thermometer.

Telephone and fax numbers for your diabetes
clinic at home.

Insurance documents.

9 years
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Associated diseases 
Some diseases are more common if you have
diabetes. Coeliac disease and hypothyroidism
are examples of so called autoimmune diseases
(see page 322) where the immune system is
involved. Because diabetes is, in part, a heredi-
tary disease, it is also more common for other
family members, as well as the person with dia-
betes, to have other autoimmune diseases. Both
hypothyroidism and coeliac disease can be diffi-
cult to detect. Regular measurements with
blood tests are therefore a part of annual check-
ups.

Coeliac disease
Coeliac disease (intolerance to gluten in wheat,
oats, rye and barley) is ten times more common
in children and adults with diabetes. Studies
have shown that 3-6% of all children with dia-
betes have this disease as well.397 If you have
untreated coeliac disease, you will have dam-
aged bowel lining. Your body will have diffi-
culty absorbing food and, as a result, your
blood glucose levels are unlikely to be high even
after meals. Your insulin requirement will tend
to be low and hypoglycaemia may be more
common.397,545 Often people with this disease
have no further symptoms, but some may have
generalized abdominal complaints, constipation
or diarrhoea and are sometimes anaemic.
Screening by a blood test for coeliac disease is
recommended for both children 667 and
adults 380 with diabetes. The best way to man-
age coeliac disease is to avoid all food contain-
ing gluten. Gluten-free food may increase the
blood glucose level quicker than the corre-
sponding product containing gluten. Gluten free
products are available on prescription in the
UK.

Thyroid diseases
The thyroid gland in your neck, just below the
Adam’s apple, can be damaged by auto antibod-
ies which lead to a decreased production of thy-
roid hormones (called hypothyroidism). Your
body will try to compensate for this by increas-
ing the size of the thyroid gland (called goitre).
Thyroid hormones regulate the metabolism in
the body and a deficiency will cause tiredness,
lethargy, intolerance to cold and constipation.
However, there are often no symptoms at all.
Hypoglycaemia may be more common in chil-
dren with diabetes and hypothyroidism.546

Hypothyroidism is a hormone deficiency dis-
ease (as is diabetes) but the treatment is much
simpler. It involves taking 1-2 tablets per day
containing thyroid hormone. Your body will
use the hormone from the tablets when it is
needed. 

The bowel lining is arranged in narrow pleats with small 
projections that look like fingers (called villi). In this way 
the absorbent surface of the intestine increases to as 
much as 200 square metres (250 square yards). In coe-
liac disease, these villi are destroyed and the surface 
that can absorb nourishment decreases considerably, 
down to as little as 2 square metres (2.5 square yards).
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Toxic goitre (hyperthyroidism, increased pro-
duction of thyroid hormone) is also more com-
mon amongst people with diabetes. Frequent
symptoms are weight loss, feelings of warmth,
and diarrhoea. 

Skin diseases
When the blood glucose level is high, fluid loss
via the urine may cause the skin to become dry
and itchy due to a degree of dehydration. 

Irregular reddish-brown skin lesions, 2-10 mm
(1/10-1/2 inch) in size, may appear on the lower
part of the leg and are called shin spots. Some-
times they even appear on the forearm or
thighs. The cause is unclear but they can
develop after an accidental trauma such as
bumping the leg on the edge of a table. This
type of skin lesion is fairly common, especially
in men, and usually arises after the age of 30. 

Another skin condition found in around 1% of
people with diabetes is necrobiosis lipoidica
diabeticorum.593,815 This shows as round or
irregular red-brownish lesions with very thin
skin, and sometimes ulcers. These skin changes
are usually seen on the front of the lower part
of the leg but can also be found on the feet,
arms, hands, face or scalp.406 The lesions usu-
ally appear in people who are in their 30s or
40s, but can occasionally arise in people who
are still only in their teens.593 They grow slowly
over many years and are not affected by blood
glucose control. The cause is unknown but
some data indicate an autoimmune origin.593

There is no known effective treatment but you
can try applying a stoma-type bandage (such as
Duoderm®). Skin transplants have been used
successfully in more difficult cases.

Adults with diabetes can develop blisters on
their fingers or toes. These look similar to
burns, but the underlying skin is not irritated.406

Usually they will dry within a week or so, but
can lead to ulcers that heal slowly. The treat-
ment of choice is to prick the blisters with a
sterile needle and then apply a dry bandage. 

Acanthosis nigricans is a skin disorder charac-
terized by a dark pigmentation and insulin
resistance which is sometimes found in people
with type 2 diabetes (see page 13). As far as we
know, none of these skin conditions have any
relationship to glucose control or HbA1c levels.

Infections
The white blood cells that help defend the body
against infections work less efficiently if the
blood glucose level is above 14 mmol/l (250
mg/dl). So this makes infection more likely.48

This is particularly true for urinary tract infec-
tions and skin infections.470,593 It follows, there-
fore, that your blood glucose level should be as
close to normal as possible if you are fighting
off an infection. One study found bacteria in
the urine without symptoms in 26% of women
with type 1 diabetes.295 With a blood glucose
below 11 mmol/l (200 mg/dl), the risk of infec-
tion after surgery decreased considerably in
another study.307

The thyroid gland is located in front of the windpipe and 
is normally not visible. When the gland cannot produce 
enough hormone, it will increase in size, making it clearly 
visible (called goitre). Goitre can also be caused by an 
overproduction of hormones but is then referred to as 
toxic goitre.

Thyroid gland

Windpipe 

Thyroid
cartilage

(trachea)

(Adam’s apple)
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Fungal infections
Genital itching caused by fungal infections is
more common in women and teenage girls with
diabetes after puberty. The fungus thrives better
when the blood and urine glucose level are
high.195 Itching may be very intense and there
may be a whitish flaky discharge. Fungal infec-
tions often arise during treatment with antibiot-
ics that disturb the normal genital bacterial
flora. The treatment of choice is improved
blood glucose control and a topical antifungal
cream until symptoms resolve, which may
require 6-14 days of treatment.96,593 Men can
have the same type of fungal infection under the
foreskin. Fungal infections in children can
appear as cracks in the corner of the mouth, or
sores in the cuticle or between the fingers.593

Diseases that can cause you to 
need less insulin

Cortisone deficiency:

A low cortisol production in the adrenal glands
decreases the blood glucose level. This can be
caused by a disease in the glands (adrenal insuf-
ficiency, Addison’s disease) or disturbed function
of the pituitary gland.

Growth hormone deficiency:

Low production of growth hormone (pituitary
insufficiency) decreases the blood glucose level.

Gluten intolerance:

Intolerance of gluten (coeliac disease) causes
reduced food absorption from the intestine.

Deficiency of thyroid hormone:

Low production of thyroid hormone (hypothyroid-
ism) causes a slower metabolism in the body.

Renal insufficiency:

Renal insufficiency causes a decreased degrada-
tion and excretion of insulin.
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Complications in 
blood vessels
It may be distressing to think ahead about how
things will turn out in the future. Many people
have relatives or friends who have had diabetes
for quite a number of years. Someone might tell
you about a person with diabetes who has had
all kinds of complications. It is important to
remember that the diabetes complications we
see today are caused by 30-40 years of diabetes
with the type of diabetes treatment available
during that time. The result may be discourag-
ing with serious complications in the eyes, kid-
neys, feet and nerves. Individuals in this age
group may have had a shorter life span due to
kidney damage or heart disease. 

What causes complications?
We don’t know for certain the reasons behind
side effects and complications that develop after
many years of diabetes. However, we do know
that they are caused by high blood glucose lev-
els, and that high HbA1c values and a long
duration of diabetes will increase the risk of
complications. Different people are more or less
susceptible to developing these complications,
but we do not yet know the reason for this dif-
ference. The important message is that the bet-
ter the blood glucose measurements and the
lower the HbA1c is, the less likely the person is
to develop diabetes complications in later years.

The risk of blindness and partial sight in people
with diabetes is three times higher than the gen-
eral population in the UK.346 Approximately
2.3% of all individuals with type 1 diabetes in a
European study were blind.701 It is however
very important to know that the outlook for
someone developing diabetes today is not at all
the same as for a person who has had the dis-
ease for 30-40 years. Insulin treatment is much
better and the possibilities of both preventing

and treating eye complications have improved
considerably in most countries.

It may be very difficult to know how much one
should tell children about complications. Teen-
agers understand more and want to know
about their situation. We feel it is important
that “all the cards are on the table”, so you
know what type of complications can occur in
the long run and what the risks are. It is impor-
tant to know the facts, but it is not something
you need to talk about on a daily basis.

A 13-year old girl believed that sweets as such
(and not the high blood glucose level that can
follow) caused blindness. No wonder she was in
agony whenever she ate something sweet and
still she just could not resist doing it.

During family teaching sessions on complica-
tions in diabetes, I always encourage the young
person to sit in although I do not force anyone
to listen. Younger children need to know as
much as they can understand, but perhaps not
too many details. But I will ask a question every
now and then to see how interested the child is
in what we are talking about. If he or she wants
to go off and play after a while, probably the
topic has stopped being interesting. 
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In the home environment, it is a good idea to
bring up the subject of complications in a care-
ful way every once in a while, preferably when
the young (or not so young) person with diabe-
tes is in the mood for talking. Many children
and teenagers store up their questions. They
sometimes don’t want to raise difficult issues
with their mum or dad for fear of worrying
them. Our diabetes education holidays provide
excellent opportunities for group discussions on
the dangers associated with diabetes. In the
course of these, many children reveal they have
thought about such issues at one time or
another.

If your child has diabetes, don’t threaten them
with kidney damage or blindness, no matter
how worried you are. Frightening your child

won’t do any good. On the contrary, such
threats will generate feelings of hopelessness,
like “drawing a blank in the lottery of life”. I
have all too often met children who have told
me that their parents have said “Don’t eat
sweets because it will make you blind!” Such
statements will only cause anguish since chil-
dren cannot understand the time frame
involved. Try instead to explain and motivate
the child to think carefully about what, and
how much, they should eat.

Diabetes is such a common disease that if we do
not tell our children about complications when
they are old enough to understand, then some-
one else will. Sooner or later, someone (with the
best of intentions) will say: “Poor child, your
diabetes will someday make you blind...” It is
important that young people know the real
facts and are able to answer: “That is how
things used to be, but nowadays there are much
better ways to treat diabetes!”

It used to be believed that the years before
puberty were not significant when it came to
the risk of developing complications. However,
it has been shown that the HbA1c levels during
the years before puberty contribute significantly
to the risk of long-term complications.141,217,533 

In some patients, early signs of complications
can be found on close examination after 10-20
years of diabetes, depending upon how their
blood glucose levels have been over these years.
In any case, signs of complications usually do
not cause practical problems before 20-30 years
of the disease. Some people who have had their
diabetes for 60 years have still not developed
signs of complications. 

Heart and large blood vessel 
diseases: Diagnosis

Blood pressure measurements.

Examination of pulses in feet and lower legs,
with a doppler device if necessary.

Analysis of cholesterol and triglycerides in the 
blood.

Treatment

The same advice is given to all people with an
increased risk of heart and blood vessel diseases,
regardless of whether or not they have diabetes:

Stop smoking.

Increase the amount of physical exercise or
physiotherapy.

Avoid putting on too much weight.

Avoid negative or undue stress (see page 
255).

Don’t drink too much alcohol.

Treat high blood pressure.

Eat foods that are rich in fibre and low in fat.
Increase fruit and vegetable intake.

Complications

Large blood vessels: Arteriosclerosis 
Heart disease.

Small blood vessels: Eyes, kidneys, nerves.
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Large blood vessels
Diseases of the heart and blood vessels are more
common among people with diabetes, and the
large blood vessels in your body are at greater
risk of developing arteriosclerosis (hardening,
narrowing and eventually blocking of the blood
vessels). The increased risk for arteriosclerosis
and heart problems is thought to be caused in
part by the high blood glucose level. Other con-
tributing factors are cholesterol problems and
hyperinsulinism (high level of insulin in the

blood) between meals.253 With large doses of
intermediate-acting insulin during the day
(2 dose treatment) you will have higher insulin
levels between meals than if you are using short
or rapid-acting insulin for premeal injections
(multiple injection treatment).

If you keep your blood glucose levels under
control, there is every chance that you will be
able to put off the time when diseases like arte-
riosclerosis become a problem for you.407 There
is also research evidence to show that effective

Why are only certain cells damaged by a high blood glucose?

Even if the blood glucose is high, only a certain amount 
of glucose in the bloodstream will pass into the cell as 
it is dependent on insulin to “open the door”. Most of 
the cells in your body work this way.

Insulin

Protein

Fat

Many important cells in your body can take in glucose 
without the help of insulin. In these cells glucose will 
enter in direct proportion to the level in the blood. 
Example of such cells are found in the brain, nerves, 
retina, kidneys, adrenal glands, red blood cells and in 
the walls of the blood vessels. It may not seem logical 
that some cells can take in glucose without insulin but 
in a situation where there is a lack of glucose in a 
healthy body (for example, when starving) the produc-
tion of insulin is stopped. This will lead to saving the 
available glucose for the organs in your body that are 
most vital. However, when a person has diabetes, this 
phenomenon will cause these cells to take in large 
amounts of glucose whenever your blood glucose is 
high. Glucose will bind within the cells to form so called 
AGE (advanced glycation end products) that has the 
potential of damaging the cells (see page 325).

AGE (glucose bound to fat)

AGE (glucose bound to protein)Glucose
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treatment reduces your chances of developing
early heart disease.476

The increased risk of diseases of the heart and
blood vessels is the main reason we recommend
our patients not to smoke and to keep fat levels
in their diet low. Fat has no direct effect on the
blood glucose level other than causing the stom-
ach to empty more slowly (see page 206).
Increasing the number of fruit and vegetables
eaten, and taking regular physical exercise, is
also important in protecting against heart and
blood vessel diseases.

Small blood vessels 
If your blood glucose levels are high for long
periods, this will lead to glucose building up in
the cells in the walls of the blood vessels, caus-
ing these vessels to become more brittle.664 The
cells mainly affected by this glucose toxicity are
those which don’t need insulin in order to trans-
port glucose, i.e. the eyes, kidneys, nerves and
blood vessels. As glucose can pass freely into
these cells, they will always be exposed to high
glucose concentrations when the blood glucose
level is high. 

If a person has diabetes, glucose binds to a pro-
tein in the wall of the red blood cells. This
makes the red blood cells stiff. These stiffened
cells will have difficulties passing through the
finest blood vessels (capillaries) as they need to
if they are to deliver oxygen to the rest of the
body’s tissues.549 So it is very important from
the point of view of the red blood cells that
blood glucose levels can be kept under control.
Normal blood glucose levels for 24 hours
restore the normal texture of the blood cell
walls, remedying the problem.549

Complications affecting
the eyes (retinopathy)

Risks

The risk of eye damage has decreased consider-
ably with modern diabetes and eye care. As of
today, a majority of people with 15-20 years of
diabetes will have some kind of retinal changes,
half of which need laser treatment.18,725 Of 1000

Many people feel that blindness is the worst thing that 
can happen if they have diabetes. You may worry about 
this, for example if you have been eating too many 
sweets. However, it may be difficult to talk about this with 
your parents (or your partner) since they will be worried 
too.

If you develop diabetes today and have a good HbA1c dur-
ing the years to come, there is a very little risk that you 
will lose your sight. This is because much better methods 
of treatment have been developed during recent years, 
both for diabetes and for eye damage.

Try to talk about this at home even if it is difficult. It is 
important that you know all the facts and that you realize 
you can influence the course of events yourself. Many 
adults have seen what has happened to people with dia-
betes in the past, especially if they have older friends or 
relatives who have been diabetic for a long time. They 
may find it difficult to believe that the same will not apply 
to someone developing diabetes today.
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individuals with diabetes, one will sustain seri-
ous visual impairment (visual acuity 0.1 or less)
each year but blindness due to diabetes is today
very rare in countries where modern treatment
methods are available.673

Brittle capillaries can give rise to small swellings
called microaneurysms (see illustration on page
308). These are thought of as “background”
problems that do not affect the sight. It is
important to realize that this type of early lesion
can get better if blood glucose control is
improved. On the other hand, if you continue
to have a high blood glucose and high HbA1c
the process of change in your eyes will continue,
and the lesions on the retina may worsen and
new blood vessels form. These new blood ves-
sels are brittle and can easily rupture resulting
in bleeding and damage to your vision. Usually,
the blood will be absorbed and the sight
restored. Large or repeated instances of bleed-
ing that are left untreated can result in perma-
nent damage to your vision and, in the worst
case, blindness. Impaired colour or night vision
can be a result of damage to the nervous system
caused by diabetes.569 Smoking also increases
the risk of damage to your vision.554 

Treatment
The most important treatment is good blood
glucose control. This can reverse early changes
to the retina. We inform our newly diagnosed

children and teenagers that they should not
need to risk becoming blind as, today, we have
better methods both for treating diabetes and
for avoiding possible eye damage. But you need
to look after your diabetes, as having high
HbA1c levels over a period of 10-20 years still
puts you at quite high risk of becoming blind 

You may experience some worsening of eye
damage if you improve your metabolic control
considerably (as when starting with an insulin
pump).342,201 It is important to know that stud-
ies have shown that this situation is temporary
only, even if some people need laser photocoag-
ulation treatment. If you continue with the
good glucose control, the changes to your eyes
will reverse. It has been suggested that people
with established eye damage should try to
improve their blood glucose control slowly if
they are to avoid damage to their sight.342 How-
ever, in the DCCT study the risk was still there,
even if the HbA1c was gradually improved.201 A
temporary deterioration was seen in women
who became pregnant during the DCCT study,
and this can be attributed to the rapidly
improved blood glucose levels. At the end of the
study, the level of eye damage had decreased
and was back to average level again.202

Laser is an effective form of treatment which
can spare the sight and sometimes even improve

Research findings: Retinopathy

In an Australian study, some degree of retin-
opathy was present in 28% of a group of 178
children and adolescents aged 10-14 years
with a diabetes duration of 4-10 years.217

In a group of 193 older adolescents aged
15-22, retinopathy was present in 52%.217 

In a Swedish study, 14.5% of participants
aged 8-25 years had retinopathy.437

The eye seen in cross-section. Eye damage is first noted 
in the retina. At check-ups, the retina is photographed 
(called fundal photography) and an eye specialist will 
have a close look at the pictures.

Vitreous body

Retina

Iris

Cornea

Lens

Aqueous
humour
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it. In a large study of individuals with high-risk
eye damage, the progression to severe visual
loss decreased from 26% in untreated eyes to
11% after laser photocoagulation.22 Some eye
lesions can be operated on. 

To be able to discover changes as early as possi-
ble, all individuals with diabetes should be
given an eye examination annually as soon as
their diabetes has 2 years duration (5 years for
those who have not yet reached puberty).695 In

addition, you may need to have your eyes
examined when you apply for a driving licence.
The most sensitive type of examination is a
photography of the retina (fundus photogra-
phy). Before taking the photograph, eye drops
will be applied in order to dilate the pupils, so
that a larger part of the retina can be seen on
the photograph. The retina can also be exam-
ined with a special instrument (an ophthalmo-
scope) but this method is not as good as fundal
photography in detecting changes.553

Disturbed vision at unstable blood
glucose levels 

Blurred vision for a couple of hours is a com-
mon symptom of unstable blood glucose levels.
It is not in any way dangerous for your vision
or associated with future visual impairment.
This most often happens in the first week of
diabetes when insulin is first started and the
blood glucose levels fall considerably (see page
30). Unstable blood glucose can also cause dis-
turbances in colour vision.

Sometimes the disturbed vision can continue for
several weeks. This is caused by glucose being
stored as sorbitol in the lens, disturbing the
fluid distribution. This will have a temporary
effect on the way the lens works, and make you
shortsighted. However, if your blood glucose
levels are high for long periods, there is some
risk that permanent clouding will occur (cata-
ract). For example, this may happen if an ado-
lescent has had symptoms for a long time (many
months) before diagnosis.185 Cataract surgery
can be performed and is usually successful. 

After many years of high blood glucose levels, the blood 
vessels of the retina will become brittle and small “bub-
bles” (called microaneurysms) can form. They do not 
affect your vision but can be seen on a photograph of the 
retina.

Blood vessel
Microaneurysm

Eye damage: Diagnosis

Eye examination 
(preferably fundal photography 393):

Initially at diagnosis of diabetes.185,695

Annually after 2 years of diabetes 
(5 years in children before puberty), or from
the age of 10-11 years.18,437,695,728

To obtain a driving licence in many countries.

Treatment

Good glucose control.

Stop smoking. 554

Laser treatment.

Surgery.

Temporarily blurred vision when blood glucose levels are 
high does not result in any permanent eye damage.
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Glasses

Your blood glucose levels should be stable when
you try out new glasses. Otherwise, your vision
will be affected by temporary changes in blood
glucose. After the onset of diabetes, it may take
2-3 months of normal blood glucose levels
before the lens has returned to its usual
shape.204 This means it is not a good idea to get
glasses or replace them during this time.

Contact lenses
People with diabetes can wear contact lenses.
However, you should avoid long-term lenses
(that are replaced every second or third week)
as the protecting cell layer of the cornea tends
to be more brittle if you have diabetes.144

Complications affecting
the kidneys (nephropathy)

Risks

The blood vessels of the kidneys are formed
into small clusters where waste products in the
blood are filtered into the urine. Damage to the
walls of these blood vessels causes an increased
leakage of protein into the urine. Tiny amounts
of protein (known as microalbuminuria) can
then be detected in the urine. If the leakage con-

Kidney damage: Diagnosis

Measure blood pressure regularly.

Check for microalbuminuria (small amounts
of protein in the urine) annually:
In children after 5 years of diabetes or at 
age 11, or at puberty (whichever is earlier) 728

In adolescents after 2 years of diabetes 728 
In adults after 5 years of diabetes 25 

Check at every visit if microalbuminuria has
been detected.

Measure kidney function when necessary.

Treatment

Good glucose control (HbA1c).

Stop smoking.

Microalbuminuria is treated with ACE-inhibi-
tors.

Treatment of blood pressure above 
130/80 28,62,558 or 95th percentile for age.695 

Treatment of urinary tract infections.

Reduction of protein and salt in your diet if
you have persistent excretion of protein in
the urine.274

Dialysis.

Transplantation.
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tinues, the person is at risk of developing high
blood pressure and continuous leakage of pro-
tein into the urine (proteinuria). This may occur
after 10-30 years of diabetes and leads to
uraemia (urine poisoning because the body is
unable to rid itself of its waste products). If the
condition is left untreated, dialysis will be nec-
essary in a further 7-10 years.62 Only about
30-40% of all those with diabetes will develop
microalbuminuria and its associated risk of per-
manent kidney damage.62,725 Good diabetes
control decreases the risk of kidney damage. We
still do not know why more than half of all
individuals with diabetes are not at all suscepti-
ble to kidney damage, but hereditary factors
appear to play a significant part.199

Microalbuminuria is defined as more than
20 µg/min in a timed urine sample or more than
30 mg per 24 hours in two out of three consec-
utive tests 62,151 taken within a 2-3 month
period. Proteinuria (manifest kidney damage) is
defined as more than 200 µg/min in a timed
urine sample or more than 300 mg in a 24 hour
period. Overnight microalbuminuria can be
measured as a concentration test on early morn-
ing urine (such as Micral-test®, with a cut-off
30 mg/l).728 A newer method of measuring
microalbuminuria in a morning spot sample is
the ratio between albumin and creatinine (A/C
ratio or ACR). With this method, microalbu-
minuria is defined as more than 2.5 mg/mmol
(>30 mg/g) 25 in men and > 3.5 mg/mmol in
women 728 because of lower muscle mass.  Exer-
cise within 24 hours, infection, fever, a very
high blood glucose level and blood in the urine
may increase the level of microalbuminuria.27

The level is lower in a morning sample as you
have been lying down all night. 

The ACR microalbuminuria cut-off for a ran-
dom daytime urine sample (spot urine) has been
defined as more than 4.5 mg/mmol for boys and
more than 5.2 mg/mmol for girls.764 Some ado-
lescents have been found to have microalbumin-
uria although they have had diabetes for only a
short time.764 This may be caused by puberty as
such but these individuals may also have an
increased vulnerability in their kidneys leading

to a greater risk of kidney damage later on if
they have high HbA1c values. Proteinuria can
have other causes apart from diabetes.

In one study of adults, the risk of progression to
established kidney damage was increased in
people whose diastolic blood pressure was
higher than 80 mm.558 In another study, 53% of
those smoking, 33% of those who had smoked
previously, but only 11% of those who had
never smoked, experienced an increase in the
damage to their kidneys in the course of one
year.669

Treatment
Just as for eye lesions, the most important treat-
ment for nephropathy is tight insulin and blood
glucose control. This is because, if microalbu-
minuria is discovered early, it can be reversed by
lowering the blood glucose level and HbA1c.

98 It
is equally important to treat raised blood pres-
sure early on. Weight control helps to keep
blood pressure within target range. The average
blood pressure reduction per kilogram of
weight loss is 1-2 mm Hg.274

Treatment of albuminuria with a special type of
anti-hypertensive drugs (ACE inhibitors) has
shown good results even if the blood pressure is

Control of blood pressure is very important to prevent 
and reduce kidney damage. Your blood pressure should 
be checked routinely at clinic visits.
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normal. This is recommended as routine treat-
ment as soon as permanent microalbuminuria is
discovered.62,777 However, ACE-inhibitors
should not be used during pregnancy since they
can cause damage to the unborn child. One
study showed that the risk of microalbuminuria
progressing into manifested kidney damage de-
creased from 21.9 to 7.2% when it was treated
with ACE inhibitors.539

The progression of renal disease can be success-
fully slowed by a reduction in dietary protein.592

Renal failure can be treated with dialysis or kid-
ney transplantation.

Complications affecting
the nerves (neuropathy)

Risks

Your body’s small nerve fibres, which are made
of very long and thin cells, can be affected after
many years of diabetes. The blood vessels sup-
plying the nerve fibres can be damaged resulting
in a decreased supply of oxygen.743 This causes
damage to the nerves’ insulating covering (mye-
lin sheath) and ultimately results in poorer
nerve impulses. Sensation decreases and there
can be accompanying numbing or tingling. The
longest nerves are the most vulnerable, thus
problems arise primarily in the feet, fingers or
lower parts of the legs. Later on, a more general
sensation loss can occur, starting from the toes
and spreading upwards. Pain caused by nerve
damage can even be felt in the hands and shoul-
ders. 

If the blood flow in your small skin capillaries is
decreased, along with sensation, you will not
feel the pain from small wounds and healing
will be slow. Decreased perspiration in your feet
can make the skin dry and cause it to crack.
With inadequate foot care, small wounds get
worse. If untreated, this may lead to ulcers, gan-

grene, and in the worst case, amputation. If you
have problems with decreased sensation you
should avoid sports that involve the risk of foot
damage (blisters, cuts) such as running or foot-
ball.

If you step on a nail or splinter there is always a
risk of wound infection. If you have nerve dam-
age with diminished sensation, the risk of infec-
tion increases as you may be unaware of the

The autonomic nervous system

Different organs can be affected by damage to the
autonomic nervous system after many years of dia-
betes (modified from reference 722). The risk for
these complications is decreased with modern dia-
betes care.

Organ Problem

Heart Dizziness when standing up.

Blood vessels Reduced capacity for physical work.

Oesophagus Difficulty in swallowing.

Stomach Vomiting.
Slow emptying of the stomach.

Intestines Constipation, night time diarrhoea.

Rectum Incontinence.

Urine bladder Difficulties emptying the bladder.
Frequent voiding.

Penis Erection problems/ impotence
(see page 277).
Ejaculation backwards into the
bladder (can result in infertility).

Vagina Dry mucous membranes.

Sweat glands Profuse sweating in the face and
neck after eating hot food, spices or
cheddar cheese.
Decreased sweating in feet, legs
and trunk.

Skin Increased skin temperature.

Pupils Small pupils.
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wound. Impaired sensitivity to pain often
means that a person with diabetes will seek
medical care for such a wound later than they
otherwise would (9 days after the trauma com-
pared to 5 days for a person without diabetes in
one study 474). The infection will then have had
time to spread and the risk for a complication,
i.e. tissue or bone infection, becomes much
greater. In the above mentioned study, 35% of
the individuals with diabetes had an infection
compared to 13% of individuals without diabe-
tes. It is also worth mentioning that 42% of
those with diabetes had injured themselves
when barefoot, compared to 19% of people
without diabetes.

The part of our nervous system that is self-regu-
latory (uncontrollable by willpower) is called
the autonomic nervous system. This can also be
damaged by diabetes but the symptoms will be
different. They include disturbances in sweat-
ing, diarrhoea, constipation, impotence (see
page 277) or delayed emptying of the stomach. 

Difficulties in emptying the bladder properly
may be caused by diabetes. Individuals who
have had diabetes for many years should there-
fore empty their bladder thoroughly and often. 

Delayed stomach emptying can lead to hypogly-
caemia one or two hours after a meal. At that
time, the insulin level will be at its highest if you
are using premeal injections. However, when

the peaks of glucose from the meal are delayed,
the timing with premeal insulin injections will
not match, especially if you are using rapid act-
ing insulins (NovoRapid or Humalog). One
idea is to try taking insulin after rather than
before the meal. Other symptoms of delayed
stomach emptying are an early feeling of being
full and a sense of the stomach being distended.
The emptying rate of the stomach can be exam-
ined by a special type of X-ray (scintigraphy). A
decreased HbA1c with the avoidance of high
blood glucose levels can lead to a reduction of
these types of symptoms. If problems are pro-
nounced, you should try to exclude everything
that decreases the emptying rate of the stomach
(fat, dietary fibre, very cold or very hot food,
see page 203). Special drugs may also help.

The cells in the brain can pick up glucose
directly from the blood without using insulin,
but despite this they seem to be relatively
immune to the long-term toxic effects of glu-
cose. This may be due to the so called
blood-brain barrier that prevents substances
from the blood to be freely transported into the
brain. The brain cells normally have much
lower glucose levels than the blood. 

Children with diabetes have healthy feet and don’t
need special foot care. Ordinary hygiene is quite
enough. Foot baths can be relieving for tired,
healthy feet and there are no restrictions for chil-
dren or teenagers with diabetes in this case. It is
only if you already have nerve damage that foot
baths with massage should be avoided. If you are
in any doubt about this ask your doctor.

Nerve damage: Diagnosis

Test of vibratory sense (tuning-fork).

Test of sensation with a thin plastic fibre
(monofilament).

Tests with special instruments.

Treatment

Improved glucose control.

Foot care, good shoes that don’t hurt.

Treatment of foot and leg ulcers.

Oxygen treatment in pressurized chambers is 
sometimes tried if ulcers are slow to heal.

Drug treatment — ongoing research. 
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Treatment
As for the other complications of diabetes, the
most important treatment for nerve damage is
improved diabetes control. Good foot care is
also important. If the skin lesions are slow to
heal, oxygen treatment in a pressurized cham-
ber can be effective.257

Delayed emptying of the stomach: 
Diagnosis 44

Typical symptoms:
Hypoglycaemia 1 hour after a meal.
Early feeling of satiety (no more hunger).
Feeling of being full.
Distended stomach.

Special X-ray (scintigraphy).

Treatment

Improved glucose control. 

Change in diet:
Less fibre.
Less fat.
Small but frequent meals.
Temperature of food should be not less than
4°C (39o) or more than 40°C (104° F).

Take insulin injection after eating.

Drug treatment.

Foot care if you have 
nerve damage

Don’t walk around barefoot.

Always use clean and dry socks. Wear them
inside out (less risk of blisters from the
seams).

Inspect your feet daily or twice daily for red-
ness or blisters. Use a mirror to view the 
soles.

Wear shoes that fit well and don’t hurt. 
Empty them of gravel often.

Wash your feet carefully and rub them with
moisturizing cream in order to avoid chap-
ping.

See a doctor as an emergency if you see red-
ness, callous growth, blisters, ingrown toe-
nails or signs of infection.

Ensure you have regular foot care at the dia-
betes clinic. Learn how to manicure your toe-
nails to avoid sore skin.

If you smoke, stop!
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Lowering the risk of 
complications
Constantly trying to achieve a good blood glu-
cose level can be very tiresome. Many people,
including teenagers, are pessimistic about the
benefits of keeping the blood glucose low
believing that: “Things will go to pot anyway,”
whatever they do.

However, there is convincing scientific evidence
that good glucose control will pay off by post-
poning and preventing complications. While it
may be impossible to avoid every type of long
term complication of diabetes completely
(despite today’s improved treatment methods),
it is quite clear that a person with a higher
HbA1c risks earlier and more severe complica-
tions. Of course there are always exceptions.
Some people do have complications in spite of
meticulous control while others, who have
never “managed well”, are spared. This may
seem very unfair, but it can also be of some

comfort to those individuals who do develop
complications since there is no guarantee that,
had they achieved better blood glucose levels,
the problems would have been completely
avoided.

An unusual example comes from Kuwait, where
a person with kidney disease (without diabetes)
received a kidney donated from a person with
diabetes who was killed in a traffic accident.
The kidney had been severely damaged by dia-
betes but no other suitable kidney was available

This graph is from a Norwegian study showing how the 
number of microaneurysms increase considerably with 
increased average HbA1c in the course of many years.342 
With a lower HbA1c the changes will probably not be 
severe enough to affect your vision. The HbA1c levels in 
this study are approximately the same as in the DCCT 
study (see page 105).
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for him. The transplanted kidney now was
exposed to perfect glucose control since the per-
son who received it as a transplant did not have
diabetes. Two years later, new tests were per-
formed on the transplanted kidney, and the dia-
betes lesions were found to have gone!

The Oslo study
Knut Dahl-Jørgensen and collaborators in Oslo
performed a long-time study comparing 2 dose
treatment, multiple daily treatment and pump
treatment.342 This study showed clearly that the
risk for complications decreased considerably
as the HbA1c was lowered (see figures on previ-
ous page).

The Stockholm study
A Swedish study performed by Per Reichard
showed that good glucose control pays off.630

Two groups with diabetes were followed for 8
years, one with HbA1c 8.4% and the other with
a level of 9.8% (DCCT numbers). The risk of
kidney damage, nerve damage and progression
of eye damage decreased with lower blood glu-
cose levels. In the group with higher HbA1c lev-
els, 27 participants developed eye damage, and
9 participants developed kidney damage. In the
group with lower HbA1c levels, however, only
12 participants developed eye damage and only
one had kidney damage.

Heredity appears to play a part in the degree to
which some people will develop complications
at an HbA1c of 10-11% whereas others are
unaffected until their HbA1c reaches 13-14%.
This is very unfair and, unfortunately, we do
not know why it should be the case. If your
HbA1c is less than 10.2%, serious kidney dam-
age can be avoided but you must have an even
lower HbA1c if you are to avoid eye damage.
Under a level of 8.1%, the risk of serious com-
plications are minimized according to Per Rei-
chard.631

The DCCT study
A large US study clearly shows that a lower
HbA1c will decrease the development of compli-
cations.192 In the course of a nine-year period,
1441 individuals with diabetes (aged between
13-39 years) were compared. They were divided
into two groups, one with an average HbA1c of
7% (intensive treatment using insulin pumps
(42% at the end of the study) or multiple daily
injections, and one with a level of 9% (conven-
tional treatment with 1 or 2 doses/day). 

The insulin treatment was not the only factor
that differed between the two groups. In the
intensive treatment group, blood glucose was
measured four times a day, and the doses of
insulin adjusted if necessary. Clinic visits were
scheduled once a month with telephone con-
tacts in between on at least a weekly and often a
daily basis. HbA1c was measured every month.
The aim was specifically to attain low blood
glucose readings (3.9-6.7 mmol/l, 70-120
mg/dl, before meals) and an HbA1c of 6%, at
the highest. In the group using 1-2 doses per
day, the goal of treatment was to feel well
including the absence of symptoms from high or
low blood glucose levels. Clinic visits were
scheduled every three months, blood tests were

Many people believe that complications strike randomly 
among the population with diabetes. Others feel that it 
does not matter if you “manage well”, complications will 
arise anyway. In fact, modern research has clearly shown 
that the degree of long-term complications depends 
directly upon the blood glucose levels over the course of 
the years that a person has diabetes.

?
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taken when needed and regular education was
given at the visits. HbA1c values were taken but
the results were not revealed to this group.

In the group receiving intensive treatment, the
risk of developing eye damage was lowered by
76%, early kidney damage (microalbuminuria)
by 39%, severe kidney damage (albuminuria)
by 54% and nerve damage by 60%. The risk of
severe hypoglycaemia (requiring help from
another person) increased by 2-3 fold in the
intensively treated group. Neuro psychological
tests did not show any permanent damage from
the hypoglycaemic incidents.196 The individuals
in the group with intensive insulin treatment
gained more weight (on average 4.6 kg, 10.1
lb). There was a 46% reduction in vaginal
infections in the intensive treatment group, but
no differences in the rates of other infections.195

Another way of presenting the data is that
intensive treatment will give a person with dia-
betes 7.7 additional years of sight, 5.8 years of
renal function, 6.0 years of limb preservation,
and 5.3 additional years of life. In summary,
each 10% fall in HbA1c (for example from 9.0
to 8.1%) decreased complications by almost
50%.194 Neither of the two groups experienced
a deterioration in the quality of their personal
lives despite the increasing demands of their
diabetes care and the frequency of hypoglycae-
mia.198 When analysing quality of life issues and
psychiatric symptoms, data showed no differ-
ences between the intensive and the conven-
tional group despite the fact that the intensive
group spent considerably more time on injec-
tions, blood glucose testing and visits to the
clinic.195 Only those individuals who had expe-
rienced repeated (three or more) episodes of
severe hypoglycaemia resulting in unconscious-
ness or convulsions, scored lower on life qual-
ity. The overall conclusion was that the
decreased risk of long-term complications more
than compensates for the increased risk of
severe hypoglycaemia.

The individual’s own insulin production was
better sustained in the intensive treatment
group (measured by level of maintained C-pep-

Patients in the DCCT study with the same average HbA1c 
throughout the 9 study years but different types of insulin 
treatment, were compared.194 Somewhat surprisingly 
there was a clear difference, i.e. a considerably 
increased risk of visual impairment when on conven-
tional treatment (1-2 doses/day) compared to intensive 
treatment. With 1-2 doses/day the average HbA1c must 
be reduced to 7% to avoid visual impairment while in the 
intensive treatment group (pump or multiple injections) 
HbA1c was above 8% before impaired vision was 
observed. The figures are redrawn from reference.194

Many parents ask us if it is healthy for the blood glucose 
level to swing up and down throughout the day as often 
happens when multiple injections or insulin pump treat-
ments are used to maintain an optimal HbA1c value. The 
graphs above imply that there may be some further factor 
besides HbA1c that affects the development of complica-
tions. A possible explanation is that with swinging blood 
glucose levels, there are longer periods of normal glu-
cose levels, compared to when the glucose levels are 
slightly above 10 mmol/l (180 mg/dl) for the greater part 
of the day, although HbA1c remains the same. 

Years in the study
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tide, see page 320) which, in turn, allowed for
better glucose control, less frequent hypoglycae-
mia and fewer long-term complications.200

These observations emphasize the importance
of implementing intensive treatment, even dur-
ing the early years of living with diabetes.

In the group of adolescents between the ages
13-17 years in the DCCT study, those with 1-2
doses had an average HbA1c of 9.8% and those
with intensive treatment 8.1%.193 After between
4 and 7 years of treatment, the group who had
received intensive treatment had 53-70% fewer
eye complications and 55% fewer kidney com-
plications than the group on 1-2 doses of insu-
lin per day. The intensively treated adolescents
had a risk of severe hypoglycaemia with uncon-
sciousness or convulsions of 27% in one year.193

The corresponding figure for adults was
16%.195 

An Australian study showed that the risk of
severe hypoglycaemia increased when the aver-
age HbA1c of the clinic went down from 10%
to 8%.190 However, European studies have not
shown the same increase in risk for severe
hypoglycaemia when using intensive insulin
treatment.107,567,584,683 In a Swedish study of
intensively treated individuals with diabetes
aged 1-18 years, the risk was 15% despite a
mean HbA1c of 7.9% 504 (DCCT numbers). See
also page 47. The reason for this may lie in the
fact that there is a longer tradition of using
intensive treatment in Europe and that patients
eventually learn, at least in part, how to avoid
dangerously low blood glucose values. The fre-
quency of hypoglycaemia in the DCCT study
decreased slightly towards the end of the
study,195 an observation that supports this
hypothesis. More recent studies from the US
show lower figures of severe hypoglycae-
mia.85,520

In another American study, the average number
of years until complications from different
organs developed was calculated with different
HbA1 levels (older HbA1c method). For most
microvascular complications to develop, it

would take, on average, 83 years with an aver-
age HbA1c unit at 1% above normal (7%), 42
years at 8%, 28 years at 9%, 21 years at 10%,
and 18 years at 11%.577 From this follows that
every percentage decline in HbA1c is important,
even if you are in the high range.

The Berlin eye study
In Berlin, 346 individuals with diabetes, aged
between 8 and 35 years, were studied with a
special type of X-ray displaying the vessels of
the retina (fluorescence angiography). The con-
clusion was that if the average HbA1c was
lower during the previous years, retinal vessel
changes developed later.182

Every percentage lowering of HbA1c means a
decreased risk of eye lesions. With an HbA1c
above 9%, the risk of eye damage increased
considerably.

The Linköping studies
The risk of being affected by long term compli-
cations has been studied in a series of investiga-
tions from Linköping in Sweden.97,98,99 Children
and adolescents whose diabetes developed dur-
ing the 20 year period, 1961-1980, have been
studied and a decreased risk in later years has
been demonstrated. See their results in the fig-
ures on the next page.

Average Years before 
HbA1c eye changes

< 7% 25
7-8% 16
8-9% 13
> 9% 12

HbA1c levels are shown in DCCT numbers (approxi-
mately 1% lower than in the Berlin study).182
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What HbA1c is it possible to achieve
in a diabetes clinic?

The Hvidøre Study Group on Childhood diabe-
tes collected data from 2,873 children and ado-
lescents from 18 countries in Europe, Japan and
North America.551 The patients took part in the
routine care programme which at all centres
had a multidisciplinary approach involving pae-
diatric diabetologists. All tests for HbA1c were
analysed at a central laboratory.

The average HbA1c was 8.3% (DCCT num-
bers). However, the average HbA1c among the
centres varied significantly, both between and
within countries, from 7.3% to 9.9%. Of the
children who had had diabetes for two years or
longer, 34% had an HbA1c below 7.7% (DCCT
numbers). HbA1c increased with age, reaching a
maximum at 16-17 years.

A study from Sweden shows that the risk of developing 
kidney damage (albuminuria) has decreased consider-
ably in recent years.97 Amongst those who developed dia-
betes before the age of 15 (between the years 1961-65), 
30% developed kidney damage after 25 years of diabe-
tes. Less than 10% of those who developed diabetes 
from 1966 and onwards have developed kidney damage.
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In a study of 213 individuals who had developed their 
diabetes before the age of 15 years (and who had been 
diabetic for 11-30 years), only one person with average 
HbA1c < 8.4% (DCCT numbers) needed laser treatment 
of their eyes.99 Only two individuals with an average 
HbA1c < 9.6% had permanent kidney damage (so called 
macroalbuminuria). The conclusion is that it takes 
slightly lower average blood glucose to avoid eye damage 
than kidney damage. However, with an HbA1c of 8.2% or 
less, the risk of serious long-term complications is very 
low.
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Research and new 
developments
Huge efforts are put into diabetes research
around the world and more than 10,000 scien-
tific studies are published every year. A large
part of this is basic research, trying to throw
light upon the causes of diabetes and why dif-
ferent things take place in the body when a per-
son has diabetes. Even if you hear of new
treatment for diabetes from newspapers or the
television, you must remember that it usually
takes several years before such methods become
available outside the research clinics and unfor-
tunately many new “wonder drugs” never
become established treatments. 

New treatments for 
diabetes 

Implantable insulin pumps

Insulin pumps that can be implanted into the
tummy (abdominal cavity) are being used as
part of research programmes in some centres.
These pumps are refilled with insulin by the
insertion of a syringe through the skin into a
membrane on the pump. Premeal bolus doses
are given by using a small transmitter. Insulin
from the pump is injected into the abdominal
cavity (called intraperitoneal delivery) and is
quickly absorbed into the bloodstream. Con-
trary to what one may think, the risk of
hypoglycaemia is reduced by this type of insulin
treatment.562 This is because the insulin admin-
istered in this way passes through the liver
before it reaches the other parts of the body,
just like insulin secreted from a pancreas with-
out diabetes.

Another research project involves an artificial
pancreas which can be connected to a blood
vessel. This device both measures blood glucose
levels and injects insulin directly into the blood-
stream. Such an approach is still very compli-
cated and, at present, is found only in research
laboratories.

Ongoing research projects 

Artificial pancreas.

Blood glucose meters that measure without 
blood specimens.

Implantable or subcutaneous insulin pump 
with continuous monitoring of blood glucose 
levels (sensor) that regulates the insulin 
doses automatically (“closed loop”).

Transplantation of pancreas or islets.

Alternative (noninvasive) methods of 
delivering insulin.

Immune modulation at the onset of diabetes.

Adding C-peptide to insulin.



320 Type 1 Diabetes in Children, Adolescents and Young Adults

Blood glucose meters
The possibility of measuring one’s blood glu-
cose at home has brought a revolution in diabe-
tes treatment. We are now waiting for the next
generation of blood glucose meters which can
measure without obtaining a blood sample.
Promising results have been shown using a ray
of infrared light (the “dream beam”),518 even
during hypoglycaemic episodes.289 It is also pos-
sible to measure the glucose content of the fluid
within the skin, using a needle that penetrates
less than 1.5 mm (1/16 inch).689

Glucose sensor
A device that can measure the blood glucose
levels continuously over a longer period of time
is called a glucose sensor. So far such devices
have only been shown to give reliable readings
for a couple of days or a week at a time. One
type of sensor is implanted into the subcutane-
ous fat. Glucose is measured either by an enzy-
matic method that generates an electrical
current (MiniMed® CGMS,89 see page 97) or by
a special method called microdialysis 101 that
measures the glucose content in a saline solu-
tion circulating slowly through the inserted
catheter. Another method (GlucoWatch®) is to
measure the glucose content of fluid extracted
across the skin with an electro-osmotic method
(called reverse iontophoresis).232 After a 2 hour
warm-up period and calibration with a blood
glucose measurement, the device provides read-
ings up to three times an hour for up to 12
hours, and has alarms for high, low, and rapidly
falling glucose levels. An emerging technique is
the use of electromagnetic waves to monitor
changes in the impedance of the wrist that
reflects blood glucose levels (Pendra®).681

With these types of devices we can measure
night time blood glucose levels relatively easily,
thereby gaining a better understanding of how
to adjust bedtime doses. Many parents of small
children (and other relatives) would sleep much
better with an alarm for hypoglycaemia.
Implantable sensors with a lifetime of several

months have successfully been used in animal
studies.766 The readings can be transmitted to a
receiver, for example in the shape of a wrist
watch.

C-peptide 

In a pancreas without diabetes, insulin is pro-
duced in the form of proinsulin. Before insulin
is secreted to the blood stream, a part called
C-peptide (connecting peptide) is cut off. By
measuring C-peptide, one can estimate how
much a person with diabetes has left of his or
her own insulin production. Early data sug-
gested that C-peptide was of no use in the body
but recently positive effects on metabolism have
been shown in the form of a decreased HbA1c.
During a month’s treatment with C-peptide,
leakage of protein into the urine decreased and
capillary function in the retina improved.409

C-peptide stimulates the uptake of glucose into
the muscle cells and thereby improves the effect
of insulin (decreased insulin resistance). Nerve
function in patients with diabetes-related nerve
damage is improved as well.410 Long-term stud-
ies have been started and it is possible that in
the future C-peptide will be given along with
insulin, though more research is still needed.

Vaccinations
Vaccinations have been proposed as one of the
causes of diabetes. Some children have devel-
oped diabetes shortly after MMR vaccination
(against measles, mumps and German measles
or rubella) at the age of 18 months. However,
scientific studies have not been able to show a
correlation between vaccination and the onset
of diabetes.254 Indeed, it appears that vaccina-
tion against measles results in a slightly lower
risk of developing diabetes.80 BCG-vaccination
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(against tuberculosis) has been thought to have
a protective effect but this has not been con-
firmed in studies.171,586 The risk of acquiring
diabetes is not affected by vaccination for per-
tussis (whooping cough),351 varicella (chicken-
pox) 254 or other early childhood immuniza-
tions.311 Vaccinations for hepatitis B and Hae-
mophilus type b have not been shown to
increase the risk for diabetes.211

Vaccination against diabetes would obviously
be the ideal solution. If a virus could be identi-
fied that triggers diabetes it might be possible to
vaccinate against it. If cows’ milk protein plays
a part in the cause of diabetes, a vaccine could
perhaps prevent the onset of diabetes.248

Through vaccination, it may be possible to redi-
rect the autoimmune reaction to another track
so that the insulin-producing beta cells in the
pancreas will not be destroyed. Animal studies
vaccinating with the protein GAD (see page
327), which is found in beta cells, have been
very promising and have succeeded in inducing
a tolerance for GAD. Investigations in humans
have just started. Trials have also been done
where insulin is given to people with a very high
risk of developing diabetes, in order to influ-
ence the immune system before all beta cells
have been destroyed. In the US Diabetes Preven-
tion Trial (DPT-1), insulin was given as twice
daily subcutaneous injections to close relatives
of a person with diabetes (both children and
adults) with a high risk of developing diabetes.
Unfortunately, this type of insulin therapy over
the course of 2-4 years did not succeed in pre-
venting the development of diabetes.213 In the
other part of the DPT-1 study, insulin was given
as tablets but this did not prevent the develop-
ment of diabetes either. In an ongoing Finnish
study insulin is given as a nasal spray.

Salicylic acid
Salicylic acid (aspirin, a component of many
over the counter painkillers), has been used in
trials to lessen the risk of heart disease as a
complication of long-term diabetes.230 The cur-
rent policy is to use it for individuals with type
1 diabetes and established heart disease, but it is
also recommended as a preventative measure in
people with diabetes who are above the age of
30, as long as there are no known medical rea-
sons why they should not be taking it.21 

What causes diabetes?

As of today we do not know what causes type 1
diabetes. However, we do know that it is not
caused by eating too many sweets. A common
view is that about 60-70% of type 1 diabetes is
caused by non-hereditary factors, i.e. risk fac-

There is no scientific evidence that childhood vaccina-
tions cause diabetes.

It is believed that the first attack on the beta cells in the 
pancreas (the cells that produce insulin) takes place 
many years before a person shows symptoms of diabe-
tes. By the time diabetes is diagnosed, 80-90% of the 
beta cells are already damaged. The illustration is from 
reference 449.
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tors due to life-style habits, infections or being
exposed to environmental factors.167 But it is
still unclear what those factors, infections or
exposures are. The risk of developing diabetes
is very different in different countries (see
“How common is diabetes?” on page 14). The
reason for this is unclear but there are many
proposed theories. 

Many parents feel that: “If we had only done
this or that our child would probably not have
developed the disease.” It is important to realize
that diabetes was not caused by something that
you or your family have done or failed to do. 

An autoimmune disease
Part of the explanation for the abnormal reac-
tion of the body’s immune defence is heredity.
Certain signals or “markers” that can be mea-
sured in the blood are present in almost all chil-
dren and teenagers with diabetes (such as
HLA-antigens on chromosome number 6).
However, these markers are also present in
20-60% of people who do not have diabe-
tes.167,693 Certain gene components have a pro-
tective effect in that they appear to prevent a
person who has them from developing diabetes.

A viral disease is believed to induce antibodies
that, in addition to killing the virus, cross-react
with and damage the insulin producing beta
cells in the pancreas. As the damage is caused
by a defect in one’s own immune system, diabe-
tes is considered to be an autoimmune disease.
One theory is that other agents having a struc-
ture similar to the GAD protein (see page 327)
in the beta cells will react with the immune sys-
tem at some time, causing the production of
antibodies that also can react with GAD. Much
later, perhaps many years later, when the
immune system is exposed to GAD, the autoim-
mune “memory” will be activated, attacking
the beta cell. Example of agents that have a pro-
tein structure partly similar to GAD are viruses
(enterovirus 366, rotavirus 384) and cows’ milk.779

Both of these viruses are common among chil-

dren, and cause viral symptoms and gastroen-
teritis.

The beta cells will usually partly recover after
some time, but if the initial attack is repeated
several times, insulin production will decrease
enough to raise the blood glucose level. Anti-
bodies directed against the insulin producing
islets of Langerhans in the pancreas (ICA, islet
cell antibodies and GAD antibodies), can be

Possible causes of diabetes

Some people inherit a sensitivity towards
developing diabetes.

A viral disease can trigger the onset of diabe-
tes.

If a mother has certain viral infections during
pregnancy, her child may have an increased
risk of developing diabetes.170

Impaired insulin production in the beta cells
of the pancreas can be found several years
before the onset of diabetes.

Drinking cows’ milk during pregnancy, or the
first year of life, may be a factor.

Fathers eating smoked mutton (contains
nitrose-amines) at the time of conception has
been found to be a risk factor in Iceland.352

High dietary intake of nitrite and nitrate 166

and nitrate in drinking water 587 have also
been shown to be risk factors.

Overweight is an important factor, but only for
the development of type 2 diabetes.

Psychological stress, such as severe life
events, have been found to occur more often
both during the first two years of life 744 and
during the year before the onset of diabe-
tes.323,636 They are not believed to be the
cause of the disease,13 but may increase the
risk by affecting the autoimmune process. 744

A very high standard of hygiene 453 and fewer
infections 299,589 during infancy may lead to
the immune defence not being “trained” cor-
rectly.
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detected several years prior to the onset of dia-
betes, and are an early sign of cell damage.
However, we do not screen for these antibodies
since, in people who do not yet have diabetes,
there is at present no way of preventing the
onset of the disease even if you know the risks
in advance. The antibodies can even disappear
spontaneously without the child developing dia-
betes. Most children and adolescents who
develop diabetes have measurable levels of anti-
bodies. In adults, it is common to measure ICA
and GAD antibodies to determine if an autoim-
mune type 1 diabetes or a type 2 diabetes.

Heredity
At most, only 13% of children and adolescents
who develop diabetes have a parent or sibling
with diabetes.165 The risk of developing diabetes
by age 30 for first-degree relatives (brother/sis-
ter or parent/child) is between 3% and 10%.220

Of children with newly diagnosed diabetes,
2-3% have a mother with type 1 diabetes, 5-6%
have a father with type 1 diabetes, and 4-5%
have a brother or sister with type 1 diabetes.165

In this study only 1.5% had a first-degree rela-
tive with type 2 diabetes.165 (See also “Will the
child have diabetes?” on page 276.) Studies in

identical twins have found that the risk for the
other twin to develop diabetes can be as high as
50-70%.55,463

Environmental factors
Environmental factors that trigger the disease
process may start early in life, many years
before the onset of diabetes.482 It is believed that
the increase in the number of new cases of dia-
betes is caused by environmental factors as the
genetic markers have not changed over time.

A low groundwater content of zinc, which may
reflect long-term exposure through drinking
water, was associated with later development of
diabetes in one study.324 Another fact that
points to an early influence is that an increased
risk for diabetes has been correlated to the time
and place of birth.173 An explanation for the dif-
ferent ages at which diabetes occurs may be that
the rate of decline in insulin production, once
the disease process has started, is quite variable
from one person with diabetes to another.

Sometimes children living close to each other
develop diabetes at the same time which may
indicate that viral infections trigger the onset
(called clustering).660 One theory is that diabetes
and other autoimmune diseases are caused by
so called slow viruses, i.e. viruses that can reside
in the body for many years, while avoiding
detection and destruction by the immune sys-
tem.109 

In countries with lower standards of hygiene,
where there are more infections around, the
immune system is activated to a greater degree
at an earlier age. This has been shown to
decrease the risk of diabetes in animal stud-
ies.453 In Northern Ireland, the risk for diabetes
was decreased in areas with higher population
density which may be explained by a higher fre-
quency of infections early in life.589 In a British
study the risk of developing diabetes also
decreased by 20% if the child had had an infec-
tion during the first year of life.299 Pre-school
day-care attendance (a marker for an increased

When one identical twin has type 1 diabetes, the risk of 
the other twin developing diabetes before the age of 35 
was 70% in a Danish study.463 The risk for diabetes in 
nonidentical twins was 13% in this study. This indicates 
that more than half the explanation for the development 
of diabetes is inherited and the rest depends on environ-
mental factors. 



324 Type 1 Diabetes in Children, Adolescents and Young Adults

number of infections) decreased the risk of
developing diabetes in a European study.254

Infections in the newborn period seem to
increase the risk of diabetes, probably due to an
immature immune system.254 Pinworm infec-
tions are very common but with an increased
standard of hygiene, the numbers of infected
children decrease. Pinworms can protect mice
from developing diabetes, and it has been pro-
posed that the decreased number of infected
children could contribute to the rise in inci-
dence of diabetes risk that is common in many
countries.290

If a mother has German measles (rubella) dur-
ing pregnancy, the risk of the child developing
diabetes is around 20%.482 If the mother has a
particular type of virus infection (enterovirus)
during pregnancy, the child will have an
increased risk of developing diabetes later in
life.170,394

There may be a link between coffee drinking
during pregnancy and the baby’s risk of devel-
oping diabetes. Finland has the highest inci-
dence of type 1 diabetes in the world and the
highest coffee consumption as well.759 Another
risk factor is an increased height gain, seen in
boys mainly, several years before the onset of
diabetes.81,615 Weight gain and obesity, on the

other hand are not risk factors for developing
type 1 diabetes.81 However, children who devel-
oped diabetes later had a more rapid weight
gain early in life (before 2-2.5 years of age)
according to one study.408 No difference was
found in height or weight at birth in children
who later developed diabetes. 

Environmental factors affect the individual,
causing the risk for developing diabetes to
change in families that have emigrated.563 Asian
children living in Great Britain and children
from the Samoan Islands living in New Zealand
have a higher risk of acquiring diabetes than
children in their home countries.265,773 Most of
the population of Iceland originate from Nor-
way and have the same type of hereditary dis-
position.47 Despite this, the risk for developing
diabetes in Iceland is only between one third
and half of what it is in Norway.353 One might
believe that this variation is caused by differ-
ences in environment and climate. However,
Iceland and parts of Norway are located on the
same latitude and have the same average tem-
perature.

It is more common to develop diabetes during
the winter months and during the years of
puberty. While climate and puberty could cer-
tainly not be described as the causes of diabetes,
they may very well be triggering factors as both
growth spurts and cold weather increase the
body’s insulin requirements.482

Cows’ milk
The number of new cases of diabetes per year
(incidence) in different countries coincides well
with the consumption of cows’ milk.178

Increased levels of antibodies against cows’
milk have been found in children who have
developed diabetes.168,668 In the Samoan Islands
where children do not drink milk at all, there is
essentially no childhood diabetes. Sardinia has
about the same risk of diabetes as the Nordic
countries. The consumption of milk is not as
high as in Finland but on the other hand it is
much higher than in the rest of Italy.262 

Bring newspaper clippings to the clinic when you have 
read something interesting, such as diabetes research, 
so we can discuss it together. We may both learn some-
thing!
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Studies on rats have shown that whey protein
from cows’ milk increases the risk of developing
diabetes.245 When rats were fed with soya for-
mula instead of milk they did not get diabetes.
It seems that only certain types of cows (our
ordinary milk cow) have the protein compo-
nents which affect the risk of developing diabe-
tes. Breast-feeding as such does not seem to
affect the risk of diabetes,659 but the time when
the child is first introduced to cows’ milk seems
to be significant.773,778 However, there are traces
of cows’ milk in breast milk and even children
who have been fully breast-fed can have anti-
bodies against cows’ milk.730 This might explain
why even children who have been breast-fed for
a long time still can develop diabetes. In an Aus-
tralian study, children who developed diabetes
after the age of 9 had ingested more milk the
year immediately before the onset of diabetes
when compared to other children of the same
age.773 

Since it is not yet proven that cows’ milk causes
diabetes, most authorities do not currently rec-
ommend any changes in infant diet.502,671 How-
ever, The American Academy of Pediatrics
recommends avoidance of cows’ milk during
the first year of life in families with a strong his-
tory of type 1 diabetes, particularly if a sibling

has diabetes. 17 A Finnish study showed a
five-fold risk of diabetes in siblings of children
with type 1 diabetes with a high consumption
(three or more glasses per day) of cows’ milk
during childhood.780

Climate
There is a higher risk for diabetes in northern
countries and onset is more common during the
winter. A cold climate increases the need for
insulin, which in turn increases the risk of trig-
gering the onset of diabetes. Fewer hours of
sunlight can lead to an increased risk of diabe-
tes through higher turnover of calcium and
reduced production of vitamin D.169

AGE

AGE stands for Advanced Glycation End prod-
ucts and represents an irreversible binding
between glucose and different substances like
protein, fat and nucleic acids (see illustration on
page 305). Food chemists have known for a
long time that a high concentration of glucose
will cause protein-containing compounds to
discolour and turn gluey. The proteins will
become “sticky” with an increased tendency for
cross-bindings. Ordinary caramel is an example
of this reaction, between glucose and milk pro-
teins or fat. The chemical structure of the com-
pound will be altered. If this happens inside a
cell, its function may change, contributing to
the development of diabetes complications, for
example in the eyes.70 AGE products in food
have not been shown to contribute to diabetes
complications.66

In Italy 141 and Norway 65 increased levels of
AGE have been measured in children and ado-
lescents before clinical signs of diabetes compli-
cations have started. In the Italian study, the
levels decreased after two years of intensified
diabetes treatment and lowered HbA1c. An
increased level of AGE has been found in the

Some studies indicate an increased risk of acquiring dia-
betes if a child is not breast-fed at all or for only 3 
months or less.773 Other studies indicate that it may not 
be the short period of breast-feeding as such, but the 
child’s early introduction to cows’ milk that increases the 
risk for diabetes. At the present time, however, there is 
insufficient data available to advise people against 
drinking milk during pregnancy or early infancy.671



326 Type 1 Diabetes in Children, Adolescents and Young Adults

retina and in the blood vessels of eyes affected
with retinopathy.328 An increased deposition of
AGE in skin, tendons, connective tissue and
joint capsules can lead to a reduced tissue flexi-
bility. This can give rise to symptoms in the
hands, hips or feet, and make problems such as
foot ulcers more likely.224

The damage done by AGE may be counteracted
at several levels by:

Blocking the production of AGE.

Removing AGE from the blood.

Breaking AGE, i.e. breaking the bond to glucose.

Blocking the AGE receptor on the cell surface.

Research is now being carried out to develop
drugs that have these effects. Promising experi-
ments have been done with people who have
kidney damage. Their blood was passed
through a kind of dialysis apparatus containing
a protein that binds AGE.542 One study with
pimagedine, an aminoguanide type of drug that
breaks AGE bindings, showed a slowing down
in the progression of both eye damage and kid-
ney damage.698

Glucose may also bind to different proteins in
the blood, forming AGE that can bind to recep-
tors on the cell wall. This can cause damage to

the function, for example of cells in the blood
vessel walls, in the retina and the smooth mus-
cle cells in our inner organs.83 Smokers have
higher levels of AGE in the blood.83 At present,
it is difficult to measure AGE in blood and no
routine method has yet been developed.

Blocking the immune 
process
At the onset of diabetes, 10-20% of the insu-
lin-producing beta cells in the pancreas are still
functioning (see illustration on page 321). If it
were possible to stop the autoimmune attack on
these cells it might also be possible to preserve a
degree of insulin production for a long time,
thereby prolonging the honeymoon phase (see
page 193). 

Immune treatment
Immune-modulation in the form of cell toxin
drugs has been tried early in the course of dia-
betes. Cyclosporin A is a compound that has
been used successfully and has even made it
possible to stop using insulin for some time.

In a study of 188 people with newly diagnosed
diabetes, 25% managed without insulin after
one year of cyclosporin treatment compared to
10% of those who had not received
cyclosporin.125 However, when cyclosporin
treatment is stopped, insulin production always
decreases again. Cyclosporin can have serious
side effects including kidney damage and is
therefore not used as a routine treatment at the
present time. The International Study Group of
Pediatric and Adolescent Diabetes (ISPAD) has
stated that cyclosporin has no place in the treat-
ment of diabetes in children except for clinical
trials addressing questions that cannot be
answered in adults.399 

Immunotherapy

In France and Canada, cell toxins (Cyclosporin A)
have been used for experimental treatment at the
onset of diabetes.

Some people can do without insulin. 

BUT — the need for insulin always returns
when the medication is stopped.

These drugs carry a risk of serious side
effects (such as damage to the kidneys).
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Light treatment
In a Swedish study, the white blood cells were
treated with ultraviolet light (called photo-
pheresis) at the onset of diabetes after the chil-
dren and teenagers had received a special medi-
cation (psoralen).506 The aim was to make it
easier for the immune defence to recognize the
cells that are causing damage to the beta cells.
Patients needed less insulin but there was no
difference in HbA1c after three years.

Diazoxide
At the onset of diabetes, the immune defence
attacks the body with antibodies directed
against a special protein (called GAD) in the
beta cell. When insulin treatment is started, the
beta cells do not need to work as hard and
therefore the production of the protein that
triggers the antibodies decreases as well, leading
to a less intense immune attack. This is believed
to be part of the mechanism behind the remis-
sion or “honeymoon” phase.

Diazoxide is a compound that puts a powerful
block on the activity of the beta cells, thereby
decreasing insulin production. The production
of the GAD protein that is attacked by the anti-
bodies decreases as well, therefore decreasing
the damage to the beta cells. When treatment
with diazoxide is stopped after a couple of
months, the hope is that the immune defence
will no longer react as strongly. A Swedish
study of adults has shown a higher residual pro-
duction of insulin up to 1½ years after the onset
of diabetes in a group with newly diagnosed
diabetes that was treated with diazoxide for 3
months.76 When the study was repeated in chil-
dren, the same effect was seen after 1 year but
after 2 years it was no longer so prominent.579

However, diazoxide is not suitable for treating
children with new-onset diabetes, as it is associ-
ated with a high rate of side effects. 

Nicotinamide
Nicotinamide is a type of vitamin B (niacin)
that is thought to lessen the risk of developing
diabetes by protecting the beta cells from attack
by the immune system. In New Zealand, this
substance has been given to brothers and sisters
of children who have recently been diagnosed
with diabetes, for a period of couple of years, in
order to prevent them from developing diabetes
too.247 It has also been given to whole classes of
schoolchildren, resulting in a 60-70% reduction
in the risk of developing diabetes.246 

In a large-scale study looking at parents and
siblings of children with diabetes, nicotinamide
was given to those with a high risk of develop-
ing diabetes indicated by a blood test (the
ENDIT study). Unfortunately, the study failed
to show any benefit from nicotinamide treat-
ment.291 The study was done with a so called
double-blind technique, i.e. half of the partici-
pants were treated with nicotinamide and half
with placebo (non-active tablets). Neither
patients nor doctors knew who was given the
nicotinamide and who the placebo. The same
number of people developed diabetes in both
groups.

It may seem strange that half of the people in a
trial like this get medication that does not work,
but this is the only scientific way to do the study

The white blood cells are the “soldiers” in your body’s 
army of defenders against bacteria and virus infections. 
When a person develops diabetes, the body thinks it is 
under attack, so the immune defence launches a 
“counter-attack” on the insulin producing beta cells. 
Immune-modulating treatment is used in research stud-
ies to influence this process.
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to see if nicotinamide has a protective effect. It
is common to conduct a double-blind study
when the effect of a new drug is being tested.

Nicotinamide has been tried at the onset of dia-
betes to preserve the beta cell function. Only
patients older than 15 years seem to be defi-
nitely affected, as their C-peptide levels did not
decrease as much after 12 months as they did
without the nicotinamide.614 This indicates that
residual insulin production was continued for a
longer time. Nicotinamide has also been tried
on a group of people who have been known to
have diabetes for a period of 1-5 years, and
who are still able to produce a certain amount
of their own insulin.768 The group receiving nic-
otinamide had a better HbA1c and a higher
C-peptide level which indicates an improved
production of insulin by the beta cells.

Transplantation 

Pancreas 

Pancreas transplants have been performed for
many years. Today it is possible to receive a
pancreas transplant if you need a new kidney.
Kidney transplants are done on a routine basis.
If a pancreas transplant works well, there is no
need for further insulin injections. The patient
can eat a normal diet and their HbA1c will nor-
malize.

Problems can arise after transplantation due to
rejection of the transplant (the immune defence
does not like “foreign” things in the body and
tries to reject them). After one year, about 80%
of the pancreas transplants function well when
a kidney is transplanted at the same time.800

However, the results of transplanting a pancreas
alone are not particularly satisfactory. The rea-
son for this is that the rejection of a pancreas is
less easy to discover than a rejection of the kid-
ney where urine tests can be very informative.
When a kidney transplant is threatened by

rejection, medication can be started early,
thereby protecting the pancreas transplant as
well. Another problem is the possibility of tis-
sue damage by digestive enzymes from the
transplanted pancreas.

After a transplant, several drugs are needed,
including cortisone which counteracts rejection.
Cortisone increases the level of glucose in the
blood, leading to a complicated situation.
Drugs used to prevent rejection (called cyto-
toxic agents or immune-modulating drugs) can
also result in numerous side effects, some of
which are serious.

The beta cells in the new pancreas are suscepti-
ble to attack by the immune defence, causing
diabetes to recur, especially if the transplant
comes from an identical twin.482 However, this
is effectively prevented by the immune-modulat-
ing drugs that are given to prevent rejection
reactions.723

Even if all problems with rejection were solved,
pancreas transplantation can never be the
method of choice for routine treatment of dia-
betes because there will simply never be enough
human pancreases available for transplantation.

More than 5,000 articles on diabetes research are pro-
duced every year. Many small advances have resulted 
but so far no one has been able to solve the question of 
why a person develops diabetes or how to cure it. How-
ever, there is every reason to be optimistic about the 
future. There have been discussions about the way some 
of the body’s own stem cells (developing stages of the 
beta cells) could be manipulated using gene technology 
to start producing insulin.
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Islet transplantation
The islets of Langerhans (see illustration on
page 23) that contain insulin producing beta
cells can be extracted from a donor. These islets
can be injected into the liver of the person with
diabetes and will then produce a certain
amount of insulin. This method is still at the
research stage and only a couple of hundred
individuals with diabetes around the world
have tried it.

Until recently, only 12% of patients receiving
new islets have been able to manage without
insulin for more than a week at a time.800 A
breakthrough was published in 2000 from
Edmonton in Canada where a cortisone-free
immunosuppression programme was used
(although cortisone increases blood glucose it
has always been a necessary part of the immun-
osuppression programme).691 Seven people
received islets from two or three donors, and
these were injected into the portal vein in the
liver. They were able to manage without insulin
for an average of 9 months and the mean
HbA1c dropped from 8.4% to 5.7%. This
“Edmonton Protocol” has been mirrored in
Canada, the US and Europe, and about 200
people have been treated worldwide. The suc-
cess rate in 46 patients from Edmonton as of
2003 is 80% insulin-free. 

One problem with islet transplants is that anti-
bodies and rejection reactions can strike these
islets as well as complete transplanted organs.
Methods where the islets are put into small
tubes or sealed within a plastic film have been
tried to prevent the antibodies from attacking
the islets.711

Engineered cells
Experiments have been conducted where so
called stem cells are manipulated genetically to
produce insulin.564 The thought is very appeal-
ing because if some of your own cells were to
become able to produce insulin there would be
no rejection problems.

Engineered rat muscle cells have been able to
secrete insulin at a constant level, independent
of the blood glucose level.318 This would be an
effective substitute for the night time and basal
insulins used today and could produce a very
stable level of insulin in the bloodstream. Cells
from the pituitary gland have been engineered
to recognize different levels of glucose and to
produce insulin at sufficient levels to cure dia-
betes in mice.261 In contrast to transplanted islet
cells, these pituitary cells were resistant to
autoimmune attack.

Other ways of 
administering insulin

Nasal spray 

Insulin given as nasal spray is absorbed more
quickly through the lining of the nose than
when injected subcutaneously. Many studies
have been performed on humans but it is still
doubtful whether this can become a clinical
reality.365 Problems may arise with the insulin
absorption in people who have hay fever or
other allergies, or who are suffering from a
cold. Also, we do not yet know how insulin
might affect the nose lining in the long run.
Twenty times more insulin was needed for
administration via the nose than for an injec-
tion, according to one study.365 However, 7 of
the 31 participants interrupted the study prema-
turely due to problems with high or low blood
glucose levels. HbA1c increased slightly in this
study, from 7.1 to 8.1%.

Tablets
The problem with insulin in tablet form is that
it is degraded by the acid in the stomach. This
can be solved by putting a capsule around the
insulin tablets in order to release insulin only
after the tablets reach the intestines.386 Insulin



330 Type 1 Diabetes in Children, Adolescents and Young Adults

can then be absorbed into the blood, but this is
a slow process with a risk of an irregular insulin
effect. One advantage is that insulin which is
absorbed into the blood from the intestines,
passes the liver before it enters the general
blood circulation in the same way as insulin
that is produced in a healthy pancreas. Insulin
in tablets is extremely long-acting and one sin-
gle dose can work for up to one week. This may
cause difficulties in working out appropriate
doses. 

Insulin as suppositories
Insulin is absorbed from the rectum when
administered as suppositories. Due to poor
absorption, more than 10 times the ordinary
dose is needed to obtain the appropriate blood
glucose lowering effect.364

Inhalation of insulin
Experiments with administering insulin as an
aerosol spray (in the same way as people with
asthma take their drugs) has been tried success-
fully in adults.702 Clinical trials in teenagers and
children with inhaled insulin appear to be as
promising as those in adults. Insulin is absorbed
rapidly through the thin lung lining. There may
be some practical limitations to this method: in
people with asthma, the absorption from
inhaled insulin is decreased 357 while in smokers
it is enhanced.367 However, the long term effects
on the lungs of inhaling insulin will not be
known for many years.

Chemical alteration of the insulin 
molecule

Changing the composition of the insulin mole-
cule can result in both more short-acting and
more long-acting insulin. Examples of this are

the new rapid-acting insulin analogues, Novo-
Rapid, Humalog and Apidra, which have a
much quicker effect than regular short-acting
insulin (see page 70). 

There is a great need for better night time and
basal insulins with a more even action pro-
file.648 This has been achieved by replacing some
of the amino acids in the insulin molecule as in
insulin glargine (Lantus) that now is registered
in several countries (see page 71). Insulin has
also been made more long-acting by binding it
to a protein in the bloodstream (albumin). Insu-
lin is released slowly to maintain a steady level
between meals and throughout the night. This
insulin analogue is called detemir (Levemir, see
page 71). Trials in humans have shown a stable
insulin effect lasting 24 hours.349 

Alternative ways of administering insulin 

Nasal spray Quick effect, good for 
premeal injections. How-
ever, unlikely to become 
clinical reality. 

Oral insulin
(tablets)

Slow effect, good for 
basal insulin.

Suppositories Quick effect but large 
doses are needed.

Aerosol for inha-
lation

Quick effect but difficult 
to administer.

Chemically 
bound insulin

Released only at high 
blood glucose levels.
Technically difficult.

Altered insulin 
structure

Quicker or slower action.

C-peptide
(see page 320)

Produced in the human 
pancreas but not 
included in today’s insu-
lin.
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Psychology
The onset of diabetes
When any child, teenager or adult develops a
long term illness, the situation for the whole
family is always a difficult one. Adjusting to a
new life poses challenges and takes time. Most
people go through the same stages when faced
with crisis. Professor Johnny Ludvigsson
describes the different phases of crisis:500

Shock phase

During the shock phase, it is difficult to think
clearly. Thoughts will whirl around in your
head. Everything seems unreal. This cannot
really be happening, it can’t be true. Maybe it
will all turn out to have been a dream? It is
common to experience a sense of walking
around in a kind of haze. You cannot take in
information. You see your doctor, you watch
the doctor’s body language and see just how
serious the situation is. You listen out for hope,
consolation, belief in the future, but shut out all
details of the disease, its likely progression and
treatment, all the accompanying practicalities.
You want to ask questions but find it difficult to
keep your thoughts focused, or see a way for-
ward. The doctor should listen, you think, the
nurse should listen, everybody should LISTEN
to your inner thoughts of what is most impor-
tant right now.

Reaction phase

A reaction of sorrow with tears, sleeplessness,
aggression and bitterness will also take time.
Consolation is important but should be honest,
not hearty and unrealistic. “You need not feel
sad” seems false and “You should not be sad”
feels like a punch in the face. Why shouldn’t
one feel sad? Everybody has the right to be sad
in this situation. It is only natural to feel sor-
row, bitterness and disappointment. You grieve
for the healthy person you used to be, and life
seems unfair. It is always unfair when someone
is stricken by a severe disease, but the sorrow
will eventually fade away. You will feel better.
You have had no part in developing the disease,
it is not your fault. We must have the strength
to listen, to face up to reality, to allow ourselves
to acknowledge grief and fear.

The different phases of crisis

Shock phase. 

Reaction phase.

Repair phase.

Reorientation phase.

“You cannot stop the birds of sorrow from flying over your 
head — but you can stop them from building a nest 
there.”

Chinese saying
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Repair phase

After some time, you will enter the repair phase.
Somebody must be able to do something about
this disease. Now you need knowledge. What
do you do if your blood glucose level falls too
low? How do you give yourself these dreaded
injections? You won’t be able to relax or
breathe easily again until you have got to grips
with this. Now the worst part is over. You can
learn more about insulin, testing, diet, and
hypoglycaemia. Systematically, a little bit at a
time, you can absorb facts and start to rebuild
your life.

Reorientation phase

It takes a long time before a crisis moves on to
the reorientation phase, and a different but
acceptable life style is established — one where
diabetes is an important part but by no means
everything. At times, those around you will
have difficulties in understanding that it takes
time to go through the different phases of a cri-

sis, but this is inevitable when someone in a
family develops diabetes. Of course it is unfair,
the treatment can be difficult, life has changed,
you might be afraid of dying or being different
from others. But there will still be Saturday
afternoons, song, laughter, dancing, good food,
school or work, picnics, holidays and friends.
Life will never be the same again but it can still
be exciting and enjoyable even if some of the
rules have changed.

There are people who come to a standstill in
their grief and are unable to move on. Such peo-
ple will need professional help. Continuing
denial inhibits people from absorbing knowl-
edge and adjusting life to accommodate diabe-
tes. 

Regardless of whether a crisis is caused by the
death of someone near and dear, a divorce,
developing diabetes or something else, there
will always remain a memory of what hap-
pened, much like a scar. But when you have
worked yourself through the crisis and accepted
what has happened, it will be like looking at a
wound that has completely healed: you can see
the scar but most of the time you are unaware
of its existence.
“You cannot teach a person anything — just help him
or her to find it within themselves.”

Galileo Galilei 1564-1642

Diabetes rules or family rules?

Diabetes can be a “thorn in the side” in differ-
ent ways depending in part on the age of the
person concerned. If, as a parent, you are dis-
cussing what the “rules” are at home, it is
important to consider what is actually pro-
voked by your son or daughter having diabetes,
and what is a part of a normal upbringing. If
you are always referring to diabetes when it
comes to rules and prohibitions, the young per-
son will hate the very thought of diabetes since
it puts an end to so many nice things. However,
if you think about it, most rules and methods of
upbringing are influenced by other factors and

When the first baby is born into a family, some parents 
feel as if there is an unexploded bomb in their midst. 
They never know when the baby will start crying, need 
their nappy changing, or get hungry. As time goes by, the 
parents relax, learn what to do, and become more secure 
in their new role. There is a parallel situation when par-
ents first discover their child has diabetes. They thought 
they knew what to expect, now they find they know noth-
ing at all. What will happen when the child becomes 
hypoglycaemic? What can they do as a family? But in the 
same way as adjusting to a new baby, parents will soon 
learn to accommodate their child again in this new situa-
tion.
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hold true just as much for a child with diabetes
as for his or her brothers, sisters or friends
without diabetes.

Many children are only allowed sweets on spe-
cial occasions, such as at weekends. Most chil-
dren, on the other hand, would prefer to have
sweets every day if only it were allowed. This
type of discussion goes on in families every-
where. However, if a child has diabetes it is very
convenient just to refer to the effect on the
blood glucose level when saying “No” to
sweets. I often argue that it is very important to
return to normal rules between children and
parents as soon as possible and to refer to dia-
betes as little as possible when it comes to child
upbringing and setting limits. In the long run it
is important to be on as friendly terms as possi-
ble with your diabetes. If many rules and prohi-
bitions are put down to diabetes, it will have
the opposite effect and cause the young person
to start hating the disease.

It is important, therefore, to explain to younger
children that most rules or limitations relating
to food or treats are not caused by their diabe-
tes, but would have applied anyway. The child
will otherwise associate all prohibitions with
diabetes.

Remember that there were both rules and limi-
tations in the child’s life even before diabetes
entered the scene. Diabetes brings with it many
restrictions, resulting in a lot of “not this and
not that’s”. Try instead to encourage your child
to do the things he or she still can — this will
still include most aspects of everyday life. Give
encouragement and praise. The praise is well-
deserved, as a child with diabetes has to do
many things on a daily basis that most adults
would not be very keen to do. Praise the child
for doing the necessary blood tests, and give
due credit for giving injections. Encourage the
child when he or she chooses to eat in a way
appropriate for diabetes, show your apprecia-
tion when the child does not eat sweets behind
your back. (How many parents have not taken
out their own sweets from the cupboard when
the children have gone to bed?) Praise and
encouragement help everything to run so much
more smoothly.

Even as a parent or an adult with diabetes, you
will naturally need encouragement, praise and
“positive reinforcement” when you visit the
diabetes clinic. If it feels like “being called in to
see the headteacher” something is wrong. You
don’t come to us to pass or fail a test. We need
to cooperate, just as much as you. It is our job

We must cooperate on equal terms when you come to 
see us at the diabetes clinic. If a visit feels like “a trip to 
the headteacher’s office” something has gone badly 
wrong.

“We learn by our own mistakes”, as the saying goes. But 
does one always have to invent the wheel again? You can 
learn a lot by discussing with other parents or friends 
who have diabetes. They can give you tips about day to 
day practicalities that we at the diabetes clinic are less 
familiar with, since most of us don’t live with diabetes at 
home.
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to help you, in the best way possible, to cope
with diabetes as part of your family life.

How far would a football team advance with-
out encouragement and praise? Any person, be
they child or adult, who has diabetes needs a
coach to motivate them, assess their abilities
and potential, and adjust their diabetes training
on a continuous basis. Let the young person
know that you recognize just how difficult
things are — often it is much more difficult for
children or teenagers to manage life with diabe-
tes well than it would be for their parents to
give up smoking, for example. On the other
hand, it is important not to embarrass the
young person with an overload of praise and
encouragement at times when everything is
going smoothly. It is far too easy to be overpro-
tective of children with diabetes. Sympathy is
fine but pity is less helpful.

Making friends with your diabetes
Your diabetes will be with you 24 hours a day.
So it is important that you find a way to make
friends with it, or at least to avoid seeing it as
an enemy. If you allow yourself to hate the ill-
ness, it will be difficult to get on with your life
without being negatively affected by it. There
are three common ways in which people view
their diabetes: 

Ignoring it, eating what they like and only taking
enough insulin to avoid feeling bad at that
moment.

Many teenagers will go through this phase for a
shorter or longer period of time, and some will
never be able to leave it because they hate their
illness. If you have this attitude when you enter
adulthood, there is a risk that you will never be
able to change it. Try instead to see the end of
the teenage years as an opportunity when you
dare to take action, and can do something
about your life style and your diabetes.

Becoming absorbed and obsessed by diabetes,
living only to take care of the illness as effectively
as possible.

“Regulating illness” or “regulopathy” is the
term used when you give up your ordinary life
and your goals for the future.271 Initially, both
parents and caregivers at the clinic are under
the impression that everything is going along
very well. However, if the efforts to obtain a
perfect glucose level prevent the young person
from enjoying social activities, parties, being
with friends or staying overnight with friends or
at camps, things have gone too far. If this
applies to you, it is high time to give yourself a
break and allow yourself to start living life
again.

It may be a good idea to be apprenticed to someone who 
has had diabetes for many years and has had time to 
learn how to live with it in a positive way.

Yin and yang are conceptions in the Chinese philosophy 
for two principles that are in balance and harmony. Try to 
see your diabetes as a part of yourself which can melt 
into balance and harmony with the rest of your personal-
ity. Your attitude is a very important part of diabetes 
treatment. Those who hate their illness will soon begin 
fighting against it.
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If your diabetes is too strictly regulated, you are
likely to end up having too many hypoglycae-
mic episodes or hypoglycaemia unawareness,
(see page 48) which is far from healthy.

Making diabetes a natural part of everyday life. 

This is easier said than done, as everyone knows
who has tried. But it is possible to accept your
illness without letting it take control of your life
completely. If taking insulin becomes like brush-
ing your teeth, something you do daily without
really thinking about it but that you would
absolutely not want to be without, then you
have come a long way. 

How do you go about making diabetes a part of
your daily life? Learn from your friends,
observe others with diabetes and you will prob-
ably find someone who has an attitude worth
learning from. Just as young people used to
have a period of apprenticeship when learning a
profession, so you now may need to “be
apprenticed” to someone who manages their
diabetes in a good way.

Diabetes affects the whole family
Different people will feel differently about the
relative difficulty of various aspects of diabetes.
For a small child, the injections are often the
hardest part. Older children and teenagers often
find the need to be punctual, and explaining
diabetes to others more bothersome. Adults
often find food issues and weight control to be
the most difficult thing.

One may feel like this many times. It is difficult to live with 
diabetes, often very difficult. But if you hate your diabe-
tes it will be difficult to make friends with it... It is impor-
tant not to let diabetes take control. Decide instead what 
kind of life you want to live, and we will help you to adjust 
your treatment according to your wishes.

Teaching something to someone is not the same as the other person learning it...

TIGER
I have taught
tiger how to

whistle.

I can’t hear
him whistling.

I said that I had
taught him - not that

to do it.
he has learned how
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”Treatment of insulin dependent diabetes — art
or science?” was the title of a lecture by the
British physician, Robert Tattersall, from Not-
tingham. He described what happens in a fam-
ily when a child develops diabetes: 

— A good recipe for putting the “thumb-
screws” on someone is to let a family member,
preferably a child, develop a chronic disease.

— The disease should have an unclear cause but
with a hereditary component so that family
members are forced to check the family tree to
find a “scapegoat”, Robert Tattersall continues.
The treatment should be an important part of
the disease, time consuming and preferably
painful.

— To put further pressure on the family, the
management of the disease should affect the life
of all other family members. Self control and
self management should be important compo-
nents.

— The future outlook completes the picture.
Terrible results of an unwise life style can be
indicated perhaps by sitting the family members
in a waiting room together with other sufferers
from the same disease who are showing obvious
and drastic consequences such as amputations.
Better still, if health professionals are uncertain
about treatment goals and regimes, they will
give contradictory information which of course
will make the situation even worse. Don’t for-
get, says Professor Tattersall, that a family
where someone has developed diabetes will be
in exactly this situation.

Being a relative or friend of someone
with diabetes

People close to you only want what is best for
you but it may not always look like this. It is
important to know what kind of help individu-
als with diabetes want, and what they can man-
age on their own. At the same time a child, a
teenager or a spouse must understand how

much those closest to them need to know about
their everyday life, for them to feel secure and
confident. 

It can be easy for parents to become overprotec-
tive, and the young person can then react by
wanting to manage too much by themselves, or
rebel by, for example, eating too many sweets.
Try to be as open as possible about each others’
needs in the family. A “family council”, where
you put aside time to sit down together, can be
an ideal forum to discuss how to come to agree-
ment on different subjects within the family.

Friends need to know how they can help, other-
wise they may turn into “sweets policemen”
who, with the best of intentions, will go on
about this or that being unhealthy to eat. It
becomes a balance between saying: “I don’t
care about your diabetes, it is your problem”
and “Are you really going to eat that bag of
sweets?” It is a good idea to talk things over
and decide upon “how much or how little” help
and support you want from those close to you.

Family and friends must also be sufficiently
knowledgeable about diabetes if they are to

Diabetes is an invisible handicap, and can’t be seen from 
the outside. You may sometimes feel better if nobody 
knows. However, both you and your friends will find it 
easier in the long run if you let everyone know. If, for 
instance, you become hypoglycaemic, everyone will 
understand what is going on and what to do if you have 
informed them beforehand. Many people have described 
how embarrassing and troublesome they found it, having 
to explain their diabetes for the first time when they 
became hypoglycaemic and needed help.
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offer any help or understanding. Treatment of
hypoglycaemia is an obvious example, and it
would be useful if they could also give an injec-
tion of glucagon. The more your friends know,
the more help you will be able to receive from
them. Try to explain what you are doing and
why. Explain how insulin works, how exercise
works, why sometimes you can eat sugar and
sometimes you can’t. 

Telling your friends
Many people do not want to talk about their
diabetes since it is not visible from the outside.
At the same time it is evident that you have not
accepted your diabetes if you do not want to
tell your friends. It is important your friends
understand why you might be feeling unwell,
and what they can do about it. It is best to tell
everybody as soon as possible after you have
been diagnosed. Then it is over with and things
will not feel so strange any more. It is much
worse to walk around wondering to yourself
what or how much any individual knows.

My earliest memory of diabetes is when I was 8
years old. The girl living next door was my age
and had diabetes. The only thing I knew about

it was that she was not allowed to eat sugar. But
I also observed sugar lumps in her pocket that
she would eat from time to time. It was very dif-
ficult for me to understand this and, as nobody
explained to me why she did it, I thought she
was cheating.

How do you change your life style?
Many people ask themselves this question. It is
not easy to persuade someone that they must
change their habits to feel better. Persuasion
may not even be the best way of getting a per-
son to do what is best for his or her health. And
what is really “best”, from the person’s own
perspective?

Elisabeth Arborelius, Ph.D. in Psychology, has
studied how to change people’s life habits.128

— It is all about concentrating the information
on behaviour instead of knowledge. It is not
always true that knowledge will affect attitudes
which in turn will affect behaviour. We assume
that human beings are rational but they are not,
she claims. Something that is disadvantageous
to a person’s health, from an objective point of
view, will not necessarily be experienced that
way by the person concerned. 

— I once heard a nurse say: “I am not a fanatic,
but I see no reasons why people should smoke!”
Of course she was right if she disregarded the
patient’s point of view. If the objective is to
change behaviour, the person with diabetes
must have the opportunity to explain the
advantages and disadvantages he or she will
experience on account of a change of habits. 

— We have come to believe that the balance
between an individual’s experienced advantages
and disadvantages is very important in whether
or not that person will change his or her behav-
iour. If the disadvantages seem to outweigh the
advantages, it will not help that there is a threat
of worsening health. The person with diabetes
will not change his or her life style habits any-
way.

You may drift away from your friends if they do not under-
stand why you must do certain things at particular times. 
Try to make diabetes a natural part of your life by telling 
friends at school or work about it. It is important that they 
know what to do if you need help, for example if you have 
a difficult hypoglycaemic episode.
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Diabetes at different
developmental stages
The psychological effect of diabetes in the fam-
ily will be different at different ages and
depends very much on the child’s development
and basic needs for that age. Naturally, parents
will often feel unsure about how to handle spe-
cific situations, and may on occasion need
expert help to address particular issues. Some-
times the help of a child psychologist will be
appropriate. We usually let all children and
adolescents see our psychologist at least once
during the early months after diagnosis. That
way, if parents feel psychological help is neces-
sary at a later date, the initial contact will
already have been made. 

Marianne Helgesson who is a psychologist at
the Department of Paediatrics in Linköping,
Sweden, lectures on psychology and diabetes in
individuals at different ages. She teaches the fol-
lowing: 484

— It is not always easy to accommodate three
people in a marriage. The first crack between
spouses often appears when the first child is
born. Discussions and disputes begin to focus
on how to organize time, something that may
not have been an issue before. 

— It will become a question of balance as to
how much time and care one should devote to
the child, to one’s partner and to oneself. The
parents must come to an agreement on how
work at home should be divided, and whether
one of them or both will be able to pursue a
career.

— Child raising is for the most part a repetition
of how you were brought up yourself, since this
is the only model you are familiar with. But
usually there are two parents, both with their
own upbringing behind them. Conflicts are
inevitable and the result will be a combination
of both parents’ previous experiences.

— However, if the child has a chronic illness,
there is usually a lack of role models and this
will make parents feel insecure. The balance
between dependency and responsibility is diffi-
cult to establish and the question arises as to
how much to help the child without being over-
protective. 

Infants 
(0-1½ years)

This period is characterized by a so called sym-
biosis, at first between mother and child and
later on the father is also included. During this
time it is very important that the parent subor-
dinates his or her own needs in favour of the
child’s needs. The child, after all, is not in any
position to give priority to the parent’s needs.
When the child is able to move around unaided,
after about one year of age, he or she will begin
to explore the world. 

Risks from diabetes

Diabetes at this age will inevitably bring stress
into the family. If parents find it difficult to han-
dle this without feeling tense and uncertain
towards the child, they will also find it difficult
to communicate security and confidence to the
child. Security and confidence will depend very
much on the issues of food and diabetes. Young
children do not understand why they should eat
if they are not hungry and vice versa, so there is
considerable risk of feeding problems at this
age. Multiple injections or pump therapy can
help to address such problems.

Children need to feel their parents display trust
and confidence in various situations, but clearly
this may be difficult when a child has diabetes.
Over-protectiveness may lead to a child anx-
iously staying by the parent’s side instead of
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looking outwards to the world beyond. Young
children cannot understand injections and
blood testing, or the pain, anger and anxiety
that go with them. We cannot explain to them
why they must be hurt in this way. Usually, the
best approach is to get the injection out of the
way as quickly as possible, and then comfort
the child. Injection aids may be very helpful for
this age group (see page 122).

Toddlers 
(1½-3 years)

Toddlers start to explore the world more
actively. Around the age of 2, the child will
often take a step “backwards”, becoming more
attached to the mother again. This is quite nor-
mal and is not due to inappropriate parental
attitudes towards the child. 

The “obstinate age” (the age of practising one’s
own free will) begins between 2 and 3 years of
age. Children will first test the parents’ and then
their own ability to set limits. All children will
show quite a lot of anger and frustration during
this time. They must experience their own limi-
tations which can be unpleasant. It is important
that parents engage in such “battles of will” as
it is through these that children learn how to
stand up for something, to compromise and to
give in.

Risks from diabetes

It can be difficult to know whether or not a
child’s bad temper is caused by a low or high
blood glucose level. Should the child be given
something to eat every time he or she is angry?
It may be difficult to take a blood test every
time. A child with diabetes will have more limi-
tations than other children due to injections,
meal times and monitoring. There is always a

tendency with a chronic illness that parents will
want to compensate for the restrictions caused
by the illness by letting the child decide about
everything else. In doing this the parent shows
pity for the child and becomes less effective in
setting limits in other areas. The child then
becomes insecure and disorderly, continuously
testing the limits in order to provoke a parental
reaction. However, if the parents do not have
enough strength to deal with such aggressive-
ness the child may turn inwards, becoming pas-
sive and insecure, with a low feeling of self
confidence. Parents, too, need understanding,
as this period may be very challenging. But they
also need encouragement because a child with
diabetes needs a normal upbringing just as
much as any other child.

A fear of strange environments (such as the hos-
pital) can be even greater than the fear of injec-
tions. Some children of this age will become
very anxious if they feel they are being
restrained. Try to give injections and take blood
tests in as secure an environment as possible.

Any parent of small children knows that it is difficult 
enough to find time for everything. But when there is dia-
betes to cope with as well, parents can feel they need as 
many arms as an octopus in order to cope with blood glu-
cose monitoring, injections, meal planning and all the 
other adjustments of daily life that have to be made.
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Pre-school children  
(3-6 years)

The child in this age group begins to understand
more about the outside world and will be con-
scious of the fact that his or her body can expe-
rience both desire and pain. The child will role
play and have a very rich imaginative life.

During this period the differentiation of sex
roles takes place. The child wants to imitate the
parent of the same sex and falls in love, often
wanting to marry the parent of the opposite
sex. A child of 4-5 years will be “the king of the
universe”, knowing and being able to do every-
thing, especially knowing what he or she wants
and does not want. Children feel powerful
when they discover how to control others. A six
year old is usually more willing to fit in with
what the parent wants. 

Children begin to develop a conscience, think-
ing about crime and punishment in a “primitive
way” in terms of “an eye for an eye and a tooth
for a tooth”. They become aware of the bound-
aries of the body. Bandages have a magic ability
to restore and heal. See also “Children and
blood glucose tests” on page 97.

Risks from diabetes

Children in this age group may believe they
have developed diabetes as a punishment for
doing something wrong, or that a blood glucose
test is a punishment. This must be brought up
and into the open with the child even if he or
she does not ask about it. After all, even adults
ask themselves “What have I done to deserve
this?” when something unpleasant or unfortu-
nate occurs. We all try to find a logical connec-
tion between things that have happened.

Children can be limited in the amount of free-
dom they have on account of the parents’ fear
of hypoglycaemia. It may be difficult to give
insulin and take tests when children refuse to
cooperate. They will have definite views on
what they do and don’t want to eat. It may be
very difficult to know in advance how much of
the meal a child will eat. Try letting him or her
decide about some other details of daily life
instead. Multiple injections or an insulin pump
give children more freedom over what they eat
and how much.

Don’t tell a child in this age group too far in
advance about injections, testing or other
unpleasant things. They can easily build this up
to unrealistic proportions in their imagination.

In a family where the children are of different
sexes, diabetes may be linked to gender in the
child’s mind. For example, a girl might believe it
would be better to be a boy since her brother
does not have diabetes (or vice versa). 

“Consider what the restrictions may cost in terms of
development before you say no ...”

Marianne Helgesson, child psychologist

Plant the tree of knowledge early within children. Chil-
dren who have grown up with diabetes often find it easier 
to manage during puberty compared to those developing 
diabetes in prepubertal or pubertal years. When children 
grow up, they will be trained by their parents to take 
responsibility for themselves. The goal should be that 
they will be able to take responsibility for important 
aspects of their diabetes before entering puberty.
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Primary school children
Starting school is stressful for all children, and
many will find it difficult to adjust in the begin-
ning. Primary school children are occupied with
understanding and exploring the world. They
like to take things apart and understand how
everything works. They will also be interested
in understanding how their diabetes works.
Friends become increasingly important and it is
important to do the same sort of things as they
do. Children in this age group like to keep track
of how long an activity takes, such as running
an errand. They are interested when they know
something is going to happen but really cannot
yet understand how long it will take. They
expand their relationships from parents to other
adults, including teachers and other caregivers
at school. During the primary school years,
children learn how to master impulse control
and to behave within acceptable limits and
guidelines.34

Risks from diabetes

The fear of the unknown is still there even if the
child seems interested in exploring. It is impor-
tant to adapt the information to the age of the

Stealing sweets from the cupboard behind the parent’s 
back is not uncommon behaviour for pre-school children. 
It is important to avoid over dramatizing this — even chil-
dren who do not have diabetes will do it. I think it is 
important that the result is not a total ban on sweets. It 
is often more practical to give some extra sweets once in 
a while, perhaps with the afternoon snack for 1-2 weeks, 
and give some extra insulin as well (see page 228). 
Explain that you are making an exception and that you 
expect the child to be able to choose more wisely about 
sweet-eating as he or she grows older. The child will usu-
ally get over the craving for sweets after a while. 
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WHAT IS IT REALLY like WELL... WHEN THEY ARE

SMALL THEY NEED LOVE,

LOTS OF LOVE

WHEN THEY GROW UP IT

IS ALL ABOUT SETTING

THEIR LIMITS

YOU START OUT AS A 
CUDDLY PILLOW AND
END UP AS A border
guard

G
L
E

BEING A MOTHER?

Being a good parent for a toddler is not the same as being a good parent for a teenager. The important, but difficult issue 
is to adjust the demands to the child’s age in order to promote maturity. Children of all ages need lots of love, but it must 
be adapted to the age of the child. “Toddler love” to a teenager is experienced as overprotection and prevents liberation.
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child. “Normalize”, i.e. tell the child that it is
quite normal and fully understandable (“Other
children would feel the same way”) to feel the
way he or she does in different situations, such
as taking an injection or a blood test. Keeping
track of time will often help, for instance when
administering an injection. Food at school does
not taste the same as it does at home, and some-
times the child will not eat at all. It is important
to find someone at school who is able and will-
ing to help the child take insulin at lunchtime.
At first you may feel very insecure — what hap-
pens if my child becomes hypoglycaemic at
school? Try to ensure that one parent is always
contactable by telephone and can come to
school if necessary, especially early on. It is
important that school teachers know how to
deal with hypoglycaemia. They will often take
the child’s illness more seriously after seeing a
hypoglycaemic episode.

Intermediate level 
children 

This part of life is referred to as the latency
phase in psychological terms. Children are usu-
ally very receptive towards all types of educa-
tion, including diabetes. They want to expand
their views but at the same time they have
learned to stay within the limits their parents
have set. During this time a social role develops:
“Can I join in?”, “Will I be accepted?” There is
also competition with peers as to “who is the
greatest, cleverest and most beautiful”. Peers
become increasingly important. Children will
benefit from meeting others with diabetes in the
same age group with whom they can identify,
for instance at a diabetes education camp or
holiday. Encouragement is important at this age
as children need confirmation that they have
done things correctly. 

Risks from diabetes

All children wonder about their role in life dur-
ing this period. At the age of 10 or 11, a child
with a chronic disease will usually start to
reflect upon and react to their illness in a new
way. “Why did this happen to me?” is a com-
mon question. There will often be a time when
the child experiences everything that has to do
with diabetes as difficult and strenuous. For the
first time the child understands that having dia-
betes means having it for the rest of his or her
life. It will take some time to accept this. 

During this time it is important to talk openly
and often to the child about what diabetes
entails, as this will help him or her to move
towards acceptance. Show that you as a parent
also feel concerned, and confirm that life with
diabetes is both difficult and unfair. Children
usually pass through this phase after a while but
some may, on occasion, need help from a psy-
chologist or counsellor.

As children in this age group are very receptive
to learning without defying their parents’
authority, it is important to make diabetes man-
agement a natural part of daily life during the
years leading up to puberty. Children who are
confident about managing their diabetes before
the onset of puberty will be less likely to feel
their diabetes prevents their growth and inde-
pendence. 

When should children take over 
responsibility for diabetes control?
During the early school years, all children
expand their skills across a wide range of areas:
athletic, artistic, academic, and self-control. As
a natural part of this generalized increased abil-
ity in many fields, children will also gradually
increase their participation in, and responsibil-
ity for, various diabetes-related tasks. However,
current research indicates that parents should
continue to take part in diabetes tasks through-
out these years.34 It is helpful if the expectation
for continued parental involvement throughout
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the primary school years and into adolescence is
introduced to children and families by the dia-
betes team as early as possible.34 Don’t hand
over responsibility too early!

Puberty

During puberty, the teenager should begin the
development of an adult identity, having inde-
pendence and an equal standing with other
adults. This increasing independence is fragile,
which is why teenagers need to defend their
integrity so strongly.

In a way, earlier stages of development are
repeated. Teenagers often vacillate between
behaving like children and being grown up. It is
important to realize that they have the chance
to “revisit” areas that have not been completed
during earlier phases of development. Many
parents look upon the teenage period with hor-
ror, but if you try instead to see puberty as a
“final run through” of the childhood and ado-
lescent years before embarking upon adult-
hood, your view may be more positive.

Friends are very important, and as it is only nat-
ural to want to be able to do the same things as
everyone else. Teenagers like to go out in the
evening to have a hamburger or pizza with their
friends, instead of staying at home to eat the
usual evening meal. It is important that young
people are given both the freedom and responsi-
bility to experiment with insulin doses on such
occasions. Teenagers are very interested in their
own body, especially during early adolescence,
and are well aware just who that body belongs
to. They want to be well informed about the
way diabetes affects their body. At the same

time they are often shy about exposing their
body and, in this sense, are not at all as
open-minded as might be expected.

We encourage older teenagers to come to some
of the visits without their mother or father. An
alternative is to let the parent enter the room at
the end of the consultation and then only raise
issues that the teenager has consented to. It is
important for teenagers to understand that our
professional confidentiality also applies to par-
ents. If a young person wants to raise personal
issues, he or she should be able to do so without
fear of the information being passed on. 

Teenagers often bring a buddy or a boy-
friend/girlfriend to the visits. They appreciate
someone’s support but feel too old to bring
their mother or father.

It may be a difficult for parents to know just
how much involvement with the teenager’s dia-
betes is appropriate. It can be difficult to remain
sufficiently well informed as you are less and
less involved with your child’s diabetes and
clinic visits.

Most teenagers prefer to manage without their
parents’ input but at the same time want them
to be informed. One 18 year old girl said: “Of
course I want them to know how my diabetes is
managed —who else can jump in and help me if
I fail?” 

Friends are very important in the teenage years. When 
you start coming to the clinic without your parents it is a 
good idea to bring a buddy or girl/boyfriend instead.
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Risks from diabetes

The teenage years are a difficult period in which
to develop diabetes. Teenagers are not mature
enough to take sole responsibility for their dia-
betes but find it hard to let their parents do it.
Children who are younger at the onset of diabe-
tes find it easier for the parents to take full con-
trol, and then gradually let go as the child
matures. Children who develop diabetes early
in life are likely therefore to have better diabetes
control and adherence to the treatment during
the years of puberty than those developing it in
the early teens.402

Learning to stand on their own two feet will be
more difficult for a teenager with diabetes. They
feel that they will never quite become an adult
and will never have complete control over their
own body. Just when it is time to cut the umbil-
ical cord, it is securely tied again. In addition,
their body will be inspected on regular visits to
the clinic. 

Of course, teenagers with diabetes will be con-
cerned about the future. They will worry about
what sort of job they can do, how to find a
partner, whether they will be able to have chil-
dren, as well as about complications of diabetes
and so on. It is quite natural to become
depressed about these things if you look
towards the future in a negative way. It is not
uncommon to have existential thoughts in gen-
eral, but it is important to be on the look-out
for suicidal thoughts as well. 

At the same time, teenagers will often not think
beyond the next few days. The risk of having
eye damage or renal complications at the age of
40 if their blood glucose level continues to be

high, matters less: “Then I will be so old and
mossy that it will not matter anyway”.

Most teenagers want to take injections in an
adult way, that is to say without showing emo-
tions. They hate it if this can’t be managed and
they are forced to be “a baby” again by crying
or being unable to take the injection by them-
selves. It is just as important to “normalize” for
teens as it is for younger children, that is to
reassure them that many adults also find injec-
tions difficult. Teenagers who can feel their
behaviour is accepted are likely to grow in self
confidence.

Remember that being a good parent to a teen-
ager is not the same as being a good parent to a
younger child. Inappropriate adjustment by the
teenager to diabetes has been found to be
related to inappropriate adjustment on the part
of the parents to the child’s increasing need for
independence during the years leading up to
puberty.

Let your teenager practise as much as possible
on his or her own. However, it is equally impor-
tant to discuss afterwards how things went and
why. Although the onset of puberty marks a
dramatic change in a child’s development and
level of independence, children with diabetes
and their parents must protect diabetes respon-
sibilities (for example, the task of remembering
blood glucose tests and injections) from exces-
sive independence, handing over responsibility
in a very gradual manner.34

“Teenagers are impossible 
to raise, but it doesn’t mat-
ter as long as parents do not 
stop trying.”

Ackerman

How to handle a teenager 

Don’t be too understanding during early
puberty. Setting limits is another way of show-
ing that you care.

You may have to accept that certain things
take precedence over diabetes for a year or
two.

Try to argue about things other than diabetes 
when “fighting” in the family. 
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In the interplay between children and parents,
negotiation and agreement are essential. When
young people say they want to assume the
responsibility for something, let them give it a
try. It is natural for parents always to want to
know where their children are when they are
away from home. If a young person has diabe-
tes it is even more important. It is a good idea
therefore to come to some agreement about
having contact at certain times. A mobile phone
may be a practical and popular way of keeping
in touch with a child or teenager with diabetes.

Many teenagers demonstrate so called “risk
behaviour” in that they like to do things that
are slightly (or very) risky to test their ability.
This is often more pronounced in boys than in
girls. If this is the case, try connecting this
behaviour with the diabetes treatment and
encourage experimenting with insulin dosages
for example. There may very well be an element
of risk included (such as how to dose insulin
when staying up all night) but it is equally
important that there be a “protective network”
in the form of friends or adults whom the teen-
ager can trust if something goes wrong. 

A serious type of risk behaviour is forgetting or
skipping insulin injections. In an American
interview study, 25% of the teenagers (11-19
years of age) stated that they had missed one or

more insulin injections during the last 10 days,
mainly due to forgetfulness.797 Of these, 29%
missed taking blood glucose tests which had
been previously agreed upon and a further 29%
had entered a lower blood glucose reading in
their logbook than was actually registered. The
adolescents who had missed insulin injections
had a higher HbA1c value. If insulin doses are
missed, blood glucose levels will start swinging
around and the diabetes will become difficult to
regulate.550

“Puberty is a necessary good. A person that does not
pass through all the phases of puberty will risk
becoming a bad copy of their parents.”

Torsten Tuvemo, paediatric diabetologist

Healthy siblings
Being a healthy brother or sister to a child with
a chronic disease can be difficult at times. Sib-
lings often see many of the “advantages” that
the ill child has, not to mention all the increased
attention from the parents. At the same time it
is difficult for a brother or sister totally to
understand the situation of the child with dia-
betes. They will need help in answering some
questions even if they don’t bring them up by
themselves:

— Is it my fault that my brother/sister has
developed diabetes?

—Is it contagious? Will I get it as well?

— Who will take care of me when my parents
are busy with my brother’s/sister’s diabetes?

It is important to listen to healthy siblings and
accept that they can sometimes feel that “It is
difficult to be the one not ill”. Parents may find
it easy to say: “You should be grateful that you
are healthy” or “Would you want to be in that
position?” Often it will be enough just to con-
firm the feelings of the child not having diabetes
by saying: “I understand that it can be difficult
at times”.

When teenagers have control 
over their diabetes, other sub-
jects can be brought up as 
they grow in independence.
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Take it seriously when a sibling complains for
instance about a headache or abdominal pain,
even if you as a parent have the impression that
it is not so serious. The brother or sister may
benefit from seeing a doctor of his or her own.
They may certainly benefit from being able to
discuss stress and worry, and how these can
cause headaches and other physical symptoms. 

You can give a healthy sibling some extra atten-
tion. For example, the two of you could do
something together on your own. It will not
matter much what you do. Being alone with a
parent is always something special. Take the
opportunity to eat something tasty together and
keep it “a secret” from the other family mem-
bers. Do something else secretly together with
the child with diabetes, like visiting a special
playground, or, if the child is older, a theatre or
exhibition. The purpose of keeping it “a secret”
is to avoid envy between the siblings (regardless
of whether they have diabetes or not).

It is difficult for siblings always having to hear
that they cannot eat this or that because their
brother or sister has diabetes and must not be
tempted. One method, practised in most fami-
lies, is to allow something special to be eaten
when the child with diabetes is not at home. As
the child with diabetes gets older, he or she
must become accustomed to not having the
same arrangements as everyone else. Children
with other diseases or problems (such as coeliac
disease, allergies or a tendency to put on
weight) must learn that they cannot eat like
their friends. Try to find something else that is
desirable for the child with diabetes in order to
avoid unfair treatment within the family. The
goal is that, as children get older, they become
increasingly able to withstand temptation on
their own, for instance at school or during lei-
sure times. 

When a healthy brother or sister has a birthday
party, parents should make an exception and let
this child make all the decisions about what the
treats should be. The child with diabetes can
take some extra insulin that day in order to be
able to join the party.

As brothers and sisters grow older, a strong feel-
ing of friendship often develops. We have seen
many instances of good relationships between
older teenagers with diabetes and their siblings
providing a springboard from which they can
take the step towards adulthood, assuming
responsibility for their diabetes. This can be
particularly helpful, for example, in situations
where parents are caught up in divorce, other
conflict or are too overprotective, leading to
difficulties in letting a maturing teenager take
over responsibility and control. 

Divorced families
More and more children these days do not live
with both their parents. About one quarter of
all children and teenagers in the UK and US live
with only one biological parent. Divorced par-
ents often have difficulties communicating and
the children can end up delivering messages
between them. 

When a child develops a chronic illness, great
demands are put on both parents to cooperate
and trust each other. If the parents are divorced,
the best approach is for both to obtain the same
information from the very onset of diabetes. If
they have new partners, these partners will also

As a teenager you want to spend time with your friends. It 
is important that your diabetes doesn’t stop you from 
doing this. Practise taking responsibility for adjusting 
your insulin doses and meal times so they will fit with the 
type of life you want to live.
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need information. The situation between the
parents may be tense, but it will always be bet-
ter for children if the parents can remain on
speaking terms and cooperate with regard to
the child’s diabetes as much as possible.

Fathers’ involvement
In a Swedish study, different factors, were inves-
tigated characterizing families where the chil-
dren had a good or bad diabetic adjustment
(high/low HbA1c and psychological adjustment
to disease).654 In families with poorer adjust-
ment, the fathers were more impulsive and
dependent. The children were also more impul-
sive. In families with good adjustment, the
fathers were more independent and because of
this, in a better position to support the mother
and the child in coping with the diabetes. Chil-
dren, especially boys, will find it easier to iden-
tify with their father and be inspired to take a
greater responsibility for their diabetes.

It is difficult to generalize from a single study.
However, from a clinical point of view it is clear
that we see that things work best in families
where both mother and father are engaged with
the child and his or her diabetes. Two people
can usually find it easier to deal with a problem
than one person alone, especially if they are
able to discuss how different situations can be
managed. If the father is not involved, but lets
the mother take care of diabetes, it does appear
that boys, in particular, are likely to have prob-
lems in their teens. It is important that fathers
be with their child as much as possible at the
time of diagnosis and that both parents be
allowed to take an active part in the diabetes
management from the very beginning. 

The above applies also to divorced families
where it is still important for both parents to
cooperate and share the care of their child’s dia-
betes (see above) as far as possible. Sometimes
this is impossible for practical reasons and a
single parent will have to take full responsibility
for the child. This is of course an extra stress for
that parent, and they may need additional sup-

port from extended family networks or friends.
But in the overwhelming majority of cases it
works very well.

“One cannot be cautious enough when choosing
one’s parents.”

Henrik Pontoppidan

Brittle diabetes

Brittle diabetes can be caused by many different
factors. It is defined as a diabetes that is so diffi-
cult to control “that life is constantly being dis-
rupted by episodes of high or low blood glucose
levels, whatever their case”.736 In spite of great
efforts from everyone, the swinging blood glu-
cose levels continue. Swinging unstable blood
glucose levels happen in all young people but
“brittleness” may have contributing physical
causes (such as insulin antibodies, decreased
insulin sensitivity, puberty, delayed emptying of
the stomach, missed insulin doses, incorrect
injection technique) but also psychological
where chronic stress (as in a divorce situation)
may create a high or swinging blood glucose
level.

When a person has brittle diabetes, the insulin
doses will often be very large, even if the sensi-
tivity for intravenously administered insulin is
normal.412 Ketones may be produced even when
the levels of counter regulatory hormones are
normal, and these patients will often have
ketoacidosis.412

Sometimes a person with “brittle” diabetes
deliberately manipulates the insulin doses for
various reasons, creating widely varying blood
glucose levels. This can create a vicious cycle
which is difficult both to understand and to
break. Afterwards, when looking back at this
behaviour, people often find it hard to believe
that they really did this. If you think about it as
a temporary coping response when the world is
difficult to live in, it is not all that strange. Most
adults have done things in their younger years
that they are not all that proud of.
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What is worrying is if the manipulative behav-
iour continues, leading to dangerously unstable
glucose control with many episodes of hypogly-
caemia and/or ketoacidosis. If you recognize
yourself in this, you definitely need help to
straighten things out. The most important start-
ing point is “to put the cards on the table” by
beginning to enter correct readings in your log-
book, take your insulin doses regularly, and
note in your logbook when you miss or forget
an insulin dose. Otherwise we have no way of
knowing what is going on in your body and,
because of this, may give you quite incorrect
advice. For example, if you have a lot of high
blood glucose readings, and give no indication
that you have missed a lot of doses, your doctor
is likely to advise you to increase your doses.
But if you take these higher doses, you may end
up with severe hypoglycaemia.

It may not be necessary at this point to actually
state that you have been “forgetting” doses —
we all find it difficult “to lose face” and the
most important thing right now is to get a new
start. Just one little wish: if you sometimes (per-
haps many years later) do tell your doctor or

nurse what really happened, we will have a bet-
ter chance of finding clues and helping someone
else in your situation to get out of that vicious
cycle.

Occasionally, sexual abuse from an adult in the
child’s or teenager’s close surroundings, some-
times even by their father, can be the reason for
a “brittle diabetes”.565 Remember that if some-
thing like this happens it is NEVER the young
person’s fault. Sexual abuse is always the fault
of the adult and it is illegal. Something like this
is very difficult to think about and even more
difficult to reveal to anyone else. However, if
you recognize yourself when reading this you
must confide in someone whom you trust. This
is the only way to make it stop, the only way to
start over again and to have the opportunity
once again to feel safe.

All doctors and nurses at your family surgery or
diabetes clinic are sworn to professional secrecy.
This means that anything you tell us stays
between us, in confidence. Wherever you live,
we are under professional and legal obligation
to guard every secret disclosed. Another alter-
native may be to speak to a priest, counsellor or
teacher who you feel you can trust.

Quality of life
Diabetes is an illness that affects you 24 hours
of every day, and will therefore have a substan-
tial influence on your quality of life. In an inter-
national study from 17 countries, including
2101 adolescents aged 10-18 years, the main
conclusion was that a lower HbA1c was associ-
ated with a better quality of life (as judged by
the young people themselves).375 Parents also
found the family burden of diabetes to be lower.
Teenagers from single-parent families and eth-
nic minority groups showed both higher HbA1c
and poorer quality of life. Teenage girls had
more difficulties with diabetes control than
boys from the same age group. The message is
that young people who try hard to improve
their diabetic control also find that their overall
quality of life is better, not worse.

If the parents cannot agree, after a divorce for example, 
there is a risk that the child will act as a “messenger” 
between them. “Tell your Father that...” or “Ask your 
Mother about...”. This is a role that will put the child in an 
awkward situation, causing distress and ultimately a high 
HbA1c value.
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Needle-phobia
Phobia for injections and blood tests will show
up in different ways at different ages (see page
338). Injection aids (such as Insuflon, see page
122) or a pump, can help many children take
injections, though blood tests are still impossi-
ble to avoid. If you “get stuck” in these matters
it is important to see a psychologist as quickly
as possible to prevent needle-phobia from
becoming a permanent problem for you, your
child, or your family. See also page 97 and 111. 

Topical anaesthetic cream (EMLA®, Ametop®)
gives effective pain relief and can be used to
make some blood tests less unpleasant. It can be
used for insulin injections on isolated occasions
but, in practice, it is impossible to use for every
insulin injection. Creams like this do not work
on the fingertips as the skin there is too thick. 

Children who are asked how they feel about injections 
often say they wonder why adults look so happy when 
they stick needles in children. “Do they enjoy hurting 
us?” It is easy to misinterpret an adult’s smile, which is 
meant to comfort the child, as something else.



350 Type 1 Diabetes in Children, Adolescents and Young Adults

Needle-phobia: general advice
(adapted from Marianne Helgesson)

Parents’ attitudes to needle stabs are very
important. You must be sure the finger prick
or needle stab is necessary, otherwise you
can never convey this to the child. If you, as a
parent, have a needle-phobia of your own, it
will be difficult to stick a needle into your
child. 

The child must know exactly what is going to
happen and why. Many children (even older
ones) may believe that the injection or blood
test is a punishment for something done
wrong. You must state clearly that the needle
is necessary, and not because anyone has
behaved badly. Remember that the person
sticking the needle in is not “being mean”. He
or she is only doing what has to be done.

Be honest about the pain. A needle prick can 
be painful, no matter how much we would like 
it not to be.

Indicate the acceptable limits of protest, such 
as: “You can cry if you feel like it, but you must 
not pull your hand away.”

Needle-phobia, cont.

Offer realistic choices. They lessen the child’s
feeling of being a victim. But do not offer to
give the injection another time as you cannot
do that. The child will only remember being
tricked and things will be even more difficult
the next time around.

Suggest diverting activities, such as choosing
a bandage.

The phase of persuasion should be short.
When dealing with smaller children it is best
to hold them firmly, do the needle prick, and
then comfort. If inserting the needle takes
time, the child will suffer for longer. Use a firm
grip if you must hold the child, so that the
injection is over quickly.

Don’t smile to encourage. The child may
believe that you are laughing. 

Afterwards: Comfort, praise, and talk to the
child. Dealing with what has been difficult
through drawing or play may help. Stay with
the child when playing in order to be able to
correct misunderstandings and help the child
come to terms with the experience.

It need not always be difficult to start taking injections. Elin was 5 years 
old when she was diagnosed with diabetes. She did not mind the nurse 
giving her injections as she had an injection aid (Insuflon) inserted subcu-
taneously in her tummy (see page 122). Her mother does not seem to be 
upset by this either. 
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Well-known people 
with diabetes
People with diabetes can be found in most pro-
fessions. You probably know prominent people
with diabetes in your home town or country.
Below are some examples of how successful
people cope with their diabetes.

Gary Mabbut
Gary Mabbut was a professional football player
and was captain of Tottenham Hotspurs. He
has played many international matches for
England. He developed diabetes when he was
17½ years old.127 The doctor gave his parents
the following advice: “Let the boy try a suitable
regimen, let him continue his previous life and
we will see what happens”. And things went
quite well! Gary has four injections every day.

“A match day starts with a blood glucose test,
insulin injection and then breakfast. I have now
learned in detail what signals the tests give and
from that I find out how much I can eat for
lunch. Before warming up I take another test to
find out how much sports drink I need before
the first half. The same procedure takes place in
the break before the second half. If the match
goes into extra time, a few tablets of dextrose is
enough to take me through it. If I follow this
schedule I feel certain that nothing will hap-
pen.”

When giving advice to young people with dia-
betes Gary is candid:

“Live as usual but keep an eye on insulin and
meal times. Don’t let the disease control you.
Get control of it instead with the help of regular
hours. No matter if it is about sports, studying
or working, you have the same great chances as
others without diabetes. You make your own
possibilities!”

Tara Moran
Tara Moran recently finished filming opposite
Robson Green in a new drama, Close and
True.161 She has been acting since she was six
years old. All through school she did bits and
pieces mostly at Yorkshire TV in Leeds but also
popping over to Granada in Manchester. She
has also managed to appear in Coronation
Street, EastEnders, Casualty and A Touch of
Frost. “I think it’s like any job — you get to a
certain age and you realize what your strengths
and weaknesses are and I’m better at soap act-
ing.”

She’s also very up front about her diabetes,
which she’s had since she was six. Not for her
the denials and embarrassed injections in toi-
lets. When she was young Tara went on several
Diabetes UK children’s holidays. She has
worked closely with Diabetes UK and was a
judge of the Diabetes UK Young Achievers
Awards.

Tara makes a point of telling cast and crew she
has diabetes, always carries glucose tablets with
her and on one occasion called “cut” on a scene
as she needed her lunch. “I have to look after
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myself otherwise I wouldn’t work and I’ve
never wanted to be a diabetes martyr. I really
knuckled down and took care as I never wanted
to be off stage for even one night because of
diabetes. It would be a very bad advert for the
condition.” She continues: “I don’t see why I
have to give myself exactly the same dose of
insulin every day because not every day is
exactly the same.”

Steve Redgrave

Sir Steve Redgrave is a rower and has won gold
medals at five consecutive Olympics. He was
diagnosed with type 2 diabetes at the age of 35.
He immediately went on insulin and is currently
taking rapid-acting insulin with each meal. 

He admits that he had considered giving up
competition after being told he was diabetic six
months before the Sydney Olympics in 2000.
“My first thought was that my rowing career
was at an end. But I spoke to my GP and my
specialist, and both said that I should be aware
that the path to success was not going to be
easy. However, there is very little known about
endurance sports and diabetes, so it has been a
steep learning curve for all of us. But I felt I had
to give it a go.”

“But let’s not be blasé about it. At first I went
into a denial phase – you do not want to accept
that this thing is happening to you – and took
as little insulin as possible. But after some
months, I ended up taking as much as I could,
always keeping in mind the maximum permit-

ted dosage. It isn’t rocket science – frankly, it’s
pretty straightforward.” 

Steve is an honorary vice president of Diabetes
UK. “Kids are my special concern, so I want to
do all I can to help them. It’s vital to dispel
some of the myths surrounding the condition,
and show them that people with diabetes can
achieve great things.” 

He explains how coping with diabetes is as
much about controlling your lifestyle as it is
about health. “As an athlete you have to be tre-
mendously disciplined, and I test six or seven
times a day. I’ll help spread the message, on a
national and international basis, stressing that
regular testing is vital for people with the condi-
tion. This is an area where I can use my status
as a sportsman to project a positive message
and get people to think about the issues associ-
ated with testing.”

Nicole Johnson

Nicole Johnson came upon diabetes as most
people with the disease do: unexpectedly and
uninformed. In 1993, as a 19 year-old, she and
her family were shocked when she was diag-
nosed with diabetes.149 Rather than give in to
the condition, she cast off the warnings that she
would be prevented from realizing her dreams
and goals. Ignoring her diabetes was not an
option. Instead she challenged herself to learn
all she could about the disease and how to man-
age it effectively.

Immediately, Nicole embarked upon a pro-
gramme of intensive diabetes management,
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requiring up to five shots a day. After several
years of hard work, the control she knew she
required had eluded her. Her life was a virtual
roller coaster of glucose. It was then she decided
to try insulin pump therapy. “I gained a sense of
freedom that I thought I had lost forever!” was
her observation. “The first day I got the pump I
cried myself to sleep because I was so afraid,
but I want kids not to worry about it because
everything will be all right.538 But it won’t be
perfect, and it doesn’t solve all the problems —
it’s a lot of work and a big commitment.” 

Winning the Miss America crown for 1999 was
not a goal in itself for Nicole. She viewed the

visibility and prestige of the honour as a means
to further her greater goal of speaking out to
raise greater awareness of diabetes, its symp-
toms and consequences. “I will use my voice to
represent the needs of all persons living with
diabetes, especially children with diabetes and
their families who work tirelessly to ensure
their care.”

“With young people, I’m trying to give them
hope and a new perspective, a new lease on life
— because when you have diabetes you can
have a bad attitude and almost be defeated by
the disease, and we don’t want that to happen.
We want you to understand that regardless of
the circumstances in your life, you can accom-
plish all you want to. It comes down to good
control, and if you’re in good control, you can
achieve your dreams. You also don’t have to be
perfect. Nobody is perfect or has perfect blood
sugars every single day, so don’t get discouraged
about that. Just try as hard as you can.”

There are many other famous people in the
world who take insulin for their diabetes. They
include sportsmen and women, film stars, pro-
fessors, captains of industry. All of them prove
how you can live with diabetes successfully
with a bit of courage and motivation.

Ostrich strategy, i.e. not caring about diabetes and not 
taking any responsibility for its management, is among 
the most dangerous things a person with diabetes can 
do. We can contribute with knowledge, tips and advice — 
but living with your diabetes is something only YOU can 
do.

”If you become a teacher, by your pupils you 
will be taught.”

Hammerstein and Rogers 1951 327
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Epilogue
When diabetes occurs in a family, life will natu-
rally become difficult. If the person with diabe-
tes is a child or teenager, issues of dependence
and independence will be heightened. Parents
will find themselves facing the dilemma of how
to be sufficiently supportive without being over-
protective. 

When one family member has a chronic disease,
extra demands fall on every other family mem-
ber, and conflicts can result. When a child is
sick, parents may find it extremely difficult to
find enough time, as well as to balance the time
needed for the child and his or her illness, time
for other siblings, time for him or herself as well
as time to have an adult relationship with a
spouse or partner. Try to remember though,
that all families have problems, especially if the
children are in their teen years. Diabetes is not
the only reason for stress. It can be helpful to
try to think through how you might have han-
dled the situation if the family member con-
cerned had not had diabetes.

Artwork and other credits
In addition to the acknowledgments made at
the beginning of this book, I wish to express my
gratitude to the following authors and medical
journals (© owners) who kindly gave me per-
mission to print their illustrations (the full
credit line is in the reference list on page 366):

Acta Paediatrica Scandinavia 
(Scandinavian University Press): 
Cedermark et al 1990 (p. 234)

American Journal of Medicine
(Elsevier Science)
Weinger et al 1995 (p. 94)

Archives of Diseases in Childhood
(BMJ Publishing Group): 
Sackey et al. 1994 (p. 75)

Clinical Science (The Biochemical Society and
Medical Research Society): 
Welch et al. 1987 (p. 208)

Diabetologia (Springer-Verlag GmbH & Co.
KG): 
Malherbe et al. 1969 (p. 22)
Wahren et al 1978 (p. 245)
Maran et al. 1995 (p. 49)
Amiel et al 1998 (p. 44)
Tuominen et al 1995 (p. 249)

Diabetes (American Diabetes Association): 
The DCCT Study Group 1995 (p. 316)

Diabetes Care (American Diabetes Association): 
Bantle et al. 1993 (p. 113)

Land ahead! As an adult, one will often continue with the 
same attitude towards diabetes as one had when leav-
ing the teens. But don’t forget that “today is the first day 
of the rest of your life”. It is never too late to decide to do 
something radical about your diabetes if you have high 
HbA1c values. Every percentage decrease in HbA1c will 
reduce your risk of complications in the future!
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When using multiple injections or an insulin pump you 
will have increased freedom — but only if you take the 
responsibility that goes with it. One should not confuse 
this with an “anything goes” mentality where everything 
is allowed. It is a question of quantity as well — excep-
tions must be exceptions. If you make the exception 
every day it becomes a habit instead.

It is important to remember that it is not your blood glu-
cose level today or tomorrow that counts in the long run, 
but your average blood glucose level over a long period of 
time to come, years and tens of years. As a parent (or 
teenager or adult with diabetes) you need to make some 

exceptions to learn and get used to the guidelines you 
should continue with in the future.

Today, Camilla is a young adult using an insulin pump 
and takes good care of her diabetes. As a teenager, she 
had strong support from her parents when she chose to 
make exceptions, but also clear limits on how much and 
how many exceptions she could allow herself. In my opin-
ion this is a very good start of a long and well-managed 
life with diabetes. Thank you Camilla, for all the observa-
tions and good points about living with diabetes that you 
have given me throughout the years.

want

some

I No, I must not ...

Mummy, 
can I have 

some 

OK, but
take 

insulin
first...

some

But don’t eat
too much.

Oh, no

sweets

sweets?
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Glossary
< Less than
> More than
≥ Equal to or more than
≤ Equal to or less than 
28 The references where the text is taken

from are shown as small, superscript num-
bers. See page 366.

Units

Weight
1 kg (kilogram = 2.2 pounds (lb)
1 gram = 15.4 grains = 0.035 ounces

Length
1 cm (centimetre) = 0.4 inches
1 inch = 2.54 cm

Capacity
1 litre = 1.76 UK pints = 0.22 UK gallons
250 ml = ¼ litre ≈ 1 cup
(1 UK cup = 280 ml, 1 US cup = 240 ml) 
1 tablespoon = 15 ml

Temperature
° F = (9/5 x °C) + 32

Time
14 = 2 PM
02 = 2 AM

Terms

ACE-inhibitors
Drugs that inhibit an enzyme (angiotensin con-
verting enzyme) in the kidneys that increases the
blood pressure.

Acesulfam K
Sweetener that does not provide any energy.

Acetone
Is produced when there is an excess of ketones
in the blood. Acetone can be smelt on the
breath when the level of ketones is raised.

Acidosis
Shifting of the pH in the blood towards being
acidic.

Adrenaline
Stress hormone from the adrenal glands that
increases the blood glucose level. 

Adrenal glands
Small organs situated above the kidneys that
produce a number of different hormones,
including adrenaline and cortisol. 

Adrenergic symptoms
Bodily symptoms of hypoglycaemia caused
mainly by adrenaline.

Albuminuria
A larger amount of albumin in the urine than
the traces of albumin found with microalbu-
minuria. A sign of permanent kidney damage.

Aldose reductace inhibitors
Drugs that can affect nerve damage caused by
diabetes.

Alpha cells
Cells in the Islets of Langerhans of the pancreas
that produce the hormone glucagon.

Amino acid
Protein building blocks.

Amnesia
Loss of memory.
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Amylase
An enzyme that is produced in the saliva and
the pancreas. Amylase breaks down the starch
in the food.

Anaesthetic cream 
Cream that numbs the skin (EMLA®, Ame-
top®). Can be used to reduce pain when insert-
ing a pump catheter or Insuflon.

Antibiotics
Drugs that kill bacteria. Penicillin is one type of
antibiotic.

Antibody
Produced by the immune defence to destroy
viruses and bacteria.

Anorexia
Lack of appetite. Also commonly used to mean
Anorexia Nervosa, an eating disorder in which
a person starves him or herself.

Arteriosclerosis 
Hardening, narrowing and eventually blocking
of the blood vessels.

Aspartame
Sweetener that does not provide any energy.

Autoimmune 
Sometimes things go wrong with the immune
defence and the cells of your own body are
attacked. 

Autonomic nervous system 
The “independent” part of the nervous system
that is operated without one having to give it a
thought, includes such aspects as breathing and
the movements of the intestines. 

Basal insulin 
A low level of insulin that covers the body’s
need for insulin between meals and during the
night. This insulin is given as intermediate or
long-acting insulin or in a pump. 

Basal rate
With an insulin pump, a low dose of basal insu-
lin is infused every hour of the day and night. 

Beta cells
Cells in the Islets of Langerhans of the pancreas
that produce the hormone insulin.

Blood glucose level
The level of glucose in the blood. It is measured
in mmol/l (SI-units) or mg/dl (mg%). For con-
version table see page 90. Can be measured as
plasma glucose or whole blood glucose. Earlier
meters showed values in whole blood glucose
but today, patient meters in most countries dis-
play plasma glucose. Unless otherwise men-
tioned, values in this book refer to plasma glu-
cose (whole blood glucose values were used in
the previous edition).

Brittle diabetes
Diabetes with very unstable blood glucose
(rapid swings up and down) that prevents the
person from living a normal life.

Bulimia
Eating disorder involving binge eating, i.e.
sometimes eating huge amounts of food fol-
lowed by purge (induced) vomiting or use of
laxatives. 

Capillary blood 
The capillaries are the very fine blood vessels
between arteries and veins where the blood
delivers oxygen to the tissues. Blood tests from
fingers contain capillary blood.

Carbohydrate 
All compounds that are made up of different
types of sugar, such as cane and beet sugar,
grape sugar, syrup, starch, cellulose.

Cataract 
Clouding of the lens in the eye.

Cellulose
Glucose molecules in long chains, present in all
plants. Cannot be broken down in the intes-
tines. 
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Chylomicrones
Small drops of fat that are being transported
from the blood into the lymph drainage system.

Cyclosporin A
A cytotoxic drug that has been used to stop the
immune process at the onset of diabetes. 

Coeliac disease
Illness where the person cannot tolerate gluten,
a substance found in wheat, oats, barley and
rye. 

Coma
Unconsciousness. Can occur in people with dia-
betes when the blood glucose is very low (insu-
lin coma) or very high (diabetic coma).

C-peptide
“Connecting peptide”, a protein produced
together with insulin in the beta cells. By mea-
suring C-peptide, the residual insulin produc-
tion of the pancreas can be estimated. 

Cortisone 
Stress hormone that is produced in the adrenal
gland.

Counterregulation 
The body’s defence against low levels of blood
glucose. The excretion of the counter-regulating
hormones (glucagon, adrenaline, growth hor-
mone and cortisol) increases when the blood
glucose level falls too low.

CSII
Continuous subcutaneous insulin infusion,
treatment with an insulin pump. 

Cyclamate
Sweetener that does not provide any energy.

Cytotoxic drugs
Drugs that affect the ability of cells to divide.
Often used for cancer therapy. 

Dawn phenomenon 
The growth hormone level rises during the
night, causing the blood glucose level to rise
early in the morning.

Depot effect
Part of the insulin that is injected is stored in the
fat tissue as a depot (a “spare tank” of insulin).
The longer the action of the insulin, the larger
the depot will be.

Dextrose 
Pure glucose.

Diabetic coma
Severe ketoacidosis that has led to unconscious-
ness. 

Diabetes ketones
Ketones that are produced when the cells in the
body are starving due to a lack of insulin. The
blood glucose level is high. See ketones. 

Dialysis
The process of extracting harmful substances
from the blood when the kidneys do not work
properly. 
See uraemia.

Direct-acting insulin
Term for rapid-acting insulin used in some
countries. Used in the previous edition of this
book.

DNA
The genetic code inside the chromosomes is
made of DNA.

Double-blind study 
Technique to perform a study where neither the
participant nor the investigator know who is
treated with which type of medication or inter-
vention.

EEG 
Electroencephalography (“brain-wave”), a
method for measuring the very weak electrical
currents in the brain.
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Enzyme 
Protein compound that cleaves chemical bonds.

Fasting blood glucose 
Blood glucose test taken before eating in the
morning. In a person without diabetes, the
plasma glucose result would not normally be
higher than 6.1 mmol/l (110 mg/dl).

Fat pad 
See lipohypertrophy.

Fatty acids 
Substances produced when fat is broken down
in the body.

Fluorescein angiography 
Special type of X-ray technique to visualize the
retinal blood vessels in the back of the eye.

Fructosamine 
Blood test that measures how much glucose that
is bound to proteins (mainly albumin) in the
blood. Gives a measure of the average blood
glucose level during the last 2-3 weeks.

Fructose 
Fruit sugar.

Gastroparesis 
Slower stomach emptying caused by diabetes
complications (neuropathy).

Galactose 
Sugar molecule. Lactose consists of galactose
and glucose.

Gestational diabetes 
Diabetes discovered during pregnancy. The
symptoms usually disappear after childbirth but
the woman has an increased risk of acquiring
type 2 diabetes later on in life.

Glucagon 
Hormone that raises the blood glucose level. It
is produced in the alpha cells in the Islets of
Langerhans of the pancreas.

Gluconeogenesis 
Production of sugar (glucose) in the liver.

Glucose
Simple carbohydrate, dextrose, grape sugar,
corn sugar.

Glucose tolerance test 
Test to diagnosis early stages of diabetes. Tells
how much the blood glucose level rises after
orally ingested (OGTT) or intravenously given
(IVGTT) glucose.

Gluten 
Compound that makes dough sticky. Found in
wheat, oats, rye and barley.

Glycaemic index 
A method to classify carbohydrates and foods
according to how they affect the blood glucose
level. Abbreviates to GI.

Glycogen 
Glucose is stored as glycogen in the liver and
muscles. The glucose molecules are connected
in long chains. See illustration on page 203.

Glycogenolysis 
The breakdown of the glycogen store in liver or
muscles.

Glycosylated haemoglobin 
See HbA1c.

Goitre 
Enlarged thyroid gland.

Grape sugar 
Glucose.

Growth hormone 
Hormone that is produced in the pituitary
gland. Increased growth is the most important
effect. Increases the blood glucose level.

HbA1
Older method of measuring HbA1c. Gives val-
ues approximately 2% higher than HbA1c.
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HbA1c 
Blood test that measures how much glucose
binds to red blood cells. Gives a measure of the
average blood glucose level during the last 2-3
months.

HLA-antigens 
Genetic markers on chromosome 6 that are
important when transplanting organs and for
studying the heredity of different diseases.

Honeymoon phase 
See remission phase.

Hormone 
Protein compound that is produced in one of
the glands in the body and that attains its target
organ or tissue through the blood. Hormones
work as “keys” to influence the cells in the
body to perform different functions.

Hyperglycaemia 
High blood glucose level.

Hyperinsulinism 
High level of insulin in the blood.

Hyperthyroidism 
Excessively elevated levels of thyroid hormone
in the blood. The thyroid gland is enlarged
(toxic goitre).

Hypoglycaemia 
Too low a level of blood glucose. Usually
defined as a blood glucose level below 3-3.5
mmol/l (55-65 mg/dl).

Hypophysis 
See pituitary gland.

Hypothyroidism 
Too low a level of thyroid hormone in the
blood. The thyroid gland is often enlarged (goi-
tre).

ICA 
Islet cell antibodies. Antibodies directed against
the Islets of Langerhans. Indicates an attack of
the immune defence on the islets.

IDDM 
Insulin dependent diabetes mellitus, former
name for type 1 diabetes.

Immune defence 
The defence in the body against foreign sub-
stances, such as bacteria and virus.

Implantable insulin pump 
Insulin pump that is implanted under the skin
in the subcutaneous tissue. Infuses insulin
through a thin tubing into the abdominal (intra-
peritoneal) cavity.

Incidence
The number of diagnosed cases per year of a
particular disease.

Incubation time 
The time between when you have been infected
with a contagious disease and when you show
the first symptoms of the disease.

Insulin 
Hormone produced in the pancreas’ beta cells.
Lowers the blood glucose level by “opening the
door” of the cells.

Insulin antibodies 
Antibodies in the blood that bind insulin. The
insulin that is bound has no function, but can
be released at a later time when the concentra-
tion of insulin in the blood is lower (e.g. during
the night).

Indwelling catheter (Insuflon)
An aid to lessen the pain when injecting insulin.
It consists of a soft teflon catheter which is
inserted into the subcutaneous tissue.

Insulin analogues

Newer types of insulin where the structure of
the insulin molecule has been changed to make
the insulin action quicker (NovoRapid, Huma-
log, Apidra) or slower (Lantus, Levemir). 

Insulin coma
Unconsciousness caused by severe hypoglycae-
mia.
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Insulin depot 
See depot effect.

Insulin pump 
Insulin is infused into the subcutaneous tissue
through a thin tubing continuously during day
and night. Premeal doses are taken by pressing
buttons on the pump.

Insulin receptor 
Structure on the cell surface to which insulin
binds. Initiates the signal that opens the cell
membrane for glucose transport.

Insulin resistance 
Decreased insulin sensitivity. A higher level of
insulin than normal is needed to obtain the
same blood glucose lowering effect.

Intermediate-acting insulin 
Insulin that has an effective time action of 8-12
hours, corresponding to a normal night.

Intracutaneous injection
A very superficial injection into the skin that
often leaves a small nodule (bubble) and is
likely to hurt.

Intramuscular injection 
Injection into a muscle.

Intraperitoneal delivery of insulin 
Insulin is administered into the abdominal
(intra-peritoneal) cavity where it is absorbed
into the bloodstream leading to the liver.

Intravenous injection 
Injection directly into a vein.

Islets of Langerhans 
Small islets in the pancreas with cells that pro-
duce insulin (beta cells) and glucagon (alpha
cells).

Jet injector 
Injection without a needle. A thin jet of liquid is
propelled using a very high pressure and pene-
trates the skin.

Jet-lag 
Tiredness after long-distance flights when the
day gets longer or shorter. 

Juvenile diabetes 
Diabetes in childhood and adolescence.

Ketoacidosis 
The blood turns acidic from a high level of
ketones when there is a deficiency of insulin.
Can develop into diabetic coma.

Ketones 
Fat is broken down to fatty acids when the cells
are starving due to a lack of glucose. The fatty
acids are transformed into ketones in the liver.
This can occur when there is a lack of insulin
(“high blood glucose, diabetes ketones”) or
when there is a lack of food (low blood glucose,
“starvation ketones”). 

Ketosis
Increased amounts of ketones in the blood.

Kg
Kilogram, unit of weight. 1 kg = 2.2 lb.

Lactose
Milk sugar.

LADA 
Latent Autoimmune Diabetes in the Adult.
Onset of type 1 diabetes after the age of 35,
usually with not so dramatic symptoms.

Langerhans 
The scientist who discovered the Islets of
Langerhans (in the pancreas) in 1869.

Latency phase 
Psychological term for describing the years
before puberty.

Lente insulin 
Insulin made intermediate or long-acting with a
mixture of zinc.
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Lipoatrophy 
Cavity in the subcutaneous tissue that can be
caused by an immunological reaction towards
insulin.

Lipohypertrophy 
Tissue build-up (“fat pad”) that develops when
you inject many times into the same area.

Long-acting insulin 
Insulin with a very long time action, up to 24
hours. 

Macroangiopathy 
Diabetes complications in the large blood ves-
sels (arteriosclerosis, cardiovascular disease).

Microalbuminuria 
Small amounts of protein in the urine. The first
sign of kidney damage (nephropathy) caused by
many years of high blood glucose levels.
Microalbuminuria is reversible if the blood glu-
cose control is improved.

Microaneurysm 
Small protuberances on the retinal blood vessels
(see illustration on page 308). The first sign of
eye damage caused by many years of high blood
glucose levels. Microaneurysms are reversible if
the blood glucose control is improved.

Microangiopathy 
Diabetes complications in the small blood ves-
sels (eyes, kidneys, nerves).

MODY 
Maturity Onset Diabetes of the Young. A spe-
cial kind of diabetes that is inherited.

Monocomponent insulin 
Purified porcine (pig) insulin. Gives fewer prob-
lems with antibody formation than older types
of insulin.

Multiple injection treatment 
Treatment with injections of short or rapid-act-
ing insulin before meals and intermediate or

long-acting insulin to cover the night. When
using rapid-acting insulin for meals you will
need basal insulin during the day as well.

Nasal insulin 
Insulin in aerosol form that is given via the
nose.

Necrobiosis lipoidica diabeticorum 
A special type of skin lesion that can be seen in
individuals with diabetes.

Nephropathy 
Kidney damage caused by many years of high
blood glucose levels. 

Neuroglycopenic symptoms 
Symptoms of brain dysfunction caused by a low
blood glucose level.

Neuropathy 
Nerve damage caused by many years of high
blood glucose levels. 

NIDDM 
Non-insulin dependent diabetes mellitus,
former name for type 2 diabetes.

Nicotinamide 
A vitamin B compound that has been shown to
lower the risk of acquiring diabetes in some
studies but a larger study showed no effect.

NPH insulin 
Insulin made intermediate-acting by adding a
protein (protamine).

Pancreas
An organ in the abdominal cavity that produces
digestive enzymes (released into the intestines)
and different hormones (released directly into
the blood).

Pituitary gland 
Small gland situated in the brain where many of
the most important hormones in the body are
produced.
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Plasma glucose
A way of measuring the glucose content in the
blood stream. Plasma glucose values are
approximately 11-15% higher than whole
blood glucose values. Check which type of
readings your meter displays. In this book
“blood glucose” refers to plasma glucose val-
ues. 

Premeal injection 
Injection with short or rapid-acting insulin
prior to a meal.

Prevalence
The total number of existing cases of a disease
at a given time.

Prospective study 
A study that investigates what happens from
now and onwards when giving a certain treat-
ment. This is the best method of conducting a
study of the effect of a new treatment.

Protamine 
A protein from salmon that is added to protract
the action time of insulin. NPH insulin is based
on this method.

Proteinuria 
Protein in the urine due to permanent kidney
damage (nephropathy) from having high blood
glucose levels for many years.

Pylorus 
The lower sphincter (opening) of the stomach
into the small intestine.

Rapid-acting insulin
Insulin analogues (NovoRapid, Humalog,
Apidra) with a much quicker action than regu-
lar short-acting insulin. In some countries these
are called ultra-rapid insulins, in others, direct-
acting insulins.

Receptor
A special structure on the cell surface that fits
with a hormone. The hormone (“the key”) must
fit into the receptor for it to mediate its effect to
the cell.

Rebound phenomenon 
After a hypoglycaemic episode, the blood glu-
cose may rise to high levels. This is caused both
by the secretion of counteracting hormones (see
counterregulation) and by eating too much
when feeling hypoglycaemic.

Regression 
Psychological term to describe when a person
temporarily regresses to an earlier stage of psy-
chological development. An independent teen-
ager who is hospitalized will often become more
dependent and react as if he or she were several
years younger.

Remission phase 
Also called honeymoon phase. The need for
insulin will often be lowered during the months
after the onset of diabetes due to an increase of
the residual insulin production in your pan-
creas. 

Renal threshold 
If the blood glucose level is above this level, glu-
cose will show up in the urine when you test it.

Retinopathy 
Eye damage caused by many years of high
blood glucose levels.

Retrospective study 
A study that investigates what happened when
a certain treatment was given by looking back-
wards in time at treated individuals. Compare
with prospective study.

Saccharin 
Sweetener that does not provide any energy.

Sensor 
Device to measure blood glucose continuously.

Short-acting insulin 
Soluble insulin without additives.

Somogyi phenomenon 
A special type of night time rebound phenome-
non with high blood glucose level in the morn-
ing.
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Sorbitol 
Sweetener that gives energy.

Starch 
Complex carbohydrates found for example in
potatoes, corn, rice and wheat.

Starvation ketones 
Ketones that are produced when the cells starve
due to a low blood glucose level. Caused by not
eating enough food containing carbohydrates.

Subcutaneous 
In the fatty tissue under the skin.

Sucrose 
Cane or beet sugar, brown sugar, table sugar,
powdered sugar, invert sugar, saccharose.

Transplantation 
The implantation of a new organ in the body by
surgery.

Type 1 diabetes 
Previously called insulin-dependent diabetes
(IDDM). Diabetes that needs to be treated with

insulin from the onset. Is caused by a failure of
the pancreas to produce insulin.

Type 2 diabetes 
Previously called non insulin-dependent diabe-
tes (NIDDM). Diabetes that initially can be
treated with diet and oral drugs. Is caused by an
increased resistance to the insulin produced by
the pancreas.

U
Short for international units of insulin.

Unawareness of hypoglycaemia
A hypoglycaemic episode without having had
warning symptoms associated with decreasing
blood glucose.

Uraemia 
Urine poisoning when the body cannot get rid
of its waste products. End stage of nephropathy.

Venous blood test 
Test taken by puncturing a blood vessel (vein).
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Index
1500 Rule ..................................... 130
1800 Rule ..................................... 130
2 dose treatment ... 61, 73, 127, 129,

...........................258, 298, 305, 315
3 dose treatment ...........73, 128, 129
4/5-dose treatment

see multiple injection treatment
500 Rule .........................................218

A
abdominal pain ................................29
acanthosis nigricans ...............13, 301
Acceptable Daily Intake (ADI) ....... 224
accepting diabetes ...............337, 342
ACE inhibitors ...............101, 309, 310
acesulfame K ................................ 224
acetoacetate ...........................28, 102
acetone .............................................29
ACR (albumin/creatinne ratio) ..... 310
adrenal glands .............................. 302
adrenal insufficiency .......................57
adrenaline ...25, 26, 31, 36, 37, 197,

..................204, 244, 245, 255, 256
adrenergic symptoms ......................39
AGE (advanced glycation end 

products) .......................... 305, 325
air in the cartridge ........................ 120
alarm, pump ...................................178

occlusion .....................................179
albumin ....................................68, 330
albuminuria ................................... 316
alcohol ..................... 35, 57, 269, 287

for disinfection ..................125, 171
allergies ......................................... 346
allergy

for adhesive ..............124, 178, 190
for EMLA-cream ......................... 190
for insulin ................................... 189
nickel ......................................... 190

allowance, care ............................. 284
alpha cell ................................... 23, 24
alternative site testing .....................97
alternative therapy ...........................11
Ametop - see topical anaesthetic cream
amino acids .............................19, 223
amphetamine ................................ 272
amylase ...................................17, 202
anabolic steroids .......................... 252
anaemia ........................................ 275
anatomy ............................................21

anorexia ..........................................240
antibodies

against cows’ milk .....................324
against Islets of Langerhans .....322
insulin-binding .....................82, 190

antihistamine tablets ....................189
Apidra ...................... 70, 71, 148, 330

see also insulin, rapid-acting
appetite ..................................... 4, 258
apprenticeship ...............................335
arteriosclerosis .. 206, 266, 304, 305
Aspart insulin (NovoRapid) .............71
aspartame ......................................223
asthma ...........................................264
autoimmune disease .....12, 300, 322
automatic injector .........................122
autonomic nervous system .... 31, 312
autonomic symptoms ............... 39, 40

B
baby-sitter ......................................123
basal insulin ...................71, 129, 151
basal rate (with insulin pump) .....154,

.............................................163, 164
basal secretion ................................68
beans ..............................................211
bedtime insulin .............. 52, 138, 297

when to take it? ...........................78
wrong type by mistake .................84

beer .......................................270, 296
befriending .....................................291
Berlin eye study .............................317
beta cells .18, 23, 32, 155, 158, 193,

..................196, 326, 327, 327, 329
beta-hydroxybutyric acid 28, 102, 175
beverages

alcohol content ..........................270
along with meal .................202, 206
stomach emptying .....................133

binge eating ...................................240
birth defects, risk of ......................273
birthday party ..........................86, 291
blindness ..................... 303, 304, 307
blisters on fingers ..........................301
blood glucose ........................110, 262

fasting ........................................... 91
high ...................... 26, 58, 133, 206

correction factor .....................130
in a person without diabetes 22, 91
low - see hypoglycaemia

morning ......................................140
night time ................... 90, 141, 150
thermostat .................................195
venous blood ................................ 96

blood glucose meter ...... 96, 319, 320
in the beta cells ........................... 18

blood glucose testing .........60, 88, 94
in the toes .................................... 98
when exercising .........................246
with insulin pump ...................... 171

blood pressure .............196, 255, 309
body language .......................... 2, 331
Body Mass Index (BMI) ........236, 241
bolus dose with pump ............ 77, 160

dual .............................................166
square ............................... 166, 213
standard .....................................166
while sleeping ............................183

bolus insulin ..................................... 73
bolus secretion ................................ 68
brain ............................. 25, 31, 38, 40
bread .....................................202, 211
breast milk .....................................207
breast-feeding .............. 216, 275, 325
brittle diabetes .............. 59, 160, 347
bulimia ...........................................240

C
cake .................................................. 86
camp . 221, 230, 251, 291, 304, 342
cannabis ........................................272
carbohydrate counting .........131, 216
carbohydrates ....... 17, 200, 201, 202

cleavage .....................................201
cardio-vascular disease .......305, 321
cataract ..........................................308
cells .....................................18, 19, 24

engineered .................................329
that do not need 

insulin ....................... 19, 20, 305
CGMS ............................... 50, 97, 135
check-up, routine ............................... 6
Cheese Twisties .............................227
chewing gum .........................135, 235
chocolate 60, 65, 153, 209, 216, 220, 

......... 223, 228, 231, 235, 239, 247
chocolate bar ........ 63, 227, 228, 234
cholesterol ............................304, 305
chylomicrones .................................. 17
climate and diabetes onset ..........325
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clustering of diabetes onset .........323
cocaine ..................................268, 272
coeliac disease ..... 57, 300, 302, 346
coffee ........................... 224, 296, 324

and hypoglycaemia ...................... 44
cognitive testing .............................. 66
coil (intra-uterine device) .............. 279
cola ...... 64, 209, 224, 226, 226, 296

and hypoglycaemia ...................... 44
cold .................................................259
colour vision ..................................... 40
coma, diabetic - see ketoacidosis
coma, hypoglycaemic ...35, 41, 45, 47
complementary treatments ............ 11
complications .............. 303, 314, 344

cardiovascular ...........................304
eyes ................. 267, 303, 306, 317

research findings ...................307
foot lesions ................................267
kidneys .............................. 309, 314
nerves .........................................311
pregnancy and ........................... 273
pre-pubertal years and ..............304

concentration difficulties ......... 40, 66
constipation ................. 300, 311, 312
contact lenses ...............................309
Continuous Glucose Monitoring System 

- see CGMS
continuous subcutaneous insulin 

infusion (CSII) - see insulin pump
contraceptives ......................196, 278

emergency ........................279, 280
convulsions ................ 40, 46, 62, 316
cookies, sugar free .......................... 87
corn flour and hypoglycaemia 53, 53,

...................................................... 215
correction factor for high blood 

glucose .......................................130
cortisol 25, 26, 31, 37, 196, 244, 255, 

..................258, 264, 269, 302, 328
deficiency ...................................302
effects of ...................................... 37
tablets ...............................196, 264

counter-regulation .....................31, 48
cows’ milk - see milk
C-peptide ....194, 319, 320, 328, 330
crisis, different phases of .............331
crisps - see potato crisps
CSII - see insulin pump
cyclamate .......................................224
Cyclosporin A .................................326

D
DAFNE study ..................................219
dawn phenomenon 54, 129, 143, 161
day-care centre ........86, 87, 123, 128

DCCT study ...... 47, 48, 74, 105, 160, 
216, 219, 274, 286, 307, 315, 316, 
......................................................317

“dead-in-bed” syndrome ................. 56
death

from hypoglycaemia ........... 56, 269
from ketoacidosis ............... 29, 245

dehydration ...................................... 82
denial .............................................332
dental caries .................................. 264
depot effect .............................79, 172
depression ..................................... 240
detemir insulin - see Levemir
dextrose ..........................17, 231, 295
diabetes

can you catch it? ......................... 15
diagnosing ...................... 27, 28, 91
gestational .................................273
type 2 ....... 13, 194, 208, 267, 323

risk factors ............................... 13
Diabetes Federation Ireland .........290
Diabetes UK ..........................285, 289
diabetic coma - see ketoacidosis
diabulemia ..................................... 241
dialysis ........................................... 311
diarrhoea ... 101, 199, 261, 311, 312

when travelling .................295, 296
diazoxide ........................................327
diet .............................................9, 131
discharge .......................................302
disinfection of skin ............... 116, 125
diving .....................................252, 284
divorce ..................................256, 346
dizziness ................................. 40, 311
double vision ................................... 40
double-blind study ......................... 327
DPT-1 trial ...................................... 321
driving ... 62, 97, 272, 284, 286, 287,

......................................................308
driving licence ............................... 285
drop of insulin on needle .............. 121
drugs ..............................................272

illegal ..........................................272
sugar content .............................265

DVLA (Driver and Vehicle Licensing 
Agency) .......................................285

E
E111 form ..................................... 296
E420 (sorbitol) ..............................225
E950 (acesulfame K) .................... 224
E951 (aspartame) .........................223
E952 (cyclamate) ..........................224
E954 (saccharin) ........................... 224
E955 (sucralose) ........................... 224
eating disorders ............................240

ecstacy ........................................... 272
eczema, from adhesive ........124, 178
Edmonton Protocol ....................... 329
educational holidays - see camp
EEG-changes ...................... 42, 46, 47
EMLA-cream - see topical anaesthetic 

cream
ENDIT study ................................... 327
endorphins .................................... 204
enterovirus .................................... 322
enzymes, digestive ...........18, 21, 203
evening snack, when to 

take insulin ...................................76
exercise 9, 15, 33, 35, 82, 133, 145,

.................. 153, 182, 196, 204, 242
hypoglycaemia in the night ..........52
insulin pump .............................. 182

experimenting ....................................7
with diet ...............................91, 345
with insulin ..................91, 130, 345

eye complications - see complications, 
eyes

F
family therapy .................................241
fast food ........................................ 221
fasting ............................................ 237
fat in food ............................. 202, 207
fatty acids ........................... 25, 36, 36
fatty lumps - see lipohypertrophy
fever .......................82, 158, 196, 258

insulin pump .............................. 179
fibres, dietary .............. 202, 203, 208
flexible meal plan .......................... 217
fluorescent angiography ................317
food

changing the carbohydrate 
content ................................... 131

fast food ..................................... 221
fat content ........................ 202, 207
heating ....................................... 203
industrial baby food .................. 203
party food ................................... 220

Food Standards Agency ................ 224
foot

care ................................... 263, 311
lesions ............................... 267, 311

formula, for infants ....................... 215
friends ............................................ 343

accepting diabetes .................... 337
fructosamine .......................... 88, 109
fructose ... 17, 64, 65, 203, 209, 225,

...................................................... 233
fruit ........................................ 213, 221
fundus photography ...................... 307
fungal infection ............................. 302
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G

GAD ...............14, 321, 322, 323, 327
gamma globulin .............................295
gastroenteritis ......25, 100, 101, 199,

...........................205, 206, 260, 261
gastroparesis ........................168, 205
gene technology ..................... 68, 329
German measles ...........................324
gestational diabetes .....................273
gingivitis .........................................265
Glargine insulin (see Lantus) .......... 71
glasses ...........................................309
glitazones ......................................... 13
glucagon 18, 25, 26, 31, 33, 62, 222, 

.................. 244, 245, 258, 295, 337
nasal spray ................................... 36

gluconeogenesis ..............31, 32, 269
glucose 17, 24, 32, 64, 203, 209, 242

absorption of ............................. 201
gel ..................................61, 64, 204
liquid .......................................63, 64
tablets ...........60, 63, 64, 204, 287

glucose profile, 24 hour ......... 88, 140
glucose sensor (see also CGMS) ..320
glucose tolerance, impaired ........... 91
glucose toxicity ..............................195
GlucoWatch ...................................320
glulisine insulin (Apidra) ................. 71
gluten ....................................212, 300

intolerance - see coeliac disease
gluten free ............................ 209, 212
glycaemic index .153, 168, 202, 202, 

......................................................209
glycerol ............................................. 25
glycogen ......17, 18, 24, 25, 203, 244

in muscles ........................... 18, 242
in the liver ................... 32, 174, 245

glycogenolysis ............................31, 33
goitre ..............................................300

toxic ............................................ 301
grape-sugar - see glucose
growth ........................ 7, 27, 146, 192
growth hormone ...25, 26, 31, 38, 54, 

129, 146, 164, 195, 196, 255, 269
deficiency ...................................302
effects of ...................................... 38

H
habits of life ................................... 337
hamburger ....................................... 86
hand-wash .............................125, 171
HbA1c ......6, 88, 104, 109, 160, 238,

...........................241, 276, 303, 317
by mail ............................... 108, 273

headache ......................................... 40
heart disease ........................266, 304

height ............................7, 8, 146, 192
hepatitis A ...................................... 295
herbs .............................................. 213
heredity ...........................................276
heroin ............................................. 268
HLA-antigen ................................... 322
holiday ...................10, 101, 294, 332
home monitoring ............................171
honey .........................................63, 65
honeymoon phase - see remission
hormones .................................. 18, 31
hot air balloon ................................. 57
hot dog ............................................. 86
Humalog - see insulin, rapid-acting
hunger ................................... 215, 236

at high blood glucose ......... 82, 133
hungry .............................................. 82
hyperinsulinism ........... 305, 305, 306
hyperthyroidism ............................. 301
hypoglycaemia ....31, 39, 59, 94, 100,

..........108, 137, 151, 196, 206, 272
afterwards, how do you feel? ..... 66
alcohol ..................................57, 269
at different glucose levels . 57, 239
coffee ........................................... 44
cola ............................................... 44
coma .........................35, 41, 45, 47
exercise ...................................... 242
feeling sick ................................... 66
night time ...........51, 138, 145, 245
overweight ................................. 237
protein preventing ....................... 54
provoking ..................................... 65
remission phase ........................ 158
school ......................... 66, 283, 316
severe ....................................45, 47
symptoms at high blood 

glucose ......................44, 58, 239
symptoms of ..........................39, 40
unawareness of ... 48, 58, 108, 287
which insulin dose caused it? .....61

hypothyroidism .............. 57, 300, 300

I
ICA ...................................14, 322, 323
ice cream ....................... 63, 228, 229
ice cream test ................................ 231
ID, diabetes ........ 270, 272, 288, 294
IDF .................................................. 290
IGF-1 ................................................ 38
illness and diabetes - see sick days
illness and insulin resistance ....... 196
immunotherapy at onset of 

diabetes ..................................... 326
implant, contraceptive .................. 279
impotence ........... 252, 277, 278, 312
incidence of diabetes .............15, 324

indwelling catheter - see Insuflon
infant formula ...................... 207, 215
infection . 26, 80, 133, 195, 196, 301
infertility .................................277, 311
injection sites ....................... 111, 115
injections

abdominal .................................. 113
fear of ..............110, 124, 339, 349
intramuscular ............................ 111
pain ................................... 111, 188
placebo ...................................... 122
premeal .........................................74
subcutaneous ....................111, 243
technical aids ............................ 122
technique ................................... 110
thigh .....................................52, 113

insertion site, change of ............... 169
Insuflon 78, 110, 115, 116, 117, 122, 

................. 123, 141, 160, 349, 350
insulin ........................ 22, 25, 68, 319

40 U/ml (U 40) ....................72, 295
absorption of ................80, 82, 112
adjusting doses ................ 127, 135

puberty ................................... 146
remission phase .....................157

after the meal ........................ 75, 81
allergy ........................................ 189
basal .............................19, 22, 129
bedtime ..............78, 138, 143, 297
between meals .............................77
breakfast .......................... 128, 145
carb ratio ................. 218, 228, 231
clear ........................................... 118
deficiency ...........................100, 101
dosage by “eye” .........................131
dosages ..................................... 127
drop comes out from skin ........ 188
drop on the needle .................... 121
evening meal ............................. 137
exercise ...................................... 242
extra dose for ice cream ........... 158
extra dose for sweets ............... 228
fever ........................................... 258
forgotten to take ..........................83
freezing ..............................117, 294
heat, storing in ..................117, 294
history ...........................................12
how much is the blood glucose 

lowered? ................................ 129
human ....................................49, 68
injection sites ................... 111, 115
intensive treatment (see also 

multiple injection therapy) .... 158
intermediate-acting ...69, 114, 120,

...................................................131
intravenous ..........................70, 182
leakage ............................. 121, 188
lente ..................... 69, 79, 124, 150
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long-acting .................. 69, 115, 131
mixing .................................. 79, 117
nasal ...........................................329
NPH ........69, 76, 79, 124, 141, 150

when to take it? ....................... 78
NPL ............................................... 71
overlapping doses ............134, 150
pen - see pen injector
premeal timing ............................. 76
pre-mixed ......72, 72, 75, 128, 154
rapid-acting .71, 74, 75, 76, 79, 81, 

83, 86, 115, 129, 143, 148, 151, 
189, .... 208, 212, 213, 214, 215,
.......................228, 230, 232, 248
antibodies and ....................... 191
in pump 160, 166, 168, 173, 174, 

...............................................185
mixing with short-acting ........152
peak effect .............................138

regular - see short-acting
school, injections .......................342
short-acting ....... 69, 114, 115, 129

for evening meal ....................156
mixing with rapid-acting ........152

side effects ................................188
soluble - see short-acting
starting with ............................... 127
storing ........................................116
suppositories .............................330
temporary changes ....................132
time between injections ............ 215
ultralente ....................................119
units ............................ 72, 117, 295
wrong type by mistake ................ 84

insulin antibodies .......... 82, 190, 191
insulin deficiency .......26, 27, 80, 172

exercise ...................................... 242
insulin pump .............................. 173
symptoms of ....................... 83, 262

insulin depot - see depot effect
insulin oedema ..............................191
insulin pen - see pen injector
insulin pump ..77, 80, 112, 117, 120, 

126, 160, 216, 249, 276, 293, 315, 
.............................................338, 349
during pregnancy .......................185
exercise ......................................182
implantable ................................319
in toddlers ..................................185
priming ......................176, 177, 179
removal doses ...........................182

insulin requirements .....................192
pregnancy ..................................275
puberty .......................................192
remission phase ........................194

insulin resistance .......133, 195, 239,
....................................259, 267, 301
exercise ...................................... 251

insulin sensitivity - see insulin 
resistance

insulin sensitivity factor ................ 130
insurance .......................................288
insurance policy ............................287
intermediate-acting insulin .....69, 131
International Diabetes 

Federation .................................. 290
International Society for Pediatric and 

Adolescent Diabetes - see ISPAD
Internet ..........................................293
intestines ............................ 17, 21, 60
intramuscular injection ................. 111
intrauterine device ........................ 279
iontophoresis ................................... 97
islet cell antibodies - see ICA
islets, transplantation of ...............329
isomaltose ..................................... 225
ISPAD .........................................8, 290
itching ............................................ 302

after injections ........................... 189
from adhesive ............................ 178

J
jacuzzi ............................................ 184
jet injector .............................117, 122
jet-lag ............................................. 297
juice .............................. 203, 224, 296

for hypoglycaemia ....................... 65
Juvenile Diabetes Research 

Foundation (JDRF) ..................... 283

K
ketchup ..........................................205
ketoacidosis .. 11, 13, 28, 29, 47, 56, 

102, 161, 172, 193, 222, 272, 276, 
...................................................... 347
and insulin pump ....................... 173
and IQ............................................. 30

ketones ..25, 26, 29, 36, 76, 98, 262
blood measuring ........................ 102
diabetes ketones ...25, 92, 99, 100
insulin deficiency ......................... 56
insulin pump .............................. 173
starvation ketones 56, 92, 99, 100

kidneys .................................... 93, 302
complications - see complications, 

kidneys
glucose production ...................... 32
transplantation ..........................328

Kussmaul breathing ........................ 29

L
lactitol ............................................ 225
lactose ......................... 203, 224, 233

LADA ..................................................14
lancets for blood glucose testing ....95
Langerhans, islets of ......18, 23, 322,

...................................................... 329
Lantus ...... 54, 68, 69, 71, 76, 78, 85, 

115, 125, 141, 142, 150, 155, 156, 
............................216, 222, 249, 276
and pump ........ 174, 181, 182, 185
research findings .........................71

large blood vessels ....................... 305
laser, photocoagulation 

treatment 307, .......................... 308
late hours .........................................85
latency phase ................................ 342
lente insulin ...............................69, 79
Levemir 68, 69, 71, 78, 142, 190, 330
lie in ........................................ 85, 184
Light

ice cream ................................... 229
soft drink .......................................86

light treatment .............................. 327
limits for behaviour ....................... 339
Linköping studies ...........................317
lipoatrophy ..................................... 191
lipohypertrophy ...... 42, 82, 111, 115,

........................... 123, 132, 160, 189
Lispro insulin (Humalog) ..................71
liver .......................... 18, 32, 269, 319
logbook .........................137, 232, 246
long-acting insulin ...................69, 131
lymph system ...................................17

M
macroalbuminuria ......................... 318
maltitol ........................................... 225
maltodextrin .................................. 208
mannitol ................................ 225, 233
marijuana ...................................... 272
massage of injection site .........80, 82
maternity care ............................... 275
matka ..............................................117
meal plan ...................................8, 200
meal times ..................................... 213
memory .............................................66
menstruation ............... 192, 236, 277
meta-analysis .............. 152, 209, 257
metabolism

of a cell .........................................24
thyroid hormone ........................ 300

metformin .........................................15
mg/dl (mg%) to mmol/l ...................90
microalbuminuria 309, 310, 314, 316
microaneurysm ........... 307, 308, 314
microdialysis .................................. 320
military service .............................. 285
milk ...............60, 210, 224, 296, 324

causing diabetes .............. 321, 324
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for hypoglycaemia .................63, 65
skimmed .................................... 201

minipills .......................................... 279
missed doses ................................348
mixing insulin ................................... 79
mmol/l to mg/dl (mg%) .................. 90
MODY ............................................... 14
monounsaturated fats (MUFA) .....207
“morning” sickness .......................274
motorcycle ..................................... 287
multiple injection treatment ....61, 73, 

110, 128, 129, 149, 297, 305, 315, 
......................................................338

munchies ....................................... 272
muscles .......................................... 242

N
nasal glucagon ................................ 36
nasal insulin ......................... 321, 329
National Glycohemoglobin 

Standardization Program ..........106
nausea .....................66, 80, 134, 259

- see also vomiting
caused by glucagon ..................... 35

necrobiosis lipoidica 
diabeticorum .............................. 301

needle ................................... 110, 190
blocked .......................................188
for pen injector ................. 119, 121
replacement ...............................119
reuse ................................. 119, 188

needle phobia ..... 110, 124, 339, 349
nephropathy - see complications, 

kidneys
neuroglycopenic symptoms 39, 39, 41
neuropathy - see complications, nerves
neuro-psychological 

testing .......................27, 47, 48, 66
NGSP ..............................................106
NICE (the National Institute for Clinical 

Excellence) .................................293
nickel, allergy for ...........................190
nicotinamide ..................................327
nicotine ..........................................266

chewing gum ..............................267
night time hypoglycaemia - see 

hypoglycaemia, night time
night time testing .......... 90, 141, 150
nitrite, nitrate .................................322
nitrose ............................................322
noradrenaline ................................197
NPH insulin - see insulin, NPH
NPL insulin - see insulin, NPL
nutrition .........................................200

O

oral cavity, absorption of 
glucose ................................... 17, 60

oral rehydration solution ..... 260, 296
Oslo study ...................................... 315
overprotection ............. 334, 338, 341
overweight ..................................... 233

and type 2 diabetes .....................13

P
pain

abdominal .....................................27
chest .............................................27
injection . 110, 111, 122, 188, 349

pancreas ...........................18, 22, 194
artificial ...................................... 319
transplantation .......................... 328

paralysis ........................................... 66
party ............................................... 228
pasta ............................ 202, 203, 211
peanuts .......................................... 238
pen injector ......................73, 80, 118

disposable ................................. 119
pen needle ............................ 119, 121
Pendra ........................................... 320
person without diabetes

blood glucose ........................22, 91
insulin levels ................................ 22
insulin production ..................... 192

perspiration ................................... 312
phenylalanine ................................ 223
phenylketonuria ............................ 223
photography of the retina ............. 308
photo-pheresis .............................. 327
physical activity - see exercise
physical education .........................247
pimagedine .................................... 326
pinworm ......................................... 324
pituitary gland .........................37, 302
placebo .......................................... 327

injections ................................... 122
placenta ......................................... 274
plasma glucose ......... 39, 90, 91, 105
polyols ............................................ 216
popcorn ................................. 227, 235
potassium chloride ....................... 213
potato crisps .................. 53, 234, 235
potatoes ....................... 202, 211, 211

mashed ...................................... 203
prednisolone ................................. 264
pregnancy ...................................... 273
prejudice about diabetes ..................9
premeal dose with insulin pump .. 168
premeal injections .......................... 74
pre-pregnancy care ....................... 275
profession, choice of .................... 284

prohibitions ...............................7, 333
protein preventing hypoglycaemia ..54
proteinuria ..................................... 310
psychology ..................................... 331
puberty .......... 7, 8, 10, 104, 343, 343

insulin requirements ........ 146, 192
pump - see insulin pump
pump removal doses .................... 182
pyloric sphincter .........17, 21, 62, 201

Q
quackery law ....................................11
quality of life ......................... 316, 348

R
Ramadan ....................................... 222
rapid-acting insulin - see insulin, rapid-

acting
rebound phenomenon .... 50, 55, 100,

............................................ 135, 143
receptors ....................................... 110
rectum, absorption of glucose ........60
red blood cells ............................... 306
redness

after insulin injection ................ 189
from EMLA-cream ..................... 190

regular eating habits .................... 200
regulopathy ................................... 334
relatives ......................................... 336
remission phase ..14, 158, 192, 193,

...........................219, 327, 327, 328
insulin doses ............................. 158

renal failure ................................... 267
renal threshold ..23, 92, 93, 144, 276
research ................................314, 319
retina .................................... 307, 326
retinopathy - see complications, eyes
rice ........................................ 202, 203
risk behaviour ............................... 345
rotavirus ........................................ 322
rubella ............................................ 324
rules in family ................................ 332

S
saccharin ....................................... 224
saccharose .......................................64
salbutamol .................................... 264
salicylic acid ..........................101, 321
salt ........................................ 202, 213
sauna ............................................. 184
school .........................8, 87, 281, 291

exam .............................................66
hypoglycaemia .................. 283, 316
injections .......................... 128, 342
meals ......................................... 219
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scintigraphy ...................................312
self-help groups ..................................6
sensation, diminished ...................311
sensation, in fingertips .............94, 99
sensitivity factor, of insulin ...........130
sensor, blood-glucose (see also 

CGMS) ........................................ 319
sexual abuse ......................... 241, 348
sexuality .........................................277
shift work ......................................... 86
shin spots ......................................301
short-acting insulin, bedtime injection 

by mistake .................................... 84
siblings

risk of diabetes ..........................323
without diabetes ...............110, 345

sick days ..... 80, 133, 158, 195, 258,
......................................................260
and insulin pump ....................... 179

skin diseases .................................301
skin lesions ....................................301
skin pinch-up .................................111
sleep - give insulin when the child is 

asleep ........................................... 78
small blood vessels, complications 

from - see complications
smoking 82, 196, 266, 307, 310, 334

passive .......................................267
snack ....................................... 82, 214
snuff ...............................................268
social issues ..................................281
sodium chloride .............................213
Somogyi phenomenon .....54, 55, 144
sorbitol 65, 221, 225, 231, 233, 308
speech, slurred ......................... 40, 66
sponsor family ...............................290
sports drink .................... 64, 204, 261
sports, competitive ........................248
St. Vincent Declaration .............8, 291
starch .............................................202
starvation

anorexia .....................................240
inside the cells .................... 24, 244
ketones ............... 25, 56, 100, 262

stem cells ..............................328, 329
Stockholm study ............................315
stomach .................................. 21, 201

emptying .....17, 63, 133, 204, 306,
..................................................312

stress ............................196, 255, 304
subcutaneous fat thickness .. 80, 172
sucralose .......................................224
sugar (sucrose) ..... 64, 200, 203, 209

sugar alcohol ........................216, 225
sugar free ...................................... 223
summertime .................................... 85
surgery ..................................196, 263
sweeteners ....................................223
sweets ... 16, 18, 65, 86, 89, 94, 153, 

184, 199, 206, 209, 220, 222, 225, 
227, 229, 231, 231, 237, 238, 264, 
265, 266, 303, 304, 306, 333, 336, 
......................................................356

sweets - taking a break ................. 233
syringes ..........................................117

disposable .................................... 72

T
teeth ...............................................264
teflon catheter, Insuflon ...............122
teflon catheter, pump ...................169
temperature, raised - see fever
testing ...............................88, 97, 104
thyroid diseases ............................300
thyroid hormone deficiency .......... 302
time zones ............................ 161, 297
toes for blood glucose testing ........ 98
tooth decay ....................................264
topical anaesthetic cream .... 98, 126,

........................... 169, 178, 190, 349
trans fats .......................................207
transplantation .............................. 319

islets ...........................................329
kidney ................................ 311, 328
pancreas ....................................328

travelling ............................... 117, 294
insulin pump ..............................184
long distance ............................. 297

treatment, goals of .............................8
triglycerides .............................17, 304
twin .................................................323
type 2 diabetes - see diabetes, type 2
typhoid ...........................................295

U
unconscious

alcohol ........................................ 270
hypoglycaemia .. 35, 41, 45, 47, 62,

.................................................. 316
ketoacidosis ................................. 29

units .........................................72, 117
uraemia ..........................................310
urinary tract infection .................... 301

urine glucose ....................................92
urine ketones - see ketones
urine testing ..............................89, 92

V
vaccination ........................... 265, 295

against diabetes ........................ 321
Haemophilus type b .................. 321
hepatitis B .................................. 321
MMR ........................................... 320
tuberculosis ............................... 320
whooping cough ........................ 321

vegetables ..................................... 210
vegetarian diet .............................. 221
vision

blurred from high blood glucose 
level ................................. 30, 308

colour .................................. 40, 308
impairment ....................... 267, 307

vitamins ......................................... 222
vomiting .......27, 101, 134, 199, 259,

.....................................261, 297, 311
self-inflicted ............................... 240

W
weakness ..........................................27
weight ...................... 8, 196, 197, 236

anorexia ..................................... 240
gain .............................................316
loss .......................................27, 237

white blood cells .................. 301, 327
wine ....................................... 270, 296
wintertime .........................................85
wound healing ............................... 263

X
xylitol ..................................... 225, 233
xylose ............................................. 233

Y
Yom Kippur .................................... 222

Z
zinc

in groundwater .......................... 323
in insulin ................................68, 79

zinc-depot insulin - see lente insulin





The following 3 pages are taken from the fifth edition of our title
Diabetes – the ‘at your fingertips’ guide

1All about diabetes

This chapter opens with a description of the central problem in

diabetes, which is an increase in the amount of glucose (sugar) in

the blood. We describe why this happens and why it may be

dangerous. There are two main types of people with diabetes:

• Type 1 – this type of diabetes usually appears in younger

people under the age of 40. It is treated by insulin injections

and diet;• Type 2 – this type of diabetes usually appears in people

over the age of 40. They may have had undetected diabetes

for many years and may not feel particularly unwell.

Diabetes in older people is often discovered by chance and

commonly responds well to diet or tablets, although in due

course insulin and diet may be needed.
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There are other rare types of diabetes, which we also mention

in this chapter.

Someone with diabetes might feel before the condition is diag-

nosed and treated. Once treatment has been started, people with

diabetes should feel perfectly well. We also make the point that

older people may have diabetes and yet feel quite well in them-

selves. In such cases the condition will be discovered following a

routine blood or urine test for glucose, and diabetes may there-

fore exist for many years without being discovered.

Unfortunately undetected diabetes over a period of years may

lead to complications affecting eyes, nerves and blood vessels.

What is diabetes?

The pancreas is a gland situated in the upper part of your

abdomen and connected by a fine tube to your intestine (see

Figure 1.1). One of its functions is to release digestive juices,

which are mixed with food soon after it leaves your stomach.

2
Diabetes – the ‘at your fingertips’ guide

Figure 1.1 Location of the pancreas

[Pages shown smaller than actual size]
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These are needed for digestion and absorption of food into your

body. This part of the pancreas has nothing to do with diabetes.

Your pancreas also produces a number of hormones, which are

released directly into your bloodstream, unlike the digestive

juices which pass into the intestine. The most important of these

hormones is insulin, the shortage of which causes diabetes. The

other important hormone produced by the pancreas is glucagon,

which has the opposite action to insulin and may be used in cor-

recting serious hypos (see the section on Hypos in Chapter 3 for

more information about this). Both hormones come from a part

of your pancreas known as the islets of Langerhans.
Why does my body need insulin?

Without insulin the body cannot make full use of food that is

eaten. Normally, food is eaten, taken into the body and broken

down into simple chemicals, such as glucose, which provide fuel

for all the activities of the body. These simple chemicals also pro-

vide building blocks for growth or replacing worn-out parts, and

any extra is stored for later use. In diabetes, food is broken down

as normal but, because of the shortage of insulin excess glucose

is not stored and builds up in the bloodstream, spilling over into

the urine. Insulin ensures that a perfect balance is kept between

the production of glucose by the liver and its use.

The breakdown of food takes place in the liver, which can be

regarded as a food processing factory. Glucose is one of the sim-

ple chemicals made in the liver from all carbohydrate foods. In

the absence of insulin, glucose pours out of the liver into the

bloodstream. Insulin switches off this outpouring of glucose

from the liver and causes glucose to be stored in the liver as

starch or glycogen. Insulin also helps glucose to get into cells

where it is used as a fuel. Insulin has a similar regulatory effect

on amino acids and fatty acids, which are the breakdown prod-

ucts of protein and fat respectively.

All about diabetes

For ordering details for the fifth edition of Diabetes – the ‘at your
fingertips’ guide, please see our order form
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Have you found Type 1 Diabetes in Children, Adolescents
and Young Adults useful and practical? If so, you may be

interested in titles from our award winning ‘at your
fingertips’ series.

The ‘at your fingertips’ series:
‘Woe betide any clinicians or nurses whose patients have read 

this invaluable source of down-to-earth information 
when they have not.’ – The Lancet

Our best selling series, the ‘at your fingertips’ guides seek to help those
who, having been diagnosed with a condition, have countless questions

that need answering. These essential handbooks answer all the
questions that patients want to know about their health and condition.
The formula for the series follows a question-and-answer format, with
real questions from sufferers and their families answered by medical
experts at the top of their fields, without the jargon of medical texts.
All these books are packed full of practical information for patients

and their families.

‘Contains the answers the doctor wishes he had given if only 
he’d had the time.’ – Dr Thomas Stuttaford, The Times

Titles currently available (or coming soon*):

Acne • Allergies • Asthma • Autism* • Beating Depression 
Cancer • COPD* • Dementia – Alzheimer’s & other dementias 

Diabetes • Epilepsy • Eczema* • Gout • Heart Health 
High Blood Pressure • Kidney Dialysis & Transplants 

Motor Neurone Disease • Multiple Sclerosis • Osteoporosis 
Parkinson’s • Psoriasis • Sexual Health for Men • Stroke 

For current availability of the ‘at your fingertips’ range,
please contact us using our Freepost address:

Class Publishing Priority Service, 
FREEPOST, 

London W6 7BR
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You may also be interested in these other books 
from Class Publishing.

Diabetes – the ‘at your fingertips’ guide 
(As featured)
fifth edition £14.99
Professor Peter Sönksen, Dr Charles Fox
and Sue Judd

This practical handbook makes it easy for
you to learn more about your diabetes –
and the more you know, the easier it is to
manage. It is an invaluable reference guide
for people with diabetes, which offers
practical advice on every aspect of living
with the condition, giving you the
knowledge and reassurance you need to
deal confidently with your diabetes.
Written by three medical experts, this book
guides you through all the medical
terminology in plain English, including a
glossary defining over 140 medical terms,
and shows you exactly what to do if an
emergency occurs.

‘I have no hesitation in commending this
book . . .’ – Sir Steve Redgrave, 
Vice President, Diabetes UK 

High Blood Pressure – the ‘at your
fingertips’ guide
new third edition £14.99
Dr Tom Fahey, Professor Deirdre Murphy
with Dr Julian Tudor Hart

Lots of people have high blood pressure,
and the more you understand it, the better
you can control it. In this practical guide,
the expert medical authors use all their
years of experience to answer over 220
questions, giving you the information you
need to bring your blood pressure down –
and keep it down.

‘It is very readable, I think pitched at just
the right level.’ – Professor Godfrey Fowler,
Emeritus Professor, University of Oxford

The Diabetes Handbook
new title from the usa £14.99
Ruth E Lundstrom and Aldo A Rossini 

Written by two experts in the treatment of
diabetes, this book provides comprehensive
information on living with diabetes.
Covering both Type 1 and Type 2 diabetes,
The Diabetes Handbook offers practical,
authoritative advice for coping, including
glucose monitoring, diet, exercise, and
expert tips on day to day strategies for
staying healthy – both at home and while
traveling. Written in clear, simple language
and illustrated with 200 fun cartoon-style
drawings, The Diabetes Handbook is an
invaluable source of trusted information
for everyone from the newly diagnosed to
the longtime diabetes patient and their
families.

‘I just love this book. It is comprehensive,
clear and concise but not overwhelming.’ 
– Joan Myers, newly diagnosed with
diabetes

Heart Health – the ‘at your fingertips’
guide
new third edition £14.99
Dr Graham Jackson

This practical handbook, written by a
leading cardiologist, answers all your
questions (over 400 in total) about heart
conditions. This book is all about you and
your heart: how to keep your heart healthy,
or – if it has been affected by heart disease
in some way – how to make it as strong as
possible. Armed with this guide, you will
have the confidence to look after your
heart and your health!

‘Contains the answers the doctor wishes 
he had given if only he’d had the time.’ 
– Dr Thomas Stuttaford, The Times
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Additional resources for the Primary Care Team 
from Class Publishing

Providing Diabetes Care 
in General Practice
fourth edition £24.99
Mary MacKinnon

Mary MacKinnon’s “bible” gives you all
the back up and information you need to
run a high-quality, effective diabetes service
within your practice. Armed with this
reference manual, your team will be able to
provide high standards of patient care at
realistic cost. This tried and tested system
defines roles for each member of the
primary care team from the GP to the
receptionist, and anticipates problems
before they arise, ensuring top quality care
without any increase in cost to you.

‘It is a real contribution to a modern
understanding of so many aspects of
diabetes.’ – Professor Harry Keen,
Former Vice President of Diabetes UK

Basic Skills in Statistics: A Guide 
for Healthcare Professionals £24.99
Adrian Cook, Dr Gopalakrishnan Netuveli
and Professor Aziz Sheikh

Statistics can be an intimidating subject for
many students and clinicians. This concise
text introduces basic concepts that
underpin medical statistics and, using
everyday clinical examples, highlights the
importance of statistical principles to
understanding and implementing research
findings in routine clinical care. This book
is an essential tool for students, clinicians
in training, nurses, GPs and hospital
consultants.

‘Packed full of useful key messages and an
excellent glossary of terms, this should be
an essential reference book.’
– Monica Fletcher, Chief Executive,
National Respiratory Training Centre

Chronic Obstructive Pulmonary Disease 
in Primary Care
third edition £24.99
Dr David Bellamy and Rachel Booker

COPD is one if the most common and
important respiratory disorders seen in
primary care. This fully updated second
edition (including the GOLD guidelines)
addresses the management requirements of
GPs and practice nurses. In this book you
will find guidance, protocols, plans and
tests – all appropriate to the primary care
situation – that will streamline your
diagnosis and management of COPD. 
This book is fully endorsed by the General
Practice Airways Group.

‘I am sure it will become a classic in the
history of COPD care.’ 
– Duncan Geddes, Professor of Respiratory
Medicine and Consultant Physician, 
Royal Brompton Hospital

Vital Diabetes
second edition £24.99
Dr Charles Fox and Mary MacKinnon

If you are involved in managing diabetes in
your practice, it is a superhuman task,
especially with treatment guidelines
changing all the time in light of new
evidence. Vital Diabetes is here to help.
Written by two experts in the field, Dr
Charles Fox and Mary MacKinnon, this
book will give you all the backup you need
for best practice in diabetes care, enabling
you to keep up with the fast-changing
world of diabetes in just 96 pages!

‘Full of the kind of essential and up-to-date
information you need to deliver the best
practice in diabetes care.’
– M. Carpenter, Diabetes Grapevine
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We hope that you found this Class Health book helpful. We always appreciate
readers’ opinions and would be grateful if you could take a few minutes to
complete this form for us.

The Class Health Feedback Form

� How did you acquire your copy of this book?

From my local library �

Read an article in a newspaper/magazine �

Found it by chance �

Recommended by a friend �

Recommended by a patient organisation/
charity �

Recommended by a doctor/nurse/advisor �

Saw an advertisement �

� How much of the book have you read?

All of it �

More than half of it �

Less than half of it �

� Which copies/chapters have been most helpful?

� Overall, how useful to you was this Class Health book?

Extremely useful �

Very useful �

Useful �

� What did you find most helpful?

� What did you find least helpful?

� Have you read any other health books?

Yes � No �

If yes, which subjects did they cover?

How did this Class Health book compare?

Much better �

Better �

About the same �

Not as good �

	 Would you recommend this book to a friend?

Yes � No �

Thank you for your help. 

Please send your completed form  to: 

Class Publishing, 
FREEPOST, 
London 
W6 7BR

Surname

First name

Title Prof/Dr/Mr/Mrs/Ms

Address

Town

Postcode
Country

� Please add my name and address to receive details of
related books

[Please note, we will not pass on your details to any other
party]
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Priority Order Form
Cut out or photocopy this form and send it (post free in the UK) to:

Class Publishing Priority Service, FREEPOST, London W6 7BR

Please send me urgently Post included
(tick boxes below) price per copy (UK only)

� Type 1 Diabetes in Children, Adolescents and Young Adults £23.99

(ISBN 1 85959 078 0)

� Diabetes – the ‘at your fingertips’ guide   (ISBN 1 85959 087 X) £17.99

� The Diabetes Handbook   (ISBN 0 7637 2386 X) £17.99

� High Blood Pressure – the ‘at your fingertips’ guide   (ISBN 1 85959 090 X) £17.99

� Heart Health – the ‘at your fingertips’ guide   (ISBN 1 85959 097 7) £17.99

� Providing Diabetes Care in General Practice   (ISBN 1 85959 048 9) £27.99

� Vital Diabetes   (ISBN 1 872362 93 1) £17.99

� Chronic Obstructive Pulmonary Disease in Primary Care   (ISBN 1 85959 104 3) £32.99

� Basic Skills in Statistics: A Guide for Healthcare Professionals £17.99

(ISBN 1 85959 101 9)

TOTAL ______

Easy ways to pay

Cheque: I enclose a cheque payable to Class Publishing for £ ______

Credit card: Please debit my � Mastercard � Visa � Amex

Number Expiry date

Name

My address for delivery is

Town County Postcode

Telephone number (in case of query)

Credit card billing address if different from above

Town County Postcode

Class Publishing’s guarantee: remember that if, for any reason, you are not satisfied with these books,
we will refund all your money, without any questions asked. Prices and VAT rates may be altered for reasons
beyond our control.

� Please send me details of other Class Publishing titles that may be of interest to me

✃
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