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Introduction/Preface
At a time of dramatic increases in the prevalence of obesity, it is appropriate 
that type 2 diabetes has received a great deal of attention by the endocrinology 
community. Clearly, the management of insulin resistance and cardiovascular 
risk is a critical issue. However, it is important to also acknowledge and address 
type 1 diabetes, the prevalence of which is also increasing, and the manage-
ment of which remains complex. Currently it is estimated that 10% to 15% of 
those with diabetes carry the diagnosis of type 1 diabetes, and frequently the 
diagnosis is not straightforward, as we recognize that more adults previously 
thought to have type 2 diabetes actually have late-onset type 1 diabetes (also 
termed latent autoimmune diabetes of the adult, or LADA). It is relatively more 
common in people who are white compared to people of African or Asian 
descent.

Over the past decade, tools for the management of type 1 diabetes have 
evolved so that we have the opportunity to more closely replicate normal 
physiologic insulin secretion with either basal-bolus insulin therapy or continu-
ous subcutaneous insulin infusions. Besides insulin, we also have new thera-
pies such as pramlintide. While these advances allow us to better manage our 
patients with type 1 diabetes, they also add complexity. There have also been 
advances in the understanding of how type 1 develops, and new research in 
prevention strategies. This text addresses the concepts behind the care of the 
person with type 1 diabetes for endocrinologists and primary care providers.
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Chapter 1

Diagnosis, Pathophysiology, 
and Prediction

Defi nition and Diagnosis

Type 1A diabetes mellitus (autoimmune diabetes) is characterized by auto-
immune destruction of beta cells resulting in loss of insulin production, and 
dependence on insulin administration. Type 1B (idiopathic) diabetes mellitus 
results from non-autoimmune destruction of beta cells, and evidence of auto-
immunity cannot be demonstrated.

Type 1A diabetes typically presents with acute symptomatic hyperglycemia 
and diabetic ketoacidosis. The dramatic presentation of ketoacidosis is more 
typical in younger patients. In adults, type 1 may also present with ketoacidosis, 
but it can also present with classic symptoms of hyperglycemia (polyuria, poly-
dipsia, polyphagia, weight loss) or even asymptomatically with a mild degree of 
hyperglycemia or prediabetes (such as in LADA, see p. 7).

All types of diabetes mellitus are diagnosed by blood glucose level. According 
to the 2009 American Diabetes Association Standards of Care,1 a random blood 
glucose level ≥200 mg/dL with signs and symptoms of diabetes, a fasting blood 
glucose of ≥126 mg/dL, or a glucose of ≥200 mg/dL after an oral glucose toler-
ance test all make the diagnosis of diabetes mellitus (Table 1.1).

Hemoglobin A1c has been discussed as a method to diagnose diabetes in 
nonpregnant individuals. An expert panel of the American Diabetes Association 
recommends that an A1c value of 6.5% or greater should be used for the 
diagnosis of diabetes.2 The A1c test may be more useful in diagnosing type 2 
diabetes mellitus, with its chronic hyperglycemia usually not characterized by 
absolute insulin defi ciency. The panel specifi cally mentions that type 1 diabetes, 
with its usual classic clinical onset in children and adolescents, should continue 
to be diagnosed clinically, and that A1c testing can be used in the absence of 
specifi c clinical conditions. As typical type 1A diabetes usually presents with 
an acute onset of hyperglycemia, the A1c may not refl ect the current acute 
hyperglycemia. Caution must be used in interpreting the A1c level, which may 
have limitations in certain settings, such as the presence of blood loss, transfu-
sion, hemoglobinopathies, and age-related increases.2 Furthermore, in adults, a 
mild elevation in A1c may sway healthcare providers to make an assumption 
of type 2 diabetes and attempt treatment with an oral hypoglycemic medica-
tion, rather than recognizing the features of type 1 or LADA and the need for 
insulin treatment. We recommend using the blood glucose value paired with 

Defi nition and Diagnosis
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the examination of clinical features and antibody testing (see p. 8) to make the 
diagnosis of type 1 diabetes in adults.

Pathophysiology

Genetics, the environment, and possibly other unknown factors contribute to 
the development of type 1 diabetes. It is believed that an environmental trigger 
incites an autoimmune attack on the beta cells in persons who are genetically 
susceptible. Most evidence indicates that the immune response results from an 
imbalance of pathogenic and regulatory T lymphocytes,3 with resulting destruc-
tion of the beta cells, and formation of antibodies to beta-cell antigens. The 
autoimmune destruction of the beta cells may take months or years, at which 
time markers of autoimmunity can be demonstrated but clinical diabetes has 
not yet developed.

More is being learned about genetic susceptibility. The risk for developing 
type 1 is increased in close relatives; risk is approximately 6% for offspring and 
5% in siblings, with a concordance rate of 5% for fraternal (dizygotic) twins, and 
an increased concordance rate of 30% to 50% in identical (monozygotic) twins.4 
Genes within the MHC (HLA complex) region of chromosome 6p21 confer the 
greatest risk of developing disease; the majority of these genes encode antigen-
presenting molecules.5 The DR3/DR4 alleles in this region increase the risk; 
they are present in approximately 90% of patients with autoimmune type 1 dia-
betes (the HLA DR3-DQ2/DR4-DQ8 genotype is the highest-risk genotype). 
However, the HLA DQB1 0602 allele may confer protection against the devel-
opment of type 1; it is present in less than 1% of children with diabetes.6 There 
are also non-MHC genes that may affect susceptibility to type 1, though they 
may contribute only modestly to disease risk.5 Polymorphisms found in the pro-
moter regions of the insulin gene, a lymphocyte-specifi c tyrosine phosphatase 

Pathophysiology

Table 1.1 Criteria for the Diagnosis of Diabetes

FPG ≥126 mg/dL (7.0 mmol/L). Fasting is defi ned as no caloric intake for at least 8 h*

OR

Symptoms of hyperglycemia and a casual plasma glucose ≥200 mg/dL (11.1 mmol/L). 
Casual is defi ned as any time of day without regard to time since last meal. The classic 
symptoms of hyperglycemia include polyuria, polydipsia, and unexplained weight loss.

OR

2-h plasma glucose ≥200 mg/dL (11.1 mmol/L) during an OGTT. The test should 
be performed as described by the World Health Organization, using a glucose load 
containing the equivalent of 75 g anhydrous glucose dissolved in water.*
*In the absence of unequivocal hyperglycemia, these criteria should be confi rmed by repeat testing 
on a different day.
FPG = Fasting Plasma Glucose, OGTT = Oral Glucose Tolerance Test.
From: American Diabetes Association. Diagnosis and classifi cation of diabetes mellitus. Diabetes 
Care. 2009;32:S66.
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gene, and cytotoxic T-lymphocyte-associated antigen gene have all been associ-
ated with an increased risk of type 1.7,8

While the inciting environmental trigger to the immunologic response is 
still unclear, multiple theories and agents have been postulated. The hygiene 
hypothesis proposes that improved sanitation and reduction of childhood ill-
nesses increase the incidence of immune-mediated disorders.9 Viral infections 
(coxsackievirus and enteroviruses) and vaccinations have also been investi-
gated, but data are far from conclusive. Dietary factors such as early exposure 
to cow’s milk have also been debated; however, prospective studies have not 
confi rmed a link,10 and the issue may be compounded by the fact that vitamin D 
(in fortifi ed milk) may protect against the development of type 1.11

Autoimmunity

Once the autoimmune attack is triggered, antibodies to antigens within the 
beta cells can be detected in the serum. Insulin antibodies are usually the fi rst 
to appear, followed by other islet cell antibodies (ICAs). Antibodies to the islet 
enzyme glutamic acid decarboxylase (GAD, or GAD 65) are found in approx-
imately 70% of patients with type 1 at the time of diagnosis, and antibodies 
to the protein tyrosine phosphatase, insulinoma-associated protein 2 (IA-2), in 
58% of patients with type 1.12 One or both antibodies (GAD 65 and IA-2) are 
present in 90% of patients with new-onset type 1A diabetes.13

ICAs have been detected in rare syndromes that are associated with type 
1 diabetes, which have helped in the understanding of the pathogenesis and 
autoimmune nature of type 1. Approximately 20% of patients with autoim-
mune polyendocrine syndrome type 1 (APS1) develop type 1 diabetes.14 This 
condition results from mutation in the autoimmune regulator (AIRE) gene, 
which controls expression of autoreactive T lymphocytes, and is defi ned by 
the presence of two out of the three conditions of mucocutaneous candidiasis, 
adrenal insuffi ciency, and hypoparathyroidism. IPEX (immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked) is a rare syndrome that causes 
overwhelming autoimmunity in neonates (including diabetes) and results from 
a mutation in a transcription factor controlling the development of regulatory 
T cells. Twenty to 50% of patients with autoimmune poylendocrine syndrome 
type 2 (APS2) have type 1 diabetes15; this syndrome is associated with autoim-
mune thyroid disease and adrenal insuffi ciency.

Type 1 diabetes is also associated with other autoimmune conditions, such 
as thyroid disease, vitiligo, Addison’s disease, celiac disease, pernicious anemia, 
and autoimmune hepatitis. Approximately 15% to 30% of patients with type 
1 diabetes have autoimmune thyroid disease (hypothyroidism being the most 
common), 4% to 9% have celiac disease, and 0.5% have Addison’s disease (adre-
nal insuffi ciency).14 These conditions are associated with their organ-specifi c 
antibodies (thyroid peroxidase, tissue transglutaminase, and 21-hydroxylase 
antibodies respectively), and screening for these conditions at the time of 

Autoimmunity
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diagnosis of type 1 diabetes is recommended in the appropriate clinical setting, 
with periodic screening thereafter if clinical suspicion arises. Patients should be 
screened for thyroid disease every 1 to 2 years with a TSH level; more frequent 
testing is recommended for those with positive thyroid antibodies. In patients 
with positive adrenal antibodies, periodic screening for symptoms and ACTH 
stimulation testing should be performed. In those without adrenal antibodies, 
screening should be repeated if clinical fi ndings occur. Adults with type 1 dia-
betes should be evaluated for symptoms of celiac disease, with further testing 
as clinically warranted.

Prediction

As mentioned, those with high-risk HLA genotypes have an approximately 6% 
lifetime risk of developing type 1 diabetes compared to those without,16 and 
fi rst-degree relatives of patients with type 1 have an increased risk of develop-
ing disease compared to the general population. While certain genotypes are 
predictive for the development of type 1 diabetes, the presence of antibodies 
to islet cell molecules in a high titer can also identify those at risk.17

In the period before the development of overt diabetes, detection of insulin 
autoantibodies, ICA, GAD, and IA-2, is possible. In offspring of parents with 
type 1 diabetes, children who develop antibodies early (before age 2) and 
develop multiple autoantibodies tend to progress to type 1 diabetes at a young 
age (in childhood).18 A positive test for two out of three islet autoantibodies 
is highly predictive of progression to type 1 diabetes3 in both relatives of type 
1 patients and those in the general population. Higher titers of antibodies may 
also confer more risk.19

In the preclinical period before development of overt diabetes, measure-
ment of an abnormal fi rst-phase insulin response to glucose with intravenous 
or oral glucose tolerance testing in high-risk individuals is also predictive.20 In 
patients with positive autoantibodies, an impairment of the fi rst-phase insulin 
response on intravenous glucose tolerance testing gives a projected 5-year risk 
of type 1 of greater than 50%.21

Although there is no way to prevent type 1 diabetes, there is a signifi cant 
interest in prediction of disease, particularly in families of patients with type 
1. High-risk HLA genotyping, while predictive in fi rst-degree relatives, would 
have a relative low yield in the general population, given the relatively high 
prevalence of these genotypes in Caucasian populations and the respective 
prevalence of type 1 diabetes in the general population. A better strategy may 
be to start with autoantibody detection, with GAD and IA-2 antibody testing. 
If positive, then secondary testing for additional autoantibodies (islet cell and 
insulin antibodies) can be performed.22 If antibodies are positively identifi ed, 
genotyping can be performed for further investigation and for evaluation of 
eligibility into ongoing prevention research trials.

Prediction
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Latent Autoimmune Diabetes of 
Adulthood (LADA)

While classic type 1A diabetes can present in adulthood, there is another subset 
of the adult population who typically present with milder hyperglycemia, similar 
to type 2 diabetes, yet they typically have a poor response to oral hypoglycemic 
agents and progress to insulin defi ciency. This form of diabetes, termed LADA, 
is characterized by its diagnosis in adulthood, eventual insulin defi ciency, and 
evidence of immune destruction of beta cells (patients have positive autoanti-
bodies). It is also described as a slowly progressing type 1 diabetes and has also 
been labeled as “type 1.5 diabetes.”

Among newly diagnosed diabetic adults thought to have type 2 diabetes, 
approximately 10% have LADA.23 Like classic type 1 diabetes, there are genetic 
factors and likely environmental contributors that lead to beta cell destruction; 
however, the pathophysiology of LADA is less studied that in type 1A diabetes. 
There are no twin studies in LADA, but there is less twin concordance for devel-
opment of type 1 diabetes if it occurs after age 25 (6%).24 LADA patients do have 
high rates of HLA DR3 and DR4 alleles and demonstrate ICA positivity.25

In type 1 diabetes, often more than one antibody to the islet cells is pres-
ent, whereas in LADA, it is more common to fi nd single antibody positivity. It 
is more common to fi nd ICAs and GAD in LADA, and less common to detect 
IA-2 and insulin autoantibodies.26 It appears that progression to overt diabetes 
in antibody-positive patients is much faster at younger ages and slower in adult-
hood. In the Diabetes Prevention Trial (DPT),27 relatives of patients with type 1 
who had positive antibodies were evaluated for the presence of diabetes. The 
patients with prediabetes, or impaired glucose tolerance, as opposed to overt 
diabetes, were older (mean age 21). This characteristic slower progression of 
beta-cell destruction in LADA may occur because of a less pronounced genetic 
predisposition, possible protective genes, the development of immune toler-
ance, or possible varying exposure to environmental triggers.25

The rate of progression to dependence on insulin varies. Some patients 
progress within months; others may take years. There is some evidence to 
show that the presence of two or three islet autoantibodies predicts a faster 
deterioration of beta cell function (within 5 years).28 If LADA is suspected, 
screening with GAD and ICA should be pursued. While the optimal treatment 
regimen has not been studied for the period between diagnosis and insulin 
dependency, many experts believe that insulin is the treatment of choice and 
should not be delayed. Our approach is to start with low-dose basal insulin and 
add mealtime rapid-acting insulin as postprandial readings indicate the need 
(see Chapter 2, p. 17).

Data suggest that insulin therapy can help to preserve C-peptide levels, 
although it does not seem to prevent the overall dependency on insulin earlier 
than those who are antibody-negative.29 Use of other treatment agents is less 
clear, though evidence points to the avoidance of sulfonylurea use. One study 

Latent Autoimmune Diabetes of 
Adulthood (LADA)
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showed that insulin-treated LADA patients had more persistent C-peptide lev-
els compared to those treated with sulfonylureas.30 Metformin use in LADA 
patients may not alter the outcome of insulin dependence,24,25 and many LADA 
patients are started on metformin upon diagnosis of diabetes (as they are mis-
takenly classifi ed as having type 2 diabetes). It may help to reduce glucose lev-
els, but it also carries the risk of lactic acidosis in patients who are becoming 
insulin-defi cient and ketosis-prone. Future therapies for LADA may be directed 
at prevention, specifi cally immunomodulation to halt beta-cell destruction (see 
Chapter 5, p. 53).

Recognition/Features in Adults with 
New-Onset Type 1/LADA

While all types of diabetes are diagnosed by blood glucose level, atten-
tion must be given to clues that indicate the presence of type 1 diabetes, as 
opposed to type 2, in an adult (Table 1.2). Commonly, adults are misclassifi ed 
as having type 2 diabetes simply based upon their age. While type 2 diabetes 

Recognition/Features in Adults with 
New-Onset Type 1/LADA

Table 1.2 Distinguishing Type 2 Diabetes from Type 1 Diabetes 
and LADA in Adults

Type 2 More 
Likely

Type 1 More 
Likely 

LADA More Likely

Physical 
examination 
fi ndings

Central obesity 
with BMI >25

Typically normal 
body weight (normal 
BMI)

Typically normal body 
weight (normal BMI)

Acanthosis 
nigricans

Onset Typically indolent Typically abrupt Typically indolent

Ketosis/DKA

Family history Common to have 
positive family 
history of type 2 
diabetes

Occasionally positive 
family history of type 
1 diabetes

Usually no family 
history

Autoantibodies Negative GAD 65 
autoantibodies

Positive GAD 65 
autoantibodies

Positive GAD 65 
autoantibodies

Other Features of 
metabolic 
syndrome (high 
triglycerides, 
low HDL, and 
hypertension)

Presence of other 
autoimmune 
conditions 
(autoimmune thyroid 
disease, vitiligo, celiac 
disease, Addison’s 
disease, autoimmune 
hepatitis, pernicious 
anemia)

Presence of other 
autoimmune conditions 
(autoimmune thyroid 
disease, vitiligo, celiac 
disease, Addison’s 
disease, autoimmune 
hepatitis, pernicious 
anemia)

BMI, body mass index; DKA, diabetic ketoacidosis; GAD 65, glutamic acid decarboxylase 65.
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is far more prevalent, recognition of type 1 is crucial to recognize, as treat-
ment must be insulin.

Central obesity and acanthosis nigricans are physical examination fi ndings 
usually indicating insulin resistance and type 2 diabetes. A family history of type 
2 diabetes and fi ndings such as low HDL cholesterol, elevated triglycerides, 
increased waist circumference, and hypertension indicate metabolic syndrome 
and a higher likelihood of type 2. An acute onset of hyperglycemia and ketosis 
should be recognized as features of type 1 diabetes in adults, although there are 
exceptions. There are ketosis-prone type 2 diabetics (often termed “Flatbush 
diabetes”) who may present with diabetic ketoacidosis and an acute need for 
insulin, but who subsequently progress to a disease course of type 2 diabetes.31 
However, these patients typically do have features of insulin resistance.

In adults of normal body weight who lack features of insulin resistance and 
are treated with typical oral antidiabetic agents without improvement in their 
blood glucose readings, the clinician should suspect LADA. The prevalence 
of other autoimmune diseases should also arouse the suspicion of type 1 or 
LADA. Detection of autoantibodies can assist with diagnosis, and measuring 
ICAs and GAD is useful in distinguishing adult-onset type 1 diabetes and LADA 
from type 2 diabetes.32
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Chapter 2

Management

Monitoring

Achieving normoglycemia safely requires the ability to monitor the results 
of insulin therapy. Patient self-monitoring of blood glucose (SMBG) provides 
immediate feedback on the current glucose level, whereas tests such as hemo-
globin A1c provide information about the degree of control over a longer 
period.

SMBG

SMBG is recommended at least three times a day, although many patients need 
to test more often to achieve adequate control.1 Patients should test more 
often during illness, exercise, or other conditions that may cause hyper- or 
hypoglycemia. Numerous blood glucose meters are available commercially. 
Some meters require chip insertion or entry of a code corresponding to the 
batch of test strips in use; if the correct code is not entered, the results may be 
less accurate. Meters should be calibrated periodically using control solutions.

Many glucose meters are designed to work with capillary blood from sites 
other than the fi ngertip (e.g., forearm) which may be less painful. However, 
testing should be done using the fi ngertip at times of rapid blood glucose level 
change (e.g., after meals) or when hypoglycemia is suspected, since alternative 
sites may provide less accurate results in such situations.2,3

Generally, patients being treated with intensive insulin therapy need to 
test before and 2 hours after meals to provide enough results for appropriate 
adjustment of their insulin regimens. SMBG results can be analyzed more easily 
when they are recorded in columns corresponding to before and after each 
meal, thereby enabling recognition of trends or patterns for specifi c meals or 
times of day. The results from many meters can also be downloaded into a 
computer to provide similar visualization of trends and variability.

A1c

The most widely used measure of chronic glycemic control is the A1c, known 
variably as glycated hemoglobin, glycohemoglobin, hemoglobin A1c, or HbA1c, 
depending in part on the assay used. Red blood cells are freely permeable 
to glucose, and as hemoglobin is exposed to glucose it becomes irreversibly 
bound to glucose in a glucose-concentration-dependent manner. The percent-
age of hemoglobin thus bound to glucose correlates to the average blood glucose 
concentration during the lifetime of the red cells and is reported as the A1c. 

Monitoring
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Although the average lifespan of red cells is 120 days, the A1c best refl ects 
blood glucose levels over the previous 2 to 3 months.

Various factors that affect hemoglobin or red cell survival can likewise affect 
A1c results, rendering them less accurate as measures of glycemic control. High 
erythrocyte turnover, as in acute blood loss, hemolytic anemia, or treatment 
with erythropoietin, results in misleadingly low A1c results, whereas processes 
that prolong erythrocyte survival, such as iron defi ciency anemia, result in mis-
leadingly high A1c results. Intake of large amounts of vitamin C or vitamin E can 
falsely lower or elevate results. Some A1c assays are also affected by hemoglo-
bin variants such as HbS (sickle cell trait).4 Transfusions and chronic kidney or 
liver disease may also affect A1c results.

Estimated Average Glucose (eAG)

An international study recently examined the relationship between A1c 
values and mean blood glucose and found that a simple linear relationship exists 
between them over a clinically relevant glycemic range.5 The A1c can be con-
verted to an estimated average glucose (eAG) using the formula eAGmg/dL = 
28.7 × A1c − 46.7 or eAGmmol/L = 1.59 × A1c − 2.59. Table 2.1 shows sample 
equivalent values.

The vast majority of A1c assays worldwide have been standardized, but a 
new, more stable and specifi c measurement method has been developed and 
proposed for global standardization.6,7 The new method produces numerical 
results 1.5 to 2.0 percentage points lower than the current method, and the 
results are reported in millimoles per mole of total hemoglobin rather than a 
percentage. To avoid confusion, it is proposed that in the future results will be 
reported with three values: the familiar A1c value, an eAG derived from that 
result, and the result according to the new method in mmol/mol.8

Table 2.1  A1c and Corresponding eAG Values
A1c (%) eAG

mg/dL mmol/L

5.0  97 5.4

6.0 126 7.0

6.5 140 7.8

7.0 154 8.6

7.5 169 9.4

8.0 183 10.2

8.5 197 11.0

9.0 212 11.8

9.5 226 12.6

10.0 240 13.4

11.0 269 14.9

12.0 298 16.5
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Fructosamine

Fructosamine refers to a group of glycated serum proteins, predominantly 
albumin, that form in a similar way to glycated hemoglobin. However, because 
serum albumin has a shorter half-life than hemoglobin, the serum fructosamine 
level refl ects the degree of glycemic control over the preceding 2 to 3 weeks.9,10 
Measurement of fructosamine may be useful when an estimate of very recent 
glycemic control is desired or when the A1c may be inaccurate or is discordant 
with the patient’s SMBG results.

Fructosamine generally correlates to A1c, although within-subject variation 
is greater.11–13 Furthermore, as with A1c, various physiologic effects interfere 
with its reliability as an indicator of glycemic control; the fructosamine mea-
surement will be misleadingly low if the serum albumin concentration is low 
or if there is rapid albumin turnover, as with hepatic disease, protein-losing 
enteropathy, or the nephrotic syndrome.14

Ketones

Patients should test their urine for ketones using commercially available ketone 
strips during acute illness or stress, when blood glucose levels are consistently 
elevated (>300 mg/dL [>16.7 mmol/L]), or with any symptoms of diabetic 
ketoacidosis (DKA) (e.g., nausea, vomiting, abdominal pain).1 Ketonuria may not 
indicate impending DKA. Positive results can occur during fasting or periods of 
negative caloric balance and in pregnancy. Other situations warrant repeat test-
ing every few hours, extra insulin, and fl uid intake to ensure adequate hydra-
tion. If the ketonuria does not resolve or if there is a suspicion of ketoacidosis, 
the patient should seek evaluation at an emergency department.

Continuous Glucose Monitoring

SMBG with fi ngerstick testing is a vital part of successful management of type 
1 diabetes, but it is inconvenient and uncomfortable and provides the glucose 
level only at the time of testing. Despite testing several times a day, patients 
may have periods of asymptomatic hypo- or hyperglycemia. Continuous glu-
cose monitoring (CGM) offers patients the ability to monitor their blood glu-
cose continuously with minimal effort. The currently available systems use a 
device that adheres to the skin and includes a small catheter inserted with 
an introducer needle. Once inserted, the needle is removed and the catheter 
remains in the subcutaneous tissue, allowing the device to sample the intersti-
tial fl uid. The device also includes a transmitter that sends a glucose measure-
ment every minute or 5 minutes (depending on the system) to a receiver, which 
displays the result along with a graph of recent results and an indicator showing 
the direction and rate of change. A new device is inserted every 3 to 7 days.

Currently available sensors allow glycemic thresholds to be set; a glucose level 
beyond these thresholds triggers an alarm to alert the patient of hypo- or hyper-
glycemia so that action can be taken before the condition worsens. Thus, they 
are useful for preventing overnight hypoglycemia and unexpected daytime hypo- 
or hyperglycemia, and may be particularly useful for patients with hypoglycemic 
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unawareness (see Chapter 3) or those whose fear of hypoglycemia limits the 
achievement of tight glycemic control.

CGM is also available for short-term diagnostic use in a form that stores glu-
cose data for later download without displaying the information to the patient. 
Such a device could be used in a patient with a high A1c despite seemingly good 
SMBG results to detect periods of hyperglycemia occurring at times when the 
patient is not performing SMBG.

CGM does not eliminate the need for fi ngerstick glucose monitoring. The 
sensors must be calibrated at least daily to a fi ngerstick result. Sensors are not 
as accurate as fi ngerstick testing, and therefore fi ngerstick testing is still recom-
mended before making management decisions.15 Furthermore, since the sen-
sors measure the interstitial fl uid glucose concentration rather than the blood 
glucose level, during periods of rapid change in glucose level the sensor read-
ings may lag behind the blood glucose level.16

There is growing recognition that the amount of glycemic variability, like 
the average glucose (indicated by the A1c), may have consequences.17 There 
is evidence of endothelial damage, but the extent to which glycemic variabil-
ity leads to micro- and macrovascular complications remains controversial.18–20 
Studies have shown benefi ts from CGM in both variability and A1c. In a recent 
trial, patients 25 years of age or older using CGM had A1c values 0.53 lower 
on average than matched patients performing SMBG alone (average 6.6 times 
per day) after 26 weeks without an increase in hypoglycemic events and had 
a signifi cantly greater amount of time per day within the target glucose range 
of 71 to 180 mg/dL.21 Other studies have demonstrated a decreased incidence 
of hypoglycemic and hyperglycemic episodes with CGM, although without an 
additional reduction in A1c.22,23 CGM systems are expensive, but as their ben-
efi ts become more established, coverage by insurance companies is increasing.

Diabetes Education and Nutrition

Diabetes self-management education (DSME) is necessary for all patients with 
type 1 diabetes and can improve patient outcomes.24 All patients should be 
referred to qualifi ed educators at the time of diagnosis and periodically for 
continued management skills or with changes in their treatment plan to update 
their knowledge and skills in coping with and managing their diabetes.

Diabetes educators are those with education in diabetes management and 
counseling. Certifi ed Diabetes Educators (CDEs) are educators who are certi-
fi ed by the National Certifi cation Board for Diabetes Educators (NCBDE), have 
demonstrated core knowledge and experience, and have passed a certifying 
examination. Educators can provide basic training, such as defi ning glucose goals 
and teaching recognition and treatment of hypoglycemia, to more complex care, 
such as adjusting insulin for exercise and assisting in insulin pump training.

The American Diabetes Association publishes standards of care for diabe-
tes education25 to defi ne quality diabetes self-management education and to 
help educators provide evidence-based education and care, and the American 
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Association of Diabetes Educators provides a list of CDEs by locations (see 
Chapter 6).

Medical nutrition therapy (MNT) is an integral part of diabetes education. In 
patients with type 1 diabetes, MNT provided by a registered dietitian can result 
in a 1% reduction in A1c.26

As reviewed in the next section, insulin therapy should approximate normal 
physiologic insulin secretion. Mealtime insulin should be dosed based on the 
carbohydrate content of meals and snacks. Patients need nutrition education 
to understand the carbohydrate content of meals, to learn how to dose their 
insulin for meal content, and to ensure adequate nutritional intake. We recom-
mend the use of an insulin-to-carbohydrate-gram ratio, but some patients use a 
carbohydrate exchange system, which also may work well. If individuals are on 
fi xed insulin doses (either premixed insulin or a set amount of rapid-acting insu-
lin before each meal), then their carbohydrate intake should be kept consistent 
to prevent hypo- and hyperglycemia.

Nutrition recommendations for the general population are advised for those 
with type 1 diabetes, including limiting saturated fat to less than 7% of total 
calories, minimizing trans fat intake, protein intake of 15% to 20% for those 
with normal renal function, and consuming a variety of fi ber-containing foods.27 
There does not seem to be a benefi t from vitamin or mineral supplementa-
tion in those without defi ciencies,27 with the exception of certain populations 
and circumstances (such as folate use in pregnancy and calcium to prevent 
osteoporosis).

Insulin Therapy

Insulin therapy forms the core of type 1 diabetes management, but many addi-
tional elements are a part of the comprehensive care needed for a successful 
outcome. These elements include24:

Comprehensive history and physical examination• 

Evaluation of eating patterns, weight, nutrition knowledge, exercise habits• 

Evaluation of glycemic control, including A1c and SMBG as discussed above• 

Screening for complications, including hypoglycemia, hypoglycemic unaware-• 

ness, and diabetic ketoacidosis (see Chapter 3)
Laboratory tests: see Table 2.2 and Chapter 3 for details• 

Referrals for annual dilated eye examination, registered dietitian for MNT, • 

diabetes self-management education, dental examination, and mental health 
professional, if needed

See Table 2.2 for a summary of American Diabetes Association 
recommendations.

Intensive Insulin Therapy

Since the Diabetes Control and Complications Trial28 demonstrated consider-
able reductions in complications with intensive insulin therapy, intensive insulin 

Insulin Therapy
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therapy has become the standard therapy for type 1 diabetes. Intensive insu-
lin therapy seeks to replicate normal insulin physiology as closely as possible 
with multiple daily injections of insulin. There are three components to this 
therapy29:

Basal insulin: mimics the constant release of insulin that regulates lipolysis and • 

hepatic glucose output
Prandial or bolus insulin: mimics the usual response of endogenous insulin • 

to food intake
Correction-dose or supplemental insulin: addresses pre-meal or between-• 

meal hyperglycemia independently of the prandial insulin
A combination of insulin types is used to construct a regimen with these com-
ponents. The onset, peak, and duration of action of commonly used insulins 
are shown in Table 2.3, and their idealized time-action profi les are depicted 
in Figure 2.1. These are general values and vary between and within patients 
depending on dose injected, site of administration, skin temperature, and other 
variables.

Basal Insulin
The prolonged peakless activity of insulin glargine (Lantus) makes it ideal for 
use as basal insulin. It is generally given once daily at bedtime or in the morning; 

Table 2.2 Summary of American Diabetes Association 
Recommendations24

Glycemic goals
A1c

Preprandial glucose
Peak postprandial glucose

Goal <7.0% in general.
Measure semiannually if at goal with stable 
therapy, quarterly if not at goal or therapy has 
changed.
70–130 mg/dL (3.9–7.2 mmol/L)
<180 mg/dL (<10.0 mmol/L)

Blood pressure <130/80 mm Hg

Fasting lipid profi le
LDL cholesterol
HDL cholesterol
Triglycerides

At least annually
<100 mg/dL (<70 mg/dL optional)
>40 mg/dL in men, >50 mg/dL in women
<150 mg/dL

Serum creatinine At least annually with estimated glomerular 
fi ltration rate

Albumin:creatinine ratio Annually; if positive, repeat twice within 
3–6 months

Thyroid-stimulating hormone Every 1–2 years

Celiac disease screening: tissue 
transglutaminase or antiendomysial 
antibodies

At diagnosis and again if gastrointestinal 
symptoms develop

Dilated eye examination Annually 

Comprehensive foot examination Annually
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Table 2.3 Duration of Action of Frequently Used Insulins and 
Insulin Analogs29

Type Name Onset Peak Duration

Rapid-acting Lispro, aspart, 
glulisine 

 5–15 min 30–90 min  4–6 h

Short-acting Regular 30–60 min  2–3 h  6–10 h

Intermediate-acting NPH  2–4 h  4–10 h 12–18 h

Long-acting Detemir  2–4 h  3–14 h*  6–23 h

Long-acting Glargine  2–4 h None 20–24 h
*The peak serum concentration occurs at 6–8 h, but the peak in effect is slight, with >50% of its 
maximum effect occurring at 3–14 h.

it should be given at the same time each day. In some patients its action wanes 
earlier than in most, necessitating twice-daily dosing. Insulin detemir (Levemir) 
is another option for basal insulin. It is classifi ed as a long-acting insulin, although 
at low doses its duration of action more closely resembles NPH, and for patients 
with type 1 diabetes it should be given twice daily to ensure adequate 24-hour 
activity. NPH insulin given twice daily can also be used as basal insulin.

Insulin glargine appears to result in fewer episodes of nocturnal hypoglyce-
mia compared to NPH, which may allow further titration of dose to yield lower 
fasting glucose levels, although a decrease in A1c from glargine versus NPH has 
not been consistently demonstrated.29,30 Insulin detemir has also been shown to 
produce less nocturnal hypoglycemia and also less weight gain than NPH.31

Figure 2.1. Idealized time-action profi les of frequently used insulins and insulin analogs. 
Republished with permission from “Management of Type 1 Diabetes,” by IB Hirsh and 
JS Skyler, in www.endotext.org, version 21 September 2009.
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Prandial Insulin
The rapid onset and short duration of action of the rapid-acting insulin analogs 
make them well suited for use as prandial insulin. Three rapid-acting insulin 
analogs are currently available: aspart (Novolog), lispro (Humalog), and glu-
lisine (Apidra). Regular insulin has also been used as the prandial insulin, but it 
has several disadvantages compared with the rapid-acting analogs. The rapid-
acting analogs have been shown to reduce postprandial hyperglycemia more 
than regular insulin and to cause hypoglycemia less often than regular insulin. 
These effects reduce glycemic variability, although reductions in A1c compared 
to regular have generally been modest.29,32–35 Furthermore, the recommended 
timing of regular insulin administration is less convenient; for optimal control 
of the prandial blood glucose spike, regular insulin should be taken 30 minutes 
before the meal, requiring advance planning, whereas rapid-acting analogs are 
taken immediately before eating.

Correction-Dose Insulin
The rapid-acting analogs are also well suited for use as supplemental insulin to 
correct hyperglycemia. They lower blood glucose more rapidly than regular 
insulin and do not have as prolonged an effect.36

Older Insulin Regimens

Older conventional insulin regimens typically consisted of an injection of regu-
lar insulin combined with NPH insulin before breakfast and another combined 
dose before dinner; sometimes this second dose was split, with the regular 
given before dinner and the NPH before bed to reduce the risk of nighttime 
hypoglycemia. Due to the peak of NPH and the extended duration of regu-
lar, both insulins provide basal and prandial effects, complicating adjustments 
to the regimen and necessitating strict consistency of the timing of injections 
and meals. Using a rapid-acting analog as the prandial insulin allows patients 
to skip meals or change mealtimes without risking hypo- or hyperglycemia. 
Although more injections are required with intensive insulin therapy than con-
ventional therapy, most patients with type 1 diabetes prefer the dietary free-
dom.37 Furthermore, the use of insulin pens rather than vials and syringes makes 
taking injections quick and easy while on the go.

Constructing a Regimen

Initial insulin doses are often based on a patient’s total daily dose, which typi-
cally ranges from 0.3 to 0.7 units/kg. A total daily dose can be estimated from 
a patient’s current insulin regimen or from a patient’s weight, using 0.3 to 0.5 
units/kg to start. Half of this total is typically given as basal insulin, either as a 
single dose of glargine or divided as two doses of detemir or NPH. The other 
half of the total daily dose is given as prandial insulin, divided between the meals 
eaten.

Rather than taking the same amount of insulin with each meal, patients 
should adjust their prandial doses according to the amount of carbohydrate to 
be consumed. Ideally, patients should learn to count carbohydrates (i.e., learn 
to estimate the amount of carbohydrates in grams of their meal) and use that 
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estimate with an insulin-to-carbohydrate ratio to calculate a dose of prandial 
insulin tailored to their meal. An insulin-to-carbohydrate ratio can be estimated 
by dividing 500 by the total daily insulin requirement. For example, a patient 
taking a total of 42 units a day would have an insulin-to-carbohydrate ratio of 
about 1:12. That patient would take 1 unit of insulin for every 12 g carbohydrate 
consumed, and so to calculate a prandial insulin dose the patient would divide 
the amount of carbohydrate to be eaten by 12.

The supplemental dose can be estimated by dividing 1,700 by the total daily 
insulin requirement. The result is an estimate of the patient’s sensitivity to 
insulin (i.e., the expected decrease in blood glucose [in mg/dL] from 1 unit of 
insulin).38 For example, if a patient uses an average of 32 units daily, the sensitiv-
ity or correction factor is 53. To use this fi gure, the patient would subtract a 
goal glucose (e.g., 100 mg/dL) from the current blood glucose and divide the 
difference by the correction factor, yielding the needed supplemental dose to 
correct the hyperglycemia. For example, if the same patient’s blood glucose 
is 260 mg/dL: 260 − 100 = 160; 160 ÷ 53 = 3 supplemental units needed. The 
supplemental dose can be calculated before each meal when the patient has 
hyperglycemia and can be added to the prandial dose. If the patient is not eating 
at the time the blood glucose is tested, the patient would take the supplemental 
dose alone.

When using insulin in this manner, it is important to consider how much 
insulin is still active from previous doses. Adding additional doses before previ-
ous doses have had their full effect (“insulin stacking”) can cause hypoglycemia. 
As a rough guideline, a supplemental dose given less than 3 hours after another 
dose can be halved to avoid this effect.37

Various methods of estimating insulin-to-carbohydrate ratios and correc-
tion factors have been devised and compared.39 Regardless of how the initial 
regimen is devised, it should be reassessed and adjusted until appropriate gly-
cemic control is achieved. The basal insulin dose is best adjusted based on 
fasting blood glucose levels and the prandial and supplemental doses based 
on evaluation of blood glucose readings before and 2 hours after the doses 
were given. Insulin-to-carbohydrate ratios can be adjusted similarly according 
to blood glucose readings before and after meals in which the exact number 
of carbohydrates was known. Interpreting blood glucose records and adjusting 
the regimen appropriately often becomes complicated. Many factors can cause 
variability in glycemic control, including insulin absorption rate (affected by skin 
temperature, exercise, and injection site), food absorption rate (affected by 
nutrient content, autonomic dysfunction, and medications), exercise, stress, 
and hormonal changes (such as menstrual cycles).40

Glycemic Goals

The American Diabetes Association recommends an A1c goal for nonpregnant 
adults in general of less than 7%. This goal should be individualized. Clinical tri-
als have demonstrated a small but incremental benefi t in microvascular disease 
prevention from lowering A1c from 7% to 6%. However, doing so substantially 
elevates the risk of hypoglycemia, and thus in setting a target for an individual 



C
H

A
PT

ER
 2

 M
an

ag
em

en
t

22

patient the benefi ts of microvascular disease prevention must be weighed 
against the added risk of hypoglycemia. The lower goal is especially appro-
priate, if it can be met without inducing signifi cant hypoglycemia, for patients 
with a short duration of diabetes, long life expectancy, and little comorbidity, 
as such patients are more likely to benefi t from the reduced complication risk. 
Conversely, a higher A1c goal may be appropriate for patients with a history of 
severe hypoglycemia or hypoglycemic unawareness, limited life expectancy, or 
extensive comorbidities.24

In addition to A1c goals, the American Diabetes Association recommends 
preprandial and peak postprandial targets (see Table 2.2). The A1c is the pri-
mary target; the other targets correlate to the achievement of an A1c below 7%. 
Both preprandial and postprandial glucose levels contribute to the A1c, with a 
higher relative contribution from the latter at A1c levels close to 7%. Thus, 
both components should be considered when assessing glycemic control.24

Practical Considerations

Vials or pens of insulin not in use should be stored in a refrigerator. Insulin in use 
can be kept at room temperature, but extreme temperatures (<36° or >86°F 
[<2° or >30°C]) and excessive agitation should be avoided. Insulin potency may 
decline after a vial or pen has been in use for more than 1 month, particularly 
if it was stored at room temperature. The insulin should be inspected for color 
or clarity changes, clumping, or precipitation before each use.

If concurrent administration of rapid- or short-acting and NPH insulin is 
desired, the two insulins can be mixed in the same syringe (the NPH should be 
added second), but insulin glargine should not be mixed with other insulins. Air 
bubbles in an insulin syringe or pen may increase injection discomfort and may 
cause underdelivery of insulin from a pen. Patients using premixed insulins such 
as Novolin 70/30 or Humulin 50/50 should gently roll the vial between their 
hands before fi lling the syringe to ensure adequate mixing of the components.

Insulin may be injected into the subcutaneous tissue of the upper arm and 
the anterior and lateral aspects of the thigh, buttocks, and abdomen, except 
within 5 cm of the navel. Absorption is fastest in the abdomen; thus, if multiple 
sites are used, the rapid- or short-acting insulin is best injected into the abdo-
men and the intermediate- or long-acting insulin into the other site. Rotation of 
injection location is important to prevent lipohypertrophy or lipoatrophy, but 
to minimize variability due to differing absorption rates, rotation should occur 
within a site rather than between sites.40

Continuous Subcutaneous Insulin Infusion 
(CSII; Insulin Pumps)

Continuous subcutaneous insulin infusion (CSII) using an insulin pump is an 
alternative to multiple daily injections. The same principles of intensive insulin 
therapy and physiologic insulin replacement apply to CSII, except that, rather 
than using separate insulins for the basal and prandial/correction components 

Continuous Subcutaneous Insulin Infusion
(CSII; Insulin Pumps)
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of therapy, a single insulin continuously infused at varying rates provides all 
components of therapy. The pump infuses insulin continuously at a low rate, 
typically 0.2 to 1 unit per hour, for basal insulin. Superimposed on the basal 
insulin are manually activated boluses at mealtime or as supplemental insulin 
for hyperglycemia.

Most pump systems include a pump unit, which comprises an insulin res-
ervoir with pump mechanism, battery, and control panel. The reservoir is 
attached to a long fl exible catheter or tubing that leads to an infusion device. 
The infusion device is a relatively fl at piece of plastic that includes a small plastic 
catheter through which insulin is infused after being inserted into the subcu-
taneous tissue at any location appropriate for insulin injections. This device 
remains in place for 2 to 3 days, after which the location must be changed to 
ensure adequate insulin infusion.

The rapid-acting analogs are the preferred insulins for use in pumps. They 
have been shown to reduce A1c slightly more than regular insulin when used 
in pumps.41 Some studies have also shown a lower rate of hypoglycemia with 
the analogs.29,42,43

Patients typically require about 20% less insulin per day when the insulin is 
delivered by pump rather than multiple injections.44 Thus, when switching a 
patient from multiple injections to a pump, the insulin doses must be reduced 
accordingly. Typically about half of the adjusted total daily insulin dose is given 
as basal insulin and the other half split among the meals. The basal rates, carbo-
hydrate ratios, and sensitivity factor are adjusted empirically according to the 
patient’s blood glucose monitoring results.

CSII offers a variety of benefi ts. Pumps offer more fl exibility than multiple 
injection regimens. The basal insulin infusion rate can be customized and pro-
grammed to vary throughout the day, unlike insulin glargine, which provides 
relatively constant insulin activity. A pump could be set to deliver a higher basal 
rate in the morning and a lower basal rate overnight, and it could also be set 
to increase or decrease the basal rate temporarily by a certain proportion. For 
example, during exercise a pump could be set to deliver 50% of the usual basal 
rate to prevent hypoglycemia.

Pumps also offer more convenience. A bolus of insulin is activated by press-
ing a few buttons rather than preparing an insulin syringe or pen; no injection is 
needed. Furthermore, the pump does the calculations to determine the appro-
priate bolus dose once the patient’s insulin-to-carbohydrate ratio and correc-
tion factor are programmed. The patient need only enter the current blood 
glucose and the amount of carbohydrate to be consumed; the pump will calcu-
late the appropriate prandial insulin and supplemental correction insulin doses.

Pumps may offer improved glycemic control. One meta-analysis showed 
that CSII (using a variety of insulins) resulted in a 0.53% reduction in A1c and 
less glycemic variability compared with multiple injections.45 Subsequent stud-
ies comparing CSII with multiple daily injections using insulin analogs have 
also shown lower A1c46 and lower fructosamine without an increased risk of 
hypoglycemia.47 A recent meta-analysis concluded that CSII modestly reduced 
A1c without signifi cant differences in hypoglycemia compared to multiple 
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injections.48 However, a recent trial comparing the two treatment modalities in 
type 1 diabetes patients naıïve to intensive insulin therapy showed no difference 
in glycemic control.49

In terms of safety, pump therapy has some advantages and disadvantages. 
Current pumps have programs that allow the pump to calculate the active 
“insulin on board” to avoid insulin stacking if a bolus is requested within a few 
hours of a previous bolus. The pump thus subtracts the active insulin from 
the calculated correction and/or prandial dose and delivers just the difference 
rather than the full dose, which would likely cause hypoglycemia if not adjusted. 
This feature likely contributes to the lower rates of hypoglycemia sometimes 
seen with CSII. Pump therapy also entails some specifi c risks; undetected inter-
ruptions in insulin infusion, whether due to kinked tubing or pump failure, may 
lead to ketotic episodes more often and more quickly than with injection ther-
apy, and infections or infl ammation at the infusion site may occur.50

Patients sometimes have misconceptions about insulin pumps, thinking that 
pumps “do everything” for them. In fact, while pumps provide great fl exibil-
ity, they require patients to devote considerable attention to their diabetes. 
Patients must always test their blood glucose at least several times a day. For 
optimal results, the patient should be adept at carbohydrate counting and have a 
clear understanding of the components of intensive insulin therapy. Candidates 
for CSII must be strongly motivated to improve glucose control and be willing 
to assume substantial responsibility for their day-to-day care. The necessary 
attention may be too demanding for some individuals. CSII therapy should be 
prescribed, implemented, and followed by a skilled professional team familiar 
with CSII therapy and capable of supporting the patient.50

Amylin and Pramlintide

Amylin is a beta-cell hormone that is co-located and co-secreted with insulin, 
playing a complementary role by regulating the rate of glucose secretion during 
the postprandial period. It does so through several mechanisms of action: slow-
ing gastric emptying, suppressing inappropriate postprandial glucagon secre-
tion, and regulating food intake.51 Patients with type 1 diabetes have insulin and 
amylin defi ciency; therefore, besides giving these patients insulin, adding amy-
lin could potentially benefi t many of them through its mechanisms of action. 
Amylin has not been pursued as a pharmacologic preparation due to its low 
solubility and a propensity to aggregate. Pramlintide (Symlin) is a synthetic, sol-
uble, nonaggregating analog of amylin with similar mechanisms of action that 
collectively regulate the glucose levels in the circulation following meals.

Pramlintide is approved for use only in patients who are taking mealtime 
insulin. Pramlintide precipitates above a pH of 5.5 and must be injected sepa-
rately from insulin at a different site.52 The optimal timing for administration 
is immediately before a meal. Preprandial insulin dosages (including premixed 
insulin) should be reduced by 30% to 50% and should subsequently be titrated 
upward to achieve euglycemia once the target pramlintide dosage is reached.

Amylin and Pramlintide
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Pramlintide is currently available in vials and pens. The recommended starting 
dosage for type 1 diabetes is 15 µg before each meal, with increases in 15-µg 
increments every 3 to 7 days, as tolerated, to a goal of 60 µg. Persistent nausea 
should prompt backward titration until it is resolved.

Mild to moderate nausea is the most commonly reported side effect and 
generally dissipates by the fourth week on pramlintide.53 Nausea can be minimized 
by slow upward dose titration. Hypoglycemia can occur if mealtime insulin is not 
reduced appropriately when pramlintide is initiated; insulin-induced hypoglyce-
mia typically occurs within 3 hours following pramlintide injection. Pramlintide 
should not be administered to patients with severe hypoglycemia unawareness. 
Pramlintide should be administered only before meals that contain at least 250 
calories or 30 g of carbohydrates. Patients may need to administer prandial insu-
lin after meals until they become familiar with the degree of satiety and resulting 
reduction of carbohydrate intake that may occur.

Pramlintide slows gastric emptying and may delay the rate of absorption of 
oral medications. Patients with gastroparesis should not use pramlintide. Oral 
medications that require rapid absorption for effectiveness should be adminis-
tered either 1 hour before or 2 hours after the injection of pramlintide.

Special Situations

Sick Days

Acute illness typically results in hyperglycemia due to elevations in counterreg-
ulatory hormones. Occasionally, patients may also become hypoglycemic when 
ill. The best strategy is to have patients frequently monitor their blood glucose 
and ketones, drink adequate amounts of fl uids, and ingest carbohydrates during 
illness. To prevent starvation ketosis, ingestion of 150 to 200 g carbohydrate 
daily (45 to 50 g every 3 to 4 hours) should be suffi cient.54

Type 1 diabetic patients must receive education about the importance of 
basal insulin and the risk of DKA if insulin is held. Many patients, when ill or 
having decreased appetite, nausea, or vomiting, tend to hold all of their insu-
lin for fear of hypoglycemia. This creates the potential for DKA or worsening 
hyperglycemia. Patients must continue to administer basal insulin. For the insu-
lin pump patient, a temporary increased basal rate should be set for hypergly-
cemia associated with illness (an increase of 20% to 30%), with continued SMBG 
and supplemental or correction insulin as glucose levels warrant. For patients 
on injections, basal insulin must be continued, and higher doses of rapid-acting 
insulin may need to be given at 3- to 4-hour intervals.

Exercise

Although exercise has not been shown to improve glycemic control in type 1 
diabetes, it can improve lipids and blood pressure and increase cardiovascu-
lar fi tness. Patients with type 1 diabetes should exercise as part of a healthy 
lifestyle. However, patients should be assessed for their level of glucose con-
trol and presence of complications before starting an exercise program.55 

Special Situations
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With exercise, patients may experience hypo- or hyperglycemia. This can be 
problematic to exercise performance and can become a source of anxiety for 
patients. Multiple factors play into the metabolic response to exercise, includ-
ing the duration, intensity, and type of exercise, as well as the glucose level, the 
amount and types of insulin on board, and the amount of food ingested before 
exercise.56

Some patients experience hyperglycemia with exercise as a result of cat-
echolamine release and sympathetic nervous system activation. SMBG before, 
during, and after exercise is recommended to see what the individual effects 
are, and this information can be used to calculate insulin adjustments or the 
need for additional carbohydrate intake. Patients with blood glucose levels 
above 250 mg/dL or positive ketones should avoid exercise and should get 
prompt evaluation.

More common, and more feared by patients, is the experience of hypo-
glycemia. The hepatic counterregulatory response to hypoglycemia may not 
occur during exercise in patients on exogenous insulin (see Chapter 3, p. 37). 
Hypoglycemia can occur during exercise, or up to 12 to 24 hours after exercise 
is complete.56 Carbohydrate-based foods should be readily available during and 
after physical activity. For planned exercise, a reduction in insulin and/or an 
increase in carbohydrate intake prior to exercise is recommended.

Patients on insulin pumps have more fl exibility in changing their basal insulin. 
While this may not be needed for short periods of exercise, it may be necessary 
for longer periods of activity (>60 minutes). Basal rates can be lowered from 
20% to 50%, but these changes should be made 1 to 3 hours prior to exercise 
to be effective due to active insulin time. For mild or moderate exercise over 
shorter periods, the bolus dose with the meal prior to exercise can be reduced 
by 30% to 50%. Patients on injections can also reduce their bolus dose with the 
meal prior to exercise (decrease by 30% to 50%) or reduce their long-acting 
insulin by 20% to 50%. Again, the best strategy seems one of trial and error: 
frequent SMBG to learn individual patterns and responses to exercise, then 
trying alterations in amounts of insulin or food intake to counteract any hypo- or 
hyperglycemic responses.56

For unplanned exercise, carbohydrates should be ingested before activity. 
More carbohydrates may be needed for more intense exercise, and again, more 
individualized plans can be determined with careful SMBG.57

Travel

Traveling can cause stress, anxiety, and fl uctuations in glucose control. Meals 
can be delayed, food selections may be limited, and activity levels can be 
increased. Planning in advance can avoid much of the stress associated with 
traveling in insulin-treated patients. A good rule is to pack double the supplies 
that are anticipated for travel and to remember that insulin, test strips, and 
glucometers should be kept away from extremes of temperatures.
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Patients should perform frequent SMBG and stay hydrated. In traveling 
across time zones, it is important to pay attention to the basal insulin dosing 
schedule so that basal doses are not missed, leading to periods of insulin defi -
ciency. This can be done by keeping track of the home time zone and continu-
ing to dose based on the usual home schedule, or splitting the basal insulin dose 
in half and taking it every 12 hours.58 Insulin pump patients can set the new time 
zone time into their pumps.

Type 1 patients should familiarize themselves with the most recent rec-
ommendations and guidelines for air travel and airport security.59 At security 
checkpoints, patients should notify the security offi cer that they are diabetic 
and have diabetes-related supplies. Medications and diabetes supplies should 
be in carry-on baggage, and all supplies needed to care for diabetes should be 
permitted once they go through screening. As an extra precaution, patients 
should bring their prescriptions for medications and supplies. Medications 
should be labeled, and insulin pumps and pump supplies must be accompanied 
by insulin. Insulin, glucometers, and insulin pumps are safe to go through x-ray 
devices.

Alcohol

The same precautions that apply to the general population regarding alcohol 
use apply to those with type 1 diabetes: adult men should have no more than 
two drinks per day, adult women no more than one per day.27 All patients 
should be cautioned that alcohol use can increase the risk of hypoglycemia, as 
the metabolism of alcohol can impair gluconeogenesis, and alcohol use may 
mask the symptoms of hypoglycemia.67 If patients with type 1 diabetes choose 
to drink alcohol, food should be consumed concurrently to help avoid hypo-
glycemia. Blood glucose should be monitored more frequently, and a bedtime 
snack is recommended. For CSII patients, basal rates can be lowered by 20%. 
Patients should also be aware that excessive use of alcohol or ingesting alcohol 
with carbohydrate mixers can cause hyperglycemia.
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Chapter 3

Complications
Type 1 diabetes is associated with long-term microvascular complications that 
affect the eyes, kidneys, and peripheral and autonomic nervous systems as 
well as macrovascular atherosclerotic disease, including cardiac, cerebral, and 
peripheral vascular disease.1 These complications cause signifi cant morbidity 
and mortality and can lead to a considerable decline in independence and qual-
ity of life. In this chapter, these complications and the serious problem of hypo-
glycemia are discussed. The acute metabolic complication DKA is discussed 
with inpatient management in Chapter 4.

Retinopathy and Nephropathy

Diabetic retinopathy is classifi ed as nonproliferative retinopathy (NPDR), which 
may include microaneurysms and hemorrhages, hard exudates, and cotton-
wool spots, or proliferative retinopathy (PDR), which includes neovasculariza-
tion in response to retinal ischemia and may lead to hemorrhages and retinal 
detachment. Macular edema can occur at any stage and may cause vision loss.

Persistent albuminuria in the range of 30 to 299 mg/24 h (microalbuminuria) 
is the earliest stage of diabetic kidney disease and typically may appear begin-
ning 5 years after type 1 diabetes is diagnosed. Microalbuminuria may regress 
with treatment, but it is associated with a greater risk of developing macroal-
buminuria and kidney failure. Macroalbuminuria (�300 mg/24 h) is associated 
with a progressive decline in glomerular fi ltration rate, an increase in blood 
pressure, and a high risk of kidney failure. Patients who progress to macroalbu-
minuria are likely to progress to end-stage renal disease.2,3

The landmark Diabetes Control and Complications Trial (DCCT) dem-
onstrated that much of the morbidity and mortality associated with insulin-
dependent diabetes can be delayed or avoided with intensive insulin therapy.4 
Intensive insulin therapy, consisting of three or more daily doses of insulin 
delivered by injection or pump and adjusted according to the results of SMBG 
done at least four times a day with the goal of fasting glucose 70 to 120 mg/
dL (3.9–6.7 mmol/L), postprandial glucose less than 180 mg/dL (10 mmol/L), 
and normal A1c (<6.05%), was compared to conventional therapy of one or 
two doses of insulin, including mixed intermediate and rapid-acting insulin; the 
median A1c levels achieved throughout the 9 years of the study were 7.2% and 
9.1% respectively. The intensive therapy slowed the progression of retinopathy 
by 54%, reduced the development of proliferative or severe nonproliferative 
retinopathy by 47%, and reduced the occurrence of microalbuminuria by 39% 
and albuminuria by 54%. Intensive therapy was more effective when introduced 
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during the fi rst 5 years of diabetes as primary prevention than when introduced 
after complications had begun to develop.

The follow-up Epidemiology of Diabetes Interventions and Complications 
(EDIC) study found that, although the difference in median A1c between the 
groups narrowed during 4 years of follow-up to 7.9% and 8.2%, the patients who 
had received intensive therapy during the DCCT continued to have a signifi cantly 
lower prevalence of retinopathy and macular edema and had a 76% lower rate of 
progression of retinopathy. The intensive therapy group also had a 53% lower risk 
of developing microalbuminuria and an 86% lower risk of developing albuminu-
ria. Thus, the reduced risk of complications from the earlier intensive therapy 
persisted for at least 4 years despite rising A1c. In both groups, the likelihood of 
progressive retinopathy was strongly associated with the mean A1c value.5

In addition to optimizing glucose and blood pressure control, there are spe-
cifi c recommendations regarding retinopathy and nephropathy screening and 
treatment.2

For retinopathy:
Patients should have an initial dilated and comprehensive eye examination by • 

an ophthalmologist or optometrist within 5 years after the onset of type 1 
diabetes. Examinations should be repeated annually.
Patients with any degree of macular edema, severe NPDR, or any PDR • 

should be referred to an ophthalmologist experienced in the management of 
diabetic retinopathy. Laser photocoagulation is indicated to reduce the risk 
of vision loss in many cases of diabetic retinopathy.
Retinopathy is not a contraindication to aspirin therapy for cardioprotection • 

since aspirin does not increase the risk of retinal hemorrhage. 

For nephropathy:
Urine albumin excretion (e.g., random spot urine microalbumin:creatinine • 

ratio) should be assessed annually beginning 5 years after diagnosis. Positive 
tests should be repeated twice within 3 to 6 months; if at least two tests are 
positive, treatment should be started. Serum creatinine should also be mea-
sured at least annually and used to estimate glomerular fi ltration rate (GFR).
Angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor • 

blockers (ARBs) should be used to treat patients with micro- or macroal-
buminuria. Studies have shown that ACE inhibitors delay the progression of 
nephropathy in patients with type 1 diabetes, hypertension, and any degree 
of albuminuria. Achievement of systolic blood pressure of below 140 mm Hg 
using ACE inhibitors provides a selective benefi t over other antihypertensive 
drug classes in delaying the progression from micro- to macroalbuminuria and 
can slow the decline in GFR in patients with macroalbuminuria. There are no 
adequate head-to-head comparisons of ACE inhibitors to ARBs, but, since 
there is evidence that ARBs delay the progression of nephropathy in type 2 
diabetes mellitus, both are recommended; if one class is not tolerated, the 
other should be used.
Dietary protein restriction is recommended for patients with chronic kidney • 

disease since it may improve measures of renal function.
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Neuropathy

Diabetes is associated with a diverse array of neuropathies. The most com-
mon are chronic sensorimotor distal symmetric polyneuropathy (DPN) and the 
autonomic neuropathies. DPN symptoms may include burning pain, electrical 
or stabbing sensations, paresthesias, hyperesthesias, and deep aching pain, typi-
cally worse at night and involving the feet and lower limbs and occasionally the 
hands. Signs include sensory loss of vibration, pressure, pain, and temperature 
perception and absent ankle refl exes. DPN is a diagnosis of exclusion; neurop-
athy due to chronic infl ammatory demyelinating polyneuropathy, B12 defi ciency, 
hypothyroidism, uremia, and spinal stenosis, for example, should be ruled out. 
Screening for DPN is important since it is often asymptomatic and puts patients 
at risk for insensate foot injuries. Since more than 80% of amputations follow 
a foot ulcer or injury, early recognition, education, and treatment of at-risk 
patients may reduce the risk of ulcers and amputations.6

Autonomic neuropathy produces substantial morbidity and mortality. 
Cardiovascular autonomic neuropathy is suggested by resting tachycardia, exer-
cise intolerance, and orthostatic hypotension and has been associated with sud-
den death and silent myocardial ischemia. Gastrointestinal autonomic neuropathy 
may cause abdominal pain, nausea, vomiting, bloating, diarrhea, constipation, and 
incontinence. Gastroparesis, by altering the absorption of meals, may make glyce-
mic control diffi cult and unpredictable (“brittle diabetes”). Autonomic neuropa-
thy may also involve sexual dysfunction, bladder dysfunction including urinary 
frequency, retention, and incontinence, and sudomotor or pupillary dysfunction.6

In the DCCT, intensive insulin therapy markedly delayed or prevented the 
development of diabetic polyneuropathy. Intensive therapy reduced the devel-
opment of confi rmed clinical neuropathy by 64% after 5 years of follow-up 
and reduced the prevalence of abnormal nerve conduction and abnormal auto-
nomic nervous system function by 44% and 53% respectively. Nerve conduction 
velocities worsened in the conventional therapy group but remained stable in 
the intensive therapy group.7

In addition to achieving stable and optimal glycemic control, current recom-
mendations regarding neuropathy include the following2:

All patients should be screened for DPN at diagnosis and at least annually • 

thereafter. Screening is accomplished using tests of pin-prick sensation, vibration 
perception (128-Hz tuning fork), 10-g monofi lament pressure sensation, and 
ankle refl exes. Using more than one test has greater than 87% sensitivity for detec-
ting DPN; loss of monofi lament and vibration perception predicts foot ulcers.
Screening for signs and symptoms of cardiovascular autonomic neuropathy • 

should begin 5 years after diagnosis.
Medications for the relief of neuropathy symptoms are recommended. These • 

include tricyclic drugs (e.g., amitriptyline 10–75 mg HS) or anticonvulsants 
(e.g., gabapentin 300–1,200 mg tid or pregabalin 100 mg tid) for painful DPN 
symptoms and prokinetic agents (e.g., metoclopramide), antiemetics (e.g., 
phenergan), or bulking agents for gastrointestinal autonomic neuropathy.

Neuropathy
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Cardiovascular Disease

Any elevation in glycemia increases the risk of cardiovascular disease (CVD).8 
Type 1 diabetes is associated with at least a 10-fold increase in CVD compared 
with an age-matched nondiabetic population.9,10 Fortunately, as with microvas-
cular complications, intensive insulin therapy has been shown to reduce the 
risk of CVD. As part of the EDIC study, after a mean of 17 years of follow-up, 
having received intensive insulin treatment during the DCCT reduced the risk 
of any CVD event by 42% and the risk of nonfatal myocardial infarction, stroke, 
or death from cardiovascular disease by 57%.11

In addition to intensive insulin therapy, there are specifi c recommendations 
regarding comorbidities aimed at prevention of CVD2:

Blood pressure should be measured at every visit and hypertension should • 

be treated to below 130/80 mm Hg. If treatment is required, the regimen 
should include an ACE inhibitor or an ARB due to their demonstrated reduc-
tion of cardiovascular outcomes.
Fasting lipid profi les should be measured annually. Statin therapy should be • 

started in all diabetic patients with CVD and in those without CVD over 
age 40 with one or more other CVD risk factors. Statin therapy should be 
considered in other diabetics with LDL cholesterol exceeding 100 mg/dL or 
multiple CVD risk factors. The primary goal for dyslipidemia treatment is 
an LDL cholesterol level below 100 mg/dL; treatment to below 70 mg/dL is 
an optional goal for those with CVD. Secondary goals include triglycerides 
below 150 mg/dL and HDL cholesterol above 40 mg/dL in men and above 50 
mg/dL in women.
Aspirin therapy (71–162 mg/day) is recommended for primary prevention in • 

those at increased cardiovascular risk, including those over 40 years old or 
with additional risk factors (family history of CVD, hypertension, smoking, 
dyslipidemia, or albuminuria), and for secondary prevention in all diabetics 
with CVD; clopidogrel should be used for those with CVD and documented 
aspirin allergy.

Incidence of Complications

The data from the DCCT/EDIC studies were recently analyzed to provide an 
estimate of anticipated outcomes of type 1 diabetes based on current treat-
ment. After 30 years of type 1 diabetes, the cumulative incidences of prolif-
erative retinopathy, nephropathy, and cardiovascular disease were 50%, 25%, 
and 14% in the DCCT conventional treatment group and 21%, 9%, and 9% in 
the intensive treatment group, with fewer than 1% becoming blind or requiring 
renal replacement or amputation. The authors suggest that the conventional 
group results provide an estimate of expected outcomes for patients who have 
had type 1 diabetes for much of the past 25 years, whereas the intensive group 

Cardiovascular Disease

Incidence of Complications
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results indicate what patients might expect in the future given that intensive 
therapy is now the standard of care.12 These fi gures are considerably better 
than those reported for these complications in the past.1

Hypoglycemia

Hypoglycemia is the most acute potential complication in type 1 diabetes and 
sometimes the most feared. Due to the brain’s need for a continuous supply 
of glucose, hypoglycemia can be fatal: 2% to 4% of deaths in type 1 patients are 
attributed to hypoglycemia.13 Patients attempting tight glycemic control have 
innumerable asymptomatic episodes of hypoglycemia and may have a blood 
glucose lower than 50 mg/dL up to 10% of the time; on average they have two 
episodes of symptomatic hypoglycemia per week and one episode of severe, 
at least temporarily disabling hypoglycemia, often with seizure or coma, per 
year.14 Hypoglycemia often limits the achievement of sustained normoglycemia 
through intensive insulin therapy and thus interferes with attempts at prevent-
ing the long-term complications of diabetes.

All of the counterregulatory mechanisms that prevent hypoglycemia in non-
diabetics are absent or defective in people with type 1 diabetes. In nondiabetics, 
insulin release is downregulated in the presence of hypoglycemia, but in diabet-
ics the insulin is exogenous and cannot be downregulated once administered. 
Glucagon secretion in response to hypoglycemia is absent in type 1 diabetes, 
and the epinephrine response to hypoglycemia is attenuated and becomes 
more so with recurrent episodes of hypoglycemia.15

Hypoglycemia is defi ned as a blood glucose concentration of 70 mg/dL (3.9 
mmol/L) or less, the level at which counterregulatory systems are triggered 
in nondiabetics. The clinical syndrome is characterized by Whipple’s triad: 
symptoms consistent with hypoglycemia, a low measured blood glucose level, 
and resolution of the symptoms after the glucose level is raised. Hypoglycemia 
produces neurogenic or autonomic symptoms due to autonomic nervous sys-
tem activation and neuroglycopenic symptoms due to brain glucose depriva-
tion (Table 3.1). The latter symptoms occur at a lower glucose level, but the 
glycemic thresholds for developing both types of symptoms vary and depend 
on recent glucose levels; people with uncontrolled hyperglycemia may develop 
symptoms at glucose levels that are normal as their glycemic control improves 
(“relative hypoglycemia”), while people with recurrent hypoglycemia have 
lower thresholds, sometimes so low that they cannot perceive even danger-
ously low glucose levels (“hypoglycemic unawareness”).16

Besides reducing the symptom threshold, hypoglycemic episodes can attenu-
ate physiologic counterregulatory mechanisms to a degree proportional to the 
degree of the antecedent hypoglycemia.17,18 The inability to recognize and recover 
from hypoglycemia can result in patients developing the most severe neurogly-
copenic sequelae with little or no warning, sometimes with catastrophic results. 
Thus, strict glycemic targets may be dangerous in people with hypoglycemic 

Hypoglycemia
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unawareness. Since these effects are reversible with strict avoidance of hypogly-
cemia, a temporary relaxation of glycemic control is recommended to restore 
hypoglycemic awareness.2

Exercise can provoke hypoglycemia in people with type 1 diabetes. Exercise 
increases the rate of insulin absorption from injection sites. Furthermore, the 
activation of the counterregulatory hormones, which would normally increase 
endogenous glucose production to match the increased glucose uptake by 
muscles, is reduced in type 1 diabetes.19 See Chapter 2, p. 25, for strategies for 
preventing exercise-related hypoglycemia.

Older adults with type 1 diabetes are at particular risk for hypoglycemia 
for numerous reasons, including altered counterregulatory mechanisms, erratic 
nutrition, and comorbidities such as dementia, renal or hepatic insuffi ciency, 
and cerebrovascular disease, which can lead to treatment errors and delayed 
or decreased perception of hypoglycemic symptoms.20,21

SMBG frequency should be increased during potential times of hypoglycemia 
(e.g., during exercise or after a missed or unexpectedly small meal). Discussions 
with patients about hypoglycemia should include education about the time-action 
profi les of their insulins, the effects of alcohol, the risks of driving while hypogly-
cemic, the importance of always having a quick source of glucose available, and 
the potentially life-saving benefi t of wearing diabetes alert identifi cation.

Hypoglycemia is best treated by ingestion of 15 to 20 g of pure glucose (e.g., 
3 glucose tablets or 6 oz of juice). Any form of carbohydrate that contains 
glucose will raise blood glucose, but added fat (e.g., in peanut butter or choco-
late) may retard the acute glycemic response. Fifteen minutes after treatment, 
the blood glucose should be rechecked; if it remains less than 70 mg/dL (3.9 
mmol/L), additional glucose should be consumed. After recovery, additional 
food should be ingested to prevent recurrent hypoglycemia from ongoing 
insulin activity. Severe hypoglycemia, in which the person requires assistance 
and cannot be treated with oral glucose due to altered mental status, should 
be treated with 1 mg glucagon injected subcutaneously. Family members and 

Table 3.1 Symptoms of Hypoglycemia

Autonomic Symptoms Neuroglycopenic Symptoms

Tremors/shaking
Hunger
Sweating
Anxiety/nervousness
Palpitations

Irritability
Weakness
Confusion/diffi culty thinking
Slurred speech
Behavioral changes
Sleepiness
Seizures
Coma
Death
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close contacts of patients with type 1 diabetes should be instructed in the use 
of glucagon emergency kits, which are available by prescription.2 Since gluca-
gon works by promoting glycogenolysis, it may be ineffective if hepatic glucose 
stores are depleted (e.g., in starvation or chronic alcohol ingestion or after pro-
longed exercise). In the inpatient setting, severe hypoglycemia can be treated 
quickly with 25 g of 50% dextrose given intravenously.

The risk of severe hypoglycemia remains a barrier to the achievement of 
normoglycemia with intensive insulin therapy. Although severe hypoglycemia 
can be dangerous when it occurs, and prolonged profound hypoglycemia can 
cause permanent brain damage or death, it appears that recurrent severe epi-
sodes of hypoglycemia associated with intensive insulin therapy, including those 
associated with seizure or coma, have no long-term adverse cognitive effects. 
The better glycemic control from intensive insulin therapy may in fact produce 
subtle benefi cial effects on cognitive function in addition to reducing the risk of 
retinopathy, nephropathy, neuropathy, and cardiovascular complications.22,23
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Chapter 4

Special Settings

Pregnancy

Type 1 diabetes and its effects on pregnancy, management, and potential com-
plications is an important yet extensive topic, and a complete review is beyond 
the scope of this book. This section will highlight some of the major manage-
ment principles and complications.

Prior to pregnancy, type 1 diabetics should achieve optimal glycemic control 
and obtain appropriate counseling. Counseling and education is paramount to 
improve control, to make patients understand potential risks and complica-
tions, and to review expectations required for management during pregnancy. 
As outlined in Chapter 2, all patients should receive diabetes self-management 
education and training (DSMT) and medical nutrition therapy (MNT) and ide-
ally should be on basal/bolus insulin regimens, either through injections or CSII. 
Patients should be adept at carbohydrate counting and must be able to perform 
SMBG before and after meals; they should also be knowledgeable about ketone 
testing and treating hypoglycemia. Assessment of baseline acute and chronic 
diabetic complications is important prior to pregnancy, as certain microvascular 
complications may progress during pregnancy (Table 4.1).1 Careful prepreg-
nancy evaluation and education can help avoid risks to both mother and fetus, 
including congenital malformations, spontaneous abortion, and neonatal mor-
bidity and mortality.

The American College of Gynecology (ACOG) and the American Diabetes 
Association have similar goals for glucose control. According to ACOG, fasting 
blood glucose values should be less than 95 mg/dL, 1-hour postprandial values 
should be less than 140 mg/dL, and the A1c goal is 6% or less.2 Other authors 
propose stricter goals, recommending a fasting glucose range of 55 to 65 mg/dL 
and 1-hour postprandial values of less than 120 mg/dL, as there is evidence for 
even tighter glucose control from studies showing reductions in macrosomia.3

Patients should receive nutritional counseling or work with a registered dieti-
tian to ensure adequate calories based on ideal body weight, yet they should 
avoid excess weight gain. For mealtime insulin, rapid-acting lispro and aspart 
appear to be safe in pregnancy. There are not enough data on glulisine use in 
pregnancy at this time.4 For basal insulin, we recommend NPH insulin BID or 
TID. There is more data regarding its safety in pregnancy as opposed to the 
longer-acting analog insulins, glargine and detemir,5 and doses are more easily 
adjusted with NPH insulin (for example, to correspond with increased basal 
requirements at different times of day).

Pregnancy
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The average insulin requirement in type 1 diabetic patients during pregnancy 
is approximately 0.7 to 0.8 units/kg during the fi rst trimester to second trimes-
ter, with requirements often increasing to 0.9 to 1.0 units/kg for the remain-
der of the pregnancy, although each patient may have different needs; close 
monitoring is the key to dose adjustment.6 Doses can be calculated with 50% of 
the total daily dose as NPH divided BID or TID, and 50% divided as mealtime 
insulin.

Patients on insulin pumps with excellent control before pregnancy can 
continue using their pumps throughout pregnancy with close monitoring and 
adjustments in requirements. Pregnant patients who are naıïve to insulin pumps 
need extensive pump training and instruction prior to pump use; along with 
the changes associated with pregnancy and the need to maintain strict glycemic 
control, the switch to CSII may be overwhelming. Counseling on expectations, 

Table 4.1 Preconception Care in Type 1 Diabetes: Laboratory 
Testing and Recommendations

Preconception During pregnancy

Glycemic control A1c
SMBG review
Diabetes self-management training 
and nutritional counseling 

A1c at 1- to 2-month 
intervals depending on 
level of control
Review of SMBG

Nephropathy Serum creatinine and glomerular 
fi ltration rate or creatinine clearance
Urine microalbumin:creatinine ratio 
or 24-hour urine protein
Blood pressure screening
Nephrology evaluation and risk 
assessment if baseline disease 
detected

Reassessment of renal 
function each trimester
Close nephrology 
follow-up for those with 
baseline disease

Retinopathy Baseline fundoscopic examination 
Ophthalmology evaluation and risk 
assessment if baseline retinopathy 
detected

Reassessment each 
trimester for patients 
with baseline retinopathy

Neuropathy Physical examination for signs and 
symptoms of peripheral/autonomic 
neuropathy

Thyroid dysfunction TSH/free T4
+/– Thyroid antibody testing
Establish euthyroidism

Important to restore 
euthyroidism, particularly 
in early pregnancy; 
repeat testing q 4 weeks 

Cardiovascular 
disease

Screening for those over age 35 or 
with comorbidities
Possible prepregnancy intervention

Cardiology risk 
assessment and 
follow-up 

Adapted from: American Diabetes Association. Preconception care of women with diabetes. 
Diabetes Care. 2003;26(Suppl 1):S91–S93.
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the need for pump management training, and potential costs must be pro-
vided prior to changing to CSII. Glycemic control can, however, be equally 
well achieved with MDI regimens, and no clear benefi t of CSII over MDI dur-
ing pregnancy has been found.7 Women with poor glycemic control prior to 
pregnancy have higher rates of pregnancy complications, spontaneous abor-
tion, and neonatal complications. Control is critical early in pregnancy, at the 
time of fetal organogenesis. Pregestational diabetes is associated with higher 
rates of macrosomia, congenital malformations, cesarean delivery, preterm 
delivery, pre-eclampsia, neonatal jaundice, respiratory distress syndrome, and 
perinatal mortality.8 Normalizing blood glucose concentrations has been shown 
to reduce the risk of congenital malformations, spontaneous abortions, and 
macrosomia.9,10

DKA is associated with a high fetal mortality rate, and prompt recognition is 
necessary. Urinary ketones should be measured in pregnant patients who are 
experiencing hyperglycemia (>180 mg/dL) or illness.

There is also the potential for worsening microvascular complications, par-
ticularly among women with pre-existing or baseline retinopathy and nephrop-
athy prior to pregnancy.11 All women planning pregnancy should get a baseline 
retinal examination and renal evaluation (Table 4.1). Pre-existing neuropathy 
does not seem to worsen, but it can increase the risk of other complications, 
such as hypoglycemia unawareness.12

The risk of offspring of type 1 parents developing type 1 diabetes was men-
tioned briefl y in the prediction section of Chapter 1. The child of a father with 
type 1 has a 1 in 17 chance of developing the disease. If the mother has type 1, 
the risk is 1 in 25; however, the risk to the child is only 1 in 100 if the mother 
developed diabetes at an older age.13 As illustrated by the higher risk in children 
of diabetic fathers, it does not appear that the presence of maternal islet anti-
bodies or cord blood islet antibodies in infants of diabetic mothers is predictive 
of subsequent development of islet autoimmunity.14

Inpatient Management

General Principles

Type 1 patients who are critically ill are best treated using a continuous intra-
venous insulin infusion. Otherwise, the general principles of inpatient treat-
ment are the same as those of outpatient treatment: intensive insulin therapy 
comprising basal, prandial or nutritional, and supplemental or correction 
components.

Basal
Patients should generally be continued on the same basal insulin dose that they 
were taking as an outpatient. Patients who are not eating can be given their 
usual basal insulin or started on an insulin drip.

Inpatient Management
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Prandial
Patients who are eating may require adjustments to their prandial insulin. If they 
are eating less than usual, the dose should be reduced. However, many hos-
pitalized patients are under signifi cant metabolic stress due to glucocorticoid 
treatment, infection, etc., and may need higher doses of prandial insulin despite 
eating less.15 Rapid-acting analogs should be used due to their better postpran-
dial glucose control and the diffi culty of coordinating meal delivery with regular 
insulin’s ideal administration time of 30 minutes before the meal. If the dietary 
intake is uncertain, dosing should be conservative and/or the dose should be 
given immediately after the meal in proportion to what was eaten rather than 
immediately before the meal as usual.16

Correction
For most patients, a low-dose correction insulin scale is appropriate: for exam-
ple, 1 unit for a glucose level above 150 mg/dL (>8.3 mmol/L), 2 units for a level 
above 200 mg/dL (>11.1 mmol/L), 3 units for a level above 250 mg/dL (>13.9 
mmol/L), etc. Given recent recommendations (see p. 46), for many patients it 
would be appropriate to begin the correction insulin scale at a value above 180 
mg/dL (>10.0 mmol/L).

Ongoing monitoring of the response to treatment should guide further dose 
adjustments, which should take into account various factors that affect glu-
cose levels in inpatients, including any mistiming of glucose measurement, meal 
intake, or insulin administration. Each component of the regimen (basal, pran-
dial, and correction) should be adjusted every 1 to 2 days if the response is inad-
equate and immediately upon any change in nutritional status. Aggressiveness 
should also be guided by practical factors, such as the severity of illness and the 
patient’s ability to perceive hypoglycemia.16

Patients with type 1 diabetes must always be given insulin to prevent ketosis. 
They should never be treated with “sliding-scale” insulin as the only insulin 
therapy. Even if they are not eating, their basal insulin must be given. When 
making the transition from intravenous to subcutaneous insulin, the intrave-
nous insulin must be continued long enough after the fi rst subcutaneous dose is 
given to ensure continuous insulin activity.

Glycemic Targets

The optimal glycemic targets for inpatient diabetes treatment are not clear. 
Several recent studies have attempted to clarify this issue with inconsistent 
results. These studies have recently been summarized with recommendations 
in a joint consensus statement from the American Diabetes Association and the 
American Association of Clinical Endocrinologists.17 In short, some studies have 
demonstrated decreased morbidity and mortality from intensive treatment 
targeting near-euglycemia, particularly in surgical intensive care patients.18–20 In 
general, however, there has been no consistent reduction in mortality, and 
this near-normal target has not been met without signifi cantly increasing the 
incidence of severe hypoglycemia; in the largest trial to date, increased mor-
tality was observed in the intensive treatment group.21 Nevertheless, in a large 
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number of studies in a variety of inpatient settings, uncontrolled hyperglycemia 
was clearly associated with poor outcomes. Therefore, a moderate target glu-
cose range of 140 to 180 mg/dL (7.8 to 10.0 mmol/L) is recommended for most 
critically ill diabetic patients, preferably using intravenous insulin infusion with 
frequent glucose monitoring according to a validated insulin infusion protocol. 
For most patients who are not critically ill, the premeal glucose level should 
be less than 140 mg/dL (<7.8 mmol/L), with random glucose values below 180 
mg/dL (10.0 mmol/L); lower targets may be appropriate in stable patients with 
previous tight glycemic control.

Insulin Pumps

Patients who use CSII are often well versed in diabetes self-management and 
may be reluctant to surrender their diabetes management to hospital staff when 
they are hospitalized. Often, such patients should be permitted to continue 
self-management with their insulin pumps. However, there are certain situa-
tions when self-management is inappropriate, including impaired conscious-
ness, critical illness, or suicidal ideation.22 Patients using CSII will generally need 
to provide all of their insulin pump supplies, and nursing staff should document 
basal rates and bolus doses regularly. It is unclear whether continuing CSII dur-
ing hospitalization in appropriate patients offers any therapeutic advantage over 
switching such patients to multiple injection therapy, although it does appear 
to be safe.22

DKA

DKA is the most serious acute metabolic complication of type 1 diabetes. In 
DKA, inadequate insulin levels combined with elevated counterregulatory 
hormones (glucagon, cortisol, catecholamines, and growth hormone) lead 
to increased gluconeogenesis and glycogenolysis, impaired glucose uptake in 
peripheral tissues, and lipolysis, leading to hyperglycemia and fatty acid oxi-
dation to ketone bodies (�-hydroxybutyrate and acetoacetate). The ketone-
mia leads to ketoacidosis, and the hyperglycemia leads to glycosuria, which in 
turn leads to osmotic diuresis and loss of water, sodium, potassium, and other 
electrolytes.23

Common precipitating factors of DKA are listed in Table 4.2, and typical 
presenting symptoms and signs are listed in Table 4.3.

The initial workup of a patient with suspected DKA should include 
plasma glucose, blood urea nitrogen, creatinine, serum ketones (preferably 
�-hydroxybutyrate), electrolytes, calculated anion gap, urine ketones, arterial 
blood gas, and complete blood count with differential. Additional tests such as 
a chest x-ray, cultures, or electrocardiogram should be ordered as needed to 
ascertain the cause of DKA. The diagnostic criteria and severity classifi cation of 
DKA are shown in Table 4.4.

Patients with DKA may be normothermic or even hypothermic despite an 
infection; conversely, the leukocyte count may be elevated with or without 
infection. Serum amylase and lipase levels, which can be elevated without pan-
creatitis, can also be misleading.
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Table 4.2 Common Precipitating Factors of DKA
Infection (e.g., urinary tract infection, pneumonia)

Inadequate insulin administration or treatment errors

Pancreatitis

Myocardial infarction

Stroke

Drugs (e.g., corticosteroids, second-generation antipsychotics)

Psychological issues

Trauma 

Alcohol or drug abuse (e.g., cocaine)

Pregnancy

Table 4.3 Symptoms and Signs of DKA
Symptoms Signs

Polyuria Dehydration

Polydipsia Poor skin turgor

Blurred vision Tachycardia

Weight loss Hypotension

Vomiting Lethargy

Abdominal pain Coma

Weakness Kussmaul respiration

Confusion

Table 4.4 Diagnostic Criteria of DKA23

Diagnostic criteria and 
classifi cation

Mild DKA Moderate DKA Severe DKA

Plasma glucose (mg/dL) >250 >250 >250

Arterial pH 7.25–7.30 7.00 to <7.25 <7.00

Serum bicarbonate (mEq/L) 15–18 10 to <15 <10

Urine ketone Positive Positive Positive

Serum ketone Positive Positive Positive

Anion gap >10 >12 >12

Mental status Alert Alert/drowsy Stupor/coma

Treatment of DKA involves correcting fl uid defi cits, hyperglycemia, and 
electrolyte imbalances and treating the precipitating cause as needed:

Fluid resuscitation is the fi rst priority; patients often have a water defi cit of • 

several liters. Isotonic (0.9%) saline is generally given fi rst, typically 1 L over 
1 hour and then at 250 to 500 mL/h until the patient is hemodynamically 
stable and hydrated. Half-normal (0.45%) saline can then be used at a lower 
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rate with the goal of replacing the fl uid defi cit within 24 hours. Five percent 
dextrose should be added to the fl uid when the serum glucose level is below 
200 mg/dL.
Insulin is given as an intravenous infusion of regular insulin, typically started • 

with a 0.1-unit/kg bolus and then a 0.1-unit/kg/h infusion. The infusion rate 
is then adjusted hourly based on laboratory or fi ngerstick glucose results to 
achieve a 50- to 75-mg/dL decline in the serum glucose level to a target range 
of 150 to 200 mg/dL. If the glucose does not fall by that amount, the infusion 
rate should be doubled. If the glucose falls faster than that amount, the insulin 
can be held for 15 minutes and then restarted at a lower rate.
Electrolytes should be measured every 2 hours. A potassium defi cit of 3 to • 

5 mEq/kg is typical. Since insulin therapy, correction of acidosis, and volume 
repletion all decrease the plasma potassium concentration, potassium must 
be added to the fl uid even when the serum level is normal. If the serum 
potassium is below 3.3 mEq/L, insulin should be held until the potassium 
rises above that threshold. Once the serum potassium is 4 to 5 mEq/L, add-
ing 20 to 30 mEq potassium to each liter of fl uid will maintain the potassium 
level in that range. Other electrolyte defi ciencies are common and should be 
repleted if severe.
Bicarbonate treatment is recommended only if the arterial pH is below 7.0.• 

The insulin infusion should be continued until ketonemia has resolved. 
Criteria for resolution of DKA include glucose less than 200 mg/dL, serum 
bicarbonate 18 mEq/L or higher, and venous pH greater than 7.3. When the 
patient is able to eat, a subcutaneous insulin regimen can be started and the 
intravenous insulin infusion can be discontinued 1 to 2 hours later; the overlap 
ensures adequate plasma insulin levels. Patient education may prevent subse-
quent episodes of DKA.23

Psychology (Depression and Eating Disorders)

Type 1 diabetes requires a signifi cant amount of self-management, and psy-
chological and social issues can impede a patient’s ability to perform the tasks 
necessary for optimal treatment. Patients’ attitudes toward their illness, expec-
tations about outcomes, quality of life, and fi nancial and social resources can all 
affect the implementation of successful treatment. Studies have demonstrated 
a higher incidence of depression in people with type 1 diabetes compared with 
the general population; low levels of education and physical impairment may 
increase the risk of depression.24 Depression has been linked to reduced adher-
ence to dietary and treatment recommendations, functional impairment, and 
higher health care costs.25 Coexisting eating disorders present a particular chal-
lenge due to the risk of hyper- or hypoglycemia, depending on the patient’s 
behaviors. In young patients, psychological problems complicated by eating dis-
orders may be a contributing factor in 20% of cases of recurrent DKA.26 Fear of 
weight gain from improved glycemic control, fear of hypoglycemia, or rebellion 
toward authority may motivate patients not to take their insulin doses.

Psychology (Depression and Eating Disorders)



C
H

A
PT

ER
 4

 S
pe

ci
al

 S
et

ti
ng

s
50

A multidisciplinary team ideally including an endocrinologist/diabetologist, 
a nurse, a registered dietitian, a psychologist or social worker, and possibly a 
psychiatrist is needed to treat eating disorders in type 1 diabetic patients. At 
fi rst, the primary medical goals are safety and the prevention of DKA; as rap-
port improves and treatment progresses, small, incremental goals can be set 
to move towards the usual management of type 1 diabetes.27 Patients who are 
medically or psychiatrically unstable require inpatient treatment under close 
supervision, again with a multidisciplinary team. Once patients are more stable, 
they are encouraged to establish a regular eating pattern with a prescribed 
meal plan, and diabetes self-management behaviors are introduced. Glucose 
and glucagon must be readily available in case of refused meals or purging after 
prandial insulin is administered.28

Psychological and social situation assessment should be included in the 
ongoing medical management of all type 1 patients. When adherence is poor, 
patients should be screened for psychosocial problems such as depression, 
anxiety, and eating disorders.29
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Chapter 5

Future Therapies

Prevention

There has been tremendous progress in the fi eld of type 1 diabetes prevention. 
The majority of prevention trials are focused on administering agents that can 
preserve beta cells, by slowing or halting the autoimmune destruction. Newly 
diagnosed type 1 diabetics may have some residual beta-cell function and may 
even go into a honeymoon period with low insulin requirements or even insu-
lin independence, and LADA patients typically have a time period from diag-
nosis to dependence on insulin. This stage offers an opportunity to conserve 
the remaining beta-cell mass. Clinical trials of antigen-specifi c therapies and 
nonspecifi c immunomodulatory therapies have shown that we may be able 
to preserve islet function after recent onset of disease. Studies are also being 
performed on patients who are at high risk (antibody-positive) but have not yet 
developed clinical diabetes.

Older studies theorized that the use of  insulin, supplements, or certain 
immunosuppressive agents could offer primary prevention of type 1 diabetes. 
Insulin administration was postulated to delay the development of type 1 
diabetes as it may provide the remaining beta cells a rest period and may 
decrease their expression of autoantigens. The Diabetes Prevention Trial 
assigned high-risk patients (siblings of type 1 diabetes patients with elevated 
islet cell antibodies) to observation versus low-dose subcutaneous insulin with 
intermittent insulin infusions. Unfortunately the incidence of diabetes was 
similar between the two groups at follow-up (3.7 years).1

The immunosuppressive agents cyclosporine and azathioprine have been 
evaluated in patients with recently diagnosed type 1 diabetes, and while 
some studies show that endogenous insulin secretion may improve and insu-
lin requirements decrease, neither agent prevented dependence on insulin or 
resulted in complete remission.2,3 Nicotinamide was believed to be protective 
of beta cells, but unfortunately in a large randomized trial it did not seem to be 
effective in preventing the onset of type 1 diabetes in patients with a family his-
tory of type 1 diabetes and positive autoantibodies.4 Administration of a vaccine 
containing the major autoantigen GAD 65 seems to preserve residual insulin 
secretion in patients with recent-onset type 1 diabetes, but it did not change 
insulin requirement at 30 months of follow-up compared to placebo.5

Administration of anti-CD3 antibodies may alter the dynamics of regula-
tory T cells, thus protecting the remaining beta cells from autoimmune attack. 
Administration of anti-CD3 monoclonal antibodies via infusion at the onset of 

Prevention
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type 1 may preserve beta-cell function in the short term versus those adminis-
tered placebo.6 Antithymocyte globulin and rituximab (anti-CD20 monoclonal 
antibody) are also being studied, as well as anti-IL2 receptor antibody, which 
may destroy activated T cells. Etanercept, a recombinant TNF-alpha receptor 
fusion protein, may block cytokine-mediated destruction of beta cells and has 
been shown to reduce insulin requirement and lower A1C values in youths 
newly diagnosed with type 1 diabetes compared to placebo.7

Other potential preventive strategies, such as eliminating exposure to 
potential environmental agents (such as cow’s milk) and possible supplemen-
tation with agents (omega-3 fatty acids) that may prevent an autoimmune 
response are in development. It is important to offer newly diagnosed patients 
and high-risk patients the opportunity to participate in ongoing prevention 
trials (see Chapter 6). The exact combination of effective therapies, immu-
nomodulatory or immunosuppressive, their dosage, and the best timing of 
administration remains to be studied and of course needs to be weighed 
against side-effect profi les and risk.

Pancreas and Islet Transplantation

Only selected patients should be considered for pancreas or islet cell transplan-
tation, given that there are still limitations to these procedures and associated 
risks. Those with severe recurrent hypoglycemia and hypoglycemia unaware-
ness, labile glucose values despite optimal medical therapies, unacceptable qual-
ity of life, and severe end-stage complications (such as end-stage renal disease) 
and those with psychiatric or emotional disability that prevents them from 
administering appropriate insulin therapies are candidates. This latter group 
presents a challenge, as such patients must be evaluated for their ability to 
handle immunosuppressive regimens and must maintain appropriate follow-up 
transplant care.

There are more potential surgical complications and complications related 
to immunosuppressive regimens with pancreas transplant, but longer-term 
reversal of diabetes is seen in comparison to islet transplantation.8 Pancreas 
transplant may be done alone (PTA, pancreas transplant alone), after kidney 
transplant (PAK, pancreas after kidney transplant), or simultaneously with a 
kidney transplant (SPK), the latter being the most common procedure. SPK 
should be considered in those with imminent or established end-stage renal 
disease and in those who have had or plan to have kidney transplantation, as a 
pancreas transplant may improve kidney survival, and pancreas graft survival is 
better when done simultaneously with a kidney transplant.9

Pancreas survival rates are 88% to 92% at 1 year and 45% to 70% at 5 years.10 
The most common cause of organ failure is technical failure of the transplant. A 
pancreas transplant restores alpha-cell function and glucagon presence, which is 
likely the reason for the lack of hypoglycemia seen after a pancreas transplant. 

Pancreas and Islet Transplantation



C
H

A
PT

ER
 5

 F
ut

ur
e 

Th
er

ap
ie

s
55

The insulin response tends to be normal or can be exaggerated (measured as 
a fi rst-phase response to intravenous glucose)11 as the transplanted pancreas 
releases its hormones into the systemic venous circulation. This is opposed 
to the native pancreas, which releases insulin into the portal circulation, with 
a fi rst-pass effect through the liver. There is evidence for improvements in 
nephropathy,12 neuropathy,13 retinopathy,14 and quality of life15 after pancreas 
transplantation.

The fi eld of islet-cell transplantation does offer promise, particularly with 
corticosteroid-free protocols.16 Islet-cell transplantation is typically done by 
harvesting donor islets and transplanting them through percutaneous portal 
vein cannulation. Potential complications immediately after the transplant 
are bleeding, thrombus, and elevated transaminases,17 and immunosuppres-
sive agents still carry a risk of toxicity and side effects. In a review of patients 
5 years after islet transplant with the Edmonton protocol, the graft survival 
rate was approximately 80% (patients with measurable positive C-peptide); 
however, insulin independence at 5 years was only 10%. Grafts may not 
implant and may not survive or function optimally. Problems with graft sur-
vival may be related to toxicity from immunosuppression, the unnatural 
location of grafts (in the liver), the delivery of blood supply to the islets, and 
the possibility of recurrent autoimmune attack on the beta cells.17 It is also 
diffi cult to assess the benefi t of islet transplantation on microvascular com-
plications of diabetes, as transplants are performed on longstanding diabetics 
with established complications and labile control. There are no data on trans-
plants performed early in the course of diabetes prior to the development of 
complications.9 In comparison to pancreas transplant, the glucagon response 
to hypoglycemia does not seem to be restored with islet-cell transplant. This 
may have to do with the hepatic location of the transplanted islet cells.16 

However, the restoration of some endogenous insulin does seem to provide 
better glucose control and less glycemic variability. Acute diabetic complica-
tions (hypoglycemia, ketoacidosis) and quality of life do improve after islet-cell 
transplantation.9

A major limitation to islet transplant is the lack of suffi cient islet cells from 
donors. Typically, islet cells are combined from two donors, and patients 
undergo two transplants (two islet infusions) to attain insulin independence. 
Although this fi eld is progressing, work needs to occur on procuring enough 
islet cells and optimizing their survival. Expansion of existing islet cells, xeno-
grafts, and embryonic stem cells are all potential sources.16 Stem cells may be 
able to provide a bountiful source of islet cells, and this is an exciting area for 
future research.

As both fi elds progress, we accumulate more knowledge about the replace-
ment of beta cells. We assume that any method that can produce functional 
islet cells to maintain glucose control will benefi t patients in terms of quality of 
life and a reduction in the chronic complications of diabetes.
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Chapter 6

Provider and Patient 
Resources

Table 6.1 Medications Approved for Use in Treating Type 1 
Diabetes

Insulin Preparations Recommended:

Rapid-acting/mealtime 
and correction insulin

Analog insulin Lispro (Humalog)
Aspart (Novolog)
Apidra (Glulisine)

Long-acting/basal insulin Analog insulin Glargine (Lantus)
Detemir (Levemir)

Human insulin NPH* (Neutral Protamine 
Hagedorn)

Amylin analog Pramlintide (Symlin)

*Suggested in pregnancy; see Chapter 4, p. 43.

Diabetes Supplies

The American Diabetes Association publication Diabetes Forecast publishes 
a resource guide, includes a section on insulin delivery, and reviews avail-
able diabetes devices, including syringes, insulin pens, insulin pumps, injection 
tools, and aids for people who are visually or physically impaired. Available at: 
http://www.diabetes.org/diabetes-forecast/resource-guide.jsp

Insulin Pumps

Minimed Paradigm (Medtronic Diabetes)
http://www.minimed.com/

Animas, One Touch Ping (Animas, Johnson & Johnson)
http://www.animascorp.com/

Omnipod (Insulet)
http://www.myomnipod.com/

Accu-Chek Spirit (Diesetronic)
http://www.disetronic-usa.com/dstrnc_us/

DANA Diabecare IISG Insulin Pump (Sooil USA)
http://www.sooilusa.com/

Diabetes Supplies

Insulin Pumps

http://www.diabetes.org/diabetes-forecast/resource-guide.jsp
http://www.minimed.com/
http://www.animascorp.com/
http://www.myomnipod.com/
http://www.disetronic-usa.com/dstrnc_us/
http://www.sooilusa.com/
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Deltec Cozmo (Deltec): Manufacturing was discontinued in 2009. The company 
will honor current pump warranties and will provide ongoing customer and clini-
cal support and ensures the availability of Cozmo pump supplies to all current 
Cozmo users throughout the remainder of current pump warranties. Patients 
should choose a new pump from another manufacturer once the warranty 
period is close to expiration.
http://www.cozmore.com/

Continuous Glucose Monitoring

Guardian, Paradigm REAL-Time Systems (Medtronic Diabetes)
http://www.minimed.com/

SEVEN Plus (DexCom)
http://www.dexcom.com/

Freestyle Navigator (Abbott Diabetes Care)
http://www.freestylenavigator.com/

Information on Type 1 Diabetes, Patient Education 
Materials, Diabetes Facts, and Publications

National Diabetes Education Program 1 Diabetes Way Bethesda, MD 
20814–9692 Phone: 1–888–693–NDEP (6337) TTY: 1–866–569–1162 Fax: 
703–738–4929 Email: ndep@mail.nih.gov Internet: www.ndep.nih.gov

American Diabetes Association 1701 North Beauregard Street Alexandria, 
VA 22311 Phone: 1–800–DIABETES (342–2383) Email: AskADA@diabetes.org 
Internet: www.diabetes.org

Juvenile Diabetes Research Foundation International 120 Wall Street New 
York, NY 10005 Phone: 1–800–533–CURE (2873) Fax: 212–785–9595 Email: 
info@jdrf.org Internet: www.jdrf.org

Finding a Diabetes Educator

American Association of Diabetes Educators, available at:
http://www.diabeteseducator.org/DiabetesEducation/Find.html

Clinical Trials

Type 1 Diabetes TrialNet: information on diabetes intervention studies testing 
treatments to delay or prevent the onset of type 1 diabetes, or treatments to 
preserve remaining insulin secretion in people recently diagnosed with type 1 
diabetes; available at:
http://www.diabetestrialnet.org/index.htm 

Continuous Glucose Monitoring

Information on Type 1 Diabetes, Patient Education 
Materials, Diabetes Facts, and Publications

Finding a Diabetes Educator

Clinical Trials

http://www.cozmore.com/
http://www.minimed.com/
http://www.dexcom.com/
http://www.freestylenavigator.com/
www.ndep.nih.gov
www.jdrf.org
www.diabetes.org
http://www.diabeteseducator.org/DiabetesEducation/Find.html
http://www.diabetestrialnet.org/index.htm
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A
A1c, 13–14, 14t

CGM and, 16
fructosamine correlation, 

15
pumps, benefi ts of, 23–24

Acanthosis nigricans, 9
Addison’s disease, 5
Alcohol, 29
American Association of 

Diabetes Educators 
(AADE), 16–17, 56

American College of 
Gynecology (ACOG), 41

American Diabetes 
Association (ADA)

A1c goals, 21–22
Diabetes Forecast resource 

guide, 55
education materials, 56
inpatient glycemic targets, 

44
management 

recommendations, 18t
pregnancy glucose control 

goals, 41, 42t
Standards of Care, 3, 

16–17
Amitriptyline, 35
Amylin, 24–25, 55t
Analog insulin, 19t, 41, 55t. 

See also Apidra (Glulisine); 
Aspart (NovoLog); 
Detemir (Levemir); 
Glargine (Lantus); Lispro 
(Humalog)

Angiotensin receptor 
blockers (ARBs), 34

Angiotensin-converting 
enzyme (ACE) inhibitors, 
34

Anticonvulsant drugs, 35. 
See also Gabapentin; 
Pregabalin

Antiemetics, 35. See also 
Phenergan

Apidra (glulisine), 19f, 19t, 
20, 55t

Aspart (NovoLog), 19f, 19t, 
20, 55t

Aspirin therapy, 34, 36
Autoimmune diabetes. See 

type 1A diabetes mellitus
Autoimmune hepatitis, 5

B
Basal insulin, 18–19, 23, 

55t. See also Detemir 
(Levemir); Glargine 
(Lantus)

Basal-bolus insulin therapy, 1

C
Cardiovascular disease 

(CVD)
during pregnancy, 42t
intensive insulin therapy 

for, 36
Celiac disease, 5, 18t
Central obesity, 9
Certifi ed Diabetes Educators 

(CDEs), 16
CGM. See continuous 

glucose monitoring
Chronic hyperglycemia, 3
Complications, 33–39

CVD, 36
hypoglycemia, 37–39
incidence of, 36–37
nephropathy, 33–34
neuropathy, 35
retinopathy, 33–34

Continuous glucose 
monitoring (CGM), 
15–16, 56

Continuous subcutaneous 
insulin infusion (CSII), 1, 
22–24, 55–56

during pregnancy, 41, 
42–43

inpatient management, 45

D
Depression, 47–48
Detemir (Levemir), 19, 19f, 

19t, 55t
Diabetes Control and 

Complications Trial 
(DCCT), 17–18, 33–34, 
36

Diabetes Forecast resource 
guide, 55

Diabetes Prevention Trial 
(DPT), 7

Diabetes self-management 
education (DSME), 16–17

for pregnancy, 41

Diabetic ketoacidosis. See 
DKA

Diabetic nephropathy, 
33–34, 42t

Diabetic neuropathy, 35, 42t
Diabetic retinopathy, 33–34, 

42t
Dietary factors

type 1A diabetes mellitus, 
5

Distal symmetric 
polyneuropathy (DPN), 
35

DKA (diabetic ketoacidosis), 
8t, 15

diagnostic criteria of, 46t
during pregnancy, 43, 

45–47
eating disorders and, 

47–48
ketone monitoring 

and, 15
patient education for, 25
precipitating factors, 46t
symptoms/signs of, 46t
treatment of, 46–47

DSME. See diabetes 
self-management 
education

E
Eating disorders, 47–48
Epidemiology of Diabetes 

Interventions and 
Complications (EDIC) 
study, 34, 36
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