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Sleep is a universal biological phenomenon and
in humans accounts for the way in which we
spend a third of our lives. Although the exact
mechanisms of its restorative function remain
largely unelucidated, sleep’s biological impor-
tance to life becomes obvious when humans or
animals are prevented from sleeping, or when
its normal activity is even slightly disrupted.
Increasingly, the importance of studying sleep
mechanisms is being recognized in government
and scientific circles. Sleep disorders are now
at the top of research and policy agendas in
health care settings and in developed countries
are recognized as significant public health chal-
lenges. Unfortunately, in the rest of the world,
the public health consequences of sleep disor-
ders remain largely under-recognized and
poorly appreciated or treated.

In the last several decades, sleep research has
seen enormous progress. Numerous discoveries
in both basic and clinical research have been
described in a wealth of papers of ever-increasing
complexity. The purpose of this volume is to
provide a forum for research that can improve
our understanding of sleep disorders medicine
from a global perspective. This volume is the
first of its kind and focuses on the emerging
challenges and public health consequence of
sleep and wake dysfunctions.

Sleep as it relates to public health is a fasci-
nating field of medical science. The significance

of sleep and its disorders has generated a host
of volumes, including this one, on its etiology,
prognosis, diagnosis, pathophysiology, preva-
lence, prevention, treatment, and management.
As the impact of sleep disorders on many facets
of human health is becoming more apparent, the
public health aspect of sleep disorders is simi-
larly developing into an interdisciplinary field.
We have striven to present comprehensive chap-
ters that address issues related to the public
health interventions for the prevention, treat-
ment, and management of sleep disorders. 

This volume is intended for sleep physicians,
epidemiologists, population and public health
researchers, and generalists alike. It can be use-
ful for graduate students of biomedical and
public health sciences, clinical researchers, and
others who want to get an overall grasp of the
public health ramifications of sleep disorders.

The contributions are from a wide range of
authors many of whom are world-recognized
authorities in their field. Chapters deal with a
range of topics that have profound impact on
the public health-related issues including the
socioeconomic status and demographic factors
that affect sleep, role of environmental factors,
aging-related issues, effects of stress and shift
work, and also sleep-related motor vehicle acci-
dents. The volume also addresses the effects of
other medical illnesses such as pain and effects
of sleep apnea on stroke risk. The reader may

Preface
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feel confident that the information presented is
based on the most recent literature. 

It has been the intention of the editors to pro-
vide a comprehensive and up-to-date coverage
of specialized topics on sleep and public
health. It is our hope that we have succeeded in
accomplishing this goal; nevertheless the edi-
tors and authors would appreciate feedback on
the contents of the volume with particular
regard to omissions and inaccuracies, which
will be rectified in later editions. We would
appreciate hearing from the readers about how
we might continue to improve the coverage of
topics. We also welcome your ideas and com-
ments and constructive criticisms.

This is, to the best of our knowledge, the first
look at the impact of sleep and alertness on
public health. 

A section of this volume has been dedicated
to the effect of reduced alertness on child devel-
opment and learning. It is obvious that sleep
quality has a major impact on the ability of chil-
dren to concentrate and memorize at school.
Poor conditions of sleeping due to housing,
environment, and security may negatively
induce sleepiness at school and ultimately
interfere with learning. Adolescent lifestyles
often include late hours of going to bed and
quite early awakenings for going to school.
Sleep deprivation is thus very common in both
age groups and the consequences of this
chronic sleep deprivation are multiple: sleep-
ing at school or while driving, anxiety, depres-
sion, social and familial problems. Lack of
public awareness of the linkage between ade-
quate sleep and efficient learning may have the
effect of denying the full benefit of education to
large segments of our population.

In the workplace, the relation between sleep
and work ability is also an unexplored field
despite the evidence of multiple interactions
between the two domains. The desynchroniza-
tion of biological timing mechanisms in mil-
lions of night-time shift workers around the
world has significant public health implica-
tions. These workers are known to be severely

sleep deprived and thus are more prone to acci-
dents and cardiovascular or metabolic diseases.
There remains, however, a lack of understand-
ing about the contribution of sleep deprivation
to occupational safety and personal health. One
expression of this is the fact that shift work is a
proliferating economic trend in the developing
world. Other contributors to sleep deprivation
are economic demands for rapid distribution of
goods, which in turn encourage long distance
driving among commercial vehicle operators.
Leisure habits increasingly include late night
television viewing which erodes the amount of
time available for sleeping. Sleep-deprived
workers have a higher risk of work and motor-
ized vehicle accidents, decreased productivity,
reduced attention spans, and increased irri-
tability. At work, jet lag and early awakenings
due to local work travel also negatively affect
sleep and alertness.

The risk of accidents due to sleepiness and
sleep disorders has been dramatically demon-
strated by the American National Commission
of Sleep Disorders in the cases of catastrophic
events such as the Exxon Valdez oil spill, the
Challenger space shuttle accident or the
‘Bhopal’ ecological disaster. In each of these
events the people who may have had the power
to reduce the impact of the catastrophe were
severely sleep deprived at the time of the acci-
dent and were thus unable to react appropri-
ately. About half of the fatal accidents in young
drivers occur at night and are partially or
directly due to an episode of sleepiness at the
wheel. However, few educational efforts are
directed toward alerting the public about the
importance of sleep hygiene for accident pre-
vention, especially in affected groups such as
young drivers, truck drivers, or shift workers.

The influence of the environment on sleep
quality and quantity is also an under-explored
area. The reduction of noise, heat, and light
in the bedroom is critical for optimizing
sleep. Noise and sleep is a particular subject
of concern in areas surrounding airports. The
World Health Organization has provided
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recommendations based on the recognition that
sleep disturbance is the most important health
risk accruing from air transportation noise
exposure. Airports and aircraft engineers have
attempted to deal with this problem by reduc-
ing noise levels at their source. Local authori-
ties sometimes regulate the schedule of flights
at night. However, noise pollution appears to
be one of the most important sources of sleep
disruption and further efforts to educate pilots,
airport administrators, and local officials are
merited. 

Sleep disorders have a major impact on the
quality of life in affected individuals. Thus
insomnia (which affects one adult in four), sleep
apnea (which affects one in ten) and hypersom-
nia are shown to negatively impact the daytime

functioning of millions of patients around the
planet.

It is our hope that this volume improves the
reader’s understanding of the public health
sequel of sleep disorders and that this knowl-
edge will ultimately have an effect on public
health policy. Sleep disturbance is unfortu-
nately ignored in the public health plans of
many countries around the world. The public
health cost of disturbed sleep, however, is sig-
nificant and merits whatever steps are required
to reduce it. 

Damien Léger
Paris, France

SR Pandi-Perumal
New York, USA
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CHAPTER 1

Does the demography of sleep
contribute to health  

disparities?

Lauren Hale, Paul E Peppard, and Terry Young

1

The aim of this chapter is to incorporate the
extensive and growing literature on health dis-
parities into the discourse on sleep disorders and
public health. The population health literature,
quite distinct from the sleep research literature,
describes the relationships between various
sociodemographic characteristics and health.
It describes how people with greater wealth
exhibit, on average, greater health, and how this
relationship persists even when controlling for
health behaviors and pre-existing health con-
ditions.1–3 A life expectancy advantage is also
observed for women over men, Whites over
Blacks, highly educated people over less edu-
cated people, married people over unmarried
people, and, of course, young people over old
people.1,4,5 The existence of these social and
racial health differences has inspired a broad
interdisciplinary research agenda that seeks to
identify the sources of these health inequalities
and ways to improve the health of the worse-off
populations. Thus far, the research has discussed
how factors such as early life conditions, health
behaviors, wear and tear on the body (some-
times referred to as allostatic load), and health
care utilization are relevant and active forces
in determining the health of any given commu-
nity or population.4,6–8 In this chapter, we con-
tribute to the population health discussion by

investigating whether sleep disorders and sleep
behaviors are contributing to (or ameliorating)
these health disparities. 

We depict the conceptual framework for our
research question in Figure 1.1 using a simple
triangle in which the three circles, one at each
vertex, represent the following clusters of vari-
ables: (1) health and well-being, (2) sleep disor-
ders and sleep behaviors, and (3) social and
demographic characteristics. The solid line
between health and well-being and social and
demographic characteristics depicts the docu-
mented association between social characteris-
tics and a variety of health outcomes. On
another side of the triangle, the solid line con-
necting sleep disorders and sleep behavior to
health and well-being represents the relation-
ship between sleep and health that is docu-
mented throughout the sleep literature and in
other chapters of this book. The broken line
drawn along the bottom of the triangle repre-
sents the relationship between social and demo-
graphic characteristics and sleep disorders and
sleep behavior – what we are referring to as the
demography of sleep. The line drawn here is
broken because the demography of sleep is usu-
ally not studied as a topic in itself, and the rela-
tionships are much less understood. This part of
the framework is the primary focus of our paper. 
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We explore the hypothesis that getting
adequate sleep is a function of endogenous
and exogenous conditions, including health
behavior, that contribute to (or ameliorate) pre-
existing health disparities. This would occur if
sleep disorders or health-related sleep behav-
iors were more common among the subpopula-
tions that have greater (or lower) health risks.
In this chapter, we focus on the primary demo-
graphic variables of gender, race, socioeco-
nomic status/education, marital status, and age.
In the first section ‘Health disparities,’ we
briefly review the literature on health dispari-
ties for each of the above demographic char-
acteristics. In the second section, ‘What do we
know about the demography of sleep?,’ we
investigate the demographic characteristics for
three major sleep problems: unfavorable sleep
duration, sleep apnea, and insomnia. For each
subsection therein, we examine what is known
about the relationship between each sleep con-
dition and each of the five demographic dimen-
sions listed above. We accomplish this through
literature review and supplement it with results
from our own analyses. We conclude with a
summary of whether the sleep problems of var-
ious subsets of the population might contribute
to health disparities.

HEALTH DISPARITIES

Gender

Gender disparities in mortality are observed
throughout the developed world; they begin at
infancy and last until very old age. Although,
statistically, boys are born more frequently than
girls, in industrialized countries their mortality
rates are higher at every life stage.9 This is not
always true in developing countries, however.9,10

Despite the increased mortality risks for
males over females, women report greater mor-
bidities and poorer self-rated health than men
over most of the life course.11–13 Hypotheses for
this paradox (i.e., that mortality is lower among
women, but morbidity is higher) include the
notions of gender inequality in paid and house-
hold work and differences in health behaviors
and lifestyle.13 For example, women are more
likely than men both to go to the doctor and to
report health problems.12 Also, women may be
more likely than men to suffer from health con-
ditions (e.g., arthritis or headaches) that cause
women to have poorer self-rated health, but do
not necessarily cause increased mortality, and
less likely to have cardiovascular disease and
other morbidities that do cause increased mor-
tality.12 As described below, insomnia may be
an example of a morbidity that is associated
with worse health, but not necessarily with
higher mortality.

Race

Historically, assessment of racial disparities in
health often involved measuring differentials
between Blacks and Whites in terms of mortal-
ity, heart disease, cancer, diabetes, and a variety
of other morbidities.4 While we acknowledge
that additional races and ethnicities are impor-
tant to investigate, we focus our discussion on
differences between Blacks and Whites because
this is where the majority of research has been.
Increased health risks for Blacks begin early in
life; Black children are more likely to be born of
low birth weight and are more likely to grow up

SLEEP DISORDERS: THEIR IMPACT ON PUBLIC HEALTH

2

Health &
well-being

Sleep
disorders &

behavior

Social &
demographic

characteristics

?

Figure 1.1 Conceptual framework for research
question
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in a disadvantaged neighborhood.4,14 The life
expectancy at birth of Black men in the USA in
2002 was 68.8 years, whereas for White men it
was 75.1, a difference of 6.3 years.15 For Black
women in the USA in 2002, life expectancy at
birth was 75.6 compared to White women who
had a life expectancy of 80.3, a difference of
4.7 years.15 If the death rates between Blacks
were the same as for Whites, there would be
approximately 91 000 fewer Black deaths per
year.16 These large differences are to some
extent attributable to health behaviors, such as
diet and exercise, but even controlling for these
characteristics, the health risk associated with
being Black is much higher than it is for Whites.
The residual effect may be due to stress, resi-
dential segregation, environmental factors, and
medical care. The presence of chronic psy-
chosocial stressors that alter physiological
functioning may be a source of racial differ-
ences in health.8,17 Residential segregation and
neighborhood quality could be creating and
reinforcing economic inequality by determining
access to schools, employment opportunities,
and social networks.4,18 Limited health insur-
ance coverage for Black Americans and differ-
ential access to, and utilization of, medical care
may be relevant to differential mortality rates
between Blacks and Whites. Black Americans
are less likely than Whites to receive preven-
tive, screening, diagnostic, treatment, and reha-
bilitation services for cancer.15

Socioeconomic status and education

The literature on health and socioeconomic
status (SES) shows a positive relationship,
sometimes referred to as the social gradient
in health, between many measures of health
(e.g., mortality, heart disease, self-reported
health status) and SES (e.g., education, income,
wealth, occupation).17,19,20 For example, data
from the Health and Retirement Survey show
that respondents who self-report ‘excellent
health’ have 2.5 times as much household
income and 5 times as much household wealth

as respondents who report ‘poor health.’21 As
with racial disparities, possible explanations
for this relationship include differences in
health behaviors, strategies for coping with
stress, early life (prenatal and postnatal) condi-
tions, and health care utilization practices along
the SES spectrum. Social scientists have argued
about whether the primary direction of this asso-
ciation goes from SES to health or vice versa.19,20

Marriage

On average, married people have a health advan-
tage compared with unmarried people.5,22–26

Approximately half of this advantage can be
attributed to selection. That is, healthier people
are the people who select into marriage.22,27,28

Yet, evidence suggests that marriage itself con-
fers a certain amount of health on its partici-
pants.23,24 Not only does marriage improve
health behaviors (reduced smoking, binge drink-
ing, and increased visits to the doctor), it also
provides social support and economic resources
that are causally linked to better health.24,29

Age

The relationship between declining health and
age is described in the gerontology literature.30

Most chronic conditions are more prevalent in
older age groups. Similarly, infectious diseases
are more fatal among the elderly. In addition to
the health concerns, aging individuals often
face an increasing number of physical limita-
tions, a lower quality of life, and a variety of
psychosocial stressors associated with the aging
process.30,31

WHAT DO WE KNOW ABOUT THE
DEMOGRAPHY OF SLEEP?

We use the phrase ‘demography of sleep’ to
refer to sociodemographic patterns of sleep
quality, sleep quantity, and sleep disorders.
Until recently, the demography of sleep had not
been investigated as a line of inquiry of its own.

DEMOGRAPHY OF SLEEP AND HEALTH DISPARITIES

3
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Rather, in the epidemiological and clinical
studies that investigate sleep, demographic
characteristics are typically listed in a descrip-
tive table, and controlled for when known or
appropriate. In contrast to a strategy that con-
trols for various demographic characteristics,
we aim to investigate how each of the usual
sociodemographic control variables relates to
sleep quantity, sleep apnea, and insomnia. We
chose these three areas to investigate because
they are well-studied topics in the sleep
research field, and also have strong associations
with health.

Sleep duration and health

The relationship between sleep duration and
health is complicated, because there are numer-
ous confounding factors and because causality is
likely to flow in both directions. That is, inade-
quate or too much sleep may cause health prob-
lems and health problems may cause sleeping
either too little or too much. Despite this com-
plication, studies show that 6.5–7.5 hours of
sleep on an average weeknight is associated
with the lowest risk of all-cause mortality.32–34

Controlling for demographic characteristics (e.g.,
age, race, education, occupation, marital status),
health behaviors (e.g., exercise level, years of
smoking, fat in diet), prior health conditions
(e.g., body mass index, leg pain, and history of
heart disease, hypertension, cancer, diabetes,
stroke, bronchitis, emphysema, and kidney dis-
ease) and medication use, sleeping either a long
or short amount increases the relative risk of all-
cause mortality by up to 40%.32 These studies
indicate that both short sleeping and long sleep-
ing durations are associated with higher mortal-
ity risk than mid-range sleeping, with the 7-hour
night sleep being associated with the lowest
mortality risk. In addition, in a nationally repre-
sentative US sample, both short and long sleep-
ers reported more sleep problems (i.e., wakening
during the night, wakening too early, wakening
unrefreshed, and daytime sleepiness) compared
with the mid-range sleepers (7 or 8 hours).35

The adverse effect of sleep deprivation on
health may be due to disruption of circadian
rhythms and impaired glucose metabolism.36–38

Whether the effects of someone regularly sleep-
ing 5 versus 8 hours a night is physiologically
similar to being sleep deprived is not well
understood. Similarly, the causal relationship
between sleeping for a long time and health is
unclear.32,38 Nonetheless, evidence suggests that
having, on average, a long sleep duration is
associated with as high, if not higher, a mortal-
ity risk factor than having mid-range or short
sleep duration on a regular basis. However,
interpretation of the findings of greater mortal-
ity with sleep durations of 8 hours after control-
ling for morbidity is controversial. It is
important to note that these studies are based
on self-reported sleep time. It is possible that
some people, perhaps those with unrecognized
health conditions, report sleep duration based
on the hours they spend in bed, rather than
actual sleep time. Long sleep duration may also
be a marker for sleep apnea, a sleep disorder
associated with breathing pauses that pro-
foundly fragments sleep and causes daytime
hypersomnolence. 

Given this association between both short
sleeping and long sleeping durations and high
mortality risks, we are interested in looking at
how the sociodemographic characteristics are
associated with short, mid-range, or long sleep
durations. There are only a few studies which
have explicitly investigated the social and
demographic characteristics of short, mid-
range, and long sleepers.39,40 Hale39 uses time-
use data from four cross-sectional data sets41,42

and estimates a multinomial logistic regression
equation on the amount of sleep reported for the
24-hour period of the time-use diary. The three
outcome categories are short sleep, mid-range
sleep, and long sleep. The definition of short
sleep is less than 6.5 reported hours, whereas
the definition of long sleep is greater than 8.5
reported hours and the mid-range sleep cate-
gory refers to the intermediate duration
(6.5–8.5 hours). The explanatory variables are
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dichotomous variables for calendar year, marital
status, gender, educational status, employment,
and minutes of television watched per day (in
1-hour intervals). Age and age-squared are also
included as continuous variables. In a similar
set of analyses, Hale and Do40 use survey data
from the National Health Interview Study
(NHIS). In these models, they include addi-
tional variables to the ones above including race
and neighborhood characteristics.

There are only a few other studies that inves-
tigate the relationships between social charac-
teristics and sleep duration.43–45 A major
limitation of these other studies is that they
only consider sleep as a continuous linear vari-
able. As a result, they do not allow for the pos-
sibility of a non-linear relationship between
sociodemographic characteristics and sleep
duration by exploring both ends of the sleep
duration distribution. 

Sleep duration and gender

The two studies by Hale and colleagues39,40

show that women are less likely than men to be
short sleepers, by around 10–20% (p < 0.01). On
the weekend, women are less likely to be short
sleepers than men by as much as 40%
(p < 0.01).39 Given that short sleeping is associ-
ated with higher mortality risks, the fact that
men are more likely to be short sleepers is con-
sistent with the gender differential in mortality. 

In the Hale studies,39,40 there are no differ-
ences between men and women in terms of the
risk of being a long sleeper. However, the
National Sleep Foundation’s Sleep in America
Poll46 found that male respondents are more
likely than female respondents to report that
they get more sleep than they need (49% vs.
37%). This may be because male respondents
were more likely to report that they need less
sleep than women to function at their best
(6.2 hours vs. 6.8 hours).

Another study45 found that women are signif-
icantly more likely to sleep longer than men in
a sample of healthy adults. Whether this means

that women are less likely to be short sleepers
(as found in both Hale studies) or if they are
more likely to be long sleepers, or both, is not
possible to ascertain from this analysis. A differ-
ent study found that while women sleep more
than men on average, after adjusting for hours in
the labor force, men sleep more than women.43

Sleep duration and race

The small number of studies that have investi-
gated the topic of race and sleep have revealed
only marginal differences in sleep architecture
by race.47 While polysomnogram recordings
show that Blacks have only about half as much
slow-wave sleep as Whites,48 rarely are these
data collected with the intention of analyzing
them for racial differences. Using survey data,
Hale and Do40 find that Black individuals have
significantly increased risks of both short
(< 6.5 hours) and long (> 8.5 hours) sleeping rel-
ative to Whites. Specifically, Blacks are more
than 35% (p < 0.001) more likely to report being
a short sleeper than Whites, and more than 75%
(p < 0.001) more likely to report being a long
sleeper than Whites. As described above, both
short and long sleeping are associated with
increased risks of mortality, supporting our
hypothesis that sleep duration may contribute
to mortality differences by race.

Sleep duration and socioeconomic
status/education

Education is also associated with sleep dura-
tion as shown in the two studies by Hale’s
group.39,40 Both studies find that people without
a high school degree are more likely to be short
sleepers than long sleepers. These results sug-
gest that the relationship between education
and short and long durations is in the hypothe-
sized direction. That is, people with less educa-
tion are sleeping in the higher-risk sleep
duration categories.

In three studies that treat sleep duration as a
linear characteristic, the results are more diffi-
cult to interpret. Jefferson et al.45 find a positive
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relationship between self-report of sleep
duration and education. However, when Biddle
and Hamermesh43 controlled for time in the
labor force, there was a negative correlation
between sleep duration and years of education.
Moore et al.44 did not find a correlation between
education level and sleep quantity.

Sleep duration and marriage

Hale finds that marital status is correlated
with sleep duration. On weekdays, relative
to being married, separated/divorced (odds
ratio [OR] = 1.29, p < 0.05), widowed (OR = 2.04,
p < 0.001), and single people (OR = 1.61, p < 0.001)
are more likely to be short sleepers compared
with married people.39 On the weekend, there is
an increased risk of short sleeping for those who
are separated/divorced (OR = 2.69, p < 0.001) and
single (OR = 2.06, p < 0.01).39 Single (but not sepa-
rated/divorced or widowed) people also have an
increased risk of long sleeping on weekdays
(OR = 1.28, p < 0.05) and on weekends (OR = 1.51,
p < 0.05) compared with married people.39 Hale
and Do40 find similar relationships in the NHIS in
which unmarried people are more likely to be
short sleepers compared with married people,
controlling for other social characteristics. They
do not find that unmarried people are more likely
to be long sleepers, however. 

Neither Biddle and Hamermesh43 nor
Jefferson et al.45 found a relationship between
marriage and sleep duration. As described
above, the treatment of sleep duration as a lin-
ear outcome makes interpretation difficult. 

Sleep duration and age

In a meta-analysis of the quantitative sleep para-
meters across the life span, Ohayon et al.49 found
a linearly decreasing amount of total sleep time
as people age. Sleep efficiency, percentage of
slow-wave sleep (SWS), percentage of rapid eye
movement (REM) sleep, and REM latency all
decreased with age, while sleep latency, per-
centage of stage 1 sleep, percentage of stage 2
sleep and awakenings after sleep onset increased

with age.49 This is consistent with the findings
by Hale that long sleeping decreases with
age.39,40 Short sleeping on the other hand is not
associated with age.39,40 In terms of duration
alone, this suggests that as people age they move
out of the high-risk sleep duration category of
sleeping too long. Yet, since the Ohayon analysis
showed that SWS and REM decrease with age, a
decrease in quality of sleep with age might be
associated with negative health outcomes.

In the studies that measured sleep duration
linearly, such as those done by Biddle and
Hamermesh43 and Jefferson et al.,45 there were
no significant relationships between age and
sleep duration. 

Sleep apnea and health

Sleep apnea, a condition characterized by
repeated episodes of apnea (breathing pauses)
and hypopnea (reduced breathing) events dur-
ing sleep, is highly prevalent among adults in
North America, Australia, Europe, Japan, and
Hong Kong.50 The severity spectrum of sleep
apnea is often described by the average number
of apnea plus hypopnea events per hour of
sleep (i.e., the apnea–hypopnea index or AHI),
which can range from 0 to more than 100. Sleep
apnea has well-established associations with
multiple harmful health states50 including
hypertension,51,52 cardiovascular and cerebro-
vascular morbidity,53–55 metabolic syndrome
and diabetes,56 impaired daytime function,57,58

excessive sleepiness and traffic accidents,59,60

and poor health-related quality of life.61,62 Few
of these associations have been definitively
established as causal; however, the evidence
from recent prospective observational and ran-
domized treatment studies has been generally
concordant with the cross-sectional findings.

Here, we investigate the relationships
between sleep apnea and social and demo-
graphic characteristics using the Wisconsin
Sleep Cohort, a stratified random sample of
four Wisconsin State agencies. Participants
completed a four-page questionnaire on sleep
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habits, health history, and demographic infor-
mation, in addition to a baseline overnight pro-
tocol including assessments of physiologic
characteristics of sleep. In Table 1.1, we present
the results of logistic regression analyses in
which the dependent variable is either mild or
more severe (AHI ≥ 5 events/h) or moderate or
worse (AHI ≥15 events/h) sleep apnea, and the

various explanatory variables we consider are
listed in each row. We discuss the results in
more detail below.

Sleep apnea and gender

Sleep apnea was once thought to be a disease of
men, but epidemiological studies beginning in
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Table 1.1 Cross-sectional associations between sociodemographic variables (mutually adjusteda) and sleep
apnea or insomnia assessed by logistic regressions using the Wisconsin Sleep Cohort 

Mild or worse sleep Moderate or worse sleep Insomnia 
apnea (AHI ≥ 5 events/h) apnea (AHI ≥ 15 events/h) (any of 4 symptomsb)

n = 1152 n = 1152 n = 3717

Odds ratio Contribute Odds ratio Contribute Odds ratio Contribute
(p-value) to disparity? (p-value) to disparity? (p-value) to disparity?

Gender 3.4 Yes 6.1 Yes 1.0 No (any
(male vs. (< 0.001) (< 0.001) (0.74) symptoms);
female) Yes (some 

symptoms)

Race 0.55 ? 1.8 ? 1.2 ?
(Black vs. (0.44) (0.46) (0.19)
White)

Education 3.6 Yes 5.7 Yes 2.2 Yes
(no HS (0.05) (0.02) (0.004)
diploma vs.
HS
graduate)

Marital status 1.3 ? 1.5 ? 1.3 Yes
(unmarried vs. (0.18) (0.14) (< 0.001)
married)

Age 1.8 Yes 1.6 Yes 1.0 No (any
(45–60 yr vs. < 0.001) (0.05) (0.52) symptoms);
30–44 yr) Yes (some

symptoms)

aPredictor variables include: gender, age group, high school graduate (yes/no), currently married (yes/no), race
(Black or White). Additionally, the sleep apnea models also include body mass index, and current smoker
(yes/no).
bSelf-report of often or always for any of the four symptoms: (1) difficulty initiating sleep; (2) waking too early;
(3) waking repeatedly; (4) waking and having difficulty falling back to sleep; OR a self-report of often or always
for use of pharmacologic sleep aids. HS, high school.
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1993 have established that the prevalence of
sleep apnea is high in women also.63 Due to
selection biases that favor referral of men for
evaluation, the ratio of men : women (> 5 : 1)
with diagnosed sleep apnea is higher than the
ratio (2 : 1) reported from population-based
studies. In spite of indications that sleep apnea
is more common and more severe in men com-
pared with women, there is some evidence that
women may have worse outcomes of sleep
apnea.64–66 Understanding the basis for gender
differences in both the occurrence and out-
comes of sleep apnea is of current interest.
Several studies have shown that sleep apnea is
more severe in men than women.67,68

In a community-based sample of the Cleveland
Family Study, Patel et al.69 found the AHI to be
significantly higher among the men than
women. For European-American men, the
mean was 10.2 for the men compared to 5.2 for
the women. The difference between the genders
was smaller between African-American men
and women at 9.3 and 5.7 events per hour.
Cross-sectional results from Wisconsin Sleep
Cohort data (Table 1.1), as expected, indicate
that men are significantly more likely than are
women to have sleep apnea, adjusting for age,
education, race, and marital status, body mass
index, and smoking habits.

Sleep apnea and race

The Wisconsin Sleep Cohort sample has very lit-
tle variation in race, and the results in Table 1.1
show conflicting associations (none statistically
significant) of sleep apnea with race, depending
on the severity of sleep apnea. In an analysis of
the Cleveland Family Study, which comprises
both Black and White men and women, Patel69

found that clear differences existed between the
sexes, but not by race. On average, the AHI was
lower for Black men compared with White men,
whereas the AHI was higher for Black women
compared with White women. In another
analysis of this sample, Redline et al.70 found
among younger persons (≤ 25 years old) that

Blacks are more likely than Whites to have
sleep apnea after controlling for obesity, race,
and familial clustering. Among older adults
(≥ 65 years old), Ancoli-Israel et al.71 found
that African-Americans are more than twice
as likely as Caucasians to have an AHI of 30 or
higher, controlling for body mass index and
additional confounding factors. Yet, in an
analysis of the Sleep Heart Health Study sample
of 6000 adults, no statistically significant asso-
ciation between race and sleep apnea, after con-
trolling for body mass index, age, and gender,
was found.72 The evidence on race and sleep
apnea is thus inconclusive. 

Sleep apnea and socioeconomic
status/education

There have been few studies examining associ-
ations of socioeconomic variables such as edu-
cation or social class with sleep apnea. One
large study from Denmark found no association
between social class (a derived variable com-
bining educational attainment and occupation)
and snoring (a sensitive but non-specific symp-
tom of obstructive sleep apnea).73 In contrast, in
Table 1.1 we show that in the Wisconsin Sleep
Cohort, persons with less than a high school
education had 3.6 to 5.7 times the odds of hav-
ing sleep apnea compared to persons with a
high school education, adjusting for gender,
race, marital status, and age group. If this find-
ing is generalizable to wider populations of
adults, then differences in sleep apnea occur-
rence among groups with different educational
attainment levels may be partially responsible
for education-related health disparities. 

Sleep apnea and marriage

As with socioeconomic status, little research
has been published examining the association
of marital status and sleep apnea. The few avail-
able studies have measured correlations
between marital status (e.g., married vs. not cur-
rently married) and survey-assessed symptoms
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of sleep apnea such as snoring or witnessed
(e.g., by a bed-partner) apneas. One study found
that married persons were almost twice as likely
to report snoring than single persons;74 another
study found that married men, but not married
women, were more likely to report snoring than
unmarried persons;75 and one study of only men
found no association between marital status
and questionnaire-assessed symptoms of sleep
apnea.76 Caution is advised in interpreting stud-
ies of subjectively assessed sleep apnea symp-
toms and marital status because the presence of
a bed-partner (presumably more likely among
married persons) increases the likelihood that
symptoms of sleep apnea (such as snoring) will
be observed and reported to afflicted persons.
Thus an increased occurrence of reported symp-
toms among married persons may simply indi-
cate better awareness of sleep apnea. In the
Wisconsin Sleep Cohort, objectively assessed
(by in-laboratory polysomnography – not sus-
ceptible to such a detection bias) sleep apnea
was slightly more prevalent in unmarried per-
sons, although the findings were not statisti-
cally significant (Table 1.1). It remains unclear
whether sleep apnea might contribute to
observed variations in the health of persons of
different marital status. 

Sleep apnea and age

The role of aging in sleep apnea is complex.
While community studies show that sleep
apnea prevalence increases with age, with some
studies showing extremely high prevalence
of sleep apnea in older adults, older patients
are not common in sleep clinic settings.77 Gen-
erally, sleep apnea prevalence appears to
increase steadily with age in midlife, a consis-
tent finding among many studies50 and as seen,
for example, in Table 1.1 showing a 60–80%
greater prevalence of sleep apnea among adults
aged 45–60 years compared to adults aged
30–45 years. However, age trends in younger
(childhood and young adults) and older ages
(> 60 years) do not indicate a simple positive

correlation of sleep apnea with age, possibly
indicating distinct disease subtypes with differ-
ent etiology and health sequelae at different life
stages.50 Thus it is likely that, like many other
conditions, sleep apnea contributes to poorer
health as persons pass from young adulthood to
middle age. In addition, it is possible that older
adults are less likely than younger adults to be
referred for specialized sleep apnea diagnosis
due to a clinical presumption of the ‘normalcy’
of increasing sleep problems in older persons.
This would exacerbate disparities due to sleep
problems such as sleep apnea between older
and younger adults.

Insomnia and health

Chronic insomnia is estimated to affect between
9% and 24% of the general population.78–80 The
variation in the estimates occurs because the
definition varies – with the lower bound refer-
ring to the population in which the disturbed
sleep affects daytime functioning. Prevalence is
also higher in clinical practices where approxi-
mately half of the population report sleep dis-
ruption symptoms. The health risks associated
with insomnia include: depressed mood, diffi-
culty with memory and concentration, a variety
of comorbidities (e.g., cardiovascular, pul-
monary, and gastrointestinal disorders, general-
ized anxiety, dementia), and possibly, increased
mortality.78 Separating the health effects of
insomnia from its comorbidities is methodolog-
ically challenging. Some argue that insomnia
per se is not directly related to mortality, but
rather it is the comorbidities associated with
insomnia that affect mortality.81 While these
relationships need to be disentangled, the pub-
lic health costs of insomnia are large. For exam-
ple, insomnia is associated with negative
impacts on occupational, physical, and social
performance. Overall, scientists have estimated
that the economic cost of insomnia in the USA
amounts to more than $77 billion per year.82,83

The National Institutes of Health (NIH)
issued a State of the Science Consensus Report
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on the Manifestations and Management of
Chronic Insomnia. This consensus statement78

and a comprehensive literature review79

addressed many of the issues that are relevant
here. In the subsections below we present the
results of this literature review, our own review
of the literature, and supplement it with the
results of a logistic regression analysis predict-
ing insomnia in the Wisconsin Sleep Cohort
(see column 3 of Table 1.1).

Insomnia and gender

Insomnia is more common among women than
among men, as identified by the Buscemi et al.79

review of the insomnia literature. There are
more than 11 studies in which an association
between gender and chronic insomnia revealed
that women are more likely than men to suffer
from chronic insomnia.84–95 There were a hand-
ful of studies, however, that found no relation-
ship between gender and insomnia.96–100 The
Wisconsin Sleep Cohort analysis shows that
insomnia, defined as frequently experiencing
any one of four insomnia symptoms (difficulty
falling asleep; difficulty falling back to sleep
upon waking during the night; waking repeat-
edly; or waking too early), is not more com-
mon among women than men (see Table 1.1).
However, women were significantly more likely
than men to have individual insomnia symp-
toms (data not shown). The explanation for this
discrepancy is that the women tended to be
more likely than men to have multiple insomnia
symptoms, possibly indicating a tendency for
more severe, if not more common, insomnia in
women. Since insomnia is known to have
comorbidities but not necessarily to cause mor-
tality, this sex difference in insomnia may in
part explain why women have more morbidities
than men, but not necessarily more mortality. 

Insomnia and race

Research on race and insomnia is limited and
the results are mixed. Bixler et al.84 found that

chronic insomnia is more common among
non-Caucasian minorities, while Riedel et al.101

found that the reverse is true. Paine et al.102

found that Maoris are more likely to have sleep
problems than non-Maoris in New Zealand.
However, a study based in a Brazilian popula-
tion found no association between insomnia
and race.93,103 Similarly, Ancoli-Israel et al.104

found no significant differences between
Whites and non-Caucasians with regard to
insomnia. The Wisconsin Sleep Cohort found
no relationship between race and insomnia
(see Table 1.1), although there was insufficient
racial diversity for adequate statistical power.
Given these varied results, this suggests that
if a difference exists it may vary by study
sample and may not be prevalent throughout
the population.

Insomnia and socioeconomic
status/education

Buscemi79 reviewed several studies that found
significant associations between socioeconomic
status (SES) and insomnia.88,93,94,100,103–108 All of
those studies and several others102,109 indicate
that poorer, unemployed, or less educated indi-
viduals are more likely to have chronic insom-
nia than those with higher SES. Similarly, the
Wisconsin Sleep Cohort data reveal a negative
relationship between education and insomnia
(Table 1.1): persons without a high school edu-
cation were about twice as likely to report fre-
quent experiences of any insomnia symptoms
than persons with at least a high school edu-
cation. However, some studies have found
no evidence of an association between SES
and insomnia.97,99,105,110 These studies may vary
in their results due to different definitions of
insomnia, SES, sample bias, or sample power. 

Insomnia and marriage

Some studies have found that chronic insomnia
is higher among divorced/separated or wid-
owed adults relative to married adults.85,108
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Léger,88 on the other hand, found that never
married singles have less insomnia than people
with other marital status. There are also studies
that do not show a relationship between insom-
nia and marriage.103,105,110 The Wisconsin Sleep
Cohort data show a modest negative relation-
ship between insomnia and marriage (see Table
1.1) – unmarried persons were about 30% more
likely to report frequent insomnia symptoms.
Despite the conclusion of the Buscemi et al.
study,79 we found little evidence of a strong
relationship between insomnia and marriage.

Insomnia and age

In the Buscemi et al.79 literature review, 11 stud-
ies found an association between age and
chronic insomnia17,84,86,88–90,94,96,103,105–107,111 com-
pared to eight studies where no relationship
was found.85,95,97,99,100,104,110,112 Of the studies that
found a significant relationship between age
and chronic insomnia, the direction of this rela-
tionship was positive in all but one of the
studies, which found a negative relationship
between age and chronic insomnia in female
hospital nurses in Japan.105

The analysis of the Wisconsin Sleep Cohort
data demonstrates a varying relationship
between insomnia symptoms and age. Older

adults were significantly more likely to report
frequent problems with sleep maintenance (dif-
ficulty falling back to sleep upon waking during
the night or waking repeatedly); however,
younger adults were significantly more likely to
report frequent problems initiating sleep (data
not shown). Defining insomnia as having any of
the four insomnia symptoms resulted in no sig-
nificant association between insomnia and age
(among middle-aged adults), reflecting a ‘can-
celing’ of the different directions of associations
between sleep initiation and sleep maintenance
with age (Table 1.1). The dependence of the
direction of association on which specific
insomnia symptoms are examined may, in part,
explain the divergent results of the aforemen-
tioned studies. 

SUMMARY AND DISCUSSION

In this section we summarize our results by
demographic characteristic. The general find-
ings are condensed into Table 1.2, which pro-
vides the three sleep characteristics as column
headings and lists the five demographic charac-
teristics. A ‘YES’ indicates that the research
shows a noteworthy relationship between the
demographic variable and the sleep characteris-
tic. A question mark means that the results are
inconclusive. In no case is ‘NO’ appropriate, for
example, where the evidence convincingly
shows, with adequate study power, that there is
no relationship (positive or negative).

Does the demography of sleep contribute to
gender disparities in health? Men and women
have differing prevalence levels of sleep disor-
ders and it is likely that this contributes in
some way to the differences in health outcomes
between the sexes. As stated above, women are
more likely to have higher rates of morbidity
of some chronic conditions, and women are
also more likely to have insomnia (which is
often observed with a host of comorbidities).
However, age-adjusted mortality rates are higher
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Table 1.2 Current state of evidence for an associa-
tion between sociodemographic factors and sleep
problems or sleep disorders

High risk
sleep Sleep
durationa apnea Insomnia

Gender Yes Yes Yes
Race Yes ? ?
Education Yes Yes Yes
Marital Yes ? ?

status
Age Yes Yes Yes

aEither short or long sleeping.
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in men compared with women. Accordingly,
sleep apnea, which is more closely linked to
mortality risk than insomnia, is more prevalent
in men than women. If short and long sleeping
are also associated with mortality, short or long
sleeping among men may also contribute to the
mortality differential by sex. 

Does the demography of sleep contribute to higher
health risks among African-Americans? The evi-
dence with regard to sleep and racial disparities
in health is very limited. The evidence that does
exist leads us to cautiously conclude there is
not a consistent or simple relationship with race
for either sleep apnea or insomnia. However,
based on limited results, we do find that Blacks
are more likely than Whites to sleep for dura-
tions that are associated with higher risk.

Does the demography of sleep contribute to higher
health risks among those of lower socioeconomic
status and/or the less educated? Our review
finds that unfavorable sleep duration (both long
and short), insomnia, and perhaps, sleep apnea
are more common among those with lower SES
or lower education. This suggests that part of
the relationship between health and SES may
be due to differences in sleep disorders and
sleep behaviors.

Does the demography of sleep contribute to higher
health risks among the unmarried? Unmarried
people are more likely to have worse sleep
patterns with regard to both short sleeping and
long sleeping. There is mixed evidence on
the relationship between insomnia and mar-
riage, and there are currently insufficient data
to assess the association of marital status and
sleep apnea. Whether the relationships that are
observed are due to the selection into marriage,
or due to the effect of marriage itself on sleep, is
worth identifying. Yet for the purpose of this
chapter, correlational evidence is sufficient to
support the notion that sleep patterns of unmar-
ried persons contribute to the pre-existing
health disadvantage that already exists.

Does the demography of sleep contribute to the
higher health risks among the elderly? Our data
and review of the literature do not show a clear
linear relationship between age and our three
major sleep problems (unfavorable sleep dura-
tion, sleep apnea, and insomnia). These results
are complicated due to variation in diagnosis,
treatment, and the increased prevalence of comor-
bidities as one ages. In particular, insomnia may
take different forms across the life course. While
we cannot say that these sleep disorders con-
tribute to higher health risks among the elderly,
We do see age-related patterns in sleep disorders.

CONCLUSIONS AND
RECOMMENDATIONS FOR
FUTURE RESEARCH

Health disparities are a matter of political
importance, social justice, and public health
policy. Although data are sparse, we have pre-
sented evidence that supports our hypothesis
that social and demographic differences in
sleep disorders and sleep behaviors often rein-
force pre-existing health disparities, especially
by gender and socioeconomic status (SES).
Here, we refer to this relationship as the ‘social
gradient in sleep-related disorders.’

Increasing awareness of sleep problems in pri-
mary care as well as diagnosis and treatment of
sleep disorders is potentially an effective strat-
egy to reduce health disparities. Ameliorating
sleep disorders through social, behavioral, or
policy changes may also have merit. A better
understanding of the unmet needs of people
with sleep disorders, especially among the
elderly, is critically needed.

Future research is needed to investigate
nearly all of the dimensions of the social gradi-
ent in sleep-related disorders described above,
especially with regard to differences by age,
race, and marital status. Aims for future
research on this topic include an assessment of
whether observed associations represent causal-
ity, and if so, causal direction, magnitude of the
effect, and underlying mechanisms.
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Careful attention must be paid to the causal
direction that relates sleep behaviors to social
and demographic characteristics, because the
causal direction has implications for public
health and social policy. For example, while
there is overwhelming evidence that those with
lower SES have greater insomnia, we do not
know whether insomnia causes the low SES or
if low SES causes the insomnia, or both. If low
SES has a causal role in creating insomnia, then
efforts aimed at increasing educational status
and employment may reduce insomnia. On the
other hand, if insomnia causes low SES, then
effective treatment of insomnia may improve
SES and health simultaneously.

If associations are causal, then illumination
of underlying mechanisms is important. What
is it about social and demographic characteris-
tics that might relate them to various sleep
problems? For example, Chen et al.113 sought to
determine whether social roles explain why
women in Taiwan have more insomnia than
men. Identifying the underlying mechanisms of
the social gradient in sleep disorders (whether
genetic, environmental, social, or some combi-
nation of these causes) is critical in devising a
strategy to reduce the prevalence of these disor-
ders and overall health disparities. 

Finally, we must identify to what extent sleep
patterns across the population contribute to
health inequalities, if at all. Ongoing longitudi-
nal studies that are providing information on
demographic characteristics, sleep conditions,
and health will enable us to better address these
questions in the near future. It is crucial that
well-formulated questions regarding sleep prob-
lems and health inequities stay in the forefront
to be addressed when these data become
available.

The aim of this chapter has been to provide
an important starting point for understanding
the linkage between health inequalities in the
population and the prevalence of sleep disor-
ders. With continued research and collabora-
tion between sleep researchers, epidemiologists,
population health scientists, policy makers,

and public health practitioners, we will have a
better understanding of how to reduce concur-
rently the burdens of both sleep disorders and
health inequalities.
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CHAPTER 2

Sleep in America: is race or culture
an important factor?

Girardin Jean-Louis, Ferdinand Zizi, Georges Casimir,
and Jean Claude Compas
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While the exact functions of sleep have yet to
be elucidated, its importance in our life is
'unquestionable. Phenomenologically, philoso-
phers and mythologists, artists and poets, and
scientists alike have all pondered the mystery
of sleep. Sleep is observed in myriad species
and across cultures, although appreciable dif-
ferences have been observed in its ontogeny
and phylogeny. Inadequate sleep endangers
personal distress and can have adverse effects
on society at large. This chapter presents results
of epidemiologic research on sleep duration
and complaints and focuses on racial dispari-
ties in the experience of sleep.

DECLINE IN SLEEP DURATION

Commensurate with the recognition of the
importance of sleep and sleep disorders is the
realization that the average American has been
sleeping less and less. The alarming decline in
sleep duration has been gradual, rather than
abrupt as might have been thought. Empirical
evidence indicates that the modal sleep dura-
tion was ≥ 8 hours about four decades ago.1,2

Hence, the proverbial requirement that we
should all sleep 8 hours at night to foster opti-
mal daytime alertness. The first indication of an

apparent reduction in sleep time was evident
in a 1974 landmark study using polysomno-
graphic recordings. That study showed that vol-
unteers were sleeping an average of 7 hours at
night.3 It is worth noting that sleep length
recorded in that study may have been affected
by restricted time in bed, as is typical in sched-
uled laboratory studies; individuals are not
always able to maintain their sleep habits. 

A decade later, the National Health Interview
Survey, which studied Alameda County resi-
dents (≥ 18 years old), suggested that Americans
were probably sleeping 7–8 hours at night.4

After another decade had elapsed, the 1995
Gallup Survey interviewing American adults
through random telephone dialing found that
the modal sleep duration may have in fact
decreased to 7 hours.5 Remarkably, three years
later the Sleep in America Poll, sponsored by
the National Sleep Foundation, found that the
estimated average sleep duration was report-
edly 6.57 hours.6

One would be right to point out that most of
the studies reviewed used subjective sleep esti-
mates, which are often discordant from objective
findings, even among healthy sleepers.7 This
point would raise some doubt as to the veracity
of the claim that Americans are sleeping less
if in fact one could not rely on subjective data.
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One could also reason that the landmark
polysomnographic study, mentioned earlier,
could have shown longer sleep times had the
volunteers been allowed to sleep ad lib.3

However, this argument is counterbalanced by
more recent evidence from a home-based acti-
graphic study finding a similar pattern of sleep
reduction.8 That study, which was conducted
contemporaneously with the 1998 Sleep in
America Poll, showed that adults (40–64 years
old) were sleeping only an average of 6.22 hours
at night. We should emphasize that volunteers
in that study were allowed to follow their indi-
vidual routines, including bedtime and daytime
behavior. 

It is worth noting that with each successive
poll sanctioned by the National Sleep
Foundation a downward trend is observed in
the amount of sleep reported by adult men and
women. In 2001, the proportion of Americans
sleeping 8 hours or more on week nights was
38%; in 2002, it was 30%, and in 2005, it is
26%.9 It is likely that we are sleeping 25% less
than our forefathers did 100 years ago, argues
an article in Sleep Medicine.10

The causes of sleep loss are an important
topic to discuss, but are not addressed in this
chapter. We simply remark that since sleep
plays a vital role in our lives its daily restriction
will inevitably bring about undesired conse-
quences. It is, therefore, explicable why sleep
investigators have undertaken so many labora-
tory and epidemiologic studies to understand
fully the impact of sleep loss on the individual
as well as on public health. 

CONSEQUENCES OF SLEEP LOSS

In light of the reductions in sleep time, be it
actual or perceived, it is not surprising that rates
of sleep complaints reported by Americans have
dramatically increased. According to the most
recent Sleep in America Poll surveying insom-
nia complaints, 21% of respondents reported
they had difficulty initiating sleep (DIS) a few

nights a week, 32% had difficulty maintaining
sleep (DMS), and 21% reported experiencing
early morning awakening (EMA).9 These rates
are considerably greater than those noted in a
pioneering epidemiologic study conducted in
Los Angeles in 1972.11 In that study, the pro-
portion of residents (≥ 18 years old) reporting
DIS was 14.4%; for DMS, the proportion was
22.9%, and for EMA, 13.8%. 

Sleep researchers are particularly concerned
with increases in the rate of residual daytime
sleepiness, which is estimated to be 37%
according to the National Sleep Foundation.12

A Sleep in America Poll found that 50% of
individuals surveyed reported feeling tired or
fatigued at least one day a week.13 Fifty-seven
per cent of Americans reported that sleepiness
interfered with their ability to drive; of those,
23% admitted falling asleep at the wheel.5 This
trend in fatigue level is consistent with a report
comparing questionnaire responses from the
Minnesota Multiphasic Personality Inventory
obtained in the 1930s and 1980, which found
increased fatigue among contemporary men.14

Estimates from the National Highway Traffic
Safety Administration indicate that drowsing
driving is probably responsible for 100 000
accidents, 71 000 injuries, 1550 fatalities, and
$12.5 billion in monetary losses yearly. Such
trends have led advocates concerned with the
impact of curtailed sleep durations on public
health to decry increased sleepiness as an
important public health risk.5,6,15–27

On balance, restricted sleep, which might
augur a medical/psychiatric problem or simply
a personal decision to pursue one’s aspirations,
does not necessarily connote a diminished
quality of life. A recent study conducted among
San Diego adults found that greater sleep qual-
ity, rather than longer sleep duration, measured
objectively or subjectively, is a predictor of a
more satisfying life.28 We should emphasize that
this observation does not discount the impor-
tance of habitual sleep duration itself. Sleep
duration is a key factor in the comprehensive
assessment of overall health and functioning.
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As discussed below, it is a strong correlate of
comorbidities and a predictor of mortality.

It is noteworthy that the amount of sleep
essential for optimal daytime functioning, the
most satisfying sense of well-being, or the
greatest longevity has not been established. We
do know, however, that sleeping too little or too
much is predictive of increased mortality
according to two sets of data from the American
Cancer Society Cancer Prevention Study.1,29–31

Based on the most recent report by investigators
at the University of California at San Diego,
which sampled over 1 million men and women
aged 30–102 years, the greatest longevity was
observed among individuals sleeping 7 hours
per night. Those who slept 8 hours or more
experienced significantly increased mortality
risks, as did participants who reported sleeping
6 hours or less. The increased risk of mortality
exceeded 15% for individuals who reportedly
slept more than 8.5 hours or less than 3.5 or
4.5 hours. This does not in any way imply that
increasing or decreasing one’s sleep time will
necessary change one’s mortality risks.
However, one might consider whether the
amount of time spent sleeping habitually is ade-
quate for one’s overall functioning or whether
one’s sleep duration is affected by a medical or
a psychiatric problem, in which case the cause,
rather than the symptom, should be addressed.

These results are in tandem with more recent
data collected among women who participated
in the Nurses Health Study, which showed that
sleeping less than 6 hours or more than 7 hours
was associated with an increased risk of death.
Specifically, the relative mortality risk for sleep-
ing ≤ 5 hours was 1.15; for 6 hours, it was 1.01, for
7 hours, 1.00; for 8 hours, 1.12; and for ≥ 9 hours
1.42.32 The Japan Collaborative Cohort Study on
Evaluation of Cancer Risk, which monitored a
sample of 104 010 men and women, found that
sleep duration of shorter or longer than 7 hours
was associated with a significantly elevated risk
of mortality from all causes. While results of
these studies might be slightly discrepant, which
in some respect reflects differences in statistical

analysis, they nevertheless yield similar trends.
These findings support the suggestion that sleep
duration should be considered as one of the
indices of mortality in vital statistics. This line of
research also underlines that sleep duration
above the population mode33 correlates with poor
health and morbidity,29,34–36 and that sleep com-
plaints may not always relate to sleeping less
than the mode.1,37–40

FACTORS AFFECTING SLEEP

A literature review following the model of
Zepelin’s work on sleep across species lists
several factors that affect sleep duration. Ranked
in order of importance, they include: body
weight, metabolic rate, brain weight, encephal-
ization, and body temperature.41,42 In humans,
physical health, anxiety, and depression are
all significant correlates of sleep.34–36,40,43,44

Individuals experiencing sleep problems are
often characterized by worse functioning and
well-being, more work-related problems, and
a greater likelihood of comorbid physical
and mental health conditions than those with-
out sleep disorders.34 Both anxiety and depres-
sion correlate positively with insomnia and
negatively with sleep duration.44

Age effects on sleep duration are not
unequivocal and must be interpreted within the
context of disparate study designs.45,46 Whereas
polysomnographic data showed that adults
25 years old sleep 7.17 hours and those aged
75 years old 6.90 hours,3 the National Health
Interview Survey and the American Cancer
Society data showed increased sleep durations
among older adults (> 74 years old).1,4 It may be
that sleep duration decreases between the ages
of 20 and 50 years and increases after reaching
the age of 60.47 Combining results of the Sleep
in America polls conducted in 2002 and in
2003, it is noted that the average American aged
18–54 years reported sleeping 6.7 hours on
weeknights.12 For those aged 55–64 years, the
average sleep duration was 6.9 hours, and those
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between 65 and 84 years old averaged 7.1 hours.
These results by no means offer definitive
evidence that older adults sleep longer than do
younger individuals, but they argue against the
notion that sleep duration naturally decreases
as we get older. The observation that most
polysomnographic studies show an age-related
decline in sleep duration48 might be explained
in part by the fact that sleep in the laboratory is
often restricted by imposed scheduling.

With regard to sex differences in sleep,
research has shown that women generally
sleep longer than do men, although the former
disproportionately report more sleep com-
plaints.8,43,45,49 A population-based actigraphic
study found that the average man and woman
(age range 40–64 years) living in San Diego
sleep 5.96 hours and 6.43 hours, respectively.8

The sex disparity is much less evident when
comparing older men and older women. In
effect, in the 2003 Sleep in America Poll men
and women (55–84 years old) reported sleeping
7 hours on week nights. Other factors that might
affect sleep include ambient temperature, body
heating, carbohydrate consumption, exercise,
noise, and the phase of the endogenous pace-
maker.50–56 Effects of race on sleep are not as
clearly delineated and, in some respects, have
received much less attention. In fact, none of
the reports from the National Sleep Foundation
considers race as a factor that might influence
response rates. Based on the available evidence,
race effects on sleep have been mixed, thus war-
ranting further investigations. 

Race/culture and sleep

In the social science literature, race is often con-
sidered a proxy for socioeconomic constructs.
In the context of sleep medicine, it remains
unclear whether race has unique influences on
sleep patterns. At least within the purview of
culture, which is often inextricably linked to
one’s race, accumulating evidence suggests that
sleep profiles might differ among individuals
from different countries. Focusing on the two

most commonly reported sleep complaints for
instance, epidemiologic evidence shows that
32.2% of Americans ≥ 18 years old reported
either difficulty initiating sleep or difficulty
maintaining sleep.11 These rates are much lower
in Canada and Mexico: among Canadians of
comparable ages, 10.95% reported these com-
plaints;57 in Mexico, 16.4% reported being
bothered by either DIS or DMS.58 In France,
20% reported DIS or DMS,59 and in the United
Kingdom, only 8.7% reported experiencing DIS
or DMS.60

The possibility that the sleep experience
might differ as a function of one’s country of
origin was further explored in a study investi-
gating the concept of nonrestorative sleep.61

Aside from the obvious fact that the variable of
interest in that study was different from the
aforementioned studies, it sampled individuals
from the general population representative of
seven European countries: France, the United
Kingdom, Germany, Italy, Portugal, Spain, and
Finland. Using the Sleep-EVAL system, which
allowed telephone interviews, it was found that
nonrestorative sleep is a frequent symptom
among European men and women (10.8%), but
prevalence rates differed among countries. The
United Kingdom, for instance, had the highest
prevalence rate of nonrestorative sleep (16.1%),
whereas Spain had the lowest rate (2.4%).
These divergences in national incidence rates
suggest that sleep experience may be a response
to various environmental factors. 

Despite the inherent methodological differ-
ences in the aforementioned studies, which pre-
clude a direct comparison between them, the
substantial discrepancies in the reported inci-
dence of nonrestorative sleep might reflect
unique sociocultural influences on sleep experi-
ence. It is of interest to determine whether trends
in sleep profiles observed among American
adults are observable among individuals from
other countries. We are not aware of any data
that permit a valid assessment of a decline in
sleep durations among Europeans, but data
obtained from a study involving seven European
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countries suggest few differences in sleep
duration exist between European and American
men and women.62 Specifically, using the Sleep-
EVAL system to interview a total of 8091 volun-
teers (55–101 years old) regarding sleep habits
and sleep disorders, it was observed that the
older European adult slept an average of
6.57 hours; British citizens showed the shortest
sleep durations (~6.58 hours), and Spanish
citizens, the longest (~7.65 hours). While a
cogent argument cannot be offered to suggest a
comparable decline in sleep duration among
Europeans, their sleep durations are more or less
equivalent to those reported by Americans.

Equally interesting is the idea that downward
trends in sleep duration or increases in sleep
complaints may not have affected each ethnic
group in America proportionately. Unfortunately,
this could not be assessed, as we aren’t aware of
any published data permitting such analyses.
Whether sociocultural differences, in their own
right, might explain differences observed
between individuals of European descent and
those of African descent remains an important
question. The idea that sociocultural differences
can influence sleep patterns is supported by
a prevalence study conducted among New
Zealanders. According to that study, surveying
4000 New Zealand adults (20–59 years old),
greater rates of insomnia symptoms were found
among Maori respondents relative to non-
Maoris,63 who don’t share similar cultural atti-
tudes and spiritual beliefs.

INSOMNIA COMPLAINTS: BLACKS
VERSUS WHITES

Conflicting observations have been made
regarding racial differences in sleep complaints.
About four decades ago, prevalence data from
residents (≥ 18 years old) of Alachua, an urban

county in Florida, indicated that 40% of Blacka

respondents experienced difficulty sleeping
compared to 33% of their White counterparts.64

However, according to the Cardiovascular
Health Study, a more recent study of non-
institutionalized Medicare enrollees (≥ 65 years
old) in four American counties (Forsyth,
Sacramento, Washington, and Pittsburgh), noc-
turnal awakenings were reported by 68% of
Whites and by 62% of Blacks.65

Evidently, the age disparity in these two sam-
ples precludes a direct comparison of the two
studies, and in effect it might explain differ-
ences in the overall frequency of reported sleep-
ing difficulty in the two studies. Nonetheless, it
is important to note that Blacks in the latter
sample reported less sleeping difficulty than
did Whites, suggesting that the frequency of
sleeping difficulty reported by Blacks in Florida
might be influenced by greater incidence of
sleep problems among younger Blacks relative
to younger Whites. Unfortunately, this could
not be verified in the Florida report because no
age-by-race contrasts were available, but the
suggestion is supported by survey data obtained
from college students, showing better sleep for
White students.66–68

The finding of fewer sleep complaints among
Blacks relative to Whites is supported by data
from the Duke Established Populations for
Epidemiologic Studies of the Elderly, a longitu-
dinal study of adults ≥ 65 years old selected
from urban and rural counties of North
Carolina.69 In the initial report of Duke’s data,
24% of the respondents complaining of wakeful
sleep were Blacks and 76% were Whites.
However, when Duke’s data on incidence rates
for insomnia were compiled, Blacks showed an
incidence rate of 16%, and Whites 14%.70

These results would seem contradictory if we
did not consider that the criteria used for inci-
dent insomnia included only trouble falling
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asleep and early morning awakening, but not
difficulty maintaining sleep. Furthermore, the
overall incidence rates noted for Blacks were
influenced by the greater frequency of com-
plaints of incident insomnia among Black
women (19%) compared to Black men (12%).
The investigators reasoned that higher rates of
insomnia among Blacks might be due to higher
incidence of morbidity, but cohort differences
are also suspected.71 Indeed, according to one
report the percentages of Blacks and Whites
reporting physical disability and poor health
were 19% vs. 14% and 31% vs. 22%, respec-
tively.70 One might expect that higher rates of
incident insomnia among Blacks would be
attributable to greater depressive symptomatol-
ogy, but interpretations of such findings are
complicated by the fact that depressed mood
is also predictive of incident insomnia.70,71

Although the absence of depression is sugges-
tive of remission,70 the Duke study found virtu-
ally no racial differences in the frequency of
depressive symptoms when controlling for edu-
cation, income, cognitive impairment, chronic
health problems, and disability.72 These find-
ings thus point to the possibility that factors
other than mood were responsible for the inci-
dence of insomnia among Blacks.

The hypothesis that the high frequency of
reported insomnia among Blacks may have
been due to a co-occurring medical condition
was considered. The findings of the Duke study
for instance showed that among Blacks the
relative risk for sleep-disordered breathing, a
condition characterized by respiratory arrests
disrupting sleep, was twice that of age-matched
Whites.73 One population-based study of
American adults (40–60 years old), found that
rates of sleep-disordered breathing were much
higher among members of minority groups,
with estimates indicating that 16.3% of ethnic
minorities have ≥ 20 respiratory events per hour
as compared to 4.9% of non-Hispanic Whites.74

This finding is very important and has been
supported by other prevalence studies. One
such study compared community-dwelling
older Blacks and Whites, finding that Blacks
were experiencing severe sleep-disordered
breathing with a relative risk twofold as great
(relative risk = 2.13) as that of their counter-
parts.73 The mean respiratory disturbance index
(RDI)b for Blacks with severe sleep-disordered
breathing was significantly higher than that for
Whites (72.1 vs. 43.3). 

It is noteworthy that race is associated with
the presence of sleep-disordered breathing (RDI
≥ 30) independently of age, sex, and body mass
index, three of the main risk factors for sleep-
disordered breathing.75,76 This race disparity is
not solely observable among adults who are 40
years old or older. In a case–control family
study of sleep-disordered breathing comparing
225 Blacks and 622 Whites (2–86 years old),
31% of Blacks vs. 10% of Whites had RDI > 10.77

Also important in that study was the observa-
tion that young Blacks may be at increased risk
for sleep-disordered breathing than age-
matched Whites. This age difference in the
occurrence of sleep-disordered breathing along
with notable anatomic risk factors has sug-
gested possible racial differences in the genetic
underpinnings of this condition. Emerging
evidence based on studies using whole genome
scans and segregation analysis has strengthened
the hypothesis that sleep-disordered breathing
may be the result of genetic influences.78–81

Evidence of the existence of a codominant gene
among Blacks with an allele frequency of 0.14,78

which is possibly linked to breathing disorders,
has tended to support this inference. 

Available data suggest that findings of greater
sleep complaints among young Blacks might
be indicative of the presence of undiagnosed
sleep disorders, causing unnecessary distress.
The National Commission on Sleep Disorders
Research estimates that sleep-disordered
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breathing is probably responsible for 38 000
cardiovascular deaths yearly, with an associated
42 million dollars spent on related hospitali-
zations.82 Available data suggest that Blacks are at
higher risk for sleep-disordered breathing than
Whites and suffer from associated medical and
psychosocial complications, in part because of
delayed diagnosis83 and limited access to health
care, either because of economic barriers or cul-
tural barriers.84,85 Of note is the fact that, com-
pared to Whites, African Americans are not as
likely to receive screening or satisfactory care,
even when we consider those who are Medicare
beneficiaries and have access to health care.82,83

Thus, other factors influencing the likelihood of
seeking medical care should be considered in any
campaign geared towards reducing sleep prob-
lems among Blacks. 

Typically, the public health literature has
tended to list being male, overweight, and over
the age of 40 years as risk factors for sleep-
disordered breathing. However, recent data
strongly suggest that race should also be con-
sidered as an important risk factor. Indeed,
hypertension and cardiovascular diseases (e.g.,
myocardial infarction, angina, heart failure, and
stroke), which are two of the most important
comorbid conditions of sleep-disordered
breathing, are more prevalent among Blacks.86

Moreover, based on results of several multivari-
ate analytical models, sleep-disordered breath-
ing represents an independent risk factor for
hypertension,87–89 and hypertension constitutes
a significant predictor of cardiopulmonary
deaths among patients with sleep-disordered
breathing.87 More recently, we reported that
Black hypertensives with a positive family his-
tory exhibited a significantly greater number of
oxygen desaturations and apnea-hypopnea
indices than hypertensives without a positive
family history.90 Notwithstanding these alarm-
ing data, the vast majority of suspected cases
in minority communities remain undiagnosed
and therefore untreated because of the lack
of awareness by the public and health care
professionals.

These observations demonstrate that race/
ethnic factors affecting disease states91,92 or genetic
factors predisposing people to express different
diseases93 might differentially influence sleep reg-
ulatory processes. In addition to sleep-disordered
breathing, there are data showing race differences
in sleep regulation among patients with depres-
sion, who generally show characteristically
different sleep architecture than do healthy sleep-
ers.94–96 In one study, Black patients with depres-
sion had less total sleep time, less slow-wave
sleep, more stage 2 sleep, longer rapid eye move-
ment (REM) sleep latency, less REM sleep, and
lower REM density than their White counter-
parts.95 We note that these two groups did not
differ in symptom severity, age of onset, number
of episodes, socioeconomic status, or sex. We
are reminded that no such race differences have
been found among Black healthy sleepers.94,97

Important race differences are also observed
when studying the phenomenology of sleep
paralysis, which is believed to vary as a function
of the culture being investigated. A recent study
on recurrent sleep paralysis found that 59% of
Blacks with panic disorder experienced this con-
dition, compared to 7% among their White coun-
terparts.98 Among individuals in the community
at large reporting recurrent sleep paralysis, 23%
were Blacks and 6% were Whites.

SLEEP DURATION:
BLACKS VERSUS WHITES

Insomnia complaints among Blacks might not
result necessarily from reduced sleep length.
Data reported in 1997 from the National Health
and Nutrition Examination Survey, which used
a nationally representative probability sample
of noninstitutionalized adults, revealed that a
greater proportion of Blacks (11%) compared to
Whites (8%) slept more than 8 hours,29 the rec-
ommended sleep time according to reports from
the National Sleep Foundation.6,99 Interestingly,
although Blacks slept more than did Whites, the
survey showed that 19% of Blacks, compared to
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16% of Whites, complained of daytime somno-
lence. About a decade earlier, estimates of sleep
length greater than 8 hours were 11% for
Whites and 18% for Blacks, based on the
National Health Interview Survey of Alameda
County residents.4

These data are important, since sleeping greater
than 8 hours is a correlate of observed comor-
bidities35,36 and is predictive of mortality.1,29–31

Perhaps, the fact that a greater proportion of
Blacks slept longer than 8 hours should not be
viewed as conferring any adaptive advantage.
Rather, it may be suggestive of greater comorbidi-
ties,70,92 as has been documented in this racial
group. Determining the nature of the relation-
ships between sleep duration and mortality
specifically among Blacks would be enlightening.
It is not certain whether the general pattern
observed in the Cancer Prevention data – sleeping
longer than 8 hours is predictive of excess mortal-
ity – would prevail. It would also be important to
ascertain whether, based on the available epi-
demiologic data, Blacks were experiencing better
or worse sleep quality compared to Whites.
Ultimately, if one is primarily concerned with liv-
ing a satisfying life, one might be more concerned
with the quality of one’s sleep, rather than with
the amount of sleep one experiences habitually.

Considering the extant literature on self-
reported data, the finding of better sleep for
Blacks is by no means universal. Several factors
should be considered when interpreting avail-
able data. First, differing sampling strategies
and lack of parity in the cohorts investigated
might help explain discrepant findings.
Second, one might consider the nuances in the
outcome measures reported in those studies.
Questions about sleep problems are not always
formulated and coded the same way. Third, at
the time those epidemiologic studies were
being conducted, differing definitions for
insomnia were used, which no doubt influ-
enced the selection of outcome measures from
one study to the next. Considering further the
issue of the influence of race or culture on
sleep, we analyzed two sets of data recently

obtained from older adults living in Brooklyn,
New York. These individuals participated in
two multifactorial population-based studies
conducted between 1999 and 2004.100,101

Sleep among older adults living
in Brooklyn, New York

In our population-based study of older adults
living in Brooklyn, New York, we re-examined
race differences in sleep complaints. We also
investigated whether within a specific racial
group sleep complaints might differ as a function
of ethnic grouping. Specifically, we contrasted
Blacks with Whites broadly defined (see
Table 2.1). Furthermore, since the Black stra-
tum included both US-born and immigrant
(Caribbean) Blacks and the White stratum
included both US-born and immigrant Whites,
we also explored whether differences in sleep
complaints existed within ethnic subgroups. 

Based on data obtained from 1118 respon-
dents who participated in face-to-face inter-
views, we used regression modeling to assess
which factor from the available set (i.e., age, sex,
race, education, income, marital status, physical
health, depression, stress, body mass index,
smoking status, drinking status, social support,
emotion, and religion) was the best predictor of
sleep disturbances. Our analysis showed that of
the factors considered, race was the most signifi-
cant predictor of sleep problems, accounting for
20% of the variance in sleep disturbance. 

Although the cohort we examined differed in
many respects from those reported previously,
sleep complaints of older Blacks in our sample
showed some similarities to previous studies
regarding the three main indices of insomnia:
difficulty initiating sleep, difficulty maintaining
sleep, and early morning awakenings (see Table
2.2). By contrast, a greater number of Whites
reported these complaints, relative to Blacks in
the same sample or both Whites and Blacks in
previous samples. Except for the Florida sample,
which does not permit direct examination of
race differences in sleep complaints of older
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adults, the finding of fewer sleep complaints
among Blacks was constant across studies, hav-
ing been observed in different geographic loca-
tions and with differing cohorts. It is important
to note, however, that compared to previous
data, complaints of daytime sleep did not differ
between Black and White respondents. Indeed,
race was not the most likely predictor of daytime
sleep.

In the first study, we could only compare
sleep complaints between races, as the number
of sleep measures was limited. Although the
second study sampled only women partici-
pants, it expanded on the first study design in
several ways, one of which was the addition of
global sleep measures. As predicted by the first
study, analysis of those data showed that, com-
pared to White women, Black women reported
greater sleep satisfaction (rs= 0.20, p < 0.001).
They also experienced earlier rise times
(rs = 0.18, p < 0.001) and bedtime (rs = 0.17,

p < 0.001), relative to their White counterparts.
Trends suggested longer sleep duration and
better sleep quality for Blacks as well (rs= −0.10,
p = 0.04; rs= −0.11, p = 0.02, respectively). Thus,
Blacks living in Brooklyn, NY, tended to report
fewer sleep complaints, and therefore seem to
be more satisfied with their sleep.

RESPONSE BIAS AND INSOMNIA
COMPLAINTS

The finding of similar proportions of sleep com-
plaints among Blacks, as found in mixed sam-
ples, is important and suggests in some respect
that Whites in our sample were probably report-
ing substantially greater complaints overall (see
Table 2.1). It is also possible, however, that Blacks
may be underreporting sleep complaints to some
degree, although we could not assume that Blacks
in our sample might have experienced greater
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Table 2.1 Characteristics of participating older adults in the Brooklyn study

Black (60%) White (40%)

US-born Caribbean Immigrant US-born
Variable (n = 236) (n = 435) (n = 173) (n = 274)

Mean age (SD) 74 (6) 73 (6) 73 (6) 76 (6)
Mean household income, K (SD) 16 (14) 19 (18) 16 (17) 23 (24)
Mean body mass index (SD) 30 (12) 28 (5) 27 (5) 27 (4)
% Female 64 60 65 60
% Married 23 37 57 31
% No high school degree 59 68 38 31

Table 2.2 Rate of sleep-related complaints by race

Variable Black White χ2

Difficulty initiating sleep (%) 14 41 98**
Difficulty maintaining sleep (%) 37 75 162**
Early morning awakening (%) 17 46 116**
Daytime sleep (%) 12 12 0.07
Sleep medicine (%) 3 17 72**

**indicates significant differences using chi square test at alpha = 0.01.
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sleeping difficulty without objective sleep
recordings. Objective studies have tended to
show that Blacks are likely to have sleep patterns
that are more disturbed than those of Whites.73 In
the population-based actigraphic study of San
Diegans, we found that White men and women
slept an average of 6.32 hours, whereas Blacks
averaged 5.9 hours a night.8

The possibility of a bias in reporting among
Blacks is consistent with the finding that they also
reported significantly fewer self-perceived health
problems than did Whites, whereas converging
epidemiologic and vital statistics data demon-
strate quite the contrary.85,92 Indeed, according to
the National Center for Health Statistics, the age-
adjusted proportion of Blacks with fair or poor
health status was 76% greater than for Whites,
and prevalence rates for the leading causes of
death (e.g., heart disease and cancer) were much
higher among Blacks than among Whites.92

The notion of a reporting bias among older
Blacks is also supported by studies comparing
Black and White caregivers, finding that Blacks
used more positive reappraisal than did
Whites.102 Relative to Whites, Black caregivers
often appraised patients’ problems as being less
stressful and reported fewer depressed moods
and higher self-efficacy in managing caregiv-
ing problems.103 Based on appraisal and cop-
ing research, several hypotheses have been
advanced suggesting that older Blacks might
have developed effective strategies to deal with
hardships due to poverty, racism, segregation,
and other life stresses. These strategies over
time would have fostered effective reframing
of difficult life experiences that could not be
easily changed.103 While this may be true for
Blacks, positive reframing among Whites is not
believed to be protective; rather, it may lead to
increased psychophysiological distress.102

REPRESSIVE COPING AND INSOMNIA

Using the second data set on sleep and psychoso-
cial factors, we specifically explored whether

coping strategy mediated the likelihood of report-
ing sleep complaints. As in the previous study,
we obtained physical health characteristics and
sociodemographic data. In addition, we acquired
data on repressive coping assessed with the index
of self-regulation of emotion (ISE), which consti-
tutes a modified version of Weinberger’s concep-
tual model of repression.104 The model purports to
explain how dispositional repressors distance
themselves from emotional experiences that
threaten their self-concept.105–107 ISE scores were
derived following Mendolia’s conceptualization,
which amalgamates the defensive scale from
the Social Desirability Scale and the anxiety
subscale from the State-Trait Anxiety Inventory;
high scores represented greater defensiveness/
repressive coping.

Preliminary analysis of those data showed
that women with high self-regulation scores
reported fewer insomnia complaints and greater
sleep satisfaction than those categorized as
low regulators.101 Those women tended to sleep
longer and had better sleep quality as well.
Within-group analysis indicated that Black
women classified as high regulators reported
significantly lower rates of insomnia compared
to low regulators (28% vs. 70%; χ2 = 163.71,
p < 0.0001). Within the White race, high regula-
tors also reported significantly lower rates of
insomnia (54% vs. 77%; χ2 = 10.64, p < 0.001);
thus, race differences in insomnia rates are more
striking among high regulators. 

In a separate analysis, we used partial corre-
lations to examine whether repressive coping
represented a mediating factor relative to racial
differences in insomnia complaints. These
analyses showed that the magnitude of the rela-
tionship of race to insomnia and sleep satisfac-
tion was significantly reduced. Controlling for
effects of age, income, education, marital status,
and body mass index did not result in signifi-
cantly lower correlations of race to insomnia or
sleep satisfaction. We surmise that the relation-
ships of race to insomnia complaints and to
sleep satisfaction are jointly dependent on the
degree of repressive coping. This implies that
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Blacks report fewer insomnia complaints
because they seem to have a greater ability to
regulate their emotions. It may be that Blacks
cope with sleep problems within a positive self-
regulatory framework, which allows them to
deal more effectively with sleep-interfering
psychological processes to stressful life events
and to curtail dysfunctional sleep-interpreting
processes. Whether self-reported and physio-
logically monitored sleep patterns differ greatly
among individuals showing divergent repres-
sive coping styles remains to be determined.

Conceivably, lower rates of sleep complaints
among Black elders may be explained by an
acceptance of sleep disturbance as part of the
aging process, as they might for health problems
as well. Except for hypertension, rates for other
medical illnesses were lower for Black respon-
dents. Accepting sleep disturbances in old age
constitutes one of the cornerstones of cognitive
behavior therapy, at least in its adaptation by
sleep clinicians. Cognitive behavior therapy has
been successfully employed to treat late-life
insomnia.108 In essence, this therapeutic tech-
nique attempts to promote acceptance of sleep,
when deemed in the normal range, by specifi-
cally targeting dysfunctional sleep-related
beliefs or negative cognitions about sleep.

It is believed that a reduction in dysfunc-
tional beliefs (or self-perceived stress) obviates
sleep complaints, even among those with severe
sleeping difficulty.108,109 This belief is based on
the finding that highly stressed older adults
with insomnia symptoms exhibit anxious,
depressed, negative cognitive-affective disposi-
tions, whereas older poor sleepers with less self-
perceived stress cope well with age-related
sleep changes and display similar psychological
adjustment as do good sleepers.40 It would be
enlightening to ascertain whether Blacks report-
ing fewer sleep complaints are in fact character-
ized by relatively greater positive reappraisal
than their counterparts or whether they experi-
ence verifiably fewer sleep problems. There is a
body of research showing that some self-
described normal sleepers may endure signifi-

cant sleeping difficulty with no corresponding
reports of sleep complaints, and others, even
when admitting sleeping difficulty, may yet fail
to report sleep-related dissatisfaction.40,57

Whereas Blacks with insomnia may benefit
from this unique ability to cope with challenges
posed by sleep disturbances, this may be mal-
adaptive among those suffering from sleep
apnea or other medical conditions causing
insomnia. This might explain in part why
sleep-disordered breathing, for instance, is
regarded as a major public health problem in
the Black population.77 In fact, our own data
collected at a sleep clinic in Brooklyn, NY, sug-
gest that only 35% of Blacks are likely to com-
ply with a doctor’s recommendation to undergo
a polysomnographic evaluation. This is quite
alarming since 61% of Black patients in our
clinic who consented to be evaluated received
a diagnosis of sleep-disordered breathing.110

It is estimated that more than half of Blacks
with sleep-disordered breathing may be unaware
of it. This is compounded by the fact that timely
assessment and treatment are often hampered by
a lack of recognition of sleep-disordered breath-
ing in primary care.83 Results of the Sleep in
America Poll reveal that while most respondents
(89%) agree that doctors should discuss sleep
issues with their patients, only 29% of doctors
actually inquired about sleep problems.9 This
might explain why a review of approximately
a million patient records by the National
Commission on Sleep Disorders Research found
only 17 positive diagnoses for sleep disorders.111

Yet, most of the risk factors (e.g., age, sex, race/
ethnicity, body habitus, familial predisposition,
alcohol consumption, and chronic rhinitis) for
sleep-disordered breathing can be recognized
with appropriate training and education. 

Another important observation from the study
we conducted in Brooklyn relates to the rela-
tively low proportion of Blacks (3%) reporting
reliance on sleep medicine. It is not clear
whether this finding could be due to lower sleep
complaints per se in that stratum. It might have
been assumed that differences in socioeconomic
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status, as found in the Brooklyn study (see Table
2.1), could predict the likelihood of sleep medi-
cine consumption, but income or education were
not independent predictors of sleep disturbance.
Blacks in general are less inclined to use pre-
scription or over-the-counter medications than
are Whites,112–114 although consumption of cer-
tain medications tends to be more prevalent in
one stratum than in the other, as disease expres-
sions vary.91–93 Restricted access to health care,
because of either economic barriers or cultural
barriers, has also been hypothesized to be a
likely cause for lower medication use.84 One
might surmise, therefore, that such restrictions
could have influenced the Brooklyn data as well.
Unfortunately, this view remains speculative, as
issues involving access to health were beyond
the scope of that study.

Sleep complaints: within-group
differences

Besides the confirmation of existing data show-
ing that Blacks reported fewer sleep com-
plaints, analysis of the Brooklyn data has
allowed the recognition of within-group hetero-
geneity in sleep complaints. Population-based
sleep studies reported up till now in the litera-
ture have not addressed this possibility,
although it might have been suggested by the
multitude of studies showing ethnic disparities
in physical health.84,85,92 Indeed, even within a
specific ethnic group homogeneity of disease
expressions cannot be assumed as lifestyle, cul-
tural, economic, and environmental factors

enhancing or attenuating the incidence or the
prevalence of diseases may vary. 

Similarly, analysis of the Brooklyn data
showed no within-group homogeneity in sleep
complaints; 49.2% of US-born Blacks reported
either difficulty initiating sleep, difficulty main-
taining sleep, or early morning awakenings
compared to 41.8% of Caribbean Americans.
Eighty-seven per cent of immigrant Whites
indicated at least one of those sleep complaints
compared to 82.1% of US-born Whites. We also
found that compared with Caribbean Americans
(8%), a greater proportion of US-born Blacks
(19%) experienced daytime sleep, suggesting
further ethnocultural heterogeneity. Of note,
although within-group disparities were found,
seemingly they did not disproportionately influ-
ence (negatively or positively) the rate of sleep
complaints of each ethnic group overall.

It is noteworthy that a larger percentage of
Caribbean Americans in the Brooklyn study did
not obtain a high school degree, but they
reported higher income and were more likely to
be married compared to US-born Blacks (see
Table 2.1). However, these subgroups did not
differ substantially in terms of reliance on sleep
medicine nor in difficulty initiating or main-
taining sleep, but twice as many Caribbean
Americans were dependent on sleep medicine
to prevent early morning awakenings (see Table
2.3). There was a greater likelihood for immi-
grant Whites to be married compared with US-
born Whites, but the latter reported higher
educational attainment and greater household
income. The higher economic status of US-born
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Black White

Variable US-born Caribbean US-born Immigrant

Difficulty initiating sleep (%) 21 16 48 28
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Whites might explain why they were more
likely to rely on sleep medicine than their Black
counterparts, despite the fact that immigrant
Whites expressed more sleep complaints. The
average household income for immigrant Whites
was comparable to that of US-born Blacks;
indeed, it was lower than that of Caribbean
Americans. Nonetheless, a greater proportion of
immigrant Whites depended on sleep medicine
relative to US-born Blacks and Whites or
Caribbean Blacks. Thus, income by itself may
not account for the differences in the likelihood
of sleep medicine consumption by elders in
these ethnic groups.

Analysis of the socioeconomic variables
within race/ethnic group led to an important
observation, which to some degree might consti-
tute the basis for another plausible explanation
of the lower rates of insomnia complaints among
Blacks. The finding that Caribbean Americans
had greater household incomes was surprising at
first. We would have assumed the opposite to
be true, since older Caribbean Americans gener-
ally report much less education. In our experi-
ence, many Caribbean American men and
women often have financial obligations that
require holding a job even in old age; moreover,
some have to hold more than one job. One such
obligation relates directly to the desire to own a
home, as a sign of having realized the ‘American
dream,’ which at times may stretch their finan-
cial resources. 

One wonders, therefore, whether this might
have an influence on their perception of sleep
or their own sleep need. It is possible that their
sense of obligation to their families prevails
over their own personal interests or desires.
The need to sleep, although vital, too often
takes a back seat by comparison to what they
regard as their ultimate purpose: to provide for
their family. It is plausible that by restricting
their sleep time in the pursuit of their familial
and financial obligations these individuals
might forego their ‘optional sleep.’115 If it is the
case that their perceived ‘core sleep’ needs are
met, it might explain their reticence to express

dissatisfaction with sleep. An experimental
study would have to bear this out before any
solid claim could be made. At this juncture, we
simply remark that these individuals may be
practicing sleep restriction, a proven therapeu-
tic modality for insomnia, without prescrip-
tion. When older adults spend too much time
in bed, they often experience daytime lethargy,
which may lead to sleep fragmentation, thus
culminating in a vicious cycle of more time
spent in bed and greater sleep fragmentation.
If one also assumes that shorter sleep prolongs
survival, Caribbean Americans and, perhaps,
Blacks in general should be living longer lives,
especially if no significant morbidities are
expressed. 

CONCLUDING REMARKS

Some investigators have questioned whether
Americans are sleeping less than observed four
decades ago.116 This stems from a single finding
of no statistical difference between sleep dura-
tions reported then and current estimates. As
presented in this chapter, the preponderance of
evidence suggests that total sleep time has been
declining gradually, at least in the USA. Be that
as it may, care must be exercised before recom-
mending that the population as a whole sleep
more, as no convincing evidence has been
brought forth to support such a recommendation.
Targeting individuals at risk for adverse effects of
sleep loss seems a prudent practice. There is
much less debate regarding staggering increases
in daytime sleepiness, which as discussed before
constitutes a major public health risk.

Public health advocates are concerned about
the likelihood that different segments of the US
population may be at greater risk of succumbing
to the adverse impact of sleep loss. A cursory
view of the available evidence within the con-
text of race would have suggested that Blacks
might be at a lower risk than Whites. Most of the
epidemiologic studies reviewed in this chapter
offer data suggesting that Whites have a greater
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frequency of sleep complaints, although based
on objective evidence they often sleep longer
than Blacks. With regard to subjective data, how-
ever, trends favor longer sleep times for Blacks.
We note that no objective population-based
sleep recordings have been reported to support
such differences. Clearly, when studying indi-
viduals with a diagnosis of sleep-disordered
breathing, Blacks often experience less sleep
than their White counterparts. 

We cannot affirm with certainty why Blacks
tend to report fewer sleep complaints overall. It
does not appear that differences in reported sleep
or health complaints are explainable solely on the
basis of socioeconomic factors or immigration
status. Across age groups, socioeconomic factors
have played an important role in influencing
sleep patterns of Blacks. In the analysis of the
Brooklyn data, such factors did not prove to be
significant independent predictors of sleep dis-
turbance. Arguably, racial disparities in the uti-
lization of health services are an important
explanatory factor when examining health-related
data,84,92,117 but we could not ascertain their influ-
ence on the present data since it was not included
in the initial interview. One might also consider
differences in religious or cultural beliefs, which
might hinder participation in recommended
health care practices.117 In the Brooklyn data, we
observed significant within-group heterogeneity
in the religious identifications of the respondents,
but religion itself was not a significant indepen-
dent predictor of sleep disturbance.

One cannot discount, however, the possibility
that specific ethnocultural factors may have dif-
ferentially influenced the response styles of Black
and White respondents. Similarly, one would not
be surprised if it were shown that Caribbean
respondents differed from US-born Blacks in their
response styles, considering their divergent eth-
nocultural origin. Unfortunately, these important
hypotheses could not be tested with the Brooklyn
data. Such hypotheses should be explored in
future investigations, as analyses of those data
showed both between-group and within-group
ethnic differences in sleep complaints.

Conceivably, Blacks (US-born or Caribbean)
may benefit from a unique cultural background,
which provides a positive context for reframing
the perceived need for sleep, as they would for
other life challenges that are not easily resolv-
able. Likewise, a predilection for traditional
medicine might account for so little reliance on
sleep medicine in that racial group. Evidence
suggests that some Caribbean Americans might
resort to an elder family member, to a pastor, or
to a folk practitioner to deal with health-related
issues.118 In sum, while economic and cultural
barriers limiting access to health care might
prevent adequate medical care where morbidi-
ties are expressed, paradoxically these may set
in motion the processes leading to decreased
somatic and sleep complaints among Blacks.

There are virtually no population-based data
suggesting greater reductions in sleep duration
or increased sleepiness among Blacks in con-
tradistinction to Whites. Perhaps, the decline
in sleep duration observed among Americans
affects each racial grouping to the same degree.
It seems clear, on the one hand, that the ability
of older Blacks to cope more effectively with
insomnia challenges, if proven, would consti-
tute an important asset. On the other hand, min-
imizing the effects of sleep disturbances when
accompanied by evidence of comorbidity repre-
sents a liability for Blacks. 

This liability is most notable when we con-
sider the consequences of untreated sleep-
disordered breathing, which might include
increased odds of involvement in a motor vehi-
cle accident and vulnerability to hypertension
or cardiovascular diseases.75,88,89,119–121 Since
individuals belonging to the Black race are at
greater risk, they would benefit from increased
efforts to improve awareness of the importance
of early detection of sleep-disordered breathing
and the necessity to comply with treatment rec-
ommendations. Whereas there is no direct evi-
dence to encourage Blacks to sleep more than
the current population mode, it seems a pru-
dent practice that they avoid acute sleep loss as
they are at greater risk for adverse events.
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CHAPTER 3

Sleep-related problems in childhood

Stephen H Sheldon

39

Sleep is not a unitary event. Identification of
specific transition into sleep is often problem-
atic. Sleep onset can be correlated with behav-
ioral and biological changes that occur over a
short period of time. However, behaviors typi-
cally associated with transitional sleep seen in
adults (e.g., eye lids closed, recumbence, quies-
cence) are often paradoxical during childhood.
Behavioral changes also consist of modulation
in responsiveness to auditory and visual stim-
uli, decrease in the ability to perform and com-
plete simple tasks, motor restlessness, mood
changes, impulsivity, and varying degrees
of attention problems. Although biological
changes in electrocardiography (EEG) activity
commonly associated with transitional sleep
may be recorded, they are typically perceived
by the child as sleepiness.1

Sleep is heralded by two major electrophysi-
ological events: normal alpha activity on EEG is
replaced by a relatively low voltage, mixed fre-
quency (RLVMF) pattern; and the appearance of
slow, rolling eye movements. There is typically
a gradual fall in skeletal muscle tone below that
of waking. Engagement with the environment
often continues, automatic behaviors can occur,
and many children do not perceive stage 1 sleep
and will report that they are not sleeping during
this period of transition.2

A number of groups have examined sleep
during adolescence in laboratory studies.3–7

When such studies are performed, laboratory
constraints may affect outcomes and certainly
need to be accounted for when interpreting
findings. Early studies used participants’ habit-
ual schedules to set bedtimes and rise times,
whereas others included a scheduled time in
bed (10 p.m. to 8 a.m.) for laboratory sleep. Some
studies use a longitudinal approach whereas
others use a cross-sectional design. In laboratory
studies where sleep schedule varied, total sleep
time decreased as puberty advanced. This may
be expected due to sleep habits on school nights
combined with additional social requirements
and responsibilities. Despite differences in
methodology, consistent changes in sleep/wake
architecture have been reported, including a
decrease in slow-wave sleep by nearly 40%
from prepubertal to late pubertal adolescents, an
increase in the amount of stage 2 sleep and a
reduction in the latency to the first episode of
rapid eye movement (REM) sleep.8

In these studies REM sleep time typically
changes according to total sleep time. When
total sleep time is reduced, REM sleep as a
percentage of the total sleep time is also
reduced. On the other hand, REM sleep time
was maintained across adolescence when time
in bed was held constant.8 Although total sleep
time in the laboratory across ages in this study
of ‘fixed time in bed’ was approximately 9.2
to 9.4 hours, the less mature children (Tanner
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stages 1 or 2) were more likely to wake sponta-
neously before 0800, whereas the more mature
adolescents (Tanner stages 3–5) were never
spontaneously awake at 0800.9

DAYTIME SLEEPINESS

The multiple sleep latency test (MSLT) has
become the ‘gold standard’ of assessment of
daytime sleepiness. Rapid sleep onset indicates
a greater sleepiness. Increased number of sleep
onsets during multiple tests is also consistent
with excessive daytime sleepiness. In a lon-
gitudinal study using the MSLT, Carskadon
assessed developmental changes in daytime
sleepiness, and demonstrated a change in the
pattern of daytime alertness occurring at mid-
puberty.9 The pre-/early pubertal adolescents
did not fall asleep on most of the tests of the
MSLT (average latency across all the naps was
about 19.5 out of a maximum of 20 minutes),
whereas mid-/late pubertal adolescents were
more likely to fall asleep during the mid-
afternoon tests, and the average sleep latency
across all the naps was reduced to about 15 min-
utes. Reduction in sleep propensity occurred
even though more mature adolescents were
sleeping as much as those who were less mature.
This finding suggests either adolescents need
more sleep than prepubertal children, or that
the pattern of symptoms of sleepiness that is
similar to adult sleepiness is reorganized during
adolescent development.9

CHILDREN OF 2 TO 5 YEARS OLD

Normative data and controlled studies of chil-
dren in the preschool age group and in the early
school years are surprisingly few. In contrast to
the dramatic changes that take place during the
first year of life, transformations during this
period are more gradual. Growth and develop-
ment continue in a steady manner. Sleep
becomes consolidated into a long nocturnal

period of approximately 10 hours.10–13 During
the first 2–3 years, daytime sleep continues, but
in discrete, short, daytime naps. The first nap is
usually mid-morning, the second occurring
early in the afternoon. Gradually, the morning
nap is given up, and by 3–5 years of age, sleep is
completely consolidated into a single nocturnal
period.

During the latter half of the first year of life,
REM sleep averages about 30% of the total sleep
time. Small and large body movements associ-
ated with REM sleep during infancy become
less frequent. Periods of REM are approximately
uniform in length, despite daytime naps. As the
child continues to develop, a gradual change is
seen in the uniformity and duration of these
REM periods. The first REM period of the night
becomes quite short, while succeeding periods
tend to become longer and more intense
as morning approaches. There is also a slight
lengthening of the overall cycle length.14 Two-
to three-year-old children still show a cycle
length of about 60 minutes, with the first REM
period occurring 1 hour after sleep onset. By
4–5 years of age, the cycle lengthens gradually
to 60–90 minutes. The first REM period, how-
ever, may be missed in the younger age groups.
In these patients, after lightening of the EEG
tracing occurs, it again deepens without an
intervening REM period. It is only after another
cycle of about 60–90 minutes that the first REM
period can be actually documented.

Between 2 and 5 years of age, REM percent-
age gradually decreases from 30% of the total
sleep time to the adult level of 20–25%. There
appears to be a close relationship between these
changes and the augmented periods of wake-
fulness during the daytime. Diminution of
REM volume progresses until about 3–4.5 years,
when daytime napping has terminated. By this
age distinct differences between early and late
portions of the sleep period have emerged.14

Typically, children in this age range have
approximately seven cycles during each noctur-
nal sleep period.13 Sleep onset latency averages
about 15 minutes in the younger children, but
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lengthens to between 15 and 30 minutes in the
older children in this developmental grouping.
Slow-wave sleep predominantly occurs during
the first third of the night12 and as much as
2 hours may be spent in stage 3 and stage 4; EEG
voltage is also very high during this period.
Stage 2 first appears from 3 to 4 minutes after
the child falls to sleep, stage 3 appears about
11 minutes after sleep onset, and stage 4 first
appears about 4 minutes later.13

Unique characteristics of sleep occur in this
age range which may signify stabilization and
balancing of this state. A relatively small num-
ber of sleep stage changes is a striking feature.11

Approximately 3.5 stage shifts per hour occur,
which significantly differs from that of the young
adult, EEG voltage is consistently higher, and
non-REM stage 4 is consistently longer. Another
outstanding difference of sleep in this age group
is the smooth progression of stages, whether
moving deeper (toward stage 4) or moving
lighter (toward wake). Transition is regular and
consistent, in contrast to the adult pattern
where abrupt movements often occur across
several stages at a time, with the EEG progress-
ing toward lighter or deeper sleep.11,12

CHILDREN OF 5 TO 10 YEARS OLD

Growth and development again are constant,
steady, and gradual during middle childhood.
This time, however, is not a latent period. It is
characterized by activation and change, search-
ing, exploration, and increasingly sophisticated
decision making. It is a period of preparation
and rehearsal, trials and errors.15

Sleep continues to coalesce into an adult
pattern. Sleep patterns of children during
middle childhood resemble those of older indi-
viduals but show considerable individual vari-
ability; however, there is an orderly sequence
of sleep stages, spontaneously shifting from
one stage to another. There is a certain stability
of the pattern for a given individual and a fairly
consistent amount of time spent in each sleep

stage and the number of sleep stages from night
to night.12 When compared with adult sleep
patterns, total sleep time in middle childhood
is approximately 2.5 hours longer, with unequal
distribution of the time added to each of the
sleep stages. Stages in children of this age
group tend to be of longer duration than in
adults, but the sleep architecture seems to be as
stable.

Middle childhood is also a time of transition.
After an initially long NREM period, some chil-
dren will exhibit regularly spaced REM periods
of quite similar duration (the pattern seen in
infancy), while others will reveal a more mature
pattern of progressively longer REM periods as
sleep progresses.14 The volume of REM sleep
approximates the adult level, which is a consid-
erable decrease in the number of minutes spent
in REM sleep when compared to infants and
younger children.

Though body movements during sleep
decrease in frequency, they are generally more
often seen in this age group than in adolescents
and young adults. Stage 4 volume decreases
from approximately 2 hours in the preschool
child to 75–80 minutes in the latter portion of
middle childhood.14 There does appear, how-
ever, to be a gender-related difference in slow-
wave sleep. Males tend to exhibit a significantly
greater volume of slow-wave sleep than females
of comparable age.4,12,16

Naps during this period of development are
very rare. The tendency to sleep during the day
seems to be lowest in this age group, and
consistent daytime napping during middle
childhood often represents a pathological
process. Prepubescent children are generally
very alert throughout the entire day. Carskadon
and coworkers have shown mean sleep onset
latencies of pre-adolescent (Tanner stage 1)
children to be greater than 15 minutes,9,15

which is an extremely alert and vigilant level.
In contrast to the sleepless child, the sleepy

child often goes undetected. One major factor
for delays in seeking medical attention rests in
the uncertainty of what constitutes normal
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sleep.1 Though normative data are available for
many age-related laboratory values, observa-
tions of normal amounts of sleep and wakeful-
ness at various ages during childhood are still
sparse. Little information is available regarding
what constitutes normal daytime alertness and
sleepiness during early childhood. 

Sleep/wake schedules are usually well estab-
lished by 6 months of age; daytime napping
occurs between 3 and 5 years of age. Nonetheless,
acceptable intervals of napping depend to a
large extent on social and cultural factors. What
is normal for one child may be considered
abnormal for another.

The sleepy child is frequently ignored by both
parents and health care professionals. Identifi-
cation is difficult because behaviors associated
with sleepiness may be attributed to a variety of
other factors. Excessively sleepy children are
more commonly recognized after entering
school. They may have difficulty participating
in normal classroom activities, and can manifest
impaired learning.17 Indeed, symptoms are often
first recognized by teachers or other school per-
sonnel who pressure parents into obtaining an
evaluation because of attention-span problems,
learning difficulties, or repeated daytime naps
during class. Delays in seeking medical atten-
tion have been reported to range from 7 months
to 7 years, with an average of 28 months.1

Daytime sleepiness and hypersomnia may
be caused by a variety of conditions. These
include, but are not limited to: narcolepsy,
obstructive sleep apnea, idiopathic central
nervous system hypersomnia, neurological dis-
orders, seizure disorders, environmental, toxic,
and medical problems. They may also be behav-
ioral or conditioned. Only recently have data
been collected that assess the effect of primary
and/or secondary sleep-related problems as a
cause for daytime sleepiness and attention
deficits. Sleepiness in both children and adults
can be mild, presenting with subtle signs
and symptoms, or can be severe. Symptoms
may range from brief lapses in concentra-
tion, decreased motivation, easy distractibility,

frustration, and aggressiveness, to more overt
signs of somnolence such as slow speech, bland
facial expression, droopy eyelids, and increased
effort in movements.

Despite objective signs of sleepiness, the way
a child feels or appears may be misleading. The
degree of sleepiness is related to a number of
factors including: circadian influences; time
since the last sleep period; previous quantity,
quality, and continuity of sleep; and the level of
central nervous system (CNS) stimulation at a
given time. Physiological sleep tendency refers
to the degree to which an individual’s CNS is
compatible with sleep. The degree of CNS stim-
ulation interacts with this physiological state to
determine the degree of subjective sleepiness.
Manifest sleep tendency is the degree to which
sleepiness is experienced or is evident in
behavior. Clearly, different individuals with the
same physiological sleep tendency may mani-
fest different levels of sleepiness and present
with a variety of symptoms.

It should be pointed out that a report
of sleepiness is not necessarily the same as
high physiological sleep tendency. Frequently,
lethargy, malaise, muscular exhaustion, or
fatigue may be described as sleepiness. Clearly,
being tired and being sleepy are not the same.
Given soporific conditions, sleepy patients will
manifest their sleepiness; patients who are tired
but have a low physiological sleep tendency
will not. In general, daytime sleepiness should
be considered excessive if subjective symptoms
or signs interfere with normal waking function,
social responsibilities, or quality of life.

Symptoms of sleepiness and drowsiness in
children are often confusing. They may overlap
and be mistaken for signs and symptoms of
other conditions which do not, on the surface,
appear to be linked with sleepiness. For exam-
ple, Weinberg and Brumback18 have described a
primary disorder of vigilance, where vigilance
is considered to be the state of being watchful,
awake, and alert. When vigilance is lost, diffi-
culty sustaining attention occurs, followed by
manifestations of motor restlessness (fidgeting
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and moving about), yawning and stretching,
talkativeness, or a combination of symptoms.
Motor restlessness has been ascribed to attempts
to improve alertness when sitting or standing
still, or when involved in tasks requiring con-
tinuous mental performance. When prevented
from being active, youngsters may stare off, day-
dream, exhibit motor restlessness, fidget exten-
sively, express decreased attention to current
activities, avoid or lose interest in structured
repetitive activities, but may not fall asleep. 

These symptoms are remarkably similar to
those of other described syndromes, such
as attention deficit hyperactivity disorder
(ADHD). Easy distractibility, difficulty concen-
trating on school work or other tasks requiring
sustained attention, shifting excessively from
one activity to another, fidgeting excessively,
moving about excessively during sleep, and
always ‘on the go’ are characteristics of ADHD.
Extensive data are not available delineating
the relationship of objective sleepiness with
this symptom complex. However, some evi-
dence is available. Kahn and coworkers19 have
shown that school achievement difficulties are
encountered significantly more often among
pre-adolescent children who are considered
poor sleepers than among children without
sleep problems. Their preliminary study sug-
gested the need for more systematic attention by
the pediatric practitioner to the possible pres-
ence of chronic sleep problems in apparently
normal pre-adolescents.

SLEEP–WAKE PATTERNS, SCHOOL
PERFORMANCE, AND ADHD

When assessing sleep during childhood and
adolescence, focus cannot only be placed on
daytime or night-time behavior. Lack of sleep
due to imposed sleep restriction can have very
significant effects on performance and behavior.
Nonetheless, it is now clearly understood that
intrinsic sleep disorders (e.g., obstructive sleep
apnea syndrome and periodic limb movement

disorder) occur during childhood and present
with daytime performance problems that are
often mistaken for behavioral and/or learning
disorders. Effects of primary sleep disorders
differ from those seen in adults. Adults often
manifest excessive daytime sleepiness by
symptoms that are known to be associated with
sleepiness. Unintentional sleep episodes during
times that are soporific often occur. On the
other hand, children are more likely to present
with cognitive and behavioral problems, rather
than overt symptoms that are associated with
sleepiness in adults. Some children show inat-
tentive and hyperactive behavior that leads to a
diagnosis of ADHD and treatment with stimu-
lants before the underlying sleep problem is
recognized. 

Children diagnosed with ADHD commonly
exhibit disturbed and restless sleep.20,21 These
sleep abnormalities are typically attributed to
stimulant medications, or to persistence of hyper-
activity into nocturnal hours. Monitoring of
movement in children with ADHD does not
demonstrate nocturnal hyperactivity, but does
reveal a lack of stability of sleep onset and total
sleep time when compared to children without
the diagnosis of ADHD.22 Nocturnal polysomno-
graphic studies of children with diagnosis of
ADHD have not identified specific primary sleep
disorders related to the diagnosis.23–25 A review of
polysomnographic studies of ADHD,26 as well as
a subsequent video-polysomnographic study,27

both failed to identify consistent abnormalities.
However, these investigations did identify
increased movement during sleep. A possibility
that primary sleep disorders may underlie or
contribute to symptoms of ADHD is rarely con-
sidered.28,29 Nonetheless, increasing evidence
suggests that primary sleep disorders might result
in inattentive and hyperactive behavior as a
manifestation of daytime sleepiness or other
underlying processes.

More than 60 years ago, Bradley & Bower30

showed that stimulants rather than sedatives
provide effective treatment for hyperactivity.
Sedative medications often worsen hyperactive
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behaviors. Children with ADHD show lower
levels of arousal rather than increased arousal.31

Multiple sleep latency tests (MSLTs) among 26
children diagnosed with ADHD and 21 matched
control children showed increased daytime
sleepiness in the ADHD patients.32 A survey of
parents of more than 800 children at general
pediatrics clinics suggested a substantial asso-
ciation between sleepiness and behavior that
characterizes ADHD.33

ADHD symptoms may be due to cognitive
changes that occur with disrupted nocturnal
sleep and/or excessive sleepiness.34 One study
of 16 children randomized to receive either 5
or 11 hours in bed for one night revealed impair-
ment of verbal creativity and abstract thinking
in those with restricted sleep.35 A larger investi-
gation of 82 children randomized to either 4
or 10 hours of sleep for one night revealed
increased inattentive behaviors when they were
sleep deprived, but not hyperactive–impulsive
behavior or impaired performance on tests of
response inhibition and sustained attention.

EVALUATION OF EXCESSIVE DAYTIME
SOMNOLENCE (EDS)

Of significant importance is determination of
whether a child’s presenting symptoms might
be related to excessive sleepiness. This is often
difficult: extreme degrees of sleepiness may be
obvious, but milder degrees are typically harder
to detect with clinical evaluation alone.

Discriminating normal from abnormal total
sleep requirements is sometimes problematic.
During a typical 24-hour period, there should
be some cause for concern if the usual total
sleep time is 2 hours greater than the average for
the child’s age. However, this does not always
mean the child is pathologically sleepy. A child
who sleeps up to 2 hours longer than the aver-
age total 24-hour sleep time, but is active and
alert during the day, is most likely normal but
has a long sleep requirement.36 Daytime nap-
ping decreases significantly after the age of

3 years. By 6 years of age, the need for daytime
naps is uncommon. Therefore, continued nap-
ping by children during middle childhood is
another clue that EDS may be present.

Unlike disorders of initiating and maintain-
ing sleep, behavioral and psychosocial etiolo-
gies are less common than biological factors.
Evaluation of the child with excessive sleepi-
ness should begin with a comprehensive history
and physical examination. Historical informa-
tion regarding the child’s normal sleep–wake
pattern should include the following.37

• The child’s normal bedtime.
• The length of time it takes the child to fall

asleep. A truly sleepy child will fall asleep
quickly. If the sleep onset latency is pro-
longed, it may suggest the problem is not due
to hypersomnolence, but may be caused by a
circadian rhythm disorder or insufficient
sleep.

• Total sleep time, which should be compared
to the mean volume for the child’s age.
Nocturnal sleep patterns should be well
documented and a sleep diary maintained
for a period of 2 weeks will provide more
objective information regarding the child’s
actual sleep–wake pattern.

• Presence of sleep disruptions, interruptions,
and snoring. These may indicate a lack of
continuity or deprivation of various stages of
sleep.

• Daytime behavior and degree of alertness.
Symptoms of EDS may include over-activity,
attention-span problems, aggressiveness with
other children, daydreaming, learning prob-
lems, sleep attacks, or frequent napping.
Focus should be placed on the length, fre-
quency, time of day, and activities inter-
rupted by naps. The child’s behavior and
subjective feeling upon waking from naps
should also be recorded.

In order to adequately assess the patient with
possible EDS, polysomnographic studies are
often necessary. Polysomnography can provide
information regarding progression of sleep stages
across the night, volume of sleep stages, disrup-
tions of architecture by arousals, presence of
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obstructive sleep-disordered breathing, and/or
EEG abnormalities which may suggest seizures
or other intracranial pathology. Since it is often
difficult to determine whether a child is sleepy
just by the way she or he looks or acts, MSLTs
may be required to objectively assess the degree
of sleepiness.

Several normative studies of sleep in the pre-
adolescent child have been published, and
Carskadon and colleagues6 have performed
studies on patients during middle childhood
similar to those performed on adolescent
patients. The most notable feature of the MSLT
data was that during middle childhood,
patients rarely fell asleep. Sleep was seen
within the 20-minute test period on fewer than
one-fourth of the tests. In those tests where
sleep was noted, the children never fell asleep
in less than 15 minutes. These data appear
to document the extreme level of alertness of
children during this developmental period.
Children during middle childhood who do have
significant sleep tendency on MSLT most likely
are indeed excessively sleepy during the day-
time, regardless of daytime symptomatology.

During late childhood and early adolescence,
bedtimes are commonly delayed and morning
wakings are later than those of younger chil-
dren.38,39 Social activities, academic responsi-
bilities, and after-school work contribute to this
delay in timing of sleep. Biological factors also
contribute to later bedtimes and wake times for
teens. 

Traditionally school starts early in the morn-
ing throughout the USA.41 About half of middle
schools and high schools begin at 7:30 a.m. or
earlier. This early start seems to be a significant
factor contributing to sleeplessness at night and
problem sleepiness during the day. Other fac-
tors such as late night social activities, work
requirements, and early morning school sched-
ules significantly restrict hours available for
sleep. Several surveys of high school students
found that youngsters who begin class at
7:30a.m. or earlier obtain less total sleep on
school nights due to earlier rise times.40

Carskadon and colleagues demonstrated sig-
nificant problems that occur when the school
day begins early. A 65-minute advance in
school start time was required of 9th grade
school children moving into 10th grade.42 Their
findings demonstrated that only 62% of the
students in 9th grade and fewer than half the
students in 10th grade obtained 7 hours of sleep
on school nights. Students woke earlier on
school days in 10th grade than in 9th grade;
they had shorter sleep latencies on MSLT in
10th than in 9th grade, particularly on the
8 : 30 a.m. assessment; and 16% of participants
experienced two REM episodes on MSLT in
10th grade (one REM episode occurred in 48%).
These results strongly suggest that early start
times at school may require impractical and
infeasible bedtimes for adequate sleep to be
obtained. These data have been supported and
replicated by other investigations. 

SUMMARY AND FUTURE DIRECTIONS
FOR RESEARCH

There are clear gaps in knowledge related to the
affect of sleep and underlying sleep disorders.
More research is required to ascertain the rela-
tionship between restricted sleep in otherwise
normal children and those children with under-
lying sleep and/or circadian rhythm disorders.
Health outcomes may be significantly affected
by disordered sleep. Susceptibility to infection
may increase, accidents may become more fre-
quent, school performance can clearly suffer,
and mood may be adversely affected by inade-
quate sleep and/or primary sleep disorders
during childhood and adolescence.

The etiology of ADHD and associated sleep
disturbances in childhood may be multifactorial
and can vary among individuals and groups. In
addition to medication-related sleep disturbance
and the influence of comorbidity that may be
secondary to, or associated with, the sleep disor-
der, there is considerable evidence that obstruc-
tive sleep-disordered breathing in childhood is
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strongly associated with inattention, hyper-
activity, and impaired cognitive function, which
results in disruptive behaviors. Treatment of the
sleep-related breathing disorder results in signif-
icant improvement or complete resolution of the
symptoms. Other primary sleep disorders (e.g.,
periodic limb movement disorder, circadian
rhythm disorders, narcolepsy syndrome) may
present with identical symptoms. It is clear that
a relationship exists and future investigation into
similarities and differences in sleep patterns and
architecture in these youngsters is imperative.
Symptoms of inattention and hyperactivity may
result from a final common pathway that inti-
mately involves sleep-related pathophysiology.
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CHAPTER 4

Impact of sleep-disordered
breathing on quality of life and
school performance in children

Nira A Goldstein

49

Pediatric sleep-disordered breathing (SDB) is
viewed as a continuum of severity from partial
obstruction of the upper airway producing
snoring, to increased upper airway resistance to
continuous episodes of complete upper airway
obstruction or obstructive sleep apnea (OSA).
Although the prevalence of primary snoring
in children is 12%, the prevalence of OSA is
1–3%.1 Children with SDB are usually brought
to medical attention because of snoring and
night-time breathing difficulties. Over the past
decade, there has been an increasing awareness
of the quality of life impact of pediatric SDB as
well as its impact on daytime function. This
chapter reviews the published studies that have
evaluated the quality of life and school perfor-
mance of children with SDB.

HEALTH-RELATED QUALITY OF LIFE

Outcomes research utilizes patient-based assess-
ments to evaluate health-related quality of life
(HRQL). An HRQL survey focuses on the physi-
cal problems, functional limitations, and emo-
tional consequences of a disease. Surveys are
self-administered questionnaires composed of
items grouped into domains that reflect a partic-
ular focus of attention. A survey is designed to

discriminate among individuals who have a
better quality of life from those who have a worse
quality of life, and/or to evaluate how much
quality of life has changed after a particular
intervention. Two disease-specific HRLQ sur-
veys, the Obstructive Sleep Apnea-18 (OSA-18)
and the Obstructive Sleep Disorders-6 (OSD-6),
have been found to be psychometrically reliable,
valid, and responsive to longitudinal change.2–6

The OSA-18 has been validated against nap
polysomnography and has been widely used and
accepted by other investigators.

Change scores of < 0.5 indicate trivial change,
≥ 0.5 to 0.9 indicate small change, 1.0 to 1.4
indicate moderate change, and ≥ 1.5 indicate
large change. The OSA-18 consists of 18 items
divided into five domains: sleep disturbance,
physical suffering, emotional distress, daytime
problems, and caregiver concerns. The OSD-6
consists of six domains represented by a single
question designed to reflect the global impact
of the symptom cluster: physical suffering,
sleep disturbance, speech and swallowing
difficulties, emotional distress, activity limita-
tions, and caregiver concern. Another disease-
specific HRLQ survey, the Tonsil and Adenoid
Health Status Instrument, is also fully validated
and is divided into subscales based on different
types of problems caused by tonsil and adenoid
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disease: infection, airway and breathing,
behavior, swallowing, health care utilization,
and cost of care.7

Eleven outcomes studies evaluated disease-
specific quality of life in children with SDB
(Table 4.1). In five studies, the diagnosis of SDB
was made clinically,2,3,6,14,15 while in six studies
the children were diagnosed by polysomnogra-
phy (PSG).4,8,9,11–13 In general, the impact of the
children’s SDB was moderate or large for 70%
of the children. The domains most affected
were sleep disturbance, physical symptoms,
and caregiver concerns.

Eight studies have evaluated disease-specific
improvements in the quality of life of children
with SDB after adenotonsillectomy (T&A) using
the OSA-18 or the OSD-6. A large improvement
in quality of life was found in seven studies,
while a moderate improvement was found in
one study. Significant improvements were
found for the total score and all the individual
domains. In seven of the studies, the improve-
ments were demonstrated in the short term,
6 months or less. Mitchell et al.11 found that the
improvements persisted at 12-month follow-up
although some symptoms recurred. Stewart
et al.9 administered the Tonsil and Adenoid
Health Status Instrument to 47 children, 31 of
whom had positive PSG at enrollment and
6 months later. There was a significant improve-
ment in the airway and breathing subscale
in the 24 children who underwent T&A as
compared to the five children whose parents
refused surgery. There were also significant
improvements in the infection, swallowing,
and behavior subscales. 

There have been four studies evaluating global
quality of life in children with SDB. McLaughlin
Crabtree et al.10 administered the PedsQL™ 4.0
and the Children’s Depressive Inventory to 85
children referred to the sleep laboratory for sus-
pected SDB, 44 of whom were obese (body mass
index ≥ 95th percentile for age) and 35 controls.
The children with SDB, both obese and non-
obese, had significantly lower scores on both the
parent- and child-reported total PedsQL scores

and all the individual subscales (physical health,
emotional functioning, social functioning, and
school functioning) compared to controls.
Depressive symptoms were also significantly
higher in both SDB groups than the control
group. The children with suspected SDB were
divided into primary snorers and SDB based on
overnight PSG. There were no significant differ-
ences in the PedsQL and depressive inventory
scores between the primary snorers and the chil-
dren with SDB, indicating that snoring alone
may not be completely benign.

Rosen et al.16 administered the Child Health
Questionnaire (CHQ-PF50) and performed
overnight home sleep studies on 298 children
of index families identified because one mem-
ber had laboratory-confirmed sleep apnea and
community control families. Significant differ-
ences were found in overall physical health and
complaints of bodily pain in children with
generally mild levels of SDB as compared to
control children. Flanary14 evaluated global
quality of life using the Children’s Health
Questionnaire Parent Form-28 (CHQ-PF28)
before and after T&A. Although there were sig-
nificant improvements in the physical summary
parameter, there was no significant improve-
ment in the psychosocial scores. Stewart et al.9

also administered the CHQ-PF28 in their study.
There were significant improvements in the
behavior and parental impact-emotional sub-
scales in the T&A children as compared to the
control children, but there were no significant
improvements in the physical functioning sub-
scale or the remainder of the psychosocial
scores.

None of the studies were randomized to T&A
versus no surgery, as ethical considerations
precluded the performance of such a study. Only
Stewart et al.9 had a control group of children
with SDB who did not undergo T&A, but the
numbers were small. Tran et al.8 included a con-
trol group of children without a history of
snoring or SDB who were undergoing unrelated
elective surgery, and the improvements in
the OSA-18 survey scores were significant
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Table 4.1 Impact of tonsillectomy and adenoidectomy (T&A) on quality of life in children with sleep-disordered breathing (SDB)

Mean age Mean Initial Change 
in years follow-up survey score, p-value
(SD or in months score, mean mean for 

Author Year Design n range) Instrument (SD or range) (SD or CI)a (SD or CI)b change

Tran et al.8 2005 Prospective 42 study 5.8 (2.5) OSA-18 5.4 (1.9) 4.0 (1.2) 2.5 (1.2) < 0.001
cohort, control 41 control 7.3 (3.8) 5.3 (1.4) 1.5 (0.5) −0.07 (0.62)
group
underwent 
unrelated
surgery

Stewart 2005 Prospective 24 study 8.1 T&A Health 6.0 58.8 (23.4) 51.9 study 0.002
et al.9 cohort, control 5 control 6–12 Status – for all −3.8 control

group of airway patients
children subscalec

whose parents 
refused 
T&A CHQ-PF28d — 92.8 (18.3) 5.6 study 0.10

for all −8.0 control
patients

McLaughlin 2004 Prospective 44 SDB 10.1 (1.5) PedsQLTM 4.0e — 55.93 (16.5) — —
Crabtree cohort Obese
et al.10 41 SDB 10.2 (1.4) 63.62 (19.1)

31 control 9.6 (0.9) 86.43 (11.2)

Mitchell 2004 Prospective 34 6.7 OSA-18 12.4 4.3 (2.5–4.6) 2.3 (2.0–2.6) < 0.001
et al.11 cohort (3.0–16.8)

Mitchell 2004 Prospective 60 7.1 OSA-18 4.2 4.0 2.0 (1.6–2.4) < 0.002
et al.13 cohort (3–12)

Mitchell & 2004 Prospective 29 7.1 OSA-18 1.8 4.3 (4.0–5.3) 2.5 < 0.0001
Kelly12 cohort (1.4–17.0)

Flanary14 2003 Prospective 55 6 CHQ-PF28f 6.0 41.7 (13.9) 9.4 0.002
cohort (1–16) OSA-18 4.22 (0.95) 2.14 < 0.001

(continued)
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Table 4.1 (Continued)

Mean age Mean Initial Change 
in years follow-up survey score, p-value
(SD or in months score, mean mean for 

Author Year Design n range) Instrument (SD or range) (SD or CI)a (SD or CI)b change

Sohn & 2003 Prospective 69 6.1 OSA-18 1.0 3.1(0.9) 1.14 (0.71) < 0.001
Rosenfeld6 cohort (0.6–13)

Goldstein 2002 Prospective 64 5.8 (3.1) OSA-18 3.0 3.9 (1.5) 2.3 (1.9–2.7) < 0.001
et al.15 cohort

de Serres 2002 Prospective 101 6.2 (2.5) OSD-6 1.2 (0.49) 3.6 (1.0) 2.3 (2.1–2.6) < 0.001
et al.3 cohort

Rosen 2002 Observational 20 severe 11.1 (3.5) CHQ-PF50g — 76.8 (6.2) — —
et al.16 SDB

25 moderate 85.2 (6.1)
SDB

50 obstructive 80.7 (16.1)
symptoms

203 control 88.3 (14.5)

de Serres 2000 Prospective 100 6.2 OSD-6 1 4.5 (median) 3.0 (2.7–3.4) —
et al.2 cohort (2.1–12.9)

Franco 2000 Prospective 61 4 OSA-18 — 3.9 (median) — —
et al.4 cohort (1–12)

aThe items on the OSA-18 and OSD-6 are both scored on a 7-point ordinal scale:  the OSA-18 from 1 to 7 assessing the frequency of the specific
symptom while the OSD-6 is scored from 0 to 6 assessing the severity of the symptom.
bChange scores for the OSA-18 and OSD-6 are calculated by subtracting the postoperative mean survey score from the preoperative mean survey
score. Change scores range from −7.0 to 7.0, with negative numbers indicating deterioration and positive numbers indicating improvement in qual-
ity of life. Change scores of < 0.5 indicate trivial change, 0.5 to 0.9 indicate small change, 1.0 to 1.4 indicate moderate change, and ≥ 1.5 indicate large
change. 
cThe Tonsil and Adenoid Health Status Instrument airway and breathing subscale. 
dThe Child Health Questionnaire-version PF28 (CHQ-PF28) physical functioning subscale.
eThe PedsQL™ 4.0 total parent-reported score.
fThe CHQ-PF28 Physical Summary Score.
gThe Child Health Questionnaire (CHQ-PF50) global general health score.
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for the OSA children as compared to the control
children.

SCHOOL PERFORMANCE

Behavioral and neurocognitive difficulties have
been found in 8.5–63% of children with
SDB.8,15–20 The mechanisms responsible for neu-
rocognitive impairment are largely unknown,
but intermittent hypoxia, sleep fragmentation,
and alveoloar hypoventilation resulting in hyper-
carbia are considered integral to their develop-
ment.21 Children with primary snoring but
otherwise normal sleep study indices (obstruc-
tive apnea index of < 1/h, apnea/hypopnea
index [AHI] of < 5/h, and no gas exchange
abnormalities) have also been shown to have
lower scores on measures of behavior and cog-
nition using a battery of neurobehavioral tests
as compared to control children, although the
mean scores for both groups were still in the
normal range.22 Six studies using standardized
behavioral and neurocognitive assessments
have documented significant improvements
in test scores after T&A in children with SDB,
suggesting that neurocognitive deficits are
potentially reversible.5,8,15,17,23,24

Studies evaluating the school performance of
children with SDB are presented in Table 4.2.
Five studies have demonstrated impaired acad-
emic performance in children with SDB.
Montgomery-Downs et al.29 collected validated
questionnaires evaluating sleep and school per-
formance from parents of 1010 disadvantaged
preschoolers. Based on responses to questions
about habitual snoring, 22% of the children
were deemed to be at increased risk for SDB.
The children at risk were significantly more
likely to be sleepy during the day and less
likely to rank higher-than-average for school
performance than those not at risk.

Urschitz et al.30 performed another cross-
sectional study of 1144 third grade children
who were evaluated by nocturnal pulse oxime-
try and whose parents completed an SDB

questionnaire. Poor academic performance was
based on the last school report. Although
parental reports of snoring were significantly
associated with poor academic performance,
intermittent hypoxia was not independently
associated with poor academic performance. In
a follow-up study of 995 primary school chil-
dren using similar methodology, Urschitz et
al.26 found that the nadir oxygen saturation was
the only pulse oximetry variable significantly
related to impaired school performance with a
significant relationship between the degree of
desaturation and impaired performance.

Goodwin et al.18 performed a prospective
study of 239 elementary school children who
underwent a home PSG and whose parents
completed a sleep habits questionnaire. Parental
report of learning problems was significantly
associated with a respiratory disturbance index
(RDI) ≥ 5, or an RDI ≥ 1 with an associated 3%
oxygen desaturation. The same group prospec-
tively evaluated 149 elementary school chil-
dren with home PSG and a cognitive evaluation
using a battery of standardized tests. The chil-
dren with an AHI ≥ 5 had weaker learning and
memory than the group with an AHI < 5. Sleep
fragmentation was negatively related to learn-
ing and memory. There was a negative relation-
ship between AHI and memory, IQ, and math
achievement. Hypoxemia was associated with a
lower performance IQ.28

In contrast to the above studies, Chervin
et al.27 performed a cross-sectional study of 145
children in the second and fifth grades. Parents
completed the SDB subscale of the Pediatric
Sleep Questionnaire and teachers rated school
performance using a 5-point scale. In a multiple
regression model, poor school performance
was predicted by low socioeconomic scores
but not by SDB risk. Using similar methodol-
ogy, Carvalho et al.25 evaluated 79 children aged
8 years with SDB, 468 children with non-
respiratory sleep disorders, and 633 normal
children. There was no significant difference in
cognition between groups although first grade
children with SDB who studied in the morning
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Mean 
age in 
years (SD 

Author Year Design n or range) Methods Results

Carvalho 2005 Prospective 79 SDB 8.46 (1.08) SDB and non-respiratory No significant difference in
et al.25 cohort 468 non- 8.40 (1.10) sleep disorders defined cognition between groups,

respiratory by Sleep Disturbance but 1st grade children with
633 8.40 (1.09) Scale for Children, SDB who studied in the 
normal cognition assessed by morning had higher odds

Bender Visual Motor for cognitive dysfunction than
Gestalt Test normals. Increasing odds of

cognitive dysfunction with
age in children with SDB

Urschitz 2005 Cross- 995 9.6 (0.7) Children underwent Nadir SpO2
a values only variable

et al.26 sectional primary nocturnal home pulse significantly associated with
school oximetry. Impaired impaired performance with a
children academic performance significant relationship between

in mathematics based degree of desaturation and 
on last school report impaired performance

Chervin 2003 Cross- 145 8.1 (0.4) & Parents completed SDB In multiple regression models, 
et al.27 sectional children 11.1 (0.4) subscale of Pediatric Sleep poor school performance 

in 2nd & Questionnaire, teachers predicted by low socioeconomic 
5th grades rated performance using score but not by SDB risk

5-point scale, & scores from
Wayne RESA Benchmark
reading and math
assessment obtained

(continued)

Table 4.2 Impact of sleep-disordered breathing (SDB) on school performance in children
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Mean
age in
years (SD

Author Year Design n or range) Methods Results

Goodwin 2003 Prospective 239 6–11 Parents completed sleep Parent report of learning
et al.18 cohort elementary habits questionnaire & problem was significantly 

school unattended home PSG associated with RDIb ≥ 5 or
children performed RDI ≥ 1 with a 3% oxygen

desaturation

Kaemingk 2003 Prospective 149 8.36 (1.69) All children evaluated by Group with AHIc ≥ 5 (n = 77) had 
et al.28 cohort elementary Wechsler Abbreviated Scale weaker learning and memory 

school of Intelligence (WASI), than group with AHI < 5 (n = 72). 
children Woodcock–Johnson Psycho- Sleep fragmentation negatively 

Educational Battery (WJ-R), related to learning and memory. 
the Children’s Auditory Negative relationship between 
Verbal Learning Test-2, AHI and memory, IQ, and maths 
and unattended home PSG. achievement. Hypoxemia 
Parents completed Conners’ associated with lower
Parent Rating Scale performance IQ

Montgomery- 2003 Cross- 1010 4.2 (0.53) Parents completed 22% of children found to be at 
Downs et al.29 sectional disadvantaged questionnaires evaluating risk for SDB. This group was 

preschoolers sleep and school significantly more likely to be 
performance sleepy during the day and less

likely to rank higher than
average for school performance
than those not at risk

Urschitz 2003 Cross- 1144 9.6 (0.7) All children underwent Snoring always was significantly 
et al.30 sectional 3rd grade home nocturnal pulse associated with poor academic 

children oximetry. Parents performance in maths, science, 
completed SDB and spelling while snoring 

(continued)
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Mean
age in 
years (SD 

Author Year Design n or range) Methods Results

questionnaire. Poor frequently was associated 
academic performance with poor performance in maths
based on last school report and spelling. Intermittent

hypoxia did not show an
independent association with
poor academic performance

Gozal & 2001 Prospective 791 7th & 13 to 14 Parents completed SDB Snoring in early childhood 
Pope31 cohort 8th grade and school performance significantly more common in 

children in questionnaire LP group than HP group (12.9%
top 25% (HP) vs. 5.1%, p < 0.00001) but no
of class and significant difference in current
797 in bottom snoring. Significantly more LP
25% (LP) of children had history of T&Ae for
class matched SDB than HP children
to HPd

Gozal32 1998 Prospective 297 1st grade 1st grade Parents completed SDB 297 studied and 
cohort, children in questionnaire and children 54 demonstrated sleep 
control lowest 10th underwent overnight pulse associated gas exchange 
group percentile, oximetry and transcutaneous abnormalities. Mean grades 
refused 54 with SDB, CO2 measurement. Academic increased significantly in 
T&A 24 T&A, grades obtained for school study patients but not controls

30 controls year preceding and school 
year after enrollment

aSpO2= oxygen saturation; bRDI = respiratory disturbance index; cAHI = apnea/hypopnea index; dHP = high performance; LP = low performance;
eT&A = adenotonsillectomy.
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had higher odds of cognitive dysfunction than
normals.

Only one study has evaluated improvement
in academic performance after T&A. Gozal32

evaluated 297 first grade children in the lowest
10th percentile of their class by overnight pulse
oximetry and transcutaneous CO2 measure-
ment. Fifty-four children demonstrated sleep-
associated gas exchange abnormalities of whom
24 underwent T&A. The mean grades of the
children who underwent surgery increased sig-
nificantly during the following academic year
as compared to the children whose parents
refused surgery. There was no academic
improvement in the children with primary
snoring and the children without SDB. These
findings suggest that neurocognitive difficulties
found in children with SDB are reversible with
treatment.

To further evaluate the long-term impact of
SDB in early childhood, Gozal and Pope31

mailed questionnaires to the parents of seventh
and eighth graders whose school performance
was in the top 25% of the class or bottom 25%
of the class, and who were matched for age,
gender, race, school, and street of residence.
Responses were obtained from 791 high per-
formance children and 797 low performance
children. Snoring in early childhood was
significantly more common in the low perfor-
mance group than the high performance group,
but there was no significant difference in cur-
rent snoring. Significantly more low perfor-
mance children had a history of T&A for SDB
than high performance children. The findings
suggest that the neurocognitive impairments of
pediatric SDB may not be fully reversible, espe-
cially if they occur during a critical period of
brain development.

CONCLUSIONS

There is mounting evidence that SDB in chil-
dren significantly impairs health-related quality
of life and school performance. A few, mostly

uncontrolled, studies document improvements
after treatment by T&A, although it is not
known whether the neurocognitive deficits
are completely reversible. Larger, controlled
prospective studies are needed to fully evaluate
the daytime morbidities associated with pedi-
atric SDB, determine the outcomes after treat-
ment, and develop strategies to allow for their
early recognition.
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CHAPTER 5

Sleep in aging
Andrew A Monjan
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Sleep is essential to our well-being and occupies
about a third of our lives. Without enough of it,
we are subject to fatigue, clouded thinking, and
diminished quality of life. For older people,
these symptoms can be more than a matter
of discomfort; they can lead to more serious
complications. Falls resulting from fatigue and
confusion, for example, can result in debili-
tating, costly injuries in this vulnerable popu-
lation. The importance of recognizing and
treating age-associated health problems, such as
sleep disorders, takes on a new dimension as the
USA’s elderly population grows to record num-
bers. In the next 50 years, the aged will make up
a progressively greater proportion of the general
population (Figure 5.1).

Many older people are very healthy and have
normal sleep. Many people believe that poor
sleep is a normal part of aging, but it is not. In
fact, many healthy older adults report few or no
sleep problems. Sleep patterns change as we
age, but disturbed sleep and waking up tired
everyday are not part of normal aging. However,
many older adults have sleep problems, which
are often linked to underlying medical condi-
tions. Abnormal sleep can cause disease but
diseases can cause abnormal sleep. 

THE PROBLEM

Sleep problems are among the most common
health-related complaints of the elderly

(Table 5.1), yet remarkably, often go unrecog-
nized or are treated inappropriately.1

Insomnia affects about a third of the older
population in the USA.2,3 Insomnia, in fact, is
the most prevalent sleep problem reported not
only among the older, but across all population
age groups within the industrialized countries
of the world.4,5 This inability to have restful
sleep at night also results in excessive daytime
sleepiness, attention and memory problems,
depressed mood, falls, and lowered quality of
life.6–12 In some cases, physicians are not
trained to recognize sleep disorders in their
older patients. In others, physicians assume
that sleep disorders are an inevitable part of
aging, an assumption increasingly questioned
by researchers. The old dogma that poor sleep is
an inevitable and natural part of aging has not
been supported. 

Data indicate that in the elderly, age by itself
does not predict incident complaints of insom-
nia, even in the presence of lowered sleep effi-
ciency and decreased proportion of slow-wave
sleep.13,14 These changes begin in midlife, as do
many of the diseases and disorders associated
with aging (Figure 5.2).

However, both the prevalence and incidence
of insomnia are markedly reduced in the
healthiest older population (Figure 5.3).15

The prevalence of insomnia and other sleep
disorders is high in the population due to the
growing numbers of elderly and the associated
comorbidities, disease, changes in environment,
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or concurrent age-related processes common
in late life that affect sleep.16 Yet even physi-
cians who correctly diagnose sleep disorders
in their older patients might not be able to offer
treatments because of a paucity of effective
therapies for this prevalent condition. More
precisely, there has been a paucity of research
to discover the causes of sleep disorders and
effective therapies to treat them.

THE SLEEP–WAKE CYCLE AND
METABOLISM

At the cellular and molecular level, it has been
shown that there are age-associated changes in
afferent and efferent pathways of the suprachi-
asmatic nucleus (SCN), the biological clock that
controls the circadian patterning of many
neural, endocrine, and behavioral functions.
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Figure 5.1 Population growth of older Americans (≥ 65 years). Source: Federal Interagency Forum
on Aging related Statistics, 2004
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Table 5.1 Prevalences of sleep problems in the
elderly

Chronic sleep problem Prevalence (%)

Any sleep complaint 57
Sleep apnea 24
PLMSa 45
Insomnia 29
Early morning awakening 19

Foley et al.2; Ancoli-Israel et al.37

aPeriodic limb movements in sleep. Figure 5.2 Prevalence of insomnia by age group.
Source: Mellinger et al.38; Foley et al.2
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It is quite possible that disruption in the
integrative neural systems could have serious
deleterious effects in the function of other organ
systems. For example, shifts in biological clocks
affect secretion and metabolism in a wide vari-
ety of neuroendocrine functions that influence
not only the sleep–wake cycle but also meta-
bolic functions and activities in organ systems.

A study using mice with a mutation that dis-
rupts their circadian rhythms and produces frag-
mented sleep found a link between sleep
disturbances and metabolic syndrome, a cluster
of conditions shown to increase risk of heart
attack, stroke, and diabetes, suggesting that the
brain system controlling the sleep–wake cycle
might play a role in regulating appetite and
metabolism.17 The mice with this mutation, when
fed a regular diet, gained about as much weight as
normal mice that were fed a high-fat diet, and
showed even greater weight gain and changes in
metabolism when fed a high-fat diet. This study
in mice has brought to light the importance of the
circadian clock on the regulation of processes
regulating body weight and metabolism.

As has been found in human studies,18

disruptions of the normal sleep–wake cycle alter
the body’s ability to regulate its energy balance,
especially when there is an overloading of fat in

the diet. Similar findings were found in a
population-based longitudinal study of over a
1000 participants now between 45 and 75 years of
age.19 In those who slept less than 8hours per
night (about 75% of the sample), body mass index
increased as sleep time decreased. Short sleep
also was associated with reduced leptin and
elevated ghrelin levels in the blood. Short sleep
(<5 hours per night), as compared to 7 to 8hours
per night, also has been associated with: obesity
during midlife (ages 32 to 49 years) but not later in
life;20 coronary heart disease in women (ages 45 to
65 years);21 increased risk of incident diabetes;22

and an increased risk of age-adjusted mortality.21,23

It now is evident that disturbance in sleep can
also lead to changes in other body systems, espe-
cially the production of appropriate levels of hor-
mones and the proper metabolic functioning.18,24–27

An interesting molecule discovered in the last
decade is hypocretin (Hcrt), a hypothalamus-
specific peptide that shares substantial nucleic
acid sequences with the gut hormone secretin.28

Hcrt protein is restricted to neuronal cell bodies
in the dorsal and lateral hypothalamic areas.
Two forms have been identified, Hcrt1 and
Hcrt2, the latter being proposed as a peptide
neurotransmitter. The brain cells that contain
them make connections with many of the brain
regions involved in regulating the sleep–wake
cycle. The hypocretins may act as chemical
signals involved in the mechanisms of home-
ostasis and alertness. Their functions have been
proposed as being involved in co-ordination
of autonomic functions and homeostasis,
including feeding, blood pressure regulation,
neuroendocrine regulation, thermoregulation,
and the sleep–wake cycle. Their link to the
aging nervous system remains to be established.

THE CIRCADIAN CLOCK

Shifts in the phase or amount of compounds
released by such cycling systems may influence
such activities as drug metabolism, nutrient
absorption, and other basic physiologic functions
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Figure 5.3 Percentage of prevalence and
incidence of insomnia in the healthiest older
population compared to the total older
population. Source: Foley et al.2,15

05-Sleep-8013.qxd  10/9/2006  6:25 PM  Page 61

  



essential to health. The relationship between
sleep timing and the timing of the circadian
rhythm of plasma melatonin secretion was
investigated in a group of healthy young and
older volunteers without sleep complaints.29

The timing of sleep and the phase of the circa-
dian melatonin rhythm were earlier in the older
participants, although the duration of sleep was
similar. Consequently, the older participants
were waking at a time when they had higher
melatonin levels, in contrast to younger partici-
pants, whose melatonin levels were relatively
lower by wake time. These findings indicate that
aging is associated not only with an advance of
sleep timing and the timing of circadian
rhythms, but also with a change in the internal
phase relationship between the sleep–wake
cycle and the output of the circadian pacemaker. 

It now has been reported that the human cir-
cadian clock has a period of close to 24 hours
(24 h 11 min), similar to other species, rather
than about 25 hours as previously thought.30

This study used a technique that controls for the
confounding effects of entrainment (resetting) of
the circadian clock by light and other non-photic
synchronizers. This study found no difference in
circadian period between healthy young and
older individuals. This counters the belief that
the circadian clock speeds up (shortens in dura-
tion) as we age. Furthermore, the stability of the
circadian clock across adult ages indicates that
precise circadian timing is vital to the health and
well-being of humans. This study changes some
fundamental assumptions about the causes of
sleeplessness among the elderly. Again, poor
sleep is not in itself a function of being old.

Other factors associated with aging, such as
disease, changes in environment, or concurrent
age-related processes, may contribute to prob-
lems of sleep in older persons. Studies on
young adults have shown that entrainment of
the circadian timing system can be achieved
with much lower light intensities than was pre-
viously estimated. Light of indoor intensity can
have a significant phase-shifting effect on the
circadian pacemaker, and can suppress plasma

melatonin secretion.31 Older healthy adults
show a shift in their sleep–wake cycle such that
they awaken earlier relative to their melatonin
rhythm than younger adults, which may be a
cause for sleep disruption.32

THE MENOPAUSAL STATE

Recent studies are investigating the associations
between peri- and postmenopause and sleep
problems. Although sleep disruptions, insomnia,
and the incidence of sleep-disordered breathing
increase in midlife women, little is known about
the relationship between menopause and sleep.
The few data that now exist suggest that the
sleep–menopause relationship is not merely one
of age, but that a variety of relevant psychobio-
logical factors contribute. Sleep in women dur-
ing the menopausal transition is often reported
to be disturbed. In one large epidemiological
study utilizing polysomnography it was found
that the likelihood of increased sleep-disordered
breathing (SDB) over 6 months was signif-
icantly greater for women during peri- and
postmenopause, compared with those of pre-
menopausal status,33 independent of age or body
mass index. In addition, peri- and post-
menopausal women using hormone therapy had
lower but not statistically significant risks of
SDB. A 10% increase in weight predicted a
six-fold significant increase in the odds of devel-
oping moderate-to-severe SDB over a 4-year
interval for 690 randomly selected participants
in the study, excluding participants with weight
change in excess of 20% of baseline weight.
Women having > 10 nights with hot flashes per
month had on average five more nights of rest-
less sleep and four more nights of difficulty
maintaining sleep and one more night of diffi-
culty initiating sleep than did women reporting
no night-time hot flashes; having < 10 night-time
hot flashes was not strongly related to sleep com-
plaints. The association between age and these
complaints was slight, and menstrual status was
not related to sleep complaints or depression.
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EXCESSIVE DAYTIME SLEEPINESS
AND COGNITION

A large epidemiological longitudinal study of
older men (mean age of 76.6 years, range 71 to
93) investigated the association between sleep
disturbances (insomnia and daytime sleepi-
ness) and the incidence of dementia and cogni-
tive decline.34 It was found that there was a
significant association between the self-report
of excessive daytime sleepiness and the diagno-
sis of incident dementia three years later. The
risk was twofold as compared to those not
reporting daytime sleepiness, after adjusting for
age and other factors. Incident cognitive decline
also was significantly associated with excessive
daytime sleepiness. In contrast, insomnia was
not associated with either incident cognitive
decline or dementia.

SOME THERAPEUTIC APPROACHES

Several therapeutic strategies, especially pho-
totherapy and melatonin administration, are
likely to become effective treatments for some
of the insomnias associated with aging. The use
of bright light therapy for phase disorders is
now more commonplace. Behavioral modifica-
tions, such as stimulus control and sleep
restriction, appear to be effective techniques for
shortening the sleep latency and wake after
sleep onset times.35

Melatonin treatment appears to be effective
at physiologic levels in dealing with circa-
dian dysynchrony. A double-blind placebo-
controlled clinical trial of melatonin was
conducted on a group of older individuals (age
50 years and older) with insomnia and a group
without.36 Self-reports of insomnia were con-
firmed by actigraphy as well as by polysomno-
graphy in the sleep laboratory. In addition to a
placebo, each participant received different
doses of melatonin (0.1, 0.3, and 3.0 mg) orally
one-half an hour before the usual bedtime for
1 week in a random order, each followed by

a 1-week washout period. The highest dose
(3.0 mg), the dose commonly found in over-
the-counter preparations, resulted in blood
levels 10 to 20 times the normal physiologic
levels which were produced by the lower doses.
The most effective dose for improving the qual-
ity of sleep, measured as sleep efficiency or the
proportion of time in bed actually sleeping, was
0.3 mg. The highest dose, like the lowest dose,
also improved sleep efficiency, although to a
lesser extent. However, the 3 mg dose also sig-
nificantly reduced night-time body temperature
and increased daytime melatonin levels. There
was no relation found between a person’s own
endogenous melatonin levels and sleep effi-
ciency. Individuals with normal sleep were
unaffected by any dose of melatonin. 

SOME NEW RESEARCH DIRECTIONS

Although there is a growing body of research
on the aging circadian system, relatively little
exists on the aging sleep homeostatic mecha-
nisms. The brain mechanisms underlying
age-dependent changes in the sleep homeostatic
mechanisms are beginning to be understood.
New studies are pursuing leads into the genet-
ics of sleep. The relevance of the genetics of
sleep to the problems of the older individual
needs further stimulation. Similar to other
recent findings that neuronal loss is not an
inevitable consequence of aging, these data
indicate that there is little evidence of an age-
related loss of neurons that has been identified
as playing a key role in the maintenance of
sleep homeostasis. Thus, the age-related alter-
ations in the control of sleep appear to not be
due to loss of critical neurons, but to subtle
changes within the cells and in their interac-
tions with other brain cells involved in the con-
trol of sleep and alertness. The elucidation of
these factors, such as the role played by adeno-
sine in the induction of sleep, can lead to the
development of more effective and targeted
pharmacologic approaches to alleviate some of
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the problems of sleep that afflict over half of our
older population.

Research also needs to be directed at the
development of new and more effective thera-
peutic modalities that are targeted at correcting
the underlying pathological mechanisms of
sleep disorders rather than treating them symp-
tomatically. However, until that time, clinical
trials on the safety and efficacy of long-term use
of hypnotic and somnolent agents are needed.

A large proportion of older nursing home resi-
dents have problems in night-time sleep and day-
time wake. They often are treated for their sleep
problems with hypnotic agents that may put
them at risk for falls and confusion. Behavioral
and environmental approaches may be more
effective at dealing with these sleep problems,
along with the identification of undiagnosed
sleep apnea that could underlie some of them.

Research needs to further elucidate how the
state of sleep debt is associated with decreased
glucose tolerance and insulin sensitivity, ele-
vated evening cortisol levels, and increased
sympathetic activity. It appears that there are
distinct changes in sleep quality that occur
through the adult age span, and these changes
also mark specific alterations in hormonal sys-
tems that are essential for metabolic regulation. 

Sleep loss may increase the stress load, pos-
sibly facilitating the development of chronic
conditions, such as obesity, diabetes, and
hypertension, which have an increased preva-
lence in lower socioeconomic groups.

SUMMARY

Changes in daily sleep patterns are some of the
most prominent behavioral and symptomatic
changes that occur with aging. Understanding
the age-related changes in the nervous system
that underlie changes in sleep can lead to better
means of primary and secondary prevention of
these disorders and, thus, reduce the economic
and social impacts of sleep disturbances in the
older population. 
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CHAPTER 6

Sleeping environments
Alain Muzet
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Sleep is a fundamental physiologic state and its
normal achievement is essential for the living
organism. However, sleep initiation and sleep
maintenance are also influenced by environ-
mental factors. These factors are generally not
neutral for the sleeper and, depending on their
nature, they can facilitate or disturb the sleep
process. The sleeping environment can be quite
non-stressful or extreme. Extreme sleeping
environments can be encountered by mountain
climbers or individuals engaged in single-sailor
competitions. These exceptional situations,
however, do not affect most of the population
and thus do not figure prominently in public
health impact assessments. Therefore, this chap-
ter concentrates on those factors that are most
often present in our sleeping environment and
discusses their possible public health impact.

SLEEP AND THE AMBIENT
TEMPERATURE

Ambient temperature is a fundamental physi-
cal characteristic of our living environment.
However, large differences in ambient tempera-
ture exposure do exist depending on geographic
location, climatic, and even cultural conditions.
Despite these large variations, man tries, through
the use of clothing and bedding, to maintain a
much narrower range of temperatures in the
immediate microclimate around the body, and
thus across different cultures and environments

the average skin temperature shows relatively
little variation. Within a certain range of ambient
temperature, sleep structure appears to be mod-
erately modified, while ambient temperatures
that are too low or too high lead to important
modifications in the sleep process. This is
mainly due to the fact that the sleeping person
does not benefit fully from the thermoregulatory
system while being in this particular state. One
of the new concerns, however, is the possible
impact on human health of increasing exposure
to higher temperatures over the next century due
to predictions of global warming. This phenom-
enon could obviously affect our way of living
and particularly of sleeping.

Thermo neutrality during sleep and
the thermal comfort zone

During sleep, thermo neutrality can be defined
as the ambient temperature range in which
activation of neither cooling nor heating ther-
moregulatory mechanisms is needed to main-
tain endothermy. For uncovered and semi-nude
persons thermo neutrality is around 32°C
during sleep.1 However, this temperature
should be considered an average because of the
existence of large differences between individu-
als. In fact, thermo neutrality during sleep is
apparently sleep-stage dependent and thus
fluctuates during the night.2 With the use of
sweat collection capsules stuck on the body
skin one may record small changes in local
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sweating rates. With such a technique it has
been possible to detect sweating occurring in
slow-wave sleep (SWS: stages 3 and 4) for lower
ambient temperatures than those necessary to
stimulate sweating in stage 2 or in waking.3

From a thermoregulatory point of view, sleep
should therefore be regarded as a dynamic
activity and certainly not as a uniform state.

Thermo neutrality is included within a larger
thermal comfort zone where there should be no
major sleep disturbance caused by the activation
of thermoregulatory mechanisms. This means
that, within this range of ambient temperature,
maintenance of normal sleep patterns could be
compatible with moderate changes in peripheral
vasomotor and/or sweating responses. Of course,
clothing and bed covering conditions of sleeping
persons affect this thermal comfort zone. In a
study where subjects slept wearing pyjamas
under one cotton sheet and a wool blanket,
Candas et al.4 found that the microclimate
temperature inside the bed varied from 28.6°C to
30.9°C, while the ambient temperature (air and
wall temperatures being equal) varied from 16°C
to 25°C.

Between these two ambient temperatures,
which are usually encountered in everyday life,
the quantitative measures of sleep, such as
sleep stage latencies, time spent in each sleep
stage, number and duration of nocturnal awak-
enings, and occurrence of phasic events such as
transitory activation phases or arousals, were
only slightly modified.5,6 Candas et al.,4 how-
ever, found that the mean amplitude of the rec-
tal temperature variation during the night was
strongly and inversely correlated with the
ambient temperature recorded inside the bed.
The investigators hypothesized that during
sleep a person is able to build a microclimate by
heat dissipation from his or her own body, and
that this occurs in the very first part of the
night. The warming of this ‘climatic nest’ is due
to the heat transfer from the skin of the sleeper
to the local environment by vasomotor changes.
This heat loss is preferentially performed in

the initial SWS,7 where the thermoregulatory
mechanisms are quite active and facilitate the
lowering of core body temperature.3 Similarly,
the internal heat storage occurring prior to
sleep, due to either a passive heating through a
hot bath or an active heating through intensive
physical exercise, induces an increased amount
of SWS during the consequent sleep period.8,9

Therefore, a thermal equilibrium might
appear between the body heat loss and the
ambient temperature inside the bed. This
explanation was confirmed by the fact that
subjects showing large decreases in their rectal
temperature during the night slept in hotter bed
microclimates than those showing smaller rec-
tal temperature decreases. These results were
insufficient to determine exactly the limits
of the thermal comfort zone during sleep.
However, they indicate that this zone corre-
sponds certainly to a broad range because the
sleeping person can build, regulate, and keep
almost constant a microclimate around his or
her body by heat exchange processes that do not
disturb sleep.

Thermoregulation and
the stages of sleep 

Being a homeothermic organism, man must
regulate his temperature during sleep. This reg-
ulation depends on his or her thermal sensitiv-
ity and thermoregulatory responses to the
variations of the environmental temperature.10

The thermal sensitivity is still maintained in
rapid eye movement (REM) sleep, and this sleep
state is even more disturbed by thermal tran-
sients than SWS. Moreover, similarly to what
has been already described during wakefulness,
sensitivity to cooling during sleep appears to be
greater than sensitivity to warming.11

In contrast to what has been described in
animals,12 the thermoregulatory responses of
humans to elevated temperatures are not
abolished during REM sleep.13 The fact that the
thermoregulatory system is less active, and the
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sweating response is less precisely regulated
in REM sleep than in any other sleep stage,
explains why the maintenance of homeother-
mic status during this sleep state becomes more
difficult.14 This can lead to a conflict between
the necessity of temperature regulation of the
body and the continuity of a sleep state that is
less efficient for thermoregulation than other
sleep stages.

Inside the thermal comfort zone, an inverse
relationship has been found between the ambi-
ent temperature and the rhythmicity of occur-
rence of the successive REM phases. Thus, for
ambient temperatures ranging from 13 to 25°C,
the average REM sleep rhythmicity varies
between 85 and 108 minutes.15

The effects of large variations in
ambient temperature on
sleep characteristics

The few studies that have considered the
impact of large variations in ambient tempera-
ture on sleep have shown that exposure to heat
or to cold leads to disturbed sleep structure,
with an increased number of arousals and
awakenings, together with a reduction in the
amount of SWS and REM sleep fragmenta-
tion.16–18 A reduction in the amount of SWS and
REM sleep can be observed even for small
increases above 32° C, the ambient temperature
required for maintaining bodily thermo neutral-
ity.16,17 The effect of variation in ambient tem-
perature during sleep can also be seen on the
autonomic variables and especially on body
temperature. Thus ambient temperature has an
effect not only on the level, but also on the
shape of the curve of the rectal temperature
during sleep. Under cold conditions the body
temperature decreases earlier and is sustained
longer at a low level than under warm con-
ditions.19–21 The increase in heart rate in hot
ambient conditions compared to the neutral
environment has also been described during
sleep in humans.16 This increase in heart rate is

often associated with a greater variation due to
the increased number of body movements. The
increase in body motility under high ambient
temperature contributes to a more fragmented
sleep, since body movements are often accom-
panied by awakenings or sleep stage changes.

In the short term, it appears that there is no
adaptation to hot ambient temperatures during
sleep, in spite of active thermoregulatory mech-
anisms.22 In case of exposure to moderate cold,
the time spent in SWS tends to increase but
no noticeable changes in REM sleep have been
found.23

Conclusion

The evidence indicates that environmental tem-
perature plays an important role in the organi-
zation of human sleep. The reduced reactivity
of the thermoregulatory system within sleep is
compatible with the maintenance of this state
as long as the ambient temperature is kept
within the thermal comfort zone. Deviations
from this zone, however, might induce impor-
tant sleep disturbance, mainly due to increase
in arousals and wakefulness periods. More
research and a better understanding of these
limits are certainly needed since there exist
large differences between individuals.

SLEEP AND AMBIENT NOISE

Sleep disturbance is one of the major complaints
from people exposed to ambient noise. The noise
events, often defined as ‘unwanted sounds’, are
perceived as environmental stressors, intruding
into personal privacy and causing annoyance
and a reduction in the individual’s quality of life.
They induce involuntary and, most of the time,
unexpected reactions from the sleeper and their
frequent occurrence may lead to a chronically
stressful sleeping environment. It is sometimes
suggested that individuals chronically exposed
to noise might be more vulnerable to aggression
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from other factors, whether physical, chemical,
or biological. If this is true, it would partially
explain the close association between chronic
noise exposure and the need for increased
medical consultations.24

Transportation noise is the most common
source of noise in our everyday environment.
Traffic and railway noises, as well as noises
from aircraft, are frequently encountered in
large cities and surrounding areas. In developed
countries, tens of millions of people are exposed
to noise levels, during the daytime as well as at
night, which could be considered deleterious to
health. It is difficult to quantify these effects in
a linear fashion. The impact of noise on human
health is variable and depends on both its
unitary and interactive characteristics including
its intensity, frequency, complexity, duration
(whether intermittent or continuous), and its
particular meaning.

To some degree, sleep disturbance may be
quantified by the number and duration of
nocturnal awakenings, number of sleep stage
changes, and modifications in amount and
proper rhythms of particular sleep stages such
as slow-wave sleep (SWS: stages 3 and 4) and
rapid eye movement (REM) sleep, together with
modifications in the autonomic functions (heart
rate, blood pressure, vasoconstriction, and
respiratory rate).

Shortening of the sleep period

Total sleep time can be reduced by longer time to
fall asleep, premature final awakening, or
increased number of nocturnal awakenings. It
has been reported that intermittent noises with
peak noise levels of 45 dB(A) and above can
increase the time to fall asleep by a few minutes
to 20 minutes.25 On the other hand, sleep
pressure is significantly reduced after the first
5–6 hours. Therefore, in the morning hours,
noise events can more easily awake and prevent
the sleeper from getting back to sleep. To the best
of our knowledge no studies have been carried

out on the long-term effects of chronic reductions
in sleep time resulting from noise exposure. 

Sleep awakenings

It seems obvious that noise occurring during
sleep may provoke awakenings. The noise
threshold for such a major disturbance depends
on several factors. One of these factors is the
sleeper’s current stage of sleep: the threshold is
particularly high in deep slow-wave sleep,
while it is much lower in shallower sleep stages
(stages 1 and 2). The awakening threshold also
depends on physical characteristics of the noisy
environment (intermittent, sharp rising noise
occurring above a low background noise will be
particularly disturbing) as well as noise signifi-
cation.26 Thus whispering the sleeper’s name
can awaken the person more easily than a much
louder but neutral acoustic stimulus. Similarly,
with an equivalent intensity, an alarm noise
will awaken the sleeper more easily than a
noise without any particular meaning. 

Sleep stage modifications

Both SWS and REM sleep are considered as
important stages of sleep which should be well
protected. SWS appears to be an energy restora-
tion state of the sleeping body, while REM sleep
seems to be more related to mental and memory
processes. Carter reported that SWS could be
reduced in young sleepers exposed to intermit-
tent noises.27 We previously reported that REM
sleep rhythmicity could also be affected by
environmental noise exposure.28 It is a common
observation in all disturbed sleep studies (due
to noise or extremes in ambient temperature) to
see an increase in sleep stage changes such that
the amount of time spent in shallow sleep
increases at the expense of SWS and REM sleep.
This instability of the sleep process might be
detrimental if it becomes chronic. Its picture is
close to that observed in chronic insomniacs
and it would be important to explore the long-
term evolution of such a sleep disturbance. 
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Autonomic responses 

Awakenings and sleep stage modifications are
not the only possible acute effects of noise on
the sleep process itself. If in a similar popula-
tion nocturnal awakenings can be provoked
with peak noise levels of 55 dB(A) and above,
disturbance of normal sleep sequence can be
observed for peak noise levels between 45
and 55 dB(A). Thus, in order to protect noise-
sensitive people, the World Health Organi-
zation recommended the following noise limits
inside the bedroom: mean level (LAeq,8h) of 30 dB
and maximal level (LAmax) of 45 dB.29 However,
this does not mean that for lower noise levels
there are no further effects on the sleeper.
Autonomic responses such as increases in
blood pressure and heart rate can also be found
at much lower peak noise levels, indicating that
the sleeping body still perceives the external
stimuli, even if there is no consciousness or
memory about the occurrence of these events. 

These effects can be considered as minimal.
However, they have not been found to habituate
over long exposure times, in contrast to clear
subjective habituation occurring in a few
days.30,31 The autonomic responses represent
also reflex responses of the sleeping body to the
external stimuli, which can be already observed
at quite low intensity. The health effects of
long-term repetition of such responses should
be considered, especially in the case of multiple
source noise exposure due to, for example, air
traffic and surface traffic. The deleterious
impact of this type of combined source noise
pollution, which could possibly amount to
thousands of discrete stimuli per night, would
obviously be considerable for cardiovascular
responses and other vital functions. 

Physiologic sensitivity to noise

Physiologic sensitivity to noise depends also on
the age of the sleeper. Thus, while electro-
encephalographic modifications and awakening
thresholds are, on the average, 10dB(A) higher

in children than in adults, their cardiovascular
sensitivity to noise is comparatively similar, if
not greater.32 Elderly individuals complain
much more than younger adults about environ-
mental noise. However, their spontaneous or
other cause-related awakenings during the
night sleep are also much more numerous. A
confounding variable is the fact that melatonin
secretion decreases in adults after the age of 55
years, the effect of which is to produce a greater
amount of sleep fragmentation, and it is thus
difficult in this group to evaluate the separate
impact of environmental noise. This endogen-
ously produced fragmentation of their night
sleep tends also to lengthen their return to the
sleeping state, and this certainly accounts for a
significant part of their subjective complaints. 

The main question about possible sensitive
groups remains almost entirely unanswered.
Most of the studies, in laboratories as well as in
the home, have been done on groups of ‘normal’
people or, at least, populations where some
specific pathologies have been systematically
excluded. 

Secondary effects of noise
exposure during sleep

Not only may noise affect sleep but it may have
some secondary effects during the following
day. In a community study of exposure to road
traffic noise, perceived sleep quality, mood and
performance in terms of reaction time were
all decreased following sleep which had been
disturbed by road traffic noise.33 Similarly,
cognitive performance was decreased34 and
nocturnally secreted stress hormones were
increased as a result of noise-disturbed sleep.35

Subjective evaluation of reduced sleep quality is
often the only way to evaluate the impact of
noise at night. Sleep recordings are too costly
and difficult to run on large samples of the
population, while sleep questionnaires remain
an easier way of collecting data in this case.
However, subjective complaints are not always
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equivalent to objective (instrumental) measures.
If the number of the noise events increases, the
number of sleep modifications or awakenings
also increases, although not proportionally. As
indicated by Porter et al.,36 noise heard at night
will be more intrusive and noticeable than dur-
ing the day. This is due to the reduced outside
and inside background noises at night. The
night-time period may thus be a time of greater
noise sensitivity, especially in the case of inter-
mittent events such as aircraft noise.

However, if the number of noise events is
important and that noise level is high, a noctur-
nal awakening can be excessively prolonged
and even constitute a premature final awaken-
ing of the night. Sleep disturbance occurring
during the early part of the night and during the
time just preceding usual awakening appears
to be the most annoying.25,37 In this case, sleep
disturbances will lead to excessive daytime
fatigue, often accompanied by daytime sleepi-
ness with its specific effects in terms of low
work capacity and increased accident rate.

Laboratory versus field studies:
is there any systematic difference?

There is still a debate about existing differences
between results obtained in the field compared
to those obtained in laboratory studies. Indeed,
field studies and laboratory experiments on
noise-induced sleep disturbance show different
results. Thus, Persons et al.38 found large dis-
crepancies between laboratory experiments and
field settings regarding the variables analysed:
arousals or awakenings and change to a lighter
stage of sleep; the results showed a greater
extent of sleep disturbance in the former than in
the latter settings. In a recent study, however,
Skanberg39 found that results obtained by
questionnaires and wrist actigraphy indicated
that laboratory experiments do not exaggerate
effects of noise on sleep when compared to field
settings. In fact, it appears that the conflicting
results depend, at least to some extent, on the
type of sleep disturbance criteria. Comparison

of the results based on the same methods in
laboratory and field studies showed fairly good
agreement for difficulties in falling asleep and
reported sleep quality, whereas awakening reac-
tions were much less frequently reported in the
field studies.40

Long-term habituation to noise

A certain amount of habituation to noise does
exist. If the noise load is not in excess, subjec-
tive habituation will occur in a few days or
weeks. However, this habituation is not com-
plete and the measured modifications of car-
diovascular functions still remain unchanged
over long periods of exposure. As suggested
earlier, impairment to the cardiovascular sys-
tem could be one of the long-term outcomes
of this type of exposure.27,41 However, in the
absence of evidence this suggestion remains
speculative. 

What are the possible effects
of noise-disturbed sleep
on general health?

Of course, these effects depend on the magni-
tude and the repetition of sleep disturbance
over long periods. To be awakened from a
sound sleep can provoke anger or at least irrita-
tion in all but a few. However, it is through the
reduction of quality of life during the waking
hours that the greatest impacts of sleep distur-
bance are manifested. Excessive daytime
fatigue accompanied by sleepiness, deteriora-
tion of normal behavior, expression of anger,
lack of concentration and reduced work ability
are often associated with chronic sleep depriva-
tion. Often in these circumstances it is not pos-
sible to satisfy the need for an additional period
of daytime rest. In fact, the subtle equilibrium
between waking and sleeping states deterio-
rates to the detriment of both states’ quality.

More generally, some health effects such as
the increased use of prescription drugs around
major airports24 or increased rate of mental
hospital admission42 could also be related to
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night-time noise exposure. However, many
confounding factors cannot be eliminated in
these epidemiological studies, and therefore it
remains difficult to generalize such results.
Based on complaints received by the public
relations departments of airports, it is apparent
that the linkage between poor sleep quality and
aircraft noise is well understood by the public.
Most of the complaints refer to sleep distur-
bance, general fatigue, and anxiety. Noise is
then clearly identified as a factor of stress and
may be considered as the possible mechanism
through which mental and physical health can
be affected by noise.43

Of course, sleep disorders are based on a
multiplicity of factors, but it is not unreason-
able to infer that at least some of these may be
related to environmental noise. In Europe, tens
of millions of people complain chronically
about poor sleep quality, with difficulty falling
asleep and maintaining sleep being almost uni-
versally cited. Among this group, about 15%
are using hypnotic drugs. For most of these peo-
ple, and even to a greater extent for the hyp-
notic drug users, the main consequence of poor
sleep quality is the subsequent impairment in
the quality of life. Increase of fatigue and sleepi-
ness, together with decrease in performance
and productivity, have a major impact on both
public health and the large-scale economy.

Conclusion

The permanent exposure to noise sources such
as traffic, railways and aircraft constitutes a
major annoyance for the concerned population.
Although there is no real danger about the spe-
cific noise effect (deafness) for people living
around airports or surface transport infrastruc-
tures, the non-specific effects, and particularly
sleep disturbance, are major problems which
lead to a substantial reduction in quality of life.
Continuous high-level exposure can lead to
detrimental effects in a hostile, angry, helpless
population facing a major environmental
aggression.

ELECTRIC AND MAGNETIC FIELDS

Although quite limited in terms of the people
directly concerned, research over the last
decade has identified several possible biologi-
cal effects associated with exposure to electric
and magnetic fields (for a review, see Ref. 44).
Concerning the effects of these exposures in
the occupational-intensity range on sleep
polysomnography, results suggest that field
exposure may disrupt human electroen-
cephalographic activity during the night.45,46

Similar findings were obtained more recently
in older people, especially in women, with
reductions in total sleep time, sleep efficiency,
and in the duration of REM sleep.47 It is worthy
of note, however, that none of those exposed
was able to detect when he or she was exposed
to the fields, nor did they report any subjective
symptoms. There is a need for further research
in this area.

REFERENCES

1. MacPherson RK. Thermal stress and thermal
comfort. Ergonomics 1973; 16: 611–23.

2. Libert JP, Candas V, Muzet A, Ehrhart J,
Vogt JJ. Thermoregulatory adjustments to ther-
mal transients during slow wave sleep and REM
sleep in man. J Physiol (Paris) 1982; 78: 251–7.

3. Sagot JC, Amoros C, Candas V, Libert JP.
Sweating responses and body temperature
during nocturnal sleep in humans. Am J Physiol
1987; 252: R462–R70.

4. Candas V, Libert JP, Vogt JJ, Ehrhart J, Muzet A.
Body temperature during sleep under different
thermal conditions. In: Fanger PO, Valbjorn O,
eds. Indoor Climate: Effect on Human Comfort,
Performance and Health. Copenhagen: Danish
Building Research Institute; 1979: 763–75.

5. Muzet A, Ehrhart J, Libert JP, Candas V. The
effect of thermal environment on sleep stages.
In: Fanger PO, Valbjorn O, eds. Indoor Climate:
Effect on Human Comfort, Performance and
Health. Copenhagen: Danish Building Research
Institute; 1979: 753–61.

6. Ehrhart J, Muzet A, Candas V, Libert JP, Vogt JJ.
Activation phases during human sleep in

SLEEPING ENVIRONMENTS

73

06-Sleep-8013.qxd  10/9/2006  6:25 PM  Page 73

  

www.Ebook777.com

http://www.ebook777.com


different conditions of ambient temperature. In:
Popoviciu L, Asgian B, Badiu G, eds. Sleep.
Basel: Karger, 1980: 335–9.

7. Libert JP, Candas V, Muzet A, Ehrhart J, Vogt JJ.
Thermoregulatory adjustments during SWS and
REM sleep in man. In: Koella WP, ed. Sleep
1978. Basel: Karger, 1980: 305–7.

8. Bunnel DE, Agnew JA, Horvath SM, Jopson L,
Wills M. Passive body heating and sleep: influ-
ence of proximity to sleep. Sleep 1988; 11:
210–19.

9. Horne JA, Reid AJ. Night time sleep EEG
changes following body heating in a warm bath.
Electroencephal Clin Neurophysiol 1985; 60:
154–7.

10. Kenshalo DR, Nafe JP, Brooks B. Variations in
thermal sensitivity. Science 1961; 134: 104–5.

11. Haskell EH, Palca JW, Walker JM, Berger RJ,
Heller HC. The effects of high and low ambient
temperatures on human sleep stages. Electroen-
cephal Clin Neurophysiol 1981; 51: 494–501.

12. Parmeggiani PL, Rabini C. Sleep and environ-
mental temperature. Arch Ital Biol 1970; 108:
369–87.

13. Candas V, Libert JP, Muzet A. Heating and cool-
ing stimulations during SWS and REM sleep in
man. J Therm Biol 1982; 7: 155–8.

14. Glotzbach SF, Heller HC. Central nervous regu-
lation of body temperature during sleep.
Science 1976; 194: 537–9.

15. Muzet A, Ehrhart J, Candas V, Libert JP, Vogt JJ.
REM sleep and ambient temperature in man.
Intern J Neurosci 1983; 18: 117–26.

16. Karacan I, Thornby JI, Anch AM, Williams RL,
Perkins HM. Effects of high ambient tempera-
ture on sleep in young men. Aviat Space Envir
Med 1978; 49: 855–60.

17. Kendel K, Schmidt-Kessen W. The influence
of room temperature on night sleep in man
(polygraphic night-sleep recordings in the cli-
matic chamber). In: Levin P, Koella WP, eds.
Sleep 1973. Basel: S Karger, 1974; 423–5.

18. Muzet A, Libert JP, Candas V. Ambient tempera-
ture and human sleep. Experientia 1984; 40:
425–9.

19. Buguet A, Livingstone SD, Reed LD, Limmer RE.
EEG patterns and body temperatures in man
during sleep in arctic winter nights. Int J Biomet
1976; 20: 61–9.

20. Palca JW, Walker JM, Berger RJ. Thermoregulation,
metabolism, and stages of sleep in cold-exposed
men. J Appl Physiol 1986; 61: 940–7.

21. Buguet A, Rivolier J, Jouvet M. Human sleep
patterns in Antarctica. Sleep 1987; 10: 374–82.

22. Libert JP, Di Nisi J, Fukuda H, et al. Effect of
continuous heat exposure on sleep stages in
humans. Sleep 1988; 11: 195–209.

23. Sewitch DE, Kittrell EMW, Kupfer DJ, Reynolds
CF. Body temperature and sleep architecture in
response to a mild cold stress in women.
Physiol Behav 1986; 36: 951–7.

24. Knipschild P, Oudshoorn N. Medical effects
of aircraft noise: drug survey. Int Arch Occup
Environ Health 1977; 40: 197–200.

25. Öhrström E. Research on noise since 1988: pre-
sent state. In: Vallet M, ed. Noise and Man, vol 3.
Nice: INRETS, 1993: 331–8.

26. Muzet A, Réactivité de l’homme endormi. In:
Benoit O, Foret J, eds. Le Sommeil Humain.
Paris: Masson, 1992: 77–83.

27. Carter NL. Transportation noise, sleep, and pos-
sible after-effects. Environ Internat 1996; 22:
105–16.

28. Naitoh P, Muzet A, Lienhard JP. Effects of noise
and elevated temperature on sleep cycle. Sleep
Res 1975; 4: 174.

29. WHO. Noise and Health. Geneva: World Health
Organization, 2000. WHO Local authorities,
health and environment, No 36.

30. Muzet A, Ehrhart J. Habituation of heart rate and
finger pulse responses to noise during sleep. In:
Tobias JV, ed. Noise as a Public Health Problem.
Rockville, MD: ASHA Report No 10, 1980: 401–4.

31. Vallet M, Gagneux JM, Clairet JM, Laurens JF,
Letisserand D. Heart rate reactivity to aircraft
noise after a long term exposure. In: Rossi G, ed.
Noise as a Public Health Problem. Milan: Centro
Ricerche E Studi Amplifon, 1983: 965–71.

32. Muzet A, Ehrhart J, Eschenlauer R, Lienhard JP.
Habituation and age differences of cardiovascu-
lar responses to noise during sleep. In: Sleep
1980. Basel: Karger, 1981: 212–15.

33. Öhrström E, Rylander R, Bjorkman N. Effects of
night time road traffic noise – an overview of
laboratory and field studies on noise dose and
subjective noise sensitivity. J Sound Vib 1988;
127: 441–8.

34. Wilkinson RT, Campbell KB. Effects of traffic
noise on quality of sleep: assessment by EEG,
subjective report, or performance the next day.
J Acoust Soc Am 1984; 75: 468–75.

35. Maschke C, Breinl S, Grimm R, Ising H. The
influence of nocturnal aircraft noise on sleep
and on catecholamine secretion. In: Ising H,

SLEEP DISORDERS: THEIR IMPACT ON PUBLIC HEALTH

74

06-Sleep-8013.qxd  10/9/2006  6:25 PM  Page 74

  



Kruppa B, eds. Noise and Disease. Stuttgart:
Gustav Fischer, 1993: 402–7.

36. Porter ND, Kershaw AD, Ollerhead JB. Adverse
Effects of Night-time Aircraft Noise. London:
National Air Traffic Services, report No 9964,
2000.

37. Fields JM. The Relative Effect of Noise at
Different Times of the Day. NASA Langley
Research Center, report No CR-3965, 1986.

38. Pearsons K, Barber D, Tabachnick B, Fidell S.
Predicting noise-induced sleep disturbance. J
Acoust Soc Am 1995; 97: 331–8.

39. Skanberg A. Road traffic noise-induced sleep
disturbances: a comparison between laboratory
and field settings. J Sound Vib 2004; 277: 465–7.

40. Öhrström E. Sleep disturbances caused by road
traffic noise – studies in laboratories and field.
Noise Health 2000; 18: 71–8.

41. Carter NL. Cardiovascular response to envi-
ronmental noise during sleep. 7th International

Congress on Noise as a Public Health Problem,
Vol. 2. Sydney, Australia, 1998: 439–44.

42. Tarnopolsky A, Watkins G, Hand DJ. Aircraft
noise and mental health: I. Prevalence of individ-
ual symptoms. Psychol Med 1980; 10: 683–98.

43. Kryter KD. The Effects of Noise on Man.
Orlando, FL: Academic Press, 1985.

44. Olden K. NIEHS Report on Health Effects from
Exposure to Power-line Frequency Electric and
Magnetic Fields. Washington, DC: National
Institutes of Health, 1999.

45. Åkerstedt T, Arnetz B, Ficca G, Paulsson LE.
A 50-Hz electromagnetic field impairs sleep.
J Sleep Res 1998; 8: 77–81.

46. Graham C, Cook MR. Human sleep in 60 Hz mag-
netic fields. Bioelectromagnet 1999; 20: 277–83.

47. Graham C, Sastre A, Cook MR, Gerkovich MM.
Nocturnal magnetic field exposure: gender spe-
cific effects on heart rate variability and sleep.
Clin Neurophysiol 2000; 111: 1936–41.

SLEEPING ENVIRONMENTS

75

06-Sleep-8013.qxd  10/9/2006  6:25 PM  Page 75

  



CHAPTER 7

Impact of sleeping environment
on sleep quality

Gaby Bader

77

Whereas animals have rest–activity cycles driven
by changes in light and temperature, humans are
influenced by a variety of cues such as alarm
clocks, alterations in the outdoor light (sunsets),
rapid changes in temperature, and social activi-
ties. However, like other animals we also follow
an internal rhythm. This endogenous rhythm,
which follows a period of nearly 24 hours, drives
sleep–wake cycles, modifications in body tem-
perature and other physiologic parameters; but
many decades ago, time-isolation experiments
showed that humans have a natural tendency to
sleep at a slightly different frequency from the
most adaptive 24-hour rhythm. This circadian
rhythm is closer to 25 hours and has to be reset
each day – by zeitgebers or external cues. The cir-
cadian rhythm links sleep behavior to body tem-
perature: body temperature decreases, not only
as a function of circadian rhythm phase, but also
as a function of sleep. When a person is asleep,
central control of body temperature is decreased,
and at certain sleep stages when this control is
suspended the body relies on an equilibrium
with its environment.

The autonomic nervous system (ANS) activ-
ity during sleep is a function of time and sleep
stage. Hence external interventions can affect
the ANS differently, depending on the sleep
stage and the time of the night. With the onset
of sleep, the autonomic balance shifts from

sympathetic to parasympathetic dominance,
with parasympathetic activity increasing and
remaining at high level throughout non-rapid
eye movement (NREM) sleep. During REM
sleep it returns towards wakefulness values,
remaining slightly higher. Sympathetic drive
falls during NREM sleep and increases above
wakefulness level during REM sleep. Hence
there is a relative sympathetic dominance dur-
ing wakefulness and REM sleep and relative
parasympathetic dominance during NREM
sleep.

Sleep-modulating sympathetic and parasym-
pathetic activities control the variations of
blood pressure and heart rate activity,1 which
are reduced during the nyctohemeral phase.
Heart rate decreases at sleep onset and contin-
ues to fall through NREM sleep, under a com-
bined circadian and sleep influence.2 The fall in
blood pressure under NREM sleep is entirely
influenced by sleep.3 During REM sleep, heart
rate and blood pressure return either to waking
level or above NREM sleep levels.

Human sleep patterns have changed dramat-
ically over the last 100 years, beginning with
industrialization, electric lighting and shift
work, but more radically during the last 30 years
with the development of electronic gadgetry,
entertainment pressure and other massive
intrusions in the night. Biological rhythms have

07-Sleep-8013.qxd  10/9/2006  6:26 PM  Page 77



Free ebooks ==>   www.Ebook777.com

become disturbed by the need to be always
reachable and connected, diversions, extensive
working hours, and social gatherings. The
boundary between day and night activities is
becoming blurred and the ‘24/7 society’ will
soon be a reality. In order to cope with all this
pressure, sleep has been sacrificed. Sleep, a bio-
logical necessity, is now widely undervalued. 

Bad sleep and disturbed circadian rhythms
cause problems, which are at the root of many
accidents, and when they become chronic they
have long-term adverse effects on health, on the
cardiovascular and endocrinologic systems,
and on cognitive functioning.

Reduction in the amount of sleep makes it
even more essential to have a sleep of optimal
quality. All conditions having a possible impact
on sleep have to be taken into consideration in
order to promote ‘good sleep’. Of prime impor-
tance are environmental factors including:
ergonomics (quality and comfort of the bed sys-
tem, bedlinen and sleepwear, pillows, etc.), and
ambient conditions and microclimate changes
(disturbing noises or variations of light in the
bedroom, changes in external temperature or
bad ventilation). Other external factors such as
the position of the bed, high tension wires or
electromagnetic fields have been reported to
impede sleep.

These environmental factors may coexist, or
interact, with maladaptive sleep and wake
behaviors or physiologic dysfunctions, includ-
ing allergies, age-related autonomic or hor-
monal disregulation, which further erode sleep
quality. Solutions other than medical have to be
found to address these disturbing causes (e.g.,
in the case of a snoring person, raising his or
her head).4 In this chapter the various environ-
mental factors which may interfere with sleep
are reviewed.

SOUND

Hearing is among the first senses to develop in
humans. The fetus is sensitive very early on to

surrounding sounds from both the physiologic
milieu of the mother’s body and the outside
world. An unborn child learns early on to rec-
ognize the mother’s voice. Most likely he or she
learns to be appeased by these physiologic
sounds while the outside noise, if aggressive,
although filtered and dampened by the amni-
otic fluid, can have a negative impact.

We are, from birth to death, constantly sur-
rounded by all sorts of sounds, generated by
humans, traffic, nature, etc., or even endoge-
nous sounds from breathing and the heartbeat.
While some of these sounds are pleasant, many
others are uncomfortable and stressful.

Noise

Noise is one of the most common physical
agents of stress to which urban societies are
exposed. Average levels of sounds have
increased during the last 30 years – passing
heavy traffic can yield a noise level of up to
90 dB – as well as the numbers and types of
sources generating noise: alarm systems, tele-
phone, traffic, background music in most pub-
lic places, and so on.

Individuals surrounded by loud background
occupational noise often complain of worsening
nocturnal sleep quality. Industrial workers
exposed to loud noise during the day have their
night sleep efficiency decreased to less than
80%,5 with an increase in sleep stage shifts, and
a decrease in the total time spent in REM as well
as slow-wave sleep. Furthermore, the inhibition
of the nocturnal reduction in heart rate and ele-
vated morning cortisol levels following noise
exposure are indicative of a stress response.

The deleterious effect of night-time exposure
to noise on sleep quality is well documented.
The threshold of the noise effect is about 40 dB
(corresponding to a low-level conversation),
and a linear dose–response relationship exists
between the peak noise level and changes
in sleep architecture.6 This is characterized
by an increased number of awakenings, sleep
stage changes and amount of light sleep7 and
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a modification in sleep spindles (transient
decrease during noise, with an increase during
periods of silence). In daytime, impairment of
mood and performance is observed. 

The extents of these reactions depend on the
information content of the noise and its acousti-
cal parameters. They are also modified by situ-
ational conditions and by the individual’s
ability to get used to noise. Adaptation to ‘habit-
ual’ or regularly occurring noise that is not too
loud can be observed in people living on a busy
street or along a railway, who learn to develop a
rather good night’s sleep. Paradoxically, some
people who have adapted to chronically noisy
sleep environments have difficulties in falling
asleep in novel, quiet environments. 

The central nervous system is preferentially
sensitive to changes in the sensory environment
and hence intermittent noise and sound with
sudden variations in intensities or pitches –
such as those produced at night by road traffic
or air traffic near airports.

Among the conditions required to insure a
good night’s sleep, silence has been stressed in
some early studies as being a primordial ele-
ment8 in inducing sleep, and a common think-
ing persists that a silent room is the best aural
environment for sleep. However, total silence
may be worrying and may even have adverse
effects on sleep. Craig9 reported as early as 1937
that individuals fell asleep sooner when sub-
jected to disturbing sounds than in a perfectly
quiet atmosphere. Some endogenous sounds,
for example tinnitus, can be annoying and even
unbearable if heard in a quiet atmosphere. So,
long sensory deprivation, which was reported
very early on10 to induce sleep, can have a neg-
ative impact. 

For good sleep it is essential not to avoid
noises completely but to ‘escape’ from disrupt-
ing ones. Although much more is known about
the negative impact of noise on sleep, sounds
can also encourage sleep, by providing a dis-
tracting focus from thoughts at bedtime.

In the presence of continuous high-intensity
sound, it becomes possible to endure a much

higher level of noise. This is why background
noise is frequently used to mask irregular sounds
and patients suffering from tinnitus often use
white noise to mask its disturbing impact.

On the other hand, if the ambient sound
signals become monotonous, ‘habituation’
develops and relaxation can occur. Monotony
of stimulation can hence induce sleep, and
monotonous sounds have long been used as
soporific agents. Infrasound (sounds below the
hearing frequency limit, < 20 Hz) can yield to
drowsiness. Such sound is produced by vehi-
cles in motion due to rolling, heavy duty tyres.

Music

Music, a combination of sound and rhythm, has
always been known to have an appeasing effect
on the mind. The general public as well as sci-
entists have, since ancient times, recommended
music as a therapeutic agent. Although music is
universal, its perception can be nurtured.
Humans of all ages have the capacity to process
pitch materials. While sensory dissonance, a
roughness produced by specific components of
sound and universally rejected, seems to have a
biological basis, harmony dissonance (the rejec-
tion of the roughness produced by the violation
of the tonal principle) is culture based.11

Preferences for well-formed music can begin
as early as toddlerhood.12 Infants less than 1
year old are already very sensitive to many char-
acteristics of music – the melody contour, the
rhythm, the tempo, the intervallic dissonance.
They prefer consonances over dissonances,13

and fast, loud music over slow, quiet music.
However, harmony and tonality are the most

difficult elements for young children to per-
ceive.14 Children below the age of 8 years do
not generally seem to have the cognitive
capacity to be attentive to harmony when
simultaneously processing melodic and rhyth-
mic information. (The processus of tonal
relationships involves the right frontal lobe –
inferior frontal cortex and insula.) This can
stem from attention behavior, young children
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focusing their attention on the concrete form of
the melody such as rhythm, pitch, and contour
rather than abstract elements such as harmony
and key. Noteworthy is the overlap between
cognitive components of music processing and
related components of non-musical tasks such
as language.

Lullaby and babies

Mothers who maintain high levels of rhythmic/
physical exercise during pregnancy, such as
continuing to dance to music, influence their
offspring.15 Children of such women more often
needed to be rocked to fall asleep during their
first year compared with the control group. The
women who danced also had more children
who played musical instruments. This increased
need to be rocked and the aptitude to play
instruments may be related to the prenatal
maternal rhythmic movements.

If a mother sings regularly while pregnant,
her child is often soothed when hearing these
songs. In premature infants, music appears to
reduce stress. The lullaby is appreciated in
most cultures as an effective tool in helping
babies to fall asleep. For example, in Europe,
Brahms-type lullabies are common and in
Southern India the raga is said to improve
falling asleep.16 Nearly everyone can remember
a time when our mother lulled us to dreamland
by singing a melody. Softly singing or humming
a tune stimulates the senses by way of a smooth
massage leading easily to slumberland. Mothers
habituate the babies to these sleepy-time tunes.
Today, however, in westernized countries
mothers unfortunately have less time to sing;
they use instead mechanical or electronic
devices to help induce sleep.

Music in children and adolescents

Children and adolescents are spending more
time listening to music, and often go to bed
with earphones plugged in, falling asleep with
the music playing. What is the impact of
background music on their quality of sleep?

This effect was recently studied in a random-
ized controlled trial of 86, primary school chil-
dren in Taiwan.17 Children in an experimental
group were subjected to background music last-
ing 45 minutes at naptime and bedtime each
day for 3 consecutive weeks. Sleep quality was
measured using the Pittsburgh Sleep Quality
Index prior to the test period and at its comple-
tion. Children who had listened to the music
showed significant improvement in their global
sleep quality over the test period, specially in
sleep duration and sleep efficiency. 

Impact of music on older adults

Few studies have focussed on the effects
of music as a non-pharmacologic method of
improving the quality of sleep. In the last
decade a few reports were published on the
effects of music on sleep quality in the
elderly, leading to recommendations for using
soothing music as a non-pharmacologic inter-
vention for sleep, particularly for those in
community dwelling situations.

In a study performed in 1995, 25 community-
based elderly people complaining of sleep dis-
turbances listened to classical music and New
Age music before bedtime. According to sleep
diaries 96% of them reported improvement in
their sleep following this self-administered
intervention.18

In another study, the use of music to promote
sleep onset and increase sleep maintenance was
tested among 52 women over the age of 70 years
using individualized music protocol.19 Music
listening was shown to decrease time to sleep
latency and awakenings during night-time.
These women reported that they also derived
more satisfaction from their sleep.

More recently,20 in a controlled trial in
Taiwan, 62 volunteers, both men and women,
aged 60–83 years with difficulty in sleeping
were randomly divided into equal numbers of a
music group and a control group. The subjects
were not using sleep medication or relaxation
techniques, nor caffeine, and did not have
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psychologic or health impairment that could
interfere with sleep. The music group was asked
to listen to sedative music for 45 minutes at
bedtime for 3 weeks. The subjects were able to
select from both Chinese folk music and soft,
slow, Western music known to reduce postoper-
ative pain. Sleep quality was measured with the
Pittsburgh Sleep Quality Index before and at the
end of the study. The music group reported sig-
nificantly better scores in overall sleep quality
as early as the first week (35% improvement).
Individuals in this group had shorter sleep
latencies, longer night-time sleep, improved
sleep efficiency and perceived sleep quality.
The subjects also had lower heart and respira-
tory rates when listening to music, indicating
increased relaxation aiding a restful sleep. They
also functioned better during the daytime. Since
the subjects continued to improve after the first
week – mastering the technique of relaxation to
the sedative music – the authors suggested a
cumulative dose effect. In conclusion, listening
to soft music at bedtime can be recommended to
older adults with insomnia, helping them to
sleep better and longer.

Ill patients and music

Music therapy to promote sleep is increasingly
used in conditions of illness. The efficacy of
music, alone or together with other complemen-
tary and alternative therapies, for sleep induc-
tion in critically ill patients has recently been
reviewed.21 Studies have shown that music
therapy as well as massage promote relaxation
and comfort leading to improved sleep in
patients with insomnia. Reduction of noise or
the playing of natural sounds (like those from
the sea) can also yield improved sleep.

Music therapy and physiologic
correlates of its effects

Music therapy has been used in many psycho-
logic conditions with positive results. Gentle
melodies and relaxing music are common
non-pharmacologic methods to promote sleep,

as immersion in music helps the mind to defo-
cus. In those who are not sleep deprived music
can also help maintain arousal: increased sleep
latencies were observed in both the Multiple
Sleep Latency and the Maintenance Wakefulness
tests.22

In a recent study, the effects of music therapy
combined with progressive muscle relaxation
were tested on the anxiety level and sleep patterns
of 28 abused women residing in shelters.23 During
five consecutive days they listened to 20-minute
music sessions together with a progressive muscle
relaxation script. Therapy was found to improve
sleep quality, as measured by the Pittsburgh Sleep
Quality Index, and reduce anxiety.

But does music have intrinsic sleep promot-
ing qualities or does its effect reflect only a con-
ditioned response? What is the real impact of
music on the ability to fall asleep? In one study
of the psychophysiological effects of music on
the human brain, the electroencephalograms
(EEGs), electrocardiograms (ECGs), and electro-
oculograms were recorded from eight volunteers
under three sound conditions.24 The procedure
started with 5 minutes of silence, followed by
11 minutes of listening to two types of music or
two types of simulated music/noise (produced
by a sound modulator, simulating by white
noise the sound pressure variations of a given
piece of music), and ended with another 5 min-
utes of silence. A total of 10 music and 10 simu-
lated music conditions were used. While the
subjects reported feeling pleasantly relaxed
when listening to music, they felt uncomfortable
and sleepy when listening to the simulated
music. However, higher delta-EEG power densi-
ties were recorded at drowsiness and stage 1
sleep when a person listened to simulated music
compared to when listening to pure music. The
author concluded that, even during drowsiness
and light sleep, physiologic consciousness was
higher when listening to pure music and the dif-
ferences in the EEG slow components during
light sleep showed that the differences in con-
sciousness had a physiological aspect and were
indicative of differences in mental activity.
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In another study, the EEG activity during
relaxation technique (RT) and music listening
was compared in 36 volunteers listening to
either music tapes or RT audiotapes during a
6-week period.25 The power spectral analysis of
the EEG showed increase in the low frequency
domain in many cortical regions, with a more
pronounced theta activity for the RT condition.
These findings are suggestive of widespread
reductions in cortical arousals.

‘Brain music’ is one among the many attempts
to treat insomnia with non-pharmacologic
methods. The method is based on the trans-
formation of EEG into music, whereby EEG
segments corresponding to the different sleep
states are selected from the polysomnogram
(PSG) of the individual. The data are fed into a
computer program to create the same brain
wave patterns as when the individual is trying
to sleep, then transformed into a soundtrack to
generate unique and user-tailored ‘meditative’
music whose rhythmic and tonal sound pat-
terns create a condition supposed to be con-
ducive to sleep.26

Fifty-eight patients with insomnia were
selected for a study and divided into a placebo
(n = 14) and an experimental (n = 44) group.
They were instructed to listen to ‘brain music’
at bedtime during 15 consecutive days. Sleep
quality was evaluated with questionnaires,
PSGs and EEGs performed before and after the
treatment period. The results showed signifi-
cant improvement in 80% of the patients as
estimated by both the neuropsychologic and
neurophysiologic methods as well as their sub-
jective feelings. No side effects were reported.

Another group of investigators studied the
ability of ‘brain music’ to assist in relaxation
and improvement in the overall quality of
sleep.27 Ten volunteers listened to individually
tailored brain music; eight more listened to
music which had not been specially designed
for them. Both groups experienced less anxiety
after listening to the music over a 4-week period,
but the effect was more pronounced in the
group that listened to the personalized music.

Brain music reduced anxiety and improved
sleep in those who had been suffering from
insomnia for at least 2 years.

Hence, if effective, brain music therapy may
represent a possible alternative for therapeutic
management of insomnia and anxiety. Critics
argue that anything relaxing and that pushes
other noises, like traffic, out of the mind is
going to help sleep.

Rhythms and ethnomusic

Is it only the melody, as in the lullabies, which
has an impact? What is the role of the rhythm
in music therapy?

The first rhythm that a fetus experiences is
the heart beat of the mother. Hearing the regular
beats of the heart may enhance the fetus’s feel-
ing for rhythms. It is very likely that this first
rhythm will leave traces and unconsciously be
associated with the security of the womb.

A mother has a tendency to put her crying
baby more often on the left side of her breast
rather than on the right side, whatever her hand-
edness. It is suggested that the baby is appeased
when hearing the mother’s heart beat. Infants
fall asleep listening to the ‘music of the heart’.

In an interesting study, Betterman et al.28

investigated musical rhythms in the dynamics
of the heart period. They analyzed 24 ECGs
of 96 healthy volunteers, transforming the
heart period tachograms into binary symbol
sequences, resembling the percussive rhythm
found in African music. Using an analysis tech-
nique derived from jazz theory they established
a hierarchical rhythm pattern scheme and clas-
sified the different rhythm patterns obtained.
They observed that, during sleep, certain
classes of rhythms developed in a cyclically
recurrent manner, specific to individuals, while
other classes disappeared. Most interestingly,
the most frequent classes developed from
phase-locking processes in autonomic regulation,
such as between respiratory and cardiac cycles. 

Heart period patterns can be interpreted as
musical rhythms, particularly during night
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sleep. This method may have potential use in
music therapy applications, especially consid-
ering that many insomniacs, while lying awake
during the night, can often hear the sound of
their heart rhythm.

While the cardiac rhythm can be transformed
in appeasing sonic rhythm, has a musical
rhythm any effect on the heart rhythm, and is it
possible to modulate the heart rhythm with
a musical rhythm? Attempts to use synchro-
nization of heart rhythm and music therapy in
relaxation therapy, intended to improve falling
asleep, were randomly made in 28 cancer
patients with chronic pain.29 During 14 days the
patients were trained in relaxation therapy,
including listening to a 30-minute lullaby-like
rhythmic music with gradually decreasing
speed. The investigators analyzed the degree of
synchronization between heart rate and the
musical beat (co-ordination of systole and
musical central time point) on the first and the
last day. Time of falling asleep, patient’s subjec-
tive evaluation, pain intensity and use of anal-
gesics were recorded. The results were
compared to a control group not submitted to
this training. The experimental trained group
showed, together with an improvement in
falling asleep and decreased consumption of
medication, an increased co-ordination of heart
rate and musical beat; also the group showed a
very stable 2 : 3 synchronization, especially at a
musical tempo between 42 and 48 beats/min.
Hence, lullaby-like music, at least within a spe-
cial range of tempi and rhythms, can induce a
trainable synchronization of heart rate, associ-
ated with a relaxation reaction and improved
sleep.

Mechanical devices

There are many different types of music and
sound-making devices on the market that can
assist in the relaxation process. They are said to
help falling asleep faster, sleeping more deeply,
and waking refreshed! They can be grouped in
two classes.

Musical devices These may be variously
described as classical music, electronic music
eschewing the pulsating beat of techno, sooth-
ing melodies, syncopated rhythms and gentle
sound effects, or primitive and tribal music fea-
turing more organic sounds, as well as diverse
non-electronic instruments such as the sitar,
flutes, harpsichords, chimes and bells, with
often rhythmic drumming (similar to the beats
found in a tribal drum circle), chanting or throat
sounds.

Non-musical devices These are sound effects
with various soothing natural, relaxation-ori-
ented sounds such as waterfalls, ocean waves,
wind, rain, whale songs, and water drops. One
can also find recordings of other types of
sounds such as those of busy city streets, fire
engines, and airplanes, which are designed for
city dwellers who become anxious when it is
just too quiet!

The effectiveness of music as a therapeutic
tool in dealing with insomnia varies from indi-
vidual to individual. Depending on the patient
and type of insomnia, what works for one
person will not necessarily work for another.
Some people will have better results with
rhythm and gentle percussion, while others
will respond more positively to melody or non-
linear compositions. Some will react to con-
stant repetition, while others will benefit from
randomness.

LIGHT

Light profoundly impacts humans through the
stimulation of the visual system, eliciting phys-
iologic and alerting responses and powerfully
regulating the circadian system.

Seasonal affective disorder (SAD) is a well-
known circadian rhythm pathology, affecting
particularly those who live at the extremities of
the hemispheres. These, mostly healthy people
experience depressive mood in the darker
period of the year, particularly at the beginning
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of the autumn and the spring. Light has been
proved to be an effective treatment, although
many sufferers exposed to bright light experi-
ence side effects such as nausea, headaches,
visual discomfort, and eye strain. Light can
either advance or delay the body clock depend-
ing on its timing in relation to a person’s circa-
dian rhythms. Hence, not only the intensity
but also the timing of light is important when
considering light therapy for treating circadian
disorders.

Light intensity is the zeitgeber controlling the
biological clock and the secretion of melatonin.
Light, even at low intensity, inhibits melatonin
release. Hence efficient drapes and shades
should be used in the bedroom to avoid exter-
nal light entering, especially in the early hours
of the morning in summer. Light also influences
sleep indirectly depending on the habits
acquired; for example, while some people need
total darkness to sleep, others like a dim light in
their bedroom in order to achieve relaxation.

Like sound, light vibrations at particular
frequencies, i.e. colors, might have impact on
a human’s physiology (certain individuals
can perceive sounds as colors and vice versa.
The famous composers Rimsky-Korsakoff and
Scriabin were reported to have this kind of
synesthesia.)

It is commonly accepted that colors can affect
the mood, and emphasis is now being put on
selecting the right surrounding colors in the
bedroom, some colors being more relaxing than
others, generally blues and greens. Reds and
yellows have been found to be less soothing.
The recommendation is to use neutral (pale)
color in the background, adding colorful tones
through the furniture and, even better, through
the lighting. 

While full-spectrum bright white illumina-
tion is generally used in light therapy, recent
advances have shown that the wavelength of
the light has a major impact. A recent study has
shown that dim red light (1lux at 652 nm)
increased the circadian period in mice 30 and, in
humans, exposure to 2 hours of monochromatic

light at 460 nm (blue) in the late evening
induced a greater melatonin suppression than
light at 550 nm, with a greater alerting response
and increased body temperature and heart rate.31

The rod and cone cells of the retina, respond-
ing best to white full-spectrum light, have long
been considered to be responsible for mediating
light and thus its effect. Recently, a small popu-
lation of photosensitive retinal ganglion cells
has been found to play a key role in the regula-
tion of the non-visual photic responses (behav-
ioral responses to light, pineal melatonin
synthesis, and papillary light reflex). These
cells, which project to the suprachiasmatic
nucleus, synthesize melanopsin, a photopig-
ment opsin, which mediates these non-visual
photic responses and contributes to circadian
entrainment.32 Melanopsin cells respond to a
specific bandwidth in the range of 446–477 nm,
which corresponds to the blue portion of the
light spectrum, and is fundamentally different
from the rod and cone photoreceptor peaks.
These cells might also be responsible for detect-
ing changes in the intensity of the light. It
has been suggested that patients with circa-
dian rhythm disorders might have a deficiency
of melanopsin cells, and hence cannot distin-
guish daylight signals to adjust their rhythms.

Different levels of light illumination intensity
influence the behavioral and autonomic regula-
tion of body temperature in humans. When
healthy women were exposed to high (700 lux)
or low (70 lux) light intensities at different room
temperatures (26 or 20°C for 30 min), their
peripheral skin blood flow was decreased and
they felt cooler following exposure to the cooler
environment and the low illumination.33 It was
suggested that vasoconstriction seems to occur
strongly in dim light. 

Strong evening light can disturb nocturnal
sleep. Individuals exposed to dim light (150 lux)
or bright light (3000 lux) from 7 p.m. to 9.30 p.m.
for 5 days had, after exposure to the bright
light, a shift of their rhythm as expressed by the
delay of the nadir of their core temperature.34

Sleep quality and ease of falling sleep were also
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worsened. So, in order to prepare for sleep, it is
recommended to avoid strong illumination prior
to bedtime.

Sensing temperature changes at bedtime can
influence the choice of night clothing. Evening
exposure to bright light, which suppresses the
nocturnal rise of melatonin, inhibits or reduces
the evening decline of core temperature. The
thermal sensibility to cold becomes sharper
compared with evening dim light exposure,
affecting dressing behavior.35

Daytime levels of light intensity can influ-
ence the circadian rhythm of the body tempera-
ture and have an impact on the subjective
feeling of temperature at night, on nocturnal
body temperature and likely on sleep. Exposure
to low light intensity (200 lux) for only 2 days is
enough to induce a phase delay of the core tem-
perature rhythm,36 and in sleep-deprived indi-
viduals exposure to bright light during daytime
reduces the impact of sleep loss on sleepiness
levels as compared to dim light.37

Exposure to bright light (4000 lux) during day-
time for several hours increases the evening
melatonin secretion and lowers core temperature
during nocturnal sleep as compared to a dim
light exposure (100 lux);38 the peripheral skin
temperature gets higher in the evening and dur-
ing sleep. This makes the thermal sensibility to
cold slower in the evening, as compared to expo-
sure to dim light in daytime, with also an impact
on night dressing behavior: when exposed dur-
ing daytime to illumination of low intensity
(10 lux), subjects dressed more quickly and pre-
ferred to wear thicker clothing than after expo-
sure to the bright light condition.39

Even the color of the clothes selected is
influenced by light intensity during daytime,
and people prefer warmer colors when exposed
to dim light in daytime.40

ODOR

Aromas produced by essential oils or herbs
(decoctions or infusions applied as compresses)

have been used for centuries for their assumed
properties as hypnotics, analgesics, antiseptics,
soporifics, or aphrodisiacs and for inducing
sweating as well as urination. 

Olfaction has different properties compared
to the other senses. Its effect is immediate but
not constant, it fades very quickly and eventu-
ally disappears. Air movement is necessary for
continuous olfaction, the odoriferous molecules
having to be replaced by fresh ones. The fading
effect can be countered by the smelling of dif-
ferent odors; however, even so there is an effect
of habituation and tiredness and after a while
olfaction becomes less and less acute. There is
also a sex-based difference in odor preference
and it was recently reported that the olfactory
response to and preference for aromas are mod-
ulated, in women, by the menstrual cycle, and
those taking contraceptive pills are, for exam-
ple, more receptive to food odors than to sexual
related odors.

Furthermore, this sense is unique in that it
has the property to retrieve immediately old
memories. Marcel Proust reported this experi-
ence in his masterwork A la recherche du
temps perdu, where the sudden smelling of
small cakes, called madeleines, flashed back all
his childhood memories.

It is therefore likely that smells which unfold
memories can have a psychological impact.
They can help or hinder relaxation, depending
on the positive or negative content of the mem-
ory they raise.

In the past decades there has been an
increase in research examining the connection
between olfaction and mood, behavior, and per-
formance; aromatherapy is becoming very pop-
ular as a complementary alternative treatment
in many conditions. Its use, alone or combined
with massage, is reported to help relaxation and
to improve both sleep onset and sleep quality.
Lavender, sandalwood, ylang-ylang, camomile,
marjoram, camphor, basil, rose, neroli and jas-
mine are are recommended against insomnia.
The skin seems to be responsive somehow to
essential oils and, according to proponents of
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aromatherapy, can be sensitive to odors; hence
massaging the body with aromatic oils could
combine the beneficial effect of massage itself
with the properties of the essences. While mas-
sage has an obvious effect on relaxation, the
question remains whether there is any direct
impact of olfaction on sleep. Inhalation of
essential oils can induce side effects such as
headaches, nausea, and allergy. Hence, if
intended to be used at night, aromas should be
recommended cautiously. 

The physiology of odor perception is still
partially unknown. The rod-like olfactory neural
cell has one end emerging directly from the
olfactory bulb in the brain and terminates in the
roof of the nasal passage as a dozen or so tiny
hairs embedded in a thin layer of mucus. Hence
the hairs are unprotected extensions of the cells
providing a direct interaction between the
source of stimulation and the neurons. The
olfactory system is unique since, with its short
pathway, it has an immediate and direct effect
on the nervous system. Therefore, we cannot
exclude the fact that most odors have some effect
on the body, even in the absence of awareness.

While asleep, people can be exposed to vari-
ous unwanted smells developed by the sur-
roundings in the bedroom, the bed system, or
even their own breath and perspiration.
However, it is still unclear whether the human
body responds to odors presented during sleep.

Olfactory stimulation (peppermint) during
stage 2 sleep was reported to produce auto-
nomic (heart rate, respiration), behavioral
(awakening) and central (EEG) responses41 and
subjects exposed to jasmine odor were found to
have a better sleep quality and enhanced cogni-
tive task performance but less vigor when awak-
ening in the morning.42 However, in a more
recent investigation the results were negative.
The arousal thresholds of an auditory tone were
compared to two odorants, peppermint and
pyridine, tested at various concentrations.43

While the rate of awakening efficiency of the
auditory tones was more than 75% of all the
trials, 92% of the subjects responded to both

odors only in stage 1 sleep, while pyridine
alone produced a response in 45% of the sub-
jects in stage 2 sleep, but not in the other sleep
stages. Thus, in this study odors seemed inef-
fective to interrupt sleep. 

Although the odo-alarm remains fictional,
waking up in surroundings with agreeable and
discrete fragrances could have some positive
impact. The market is thus offering gadgets that
release refreshing fragrances 10 to 30 minutes
prior to the activation of an alarm clock. 

TEMPERATURE, HUMIDITY,
VENTILATION, ALLERGY

A thermoregulatory function has been suggested
for sleep (i.e., sleep functions to preserve energy,44

or REM sleep acts to warm the brain45). Tempera-
ture influences sleep architecture, and conversely,
sleep has a strong influence on homeostatic regu-
lation of body temperature.

Temperature is mainly regulated by water
evaporation through breathing and by the
release of human body heat through the skin.
Temperature in the sleeping environment,
within the bedroom or/and in the bed, can have
a deep impact on the quality of sleep. Too low
heat insulation or extreme cold (i.e., < 16°C)
will cool off the body, causing shivering and
muscle stiffness, thus disturbing sleep. A high
heat insulation or a too warm environment (i.e.,
24°C) can cause restlessness and transpiration,
resulting in an increase of relative humidity,
both conditions leading to sleep disturbances,
reductions in both REM and NREM sleep, and
increased wakefulness. Furthermore, moist skin
is more sensitive to shear forces.

Sleeping body temperature depends on room
temperature, the sleeping system, the fabrics of
the bed clothing and garments. The insulation
capabilities of a mattress depend on its core (for
instance, latex or polyurethane having higher
insulation than springs) and on its top layers
(wool having a good ability to retain air46 and so
on). The subject’s health status, age and gender,
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and medication also play an important role in
thermoregulation.

The ability to sweat decreases with age;47 in
women subjected to passive heating, sweating
onset regulating core temperature has been
reported to be delayed compared with men,48

and those taking contraceptives have higher
nocturnal temperature than men.49 On the other
hand, when the ambient temperature decreases,
women feel cooler during the luteal period of
the menstrual cycle than during the follicular
phase and have a higher metabolic rate.50

Although low temperatures are more bearable
to most people, the ability to maintain a sleep
state has been observed to be impaired in a
mildly cold sleeping environment.51 In an early
study, an ambient temperature (21°C) was found
to be more disruptive to sleep than warmer ones,
with individual sensitivity to cold.52 Generally, a
person tends to remain immobile in a cold bed-
ding, avoiding unnecessary shifts of position.

Temperature influences sleep architecture
even within thermoneutrality, while non-neutral
thermal environments accentuate NREM sleep
and wakefulness. Continuous heat exposure
(35°C) was reported to reduce total sleep time and
increase the amount of wakefulness.53 However,
in rats, chronic exposure to warm temperatures
increased the amount of sleep, specially that
of paradoxical sleep, whereas cold increased
wakefulness.54

REM sleep is more sensitive than NREM sleep
to changes of ambient temperature even within
thermoneutrality. This is more of a problem late
in the night, when REM sleep predominates.

During REM sleep thermal regulation of the
body is decreased or suppressed, resulting in the
body temperature varying with the temperature
of the environment, the human body becoming
poikilothermic. Body temperature variation dur-
ing this sleep stage can result in awakenings.
The inability to thermoregulate in REM sleep
affects the response to temperature changes:
sweating and shivering occurring in response
to extreme temperatures in NREM sleep cease
during REM sleep. 

Extreme low (< − 5°C) and high (> + 25°C) tem-
perature can affect REM sleep duration. The
length of the REM cycle decreases when the
ambient temperature increases from 13 to
25°C55 or more,53 and also if the body is exposed
to a nocturnal cold atmosphere (slow-wave
sleep is not affected).56

In small infants, a mild increase in body
temperature secondary to changes in ambient
temperature (20–30°C) resulted, especially
during REM, in an increased occurrence of cen-
tral apneas associated with oxygen saturation
drops. The parasympathetic activity was
observed to be lower and the basal heart rate
higher with shorter RR intervals.57

A drop in temperature is thought to be a
‘soporific’ signal for the body. A close association
has been found between decreased body temper-
ature by distal vasodilatation (and increased dis-
tal temperature) and initiation of sleep.58 A gently
declining body temperature is thought to trigger
the onset of sleep. Paradoxically, however, in
insomniacs, heat loss from the distal skin regions
appears to be greater than normal.

Body temperature follows a circadian
rhythm. It is a solid marker of the biological
clock. The warmest point (acrophase) is
reached in the late afternoon/early evening,
while the coolest point (nadir) occurs after mid-
night between 2.00 and 4.00 a.m. and rises by
the time REM is occurring in abundance, during
the second half of the night. Ideally the temper-
ature of the sleeping environment should fol-
low the circadian rhythm, decreasing during
the evening and increasing in the early morn-
ing. In some species, specially in heterothermic
but even in some mammals, cyclic changes in
ambient temperature can entrain this rhythm.59

Exposure to passive heat in the afternoon and
evening has no significant effect on the sleep
pattern that night if the person sleeps in
thermoneutrality (30°C). However, sleep is dis-
turbed, restless and less efficient, with reduc-
tion of REM sleep, if the night ambient
temperature is high (35°C).60 On the other hand,
subjects exposed during their night sleep to a

SLEEPING ENVIRONMENT AND SLEEP QUALITY

87

07-Sleep-8013.qxd  10/9/2006  6:26 PM  Page 87

  

www.Ebook777.com

http://www.ebook777.com


slightly cold environment showed, on a follow-
ing daytime recovery sleep, an increase in REM
sleep duration.61

Sleep deprivation can also influence the
temperature effect and may modify the ther-
moregulatory response, especially in a cold envi-
ronment, where higher sensations of cold and
shivering have been reported.62 However, a
recent study did not show significant differences
in rectal temperature or heat production when
the subjects were exposed for 180 minutes to
cold air following 33 hours of sleep deprivation.63

Bed clothing and sleep garments

The composition of the constituent materials
affects the exchange of heat and moisture
between the body, the clothing and the layers of
the bedding. Hence the top layers of the bed, the
bed clothes and night garments should preferably
be made of natural materials such as cotton,
wool, linen, or silk. Sheets and blankets can eas-
ily be adjusted to the ambient temperature. Quilts
are popular since they sit snugly around the body. 

If used, sleepwear has to be adequate, loose
and comfortable in order not to disturb sleep.
For good sleep comfort, thin, loose-fitting night-
wear, pyjamas, night-shirt or negligé should be
recommended. Tight clothing may cause the
person to feel restricted and result in awaken-
ings. On the other hand, too loose a garment can
twist tightly around the body if a person moves
about too much during sleep, causing restric-
tion and hindering posture changes.

There are also specific requirements to be
considered. People with perspiration and
allergy problems should choose adequate bed-
ding materials. Women feel cooler in the luteal
phase if the ambient temperature is low, and
they have a tendency to wear thicker clothing.

Air, humidity and ventilation

Air composition in the bedroom and the amount
of moisture in the sleeping environment are
important factors contributing to sleep quality.

The human body releases hundreds of milli-
litres of moisture during the night, in certain
conditions up to 1 litre. One-third of this mois-
ture evaporates in breathing, two-thirds are
emitted through the body surface. This release
of moisture through the skin should not be con-
fused with perspiration, and is in fact greater in
volume than perspiration.

Ideally, the relative humidity between the
skin and the sheet/mattress should stabilize
within half an hour and should remain under
75%. In order to prevent mildew formation on
the bottom of the mattress, or a clingy feeling to
the sheets or the mattress surface, moisture has
to be transported and absorbed by the environ-
ment, that is, the nightwear, bed clothing, mat-
tress, and head pillow.

Overly dry air can irritate the upper airway
and bronchial passages, resulting in coughing
and awakenings. Electrical humidifiers or a
bowl of water in the room address this problem.
Opening a window improves the room venti-
lation. Excessive humidity can raise body
temperature and result in uncomfortable perspi-
ration, leading to arousals; this can be enhanced
by the fact that, in humid conditions, sweat is
slow to evaporate. 

Exposure to humid heat increases sweating,
which disrupts sleep and increases wake-
fulness more during the initial segment of the
sleep period than during the later part.64 Hence
air conditioning should preferably be used in
the initial hours of sleep.

Sleeping naked, without covers in a humid
environment, will allow the body to remain
damp, and this can result in a chill. Soft, mois-
ture absorbing nightwear and sheets of cotton or
linen are recommended. Head cooling during
sleep may help decrease sweating,65 while
increasing air circulation, for example, with a
fan, will help decrease humidity. 

Body movements during sleep can improve
ventilation, although this is not enough.
Mattresses should also allow for adequate heat
and humidity flow. Those made of latex, for
instance, have very poor ventilation properties
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compared with spring mattresses. To decrease
the risk of creating breeding grounds for house
dust mites, mattresses should be ventilated reg-
ularly and turned around.

The effect of air ions on humans has been the
subject of much debate. While an excess of
positive ions may cause discomfort, including
headaches, nausea, and nasal congestion, nega-
tive ions have been reported to bestow beneficial
effects. Men exposed for at least six hours to neg-
ative ions felt more relaxed and less tired.66 The
mode of action seems to be through the respira-
tory system. Negative ions are more concen-
trated in fresh air, and they are produced by
lightning, waterfalls and other natural processes.
Air ionizers are electrical devices producing
negative air ions. They have been used for the
treatment of seasonal winter depression.67

In a study, pyjamas with negative air ions
were worn during night sleep. The rectal tem-
perature was observed to be more reduced and
the elevation of salivary IgA more marked than
when not wearing this clothing.68

House dust mite allergy

The house dust mite is a microscopic scavenger
(< 0.5 mm) which eats what is available. It has
no eyes nor organized respiratory systems. With
its eight legs, each with a sucker and hooks, it
moves easily on carpets, curtains, clothing,
blankets, soft toys, and old furniture. The mite
colonizes nest sites whenever it finds suitable
conditions, that is warmth, darkness, and mois-
ture, which explains why, even though it never
drinks, its body weight consists of 80% water.
Its lifespan is about 3 months.

In the bedroom, mattresses and head pillows
are important seedbeds; the mites breed on
organic debris, mainly flakes of human skin.
The mite’s digestive system creates up to 20
dung droppings a day. This desiccated excre-
ment can remain suspended in still air (e.g., an
unventilated room) for almost half an hour,
enough time to be easily inhaled by unsuspect-
ing people, causing allergic reactions (coughing,

asthma, irritation in the eyes, dermatitis),
which manifests specially during the night.69

Genetically predisposed individuals (atopic
family or history of allergy) are more vulnerable
to the mite. The allergy is not originated by dust
or the mite itself but by very invasive allergens
(dermatophagoides) produced in the intestinal
canal during degradation of organic dirt.

Mites develop best in a temperature of
20–25°C and relative air moisture of 70–75%.
Bedrooms with high temperature, high humid-
ity, and lack of ventilation are ideal breeding
grounds. In the bedding dust, besides the mites,
other micro-organisms and fungi living on the
mite excrement can be found in abundance,
some of them also pathogenic.

Mattresses tend to accumulate allergen rather
rapidly. In a study, 51 mattresses used during
8–25 months had a median concentration of
total major allergens of 0.5 µg/g. The allergen
concentration was found to be above the risk
level (2 µg/g) in 56% of the mattresses.70

Neither spring, foam nor heated water mat-
tresses are immune from producing mite
allergy. Attempts have been made to reduce
mite allergen in the bedroom by treating carpets
and bedding with chemicals, encasing the mat-
tresses or developing new fabrics. Treatment of
pillows, mattresses, and duvets with acaricide
(benzyl benzoate) seemed to be ineffective.71

The efficiency of encasing mattresses with
anti-allergic covers is controversial. In some
studies allergen-impermeable bed covers did
not show a decrease in the mite antigen level,72

while in others, the use of anti-allergic mattress
covers has been shown to be effective in
patients who are asthmatic and allergic to the
house dust mite.73 In an investigation compar-
ing a control group using only regular cotton
bed sheets with an experimental group using
partial encasement of the mattress with an
impermeable membrane (a nylon sheet under-
neath the regular cotton bed sheet), it was found
that the nylon sheet reduced the migration of
mite antigens from the mattress to the surface
of the cotton bed sheet during the study period
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of 6 months.74 The use of washable blanket
covers of synthetic fibres or cotton also signifi-
cantly reduced the allergen exposure.70

A novel way to fight dust mites has been
to impregnate mattresses with permethrin
(450 mg/m2 permethrin in polyester netting
weighing 35 g/m2). In a 27-month field test, the
permethrin-impregnated bedding significantly
reduced allergen concentrations of dust mite
without side effects.75

In conclusion, it is practically impossible to
get rid of the mites. Allergic symptoms can be
lessened by keeping air humidity lower than
55% and limiting the exposure to the dung pel-
lets by correct hygiene, good ventilation, and
aeration of the bed. Synthetic top layers that can
be washed above 60°C can be recommended.

THE SLEEPING SYSTEM

The sleeping system, that is the mattress and its
supporting structure, is one of the most impor-
tant ergonomic factors that influence sleep. An
adequate sleeping system should fulfill different
needs, depending on individual requirements,
and has to be appropriate for the different sleep-
ing postures. Muscles have to relax, decreasing
the load of the intervertebral disks. A good rest-
ing place is the one that allows the entire mus-
culoskeletal system to recuperate. An incorrect
sleeping position or a sleeping system which is
ergonomically insufficiently adapted and which
does not support the vertebral column appropri-
ately can result in unsatisfactory sleep with day-
time tiredness – and most likely back pain on
waking.

Sleeping position and posture
shifts during sleep

To remain still conserves energy and helps
falling asleep. Most people develop a specific
body position to sleep – the best for relax-
ation and energy conservation. However, body
position at sleep onset changes during sleep.

Posture changes are necessary to avoid
muscle stiffness and pressure overloading of
soft tissue. Too long periods of immobility may
be harmful to the soft tissues and the mus-
culoskeletal system, resulting in stiffness. In
fragile people, such as children or elderly, long
periods of immobilization may also have an
impact on their respiration.76

Movements occur often before a shift in sleep
stage. During deep sleep there is a minimal
amount of movement, and generally during
REM only brief twitches in the small muscles of
the arms and legs can occur.

The number of movements during sleep is
10–20 per hour. Adults shift positions between
15 and 40 times per night, with about 2–4 major
position shifts per hour.77,78 Increase of body
movement reflects fragmented sleep of bad
quality: poor sleepers change position more
frequently; they also sleep more often in the
supine position than good sleepers.77

Spine support

While bed manufacturers used to have little, if
any, interest in considering the physiological
aspects of sleeping, attention has been focussed
on ergonomic features, mainly the relationship
between the bed and its impact on the spine. An
interesting review has recently been published.79

Almost everybody experiences back pain at
some time during their life. Most complaints
arise from the lumbar area: pain is often caused
by overloading of the spinal column, for
instance, when adopting a damaging posture
or performing sudden movements. Even soft
tissues can be damaged by this overload. In these
cases intervertebral discs function as absorbers
of the shock.80

These discs consist mostly of water. Following
a loading of the spine for a few hours, part of the
fluid is lost (up to 10%). When the body is rest-
ing in a horizontal position, the intervertebral
discs are unloaded and rehydrate. Recuperation
of the lost water helps them regain their elastic-
ity.81 (This effect also causes the body to elongate
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approximately 1–2 cm (2%) during sleep.82)
Hence it is essential that the vertebral column
remains unloaded as much as possible during
sleep. But a prolonged incorrect rest posture dur-
ing sleep can result in loading. A good support of
the vertebral column should optimally distribute
the load, restoring the physiologic shape of the
spine, thus relieving daily stress and reducing
low back pain. 

The question remains as to what is the opti-
mal spinal curvature one should have during
sleep? Should the lumbar lordosis be flattened?
Classically, a good sleeping position is thought
to be achieved when the spine adopts its nat-
ural, upright position, preserving the lumbar
lordosis. For a lateral sleeping posture, it is gen-
erally assumed that an optimal support should
allow the spine to be in a straight line in order
to distribute the loading of the vertebral column
symmetrically.83

Both body weight distribution and body
dimension influence the position of the spine
in any resting position and on any support.
Since the human body will strive for minimal
loading while sleeping, healthy people will
automatically try to adjust their sleeping pos-
ture to their sleeping system. Bending the knees
and hip joints to an angle of 45 degrees, a posi-
tion naturally adopted by most people sleeping
in a lateral position, relaxes the iliopsoas mus-
cle and smoothes the lumbar lordosis.

The bed

There are different types of bed on the market,
using horizontal or vertical coil springs and
other materials. Manufacturers advertise the
‘sleep-improving’ qualities of their products
showing, for example, how the contour of the
bed conforms to that of the body.

Very few controlled studies78 have been made
that address the impact of sleep surfaces on sleep
quality, and the few published reports have
failed to demonstrate significant differences in
sleep quality of healthy adults.84,85 Young people
sleep well regardless of the sleeping conditions,

while adults can be affected by the sleeping
surface. For instance, Suckling et al.86 found that
mobility increased when sleeping on a firm sur-
face, and the depth and subjective estimates of
sleep decreased.

Sleeping surfaces and mattresses

The core of most of the mattresses consists of
either latex, spring, foam (such as polyurethane),
or fluids. Some manufacturers combine these
materials; for example, a core of springs with a
cover of foam or latex.

Latex mattresses are composed of particles of
foam rubber. Depending on the type of mould-
ing, various elastic behaviors can be obtained
with different stiffness zones, each zone being
able to deform independently. Latex has a very
good heat insulation but low air permeability,
and the firmness is directly dependent on the
density of the latex.

The advantage of the spring mattress is that
stiffness can be adjusted. The wire thickness of
the spring is mainly responsible for the elasticity.
Spring mattresses support the body well: the
greater the number of springs used, the better the
support. Spring mattresses have good ventilation,
but also low thermal insulation. Springs can have
different shapes. Pocket springs are springs indi-
vidually wrapped into ‘sockets’ and mounted in
rows; they offer better support since they can
deform independently of each other.

Foam mattresses are light, and easy to handle;
they have a good thermal insulation and per-
meability as well as elasticity, with a small hys-
teresis. The characteristics of foam mattresses
allow a wide variety of stiffness for a given
density.

Water beds distribute weight evenly and can
provide the right support, but they can provoke
oscillations which disturb stability. They can
limit motility and if not well designed can alter
the microclimate, with bad ventilation and
humidity. 

The cover of the mattress functions as a pro-
tective top layer; it distributes contact pressure,
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and regularizes humidity and temperature. It
should be adequately treated against dust mites
and bacteria, and should not be allergenic. Thus
the material of the cover should preferably be
synthetic or natural. 

• Wool has very good absorption and good
thermal properties.

• Silk has poor thermal qualities but can absorb
a lot of moisture and is suitable for people
who sweat profusely. It has also good antial-
lergic properties.

• Cotton has poor thermal insulation so is suit-
able for warm climates. Although able to
absorb large quantities of moisture it feels
sticky at low moisture levels. It has good
antibacterial properties.

Futon beds, traditionally used in Japan, are
becoming more popular in Europe. The mat-
tresses are made only with natural material.
A thick cotton quilt is stuffed with layers of cot-
ton wadding, sometimes combined with wool,
and placed on a slatted support of rice straw or
wood (in Europe). The sleeping surface moulds
well to the body and the natural fibres allow
good air circulation. 

The material can absorb large quantities of
moisture; therefore these mattresses need to be
shaken regularly and aired.

Mechanical characteristics of mattresses 

• Hysteresis measures the energy dissipated
in the mattress. It should be minimized to
avoid too much energy consumed in mov-
ing and changing posture. Latex mattresses
have a better hysteresis than those with
visco-elastic foams.

• Density of the mattress is representative of
its fatigue resistance. The higher the density,
the better the resistance, but also the greater
the surface stiffness.

• Stability is an important feature of mat-
tresses. If not stable enough (e.g., water beds)
a sleeping surface can react to body move-
ments by oscillating. Proprioceptive mecha-
nisms to stabilize the sleeping posture

will stimulate continuous muscle activity,
keeping some muscle groups under constant
stress.

• Elasticity represents the force needed to dent
the mattress and is reflected in its firm-
ness. Elasticity is the feature of the sleeping
surface that provides correct body support.
With visco-elastic materials such as poly-
urethane, elasticity is dependent on the
velocity of deformation, while elasticity of
pure elastic material is constant.

People with back problems should take particu-
lar notice of the mechanical features of the bed,
especially with regard to back support. Among
other properties, pressure-relieving qualities
are important. Ideally, the material properties
of the mattress should be adjusted to each
individual.

Mattress support: firm or soft?

Soft mattresses If a sleeping system is too soft,
the contact areas between the body and the bed
will be more widespread. The body will sink
deeply into the mattress, especially the heavy
parts. Although this position will prevent blood
circulation problems and help some muscles
to relax, it is certainly not the best relaxing
position for the spine. In a lateral posture, the
spine will be loaded asymmetrically, while in a
supine sleeping position the pelvis will sink
backward, yielding an excessive smoothing of
the lumbar lordosis.

Sinking into the mattress will also limit body
mobility. With a soft sleeping surface and large
contact area, the body sinks into the mattress
which may press against the skin, causing the
local temperature to increase along with a
tendency to compensatory sweating that may
lead to arousals. The feeling of a moist surface
will further disturb sleep. 

Hence, an overweight person sleeping on a
soft mattress will sag into it, the pelvic girdle
sinking into the mattress. Small movements
which normally should be enough to adjust
position and avoid stiffness will be inefficient
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to change posture: the body will fall back into
the hollow space. More energy will be needed
for every change in position, which can result
in arousals. On the other hand, if the heat dis-
persion of the supporting material is not good,
a heat pocket surrounding the body can easily
develop, resulting in disturbed sleep. Overly
soft beds can also numb sensations.

Firm mattresses If the sleeping system is too
firm, the vertebral column can be incorrectly
supported. When lying in a supine position the
pelvis can first protrude forward due to the ten-
sion of the iliopsoas muscle, and when the
muscle relaxes the pelvis will bend backward,
flattening the lumbar lordosis.

In a lateral posture, only the large and heavy
parts of the body, such as the pelvis and the
shoulders, will be supported while the lum-
bar region will bend downward. By flexing
the spine laterally, a firm mattress can induce
locally increased pressure peaks.

So when sleeping on too firm surfaces, body
weight will not be distributed evenly. Reducing
areas of body contact with the sleeping surfaces
increases pressure and shear forces on the skin
and soft structures, compressing the vascular
bed and resulting in a shortage of blood and
oxygen supply to the tissues. If pronounced and
persistent this can result in ischemia. Hence in
order to limit the duration and level of contact
pressure, body movements will increase.

Heavy persons could benefit from a firm
mattress in order to avoid the pelvic girdle sink-
ing deeply into the bed. A lean person sleeping
on a firm surface will have increased risks of
compression of some peripheral nerves, for
example, at the elbows or blood vessels, espe-
cially at places where there are no fatty tissues
or muscles to distribute contact forces, with the
skin being squashed between the bones and the
sleep surface. In supine position, the risk areas
include the elbow, the scapula, and the heel; in
the lateral posture the risk areas include the
ankle, the knee, and the shoulder. This results in
paresthesia, increased movements and posture

adjustments, resulting in restlessness and
arousals. Sleep becomes fragmented. Muscles
will not relax adequately and this may slow
down the rehydration of the intervertebral discs,
with risks for back pain and stiffness when wak-
ing up, as well as the feeling of non-refreshed
night sleep.

It is noteworthy that for subjects with pro-
nounced back pain or injury, a firm mattress
can yield temporary stress relief at the level of
pain or injury and hence be preferred by the
suffering subjects.87

Specific surfaces Pressure-relieving mattresses
do not always yield the expected results. For
instance, some heavy parts of the body, such as
the pelvic girdle, might sink into the mattress,
causing it to sag, whereas other parts will rise
up, resulting in an asymmetrically loaded spine.

Some manufacturers offer mattresses with
different localized elastic properties, for exam-
ple, firmer at the pelvic zone and softer at the
shoulder, by placing pocket springs with differ-
ent properties in a matrix, which deform inde-
pendently. If well designed, these mattresses
can provide a good support of the spine. 

Bed size

A bed should be wide enough to allow for easy
movements and posture changes, and should be
at least 15–20 cm longer than the height of the
sleeping person. The bed should preferably not
be flat on the floor but elevated to enable good
air circulation and convenient access getting in
and out of bed.

Habituation and adaptation to
changing sleeping system

People get used to the supporting pressure
exerted on different parts of their body.
Adapting to a new underlying sleeping
surface can take many days.78,88 Due to this
adaptation, a temporary worsening of the back
support can develop, even when one changes to
a better sleeping system.
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In a recent study,88 16 healthy and active
adult men with regular working hours and
without sleep disorders or allergy were inves-
tigated in a double-blind, cross-over study.
The participants were studied at home, first
sleeping in their habitual bed for 3 days. The
next 6 weeks they slept in three different beds,
changing bed after a 2-week period. The beds
were outwardly similar in appearance but had
different firmness. Sleep was estimated using
both subjective estimates of sleep quality
and objective measurements (actigraphy,
sensor pads, and standard polysomnography).
Significant changes in sleep quality were
observed related to bed firmness. The effect of
the beds was observed to change with time,
often with a decreased impact at the end of
the test period as compared to the initial days,
suggesting a period of adaptation to the new
sleeping surface.

This effect can be psychophysiological in
nature which can take effect either at the begin-
ning or end of the test. Initially there may be a
‘placebo-like’ effect related to the novelty and
excitement of experiencing a new bed, which
fades out after a few days. Toward the end of the
test an ‘anxious’ expectancy develops when the
individual awaits another bed. The effect can
also be secondary to some changes in the bed’s
physical features: after a few nights of use and
pressure, there may be a mechanical settling
changing the characteristics of the bed.
However, since the same beds were used for all
the participants, this mechanical adaptation
would have acted for the first user but not for
the others.

Pillows

A pillow should be designed to support the
head and the neck optimally in order to release
the tension of the muscles supporting the head.
While a soft pillow might feel comfortable and
supportive, it can also hinder head movements
during sleep, requiring more energy with risks
of awakenings.

During sleep there is a tendency for the upper
airways to become narrower, worsening breath-
ing, especially in people who are overweight or
over 40 years old. It is therefore important that
the pillow does not further disturb breathing by
wrongly positioning the head in relation to the
cervical spine and thus narrowing the airways
further. Ideally, when lying in a supine position
the entire vertebral column should be in a
straight line. If the pillow is too soft, breathing
can also be worsened by allowing the head to
sink into it.

Temperature under the head can increase
during the night, especially if the material in
the pillow is of poor quality. This can result in
local sweating and awakenings. Pillows should
hence have good thermal properties to allow
rapid dissipation of heat below the head.

The type of filling of the pillow should be
carefully considered, since it can produce aller-
gic reactions such as rhinitis resulting in mucus
secretion which obstructs the upper airway and
disturbs sleep. Soft pillows are recommended
for people sleeping on their stomach. Firm pil-
lows should be used if sleep is mainly in the
supine or lateral positions. Anatomically shaped
pillows filled with water or with flexible ther-
mosensitive materials adjusting ‘automatically’
to the shape of the head are reported to be very
supportive. Feather filled pillows that mould
very well to the shape of the head can cause
allergies. Those made with synthetic material
are less allergenic and can easily be washed.

Some pillows on the market contain material
with magnetic properties supposed to promote
sleep by increasing ‘blood flow’ in the head or
‘optimizing the electrical activity of the brain’.
There are many anecdotal reports about the
positive influence of magnetic fields on health
and sleep quality. It remains a very contro-
versial issue and to our knowledge there are no
major controlled studies yet supporting such
claims.

It has become fashionable to place herbal
sachets underneath the pillow to benefit from
the sleep-inducing properties of these herbs. 
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Conclusions

The choice of a firm or soft mattress is not a
matter of likes and dislikes: it should be done in
consideration of individual needs. 

The anthropometric features of a person
should be weighed when choosing between a
soft or a firm sleeping surface. Obese or lean,
tall or short people do not have the same needs
for sleep surfaces. Men and women probably
have different requirements related to their dif-
ferent body contours. Furthermore, the health
status of an individual should influence the
choice of sleeping surface.

Back support qualities are very important.
By combining different materials correctly
(springs, latex, polyurethane) optimal correct
support quality can be achieved. Support prop-
erties can be optimized by combining different
stiffness zones – however, an incorrect assign-
ment can do more harm than good.

An ideal sleeping system should also offer
optimal spine support, with minimal deformi-
ties allowing freedom and easiness of move-
ments as well as the possibility of posture
changes, thus posing the least possible resis-
tance and demanding minimal energy. It should
be soft enough to avoid compression and there-
fore increased body movements and sleep dis-
ruption, but it should not be so soft as to hinder
natural movements and posture changes. 

Most of the properties of a sleeping system do
not stand the test of time; all mattresses, even
the most fatigue-resistant ones, lose some elas-
ticity after a few years. Hence a mattress is not a
piece of furniture that can be kept indefinitely;
it has to be changed when needs be.

Bed and room disposition

Some people believe that the room disposition
and bed placement can influence sleep, posi-
tively or negatively. In recent years the Asian
concept of Feng Shui has become a popular
approach to furniture arrangement in the home
and workplace. Feng Shui, originally used
to find the most appropriate burial site for the

dead, is a belief that well-being can be
enhanced by harmonizing the energy emanat-
ing from the Earth that flows throughout the
environment.

Feng Shui is supposed to balance the two
opposite but complementary forces which har-
monize this energy: the yin and the yang. Used
in the bedroom, it is expected to make sur-
roundings both relaxing through the yin, pro-
moting sleep, and energizing through the yang,
optimizing alertness upon waking. The concept
is to have a geometrically regular, minimalist
and simply decorated bedroom, free from clut-
ter. Visually stimulating items such as mirrors
or hanging clothes are avoided as well as any-
thing not associated with sleep, such as a TV or
computer. The bed is placed in certain energy
fields, avoiding interrupting the flow of energy,
hence is placed between a door and a window
and its position allows the lying person to see
people entering the room. The bed is raised off
the floor to let the energy flow around the bed
and the head of the bed is directed toward a
position particular to the sleeping person, in
relation to the signs of the zodiac!

CONCLUSIONS

Stress, long days and sleepless nights wear on
the body, leading to tiredness, fatigue, dulled
reflexes and worsening of cognitive functions,
as well as a decreased resistance of the defense
systems. The few hours devoted to rest should
foster a sleep of optimal quality.

Sleep is controlled by many factors, and
environmental sleeping conditions can promote
or prevent sleep. Other points which should
also be addressed concern the invasion of enter-
tainment equipment in everyday life and in the
bedroom, such as TV and computers. Watching
late TV programs is emotionally disturbing
and/or visually stimulating, resulting in
increased awakenings and difficulty to unwind,
thus delaying sleep. This is becoming an acute
problem particularly for teenagers, who often
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have already a biological tendency for phase
delay in their circadian rhythms.

It is essential to increase public awareness
about these issues. Many manufacturers of bed-
room fixtures and bed systems are becoming
conscious of the importance of these points and
are trying to develop more adequate furnishings.
A closer collaboration should evolve between
these manufacturers, sleep researchers, and spe-
cialists in the domain of surroundings, light,
sounds, and air.

To be successful when confronted with the
many disturbing factors associated with a mod-
ern lifestyle, the art and conditions of sleep will
need to become more dynamic, adjusting to the
specific situations of the sleeping person and
his or her environment. 
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CHAPTER 8

Interaction between sleep
and stress in shift workers

Torbjörn Åkerstedt

101

A close relationship exists between quality of
sleep and the demands of the workplace. Sleep
has a number of effects on the speed and effi-
ciency of work performance. Conversely, work
takes up most of our waking time and can have
a significant influence on both the duration and
quality of sleep. Perhaps the two most impor-
tant effects of aspects of work on sleep experi-
ence are the number of hours worked and the
amount of stress produced by the job tasks.
Additionally, factors such as physical workload
may contribute to the overall stress of the job.
The effects of these work characteristics on
sleep are profound and will be the focus of this
chapter. 

STRESS AND SLEEP

The core problem of stress with regard to sleep
is that stress produces significant physiologic
activation, which is in conflict with the inher-
ent requirement of physiologic deactivation
during sleep. The sections below review the
basic concept of stress, and various studies that
have examined its influence on sleep quality
and daytime alertness. 

The concept of stress

From a general perspective, psychosocial stress
refers to ‘the rate of wear and tear in the organ-
ism’, and the biological definition of stress
refers to the non-specific response to any
demand1 to increase the chances of survival of
an individual who is facing a life-threatening
situation. More specifically, stress is determined
by ‘the balance between the perceived demands
from the environment and the individual’s
resources to meet those demands’.2,3

Contemporary physiologic stress models
derive from Cannon’s4 and Selye’s pioneering
work.1 Selye5 proposed a model of stress, the
general adaptation syndrome (GAS), composed
of three stages: alarm, resistance, and exhaus-
tion. These reflected the physiologic non-
specific response to a challenge. The resistance
stage of GAS has profound energy require-
ments, which, if persistent over time, deplete
the person’s capacity and lead to exhaustion.

Cannon4 developed the concept of the ‘fight–
flight’ response, which linked the emotional per-
ception of a ‘threat’ to physiologic changes in the
periphery. Markers of the fight–flight response
are the catecholamines, epinephrine and nor-
epinephrine, and other physiologic indicators
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associated with the autonomic nervous system.6,7

Thus, the sympathetic adrenal medullary (SAM)
system is activated when the individual feels
threatened, irrespective of whether the require-
ment is to battle or to escape the emergency.

The hypothalamo-pituitary-adrenocortical
(HPA) axis is also fundamental in the stress
reaction. When the SAM system is activated
and neuropeptides like corticosteroid-releasing
hormone and vasopressin are released, they in
turn stimulate adrenocorticotropic hormone
release into the general blood circulation
within the pituitary.6,8 An increase or decrease
in the HPA axis and SAM system produces
abnormal levels of mainly cortisol and cate-
cholamines into the blood.9–11 These stress sys-
tems interact with the major endocrine and
gastrointestinal and immune systems through
complex stimulatory and inhibitory feedback
pathways.12

Long-term effects of stress are described as
‘allostasis’, being the ability of the body to
increase or decrease the activation level of vital
functions to new steady states that are depen-
dent on the characteristics of the challenge and
the person’s emotions and appraisal of events.13

The resulting ‘allostatic load ’ represents the
cumulative cost to the body when the systems
start to malfunction after a stressful event.14 It is
suggested that serious pathophysiology can
occur if overload is not relieved in some way.13

Clearly, one of the outcomes may be insomnia.
One of the leading psychosocial measures in

work stress research is the demand/control
model of Karasek15 and Theorell.16 Thus, high
demands and low decision latitude have been
found predictive of cardiovascular and other
types of disease.17–20 A somewhat different
approach is that of Siegrist and his contrast
between effort and resources.21 In this model
‘immersion’ has an important role, representing
major commitment and effort. Another impor-
tant work-related factor may be the amount of
social support received at work. Several studies
have indicated the impact of lack of such

support on cardiovascular disease, depression,
and other outcomes.16

Connection between sleep and stress

Considering the physiologic activation involved
in the stress response it seems logical to expect a
connection with sleep. The evidence is, however,
surprisingly modest, at least in terms of studies of
causal connections. Nevertheless a number of
cross-sectional epidemiologic studies point to a
strong link between stress and sleep.22–24 In fact,
stress is considered the primary cause of persis-
tent psychophysiologic insomnia.25 In one study
of life events, Cernovsky26 demonstrated a clear
increase in negative life events before an outbreak
of insomnia.

Partinen et al.27 investigated several occupa-
tional groups and found disturbed sleep to be
most common among manual workers and much
less so among physicians or managing directors.
Geroldi et al.28 found in a retrospective study of
older individuals (above the age of 75 years) that
former white collar workers reported better
sleep than blue collar workers. Kupperman
et al.29 reported fewer sleep problems in individ-
uals who were satisfied with their work.

In one of the more detailed epidemiological
studies, Ribet et al.30 studied more than 21 000
subjects in France, using a sleep disturbance
index and logistic regression analysis. It was
found that shift work, a long working week,
exposure to vibrations, and ‘having to hurry’
appeared to be the main risk factors, control-
ling for age and gender. Disturbed sleep was
more frequent in women and in older age
groups.24,31,32

The work stressor most closely linked to
disturbed sleep may be ‘work under high
demands’.23,24,30,33 Åkerstedt et al.33 found that
the strongest item of the demand index was
‘having to exert a lot of effort at work’ – not sim-
ply ‘having too much to do’, for example. It was
also found that when ‘not being able to stop
thinking about work in the evening’ was added
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to the regression this variable took over part of
the role of work demands as a predictor. This
suggests that it may not be work demands per se
that are important, but rather their non-remitting
character. Lack of social support at work is also
a risk indicator for disturbed sleep.33 Poor
(general) social support has been associated, for
instance, with sleep complaints in Vietnam war
veterans,34 even if the amount of work available
is rather limited.

In addition, epidemiologic studies have
shown a connection between disturbed sleep
and later occurrence of stress-related disorders
such as cardiovascular disease35–37 and diabetes
type II.38 The mechanism has not been identi-
fied but both lipid as well as glucose metabo-
lism are impaired in relation to experimentally
reduced sleep.39

Burnout is another result of long-term stress
and is a growing health problem in many
Western countries.40 In Sweden, burnout is
estimated to account for most of the doubling
of long-term sickness absence since the mid-
nineties.41 The characteristic clinical symp-
toms of the condition are excessive and
persistent fatigue, emotional distress, and cog-
nitive dysfunction.42,43 Self-reports of disturbed
sleep are pronounced in patients scoring high
on burnout.44,45

Stress and polysomnography

A number of laboratory studies of stress and
sleep have been carried out, but the stressors
have been rather artificial (e.g., an unpleasant
movie) and the results unclear.22 It is probably
the case that the stressor needs to be of real sig-
nificance to the individual in order to have any
effect.

The number of physiologic investigations of
the effects of common life stress on sleep is sur-
prisingly low. In addition, the stress levels that
are used in such studies are fairly modest.
Thus, there have been studies looking at stu-
dents’ sleep the night before a big exam, sleep

before a day of skydiving, sleep when on call, or
sleep before an early awakening.46–49 The results
indicate a slightly negative effect on sleep effi-
ciency and the amount of deep sleep. 

Other results suggest that it is the worrying
and the tension before the following sleep or
before the next day that are most important.50–52

Sleep appears to contain less slow-wave sleep
(SWS) under such circumstances and this sup-
ports the notion that the anticipation of diffi-
culties is important in the stress reaction.

It has also been shown that sleep is disturbed
under threats to national security, for example,
after the nuclear accident at Three Mile Island,
USA, and during the scud missile attacks on
Israel during the Gulf War.53,54 The effect of los-
ing a life partner has in one study been shown
to have surprisingly modest effects – mainly 
an increase in rapid eye movement (REM)
intensity.55

Post-traumatic stress disorder (PTSD) is
another well-established cause of disturbed
sleep, even if many of the more common indica-
tors of sleep quality (sleep latency, efficiency of
sleep, total length of sleep, and amount of stages
3 and 4) are only moderately affected.56–59 Instead
it appears that its major effect is to disturb REM
sleep, in particular by either increasing or reduc-
ing its duration, and by increasing its intensity.
The disorder also increases the number of awak-
enings. The unpleasant dreams associated with
traumatic memories also tend to produce condi-
tioned avoidance responses in affected individu-
als, resulting in postponements on a daily basis
of retiring or of even entering the sleeping area. 

Clinical aspects

In patients with primary insomnia there is an
increased incidence of stress markers, includ-
ing elevated cortisol levels, increased heart
rate, and above-average body temperature60–63.
In anxiety–associated insomnia, repeated
stress that occurs frequently interferes with the
normal sleep process.64 This, in turn, gives rise
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to worrying about the next time one has to go
to bed, which in turn disrupts sleep, and so on.
This vicious circle leads to an adjustment of
the stress-regulating system and the establish-
ment of a higher base level for physiologic
activation. 

Recently, reports from several countries have
suggested that the phenomenon of burnout is
increasing.40 Burnout is defined as extreme
fatigue due to long-term exposure to stress65 and
is the main cause of the doubling of sickness
absence in Sweden since the mid-nineties.41

Questionnaire studies usually show pro-
nounced increases of reports of disturbed
sleep44 and recently it has been demonstrated
that sleep polysomnography is characterized by
a high degree of disturbed sleep,66,67 as well as
reduced SWS, long sleep and REM latencies,
and other indicators of abnormal sleep.

SHIFT WORK AND SLEEP/
WAKEFULNESS

The key problem with shift work in relation to
sleep and wakefulness is that the night shift
component requires work when the circadian
clock drives the physiology towards deactiva-
tion and that sleep is displaced to a time of day
when the circadian clock drives the physiology
towards activation. This results in a conflict
with consequences for disturbed sleep and
alertness. The concept of shift work is intro-
duced below and then its links to sleep and
alertness are discussed.

Shift work

‘Shift work’ is an imprecise concept, although it
usually refers to a work-hour system in which a
relay of employees extends the period of pro-
duction beyond the conventional 8-hour day.
There are four major types of shift work: day
work, permanently displaced work hours, rotat-
ing shift work, and roster work. 

Day work involves work periods somewhere
between approximately 7 a.m. and 7 p.m. Per-
manently displaced work hours requires the
individual to work either a morning shift
(approximately 6 a.m. to 2 p.m.), an afternoon
shift (approximately 2 p.m. to 10 p.m.), or a
night shift (approximately 10 p.m. to 6 a.m.).
Rotating shift work involves alternation
between two or three shifts. Two-shift work usu-
ally involves morning and afternoon shifts,
while three-shift work also includes the night
shift. Three-shift work is often subdivided
according to the number of teams that are used
to cover the 24 hours of a work cycle; this is
usually three to six teams, depending on the
speed of rotation (number of consecutive shifts
of the same type).

Roster work is similar to rotating shift work
but may be less regular, more flexible, and less
geared to specific teams. It is used in service-
oriented occupations, such as transport, health
care, and law enforcement. In most industrial-
ized countries, approximately one-third of the
population has some form of ‘non-day work’
(shift work).68 About 5 to 10% of them have
shift work that includes night work.

In Europe, approximately 20% of the popula-
tion in the European Union have work shifts that
include night hours.69 Among the member states,
the UK, Austria, Finland, Ireland and France
report more than 20% of males working nights,
at least occasionally. Those with the lowest pro-
portions of night shift workers are Portugal and
Spain (< 15%). Among women the prevalence of
night work is 10%, with Finland (15%), Ireland
(15%), and the UK (14%) being the highest and
Portugal (7%) and Spain (7%) the lowest.

The US Bureau of Labor Statistics Current
Population Survey in May 1997 indicated that
82.9% of full-time wage and salary earners
work regular daytime hours. Alternate sched-
ules worked included evening shifts (4.6%),
employer-arranged irregular schedules (3.9%),
night shifts (3.5%), and rotating shifts (2.9%).
A rough estimate of the amount of night work in
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the USA would be 6.4–11%, depending on the
proportion of night work involved among the
group ‘employer-arranged irregular schedules’.

In most parts of Asia, Africa, and South
America the figures vary between 1% and
10%, depending on the degree of industrial
development.

Sleep in shift work

Early70–74 as well as more recent studies30 indi-
cate that the dominant health problem reported
by shift workers is disturbed sleep and wake-
fulness. At least three-fourths of the shift work-
ers are affected75 and insufficient sleep is often
given as the reason for leaving shift work.

The night sleep before the first night shift is
usually rather long,76 starts rather early, and lasts
to around 8 o’clock in the morning, or somewhat
beyond. It is frequently (30–50% prevalence)
associated with napping in the afternoon before
the first night shift, especially if the preceding
main sleep has been short. 

Sleep after a night shift is usually initiated
1 hour after the termination of the shift,76–78

with very little variation (30–60 min standard
deviation) between individuals. The study by
Pilcher et al.78 also showed that most sleep
reduction occurred after rotating night shifts –
permanent night work seemed to allow slightly
longer sleep.

About a third of the shift workers add a
late afternoon nap between subsequent night
shifts.76,77,79 The nap duration often exceeds 1
hour and the prevalence of napping increases
with decreasing length of the prior main
sleep.80,81 The nap thus seems to be a compen-
sation for insufficient prior sleep.

The long-term effects of shift work on sleep
are rather poorly understood. However,
Dumont82 found that the amount of sleep/wake
and related disturbances in present-day work-
ers were positively related to their previous
experience of night work. Guilleminault83

found an over-representation of former shift

workers with different clinical sleep/wake dis-
turbances appearing at a sleep clinic. Recently,
we have shown that in pairs of twins discordant
on night work exposure, the exposed twin
reported somewhat deteriorated sleep quality
and health after retirement.84

Polysomnography and night work

Electroencephalographic (EEG) studies of rotat-
ing shift workers and similar groups have
shown that duration of sleep during the day
sleep is 1–4 hours shorter than sleep at
night.85–90 The shortening is due to the fact that
sleep is terminated after only 4–6 hours, with-
out the individual being able to return to sleep.
The sleep loss is primarily accounted for by
reductions in stage 2 sleep and REM sleep
(dream sleep). Stages 3 and 4 (‘deep’ sleep) do
not seem to be affected. Furthermore, the time
taken to fall asleep (sleep latency) is usually
shorter. Also, night sleep before a morning
shift is reduced but is terminated artificially
and the awakening is usually difficult and
unpleasant.79,91–93

Interestingly, day sleep does not seem to
improve much across series of night shifts.94,95 It
appears, however, that night workers sleep
slightly better (longer) than rotating workers on
the night shift.96–98

Subjective alertness

With respect to the prevalence of perceived
sleepiness, a wealth of questionnaire studies
suggest that the overwhelming majority of shift
workers experience sleepiness in connection
with night shift work, whereas daywork is asso-
ciated with only marginal or no sleepi-
ness.72,74,99–106 The studies by Verhaegen’s103 and
Paley’s106 groups are somewhat unusual in that
they had an experimental design and showed
that reported fatigue increased on entering and
decreased on leaving shift work. 

In many studies a majority of shift workers
admitted to having experienced involuntary
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sleep on the night shift, whereas this was rare
on day-oriented shifts.107–110 Between 10% and
20% reported falling asleep during night work.

Ambulatory EEG recordings verify that inci-
dents of actual sleep occur during night work
in, for example, process operators.89 Other
groups, such as train drivers or truck drivers,
showed clear signs of falling-asleep incidents
when driving at night.111–113 This occurs toward
the second half of the night and appears as
repeated bursts of alpha and theta EEG activity,
together with closed eyes and slow undulating
eye movements. As a rule the bursts are short
(1–15 seconds) but frequent, and seem to reflect
letdowns in the effort to fend off sleep.
Approximately one-fourth of the subjects
recorded show the EEG and electrooculo-
graphic patterns of fighting with sleep. This is
clearly a larger proportion than that found in
subjective reports of falling-asleep episodes.

As may be expected, sleepiness on the night
shift is reflected in performance. One of the
classic studies in this area was carried out by
Bjerner et al.114 who showed that errors in meter
readings over a period of 20 years in a gas works
had a pronounced peak on the night shift. There
was also a secondary peak during the afternoon.
Similarly, Brown115 demonstrated that com-
pared to daytime performance the speed with
which telephone operators connected calls
was considerably slower at night. Hildebrandt
et al.116 found that train drivers failed to operate
their alerting safety devices more often at night
than during the day. Most other studies of per-
formance have used laboratory type tests and
demonstrated, for example, reduced reaction
time or poorer mental arithmetic performance
on the night shift.92,98 Flight simulation studies
have, furthermore, shown that the ability to ‘fly’
a simulator,117 or to carry out a performance
test118 at night may decrease to a level corre-
sponding to that after moderate alcohol con-
sumption (> 0.05% blood alcohol).

The sleepiness induced by irregular work
hours also causes increased accident risks. This
is particularly obvious in connection with road

transport. Thus Harris119 and Hamelin120 and
others121–123 convincingly demonstrated that
single vehicle truck accidents have, by far, the
greatest probability of occurring at night (early
morning). Similar results have been presented
for other car accidents.124 Apparently, fatal acci-
dents are particularly common in connection
with early morning driving.

Furthermore, the (US) National Transporta-
tion Safety Board (NTSB) found that 30–40% of
all US truck accidents are fatigue-related (and
grossly underestimated in conventional
reports). Recently, the latter investigation was
extended to search for the immediate causes of
fatigue-induced accidents.125 It was found that
the most important factor was the amount of
sleep obtained during the preceding 24 hours
and split-sleep patterns, whereas the length of
time driving seemed to play a minor role. The
NTSB also found that the Exxon Valdez acci-
dent in 1989 was due to fatigue, caused by
reduced sleep and extended work hours.126 In a
new report published by NTSB, the current sit-
uation is summarized by the US Department of
Transport’s investigations into fatigue in the
1990s.127 The extent of fatal, fatigue-related
accidents is considered to be around 30%. This
is approximately equivalent to the level of inci-
dence in the air-traffic sector, while similar
accidents at sea have an estimated occurrence
of slightly less than 20%.

For conventional industrial operations fewer
data are available128,129 but indicate that overall
accidents tend to occur, not surprisingly, when
activity is at its peak. These values, however, do
not take account of the prevalence of work
hours at different times of day. The most care-
fully executed study, from car manufacturing,
seems to indicate a moderate increase (30–50%)
in accident risk on night shift work.130 Most
other studies also show an increase in accident
rates on the night shift,131–135 but not all.

It is also believed that the (night-time) nuclear
plant meltdown at Chernobyl, in the Former
Soviet Union, was due to human error related
to work scheduling.68 Similar observations have
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been made for the Three Mile Island reactor
accident and the near-miss incidents at the
David Beese reactor in Ohio and at the Rancho
Seco reactor in California. Several studies have
tried to evaluate the costs to society of alertness-
related accidents and loss of performance
(which does not necessarily reflect only the
costs of shift work). One estimate is that the cost
of these accidents and performance reductions
exceeds $40 billion per year in the USA.136

Others have claimed this to be a gross overesti-
mation,137 but the costs are still considerable.
Still, it should be emphasized that it is not clear
to what extent night shift fatigue may have been
the main causal factor.

The mechanism behind disturbed
sleep and wakefulness

Whereas living conditions may play a role in the
negative effects on sleep, the main reason for the
fact that daytime sleep is usually shorter than
that at night has to do with the influence of cir-
cadian rhythms. The more sleep is postponed
from the evening towards noon next day, the
more truncated it becomes and when noon is
reached the trend reverts.85,138 Thus, sleep during
the morning hours is strongly interfered with,
despite the sizable sleep loss that, logically,
should enhance the ability to maintain sleep.139

Also homeostatic influences control sleep.
For example, the expected 4–5 hours of daytime
sleep, after a night spent awake, will be reduced
to 2 hours if a normal night’s sleep precedes it
and to 3.5 hours if a 2-hour nap is allowed.140

Thus, the time of sleep termination depends on
the balance between the circadian and homeo-
static influences. The circadian homeostatic reg-
ulation of sleep has also been demonstrated in
great detail in studies of forced or spontaneous
desynchronization under conditions of temporal
isolation and ad lib sleep hours.139,141

As with sleep, the two main factors behind
sleepiness and performance impairment are cir-
cadian and homeostatic factors. Their effects
may be difficult to separate in field studies but

are clearly discernible in laboratory sleep depri-
vation studies142 as well as in studies of forced
desynchronization.143 Alertness falls rapidly
after awakening but gradually levels out as
wakefulness is extended. The circadian influ-
ence appears as a sine-shaped superimposition
upon this exponential fall in alertness.144

Individual differences and
shift work sleep disorder

It has often been observed that some shift work-
ers have more difficulties than others. Among
the cited factors that are thought to inhibit
adjustment to night work are the diurnal ‘type’
of person one is (being an evening or morning
person), age, and having an excessive need for
sleep.145 The limited findings regarding these
influences, however, are limited and prevent
firm conclusions. Whatever the causes, the
symptoms resulting from an inability to
adjust to shift work are inevitably excessive
fatigue/sleepiness and non-restorative sleep.146

At present it is thought that the sleep/wake
problems in shift work fulfill the criteria for
disease, which has received a diagnostic clas-
sification: ‘Shift work sleep disorder’ (SWSD).
The Diagnostic and Statistical Manual of
Mental Disorders (DSM IV)147 defines shift
work sleep disorder (SWSD) as ‘report of diffi-
culty falling asleep, staying asleep, or non-
restorative sleep for at least 1 month’ and it
must be associated with ‘a work period that
occurs during the habitual sleep phase’. The
recent version of the International Classification
of Sleep Disorders (ICSD)148 lists excessive
daytime sleepiness as an additional criterion
for the syndrome. Note that normal night
sleep and normal daytime alertness should be
present when the individual is not working
nights. See also Reid and Zee149 for a recent
review of SWSD as a circadian rhythm sleep
disorder (CRSD).149

In one recent attempt to estimate the preva-
lence of SWSD the authors arrived at 10% of a
population of shift workers.150 Insomnia was
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defined according to DSM IV147 as ‘difficulties
falling asleep, staying asleep or experiencing
non-restorative sleep for at least 1 month’. The
definition of SWSD151 included the symptoms
listed above (including excessive sleepiness)
but occurring ‘sometimes’ or ‘often’ and with
a severity of at least 6 on a 1–10 scale. The
Epworth sleepiness scale level for excessive
sleepiness was 13 (usually 10). Excessive
sleepiness in this study was 24.7% in night
workers, 20.3% in rotating workers and 15.5%
in day workers. Using the established cut-off at
10, the values were 44.8%, 35.8%, and 32.7%,
respectively. Interestingly, those shift workers
who suffered from insomnia or excessive
sleepiness also showed a higher prevalence of
ulcers, depression, sleepiness-related acci-
dents, missed work days, missed family/social
events, etc. than those without sleep/sleepiness
problems. These differences were not seen in
day workers. In another study of 400 shift work-
ers it was found that among the 8% of the sam-
ple who had a very negative attitude to work
hours there was a greater proportion of sleepi-
ness and sleep complaints.152

The fact that SWSD is now recognized as a
classifiable disorder will increase the likeli-
hood that it will be seen as a candidate condi-
tion for pharmacologic treatment. Perhaps
indicative of a new trend in viewing the disor-
der is a recent study by Czeisler et al.,153 who
found that the alertness-enhancing drug
modafinil decreased night shift sleepiness in
terms of subjective, behavioral, and physiologic
measures. Still, reduced sleep and alertness in
connection with night shift work are extremely
common, and further work is needed identify
and test effective treatments for this important
disorder. 

CONCLUSIONS

The present chapter suggests that psychosocial
stress and work hours are important causes
of shortened or disturbed sleep as well as

sleepiness, especially in the case of shift work.
This raises the question of what might be the
results of a combination of stress and shift work.
There is also a certain similarity between the
stress and night work effects. In both cases sleep
appears to be interfered with by an increase in
metabolic rate, which in turn is induced by
stress and the biological clock. Strategies for
addressing the physical and psychologic stresses
associated with shift work could possibly
include metabolism-reducing techniques, such
as relaxation treatment or perhaps melatonin
supplements in combination with light therapy.
Some research has suggested that these may
have beneficial effects on job stress and circa-
dian rhythm disruption. 

Other countermeasures with respect to shift
work could include a provision for more free
time for recuperation, napping to compensate
for sleep loss, or revised scheduling, so that
there are fewer night shifts in a row (in rotating
systems).154 None of these have, however, been
shown to dramatically ameliorate sleep/wake
problems in shift work. With respect to stress-
induced insomnia recent developments in cog-
nitive behavioral therapy are promising.155
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CHAPTER 9

Sleepiness, sleep disorders,
and accidents

Pierre Philip and Jaques Taillard

115

During the last 15 years several major
epidemiological studies have drawn attention
to the prevalence of sleepiness and sleep dis-
orders among the general population.1–3 Major
industrial catastrophes have also been associ-
ated with sleepiness.4 In 2002, industrial and
traffic accidents were the ninth leading cause
of death in the world and will become the
third leading cause by 2020.5 Sleepiness at
the wheel2,6 has been identified as one of the
major reasons for fatal crashes and highway
accidents caused by automobile and/or truck
drivers. Young drivers are over-represented in
these sleep-related accidents, although no clear
differentiation has been made concerning the
cause of sleepiness itself; that is, whether it
was due to self-induced sleep deprivation or
simply to a greater vulnerability to the effects
of sleep loss. 

In view of the huge cost of traffic accidents,
the European Union has set a goal to reduce the
number of highway deaths in 2010 by 50%, and
consequently a vast program of road safety has
been initiated. In order to achieve the challeng-
ing objective of preventing 20 000 traffic-related
deaths per year, it is essential to have a clear
understanding of their root causes. In view of the
projected 50% increase in commercial traffic
which is expected to occur over the next 10 years

in Europe and in many other countries, there is
now an urgent need to identify the causes
of accidents and to develop new strategies to
prevent them.

For many years fatigue has been associated
with the risk of accidents but the causes of this
problem have remained unclear. Night-time dri-
ving or driving for long periods were associated
with accidents, but few reports differentiated
fatigue from sleepiness. In the early 1990s, epi-
demiological data began to identify sleepiness
as a cause of accidents.7–9 Since then many arti-
cles have been published to try to discriminate
behavioral from pathologic causes of sleepiness
in drivers.

Another important point refers to the rela-
tionship between sleepiness, fatigue, and
performance. Indeed, a vast majority of sleep-
deprived workers or drivers curtail their sleep
to increase their hourly workload. It is therefore
critically important to discriminate the role of
excessive work from sleep deprivation in the
risk of accidents. We will review in this chapter
the main references regarding behavioral,
pathologic and iatrogenic causes of sleep-
related accidents. We will also try to extrapolate
from recent experimental results the possible
strategies which might be used to decrease
sleep-related accidents.
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FATIGUE, SLEEPINESS,
PERFORMANCE LOSS, AND
INTER-INDIVIDUAL
VULNERABILITY

As stated above, sleep loss apparently has
different effects in separate age groups, and
young drivers especially are over-represented
in sleep-related accidents.

In the late 1990s we carried out a study10

which supported the conclusion that driving
for long and uninterrupted periods affected
young and old drivers unequally. On trips of
shorter duration young drivers (18–25 years)
had significantly better performance records
than older drivers (45–55 years), but the rela-
tionship between age and performance was
reversed for long duration trips. These results
have now been confirmed in a new sleep
deprivation study11 in which we showed that
young subjects showed much greater losses
in their reaction times than mature subjects
after 24 hours of wakefulness. Interestingly we
did not find any differences between young
and mature subjects in terms of sleepiness
and self-estimation of performance. This find-
ing could be interpreted to mean that young
people do not detect their own sleepiness and
performance loss as easily as older people and
therefore could be more prone to sleep-related
accidents.

The relationships among fatigue, sleepiness
and performance decrements may account for
some of the age-related differences noted above.
Using real driving in a long-distance experi-
mental study,12 we showed that fatigue per-
ceived during the stops was a poor predictor of
future driving impairment when sleepiness
during the stops showed more accurately the
future number of inappropriate line crossings.
These findings imply that major revisions in
public health messages about driving need to be
undertaken. These issues will be discussed
later in this chapter. 

SLEEPINESS, BEHAVIOR
AND ACCIDENTS

One of the best areas in society to look for the
relation between sleep deprivation and acci-
dents is shift work, in as much as night work is
associated with sleepiness and sleep loss.13

Relevant to this point is the argument that many
of the most dramatic accidents in modern times
have been ‘fatigue accidents’. For example,
the (night-time) nuclear plant meltdown at
Chernobyl was due to human error related to
work scheduling. Similar arguments have been
made for the Three Mile Island reactor accident,
the near-miss incidents at the David Beese reac-
tor in Ohio and at the Rancho Seco reactor in
California, the disaster in Bhopal, the Space
Shuttle explosion as well as the grounding of
the oil tanker Exxon Valdez.14 However, these
events4 only constitute anecdotal evidence and
merely serve as illustrations of possible links
between sleep loss and accidents.

Traffic accidents are much more common and
affect many more people in modern societies.
Drivers are supposed to be healthy and respon-
sible but lack of information on sleep hygiene
and work or social pressure can explain a lot
of sleep deprivation among this population.
Until the mid-1990s, no study clearly demon-
strated the main factors responsible for sleep-
related accidents. We questioned, apart from
organic sleep disorders, whether modifications
of the sleep–wake schedules could be responsi-
ble for sleepiness at the wheel. Studying large
populations of drivers,15,16 we demonstrated that
long-distance driving was very frequently asso-
ciated with sleep curtailment. Our first study16

was carried out on a freeway rest stop area in
1993, and showed that 50% of drivers (n = 567)
reduced their sleep duration in the 24 hours
before departure for a long-distance journey. Ten
per cent of drivers had had no sleep in the
24 hours before the interview. These stunning
results could have been explained by a selected
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sample of exhausted drivers that we recruited at
a rest area. Therefore, we decided to run a larger
study in partnership with the highway patrol to
confirm our results.16 We randomly stopped
2196 automobile drivers at a freeway tollbooth.
Fifty per cent of the drivers decreased their total
sleep time in the 24 hours before the interview
compared with their regular self-reported sleep
time; 12.5% presented a sleep debt > 180 min-
utes and 2.7% presented a sleep debt > 300 min-
utes. Being young, commuting to work, driving
long distances, starting the trip at night, being an
‘evening’ person, being a long sleeper during the
week, and sleeping in at the weekend were risk
factors significantly associated with sleep debt.

A posteriori, our sleep deprivation study on
the effects of age on sleep deprivation and per-
formance11 combined with our epidemiological
reports10,16 tend to show that young drivers com-
bine exposure and vulnerability to sleep loss.

Our previous epidemiological studies found
clear associations among the personal charac-
teristics of car drivers, work conditions, and
sleep restriction. We therefore decided to study
a population of truck drivers17 on a week of
work to confirm our results. A team of inter-
viewers spent a week at a rest stop area
and interviewed professional drivers. The dri-
vers completed a questionnaire concerning
sleep–wake habits and disorders experienced
during the previous 3 months. In addition, they
were asked to complete a sleep and travel log
that included their usual work and rest periods
during the previous 2 days. They answered
questions concerning working conditions and
reported their caffeine and nicotine intake dur-
ing their trips. A total of 227 drivers, mean age
37.7 ± 8.4 years (96.2% acceptance rate), partic-
ipated in the study. The drivers were found to
have a fairly consistent total nocturnal sleep
time during their working week, but on the last
night at home prior to the new working week
there was an abrupt earlier wake-up time
associated with a decrease in nocturnal sleep

time. Of the drivers, 12.3% had slept less than
6 hours in the 24 hours prior to the interview
and 17.1% had been awake more than
16 hours. Our study showed that shifting sleep
schedules between work and rest periods could
generate long episodes of enforced wakeful-
ness. This type of sleep deprivation is rarely
investigated, and is usually not taken into con-
sideration when creating work schedules, but
nevertheless has pronounced effects on driver
performance. Unsuspected shifts occur at the
onset of a new working week. Even if safety is
a major concern for this population of drivers
and their companies, sleep hygiene education
for truck drivers is still far from perfect.

In a study of professional US truck drivers,
Mitler et al.18 recorded the electroencephalo-
gram (EEG) of 20 drivers on four different work
schedules. This study demonstrated a mean
duration of sleep of 4.78 hours in a 5-day period.
Fifty-six per cent of drivers presented at least six
non-continuous minutes of EEG-recorded sleep
during the driving sessions. The vast majority of
these micro-sleep episodes occurred during the
late night and early morning. 

In 1995, a study by the National Trans-
portation Safety Board on fatal accidents in pro-
fessional truck drivers8 showed that the mean
duration of sleep among drivers was below
6 hours of sleep in the last 24 hours before the
accident. Almost 10 years later, Connor et al.2

showed that sleepiness at the wheel increased
the risk of causing a traffic accident by 8.2-fold.
Sleeping less than 5 hours in the 24 hours
before the accident and driving between 2 a.m.
and 5 a.m. were also significant risk factors for
accidents (odds ratio [OR] = 2.7 and 5.6, respec-
tively). Finally, other studies2,19,20 have shown
that shift work, multiple jobs, or extensive
duration of work were associated with sleep-
related accidents.

All these reports on sleep deprivation and
driving have pointed to a link between traffic
accidents and sleep–wake schedules.
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SLEEP DISORDERS AND ACCIDENTS

Narcolepsy is a major pathology responsible for
excessive daytime somnolence, and it has also
been studied as a risk factor for traffic accidents.
Aldrich21 showed that narcolepsy patients pre-
sented a higher risk of sleep-related accidents
than patients suffering from sleep apnea.
Multiple sleep latency tests (MSLTs) did not cor-
relate with the rate of accidents among sleepy
patients. However, the number of patients in the
study with MSLTs was quite limited (46 apneics,
22 narcoleptics, 17 patients with excessive day-
time somnolence due to other causes), which
could explain the lack of power of the study. 

It is worth noting that in all sleep pathologies
victims of accidents had sleep latencies lower
than controls.

Teran-Santos et al.22 published a case–control
study on the risk of car accidents among apneic
subjects. The case patients were 102 drivers
who received emergency treatment at hospitals,
after highway traffic accidents. The controls
were 152 patients randomly selected from
primary care centers and matched with case
patients for age and sex. As compared with
those without sleep apnea, patients with an
apnea–hypopnea index (AHI) of 10 or higher
had an OR of 6.3 (95% confidence interval,
2.4 to 16.2) for having a traffic accident. This
relation remained significant after adjustment
for potential confounders, such as alcohol
consumption, visual-refraction disorders, body
mass index, years of driving, age, history with
respect to traffic accidents, use of medications
causing drowsiness, and sleep schedule. 

George and Smiley23 published complemen-
tary data on the relationship between the AHI
and the risk of accidents. In this study on 460
apneic patients, only the most severe patients
(AHI > 30) presented an accident risk factor that
was higher than that of controls.

Stoohs et al.24 performed an integrated analy-
sis of recordings of sleep-related breathing
disorders, and self-reported automotive and
company-recorded automotive accidents in 90

commercial long-haul truck drivers. Seventy-
eight per cent of the drivers had an oxygen
desaturation index (ODI) ≥ 5 per hour of sleep;
10% had an ODI ≥ 30 per hour of sleep. About
20% of drivers presented symptoms indicating
very regular sleep disturbances. Truck drivers
with sleep-disordered breathing had a twofold
higher accident rate per mile than drivers
without sleep-disordered breathing. Accident
frequency was not dependent on the severity
of the sleep-related breathing disorder.

Hakkanen and Summala6 carried out a study
of professional drivers. Two separate groups
consisting of both long-haul (n = 184) and short-
haul (n = 133) truck drivers were surveyed to
examine the frequency of driver sleepiness-
related problems at work during the previous 3
months and to assess the incidence of sleep
apnea syndrome symptoms. Over 20% of the
long-haul drivers also reported having dozed
off at least twice while driving. Near-misses due
to dozing off had occurred in 17% of these dri-
vers. Factors indicating sleep apnea syndrome
occurred in 4% of the long-haul drivers and in
only two short-haul drivers.

All these studies, even if they report a great
variability of prevalence of obstructive sleep
apnea syndrome among occupational drivers
(possibly explained by different diagnostic meth-
ods), confirm the risk of traffic accidents for
apneic patients. Sleepiness at the wheel is obvi-
ously a main symptom to investigate in conjunc-
tion with the severity of the disease (AHI > 30).

Knowing this risk, a major question is how
can accidents involving these patients be
reduced? In 2001 George25 studied the impact of
continuous positive airway pressure (CPAP)
treatment on risk of motor vehicle accidents in
210 non-professional drivers who were suffering
from obstructive sleep apnea (OSA). The results
indicated that CPAP therapy was definitely asso-
ciated with a reduction in the risk of motor vehi-
cle accidents due to OSA. These results strongly
support the recommendation that drivers who
have experienced sleepiness while on the road
should take steps to find out the potential cause
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of the problem. In particular they should seek
confirmation from a sleep clinic concerning
whether they might have a disordered breathing
problem such as OSA, and whether CPAP
therapy might be indicated.

DRUGS AND TRAFFIC ACCIDENTS

Although many publications26–30 associate drugs
affecting the central nervous system, both
prescription and non-prescription, with an
increased risk of accidents, the inter-relationship
of these drugs with sleep disorders and traffic
accidents has been poorly studied. Many of the
drivers questioned have been non-professionals
or even retired and, in as much as the interviews
were retrospective, little or no information has
been made available on the level of alertness in
the minutes before the accident.

Only one study evaluated the risk of drug-
related accidents and sleep disorders among
occupational drivers. Howard et al.31 measured
the prevalence of excessive sleepiness and
sleep-disordered breathing and assessed acci-
dent risk factors in 2342 respondents to a ques-
tionnaire distributed to a random sample of
3268 Australian commercial vehicle drivers and
another 161 drivers among 244 invited to
undergo polysomnography. More than half
(59.6%) of drivers had sleep-disordered breath-
ing and 15.8% had OSA syndrome. Twenty-four
per cent of drivers had excessive sleepiness.
Sleepiness measured by the Epworth sleepiness
scale was associated with an increased risk of
accidents. Among these drivers, narcotic anal-
gesic drugs and antihistamine use were also
associated with an increasing risk of accidents.

ECONOMIC IMPACT OF SLEEPINESS
AT THE WHEEL

In the early 1990s Léger32 estimated the annual
cost of sleep-related accidents in the USA
at $43 billions per year. Almost 10 years later,

Sassani et al.33 calculated the cost–benefit of
OSA syndrome treatments regarding traffic acci-
dents. More than 800 000 drivers were involved
in OSA syndrome-related motor-vehicle colli-
sions in the year 2000, which cost $15.9 billion
and 1400 lives.35 In the USA, treating all drivers
suffering from OSA syndrome with CPAP
would cost $3.18 billion, save $11.1 billion in
collision costs, and save 980 lives annually.

CONCLUSION

Sleep hygiene and hours of work are very
important factors to take into consideration for
improving industrial and road safety. Due to
these scientific findings, several governments
and some truck companies have in recent years
developed a greater interest in sleep schedules
and road safety. The goals are to improve work-
ing conditions and decrease the risk of indus-
trial accidents. Regulating a trucker’s workload
and amount of rest per 24-hour period is a good
strategy for improving safety, but it is crucial to
consider the periods preceding the beginning of
work when evaluating the ability to drive.

European legislation has imposed regulations
(EU 3820/85 and 3821/85) on the trucking
industry to improve driver safety. In particular,
the regulations limit the amount of time truck-
ers are allowed to work during a 24-hour period
to a maximum of 9 hours per day, with the pos-
sibility of working 10 hours per day, 2 days a
week. After 6 consecutive working days, drivers
are mandated to take a weekly rest period of
at least 45 consecutive hours of freely
disposed time (Section IV, Article 6). How-
ever, sleep loss is cumulative and European
Economic Community law cannot regulate
sleep behaviors during weekends. Recent find-
ings show also that work load per se is not the
main risk factor and fatigue is a poor predictor
of performance decrement. This contradicts the
vast majority of road safety messages and
communication about driver’s fatigue should
be reconsidered. Health among occupational
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drivers also needs to be better investigated and
sleep medicine needs to be promoted in the
form of ‘traffic medicine’.

Chronic daytime sleepiness is still under-
diagnosed and obstructive sleep apnea syn-
drome is not sufficiently investigated nor
treated in this vulnerable population of seden-
tary males. Health care, educational programs
and work schedules integrating notions of sleep
hygiene and sleep medicine could significantly
improve industrial and road safety.
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CHAPTER 10

Medico-legal aspects
of sleep disorders

John Shneerson

123

Legal implications arise not only from sleep
disorders, but also from problems with normal
sleep, such as sleep deprivation, and the effects
of drugs and alcohol on sleep.1 The scientific
understanding and medical knowledge of sleep
and its disorders are developing rapidly but
there is relatively little awareness of this among
the general public, and the legal framework
often fails to take sleep into account. There are
many differences among the laws of different
countries, but the principles discussed in this
chapter are broadly similar in most Western
jurisdictions and are transferable from one
country to another (Table 10.1).

The actions carried out as a result of abnor-
malities of sleep or medical disorders of sleep
may lead to either criminal or civil charges, but
very often similar actions go unprosecuted.
Violent behavior during sleep for instance may
be long standing and the regular bed partner
may come to regard this as normal or accept-
able, but if it is inflicted on a stranger, who hap-
pens to be sleeping close by, a prosecution may
result.

In criminal cases the onus is on the claimant
to show ‘beyond all reasonable doubt’ that the
defendant committed the act. This is taken to
be approximately greater than a 90% probabil-
ity. In civil cases, however, the standard of
proof is to show that the defendant committed

the act ‘on the balance of probability’. This is
taken as more likely than not, or greater than
50% probability.

Table 10.1 Common sleep-related legal situations

Claim Charge

• Defendant claims to – Assault
be asleep – Manslaughter

– Murder
– Sexual assault
– Rape
– Indecent exposure
– Theft
– Driving offences

• Defendant claims – Theft
abnormal state of – Sexual assault
awareness – Rape

• Claimant claims to – Sexual assault
be asleep – Rape

• Defendant claims to – Driving and other
be awake transportation

offences
– Work-related 

accidents

• Sleep disorders – Insomnia
claimed to be due – Excessive daytime
to an accident sleepiness
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DEFENDANT CLAIMS TO BE ASLEEP

The defence usually relies on establishing that
the act took place during an automatism. In
English law to be found guilty requires not only
a demonstration that the defendant carried out
the act, but also that there was conscious
knowledge of what was being done. Conversely,
an automatism is behavior that is involuntary
and of which the subject has no awareness.2–4

Partially or reduced awareness of the action is
not sufficient to fulfill the criteria for an
automatism. This includes any movement of
limbs or body completely uncontrolled by the
mind and it implies that the subject did not
know the nature of the act or that it was wrong.
Lack of memory of the episode is not equivalent
to an automatism and the defence that he or she
could not control the impulse to carry out the
act is also not accepted as an automatism.

The propensity to carry out activities in an
automatism is usually due to a combination of
an inherent tendency, plus specific trigger
factors.5–7 The law, however, unlike medicine,
identifies two distinct types of automatism.
Sane automatism implies that there was a trig-
ger for the actions, that this trigger was external
to the subject, and that the action was not due
to any disease of the mind. This external event
includes, for instance, a head injury, drugs, or
an animal sting which initiated the action. The
defence of a drug-induced sane automatism
only succeeds if the drug was taken for medical
purposes and not for pleasure or intoxication. If
a sane automatism is accepted by the Court the
subject is found not guilty of the offence and
discharged. 

Insane automatism implies that there is an
internal cause for the action, which may for
instance be epilepsy, diabetes, or a psychiatric
disorder such as schizophrenia or depression.
The legal implication of an internal cause or
disease of the mind is that recurrence of the
activity is more likely than if it were due to
an external event, such as a head injury, which
is less likely to recur. There is therefore a

continuing danger to the public, and if an
insane automatism is accepted by the Court the
subject may be sentenced to detention in a men-
tal hospital for custodial care and treatment.

There are three main types of offence in
which an automatism may be claimed.

Sleep violence leading to assault,
manslaughter, or murder

Physical activity during sleep is normally
confined to brief jerky movements of the limbs
in rapid eye movement (REM) sleep, and
co-ordinated whole body movements usually at
the transition from one sleep stage in non-REM
(NREM) sleep to another or to wakefulness. The
intense motor inhibition characteristic of REM
sleep prevents the complex mental activity of
dreams and nightmares from being physically
enacted. 

There is a wide range of sleep disorders in
which movements occur, such as the restless
legs syndrome, but in which violence is rarely,
if ever, reported. Some conditions, however,
lead to aggressive movements, which can be
interpreted as being directed toward the bed
partner or nearby sleeper. While very often
these events do not lead to any prosecution,
particularly if they are frequent and long stand-
ing and the regular partner has become adapted
to them, occasionally they may lead to prosecu-
tion, especially if they are particularly violent,
lead to injury or death, and if the victim is
unused to the defendant’s actions.

Medical conditions causing sleep violence

Sleep walking (somnambulism) Sleep walking
is due to incomplete arousal to wakefulness
from the deeper stages of NREM sleep (stages 3
and 4) leading to a condition in which motor
activity, especially walking occurs but in the
absence of any awareness. Sleep walking is
commonest in children, but around 20% con-
tinue to walk as adults and this comprises
1–2% of the adult population. There is often a
family history.8 Sleep walking arising for the
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first time in adults is uncommon, and there is
usually a readily detectable cause or significant
psychopathology. Sleep walking may be trig-
gered by any factor that promotes arousal from
sleep,9 such as a noisy sleep environment, pain,
stress, fever or other sleep disorders, such as
obstructive sleep apneas, which fragment the
sleep pattern. It is also triggered by alcohol con-
sumption and is more common after sleep
deprivation, presumably because this induces
more pronounced stages 3 and 4 NREM sleep
from which arousal is less likely to be complete.
Central nervous system depressant drugs, such
as hypnotics, antipsychotics,10 and tricyclic
antidepressants may have similar effects.

The affected person characteristically walks
from his or her bed and carries out complex
activities such as walking downstairs, and may
open the front door, or even drive a motor vehi-
cle. Injuries resulting from, for example, falling
down stairs or through windows are well recog-
nized,11 and although the sleep walker usually
allows him- or herself to be put back to bed
without resistance, any attempt at restraint or
wakening may trigger a sudden act of vio-
lence.12,13 This is presumably because the
restraint causes a confusional arousal with
disorientation, and a desire to escape. There is
usually little or no recall of the episode and the
person falls asleep readily afterwards. Sleep
walking is most common towards the end of the
first stage 3 and 4 NREM sleep episode, which
is usually around 1 hour after sleep onset.

Confusional arousal This, like sleep walking,
is due to a partial arousal from the deeper stages
of NREM sleep (stages 3 and 4) to wakefulness.
It is most common in children, but readily
occurs in adults, especially with forced awak-
ening, for instance, when sleep is disturbed by
the bed partner or the ringing of a telephone
bell. The trigger factors such as sleep depriva-
tion, shift work, and sedative drugs are similar
to those that initiate sleep walking, and their
timing in the first third of the night is similar to
sleep walking.

Sleep terrors These are commonest in children
but may also occur in adults. Like sleep walking
and confusional arousals they occur at the
transition from stages 3 and 4 NREM sleep to
wakefulness, but they are associated with more
marked autonomic activity such as signs of fear
or panic, sweating, dilated pupils, rapid respi-
ratory and heart rates, increased muscle tone,
and often frenetic activity. There is no recall of
the event or of any dream content, but there
may be a sensation of intense fear as if the
affected person is coming out of a faint or fright-
ening near death situation.

Post-traumatic stress disorder This condition fol-
lows either a military or civilian traumatic event
and is characterized by repetitive intrusive
thoughts, flashbacks, and ‘nightmares’ related to
the episode. These patients are often restless
sleepers and awaken suddenly from the ‘night-
mares’ with violent movements. These episodes
arise either from REM or usually stages 1 and
2 NREM sleep and are most common between
12.00 a.m. and 3.00 a.m., in contrast to typical
nightmares which occur later in the night. There
is often a recall event related to the trauma,
although this may be disguised or generalized.

REM sleep behavior disorder This is character-
ized by vivid aggressive dreams associated with
abnormal movements arising from REM sleep. It
is commonest in older people, particularly men,
and while it may be triggered by drugs, such
as antidepressants, particularly venlafaxine, it
is often due to a degenerative neurological
disorder, such as parkinsonism.14 It is usually
a chronic problem, but can occur acutely with
drug intoxication, such as alcohol, or acute
withdrawal of REM sleep suppressant drugs,
such as amphetamines and antidepressants. 

The dreams usually have an aggressive and
violent content, and involve being threatened,
or confronted by unfamiliar people or animals,
leading the affected person to react by fleeing
or fighting back. There is close concordance
between the dream content and the type of
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physical activity observed.15 Actions such as
kicking, punching, running, and jumping may
be present with exploratory or aggressive behav-
ior. Either the afflicted or the bed partner may
be injured, and restraint is resisted. Violence
can be intense, particularly if the bed partner is
misinterpreted by the defendant as an assailant. 

Status dissociatus This causes similar activities
to those seen in the REM sleep behavior disor-
der. It is due to more widespread degeneration
in the sleep control mechanisms.

Narcolepsy Violence during sleep is rare, but
may occur during hypnagogic hallucinations
(pre-sleep dreams) if the subject perceives a threat
and misinterprets the bed partner as the aggressor.

Obstructive sleep apneas Obstructive sleep
apneas are due to transient closure of the upper
airway during sleep associated with repetitive
arousals. This fragmentation of sleep leads to
excessive daytime sleepiness, but at the
moment of each arousal the subject may only be
partially aware of his or her surroundings. This
reduced awareness may be combined with com-
plex motor behavior. Violence may occur par-
ticularly if arousal occurs during REM sleep
and is associated with dream-like hallucina-
tions, but it can occur without these.16

Epilepsy Nocturnal epilepsy is commonest
either early in the night, particularly in stages 1
and 2 NREM sleep, or 1–2 hours before or after
the transition from sleep to wakefulness in the
morning. Violence during epileptic seizures is
uncommon,17 but may occur with nocturnal
frontal lobe seizures, which often invoke com-
plex and aggressive behavior, and occasionally
with temporal lobe epilepsy. It is more com-
mon, however, in post-ictal states in which
there is reduced awareness of the environment,
particularly after temporal lobe seizures.18

Psychogenic causes Dissociative disorders are
associated with violence during sleep.19 These

episodes occur after 30–90 seconds of wakeful-
ness during which the subject appears behav-
iorally to be asleep. These subjects have often
experienced previous abuse and re-enactment
of this forms part of the violence.

Legal aspects

To succeed with the defence of automatism due
to a sleep disorder it is essential initially to
establish whether the subject was awake or
asleep and whether there was any awareness of
the actions. Each of the various sleep disorders
which can lead to violence in a state of automa-
tism has specific features as described above,
but in all of them the characteristics listed in
Table 10.2 are usually present.

In sleep walking, confusional arousals, and
sleep terrors the specific features shown in
Table 10.3 are usually present, and the features
of the REM sleep behavior disorder are listed in
Table 10.4.

By contrast, violence occurring during wake-
fulness, in which the perpetrator may be feign-
ing to be asleep, often has a motive and there is
evidence of premeditation. Remorse is uncom-
mon after the event.

Investigations of sleep architecture using
techniques such as polysomnography may show
specific features of individual disorders.20–22

These could include, for instance, loss of mus-
cle atonia during REM sleep in REM sleep
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Table 10.2 Features of sleep-related violence

• Lack of motivation.  No evidence of personal
animosity or potential personal gain from
the violence

• No evidence for premeditation of the action
• Amnesia for the event with no recall of any

relevant activity
• Remorse or guilt following discovery of the

action
• No attempt to conceal the crime
• Self reporting to the police or other authority
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behavior disorder, and long duration of stages 3
and 4 NREM sleep with frequent microarousals
to wakefulness in sleep walking, confusional
arousals, and sleep terrors. Other conditions
such as obstructive sleep apneas and narcolepsy
can usually be identified with polysomnogra-
phy or multiple sleep latency tests.

Once the presence of a sleep disorder and its
specific type has been established the next step is
to evaluate whether this was self-induced or not.
The ingestion of alcohol or medication for other
than purely medical reasons, and specifically for
the purposes of intoxication or pleasure, renders
the defence of automatism non-viable. The taking
of alcohol, which in the past may have induced
sleep walking, would render murder during a
further sleep walking episode after alcohol intake
indefensible on the basis of an automatism.

If the episode is sleep related and not self-
induced and the defence for automatism is
accepted the Court has to decide whether this is

sane or insane. There has been considerable
legal confusion about this and the distinction,
which dates back to the nineteenth century
when relatively little was known about psychi-
atry and neurological disorders, is hard to rec-
oncile with modern medical practice. 

In sleep walking, confusional arousals, and
sleep terrors there is no evidence that the sub-
ject can act out any conscious or subconscious
intent. Although the brain and spinal cord
enable the subject to walk and carry out other
semi-purposeful activities, there is no evidence
that the mind is awake.23,24 It is, as far as is
known, in a state of normal sleep. Sleep walk-
ing is therefore not a disease of the mind, but a
sleep disorder in which the motor and mental
aspects of sleep are dissociated. Sleep walkers
do not show any features of a disease of the
mind during wakefulness. For these reasons
sleep walking is best regarded as a sane rather
than insane automatism.

Sexual assault and rape

The charge of sexual assault or rape rests on the
claimant demonstrating that the activity was
non-consensual. This may be because the
victim was unable to give consent through
being asleep, intoxicated with alcohol or
drugs, or both, or unconscious for some other
reason (see below), or because the defendant
engaged or attempted to engage in sexual activ-
ity while the victim was awake, but withheld
consent. The defence in this situation rests
on showing that the defendant’s actions
amounted to an automatism (see above) due to
a sleep disorder. 

Medical conditions causing
sexual assault and rape

Sleep walking A sleep walker may leave his
or her bed or bedroom and walk into the
bedroom of another person. His or her actions
may then be interpreted as sexually orientated,
but during the sleep walking episode itself
there is no awareness of actions of this type,
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Table 10.3 Features of violence due to sleep walking,
confusional arousals and sleep terrors

• Family history or personal history of one or
other of these types of arousal disorder

• The activity occurs in the first third of the
night, usually around one hour after falling
asleep

• Trigger factors such as sleep deprivation,
stress, forced awakening, due to
environmental causes, or alcohol are
present

Table 10.4 Features of violence in REM sleep
behavior disorder

• Association of the physical activity with the
violent content of the dreams

• Older age 
• Usually male
• Evidence of neurodegenerative disorders

(e.g., Parkinson’s disease) or ingestion of
relevant medication (e.g., venlafaxine)
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and erections, which are not a feature of NREM
sleep, are rarely present. At the end of the sleep
walking episode, however, there may be a con-
fusional arousal in which the subject is par-
tially aware of his or her situation and in which
sexual approaches may be made.

Sexsomnia This is a rarely reported, but prob-
ably quite common, disorder which is more fre-
quent in males than females.25–28 It usually
appears in early adult life. Sexual intercourse is
usually attempted and often achieved, while
the subject has no awareness, or subsequent
recall of this. If the sexual activity occurs with
children there may be an allegation of sexual
abuse.29 Following the episode there may be
feelings of guilt, shame or embarrassment. 

There is usually history of other behavioral
disorders in sleep, such as sleep walking and
often a family history of this as well. The sexual
activity may be triggered by sleep deprivation
or sleep fragmentation due to for instance
obstructive sleep apneas, alcohol, or stress.

Kleine–Levin syndrome This rare disorder is
associated with intermittent episodes of exces-
sive daytime sleepiness, often with a temporar-
ily increased appetite, personality changes, and
sexual hyperactivity, which may be compulsive.

Dissociative states Sexual activity is usually
related to previous abuse situations. These dis-
orders need to be distinguished from sexual
approaches during wakefulness during the
night, but with no recall admitted subsequently.
This type of activity is almost always carried
out by males rather than females.

Legal aspects

The defendant may claim that the assault did not
take place and that the accusation is fabricated,
or that the victim dreamt or imagined the
assault, but if it is accepted that it did take place
the defence of automatism can be used, similarly
to sleep violence.30

The same general features are present with a
sexual assault during sleep as with sleep vio-
lence in that the defendant should have no recall
of the episode and would not be expected to con-
ceal any evidence.31,32 Sexual assault and rape are
uncommon in sleep walking except in the confu-
sional arousal stage at the end of a sleep walking
episode, and occur early in the night. In sexsom-
nia the sexual activity may occur at any time dur-
ing the night. The episode may be prolonged for
greater than 30 minutes and it is unusual for the
subject to walk out of the bedroom. It is com-
monest in young adults with a previous history
of sleep walking or sleep talking.

INDECENT EXPOSURE

Indecent exposure is well recognized to occur
in sleep walkers who sleep in the nude.33 It only
occasionally leads to charges, depending on the
situation in which it occurs. The defence is usu-
ally that of an automatism.34,35 There is no recall
of the episode.36 The presence of an erection at
the time of the exposure makes it less likely to
be due to sleep walking, because this arises from
NREM rather than REM sleep and it is primarily
in the latter that erections during sleep occur.

Other offences

Automatism while sleep walking has been
used as a defence against charges of theft.37

Automatism is a valid defence against driving
offences if it can be established that driving
took place while sleep walking13 or other com-
parable sleep disorders.

DEFENDANT CLAIMS ABNORMAL
STATE OF AWARENESS

The defence of claiming that criminal activities
were carried out in an abnormal state of aware-
ness due to a sleep disorder is similar to that of
claiming that it is due to an automatism. This
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defence has been used following prosecution
for recurrent shoplifting in a subject with
narcolepsy38 and for murder, probably due to a
confusional arousal.39 A lowered state of aware-
ness due to increased sleepiness was alleged.
Narcolepsy is also associated with dreams
occurring during wakefulness (hypnagogic and
hypnopompic hallucinations) which closely
simulate reality.40 These may lead to false accu-
sations, such as being sexually assaulted and
misinterpretation of reality.41

Sleep deprivation causes a variety of neuro-
psychological as well as motor abnormalities.
Not only does the level of alertness and con-
centration fall, but the subject becomes easily
distractible and hallucinations due to altered
perceptions of reality may arise. These may be
visual, but can also be auditory. There is also
a reduction of the visual field and of the ability
to search this for important features. These
changes have important implications for assess-
ing the accuracy of witnesses in criminal inves-
tigations who may inappropriately maintain
confidence in reporting events, omit aspects of
incidents, and misinterpret what occurred.42

CLAIMANT CLAIMS TO BE ASLEEP

The commonest situation in which the claimant
claims to be asleep, but the defendant awake,
is in the claim for sexual assault or rape. The
victim claims that consent could not be given
because she, or occasionally he, was not aware
or awake at the time of the activity. The defen-
dant may claim that the episode never took
place or that the claimant was sufficiently
aware to give consent or at least to indicate that
it was not withheld. The situation may be com-
plicated if the victim is intoxicated with alco-
hol or drugs, or both, in which case the act may
still be non-consensual, but only partly related
to sleep and partly to the intoxication.

There may be witnesses or other contempo-
rary evidence regarding the activity which may

suggest whether or not the victim consented, but
this may be difficult since if the victim was
asleep, intoxicated, or unconscious during the
act, there may be no outward signs of rejecting
the sexual advances, and this may be mistaken
for co-operating with them. If the claimant was
asleep there should be no recall of the episode.
In practice the situation is often less clear
cut with the words and actions of the victim
being interpreted by the defendant as giving con-
sent and the onset of sleep preventing the victim
from rejecting the activity. This is then followed
by an accusation of sexual assault or rape.

While the physical stimulation associated
with sexual assault may be insufficient to wake
the claimant from sleep, rape is more likely to
do so except in certain situations in which the
victim may not waken. Younger people are
more difficult to waken from sleep than older
adults and arousal becomes progressively more
difficult as the deeper stages of NREM sleep are
entered. Stages 3 and 4 NREM sleep are partic-
ularly prominent around 1 hour after sleep
onset, whereas, unless there is significant sleep
deprivation or a sleep disorder, only the lighter
stages of NREM sleep are present immediately
after sleep onset. At this time awakening would
be expected to occur more readily with any
form of physical stimulation. Similarly, later in
the night there is less stages 3 and 4 NREM
sleep and more REM sleep, from which it is eas-
ier to awaken, and any sort of assault is likely to
occur with recall of the event by the claimant at
this time of the night. 

The ingestion of sedative drugs and alcohol
makes it more difficult for the claimant to waken,
and the duration of this effect will depend on the
dose and timing of the drug as well as its dura-
tion of action, and whether or not it has been
used chronically. The victim may have taken the
sedative drug intentionally or unknowingly, as
with drug-facilitated sexual assault with, for
instance, sodium oxybate (gamma hydroxybu-
tyrate, Xyrem),43 flunitrazepam (Rohypnol),44 or
temazepam.
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DEFENDANT CLAIMS TO BE AWAKE

The commonest situation is where the claimant
has to establish that the defendant was asleep or
sleepy enough to cause an accident. Accidents
may occur at work, but most prosecutions
involve transportation. This may be by road, rail,
sea, air, or even with space travel, but the medical
aspects and legal principles are common to each.

It is estimated that 1–3% of all road traffic
accidents are due to driver drowsiness45 and
perhaps 10% of serious accidents and 20% of
motorway accidents in the UK. There are now
more fatal accidents related to driver sleepiness
than to driving with a blood alcohol concentra-
tion above the legal limit. These accidents typi-
cally involve males under the age of 30 who are
driving alone. They appear to be poor at recog-
nizing the degree of their sleepiness.46

It may be difficult to assess whether or not an
accident is due to driver drowsiness, but these
accidents are typically single vehicle accidents,
occurring at night, particularly between
2.00 a.m. and 6.00 a.m. even though there is the
least amount of traffic at this time, and between
2.00 p.m. and 4.00 p.m.47 These are the times
when the tendency to sleepiness is greatest.
These accidents are often fatal because the dri-
ver fails to take any avoiding action and there
are no skid marks because of failure to brake to
avoid impact.

The sleepy driver may be observed to change
speed due to intermittent loss of muscle activ-
ity in the leg controlling the accelerator.
Shunting accidents at traffic lights and round-
abouts are frequent, and the driver often weaves
or changes lanes and may even veer off the road
into oncoming cars or static objects. Articulated
lorries may jack-knife if the driver suddenly
over-reacts by making a corrective steering
action on regaining alertness after a lapse of
concentration or a microsleep.

It is common for drivers to be unaware of the
road for several miles before an accident. This
may be a normal reaction to concentrating on
other things, but may be due to microsleeps or

light sleep in which the driver is able to retain
some control of the vehicle. The sleepy driver
often has a glazed expression, with a reduced
blinking frequency and impaired responsive-
ness to external stimuli, together with a loss of
peripheral vision.

As sleepiness increases, the ability to concen-
trate deteriorates, particularly in monotonous
driving situations such as on motorways, and
accidents become more likely. If sleepiness is
severe there may be hallucinations due to intru-
sion of REM sleep into wakefulness and a failure
to scan the visual field for important features. 

There are large inter-individual differences
in the effects of sleep deprivation on driving
performance. Many people can manage with
around 5 hours sleep each night as long as they
are motivated and interested in driving and
deficits in attention can be improved by effort
and caffeine. 

Medical causes

Excessive sleepiness may be due to insufficient
duration of sleep (sleep deprivation, sleep
restriction), impaired quality of sleep (sleep
fragmentation), or a hypersomnia in which
there is a disorder of sleep control leading to
increased sleepiness during the day despite an
adequate duration of sleep at night (Table 10.5).

Most road traffic accidents due to excessive
sleepiness are caused by drivers who have had
insufficient sleep. Those who are chronically
mildly sleep deprived are more vulnerable to
additional acute episodes of sleep loss, for
instance due to working long hours or shift
work. This is particularly important after the
first night of shift work when the subject may
have been awake for more than 24 hours before
attempting to drive home. 

Insufficient sleep is a risk particularly for
commercial drivers who have to meet deadlines
or make emergency deliveries involving driving
at night, shift work, or long driving times. The
comfortable driving cabs and power steering
of modern commercial vehicles make driving
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easier and less stimulating. European Union
regulations limit heavy goods vehicle and bus
driving to not more than 9 hours continuously
without a rest period in any 24 hours and for not
more than 56 hours each week. There are no reg-
ulations concerning taxi drivers’ hours of work.

Medical disorders causing excessive sleepi-
ness also predispose to road traffic accidents.
The risk of these is increased about sixfold with
obstructive sleep apneas.48,49 Sedative drugs
and alcohol also accentuate sleepiness, espe-
cially following sleep restriction and if there is
an underlying sleep disorder. The effect of a
single drink of alcohol at times when the circa-
dian rhythm facilitates sleep (2.00–6.00 a.m.
and 2.00–4.00 p.m.) may be the equivalent of
two or three taken at 10.00 a.m. when alertness
is maximal. 

Sedative drugs not only cause sleepiness,
but also impair vision, co-ordination, cognitive

function, the perception of risk, and the impor-
tant aspects of memory, such as anticipation of
exits from motorways. The effects of sedative
medication vary according to the nature of the
drugs, the dose, time of ingestion, and the dura-
tion of action, as well as previous shift work or
sleep deprivation, age and individual vulnerabil-
ity. Examples of sedative drugs that predispose
to road traffic accidents are benzodiazepines
and related drugs, barbiturates, antidepressants,
opiates, antihistamines, dopamine receptor ago-
nists, alcohol, and cannabis. A roadside test is
available for alcohol, but not for any other drugs.

Legal aspects

Drivers of motor vehicles or users of potentially
hazardous machinery have a responsibility not
to cause harm to those around them. The ques-
tion arises as to whether it would be reasonable
for the driver to foresee the danger from driving
while sleepy, or falling asleep.50 After an acci-
dent drivers often fail to recall that they were
sleepy beforehand or that they fell asleep, but
sleepiness in young adults is recognized at the
time, at least in the laboratory situation, even if
subsequent recall is lost. In other words sleep
does not happen without any warning of
drowsiness and the driver therefore has a duty
of care not to continue to drive while sleepy. 

Sleepiness itself is, however, difficult to
measure. Objective laboratory tests such as the
multiple sleep latency tests or maintenance
wakefulness test have been used in normal per-
sons and those with sleep disorders, but are not
applicable to the roadside situation. Driving
simulators, vigilance tests, divided attention
tests, tracking tests, cognitive and perception
tests and reaction times, both simple and com-
plex, have been used to assess a driver’s ability
to drive safely, but none has proved satisfactory.
It is therefore difficult to assess accurately how
sleepy the driver was, or was likely to have
been, at the time of the accident except from
analysis of the sleep patterns before the accident
and the behavior at the time of the accident.
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Table 10.5 Common causes of excessive sleepiness

• Sleep deprivation
• Sleep fragmentation – Obstructive sleep

apneas
– Restless legs

syndrome
– Poor sleep

environment
• Circadian rhythm – Shift work 

disorders – Delayed sleep phase
syndrome

– Advanced sleep
phase syndrome

• Neurological – Narcolepsy
disorders – Klein-Levin

syndrome
– Myotonic dystrophy
– Encephalitis
– Idiopathic

hypersomnia
– Brain injuries

• Drugs
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It could be argued that at the moment of
falling asleep the driver is no longer acting vol-
untarily and cannot be held responsible for any
subsequent acts. This defence of automatism
has failed because it has been held that drivers
were responsible for allowing themselves to fall
into this state of automatism knowingly,
because prior to falling asleep they chose to
continue driving while feeling sleepy. Similarly,
if sleep is induced through taking alcohol or a
sedative drug the defence of automatism would
fail, but if alcohol or a sedative drug was
unknowingly added to a drink and caused sud-
den loss of awareness the defence of automa-
tism would probably be upheld. The defence of
automatism should stand if sleep walking can
be established as the cause of the driving (see
above). If, however, the sleep walking was
induced by drugs or alcohol knowingly taken
there would be no valid defence.

In addition to not driving while sleepy, the
individual also has a duty to notify the licens-
ing authority, which in the UK is the Driver and
Vehicle Licensing Agency (DVLA), about the
diagnosis of any medical disorder that may
increase sleepiness and might cause difficulty
with driving. These include conditions such as
obstructive sleep apneas, but narcolepsy has to
be notified on diagnosis irrespective of the
severity of the symptoms. The regulations
concerning self-notification vary considerably
among different countries and in the USA
among different states,51 although certain prin-
ciples appear to be common to many countries.

The physician has a duty to inform the patient
that he or she should notify the relevant licensing
authority and the insurance company of any sleep
disorder that may impair the ability to drive. The
doctor’s role is not to make these notifications
except in exceptional circumstances, when the
duty to society as a whole outweighs the duty of
confidentiality to the individual, because of the
size of the risk of an accident and the patient’s
failure to notify the authorities.

The employer also has a duty of care to the
employee if the work pattern may lead to

excessive sleepiness while driving.52,53 This
occurs with shift work, and particularly driving
home after a long overnight shift. The state of
prosecution of employers in this situation is
uncertain, but charges of corporate manslaughter
or similar allegations may be made if a driver
causes death in an accident which was due to
sleepiness attributable to the working conditions.
Employers should make arrangements for
employees to nap after shift work or have alter-
native arrangements for them to return home
without having to drive.

SLEEP DISORDER IS CLAIMED TO
BE DUE TO AN ACCIDENT

Accidents leading to litigation, such as brain
injuries, can cause a variety of sleep abnormal-
ities.54

Insomnia

This may be due to pain or other symptoms
directly related to the trauma, anxiety, depres-
sion, post-traumatic stress disorder, a delayed
sleep phase syndrome or non-24-hour sleep–
wake rhythm, which is often associated with a
deterioration in vision caused by the accident.
The postconcussion syndrome also leads to
insomnia, which is often transient.

It may be difficult to attribute insomnia after a
brain injury precisely to any one of the possible
causes or to assess how much is functional and
how much is organic, but the insomnia and
fatigue that is associated with it may significantly
hinder rehabilitation after the injury.

Excessive sleepiness

Medical conditions

Sleepiness may be due to the following conse-
quences of a brain injury.

Post-traumatic hypersomnia This is thought to be
due to widespread damage to the sleep–wake
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control mechanisms. It usually follows a brain
injury sufficiently severe to cause coma initially.
The excessive sleepiness may improve for over a
year, but recovery is often incomplete. Frequent
and prolonged naps during the day with subalert-
ness between them are often associated with a
prolonged nocturnal sleep episode.55 The clinical
features are similar to those of idiopathic hyper-
somnia, apart from the history of brain injury.

Sleep apneas Central sleep apneas may be
caused by damage to the respiratory control
mechanisms, and obstructive sleep apneas are
frequently seen after brain injuries.56,57 It is
uncertain, however, how frequently these were
present before the incident only recognized
afterwards. Secondary results of the brain
injury, such as weight gain, may also predis-
pose to obstructive sleep apneas.

Narcolepsy This may follow brain injury,
particularly if there is loss of consciousness
initially. It may be a result of injury to any part
of the head. It is usually apparent immediately
after the injury or within a few weeks or
months.58 The HLA type (DQB1*0602), which
is present in around 95% of Caucasians with
idiopathic narcolepsy, is only present in around
50% of those following brain injury.59

Klein–Levin syndrome This is commoner in
males than females and usually occurs in ado-
lescence or early adult life. Episodes of daytime
sleepiness are associated with a voracious non-
selective appetite and often with sexual disin-
hibition and psychological changes. These
features probably represent fluctuating hypo-
thalamic or thalamic inflammation which may
result from a brain injury.60 The condition tends
to gradually improve.

Periodic limb movements in sleep These have
been linked with brain injuries, but, like
obstructive sleep apneas, it is uncertain how
frequently they were present before the injury,
but unrecognized.61

Circadian rhythm disorders The circadian
control of sleep can be disturbed by brain
injury. A delayed sleep phase syndrome is com-
mon62 and the impairment in vision may lead to
a non-24-hour sleep–wake cycle because of fail-
ure of light to entrain the circadian rhythm.63

Drugs Drugs required following brain injuries,
such as antiepileptic drugs and those needed for
psychiatric disturbances, may cause sedation.

Legal aspects

It is important to establish objectively whether or
not the subject is sleepy. Continuous actigraphic
movement monitoring for 2–3 weeks will give
useful information regarding the rest and activity
patterns, but it often necessary for the victim to
undergo polysomnography. This will demon-
strate the sleep onset REM sleep of narcolepsy,
obstructive or central sleep apneas, periodic
limb movements during sleep and other causes
of excessive sleepiness. Multiple sleep latency
tests during the day may show the sleep onset
REM sleep of narcolepsy and the shorter sleep
latency associated with this condition and with
other disorders that cause excessive sleepiness.

It is important to assess whether there was any
pre-existing sleep disorder causing sleepiness or
any factor which might have predisposed to the
abnormalities found after the injury. Impairment
in sleep hygiene due to maladaptive behavior
patterns following the injury, such as resting in
bed for much of the day, may also present as
excessive sleepiness after a brain injury.

Excessive sleepiness should be distinguished
from fatigue, which is common after brain injuries,
and in which there may be both mental and phys-
ical tiredness. Fatigue may persist throughout the
day or occur after minor exertion or mental effort.
The tiredness is, however, not associated with a
need for sleep. This post-brain injury fatigue may
be disabling and, like excessive sleepiness, may
hinder rehabilitation, but it should be distin-
guished from true excessive sleepiness, as it has
different causes and treatment.
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CHAPTER 11

Insomnia: impact on work,
economics, and quality of life

Damien Léger

137

Insomnia is a common complaint which is
reported by the adult population throughout the
world.1,2 Despite its high prevalence, insomnia
remains largely unrecognized by health profes-
sionals as a disease entity, principally because it
is more frequently viewed as a symptom of other
more primary pathological conditions. Another
barrier to a clear conceptualization of insomnia
is that it is often difficult for patients and for
health professionals to understand when it
is severe enough to require treatment. Further,
there is still insufficient knowledge about the
management of insomnia. In the last decade sev-
eral consensus meetings about the recognition,
diagnosis, and treatment of insomnia have been
held,3–8 all of them emphasizing the seriousness
of insomnia’s impact on public health and of the
need to appreciate its consequences for work,
economics, and quality of life.

The aim of this chapter is to identify some of
the effects of insomnia on work and daily life
which underscore the seriousness of the condi-
tion as a public health issue. Another objective is
to point out what is definitely known about the
condition and which areas merit further investi-
gation to properly assess insomnia’s public health
impact. The first part therefore deals with the def-
inition and recognition of insomnia, while the
second part concentrates on the consequences of
insomnia for work, economics, and quality of life.

PART 1: RECOGNITION AND
DIAGNOSIS OF INSOMNIA

DEFINITION OF INSOMNIA

In terms of clinical practice and of epidemiol-
ogy, chronic insomnia is usually defined based
on the criteria of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV)9 or of the
International Classification of Sleep Disorders
(ICSD)10 which are:

• difficulty in falling asleep (sleep initiating
insomnia), the occurrence of nocturnal
awakenings with difficulties getting back to
sleep (sleep maintenance insomnia), an early
morning awakening (sleep offset insomnia),
or a non-refreshing or non-restorative sleep,
and often some combination thereof;

• at least three times a week for at least one
month;

• insomnia produces clinically significant
distress or impairment in social, occupa-
tional, or other important areas of daytime
functioning.

More recently an American Academy of Sleep
Medicine Work Group8 also proposed research
diagnostic criteria for insomnia disorder. 

• One or more of the following sleep-related
complaints: (1) difficulty initiating sleep; (2)
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difficulty maintaining sleep; (3) waking up
too early; or (4) sleep that is chronically non-
restorative or poor in quality.

• The above sleep difficulty occurs despite
adequate opportunity and circumstances for
sleep.

• At least one of the following forms of daytime
impairment related to the night-time sleep
difficulty is reported by the individual: (1)
fatigue/malaise; (2) attention, concentration,
or memory impairment; (3) social/vocational
dysfunction or poor school performance; (4)
mood disturbance/irritability; (5) daytime
sleepiness; (6) motivation/energy/initiative
reduction; (7) proneness for errors/accidents
at work or while driving; (8) tension
headaches, and/or gastrointestinal symptoms
in response to sleep loss; and (9) concerns or
worries about sleep.

Insomnia may be primary or secondary to
a variety of disorders, environmental factors
and/or comorbidities. Identifying and treating
potential underlying conditions are priorities in
the management of insomnia. 

PRIMARY INSOMNIA

Primary insomnia is an intrinsic sleep disorder
that is characterized by the presence of insom-
nia for at least one month.8–10 Primary insomnia
is a condition which:

• does not occur exclusively during the
course of another sleep disorder such as
sleep-disordered breathing, periodic limb
movements, restless leg syndrome, nar-
colepsy, parasomnia or circadian rhythm
disorder;

• does not occur in the course of another
mental or psychiatric disorder or, if it does,
it shows some independence from the tem-
poral course of the mental or psychiatric
condition;

• is not due to the direct physiologic effect of
a general sleep disruptive medical condi-
tion, or if it does occur in the presence of
such a condition, its temporal course shows

some independence from that condition’s
temporal course;

• is not due to a substance or treatment
abuse or withdrawal, nor to a physical/
environmental factor.

A common mechanism accounting for the per-
sistence of insomnia is conditioned (learned or
psychophysiological) insomnia. It begins usu-
ally with an episode of acute situational insom-
nia, secondary to a stressor such as jet-lag, pain,
illness, or medication (insomnia precipitating
factors). Then the patient associates the bed
with not sleeping and becomes hyperaroused
at night. This in turn produces a strategy of
coping which has the effect of perpetuating
the insomnia (insomnia perpetuating factors).11

Individual differences in the vulnerability
to sleep disturbances may constitute a contin-
uum from vulnerability to transient or episodic
insomnia through overt chronic primary insom-
nia.12 Ruminating about not being able to sleep
plays a major role.

SECONDARY INSOMNIA

Insomnia is frequently associated with a
variety of other conditions including sleep
disorders, mental or physical disorders, toxico-
logical or environmental factors and in these
circumstances insomnia may be more properly
viewed as a symptom. It is the role of the prac-
titioner to carefully check all these condi-
tions before considering insomnia as a primary
disorder.

Almost all sleep disorders disturb sleep seri-
ously enough to induce a complaint of insomnia
or poor sleep. Sleep apnea affects 5–10% of the
general population. It increases with age and
with the body mass index. It causes arousals
and awakenings during all stages of sleep.
Patients usually complain of non-restorative
sleep rather than of real insomnia. Restless leg
syndrome, which affects 5–10% of the general
population, may impact sleep initiation and
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maintenance. Restless leg syndrome may also
occur comorbidly with sleep apnea. Circadian
rhythm disorders are linked to a dysfunction of
the biological clock, due to an internal condi-
tion (delayed or advanced phase syndromes) or
secondary to the underexposure of the retina to
light (blindness), or misalignment between
external and endogenous rhythms (shift work-
ers, jet-lag). Circadian rhythm disruptions in
turn may induce sleep onset insomnia, early
morning awakening, frequent arousals and day-
time sleepiness. Narcolepsy and parasomnias
are also frequently associated with poor sleep.

Mental disorders or comorbidities are com-
monly associated with insomnia. Ohayon
et al.13 surveyed the general population and
found among insomniacs that 30.1% and 23%
had previously sought help for anxiety and
depression, respectively. Similarly, in primary
care patients with severe insomnia, a high
prevalence of psychiatric diagnoses was found:
21.7% of severe insomniacs had depression,
7.2% neurosis/personality disorders, 10.2%
acute psychological distress, 4.6% alcohol or
drug abuse, 5.6% psychosomatic disorders, and
1% psychosis.14

Studies of specific populations reveal strong
correlation between complaints of sleep dis-
turbances and a variety of medical conditions
including pain, and disorders of the cardio-
respiratory, musculoskeletal, and central
nervous systems.15 Several endocrine and
gastrointestinal disorders are also associated
with sleep disruption. Nocturnal gastrointestinal
reflux episodes, for instance, may arise during
sleep and induce abrupt arousals.16 A large num-
ber of medications and toxic agents (alcohol,
drugs) can also impact sleep continuity. 

Environmental factors may also induce sleep
disruption and fragmentation even in good sleep-
ers. Noise is one of the most common. Recently,
the World Health Organization office of environ-
ment and health has considered insomnia as one
of the major health effects of noise exposure.17

Low or high temperature, altitude, and light also
have an influence on sleep continuity.

DURATION OF INSOMNIA:
TRANSIENT OR CHRONIC

The duration of a patient’s complaint has impor-
tant implications. The ICSD defines acute or
transient insomnia as persisting for no greater
than one week and subacute or short-term
insomnia as lasting from one week to three
months.10 Both are considered adjustment sleep
disorders and are associated with a reaction to an
identifiable stressor. Transient insomnia usually
disappears with the reduction of, or adaptation
to, the stressor. However, it may also be the foun-
dation of a long-term condition. The individual’s
emotional and behavioral responses to the first
episodes of transient insomnia seem to play an
important role in the course of the disease.11,12,18

Therefore, early identification and management
of insomnia may play a role in the prevention of
long-term insomnia. Insomnia is considered to
be chronic if it lasts more than one9 to three
months.10 From our experience, we believe that
one month is a reasonable period to begin to talk
of ‘chronic insomnia’ and six months to one year
a convenient period to observe public health
(work and economics) consequences of insom-
nia. Retrospective studies indicate that about
80% of severe insomniacs have had the problem
for greater than one year, with approximately
40% reporting greater than five year duration.13,19

Longitudinal studies suggest that 30–80% of
moderate-to-severe insomniacs show no signifi-
cant remission over time.6,19,20

SEVERITY OF INSOMNIA

There is no clear consensus on the definition of
severe insomnia. Although clinicians fre-
quently encounter complaints in this regard it
is probably insufficient to develop definitions
of the disorder based on self-assessments made
by patients. Many studies have observed that a
large number of so-called ‘severe insomniacs’
did not consult any practitioner for years about
their sleep problem. Chronic duration or
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nightly frequency may be a criterion of severity.
The magnitude of the impaired daytime func-
tioning may also represent a basis for assess-
ing severe insomnia. In several studies which
were focussed on the daytime consequences of
insomnia, we have considered reports of at least
two symptoms of poor sleep according to the
DSM-IV definition of insomnia as fulfilling the
definition of severe insomnia.21–23

PART 2: PUBLIC HEALTH
CONSEQUENCES OF INSOMNIA

EPIDEMIOLOGY

Insomnia has to be clearly defined if we want
to know accurately its prevalence in the gen-
eral population. The early surveys inquired
about sleep disorders over the lifetime and
found as much as 90% of subjects complaining
of poor sleep.24 These data are confusing and
more recently the DSM-IV or ICSD definitions
of insomnia have been more often applied in
epidemiological settings. Several large samples
have been studied in the last decade. In 2002,
Ohayon and Smirne25 conducted a study with a
representative sample population of 3970 indi-
viduals aged 15 years or older in the UK:
insomnia symptoms were reported by 27.6% of
the sample. Sleep dissatisfaction was found in
10.1% and insomnia disorder diagnoses in
7% of the sample. The use of sleep-enhancing
medication was reported by 5.7%. In an epi-
demiological study, Léger et al.21 surveyed a
representative sample of the French population
that included 12 778 individuals and found
that 19% reported having insomnia while 9%
had symptoms of severe insomnia (at least two
symptoms of insomnia according to the DSM-
IV definition). In a general population survey
of 3000 subjects in Japan, Kim et al.26 found a
prevalence rate of 21.4% for insomnia. In a
recent 2004 study in the USA, the National
Sleep Foundation surveyed a representative
sample of 1506 subjects over 18 years of

age and found that 21% of the sample had
insomnia according to the ICSD definition,
but that only 9% had insomnia and daytime
sequelae.27 In a compilation of recent studies
made in 2002, Ohayon1 concluded that around
one adult in three in the general population
had symptoms of insomnia. However, only
16–21% had insomnia symptoms at least three
times a week, of which from 13% to 17% qual-
ified their trouble as important or major, and
from 9% to 13% had insomnia and daytime
consequences. To our knowledge, there is still
no epidemiological study using the new
research criteria.8

Sociodemographics

Almost all studies show an increasing preva-
lence of insomnia with age and a sex ratio in
favor of women.1–7 In their sample of 12 778,
Léger et al.21 found that severe insomnia was
almost twice as prevalent among women as
among men (12% vs. 6.3%; p < 0.0001). Older
people usually had more severe complaints
than younger ones. In a representative sample
(n = 5622) of the general population of France
aged 15 years or older, Ohayon and Lemoine28

found that the prevalence of insomnia was
twice as frequent in those of 65 years of age or
older compared with persons younger than 45
years. Moreover, in this last study, 47.1%
of those above 65 years reported three symp-
toms of insomnia compared with 32.2% for the
group under 44 years old (p < 0.001). However,
younger persons (under 45 years) and females
reported significantly more daytime sequelae of
insomnia than older persons (above 65 years)
and males.

Only a few studies have attempted to exam-
ine the link between perceived job stress and
the prevalence of insomnia. An exception was a
survey study by Nakata et al.29 of 1161 male
white-collar employees of a Japanese electric
equipment company. Among the 23.6% of the
workers who had insomnia symptoms, those
with high intragroup conflict (odds ratio
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[OR] = 1.6), or high job dissatisfaction (OR = 1.5)
had a significantly increased risk of insomnia
after adjusting for multiple confounding fac-
tors. Limited employment opportunities, a poor
physical environment, and low coworker sup-
port also were weakly associated with a risk of
insomnia among workers.

Insomnia is also generally more prevalent in
persons of low socioeconomic status,30

although a number of exceptions to this gener-
alization have been found. In France, for
instance, the prevalence of insomnia was great-
est among white-collar group respondents
(20.8%).21 A trend was also found toward lower
rates of insomnia in senior executives, those in
liberal professions, and in the farmers’ group.
Doi et al.,31 in a cross-sectional study including
4868 daytime white-collar workers in Japan,
similarly showed that poor sleep was signifi-
cantly more prevalent in the white-collar group
(30–45%) than in the general working popula-
tion. Recently, Gellis et al.32 have investigated
the likelihood of insomnia and insomnia-
related health consequences among a sample of
at least 50 men and 50 women in each age
decade from 20 to 80+ years old and of different
socioeconomic status.32 Results indicate that
individuals of lower personal and household
education are significantly more likely to expe-
rience insomnia, even after researchers
accounted for ethnicity, gender, and age.
Additionally, individuals with fewer years of
education, particularly those who had dropped
out of high school, experienced greater subjec-
tive impairment because of their insomnia.

Seeking help and access to treatments

Insomniacs, even severe cases, do not always
seek help for treatment. An early Gallup study
of insomniacs found that only 5% had ever vis-
ited a physician to discuss specifically their
sleeping problem, and that only 21%
had ever taken a prescription medication for
sleep.24 In France, 53% of severe insomniacs
versus 27% of other patients with occasional

sleep problems reported that they had ever
visited a doctor specifically for insomnia
(p < 10-4).22

A number of individuals with sleep disorders
attempt to deal with their problem by non-
medical means, for example, by using non-
prescription drugs, watching television, read-
ing, or drinking alcohol to promote sleep.1 In a
survey of a representative sample of 2181 adults
aged 18–45 years in the Detroit area, Johnson
et al.33 found that 13.3% had used alcohol as a
sleep aid in the past year and 10.1% an
over-the-counter medication. Fifteen per cent of
those who had used alcohol as a sleep aid did it
for at least one month; however, the duration of
use was short for the majority of users (less than
one week). Only 5.3% had used a prescription
medication. In another survey, however, it was
found that 10.8% of French adults regularly
used prescription medication to promote
sleep.34 Recently, a consecutive sample (n = 700)
of adults in the USA attending non-emergency
primary care appointments were screened for
sleep problems. A follow-up mailed survey
then assessed insomnia symptoms, daytime
impairment, beliefs about sleep, medication
use, sleepiness and fatigue, and medical help-
seeking.35 It was found that 52% of patients
with probable insomnia had reported dis-
cussing this with a physician. Multivariate
logistic regression analyses indicated that dis-
cussing one’s probable insomnia with a physi-
cian was independently associated with having
a greater number of medical conditions
(OR = 2.19 [95% CI, 1.13 to 4.22]), being more
highly educated (OR = 1.67 [95% CI, 1.11 to
2.51]), sleeping less per night (OR = 0.71 [95%
CI, 0.52 to 0.96]), and greater perceived daytime
impairment due to insomnia (OR = 2.07 [95%
CI, 1.06 to 4.03]).

Diagnosis of insomnia is not always fol-
lowed by treatment. In Germany, a Nationwide
Insomnia Screening and Awareness Study
(NISAS-2000) found that close to 50% of all
patients with insomnia did not receive a pre-
scription for a specific insomnia therapy.36
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Natural history

There are very few data on the natural history of
insomnia. Severe insomnia seems to be more
persistent than mild insomnia. Katz and
McHorney20 reassessed two years later a group of
3445 patients with insomnia: 83% of patients
with severe insomnia remained so categorized,
compared with 59% of patients with mild
insomnia. Hohagen et al.19 also showed that four
months after a first survey, 87% of patients who
initially reported a sleep complaint still had one.
According to Mendelson et al.,37 88.2% of
patients continue to report sleep problems five
years after the onset. Predisposing, precipitating,
and perpetuating factors contribute to the nat-
ural history of insomnia in patients presenting
variable vulnerability.12,38 In a recent study of
345 patients evaluated for insomnia at a sleep
disorders clinic in Quebec, Bastien et al.39 iden-
tified several specific precipitating factors
related to the onset of insomnia. The most com-
mon of these were events related to family,
health, and work/school. Sixty-five per cent of
precipitating events had a negative valence.
These events differed with the age of onset of
insomnia but not with the gender of participants.

Comorbidity with depression
and anxiety

Insomnia is associated with a variety of medical
and psychiatric conditions. For many it is
usually more intuitively comfortable to infer
that insomnia is due to medical problems rather
than being a comorbid condition with psychi-
atric disease. Nevertheless, depression and
anxiety are estimated to occur comorbidly in
35–60% of chronic insomniacs.1,4–7,13,14,38

Several longitudinal studies have shown that
insomnia may represent a substantial and sta-
tistical risk for the development of depressive
disorders.40–42 However, there is actually
increasing support for the suggestion that the
coexistence of these two disease types is based
on a common underlying pathology rather than

than being two correlated but separate disease
states. In order to clarify public health conse-
quences due to primary insomnia alone, it
seems, however, important to clearly identify
insomniacs with psychiatric diseases in the
design of the studies.

DAYTIME CONSEQUENCES
OF INSOMNIA

Even though there is broad consensus on the
fact that daytime impact is a major criterion in
the definition of insomnia,7–9 the precise nature
of this impact remains subject to debate. In a
review of insomnia and daytime functioning,
Riedel and Lichstein43 suggested that the lack of
objective findings in the literature might be
explained by (a) a focus on variables which do
not suggest impairment (rather than areas of
actual impairment), and (b) methodological
problems (such as non-homogeneous groups of
subjects), which may have hidden actual differ-
ences between insomniacs and good sleepers.
Daytime sleepiness has received the most atten-
tion but it is becoming clear that a large number
of insomniacs are not sleepy during the day.44,45

Bonnet and Arand45 have even used multiple
sleep latency tests to demonstrate that insomni-
acs were more alert in the daytime than good
sleepers. However, the absence of an objective
somnolence deficit does not mean that insom-
niacs are not impaired during the daytime.

Riedel and Lichstein43 also recommended
using objective measures of work performance
(absenteeism, promotion, etc.) to clarify the
impact of insomnia on daytime functioning.
Insomnia is not a visible handicap in the work-
place and it is difficult for insomniacs to
explain to their colleagues and managers that
they have had a poor night and that they need
to rest. Insomniacs have to face a regular work
load and they often complain of difficulties in
their professional life.37,46,47 However, there are
few data assessing the true impact of insomnia
on daily work. This is a crucial point to try to
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evaluate the impact of insomnia on absenteeism
and other work measures in a real setting.

Absenteeism

In economic and epidemiological studies,
overall measures of the respondent’s health
appeared to be the most important covariate
of absenteeism. Paringer48 was one of the first to
demonstrate that health variables were more
strongly associated with absenteeism than eco-
nomic ones. In a large, cross-sectional, national
probability sample of 1308 workers in the USA,
Leigh49 demonstrated that complaining of
insomnia was the most predictable factor for
absenteeism from among 36 variables. In a
study comparing 80 insomniacs at work to 135
good sleepers, it was found that insomniacs had
double the control rate of absenteeism.22 Lavie
also found a higher rate of absenteeism in
insomniacs, as well as a higher rate of work
accidents, and hypothesized that coworkers of
the missing insomniacs were more exposed to
accidents due to their work overload50.

However, these preliminary studies were
based on general population samples: insomnia
was not always clearly defined and the groups
of insomniacs were heterogeneous. Moreover,
the absenteeism data were mainly based on the
patients’ self-reports and not on objective data.
In a recent study Léger et al.51 specifically sur-
veyed the absenteeism of a group of insomniacs
at work compared to a matched group of good
sleepers and found that insomniacs showed
almost twice as much absenteeism as the good
sleepers. The difference between insomniacs
and good sleepers was particularly high for
managers (OR = 2.29) and women (OR = 2.31).
We believe that this study is of particular inter-
est because (a) we dealt with objective rather
than subjective data on absenteeism, (b) insom-
nia was defined according to international clas-
sifications, (c) patients with depression and
anxiety were excluded, (d) participants were all
full-time workers and representative of the
active population in the area and (e) patients

with chronic disease (which may interfere with
sleep) and pregnant women were excluded
from the study. Hence, in the group studied
here, it seems more probable that significant
differences between insomniacs and good
sleepers reflect the impact of insomnia itself,
rather than the effects of comorbidities.

Other occupational characteristics

The most original study on this point was con-
ducted by Johnson et al.52 who demonstrated that
insomniacs in the navy were slower at work and
had poorer career advancement than good sleep-
ers. The difficulty of comparing the respective
work contents of insomniacs and good sleepers
was a major concern in the discussion of these
results.

Insomniacs’ impairment at the workplace has
been assessed by very few authors. Lavie, in a
large and detailed study of the lifestyle, health,
sleep, and work habits of 1502 employees, con-
cluded that sleep habits directly affect the work-
place.50 They showed that workers with daytime
fatigue had significantly more complaints of
somnolence during work breaks than other
workers (14.2% vs. 3.5%, p < 0.001), a higher fre-
quency of napping at work (16.8% vs. 1.4%,
p < 0.0001), and significantly less job satisfac-
tion.50 However, this study was not directly
focussed on insomnia but on sleep disorders. In
a study comparing 240 severe insomniacs (SI) to
391 good sleepers (GS), Léger et al.22 have
explored work consequences of insomnia.22

Fifteen per cent of SI versus 6% of GS (p < 0.001)
reported having made errors at work over the
previous month, which could have resulted in
serious consequences. For 6% of SI versus 2% of
GS, errors had occurred more than once during
the previous month (p = 0.0032). Twelve per cent
of insomniacs versus 6% of GS reported being
late to work during the previous month (not sig-
nificant). Moreover, 18% of SI versus 8% of GS
(p = 0.0004) felt that they had exhibited poor
efficiency at work. Thirteen per cent of SI
versus 9% of GS reported difficulties completing

IMPACT OF INSOMNIA ON QUALITY OF LIFE 

143

11-Sleep-8013.qxd  10/9/2006  6:27 PM  Page 143

  



complicated tasks at work (not significant). In a
recent work, Daley et al.53 questioned 930 adults
from the province of Quebec about sleep and
professional consequences. Reduced productiv-
ity was assessed by the visual analogue scale.
Thirty-five per cent of insomniacs versus 9.8%
of the good sleepers group reported reduced pro-
ductivity. These preliminary findings need to be
followed up by further studies using similarly
precise methodologies that compare insomniacs
to good sleepers who work in the same field. 

Accidents

The impact of sleep disorders on automobile
accidents is a crucial issue from a public health
point of view. Public authorities and the media
are actually closely informed concerning the
risk of sleepiness at the wheel during the night
and about the effects of sleep debt and sleep
pathologies (sleep apnea, hypersomnia) on
accidents (see Chapters 9 and 16). However,
there are very few data on the risk of accidents
due exclusively to insomnia.

Insomnia may increase the risk of accidents
in several ways, including sleep deprivation,
lack of attention, and side effects from hypnotic
medications which people use to treat the dis-
order. Motor vehicle accidents (MVA) and work
accidents (WA) have been mainly observed.
In the French study mentioned earlier, compar-
ing 240 severe insomniacs (SI) to 391 good
sleepers (GS),22 WA were eight times more com-
mon over the past 12 months in SI (8%) than in
GS (1%) (p = 0.0150), with an average number
of 0.07 (± 0.25) accidents per SI versus 0.01
(± 0.11) per GS (p = 0.0550). There was, how-
ever, no statistical difference for MVA over the
past 12 months between the groups (9% vs.
10%). The authors explained the discrepancy
between WA and MVA by the fact that SI may
have avoided driving or driven shorter dis-
tances: 65.8% of SI versus 72.5% of GS drove a
car (p = 0.012). Lavie50 also showed a higher rate
of WA in insomniacs (in their lifetime) than in
GS (52.1% vs. 35.6%, p < 0.01). The rate of MVA

due to fatigue (5% vs. 2%, not significant) was
slightly but not significantly increased in
insomniacs. Daley et al.53 did not find simi-
larly a different rate of MVA in the last six
months between insomniacs and good sleepers,
in a group of 930 adults in Quebec. However,
23.5% of drivers reporting an accident felt that
insomnia had played an important role in the
event. Moreover, 39.5% of participants saw a
link between their sleep difficulties and other
types of accidents (p < 0.001).

Regarding the effects of drug treatments on
driving ability, it is usually admitted that long-
term half-life hypnotics (medium to long-term
benzodiazepines and antihistamines) may
induce a risk of accident, while driving, in the
morning and a risk of falls at night in the
elderly. In Europe, the vast majority of hyp-
notics are bottled with labels warning of the
possible risk of accidents due to the treatment.
There is, however, little published on the
effects of common hypnotics on driving ability.
Partinen et al.54 have recently performed a
double-blind, randomized, placebo-controlled,
three-treatment, three-period, cross-over study
investigating the effects of zolpidem (10 mg)
and temazepam (20 mg) versus placebo in 18
insomniacs, in real-life conditions on driving
performance. After polysomnography at base-
line and each treatment night, patients under-
went a STISIM driving simulator test 5.5 hours
after drug intake at 7.30 a.m. on the next morn-
ing. There were no differences between treat-
ments for the primary outcome measure (mean
time to collision; baseline: 0.120 s, P: 0.124,
T: 0.118, Z: 0.124; p ≥ 0.12 for all pairwise
comparisons). No differences were recorded for
speed deviation and reaction time to tasks for
the various treatments; however, lane position
deviation was greater after administration of
zolpidem in comparison to both placebo and
temazepam (p = 0.025 and 0.05, respectively).
The investigators strongly warned patients
not to take hypnotics in the evening if they
intended to drive an automobile early the next
morning. Using a mathematical model, Menzin
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et al.55 calculated the potential effects of sleep
medications on motor vehicle accidents and
costs, and applied the model to typical highway
conditions in France. They used the model of
standard deviation of a vehicle’s lateral position
(SDLP), and hypothesized that compared with
zaleplon, the use of zopiclone over 14 days in
France would be expected to result in 503
excess accidents per 100 000 drivers.

HEALTH STATUS AND
HEALTH CARE USE

Several studies have looked at the links between
insomnia and general health status. Although
insomnia appears to be associated with poorer
health status, it is difficult to know whether
insomnia is the result of the poorer health sta-
tus or its cause. Poor health leads to an increase
in the use of medical services. This includes
visits to doctors and other health professionals,
intake of medications, and the number and
duration of hospitalizations. 

Weyerer and Dilling56 found an average
annual consultation rate among mild and mod-
erately severe insomniacs significantly higher
than those without sleep disorders (10.61 and
12.87 consultations per year, respectively, vs.
5.25 per year for good sleepers). They also
reported a hospitalization rate of 21.9% (severe
insomniacs) vs. 12.2% (good sleepers). Lavie50

also found a higher rate of hospitalizations for
insomniacs as did Kales et al.,57 who found an
annual hospitalization rate of 15.7%. In the
Léger et al.22 study, 18% of SI and 9% of GS
had been hospitalized during the previous
12 months (p = 0.0017), with an average of 0.17
(± 0.40) hospitalizations for SI versus 0.11
(± 0.45) hospitalizations for the GS (NS). The
average duration of stay in hospital was 1.19
(± 3.45) days for SI versus 0.76 (± 3.83) days for
the GS (NS). Fifty-nine per cent of SI and 49% of
GS had undergone a medical evaluation in the
previous six months (p = 0.0138) with an average
of 2 (± 3.ó) evaluations for SI versus 1.2 (± 2.2)

for GS (p = 0.0198). Severe insomniacs had had
more blood studies (48% vs. 34%, p = 0.0005)
and radiological procedures (17% vs. 10%,
p = 0.0142) than good sleepers; they also had
more outpatient visits and used more medi-
cation (particularly cardiovascular, central
nervous system, genitourinary, and gastroin-
testinal medications) than good sleepers (see
Table 11.1). However, there was no difference
in the use of analgesic medications, despite the
fact that 46% of insomniacs versus 29% of good
sleepers (p < 0.001) said they were particularly
sensitive to pain. This is an important point, as
pain may be an obvious cause of sleep distur-
bance. Kales et al.57 have reported that poor
mental and physical health were far more preva-
lent among insomniacs than controls. Recently,
Katz and McHorney42 calculated the odds ratio
(OR) between chronic diseases and complaints
of insomnia. Severe insomnia was strongly
linked to current depression (OR = 8.2), as well
as to congestive heart failure (OR = 2.5), obstruc-
tive airway disease (OR = 1.6), and prostate prob-
lems (OR=1.6). Darko et al.58 showed, in a
prospective study, that fatigue and sleep distur-
bance were frequent symptoms of advanced
human immunodeficiency virus (HIV) infection
and emphasized the important alerting value of
these complaints. Finally, the fact that insomnia
can be a risk factor for psychiatric diseases and
alcoholism3,7,33 was also conclusively demon-
strated by Katz et al.57

These findings have two implications. First,
insomnia seems to be associated with poorer
health status; indeed, insomniacs should be eval-
uated for psychiatric and somatic disorders.
Second, although we cannot conclude whether
insomnia is the cause of or the result of wors-
ened health status, insomniacs are clearly at
increased risk for certain diseases and a higher
use of medical services. Many of the findings
reported to be consequences of insomnia are
actually correlates. Until a cause–effect relation-
ship is established, correlate or comorbidity may
be more accurate terms to describe the relation-
ship between insomnia and poor medical status.
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A: % of subjects visiting health professionals
within 2 months of study
% of subjects with at least 1 visit overall
To general practitioner
To specialists
To other health professionals

B: % of subjects regularly on medications at
survey time
% of subjects on at least 1 drug
Cardiovascular
Beta-blockers
Phlebotropics
Antiarrhythmics & anticoagulants
Other treatments:
Urogenital
Gastrointestinal
Vitamins and minerals
Glucose and lipid metabolism
Musculoskeletal
Hormones
Respiratory
Ophthalmology

Severe
insomniacs (SI)

240 == 100%

82
71
30
15

236 == 100%

67
37
23
14
11

12
11
11
2
7
3
3
2

Good sleepers
(GS)

391 == 100%

68
54
29
8

387 == 100%

44
27
19
5
5

7
4
4
4
4
2
1

1

Odds ratio

2.15
2.07
1.05
2.05

2.59
1.57
1.28
3.15
2.4

1.79
3.07
3.07
0.54
1.93
1.45
2.93
2.07

95% confidence
interval

1.43–3.25*
1.45–2.96*
0.73–1.52
1.19–3.52*

1.82–3.68*
1.09–2.25*
0.84–1.93*
1.68–5.92*
1.25–4.64*

0.99–3.24*
1.52–6.24*
1.52–6.24*
0.17–1.6
0.89–4.16
0.47–4.46
0.76–12.02
0.48–9.27

Table 11.1 Health and absenteeism due to sickness in insomniacsa

(continued)
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C: Absenteeism due to sickness within
previous 12 months
% of subjects involved
% of subjects with 1 leave of absence
% with 2 leaves of absence
% with 3 leaves of absence
% with >3 leaves of absence
Average number of leaves of absence:
Total group ± SD
Average duration of one leave of absence (days)
Total group ± SD

Severe
insomniacs (SI)

80 == 100%

31
19
9
1
2

0.48 ± 1.60

5.38 ± 15.40

Good sleepers
(GS)

135 == 100%

19
13
4
0
2

0.24 ± 0.67

3.62 ± 15.23

Odds ratio

1.91
1.50
2.55

1.13

95% confidence
interval

0.96–3.78**
0.67–3.38**
0.69–9.65

0.13–8.52

NS
NS

Table 11.1 (continued)

aFrom the 1598 responders to questionnaire Q 2538 individuals were identified as severe insomniacs and were pulled out from the total group. Using
responses to questions on anxiety and depression, a segment of these two subgroups that had positive responses were eliminated from further tabu-
lation. A further review of the non-severe insomniacs without anxiety and depression was done and this subgroup was subdivided in ‘mild insom-
niacs’ and ‘good sleepers’. The latter subgroup (n = 391) was compared to the severe insomniacs without anxiety and depression (n = 240). For further
details, see text.
P-value is comparison between severe insomniacs and good sleepers: *p < 0.01; **p < 0.05.
SD; standard deviation: NS, not significant.
Source: Léger et al.22
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Costs of insomnia

At this time there is very little documentation
of the economic consequences of insomnia.
The National Commission of Sleep Disorders
Research (NCSDR) in the USA estimated
the direct cost of insomnia in 1990 to be
$15.4 billion, extrapolating from available
data.59 However, in the judgment of the
Commission, ‘the absence of hard epidemiolog-
ical data makes it impossible to calculate the
precise cost of sleep disorders, but some data do
exist to show that the costs are substantial’. In a
1988 study carried out for the NCSDR, Léger60

examined the cost of accidents related to sleep
disorders in the USA and estimated this to be
between $43.15 billion and $56.02 billion.
Stoller61 made an estimate of the total cost of
insomnia for 1988 in the USA, based on a liter-
ature review of the economic costs and effects
associated with insomnia. Her estimate of this
cost was from $92.5 billion to $107.5 billion.

All consensus reports agree that a full appre-
ciation of the social and economic costs of
insomnia is limited by the lack of socioeco-
nomic data on the issue. Areas where informa-
tion is needed include insomnia-related use of
health care services. Another factor complicat-
ing an accurate assessment of the problem is the
degree of overlap between insomnia and many
somatic and psychiatric diseases. We have tried
to summarize the work that has been accom-
plished in the field and emphasized what
should be done to improve an understanding of
the economic consequences of insomnia.

The economic impact of insomnia can be
divided into direct costs, indirect costs, and
related costs. Direct costs of insomnia are
charges for medical care or self-treatment that
are borne by patients, government, organized
health care providers, or insurance companies.
Indirect costs refer to patient- and employer-
borne costs that result from insomnia-related
morbidity and mortality. Related costs are
those which can be rationally associated
with the illness, such as the cost of property

damage resulting from accidents associated
with insomnia.

Direct costs of insomnia

Direct costs of insomnia include outpatient vis-
its, sleep recordings, and medications specifi-
cally indicated for insomnia. There is very little
knowledge about costs of this kind. In 1999,
Walsh and Engelhardt62 estimated, on 1995
values basis, the direct costs of insomnia to be
$13.93 billion, which consisted of health care
services ($11.96 billion, including nursing),
home care ($10.9 billion), and medications/
substances used for treatment ($1.97 billion).
Léger et al.34 also made a similarly based esti-
mate of the direct costs of insomnia in France
in 1995 at $2.067 billion divided mainly
between $1.75 billion for outpatient visits and
$310.59 million for substances used for insomnia
treatment. It was of particular interest to observe
the low cost of sleep centers in this estimate:
$1.75 million. In both estimates, the cost of these
prescriptions was very little compared with
other costs. However, the direct costs related to
sleep disorders evaluation by practitioners seem
to be a small part of the total cost of insomnia. 

Indirect costs of insomnia

The indirect costs of insomnia are the potential
consequences of insomnia on society, such as
health problems, professional consequences
(loss of productivity, and absenteeism), and
accidents. The only estimate of the cost of acci-
dents related to sleep disorders ($46–52 billion
in 1988) was more focussed on sleepiness at the
wheel than on insomnia.60 As mentioned ear-
lier, Johnson et al.52 demonstrated among navy
recruits that insomniacs were slower at work
and had poorer career advancement than good
sleepers. Based on this last mentioned study,
Stoller61 estimated the loss in productivity
due to insomnia in the USA to be $41.1 billion
in 1988. The cost of absenteeism among non-
managerial personnel was estimated to be about
$143 per day, or more than $57 billion per year. 
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Discussion about the costs of insomnia

With the exception of the estimates provided in
these few studies, the total costs of insomnia
remain largely unknown and thus it is difficult
to have a clear understanding of insomnia’s eco-
nomic impact. Studies on insomnia’s direct
costs have been made only in two countries,34,61

and it is difficult to apply these results to other
parts of the world. The studies on indirect costs
are based on hypotheses and limited sample
sizes and their generalizability will need to be
confirmed by larger studies with more repre-
sentative samples. The same amount of insom-
nia may not necessarily have the same impact
in different countries and there is a need for
cross-cultural studies to better understand the
daily economic impact of insomnia around the
world.30 Future studies might try to adopt stan-
dardized economic measures such as the gross
national product to facilitate comparisons
between countries.

Quality of life and insomnia

Few investigations have specifically assessed
the impact of insomnia on quality of life (Qol).
Most studies in this area have dealt with the
impact of cancer on insomnia and Qol,
although other investigations have explored the
effects of sleep impairment on Qol in the con-
text of diabetes, depression, Parkinson’s dis-
ease, chronic renal diseases with hemodialysis,
patients with HIV, or chronic psychiatric dis-
eases. Qol is also sometimes used to evaluate
pharmacologic and non-pharmacologic treat-
ments of insomnia.

Assessment of the daytime consequences

The World Health Organization’s consensus
report on sleep and health strongly recom-
mends more studies on the Qol of insomniacs.4

Surprisingly, there are relatively few works
specifically devoted to the subject.23,63–66

The SF-36, a very widely used scale in Qol,67

was first used for insomnia research in a survey

designed to document the prevalence of
insomnia and its impact on Qol,63 which
showed that individuals with insomnia
reported lower Qol scores. This association
remained significant after controlling for demo-
graphic variables and comorbid conditions.

Zamitt et al.64 used several instruments to
evaluate the impact of insomnia on Qol in a
sample of 261 insomniacs compared to a con-
trol group of 101 good sleepers. Insomniacs
were recruited by advertisements and fulfilled
the DSM-IV criteria for insomnia. Individuals
fulfilling criteria of having irregular sleep pat-
terns, sleep apnea, restless leg syndrome, peri-
odic limb movement disorders, a history of
psychiatric illness, alcohol or substance abuse,
epilepsy and HIV were excluded from the
study. The investigators used the SF-36 and the
Qol inventory, a 31 items questionnaire specifi-
cally designed for the study that included
aspects related to sleep, cognitive function,
daytime performance, social and family rela-
tionships, and health. The authors showed a
significant difference between the two groups
(p < 0.0001, MANOVA) on all eight SF-36 sub-
scales. Insomniacs reported more health con-
cerns related to limits on physical activity,
more interference with normal social activities
due to physical or emotional problems, more
bodily pain, poorer general health, less vitality,
more emotional difficulties, and more mental
health problems than the good sleepers’ group.
Using the Qol inventory they also found a sig-
nificant impact on the Qol of insomniacs. The
authors suggested that the SF-36 can be used to
assess differences between patients with insom-
nia and healthy controls, and that the SF-36
may have clinical utility as a measure of insom-
nia-associated impairment.

Léger et al.23 also used the SF-36 to evaluate
the quality of life of three matched groups of 240
severe insomniacs, 422 mild insomniacs, and
391 good sleepers selected from the general pop-
ulation. They eliminated from the original group
those meeting DSM-IV criteria for anxiety and
depression. They found that severe insomniacs
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had lower scores on eight dimensions of the
SF-36 than mild insomniacs and good sleepers.
Mild insomniacs also had lower scores in the
same eight dimensions than good sleepers.
However, the mental health status and the emo-
tional state were worse in severe and mild
insomniacs than in good sleepers. This result
demonstrates a clear inter-relation between
insomnia and emotional state, despite the fact
that those with DSM-IV criteria for anxiety and
depression had been eliminated. The authors
concluded that SF-36 was sensitive to the sever-
ity of insomnia and seemed to be a reliable
instrument to assess the impact of insomnia
on Qol.

Shubert et al.65 found the same kind of rela-
tionship between the severity of insomnia and
decreased Qol in a group of 2800 elderly
patients (aged from 53 to 97 years) by means of
telephone interview, as part of a five-year
follow-up examination of the Epidemiology of
Hearing Loss Study. Participants were asked
about symptoms of poor sleep. A response of
‘often’ or ‘almost always’ was coded as positive
for an insomnia trait. The SF-36 was adminis-
tered to assess Qol of these patients: 26% of the
population reported one insomnia trait, 13%
reported two, and 10% reported three. The
eight domains of the SF-36 were significantly
decreased as the number of insomnia traits
increased. The authors concluded that insom-
nia is common among older adults and is asso-
ciated with a decreased Qol.

Idzikowski66 discussed the concept of Qol
applied to sleep and introduced the view that
short sleep is not necessarily deleterious, but
that abnormally shortened or fragmented sleep
can reduce an individual’s Qol. Katz and
McHorney42 finally demonstrated that insomnia
by itself affects the Qol of patients suffering
from chronic illness. Insomnia was severe in
16% and mild in 34% of these patients.
Differences between patients with mild insom-
nia versus no insomnia showed small-to-
medium decrements across SF-36 subscales
ranging from 4.1 to 9.3 points (on a scale of 100)

and for severe insomnia from 12.0 to 23.9
points. Insomnia appeared in this study to be an
independent factor of a worsened Qol to almost
the same extent as chronic conditions such as
congestive heart failure and clinical depression.

Quality of life in the treatment of insomnia

Goldenberg et al.68 and Léger et al.69 showed in
questionnaire studies that the drug zopiclone
improved the Qol of insomniacs (on profes-
sional, relational, sentimental, domestic,
leisure, and safety aspects) to an extent which
was not significantly different from that of good
sleepers. Baca et al.70 also showed in a ques-
tionnaire study that zolpidem improved
patients’ Qol in four major areas: social support,
general satisfaction, physical and psychological
well-being, and absence of work overload/free
time. However, to the best of our knowledge no
extensive survey has compared the effects of
several hypnotics with well-validated Qol
instruments. Regarding non-pharmacologic
therapies, Quesnel et al.71 have shown the effi-
cacy of cognitive-behavioral therapy in insom-
nia in 10 women treated for non-metastatic
breast cancer. They found an improvement of
sleep assessed by polysomnography and at the
global and cognitive subscales of the QLQ-C30. 

Insomnia affects the daily lives of patients.
However, it is often difficult to evaluate its
impact and the efficacy of treatments. Qol mea-
surement seems to be a good means for better
understanding the complaints of insomniacs
regarding their day-to-day functioning. Several
studies have shown the sensitivity of the SF-36
in evaluating the impact of insomnia by itself or
in relation with other associated chronic dis-
eases. We also recommend more accurate Qol
tools specifically designed for insomnia should
be developed.

HD-16: a specifically designed quality
of life scale for insomniacs

For many chronic diseases, a disease-focussed
Qol instrument has been shown to be useful for
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accurately evaluating insomnia’s impact on the
daily lives of patients and to show the efficacy of
some treatments. In the field of insomnia itself,
there is a need for specific instruments to better
encompass the Qol of patients. This is why HD-
16, an insomnia questionnaire specifically
designed for insomniacs, has been proposed.72

Based on interviews with severe insomniacs, a
43-item questionnaire on Qol has been devel-
oped and tested in one group of 240 severe
insomniacs, in one group of 422 mild insomni-
acs, and in one group of 391 good sleepers. A
development program evolving through 10 steps
led to the construction of a specific Qol scale.
Five dimensions were validated as both relevant
and independent from each other: physical role,
psychological role, social relationships with oth-
ers, cognitive (concentration, attention, memo-
rization), and motivational energy. Sixteen out of
the 43 items initially tested were found to sig-
nificantly differentiate the various subgroups of

poor and good sleepers. Based on the 16 items
selected, Léger and colleagues called the scale
the Hotel Dieu 16 (HD-16). The score’s speci-
ficity (correlation score: 0.36) and reliability
(Cronbach coefficient alpha = 0.78) were veri-
fied. The results in the three groups are shown in
Figure 11.1.

EPILOGUE

Millions of people around the world suffer from
insomnia. In addition to its disruptive influence
on quality of sleep, insomnia also deeply affects
the daily lives of patients. The economic impact
of insomnia on society appears enormous,
although a need is recognized to improve sur-
vey methodologies and to use standardized
economic measures for more effective country-
to-country comparisons. There is also an increas-
ing amount of evidence linking insomnia to
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Figure 11.1 HD-16: a specifically designed insomnia quality of life scale among three groups.
▲ = good sleepers; ■ = mild insomniacs; ◆ = severe insomniacs.
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several severe public health concerns including
obesity, diabetes, depression, and cardiovascular
diseases.

There is a major need for education of doc-
tors and information of the general public about
sleep and insomnia management. This author
considers that combined therapies emphasizing
both pharmacologic and non-pharmacologic
treatments offer the best promise for helping
patients in the daily management of chronic
insomnia.
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Insomnia is an important health problem that
affects significant numbers of people and can
have serious consequences.1,2 While it is the
most prevalent of sleep disorders, individuals
often go undiagnosed and thus untreated for
many years, often resorting to self-help reme-
dies such as alcohol, over-the-counter medica-
tions, natural products and untested treatments
in the interim, the effectiveness of which is
dubious if not deleterious.3 Chronic difficulties
initiating and maintaining sleep are often asso-
ciated with psychosocial and occupational
impairments such as daytime fatigue, mood
disturbances, performance impairments, and
reduced quality of life, all of which are costly
on a number of levels, both to the individuals as
well as to society.4–7 This chapter provides an
overview of insomnia, with a focus on the
public health and socioeconomic impact of the
disorder and with a presentation of low-cost
behavioral interventions available to patients. 

DEFINITION OF INSOMNIA

Insomnia complaints are heterogeneous in
nature, and involve reduced quality, duration,
or efficiency of sleep. Patients may present
difficulties in initiating sleep (sleep onset
insomnia), staying asleep because of frequent

or prolonged awakenings during the night, or
waking up too early in the morning without
being able to go back to sleep (sleep mainte-
nance insomnia). The object of the complaint
can also refer to non-restorative or poor quality
sleep leading to daytime fatigue, loss of energy,
distress, or social, occupational, or functional
impairment. These different types of insomnia
are not mutually exclusive as one patient may
present simultaneously difficulties in initiating
and maintaining sleep. Insomnia may be situa-
tional, as in periods of stressful life-events,
episodic, with recurring periods of disturbed
sleep, or persisting over months or years.8,9

Three major classification systems exist to
aid in the diagnosis of insomnia: the Interna-
tional Classification of Sleep Disorders,10 the
International Classification of Diseases-10,11

and the Diagnostic and Statistical Manual of
Mental Disorders-IV (DSM-IV).12 The emphasis
on frequency, severity, and duration of symp-
toms varies according to the nosology used.
(See Edinger13 and Ohayon14 for a discussion of
the use of these classification systems.)
Although insomnia may be a syndrome in itself,
it is most commonly encountered as a symptom
of a medical, psychiatric, or other sleep disor-
der. For example, it can be caused by pain,
alcohol, or drug abuse, or be due to the use
of certain medications (e.g., bronchodilators,
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beta-blockers, or antidepressants) or to the
pathophysiology of numerous medical condi-
tions (e.g., hyperthyroidism or fibromyalgia).
Psychological and behavioral factors such as
stress, hyperarousal, faulty beliefs about sleep,
or poor sleep habits are often the mediating
variables that contribute to the development
and maintenance of insomnia. 

PREVALENCE AND RISK FACTORS

Estimates of the prevalence of this disorder vary
according to the operational definition used.
For example, when symptoms such as difficulty
falling asleep or maintaining sleep (either
during the night or early in the morning) are
considered, insomnia prevalence is estimated
at around a third of the population. If other
symptoms such as dissatisfaction with sleep
quality/quantity or daytime consequences are
considered, this figure is reduced by at least
half. Strict application of DSM-IV criteria leads
to the most conservative prevalence estimate of
between 4.4% and 6.4%. Ohayon14 provides a
review of the epidemiology research and the
definitions used. 

Several demographic, psychosocial, and
health variables have been associated with
insomnia complaints. Surveys have consistently
found higher rates of insomnia complaints
among women,14,15 older adults16–19 and indi-
viduals who are unemployed, separated or
widowed, living alone and/or homemakers.1,18

While women appear to be about 1.5 times more
likely to suffer from insomnia, it is unclear
whether this rate reflects true differences or
rather gender differences in reporting and/or
sleep perception. A wide array of medical ail-
ments is also associated with insomnia. These
include respiratory, heart, and gastrointestinal
difficulties,20,21 asthma, arthritis, headaches,
ulcers, and high blood pressure,22 and early
death.23,24

In addition, it would appear that insomnia
breeds insomnia. A study of possible risk factors

for insomnia revealed that, from among variables
such as health problems, gender, obesity, snor-
ing and socioeconomic status, the strongest
predictor of insomnia was reports of insomnia
in the period 10–12 years preceding evalua-
tion.15 In the Ford and Kamerow study,1 31%
of individuals reporting insomnia at first inter-
view reported continued insomnia at one-year
follow-up. Family history has also been demon-
strated to be a risk factor in several studies. For
example, in a study by Bastien and Morin,25

26.6% of participants were found to have at
least one relative with insomnia complaints.
This familial relationship was the strongest for
individuals reporting the following: sleep onset
insomnia, primary insomnia, or early age of
onset. Dauvilliers et al.26 corroborated and
extended this study by including a control
group and by looking at first-degree relatives
and their insomnia diagnoses. They found an
even higher familial incidence – 73% for indi-
viduals with primary insomnia – with mothers
being the family member most likely to have
insomnia. The relative contribution of genetics
and environment has yet to be elucidated. 

Epidemiological, cross-sectional, and longi-
tudinal evidence indicate a high rate of
comorbidity between sleep disturbances and
psychopathology (for review, see Morin and
Ware27 or Benca et al.28 for a meta-analysis of
sleep and psychiatric disorder research based
on electroencephalographic readings). This is
no surprise given that sleep disturbance is a
diagnostic criterion or a clinical feature in sev-
eral psychiatric disorders, particularly anxiety
(e.g., generalized anxiety disorder) and affective
disorders (e.g., major depression). In practice, it
is not always easy to distinguish between pri-
mary insomnia and insomnia secondary to psy-
chiatric disorder, a reality that is particularly
problematic when attempting to estimate the
costs of insomnia. Many authors have empha-
sized the importance of using standardized
classification tools to clearly distinguish the
two groups and facilitate appropriate treatment
planning.
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IMPACT OF INSOMNIA

The impact of insomnia on individuals and
society can be felt on a number of levels,
including decreased quality of life, difficulties
with social and occupational functioning,
and increased risk of developing psychological
problems. Increased health care use, public
safety concerns and economic costs are also
issues associated with the disorder. 

Quality of life

A number of studies describe the negative
impact insomnia can have on health-related
quality of life. In particular, several authors have
used the Medical Outcomes Study Short Form
Health Survey29 (SF-36) and found significantly
lower scores on measures of cognitive function
and on multiple domains including social, emo-
tional, and physical functioning in adult insom-
niacs as compared to controls.7,30 Similar results
have been found in elderly insomnia sufferers31

and in managed-care organization enrollers.32

Katz and McHorney33 found that insomniacs
with chronic illnesses had lower quality of life
scores than good sleepers, even after controlling
for anxiety, depression and medical illness. (See
Léger et al.34 for further discussion of quality of
life in insomnia.) 

Functional impairment

Insomnia can also have a serious impact on
various aspects of daytime functioning, includ-
ing work performance and accidents. One study
estimates that individuals reporting poor
sleep miss at least five more days of work per
year than good sleepers.35 Other preliminary
descriptive studies also suggest that insomnia
sufferers have higher absenteeism rates36 as
well as lower work productivity, satisfaction,
and performance levels,35,37 and reduced pro-
motions and access to upper pay scale ranges.38

Similarly, difficulties on the job such as prob-
lems concentrating, memory, effectiveness,

decision making, and on-the-job accidents are
also more frequent in individuals with sleep
problems.35,39 Finally, in a cross-sectional inves-
tigation of 1308 workers that looked at the rela-
tionship among various job characteristics,
health factors, insomnia and absenteeism,
Leigh40 found that, from among 37 independent
variables studied, insomnia came second only
to being a mother with small children as far as
its predictive value for absences from work. Of
course, one can also see the possibility of a
close correlation between being the mother of
small children and having insomnia. 

Various dimensions of cognitive function
(e.g., attention, memory, reaction time) have
been demonstrated to be associated with poor
sleep. These decrements can produce serious
consequences when individuals are carrying
out tasks that require optimal cognitive func-
tion, such as driving. Aldrich41 found that auto-
mobile accidents occur 2.5 times more
frequently in individuals with insomnia than in
those without. In a large-scale epidemiological
study by Balter & Uhlenhuth,42 the prevalence
of motor vehicle or other serious accidents was
four times more frequent in individuals report-
ing untreated insomnia than normal controls
and insomniacs treated with medication.
Elsewhere, it has been demonstrated that expe-
riencing an average of 16 nights of poor sleep
per month puts people at a three times greater
risk of an accident than if they do not experi-
ence sleep difficulties.35 Study methodologies
and results are heterogeneous and therefore this
issue requires further investigation. In addition,
interpreting results is often complicated by the
fact that the largest proportions of accidents
related to sleep disorders happen to people
suffering from narcolepsy and sleep apnea. As
a result, the impact of insomnia alone on
accident rates is less clear. 

Sleepiness and fatigue appear to be directly
responsible for some of these accidents.
Individuals with insomnia are more than twice
as likely as good sleepers to report fatigue
as having been a factor in their motor vehicle
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accident (5% vs. 2%2) and more than 50% of
night workers acknowledge having fallen
asleep on the job at least once. Sleepiness has
also been implicated in several major industrial
accidents (e.g., Chernobyl nuclear accident), all
occurring in the middle of the night. Although
these accidents are probably related more to
sleep deprivation than insomnia per se, it does
highlight the potential impact of lack of sleep
on public health and safety.

Mental health

Results from prospective research indicate that
insomnia is a risk factor for the development of
depression, anxiety disorder, and psychiatric
problems in general.1,43–46 Riemann and
Volderholzer47 reviewed eight longitudinal epi-
demiological studies looking exclusively at the
link between insomnia and its predictive value
for depression. The authors state that ‘almost
unambiguously’ the presence of insomnia at
baseline predicted an increased risk of depres-
sion at one- to three-year follow-up. While no
causal link has been established, Hall and
Platt48 found global or partial insomnia to be
one of the predictors of a severe suicide attempt.
Despite some weaknesses in methodologies, the
link between insomnia and suicide attempts,
seriousness of attempts, and suicide comple-
tions has been identified by others as well,49,50,51

albeit predominantly in psychiatric patients.
Finally, several studies have identified an asso-
ciation between insomnia and the presence or
development of drug or alcohol abuse or depen-
dence.1,43,46 While occult factors such as comor-
bid psychiatric or physical illness may also
explain this relationship, it should not be dis-
counted before being further investigated, espe-
cially given the potentially devastating effects
of drug and alcohol abuse on individuals, fami-
lies and society. 

Health care resource use

Several studies suggest that insomnia sufferers
have poorer general health and use health care

services more frequently than good sleepers,
even after controlling for higher levels of mood,
anxiety, and medical illnesses.1,5 Research also
suggests higher hospitalization rates in insom-
niacs. When it comes to consultations related to
sleep difficulties, surveys suggest that between
5% and 36% of insomnia sufferers have con-
sulted a physician specifically for these prob-
lems, while 27% to 55% have discussed sleep
problems with a physician in the course of a
consultation for another problem.4,52,53 Another
study found that 32% of survey respondents
with insomnia syndrome had consulted a health
care practitioner at some time in their life.3

People with insomnia often use prescription
medications, alcohol, or over-the-counter (OTC)
products such as Nytol, Sominex, Unisom,
analgesics, and cough and cold remedies in an
attempt to improve their sleep. The 1991
Gallup2 survey revealed that 40% of Americans
with insomnia had self-medicated with OTC
products or alcohol, with 20% having taken a
prescription medication to help them sleep.
Ohayon and Caulet54 proposed more conserva-
tive prescription trends, suggesting that
between 2% and 10% of people with insomnia
use prescribed medication for their sleep diffi-
culties. Of course, the definition of insomnia
can influence these figures. A recent popula-
tion-based survey of 2001 Quebec residents
revealed that 36% of respondents with insom-
nia syndrome had used natural products, 33%
had used prescribed medications, 11% had
used alcohol, and 8% had used OTC products
in the previous year. Smaller proportions had
used alternatives such as massage therapy
(10%) and acupuncture (2%).3

Johnson et al.55 looked at the length of time
during which substances were taken and found
that 9% of OTC product users, 15% of alcohol
users and 36% of prescription medication users
had used these substances for a period exceed-
ing one month.55 The fact that a full two-thirds
of this same group reported having an insuffi-
cient understanding of available treatments
makes self-medication a potentially worrisome
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phenomenon. This is made particularly salient
if we consider one study’s findings which
revealed that individuals with occasional
insomnia consume alcohol as a sleep aid an
average of 3.6 times a week, and that individu-
als with chronic insomnia complaints do so 6.8
times per week.4 Finally, the elderly population,
already over-represented for insomnia, are also
important consumers of sedative, hypnotic, and
anxiolytic drugs56 and may be at increased risk
of suffering from effects related to drug interac-
tions. Research using a sample of Canadian
elderly people suggests that almost 50% of this
population use some kind of sleep aid, with
50% of these cases involving the use of an OTC
product and 17% involving the use of a pre-
scription medication. More data on long-term
substance use and abuse are necessary. 

COST OF INSOMNIA

The prevalence of insomnia and the apparent
chronicity and morbidity of this condition lead
to the important question: What are the costs
associated with this condition? In fact, little
research has been conducted to address this
question. Probably in partial response to shrink-
ing budgets, demands of third-party payers and
increased pressure for accountability and acces-
sibility of treatments, estimates of the economic
burden of certain physical and mental illnesses
have been produced, along with estimates of the
costs associated with treating them. While cost
research in mental health has been slower to
evolve than cost research in physical health,
some data do exist. For example, Dupont et al.57

report that the overall cost of all mental disor-
ders in the USA is about $204.4 billion per year,
with anxiety disorders among the most costly at
$65 billion. Furthermore, the costs associated
with some psychological disorders, such as
depression, anxiety and schizophrenia, have
received considerably more research attention
than insomnia, as a quick Medline or PsychInfo
search will demonstrate (see Rush,58 Hofmann

and Barlow,59 and Goldstein,60 respectively, for
reviews of this literature). 

Authors typically make reference to two
broad categories of costs: direct and indirect.
Direct costs refer to the value of all goods, ser-
vices and other resources consumed as a result
of the application of an intervention, as well as
any present and eventual side effects or conse-
quences of the intervention. Examples are med-
ications and other products, tests (e.g., x-rays,
sleep lab monitoring), consultations, trans-
portation to and from consultations, and over-
head costs. Resource use is the important factor,
regardless of whether or not money is actually
exchanged. Indirect costs typically refer to an
illness-induced reduced capacity to work or to
participate in other activities, or to the eco-
nomic losses associated with death resulting
from a given illness. Absenteeism and produc-
tivity losses on the job are most typically con-
sidered in this category. Table 12.1 contains a
breakdown of the various types of direct and
indirect costs to be considered in cost analyses
(see Drummond et al.,61 Miller and Magruder,62

and Petitti63 for in-depth discussions of cost
analysis terms and methodology). 

Research findings

The first estimates of direct costs associated
with insomnia were based on data assembled
for the National Commission on Sleep Disorder
Research in the USA and were estimated at
about $15.4 billion for the year 1990. Walsh and
Engelhardt6 later undertook another cost analy-
sis with the goal of evaluating costs for 1995.
The results of that study provide the most
recent direct cost estimates available for the
USA, viz. $13.9 billion. A breakdown of this fig-
ure can be found in Table 12.2, alongside the
data contributing to a more conservative esti-
mate that was provided by Chilcott and
Shapiro,64 viz. $1.79 billion. In fact, most exist-
ing estimates are based on different modes of
interpreting predominantly the same databases
and sources. The exception to this is the only

LOW-COST INTERVENTIONS FOR INSOMNIA MANAGEMENT

159

12-Sleep-8013.qxd  10/9/2006  6:27 PM  Page 159

  



European study on the direct costs of insomnia.
This study, conducted by Léger et al.,65 used a
number of published surveys to estimate costs
associated with outpatient visits to health care
practitioners, sleep recordings and treatment by
sleep specialists, and products, be they pre-
scription or not, for inducing sleep. They
arrived at a figure of about 10 million French
francs (or about US $2 billion). Léger et al.’s65

data are provided in Table 12.2 alongside the
data from the two other studies that will be dis-
cussed further here. 

The Walsh and Engelhardt6 findings repre-
sent the most recent example of the research
and methods used to date. To facilitate compre-
hension of the figures, the data sources used
in this study will be briefly described. Data
regarding physician visits were obtained from

unpublished registers of the 1994 National
Ambulatory Medical Care Survey (NAMCS).66

This is a national (USA) probability sample sur-
vey of office visits to non-federally employed
physicians. Information on primary complaints,
diagnoses, and medications prescribed are
available. Visits to psychologists, social work-
ers, sleep specialist centers, and homes of mul-
tiple occupancy (HMOs) were estimated using
extrapolation methods described in detail in
the original article. Nursing home estimates
were based on data from other studies67,68 citing
the importance of the elderly patient’s sleep
disruption in the caregiver’s decision to seek
nursing home placement. Based on these stud-
ies, the authors estimated that 20.4% of nursing
home admissions were due to elderly persons’
sleep problems. Prescription medication costs
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Table 12.1 Types of direct and indirect costs to include in cost analyses of treated and untreated insomnia

Cost category Types of acts to be counted and valued

Direct costs • Consultations (e.g., physicians, psychologists, social workers,
homeopathy, acupuncture, light therapy)

• Hospital or sleep clinic services
• Institutionalization (due to insomnia: overheads, utilities,

equipment, tests, etc.)
• Transportation and child care (consultation driven)
• Prescription medications (benzodiazepines, antidepressants,

anxiolytics)
• Over-the-counter products (antihistamines, melatonin,

valerian, herbal products)
• Alcohol (taken as a sleep aid)

Indirect or related costs • Absenteeism 
• Reduced productivity (work or other activities)
• Motor vehicle and other accidents
• Medical and psychiatric expenses resulting from illness or

mortality associated with insomnia
• Insomnia-related accident damage costs
• Quality of life
• Psychological symptoms (depression, anxiety)
• Lost productivity costs due to illness-caused premature death
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were obtained from two major databases: (a) the
Retail/Provider Perspective Audit, and (b)
the National Disease and Therapeutic Index.
The first database contains information regard-
ing purchases of medications (e.g., by drug
stores, hospitals, HMOs, etc.), while the second
tracks prescription patterns in a random sample
of participating physicians. Data regarding non-
prescription sleep aids were obtained by con-
sulting a firm called Information Resources

regarding utilization of pre-identified products.
Finally, costs associated with alcohol use were
calculated by combining data obtained from
different sources5,69 on the prevalence of using
alcohol as a sleep aid and multiplying the esti-
mated frequency (number of nights) by a cost of
$1.50 per night of alcohol use. 

Using these sources, Walsh and Engelhardt6

estimated the total direct costs associated
with insomnia in 1995 in the USA to be about
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Table 12.2 Breakdown of direct costs related to insomnia in the USA and France

Costs (US$ millions for first two columns, US$ for third)

Chilcott & Shapiro64a Walsh & Engelhardt6a Léger, Levy & Paillard65b

Substances
Prescription 455.3 809.92 245 866 680 (hypnotics)

43 666 666 (anxiolytics)
Non-prescription 84.0 325.80 64 724 040 (OTCs)
Alcohol 574.6 780.39
Melatonin 50.00

Sub total 1113.9 1966.11 310 590 000
Services

Nursing homes 7.0 10900.00
Psychiatrists 116.4 200 787 870
Physicians 317.0 660.00 1 149 555 555
Psychologists 39.1 122.40 2 746 870
Social workers 75.30
Sleep specialists 8.4 18.20
Mental health 108.6 153.00

facilities 
Hospitals 77.5 30.80
Occupational 402 181 810

health
Sleep specialist 1 409 091

investigations

Sub total 674.0 11 960.70 1 756 681 091
Total 1787.9 13 926.81 2 067 271 100

aThe annual expenditure by the US population on various services for the treatment of or related to insomnia.
Dollar amounts are US$ million/year estimated for the year 1995.6,64 bDirect costs of insomnia in France (1995)
converted from franc to US$.
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$13.9 billion. Substances used for insomnia
accounted for $1.96 billion (prescription med-
ications = $809 million; non-prescription med-
ications = $325 million; alcohol = $780 million;
and melatonin = $50 million). Health care ser-
vices used for insomnia made up the remainder
of the total at $11.96 billion. The greatest expen-
ditures were for outpatient physician visits
($660 million), psychologist visits ($122 mil-
lion), mental health organizations ($153 mil-
lion) and nursing home admissions due to sleep
difficulties ($10.9 billion). This last figure is
contested by some as being too liberal; however,
the literature suggests that between 62% and
70% of caregivers place elderly persons in nurs-
ing home facilities at least in part because of
sleep problems, and that if it weren’t for these
difficulties many elderly persons would be kept
at home.67,68 While transportation costs for vis-
its to and from appointments are typically con-
sidered as direct costs, to our knowledge, no
estimates exist for insomnia-related transporta-
tion costs.

The indirect costs associated with insomnia
(i.e., absenteeism, reduced productivity, acci-
dents) have been given only passing mention in
the literature, their conspicuous absence most
likely being due to several factors: first, these
costs are more difficult to estimate and quantify;
second, there is no single, definitive database
from which to draw; and third, measurement of
these variables is subject to interpretation bias
as well as well-documented distortions of mem-
ory. Nonetheless, Stoller70 attempted to quantify
work-related deficits by combining data obtained
in a study of workplace performance in navy
servicemen38 with her own insomnia prevalence
estimate of 33% and a performance decrement
estimate of 4%. Her calculations placed the
monetary value of absenteeism and lost produc-
tivity at US$41.1 billion annually (at 1995
value). A per person estimate was attempted by
Chilcott and Shapiro,64 who suggest a decrease
in work productivity due to insomnia of 10%.
This amounts to $3000 per insomnia sufferer
per year. 

Stoller70 also looked at a number of other
indirect costs; she placed the cost of insomnia-
related accidents at between $26.42 billion and
$38.43 billion annually (based on 1988 accident
rate figures, a 0.33 insomnia prevalence rate and
the assumption that accidents occur two to three
times more frequently in insomniacs). Finally,
she also estimated insomnia-related alcoholism
at between $8.5 and $11.6 billion, insomnia-
related depression at $1 billion and insomnia-
related accidents at about $26.5 to $38.6 billion.
Her overall estimate of indirect costs is thus
situated between $77.05 and $92.13 billion, a
figure that Walsh and Engelhardt6 suggest is
inflated. Indeed, this figure is difficult to fathom
if one accepts Dupont et al.’s57 estimate of
$204 billion for the overall cost of mental disor-
ders. In fact Walsh (as cited in Walsh and
Engelhardt6) suggests a overall estimate revised
downward of between $30 and $35 billion (i.e.,
direct and indirect costs combined). While
Stoller’s70 work has been viewed as a liberal esti-
mate because of the high prevalence rate used,
her data are still frequently used to describe the
indirect economic consequences of insomnia. 

It is clear that more prospective studies are
required to evaluate the economic burden of
insomnia. Furthermore, the research described
above is an example of what is referred to
as cost-of-illness or burden-of-illness research.
This type of research is conducted in order
to identify costs associated with an untreated
disorder during a given time period.62 To our
knowledge, no cost-effectiveness study of
insomnia treatment has been conducted thus
far. Preliminary analysis has been conducted to
describe the costs of treating insomnia with the
newer hypnotic drugs such as zaleplon, zolpi-
dem, and zopiclone versus the costs of treating
with benzodiazepines; however, the research
reported does not allow cost-effectiveness
conclusions to be drawn, given the lack of
direct comparison across medications in an
individual study and the lack of adequate out-
come measures. (See the systematic review and
economic evaluation by Dündar et al.71) 
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Cost-effectiveness analysis (CEA) is the
model most frequently used in mental health,
as it does not require that outcome variables of
interest (e.g., improvement in sleep/depression/
global functioning) be expressed in monetary
terms; original measurement units may be
maintained (see Drummond et al.61 and
Hargreaves et al.72 for more). The end goal in
conducting CEA is to obtain a cost-effectiveness
ratio that expresses the costs relative to the
health benefits of an intervention of interest.
This is done by calculating the difference in
cost between two interventions, and dividing it
by the difference in their effectiveness mea-
sured using the same outcome instrument. In
fact, CEA is the logical follow-up to a burden-
of-illness study and produces the type of data
that is increasingly required (e.g., by insurance
companies) to justify the use of one therapy
modality over another (i.e., which therapy can
offer the best results at the lowest cost?). It
should also be the kind of data that practition-
ers seek out and weigh when making treatment
recommendations. Note that many studies
make reference to ‘cost-effectiveness’ of a given
treatment for a given disorder, without provid-
ing any actual cost data to support this claim.
Until actual data are available, assumptions
will continue to be made based on common
sense and logic. The following section will pro-
vide an overview of various behavioral inter-
ventions available for insomnia as well as a
discussion as to their likely cost-effectiveness. 

PSYCHOLOGICAL INTERVENTIONS

Despite the high prevalence and burden of
insomnia, only a minority of individuals with
sleep disturbances receive treatment. The
first line of treatment usually involves self-
medication with herbal/dietary supplements,
OTC sleep aids, or alcohol, although the risks
and benefits of these products are not well doc-
umented.3,4,18,55,73 When professional help is
sought, it is usually with a general practitioner

and a prescribed hypnotic medication is often
the only proposed recommendation. Although
sleep medications are efficacious for short-term
use, their long-term use is associated with risks
of adverse effects, tolerance, and dependence.
In addition, there is very limited evidence of
long-term efficacy. Psychological interventions
represent the other main approach in the treat-
ment of insomnia and will be discussed in the
following section.

Relaxation

Relaxation techniques represent the most
widely used non-pharmacologic treatments for
insomnia. The rationale behind their use is that
individuals with insomnia often present high
levels of arousal, both during the day and at
night. This arousal, which can be physiologic
(e.g., muscular tension) or cognitive (e.g., intru-
sive thoughts), may prevent sleep from occur-
ring. Relaxation techniques are used to reduce
hyperarousal and facilitate sleep; some of them
target physiologic arousal (e.g., progressive
muscle relaxation, biofeedback), while others
target cognitive arousal (e.g., meditation, yoga,
imagery training). Progressive muscular relax-
ation and biofeedback have received more
scientific attention. However, the use of
biofeedback for insomnia seems to be declining,
primarily because of the time and equipment
required. Regardless of the method, regular
training is necessary and professional guidance
may be helpful for an adequate use of the cho-
sen technique.

Stimulus control

Stimulus control,74 which is based on the theory
of operant conditioning, was first developed in
the early 1970s by Bootzin. Individuals with
insomnia are typically apprehensive about bed-
time, yielding to the gradual development of an
association between the bed, bedroom and bed-
time, on the one hand, and frustration, arousal
and wakefulness, on the other hand. Stimulus
control is a set of behavioral procedures
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designed to reassociate temporal (bedtime) and
environmental (bed, bedroom) cues with rapid
sleep onset, and establish a steady sleep–wake
circadian rhythm by adopting a regular sleep
schedule. Standard instructions include: (1) go
to bed only when sleepy; (2) use the bed and
bedroom only for sleep and sexual activity;
(3) leave the bedroom when unable to sleep
within 15–20 minutes, engage in a calming
activity but avoid falling asleep, and return to
bed only when sleepy again (this procedure is to
be repeated as often as necessary during the
night); (4) arise at the same time every morning
regardless of the number of hours slept the night
before; and (5) avoid napping during the day.
Strict observation of all of these procedures is
indispensable to benefit from stimulus control
therapy.

Restriction of time in bed

This behavioral intervention is often called
sleep restriction, but the term restriction of
time in bed is more appropriate. People with
insomnia commonly increase their time spent
in bed in an effort to obtain more sleep.
However, this strategy may have the opposite
effect, yielding to fragmented and poor sleep,
therefore perpetuating insomnia. The stan-
dard restriction procedure consists of curtail-
ing time spent in bed to the actual sleep time.
The use of a sleep diary is essential for the
application of the restriction of time in bed.
The first step is to estimate the average sleep
time per night, preferably based on sleep
diary data collected for at least one week.
Then, a sleep window, with fixed bedtime and
arising time, is determined in which the per-
son can sleep or attempt to sleep. The dura-
tion of the sleep window corresponds to the
estimated average nightly sleep time and can
be adjusted weekly on the basis of sleep effi-
ciency (ratio of total sleep time over time
spent in bed × 100). Typical guidelines indi-
cate that the sleep window can be increased
by about 20 minutes if sleep efficiency

reaches 85%, and decreased by about 20 min-
utes if sleep efficiency is below 80%. Changes
in the sleep window can be applied in the
evening or morning, depending on individual
considerations (e.g., working hours, prefer-
ences). During the first weeks of implementa-
tion, restriction of time in bed usually induces
a mild state of sleep deprivation, promoting
more consolidated and efficient sleep, but
also causing daytime sleepiness. For this rea-
son, the sleep window should never be of less
than five hours. Moreover, the procedure
should be used with caution for people who
engage in risky activities, such as truck dri-
ving or construction working.

Cognitive therapy

Individuals with insomnia often entertain
faulty beliefs and dysfunctional attitudes about
sleep and insomnia. These cognitions con-
tribute to perpetuate insomnia by interacting
with emotional distress and inappropriate
behaviors. The objective of cognitive therapy
for insomnia is to identify faulty beliefs and
dysfunctional attitudes and replace them with
more adapted alternatives in order to break the
self-fulfilling nature of the insomnia vicious
circle.9 More specifically, the preferred method
is cognitive restructuring, which uses several
clinical techniques (e.g., attention shifting,
reattribution training, decatastrophizing), and
is widely used for a variety of conditions (e.g.,
depression, anxiety disorders, chronic ill-
nesses). For individuals with insomnia, targets
of cognitive restructuring include: (1) misattri-
bution and amplification of the consequences
of insomnia (e.g., ‘Insomnia will have a serious
impact on my health’); (2) unrealistic expecta-
tions regarding sleep (e.g., ‘I must get eight
hours of sleep every night’); (3) misconceptions
about the causes of insomnia (e.g., ‘It is normal
to have insomnia because I am getting older’);
(4) faulty beliefs about sleep-promoting
behaviors (e.g., ‘Trying to sleep as hard as
I can is the best method to fall asleep’); and
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(5) performance anxiety, which arises because
of unsuccessful efforts to control the process of
sleep. Cognitive therapy can also be useful to
help individuals with insomnia cope with
relapses or residual sleep difficulties persisting
after the discontinuation of treatment.

Paradoxical intention

Paradoxical intention can be conceptualized as
a form of cognitive restructuring principally
aimed at performance anxiety, which can pre-
vent sleep from occurring. Paradoxical inten-
tion consists of persuading the individual to
engage in the apprehended activity: remaining
awake. This strategy should reduce perfor-
mance anxiety and favor sleep. However, thera-
peutic gains following paradoxical intention
are quite variable from individual to individual,
and they are inferior to those obtained with
other psychological treatments.

Sleep hygiene

The main objective of sleep hygiene education
is to inform about lifestyle and environmental
factors that may have an impact, either positive
or negative, on sleep. These factors are rarely
sufficient to cause insomnia but they can exac-
erbate existing sleep difficulties. When used
alone, sleep hygiene has limited benefits, but
it should be incorporated in a multifaceted
treatment to target environmental factors. Sleep
hygiene recommendations include: (1) avoid
stimulants (e.g., caffeine, nicotine) several
hours before bedtime; (2) do not drink alcohol
too close to bedtime, since it leads to frag-
mented sleep and early morning awakenings;
(3) avoid heavy meals too close to bedtime; (4)
avoid exercising in the late evening since it may
alter sleep onset; on the other hand, exercising
in the late afternoon or early evening can be
sleep promoting; and (5) maintain a calm, dark,
and comfortable environment in the bedroom to
make it sleep inducing. 

Multifaceted cognitive
behavior therapy

The behavioral and cognitive interventions
described above are often combined to maxi-
mize the benefits. Studies evaluating multifac-
eted cognitive behavior therapy (CBT) have
demonstrated that, compared to single inter-
ventions, they yield comparable but not consis-
tently superior benefits. Optimal multifaceted
CBT would include stimulus control and/or
sleep restriction, combined with a relaxation
and cognitive restructuring component.75

EMPIRICAL SUPPORT FOR
PSYCHOLOGICAL INTERVENTIONS

Since their early development in the 1950s,
non-pharmacologic interventions for insomnia
have received considerable scientific attention.
Indeed, more than 100 studies have been pub-
lished in the last 25 years to evaluate the effi-
cacy of such interventions.76 A recent review
by a task force of the American Academy of
Sleep Medicine10, 77 analyzed the results of 48
clinical trials, including a total of more than
2000 participants, and two meta-analyses.78,79

Another meta-analysis was published later,
which compared behavioral and pharmacologic
treatment outcomes.80 The main conclusions of
these publications are that: (1) between 70%
and 80% of participants benefit from psycho-
logical interventions; (2) these interventions
yield durable and reliable benefits with mini-
mal adverse effects; (3) the short-term outcomes
are similar to those observed in pharmacologic
studies; and (4) they may be more cost-effective
than pharmacotherapy on a long-term basis. 

The American Academy’s10 review also
evaluated the existing psychological interven-
tions according to the criteria proposed by
a task force of division 12 of the American
Psychological Association for empirically vali-
dated psychological treatments.81,82 Three types
of interventions meet the Association’s criteria
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for empirically supported treatments (i.e.,
stimulus control, progressive muscle relax-
ation, paradoxical intention) and three others
meet the criteria for probably efficacious treat-
ments (i.e., sleep restriction, biofeedback, mul-
tifaceted CBT). Insomnia treatment has also
been discussed at length in a book on evidence-
based interventions: A Guide to Treatments that
Work.83 Stimulus control, restriction of time in
bed, relaxation, and CBT were all identified as
effective treatments, while the benefits of sleep
hygiene and paradoxical intention were less
clearly demonstrated. Finally, there is increas-
ing evidence showing that CBT treatment is
well accepted by patients and is often preferred
over pharmacologic interventions.84

LOW-COST INTERVENTIONS

Although they are empirically supported,
psychological treatments for insomnia are still
relatively unknown and under-used by health
care practitioners.85 Important barriers to more
widespread use include the lack of information
and poor dissemination of such interventions,
the time and effort required to implement
behavioral changes, and their limited availabil-
ity in the health care system.85 Therefore, there
is a need to validate more readily accessible and
cost-effective interventions and to quantify
their cost-effectiveness in monetary terms. Self-
help, Internet-based, and group interventions
represent alternatives to reduce costs and max-
imize benefits for a large number of individuals
with insomnia. The literature about the empiri-
cal evidence for these three treatment formats is
summarized below. 

Self-help interventions

Self-help interventions for insomnia represent a
promising cost-effective alternative or comple-
ment to traditional therapist-guided treatments.
Several studies have evaluated a minimal inter-
vention for insomnia.86–94 All were conducted

with individuals having primary insomnia,
except the study by Currie and colleagues,88

which evaluated cognitive-behavioral interven-
tions in recovering alcoholics. All but three
studies87,89,93 included a no-treatment or waiting
list control group; three studies included a com-
parison condition in which the treatment was
therapist driven.87,88,91 Except for one study,
which used only progressive muscle relax-
ation,89 all others evaluated multifaceted
treatments. For most of them, the core compo-
nents included (1) educational materials about
sleep, insomnia, good sleep hygiene practices;
(2) behavioral recommendations about sleep
scheduling (i.e., stimulus control, restriction of
time in bed); (3) relaxation; and (4) psychologi-
cal methods for changing beliefs and attitudes
about sleep (e.g., cognitive restructuring). Table
12.3 presents the methodological characteris-
tics of the empirical studies on self-help psy-
chological treatment for insomnia.

Overall, results from these self-help treat-
ment studies show significant improvement in
several sleep variables for treatment conditions
compared to control groups, with changes well
maintained at three90,91 and six month3,87 follow-
ups. Bastien et al.87 found that self-help treat-
ment with weekly telephone consultations
yielded improvements comparable to those
obtained with therapist-guided individual or
group treatment. This result is not entirely con-
sistent with those reported in a meta-analysis
suggesting that therapist-guided treatments
yield better outcomes than self-help interven-
tions.78 Another study involving a community
sample revealed that a minimal intervention
can be effective in alleviating a broad range of
insomnia symptoms, ranging from mild diffi-
culties to a chronic insomnia syndrome.3 Currie
et al.88 demonstrated that recovering alcoholics
had improved sleep following self-help CBT,
although this format had less impact than
the individual therapist-guided condition.
Research suggests that certain variables may
moderate treatment outcome. For example, one
study found that treatment response was greater
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Reference

Alperson & Biglan86

Bastien et al.87

Currie et al.88

Gustafson89

Mimeault &
Morin90

Morawetz91

Morin et al.92

Oosterhuis & Klip93

Sample

n = 29
(17–80 years old)

n = 45
(> 18 years old)

n = 60
recovering
alcoholics
(18–70 years old)

n = 22
(mean, 42 years
old)

n = 54
(18–54 years old)

n = 141
(23–60 years old)

n = 192
(18–77 years old)

n = 325
(15–86 years old)

Treatment media

Treatment
manual

Treatment booklets

Treatment
manual

Audiotapes and
treatment booklet

Treatment
booklets

Audiotape and
treatment manual

Treatment booklets

Television and
radio clips, booklet and
audiotape

Table 12.3 Methodological characteristics of 10 empirical studies on self-help treatment for insomnia

Conditions and treatment content

– Self-help treatment (Rel, SC)
– Self-help treatment (Rel, in-bed activities)
– Waiting-list control

– Self-help treatment with telephone
consultations (SC, RTB, CT, SH, Inf)

– Individual therapist-guided treatment (idem)
– Group therapist-guided treatment (idem)

– Self-help treatment with telephone support
(SC, RTB, Rel, CT, Inf)

– Individual therapist-guided treatment (idem)
– Waiting-list control

– Self-help treatment (Rel)

– Self-help treatment (SC, RTB, CT, SH, Inf)
– Self-help treatment with telephone

consultations (idem)
– Waiting-list control

– Self-help treatment (SC, Rel, Inf)
– Individual therapist-guided treatment (idem)
– Waiting-list control

– Self-help treatment (SC, RTB, CT, SH, Inf)
– No-treatment control

– Self-help treatment (SC, Rel, SH, Inf)

(continued)
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Reference

Riedel et al.94

Ström et al.95

Sample

n = 100
(> 60 years old)

n = 81
(> 18 years old)

Treatment media

Videotape and treat-
ment pamphlet

Internet treatment
program

Table 12.3 (Continued)

Conditions and treatment content

– Self-help treatment; one insomnia condition,
one good sleepers control condition
(RTB, Inf)

– Self-help treatment with therapist guidance;
one insomnia condition, one good sleepers
control condition (idem)

– Waiting-list control

– Self-help treatment (SC, RTB, Rel, CT, SH, Inf)
– Waiting-list control

This table was adapted from Vallières, Ouellet & Morin.96 CT = cognitive therapy; Inf = educational information; Rel = relaxation; RTB = restriction of
time in bed; SC = stimulus control; SH = sleep hygiene.
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for younger persons relative to older ones86 and
another suggested that hypnotic medication
users did not benefit as much from self-help
treatment as unmedicated patients.91 It has also
been shown that minimal therapist guidance
may enhance sleep improvements when com-
pared to self-help-only conditions.90,94

Despite these promising results, a word of
caution is needed. In fact, self-help interven-
tions may not be indicated or recommended for
all individuals with insomnia. This could be
particularly true for people with more severe
insomnia symptomatology, with comorbid
medical or psychological conditions, or for
chronic hypnotic users. These subgroups of
individuals with insomnia might benefit from a
more structured intervention involving thera-
pist guidance.

Internet interventions

Internet-based interventions represent another
low-cost format. They are similar to other self-
help modalities, but may be more practical and
readily accessible for some people. One ran-
domized controlled trial evaluated an Internet-
based treatment for insomnia95 (see Table 12.3
for methodological characteristics). Results
showed significant improvements for sleep
parameters in the treatment group. However,
the control group also improved on several vari-
ables, and the dropout rate was high (24%).
Therefore, research is still needed to evaluate
the feasibility and efficacy of the Internet as a
medium in the treatment of insomnia.

Group therapy

Group therapy represents another way to reduce
insomnia treatment costs, since only one thera-
pist is required for groups typically averaging
from 5 to 10 individuals. The group format has
been evaluated in an approximately equal num-
ber of clinical trials as the individual format.3

According to the meta-analysis by Morin et al.78

individual therapy yielded significantly better
improvements than group therapy for number of

awakenings, but not for the three other sleep-
dependent variables (i.e., sleep-onset latency,
total wake time, total sleep time). Moreover, as
mentioned earlier, one study comparing self-
help, individual, and group formats found simi-
lar benefits for the three conditions.87 However,
to our knowledge, it is the only study with a
direct comparison of individual and group inter-
ventions. A recently published trial, comparing
a group CBT with a self-help information condi-
tion as a control group, assessed the impact
of early intervention on long-term clinical
improvement, two issues of importance when
considering a cost-effectiveness perspective.97

After a one-year follow-up, the CBT group
intervention produced clinically significant
improvements on sleep variables, as well as
reductions in dysfunctional beliefs and attitudes
about sleep, and negative daytime conse-
quences. This study reflects the potential bene-
fits of a group therapy format.

CONCLUSIONS AND
RECOMMENDATIONS

Insomnia is a prevalent problem that is under-
diagnosed and under-treated. It has serious
repercussions on individuals, affecting their
quality of life, daytime functioning, and health.
The costs to individuals and to society as a
whole are therefore substantial. As discussed
earlier, the vast majority of individuals with
sleep complaints do not consult for their
problem.1 In addition, a significant number of
individuals resort to insomnia treatments that
have not been validated, including alcohol and
OTC substances. 

Despite the promising results of cognitive and
behavioral treatments for insomnia, research is
still needed to validate optimal interventions
and make them more widely available.98 In
particular, studies should focus on long-term
clinical improvement because of the chronic
nature of insomnia and the risk of relapse. In
addition, samples should be more representative
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of the entire insomnia continuum. Indeed,
selection criteria often limit the composition of
samples to severe chronic primary insomnia
sufferers, missing a large number of individuals
experiencing sleep difficulties who could benefit
from an intervention (e.g., those with secondary
insomnia, taking sleep-promoting medication, or
not fulfilling all the established diagnostic crite-
ria for chronic insomnia). Factors moderating
treatment response should also be investigated to
provide guidelines as to which treatment content
and format are more suitable for which type
of patient. Furthermore, optimization of cost-
effective treatments has to involve better and
more widespread treatment dissemination. In
order to achieve this goal, treatment implemen-
tation methods must be developed within the
primary health care systems.

It is also time to increase efforts to collect the
data that will provide more accurate and reli-
able figures of the economic ramifications of
insomnia.98 In 1997, an International Workshop
on Sleep and Health that addressed research
and clinical perspectives emphasized that there
is a paucity of research into the cost of
untreated insomnia and the degree to which
treatment may reduce these costs.99 This is true,
despite the possibility that psychologists may
be reluctant to quantify the impact of insomnia
in monetary terms, as much for ethical as for
methodological knowledge considerations. 

The following suggestions are thus offered
for future cost research. First, ‘burden of illness’
research should be undertaken with the aim of
describing indirect and direct costs incurred
by individuals with varying degrees of insom-
nia symptomatology. Ideally, longitudinal,
population-based research should be conducted
that collects data on all forms of health care
system and product utilization. A clear and
comprehensive cost checklist should be used,
based on guidelines set down by Gold et al.100

Use of such a checklist in future insomnia treat-
ment cost assessments would permit direct
cost-effectiveness comparisons across different
insomnia treatment modalities and would

enhance reliability. Cost-effectiveness research
would use this same checklist, but would apply
it when comparing costs across intervention
modalities at pre- and post-treatment.

Simultaneously gathering sociodemographic
information and data on variables such as
depression, anxiety, stress, and general health
could ultimately contribute to a better under-
standing of the relative relationship of insom-
nia and a multitude of other variables to costs.
This is important information to obtain for
outreach, education, and prevention programs.
A longitudinal, population-based approach
would also permit researchers to address some
of the cost-calculating obstacles encountered
thus far, especially as pertains to indirect costs;
information concerning the day-to-day impact
of insomnia in the workplace and on psycho-
logical, psychosocial, and health variables
could be obtained and individuals could in fact
be  questioned directly as to the role insomnia
played in various outcome variables such as
accidents and work absences. Finally, a longitu-
dinal approach would also facilitate the parti-
tioning of costs where comorbidity is present.
For example, if it were found that insomnia is a
precursor to depression, then costs associated
with depression could be attributable, in part,
to insomnia. This methodology could be com-
bined with the use of relevant administrative
databases (e.g., private and public health care
insurance sources, workplace records of
absences, hospital databases, etc.) in order to
cross-validate certain self-report data. 

Future research needs to shift its focus to
the negative impact of insomnia and to how
effective treatment can reduce morbidity.98

Furthermore, the time has come to hone evalu-
ation techniques and begin producing research
that not just describes the cost of this disorder
but offers empirically based cost-effectiveness
data. This is essential if we want to not only
respond to the demands of an increasingly
market-driven health care system, but, most
importantly, also want to offer patients the best
treatments available at the lowest cost possible.
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CHAPTER 13

Economic impact of sleep loss,
sleepiness, and sleep disorders

Kin M Yuen and Clete Kushida
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Sleep disturbances and sleep loss are often
viewed as normal aspects of everyday life. In a
globally connected system, advanced technol-
ogy allows for frequent communication, and
thus, interruptions in our daily lives. Since the
turn of the last century, the general population
has progressively reduced the amount of
nocturnal sleep by about 20%. The 2000 Sleep
in America Omnibus Poll by the National
Sleep Foundation (NSF) revealed that 33% of
American adults surveyed slept only 6.5 hours
or less nightly during the working week.1 Of
those surveyed, 24% had difficulty getting up
for work on two or more days per week, 58%
had difficulty making decisions and solving
problems. 

The 2004 NSF poll revealed that children in
the USA are similarly impacted by insufficient
sleep. Of the 1st to 5th graders, 24% of these
children were reported to get ‘less than enough
sleep’ by their parents or caregivers.2 Children
were also reported to consume caffeinated
beverages. Twenty-six per cent of all parents/
caregivers surveyed stated that their child
drinks one or more caffeinated beverages daily.
Of all older school-aged children, 33% drink
one or more caffeinated beverages per day, with
8% drinking two or more daily. Twenty-eight
per cent of younger school-aged children and

18% of preschoolers typically drink one or more
caffeinated beverages per day (Figure 13.1). It is
certainly disconcerting that children may be
consuming caffeinated beverages as a counter-
measure for the effects of insufficient night-
time sleep.

What effects does sleep deprivation incur in
society? What impact does chronic sleep loss
produce economically? These key questions
and others will be addressed in this chapter.

SLEEP LOSS

Sleep loss is typically the result of voluntary
sleep deprivation due to work or family com-
mitments, or due to intrinsic factors (e.g., sleep
disorders) or extrinsic factors (e.g., environmen-
tal noise). Despite the fact that excessive day-
time sleepiness (EDS) is the inevitable result of
sleep loss, many Americans fail to recognize the
effects of daytime sleepiness. In NSF’s poll in
1997 6% of those surveyed considered daytime
sleepiness a serious problem, and 14% stated
their sleepiness was moderately serious. It is
clear that the consequences of sleep loss are
being minimized by the public, which leads to
the question: How much sleep does one actually
need before untoward effects are seen?
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Normal sleep

The adage of getting eight hours of sleep per
night has been widely quoted as the optimal
sleep duration, but total sleep time is highly
dependent on age. Despite years of observations
of the sleep of infants, children, and adults, only
recently were normative data published for total
sleep duration per 24 hours for these groups.3,4

Using some of these recent data, it is now possi-
ble to estimate, for example, that a preschooler
age 5 years who obtains 11 hours of nocturnal
sleep is within the 50th percentile of his peers.
(see Figure 13.2). Likewise, we are finally able to
glimpse how different stages of life and gender
may impact one’s sleep. Recent studies show
that women’s menstrual cycle, state of preg-
nancy, and menopause all have potential
adverse effects on their sleep.5–13 Purportedly,
although women have more preserved ‘deep
sleep’ (stages 3 and 4 sleep), they are more likely
to have subjective complaints about sleep in
their 60s.14–16 Nonetheless, both genders are
likely to lose slow-wave sleep with age.3

Despite these population data, how do we
know if we sleep enough? Most people who
sleep ‘enough’ feel ‘well rested’ as they awaken
from their sleep. There is no current standard to

evaluate the degree of being ‘well rested’.
However, in other disciplines, such as sports
medicine, for example, when athletes are not in
peak performance, there are measurable para-
meters for correlation. Military operations have
also developed performance measures to exam-
ine optimal effectiveness of their crew. In sleep
medicine, we usually define what is not opti-
mal or ‘insufficient’ as having daytime symp-
toms of sleepiness. 

ASSESSMENT OF SLEEPINESS 

Measurements for individuals

One helpful clinical tool is a sleep diary,
which a person uses to estimate total amount
of sleep on a daily, weekly, or monthly basis.
By using a diary, the cumulative insufficient
amount of sleep is seen as a possible expla-
nation for daytime symptoms. These daytime
symptoms may include excessive sleepiness,
fatigue, irritability, moodiness, memory or con-
centration lapses, incoordination, or difficulty
learning new tasks.17 However, other more gen-
eralizable tools are needed to compare degrees
of sleepiness.
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Figure 13.1 Children’s caffeine consumption according to the 2004 Sleep in America Poll based
on children of 3 years or older answering: preschoolers, n = 383; younger school-aged; n = 383;
older school-aged, n = 252. (Reproduced with permission of the National Sleep Foundation.2)
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Instruments have been developed to capture
individual differences and responses to sleepi-
ness. Besides non-validated visual analog scales,
the Stanford Sleepiness Scale (SSS) was among
the earliest subjective instruments used to quan-
tify sleepiness. The subject chooses one of seven
descriptions of his/her current state, varying
from ‘feeling active’ to ‘almost in reverie’.18

Similarly, the Karolinska Sleepiness Scale con-
tains predominantly descriptions of sleepiness
corresponding to a numeric scale of 1–9, where
1 = extremely alert and 9 = extremely sleepy.19 A
more widely used questionnaire is the Epworth
Sleepiness Scale (ESS). The person rates the
chance of dozing, from 0 to 3, under eight real-
life circumstances. The higher the score, the
more subjectively sleepy the person is. The max-
imum score is 24, minimum is 0, and a score
above 10 is considered to indicate EDS.20–33

However, these subjective instruments have
been criticized for lacking correlation with
objective measures (e.g., multiple sleep latency
test [MSLT]).34,35 But a recent study based on

factor analysis of the general population
(sample size of 1562) revealed that there are
gender differences in perceived daytime sleepi-
ness and sleepy behavior in active or passive
situations. The evaluations included self-
reported sleepiness (13-item survey), ESS, sleep
habits, SSS, and MSLT results from a subset of
145 subjects. Women are more likely to report
feeling sleepy, but less likely to report falling
asleep in either acceptable (such as watching
television), or inappropriate (such as during
conversation) circumstances.36 Beside female
gender, worse perceived sleepiness factor-based
scores were also significantly related to younger
age, higher sleep debt, and worse SSS scores.
Conversely, male gender, older age, and worse
MSLT scores were correlated with worse sleep
propensity in both active and passive condi-
tions. The authors suggested that self-reported,
subjective daytime sleepiness and propensity to
sleepy behavior are valid measures of different
facets of sleepiness, and should be included in
research.
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Subsequently, more objective measures such
as the multiple sleep latency test (MSLT) and
maintenance of wakefulness test (MWT) were
developed to quantify the degree of daytime
sleepiness in individuals.37–40 While the MSLT
provides four or five standardized scheduled
‘naps’ of 20 minutes each to observe the average
time it takes a person to fall asleep, the MWT
tends to measure the ability of someone to stay
awake in 20- or 40-minute naps. Cognitive and
performance measures have also been instru-
mental in evaluating individual responses to
sleep loss. Examples include psychomotor vigi-
lance task (PVT),41 driving performance (Steer
Clear),42,43 pupillometric alertness level test
(ALT),44–46 and other performance tasks such as
those measuring serial reaction time, logical
reasoning, serial subtraction, and multitask per-
formance. These various tests have been used to
measure lapses of concentration. Opinions dif-
fer among academicians as to how accurately
these measures reflect the individual’s degree
of sleepiness. Additionally, actigraphy and
polysomnography have been utilized to evalu-
ate the amount and stages of the individual’s
sleep, respectively.

Other measures of sleepiness may be indirect,
for example, the portion of caffeine one con-
sumes to maintain wakefulness. Sanchez-Ortuno
et al.47 explored the association between sleep
duration and daily caffeine intake in a ‘French
middle-aged working population’. The total
sleep time and time in bed of employees of the
National Electricity and Gas Company were ana-
lyzed against their daily caffeine consumption,
and no significant relationship was found. Since
caffeine is widely abused, with individuals
having markedly different response to its effects
and consuming non-standardized ‘cup sizes’,
caffeine consumption is not often quantified for
estimation of individual or societal sleepiness. 

Other consequences of sleepiness from an
individual’s perspective generally impact social
functioning. To the extent each person fails to
meet social commitments such as not appearing

for appointments, absences or tardiness for
school/work, curtailing outdoor activities, and
restricting driving, it is difficult to quantify
except for absenteeism. Recent instruments
have been developed to quantify the effects that
specific diseases and disorders have on health-
related quality of life. These scales have gener-
ally attempted to capture elements of physical,
mental health, and aspects of social functioning.
Examples are the generic scales, which include
the medical short form (SF-36),48–50 and the
Functional Status Outcomes Questionnaire51,52

which has been applied in patients with
obstructive sleep apnea (OSA). Others are more
disease specific, such as the Calgary Sleep
Apnea Quality of Life Index for OSA.53–55

Irritability, depressive symptoms and anxiety
are often reported by sleep-deprived individu-
als, and are measurable by depression and anx-
iety scales. One example is the Beck Depression
Inventory,56,57 which is a two-page, 21-item
questionnaire that patients complete regarding
their mood state over the previous week.
The Hamilton Anxiety Scale,58 a 14-item ques-
tionnaire, and Zung’s Self-Rating Anxiety
Scale,59 a 20-item form, can be completed
easily. Nonetheless, there are no normative data
to define what is an ‘acceptable’ range for some-
one who is sleep deprived but not clinically
depressed or anxious. 

Measurements for population

On a larger scale, tools are available that mea-
sure the effects of sleep loss in economic terms.
As alluded to previously, absenteeism has often
been analyzed. Work-related accidents, traffic
accidents, and shift work error rates are exam-
ples of quantifiable measures that capture ele-
ments of inattention, incoordination, and
effects of mind-altering substances or all of
these factors. The contribution of sleep loss in
creating such errors and accidents has been
estimated, and will be discussed below.
Generally, when culpability may be in question,
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estimations tend to be biased to minimize
blame in workplace or traffic accidents.

Major accidents such as the Exxon Valdez,
Three Mile Island, and the Space Shuttle
Challenger disasters have been reported to
result from operator error because of sleep
deprivation.60 Daytime sleepiness is very com-
mon. In 1994, Ohayon et al.61 estimated that
5.5% of the representative sample of 4972
subjects reported severe daytime sleepiness,
and an additional 15.2% had moderate daytime
sleepiness in Montreal, Quebec. The Australian
study by Howard et al.62 has estimated that the
risk of motor vehicle accidents doubled for
the sleepiest 5% of drivers (assessed by the
ESS and Functional Outcomes of Sleep
Questionnaire, odds ratio [OR] = 1.91, p= 0.02
and OR = 2.23, p < 0.01, respectively) and the
risk of multiple accidents increased by 2.5
times (OR = 2.67, p < 0.01 and OR = 2.39,
p = 0.01), after adjusting for established risk
factors.62 McConnell et al.63 found similar
results.

In 1999, the Council on Scientific Affairs of
the American Medical Association64 estimated
that sleepiness was a causative factor in 1% to
3% of all US motor vehicle crashes: ‘About 96%
of sleep-related crashes involve passenger vehi-
cle drivers and 3% involve drivers of large
trucks’. The contributing risk factors included
‘youth, shift work, alcohol and other drug
use, over-the-counter and prescription medi-
cations, and sleep disorders’. Gander et al.65 in
New Zealand analyzed a sample of 5534 current
drivers and found that besides younger age,
higher average weekly driving hours, never/
rarely getting enough sleep (OR = 1.26, 95% CI:
1.06–1.49), and self-report of any chance of dozing
in a car while stopped in traffic (ESS question 8,
OR = 1.52, 95% CI: 1.15–2.02) were independent
risk factors for motor vehicle accidents.

In a special report for the National Commis-
sion on Sleep Disorders Research (NCSDR) in
1994, Léger66 estimated that the total cost of
accidents in the USA attributable to sleepiness

in 1988 was between $43.15 billion and
$56.02 billion. The costs of all motor vehicle
accidents ($70.2 billion), work-related acci-
dents ($47.1 billion), home-based accidents
($17.4 billion) and public accidents ($10.9
billion) were $143.4 billion. Since motor vehi-
cle accidents resulted in 49 000 deaths and
1 800 000 disabling injuries, Leger calculated a
total cost of $70.2 billion. He used the ‘human
capital approach’ to estimate potential earnings
loss during disability, or lifetime earnings in a
fatality, which was incorporated in the total
cost. Medical expenses, insurance administra-
tion, and property damage from motor vehicle
accidents were also included in the estimates.

Loss of productivity is another useful eco-
nomic means to estimate the effects of sleep
deprivation. In 1995, Kuppermann et al.67

administered a cross-sectional survey at a San
Francisco Bay Area telecommunications firm.
Of 588 employees who worked for a minimum
of six months, 30% reported currently experi-
encing sleep problems; they reported worse
functioning and well-being in areas of general
health, cognitive functioning, energy, more
work-related problems (decreased job perfor-
mance and lower satisfaction, increased absen-
teeism), and a greater likelihood of comorbid
physical and mental health conditions than the
respondents who did not have sleep problems.
They also demonstrated a trend toward higher
medical expenditures. 

Similar results were discovered from 74
respondents in a randomly selected sample of
94 subjects in a Japanese study. Shimizu et al.68

found that in one year ending in September
2000, sickness from cold symptoms and sleep
loss was the most common reported cause of
low productivity.

Furthermore, Philip et al.69 also studied
employees of the French National Gas and
Electricity Board in a one-year period. Of 1105
participants, 6.7% reported severe subjective
daytime somnolence of three days or more a
week and 30% had at least one sickness-related
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absence. Importantly, there was a strong
association between subjective daytime som-
nolence and sickness absence, which remained
significant even after adjustment for potential
confounding variables (age, sex, employment
grade, sleep symptoms and self-reported dis-
eases). For those that experienced EDS of ≥ 3
days per week, they had an OR of 2.2 (95% CI:
1.3–3.8) to incur absence as a result of sickness.
Thus, sleepy workers had a higher rate of absen-
teeism, resulting in lower productivity.

Melamed and Oksenberg70 had similar find-
ings in an Israeli population among 532 non-
shift daytime workers at eight industrial plants.
Of the workers studied, 22.6% had EDS, which
moreover was chronic: 96.3% had persistent
daytime sleepiness for ≥ 2 years, and 56% for
≥ 10 years. The EDS was associated with doub-
ling the risk (OR = 2.23, 95% CI: 1.30–3.81)
of sustaining a work injury, even after control-
ling for possible confounders, including factory
category, job, and environmental conditions.
However, it has been difficult to reliably esti-
mate the monetary contribution from loss of
productivity.

Health utilization is another means to mea-
sure the burden of under-diagnosis and the
benefit of treatment for a particular disorder.
Economic measures provide a framework for
the discussion of alternative or competing
resource allocation. Although the aforemen-
tioned studies alluded to increases in health
utilization, few current studies were able to
isolate portions incurred secondary to sleepi-
ness from other causes versus those caused by
sleep disorders. Thus, the section below will
discuss further the published data of the eco-
nomic impact of common sleep disorders.

ECONOMIC IMPACT OF COMMON
SLEEP DISORDERS

The most common cause of EDS is sleep loss or
deprivation. Hublin et al.70 found in a survey that
up to a third of adults experienced sleepiness

due to partial sleep deprivation, and approxi-
mately 7% of the middle-aged adults have
EDS secondary to sleep disorders. The Sleep
Heart Health Study constitutes one of the largest
ongoing populations ever examined. In 6440
participants of this study, Kapur et al.71 demon-
strated that there was an association between
subjective complaints of daytime sleepiness,
inadequate sleep time and insomnia, objective
measures of sleep-disordered breathing, and an
increase in an indirect measure of health care
utilization via a modified chronic disease
score (CDS). The CDS tabulated one year’s phar-
macy data based on the staff–homes of multiple
occupancy (HMO) model at the Group Health
Cooperative in Seattle, Washington State. The
subjects with the highest quartile of EDS as
measured by the ESS (> 11) had an 11% increase
in health utilization as compared to the lowest
quartile. It is remarkable that subjects who did
not have significant sleep-disordered breathing,
but had feelings of sleepiness and fatigue, also
demonstrated 18–20% higher health utilization.
Thus, the role of sleep fragmentation or sleep
loss in the socioeconomic impact from sleep
disorders cannot be underestimated.

Obstructive sleep apnea 

Obstructive sleep apnea (OSA) affects 4% of
middle-aged men, and 2% of women aged 30–60
years.72 The prevalence rate of asthma is similar.73

Among minority groups, African-Americans, and
the elderly, the prevalence rate is likely higher 
as obtained from recent literature.60,74–78

Prospective studies have well demonstrated
an association between untreated moderate-
to-severe levels of OSA and hypertension, con-
gestive heart failure, arrhythmias, myocardial
infarction, pulmonary hypertension, cor pul-
monale, and stroke after adjusting for con-
founding factors such as obesity.79–82 Recent
literature also suggested an association between
OSA and pre-eclampsia and observed adverse
fetal outcome.83–86 The increased health care costs
have only been estimated for a small proportion
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of these consequences. Thus far, there has not
been any systemic evaluation of economic
impact resulting from the reduced concentra-
tion, memory, alertness, task performance or
depressed mood associated with OSA.87–90

Although recent studies have confirmed the
decrements in quality of life of patients suffer-
ing from mild-to-moderate OSA, with minor
exceptions, health economic evaluations are yet
to be performed based on such findings.91,92

Admittedly, it is difficult to capture the mone-
tary value of higher divorce rates and higher
levels of irritability that were found in patients
with OSA.93,94

Patients diagnosed with OSA were found to
have a higher rate of traffic and occupational
accidents.95 Teran-Santos et al.96 reported on
102 subjects who were long-haul truck drivers,
in Burgos or Santander, Spain. Those with an
AHI > 10 exhibited six times the odds (OR: 6.3) of
having a car accident as compared to 152 case-
matched controls after adjusting for alcohol con-
sumption, body mass index, age, previous MVI,
years of driving, use of sedative medications,
visual acuity and sleep schedule.96–99 Ulfberg
et al.100 found higher occupational accident rates
among heavy snorers in Sweden. Of 704 consec-
utive patients studied, and 580 age-matched con-
trols, male heavy snorers were twice as likely to
have occupational accidents as compared to age-
matched controls, whereas female heavy snorers
had a threefold increase. 

Similarly, health care utilization increases
have been estimated for OSA patients. Costs are
often separated into direct and indirect costs.
Direct costs typically consist of hospitalization
costs, physician fees, laboratory fees, and costs
of medical treatments/medications. Direct
non-medical costs can include costs of using
transportation to and from the medical facility.
Indirect/opportunity costs incurred with the
death of a patient or while the individual is
undergoing treatment are often expressed as
days lost from work and reduced productivity.
The so-called ‘intangible costs’ are the mone-
tary values associated with pain and suffering.

Mostly, direct costs of health care utilizations
of OSA patients have been reported. Indirect
costs, productivity loss including sick days and
costs of absenteeism, and costs of transportation
have not yet been tabulated for OSA, though
these have been reported in the few studies
described above for sleepiness. 

The National Commission on Sleep Disorders
Research was the first to publish the esti-
mated direct medical cost of sleep apnea at US
$275 million in 1990.101 More recently, direct
medical cost analyses have been published
by the group in Manitoba, Canada, and Puget
Sound, Washington. Ronald et al.102 analyzed
the direct costs of physician claims and the
number of hospital admissions for OSA patients
in the Canadian Manitoba governmental health
agency database. They found that of 181
patients (145 men, 36 women) with untreated
OSA that were studied they had utilized health
care at twice the rate of controls up to 10 years
before diagnosis. The most significant increase
in physician claims was noted up to three years
before diagnosis. The total physician claims
were $686 365 (Canadian) with a mean of
$3792 per patient, whereas controls generated
$356 376 with a mean of $1969 per patient.
OSA patients had almost a twofold increase in
hospitalizations compared with controls over
the 10-year period: 1118 nights (6.2 per OSA
patient), and 676 nights (3.7 per control
patient). The total expenditure for the OSA
patients exceeded their controls by $771 989
($1 804 365 for OSA patients, and $1 032 376 for
the controls) over 10 years prior to diagnosis.

The same group of investigators103 subse-
quently reported that the annual physician
claims of 344 male OSA patients and 1324
matched controls were significantly less at
two years after diagnosis than the year before
diagnosis: Canadian $174 (32.4 standard error
[SE]) versus $260 (35.7 SE). There were 499
fewer physician contacts, and 151 fewer ordered
medical tests (electrocardiogram, radiological
evaluations, hypothyroid screen, and lipid
tests). Hospital stays also decreased from 1.27
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(0.25 SE) days per patient per year at one year
before diagnosis to 0.54 (0.14 SE) days per
patient per year. Of the 344 patients, 282 were
‘adhering’ to continuous positive airway pres-
sure (CPAP) treatment, 62 were not. The treat-
ment group’s physician claims peaked at
one year before diagnosis, and soon began to
decline after diagnosis. The treatment group’s
hospital stays also decreased from 1.25 (0.28
SE) days per patient per year at one year before
diagnosis to 0.53 (0.14 SE) days per patient per
year. The health care utilization of the non-
adherent group remained high throughout the
five years before diagnosis, and ‘this cost
changed little over time’.

Kapur et al.104 also found a twofold increase
in direct medical costs of 238 consecutive
cases of moderate-to-severe sleep-disordered
breathing patients as compared to 476 controls
matched for age, gender, and body mass index
at the Group Health Cooperative (GHC)-HMO
model of Puget Sound, Washington. The mean
annual medical cost was $2720 for OSA cases
prior to diagnosis, and $1384 for controls
(1996 dollar value). The mean annual costs in
OSA patients were higher than found in pri-
mary care patients with depressive and anxi-
ety disorders ($2390) and much higher than
primary care patients without depressive and
anxiety disorders ($1397). The OSA patients
were further stratified by CDS, and appeared
to have a higher chronic disease burden
compared to their controls one year before
diagnosis. The medical costs were found to
be directly related to the severity of OSA
after adjusting for age, gender, and obesity.
Therefore, beside obesity as a possible con-
founder in increasing health care utilization,
OSA appeared to contribute independently to
an increase in medical costs.

Based on a previous published report of
under-diagnosis of moderate-to-severe OSA,105

and epidemiological data of OSA prevalence
in middle-aged adults, the authors estimated
that $3.4 billion per year was attributable to
untreated OSA. 

Pediatric obstructive sleep apnea

Obstructive sleep apnea affects our children as
well. In a special report generated by the Section
on Pediatric Pulmonology, Subcommittee on
Obstructive Sleep Apnea Syndrome after litera-
ture review from 1966–2000, Schechter106 stated
in Pediatrics that estimates of OSA prevalence
in the pediatric population ranged from 0.7%
to 10.3%. Among children with learning diffi-
culties, some are affected by undiagnosed sleep
disorders. The combined OR for neurobehavioral
abnormalities in snoring children compared with
controls is 2.93 (95% CI: 2.23–3.83). But despite
case series that documented decreased somatic
growth in children with OSA, right ventricular
dysfunction and systemic hypertension, the risk
of growth and cardiovascular problems could
not be quantified from the published literature. 

However, Gozal107 was able to capture an
improvement in academic performance in chil-
dren suspected of OSA in 1998. Two hundred
and ninety seven 1st graders who ranked on the
bottom 10th percentile of academic performance,
were screened with a questionnaire, a single
night of pulse oximetry recording, and transcuta-
neous carbon dioxide level for suspected OSA.
Of the fifty-four children, 18.1% were identified
for intervention. The 24 children who under-
went tonsillectomy and adenoidectomy showed
improvements of their mean grades from 2.43
(0.17 SEM) to 2.87 (0.19 SEM) during the subse-
quent year. The 30 children in the control group
whose parents elected no intervention showed
no significant change in grades: 2.44 (0.13) to
2.46 (0.15). Again, though no monetary value can
be attached, this demonstrated convincingly that
treatment of pediatric OSA has positive effects
that elude economic terms.

One study, nevertheless, was able to demon-
strate an increase in health utilization in Israel.108

Of 287 consecutive children with OSA, there was
at least a twofold increase in utilization of health
care services compared to 149 controls one year
before diagnosis. The high-cost contributors
were hospital days, medications, and emergency
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room visits. Patients with untreated OSA have
many more sleepiness-related motor vehicle
accidents as compared to a control group. 

Health economic evaluations

For most health economic evaluations, which
include cost–benefit, cost-effectiveness and
cost–utility analyses, one begins by adopting a
base-case scenario. The various perspectives
used include individual, payer’s, health sys-
tem, or societal. Frequently, the human capital
and willingness to pay approaches are helpful
means to evaluate costs or benefits of interven-
tions. The human capital approach estimates
a person’s lifetime earnings. For example, a
life saved at age 55 years by an intervention
equals 10 years of expected earnings gained.
Similarly, a life lost through an intervention
or inaction would generate the loss of the
same earnings potential. The ‘willingness to
pay’ approach asks a person to place a mone-
tary value on his/her own life. An example is
to estimate wage premiums to work in risky
occupations.

Aside from estimations of accidents rate and
the National Commission on Sleep Disorders
Research report, these valuations of human life
have not been widely used in sleep medicine.
Critics often objected that patients’ preferences
for certain outcome of treatment have not been
taken into consideration. Thus, in cost-effective-
ness and cost–utility analyses, patient prefer-
ences are captured in ‘utilities’. Perfect health is
assigned a value of 1, and death a value of 0.

Early work by Tousignant et al.109 in Quebec,
Canada, in 1994 found that nasal CPAP treat-
ment of 19 patients with moderate-to-severe
OSA improved quality of life and was cost-
effective. The mean utility before treatment was
0.63, and after treatment was 0.87. The annual
treatment costs included CPAP supplies, rental
and maintenance costs for CPAP devices, and
one-night polysomnography for diagnosis. After
treatment, they used Canadian life-expectancy
tables, the change in utilities and life expectancy

to calculate the gain in quality-adjusted life
years (QALYs). Discounting costs at 5% to yield
equivalent ‘present-day dollars’ in 1994, the cost
per QALY gained was estimated at Canadian
$3523 to $9809. After excluding three patients
who positively skewed the results, the cost for
incremental QALY rose to $18 737. Thus, the
authors concluded that CPAP treatment was
cost-effective. For comparison, the incremental
cost per QALY saved for lung transplant recipi-
ents was estimated to be $176 817.110

Chervin et al.111 performed a cost–utility
study on three methods of diagnosing OSA
using preference values obtained by Tousignant
et al. or by introspection. A more recent study in
Europe by Chakravorty et al.112 found CPAP
improved health status by 8 QALYs as com-
pared to 4.7 QALYs in the lifestyle treatment
group by using standard gamble. Utility
increased from 0.32 to 0.55 with CPAP treat-
ment, and from 0.31 to 0.35 only with lifestyle
changes. Undoubtedly, future research into the
health economic burden of under-diagnosis and
cost-effectiveness of treatment of OSA is sorely
needed.

Insomnia

Chronic insomnia is estimated to affect 10%
(range 9–15%) of the population,60 but between
30% and 50% of the general population are
estimated to have insomnia of any duration or
severity. Furthermore, the prevalence of insom-
nia symptoms ‘generally increases with age,
while the rates of sleep dissatisfaction and diag-
noses have little variation with age’.113

In 1992, Balter and Uhlenhuth114 reported that
before treatment, insomniacs were more than
four times as likely as controls to report a motor
vehicle accident or other serious accidents
within the past year. Léger et al.115 found that
workplace accidents were two to seven times
more common among insomniacs than good
sleepers, respectively.

The total direct costs for insomnia in the
USA were estimated at between $10.9 and
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15.4 billion in 1990 by Walsh and Engelhardt117

and increased to $13.9 billion by 1995. The costs
were separated into health care services and
substances used for insomnia. Health care
services included outpatient visits to physician,
psychologist, social worker, sleep specialist,
and mental health organization. Inpatient and
nursing home care, when the primary reason for
placement was the elders’ sleep disturbances,
were also included. Nursing home care was the
major contributor to the total health care ser-
vices cost of $13.9 billion in 1995. Substances
used for insomnia included prescription med-
ications, non-prescription medications, alco-
hol, and melatonin. Prescription medications
and alcohol were the top contributors to the
total costs of $1.9 billion. For indirect costs,
Walsh and Engelhardt116 estimated in 1990
that transportation to and from health care
providers generated 10 million visits; the esti-
mated additional expense was $20 million at a
minimum average cost of $2.00 per visit.

Insomniacs often had increases in health uti-
lization. Léger117 cited work from Weyerer and
Dilling in 1991,118 who had reported that insom-
niacs had about twice as many outpatient physi-
cian visits as good sleepers (12.9 vs. 5.2) in one
year. Insomniacs were also more likely to have
been hospitalized compared with good sleepers
(21.9% vs. 12.2%). Insomnia also generates a loss
of productivity. In 1991, Leigh119 surveyed 1308
workers in a cross-sectional study for workers
employed for at least 20 hours weekly. The num-
ber of self-reported absences during the last 14
days were examined. The author analyzed 37
variables, and found that insomnia was the most
predictive of absenteeism at work. Adults who
were described as having seven or more nights of
poor sleep per month missed 5.2 days of work
per year more than persons who slept well in
1992. Stoller120 estimated the loss of productivity
to be $41.1 billion in 1998. Hopefully, more
investigations into the various deleterious effects
of insomnia will further clarify its health and
economic consequences.

Circadian disorders

In 1991, Phillips et al.68 reported the effects of
shift work on police officers’ work performance.
After changing from rotating to permanent
shifts, sleep quality and sleep hygiene improved,
absentee hours decreased from 1400 hours for
six months preceding the shift to 883 hours fol-
lowing this change. Drake et al.121 also recently
reported that shift workers had proportionally
higher rates of medical morbidity and symp-
toms than their non-shift working peers. There
were 360 people working rotating shifts, 174
people working nights, and 2036 working days.
Individuals who met criteria for shift work sleep
disorder had significantly higher rates of ulcers
(OR = 4.18, 95% CI: 2.00–8.72), sleepiness-
related accidents, absenteeism, depression, and
missed family and social activities more fre-
quently compared with those shift workers who
did not meet these criteria. The authors further
suggested the prevalence of shift work sleep dis-
order as being approximately 10% of the night
and rotating shift work population. Obviously,
future research will be helpful in confirming
these provocative results.

From the Nurses’ Health Study there have
been suggestions that nurses who worked
15–30 years of shift work had a higher inci-
dence of breast or colorectal cancer.122,123 It is
unclear if this relationship can be substanti-
ated; further studies are ongoing.

Carskadon et al.124 discussed adolescent sleep
behavior in a presentation to the New York
Academy of Science in 2004. They found that
whereas certain aspects of the homeostatic sys-
tem are unchanged from late childhood to young
adulthood, there were changes in other features
that permit later bedtimes in older adolescents
through analysis of the circadian phase and
period, melatonin secretory pattern, light sensi-
tivity, and phase relationships. Apparently, this
pattern was associated with increased risks for
excessive sleepiness, difficulty with mood regu-
lation, impaired academic performance, learning
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difficulties, school tardiness, absenteeism (from
school), accidents and injuries.

Restless legs syndrome

Restless legs syndrome (RLS) is the subjective
sensation of discomfort with an urge to move
one’s limb(s). Movement temporarily relieves
the discomfort. Dr Ekbom first reported this
syndrome in 1960 in association with iron
deficiency anemia.125 Despite its high preva-
lence in the general population and other often-
cited comorbid conditions, currently there are
no data to evaluate its economic impact. 

Restless legs syndrome affects about 5–15% of
the general population, about 11–20% of preg-
nant women,126–128 15–20% of uremic patients,
and up to 30% of patients with rheumatoid
arthritis.129 Phillips et al.130 found that 3% of par-
ticipants aged 18 to 29, 10% of those aged 30 to
79, and 19% of those aged 80 or more were expe-
riencing restless legs for five or more nights per
month in 1996. The elderly population is pro-
portionally affected; 10–35% of those over 65
years old are estimated to be affected by RLS.131

In large kindreds, an autosomal dominant pat-
tern of inheritance129 and major susceptibility
locus on chromosome 12q have been cited.132

Symptomatology has been reported, such as
insomnia or fatigue;133 ‘reduced concentration
and memory, decreased motivation and drive,
and depression and anxiety’, and poorer gen-
eral and mental health have also been found.130

However, its economic impact remains to be
evaluated.

Periodic limb movement disorder 

Similar to RLS, periodic limb movement disorder
has gained recognition but has not yet been the
subject of economic assessment. Periodic limb
movement disorder ‘is characterized by periodic
episodes of repetitive and highly stereotyped
limb movements that occur during sleep’.126 It is
reported to affect up to 34% of patients over age
60 years, and 1–15% of patients with insomnia.

Movements are associated with partial awakening
or arousals. Patients with isolated periodic limb
movements in sleep (PLMS) without RLS may be
asymptomatic.

Most recently, Chervin et al.134 found in 113
children aged 2–18 years that 26% had five
or more PLMS per hour of sleep (PLMI ≥ 5).
‘Restless legs, growing pains, sleep-maintenance
insomnia, unrefreshing sleep, and morning
headaches show moderate associations with
polysomnographically-defined PLMS, but sev-
eral other symptoms do not.’ Future research
will address whether PLMS contributes to the
socioeconomic impact of sleep disruption in
children and adults.

Narcolepsy

Narcolepsy is a rare neurological disorder with
dramatic symptomatology. Prevalence of nar-
colepsy with cataplexy is one in 10 000 or
0.02% to 0.16% worldwide.135 Patients typi-
cally present with complaints of excessive day-
time sleepiness at an early age, before the onset
of hypnogogic/hypnopompic hallucination,
sleep paralysis, sleep attacks, or cataplexy.
Furthermore, nocturnal sleep is also frequently
fragmented. Of those patients that have experi-
enced cataplexy – unexpected loss of muscle
tone during wakefulness – driving can present a
challenge. There are limited data linking motor
vehicle accidents related to cataplexy or sleep
attacks caused by narcolepsy before treatment. 

The National Commission on Sleep Disorders
Research published an estimated direct medical
cost of narcolepsy as a minimum of $64.1 million
in 1990.101 An earlier study reported that over
75% of 180 narcoleptic individuals in Canada as
compared to age- and sex-matched controls had
occupational problems.136 The narcolepsy group
had statistically significant lower job perfor-
mance, fewer promotions, lower earning capacity,
more fear of, or having more actual, job loss, and
had higher disability insurance as compared with
controls. Sixty-six per cent of the narcoleptic
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patients fell asleep at the wheel, 67% had near or
actual motor vehicle accidents caused by drowsi-
ness or falling asleep at the wheel, 29% experi-
enced cataplexy while driving, and 12% had
sleep paralysis while driving. Sleepiness or
sleep-induced work or home accidents, and
smoking-related accidents were found in 49%
of narcoleptics. In 1984, Broughton et al.137

compared 60 patients with narcolepsy with cata-
plexy, against 60 patients with temporal lobe
seizure or primary generalized epilepsy, but
without major organic pathology, and another 60
age- and sex-matched controls. The authors dis-
covered that narcoleptic patients had ‘poorer
driving records, higher accident rates from
smoking, and greater problems in planning recre-
ation’ than patients with epilepsy. The continu-
ous excessive daytime sleepiness that persisted
between ‘attacks’ was noted to be the major con-
tributor to psychosocial problems in narcoleptic
patients, whereas epileptic patients were more
‘alert’ between seizures.

Findley et al.43 compared 10 patients with
narcolepsy before treatment against 10 age- and
sex-matched volunteers using the Steer Clear™
system – a 30-minute computer program simu-
lating monotonous highway driving conditions
with 780 obstacles. Narcoleptic patients, simi-
larly to untreated sleep apneic patients, had a
statistically significant poorer performance as
compared to controls. More recently, Leon-
Munoz et al.138 in Spain studied 35 patients
diagnosed as having narcolepsy with cataplexy
between 1994 and 1998, and found that the
narcoleptic group had a significantly higher
number of accidents compared with 25 normal
controls. Because of the fear of losing their dri-
ver’s license, some patients have chosen not to
seek help, thus further compounding the risks
to the individual and the public’s safety.

Prior to the use of wakefulness-promoting
agents, and in some pediatric patients, the
maintenance of wakefulness was dependent on
stimulant medications and antidepressants.
The safety of such medications during repro-
ductive years and the risk of driving accidents

without taking them were left up to the recom-
mendations and discussion between the prescrib-
ing practitioner and the patient. Irritability,
anxiety, and erectile or ejaculatory dysfunction
have been reported with these medications.139

The costs of the new wakefulness-promoting
agents – modafinil and gamma-hydroxybutyrate –
despite partial medical insurance coverage,
remain prohibitive to some patients and their
families. Ideally, studies into this aspect of
direct medical costs will elucidate one aspect of
narcolepsy’s economic impact.

CONCLUSIONS

Living in a fast-paced society imposes a high
cost. Sleepiness induced by voluntary sleep
loss has contributed greatly to the number of traf-
fic and industrial accidents. The loss of life and
decreased work productivity have created a large
price tag. We begin to glimpse its ‘trickling-down’
effects among children by their use of caffeinated
beverages, and through reports of insufficient
night-time sleep by the parents/caregivers.

Moreover, various sleep disorders further
disrupt nocturnal sleep. The aging of those born
during baby booms will undoubtedly increase
the propensity for insomnia, while the rate of
obesity in adults and children will contribute
to the prevalence of OSA. The degree of socio-
economic impact that RLS or PLMS may have
remains to be seen, but these disorders certainly
have created difficulties in cognitive function
and behavioral issues for the adults and children
affected, respectively. With the trend towards
more insufficient sleep, society needs more edu-
cation to comprehend the great burden that sleep
loss carries, not merely deflecting its temporary
effects with caffeine or other countermeasures.
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CHAPTER 14

Pain and poor sleep:
impact on public health

Gilles Lavigne and Christiane Manzini
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WHAT IS PAIN?

The word pain comes from the Latin poena,
meaning punishment.1 According to a consen-
sus from the International Association for the
Study of Pain (IASP), pain is defined as ‘an
unpleasant sensory and emotional experience
associated with actual or potential tissue dam-
age, or described in terms of such damage’.2 The
integration of both sensory and emotional expe-
riences related to pain is now well accepted.

The sensory experience, defined as nocicep-
tion in neurophysiology, is the process by
which an individual is informed of a condition
that is potentially harmful to body integrity.
Review of the neuroscience-related literature
suggests that: (1) cellular and molecular mecha-
nisms are involved in pain; (2) ascending and
descending spinal and brain pathways play an
important role in pain perception or its modu-
lation (e.g., relief or attenuation); (3) specific
sensory and emotional brain and cortical sites
are activated in presence of pain.1,3–5 The fact
that conscious individuals report this sensory
experience implies that pain is much more than
just a sensory process (unlike nociception
under general anesthesia) and that the emo-
tional component promotes its expression.

Brain imaging studies have clearly demon-
strated that both cortical sensory and affective

areas are activated by pain.6,7 The emotional
experience and its unpleasant aspects depend
on context and meaning of pain (e.g., pain
episode immediately after a car accident or the
one associated with the relapse of a cancer), age
(e.g., older patients tend to cope better with
chronic pain than middle-aged ones), past
experience (e.g., childhood, parental modeling,
previous trauma), religious or health beliefs,
attitude (e.g., anxiety, catastrophizing), etc.

The integration of both sensory and emo-
tional pain components may trigger aggressive
or passive behaviour: individuals may adopt a
sick role, involving excessive visits to health
professionals, hospitalization, and absenteeism
from work along with withdrawal from familial
responsibilities. In the presence of chronic
pain, it is common for all family members to be
affected; for example, if one family member
with chronic pain adopts a passive role, then
other household members have to become more
active in daily tasks and must cope with the
mood alteration, depression, and other changes
found in the person with pain disability. 

The consequences of pain in patients’ daily
lives are of major concern in pain research. It is
important to mention that more than 40% of
chronic pain patients do not get adequate pain
relief, around 50% report interference in their
daily activities, and 70% feel that ‘society’ does
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not provide adequate support for their pain
condition.8–10 The consequences of pain include
low daytime productivity, reduced capacity to
execute familial or work tasks, increased risk of
accident, suicide, and depression. All these
burdens have direct and indirect consequences
within society, and these consequences are
increasing in prevalence as life expectancy and
population aging increase. However, the paucity
of published data makes it difficult to assess the
cost of the interaction between pain and poor
sleep. Pain relief or management does not seem
to respond to popular expectation, and political
actions have been taken to develop strategies for
raising public awareness of the social impact
and cost of chronic pain. Recently, the Senate of
the United States of America (USA) declared
the current decade to be one of ‘pain manage-
ment’. The Senate of Canada also is working on
a bill to recognize the first week of November as
Pain Awareness Week. 

PREVALENCE OF CHRONIC PAIN
ACROSS THE WORLD 

The list of cited articles on chronic pain preva-
lence does not include all published papers but
provides an overview of the magnitude of the
pain ‘epidemic’ in communities under the so-
called Western medical system. The estimated
prevalence of chronic pain in the adult popula-
tion is between 11% and 46% depending on the
population surveyed, questionnaire used, and the
goals of the studies.8–15 For example, self-reports
of daily chronic pain present for at least three
months in the general population of Finland
(n=4542 individuals surveyed by questionnaire)
is 14.3%; based on symptoms present for at least
once a month or several times a week or daily-
continuously it is rated at 35.1%.14 This study
also showed that in the presence of daily pain the
odds ratio (OR) of having poor self-rated health
was also high (OR=11.8). In Denmark, the preva-
lence of overall non-malignant chronic pain is
reported to be 19% in the population (n=10 066

individuals; questionnaire SF-36); the effect of
aging on reports of pain was evident, with an OR
of 3.9 if individuals were older than 67 years
in comparison to individuals of 16–24 years old.9

In Scotland (UK), 46.5% of the adult general
population (n = 3605 individuals; questionnaire)
reported chronic pain, with the majority des-
cribing complaints related to lower back pain or
arthritic pain; age, gender, housing tenure, and
employment status were all identified as signifi-
cant predictors.11 In Australia, the prevalence of
chronic pain in the general population is 20% in
adult females and 17.1% in adult males (n=1000;
telephonic interviews).12 In Canada, the pre-
valence of non-cancer-related chronic pain is
reported at 29% in the general population
(n = 2012 individuals; telephonic interviews);
mean pain intensity was rated at 6.3 on a 0–10
scale with 80% of individuals reporting moder-
ate-to-severe pain and a history of symptoms last-
ing for an average of 10.7 years.8 According to a
survey from the American Pain Society (1998),
chronic pain persisted after five years in 50% of
patients (www.ampainsoc.rg).

There is a paucity of publications on the epi-
demiology of chronic pain in relation to ethnic-
ity. A survey of Canadians of various ethnicities
(Statistics Canada survey; n = 125 574) found
that the prevalence of chronic pain is 18% for
females and 14% for males.10 Although no
major difference was observed in chronic pain
prevalence regarding ethnicity, Black-African
Canadian males younger than 65 years showed
a low prevalence (5%) of pain, while this preva-
lence was high for South Asian Canadians older
than 65 years (55.7% for females and 38.2%
for males) and aboriginal Canadians younger
than 65 years (20.7% for females and 17.9%
for males). A surprising publication directed
toward cultural and language differences for
cancer pain of patients from Beijing (China),
Delhi (India), France, and the USA revealed
that twice as many patients from Beijing and
Delhi report severe cancer pain; also while
42% and 51% of patients from USA and France
do report inadequate cancer pain relief, these
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numbers are at 67% and 79% in Beijing and
Delhi, respectively.16 Although analgesic med-
ications seem to be less available in some coun-
tries due to legal control or drug availability in
terms of cost and distribution, other factors such
as beliefs, words used to describe pain and its
meaning, mode of drug delivery, and racial ‘pre-
judgment’ can be partially responsible for such
discrepancy. Interestingly, while 1% of Chinese
and 54% of Scandinavians request local anes-
thetic for dental drilling pain, 90% of English
Americans request local anesthetic; such pain is
described as being expected and ‘unpleasant’ by
Chinese patients, as being ‘not so bad and not
lasting long’ by Scandinavians, and as being
‘excruciating’ by North Americans.17,18 It is also
surprising that certain racial discrepancies
persist in some areas: African Americans
receive less daily pain medication than
Caucasian Americans;19,20 back pain, migraine
and headaches are two to four times more fre-
quent in North America and Europe than in
Asia or Africa.21,22 Future studies across sev-
eral ethnicities are necessary for better plan-
ning in health prevention and care regarding
chronic pain at a local level (i.e., taking account
of racial differences, languages, first generation
immigrants) and at the global level (i.e., extend-
ing to developing countries).21,23,24

PREVALENCE OF PAIN AND
SLEEP DISTURBANCES

The National Sleep Foundation (USA) has rec-
ognized the importance of the interaction
between pain and sleep in a document entitled
Pain and Sleep published on its website:
www.sleepfoundation,org/publications/sleepa
ndpain.cfm. The author (JR Goldberg) states
that ‘pain and sleep coincide and affect every
aspect of our life’. According to a survey con-
ducted by the National Sleep Foundation in
2000, 20% of the USA adult population
reported that pain or physical discomfort has an
effect on their sleep a few nights a week. People

who suffer from pain are also concerned that
they feel unrefreshed after sleep. 

Several clinical studies (see Box 14.) report
that between 50% and 90% of patients
with pain (orofacial, lower back, headache,
fibromyalgia, etc.) also complain that their
sleep is of poor quality.25–29 Other acute and
chronic pain conditions associated with poor
sleep are postoperative pain, skin burn-related
pain, headache, irritable bowel syndrome,
spinal cord injury, and breast cancer.30–36

Interestingly, the presence of orofacial pain
increases the relative risk (RR) of poor sleep by
3.7 times, according to a cross-sectional pop-
ulation based study (n = 2504 adult individuals)
done in the UK.37 A survey done in the USA
(n = 1506 community women and men aged
between 55 and 84 years) found that ‘bodily’
pain is associated with a risk of insomnia com-
plaints (difficulty falling asleep, waking during
the night or too early, sensation of unrefreshing
sleep), with an OR estimated at 1.9–2.7.38 One of
the most frequent comorbid conditions reported
in chronic pain patients is insomnia, which has
a prevalence two times higher in chronic pain
patients than the general population without
pain.32,39 A cross-sectional study (n = 12 643 adult
individuals) performed in Hungary revealed that
chronic pain is present in 38% of the popula-
tion, with 15% of the population complaining
of concomitant insomnia. The prevalence of
insomnia in these pain patients was three times
higher than in those without pain.40

The concomitance of sleep disorders and
pain may modify the subjective sensation
related to sleep quality (e.g., whether it is
refreshing), since 50% of insomnia patients
with pain report that pain interferes with daily
activities,40 and since reports of daytime sleepi-
ness (prevalence 7%, with an OR = 1.73)
increase in the presence of bodily pain.38 Such
findings in chronic pain patients need to be
controlled for the presence of respiratory distur-
bances (e.g., snoring, upper airway resistance
syndrome, sleep apnea), which may not be sys-
tematically assessed in large population studies.
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Interestingly, bodily pain and snoring were
associated with a small but significant OR of
1.438 and males with neck or orofacial pain
presented with sleep apnea more frequently than
females.41 Although the association between
fibromyalgia and sleep apnea is rather weak,42

recordings of respiratory variables during sleep
need to be made for pain patients presenting with
poor sleep, in order to rule out slight respiratory
disturbances that may have a deleterious effect
upon the maintenance of daytime vigilance.
Another concomitant sleep disorder is the peri-
odic limb movement in sleep (PLMS), a condi-
tion frequently associated with the awake
restless legs syndrome (RLS) that is present in
5–12% of the general population (see Chapter 13,
this volume). The reports of bodily pain are asso-
ciated with unpleasant feeling in the legs in 10%
of the subgroup with an OR of 4.7.38

RISK FACTORS

Aging is another major variable that explains the
rise in the prevalence of chronic pain. Close to
50% of older people of both genders suffer from
chronic pain.13,43 Based on a calculation of pain
prevalence in older citizens projected to the year
2025, the prevalence of chronic pain may reach
70%, this being mainly due to the improvement
of health care of the so-called baby boomers.10,44

Interestingly, the OR of pain is 2.35 in the age
range of 20–44 years old, 3.3 in the 45–64 age
group, and it decreases to 2.77 after 65 years
old.10 The risk of difficulty in performing daily
activities in older individuals reporting muscu-
loskeletal pain was estimated with an OR of
2.93.45 Conversely, older patients seem to cope
better with the impact of chronic pain than
younger active pain patients.46 Similarly, follow-
ing a night of sleep with sound to disrupt sleep
continuity, older subjects performed a mathe-
matical test much better than younger subjects
who were also showing more mood alteration.47

Adolescents are not protected against sleep
and pain problems. Sleep disturbance seems to

be associated with more daytime sleepiness and
longer nap time in juvenile rheumatoid arthritis
patients.48 Interestingly, it was found in a cohort
of 86 teenagers and adolescents that although
mood alteration and daytime sleepiness were
aggravated it was again the depressive symp-
toms that were found to be the most robust pre-
dictor of sleep disturbances.49

Gender is an important covariable in assess-
ing chronic pain prevalence.8–12,50 The Canadian
Community Health Survey, comprising 125 574
respondents, revealed that 18% of women and
14% of men report chronic pain.10 Some types
of chronic pain, such as pelvic pain and orofa-
cial/temporomandibular pain, are twice as fre-
quent in women: a RR of 1.36–2.81 and an OR of
4.7 were estimated for females who were more
likely to report orofacial/temporomandibular
pain than males.24,41,51,52 Interestingly, women
are in general more impaired by chronic pain
and they tend to use more medications than
men do. It was found that 93% of women with
chronic pain use analgesics, and that antide-
pressants, codeine, and hypnotics are used
three to four times more often by women with
chronic pain.10 Moreover, chronic pain patients
of both genders tend to require more health
services,53 and women tend to show a higher
body mass index, higher risk of depression, and
more complaints related to reduced ability to
perform daily tasks.10,50

Depressive symptoms are not rare in chronic
pain patients, but it is not clear whether depres-
sion is a risk factor (precipitating or perpetuating
persistent pain) or is secondary to the chronic
state and disability related to pain. According to
a small sample size study (n = 137), poor sleepers
seem to have the highest orofacial pain intensity,
greatest psychological distress and a poor
perception of life control.54 As reported above,
depressive symptoms seem to explain approxi-
mately 30% of the variability between poor sleep
complaints and pain, although others have sug-
gested that daily pain intensity is more impor-
tant.28,50,55,56 Interestingly, a study done in 672
individuals reporting orofacial pain concluded
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that the presence of sleep disturbances is not a
precipitating or perpetuating factor in pain but
that female gender is an important factor.51 A
survey of 105 patients reporting chronic pain
(e.g., low back pain, myofascial pain, causalgia)
suggested that the onset of sleep problems was
secondary to pain, in the absence of mood dis-
turbance.57 Therefore, mood disturbances or
depressive symptoms do not exclusively explain
the relationship between pain and poor sleep.
However, a very large telephone interview study
(n = 18 980 individuals from UK, Germany, Italy,
Portugal, and Spain) revealed that over the gen-
eral population, 17% reported chronic pain with
a physical condition for at least six months and
that major depressive disorder was present in
4% of individuals interviewed.15 Depressed
mood was noted in 16.5% of the pain population
and those suffering from major depressive disor-
der were four times more at risk of chronic pain
(OR = 4). The same author reported that chronic
pain is present in approximately half of patients
with major depressive illness.58 In that specific
study, major depression as a disorder could be
described as a secondary risk factor explaining
the relation between chronic pain and poor
sleep. This is further supported by the observa-
tion that patients with depression are also more
at risk of presenting symptoms related to insom-
nia (OR = 2.44).38 Self-perception of poor health
status is another important variable that influ-
ences pain.11,14,54

Suicidal ideation in major depressive patients
cannot be ignored and it is reported that patients
with chronic pain are more at risk. Suicidal
ideation is estimated at 13–24% in a population
with chronic non-malignant pain; back or abdom-
inal pain was associated with a higher risk of sui-
cidal ideation if a familial history of suicide was
present.59,60 Six factors were associated with sui-
cidal ideation: sleep onset insomnia, pain inten-
sity, medication, pain interference with daily
activities, affective distress and depressive symp-
toms; with severity of insomnia and intensity of
pain being the most powerful discriminator. As
reported above, pain prevalence is higher with

age and depression is a frequent comorbidity
with insomnia and bodily pain in elderly people
aged over 65 years.38 Consequently, those plan-
ning public health prevention and care programs
for chronic pain patients need to consider depres-
sive symptoms, age, suicidal history, and con-
comitant insomnia. 

The effect of ethnicity in relation to variation
in geographic origin, dietary habits, use of what
Western societies label complementary medi-
cine (e.g., acupuncture, medicinal herbs for 
pain or sleep problems), practicing meditation
or praying on a regular basis, the role of reli-
gious leaders or shamans, etc. is rarely estimated
and needs to be better understood if public
health planning is directed to multicultural
areas. For the successful management of neuro-
pathic pain or fibromyalgia, the influences of
comorbid disorders (e.g., anxiety, depression,
poor sleep) need to be addressed in parallel with
laboratory investigations or psychophysical
measures (e.g., number of tender points, reduc-
tion in pain perception or tolerance threshold,
mechanical or thermal dysesthesia, localized or
widespread pain distribution) in order to
achieve patient satisfaction and perceived suc-
cess of treatment.61,62

Future epidemiological or experimental stud-
ies on the interaction between pain and poor
sleep need to control for the potential influence
of comorbid disorders (e.g., anxiety, diabetes,
immune disorders, mental health disorders,
sleep disorders), low income, educational status
(if less than 10 years of education the OR = 1.9),
marital status (divorced or separated, the
OR = 1.5), type of work (e.g., physical or cleri-
cal), and napping habits, etc.9,10,14,63

Time course of relationship between
pain and poor sleep

The time course of sleep disturbance and
related complaints in patients with chronic pain
seems to be bimodal.64 Close to 90% of patients
report that a ‘novel’ pain experience has pre-
ceded or coincided with awareness of a sleep
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problem, suggesting a linear progression.26,27,57

However, when pain is chronic (more than
three months) or constant and intense over a
brief period (e.g., post-operative pain, hospital-
ization after a trauma or skin burn) most
patients report a clear circular pattern or vicious
cycle taking place: a night of poor sleep is
followed by a day of increased pain and a day
with intense pain is succeeded by sleep of poor
quality.36,56,65 The persistence of such a cycle
may contribute to the deleterious effect of sleep
fragmentation on daytime cognitive function. 

It is not obvious that the circular pattern is an
association of pure cause and effect that is
totally self-explanatory. The role of concomitant
anxiety, pain intensity, and depressive symp-
toms correlates with poor sleep reports: depres-
sion alone may explain up to 34% of the
variance between variables in chronic pain
patients suffering from headaches, back pain or
neck aches.55 Poor sleep reports in patients with
chronic pain and fibromyalgia are also corre-
lated with depression, but fatigue, daily sleep
quality, and pain intensity seem to be inter-
related: pain contributed to 4.7% of the variance
in fatigue and sleep quality and pain for 6.5% in
fatigue variance.28,56 Conclusions from the two
just-mentioned studies need to be interpreted
with caution since only subjective outcomes
were used to assess this interaction (e.g., no
polygraphic data were recorded) and the popu-
lation samples were small (n = 40 and 122
patients, respectively). Moreover, since several
analgesic medications may alter sleep continu-
ity, it is important to control for the effect of
analgesics on vigilance when assessing the
cyclic relation between pain intensity during the
daytime and perception of poor sleep quality.66,67

Fatigue is an important variable in the
assessment of the interaction between pain
and sleep.64,68 Fatigue can result from boring
activities, or lack of stimulation, can be sec-
ondary to medication or lack of exercise, or
more importantly to lack of ‘restorative’ sleep.
Experimental manipulations of pain percep-
tion following sleep fragmentation (e.g., brief

alterations of sleep continuity) or sleep stage
deprivation (e.g., the patient is not allowed to
maintain a given sleep stage) have showed that
pain and fatigue are inter-related.69,70

In summary, it can be concluded that approx-
imately 5–30% of the interaction between pain
and poor sleep can be explained by concomi-
tant fatigue, depression or mood problems, low
levels of physical exercise, and the prevalence
of anxiety in the population.26,28,31,54–56,71,72

Public consequences of
pain and poor sleep

The persistence of chronic pain is well known
to induce an alteration in the ability to perform
daily tasks (e.g., familial, social, recreational or
work related; see Table 14.1) in at least half of
patients.8,10 This can be explained in part by a
reduction in physical activity, impairment in
cognitive function, and days on which patients
cannot work or have to stay in bed. 

Cognitive impairments, including alterations
in memory or attention, are present in patients
with chronic pain.73–75 As described above, com-
plaints of fatigue are common in chronic pain
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Table 14.1 Examples of impact and consequences of
chronic pain and poor sleep

• Reduced family/daily activities
• Reduced social exchanges
• Reduced physical work or sports activities
• Poor health status and higher risk of

comorbidity (e.g., depression, diabetes,
insomnia)

• Reduced sexual activity – low libido
• Absenteeism
• Overuse of alcohol or drugs (e.g., cannabis,

cocaine, and other narcotics)
• Risk of poverty 
• Risk of depression, losing work, divorce,

suicide, etc.
• Increase demand for health care with rise in

direct and indirect costs for health
prevention and care practices
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patients. Fatigue related to poor sleep and pain
is more likely to be mental (e.g., the patient
feels unable to think clearly and any intellec-
tual task is very demanding) with a physical
component (e.g., no more energy after a physi-
cal activity); it needs to be distinguished from
fatigue related to boredom.76,77 Fatigue com-
plaints in chronic pain patients also need to be
differentiated from ‘chronic fatigue syndrome’,
which is an extreme condition present for at
least six months.77 Daily fatigue seems to influ-
ence pain, explaining 16% of the variance in
poor sleep and pain.56 As a consequence of poor
sleep and fatigue in the presence of chronic
pain, risk of daytime sleepiness is slightly
higher (modest OR = 1.73), but reports of day-
time sleepiness need to be controlled for the
influences of medications that may alter cogni-
tive function (e.g., psychotropic medication),
level of physical exercise, obesity, reports of
mood problems and depression as described
above.10,29,38,72

Moreover, as described above, it is manda-
tory to assess whether the pain is secondary or
concomitant to specific and frequently under-
diagnosed sleep disorders such as PLMS
(prevalence between 5% and 12% of popula-
tion, more than 40% over 50 years old) which
also contributes to reduced sleep efficiency,
although no clear deterioration of cognitive
function is reported; sleep apnea (prevalence
between 2% and 4% of population, more than
40% over 50 years old) which is recognized to
be associated with daytime sleepiness and/or
cognitive deterioration, as well as the presence
of an upper airway resistance syndrome (no
apnea or cessation of breathing but daytime
sleepiness).78,79

Sleepiness and driving are also a concern,
taking into consideration that most medications
used by chronic pain patients may be asso-
ciated with a lower level of vigilance (e.g.,
analgesics, anxiolytics, and antidepressants).
Recent position papers have debated whether
the use of psychotropic medications is a risk
factor for transportation accidents.80,81 Similar

concerns have been raised for sleep medication;
in tests of driving ability, benzodiazepine hyp-
notics and zopiclone were found to have resid-
ual effects that persisted from waking until
noon in some individuals.82 Interestingly, a risk
factor assessment analysis of a cohort of
Australian commercial drivers (n = 2342 indi-
viduals) revealed that the use of narcotics was
associated with an accident OR of 2.4, benzodi-
azepines with an OR of 1.91, and antihista-
minics with an OR of 3.44.83 Use of opioid
medication in chronic pain patients is reported
to be four times higher than in the general pop-
ulation (not surprising at first but some pain
suffering individuals are driving every morn-
ing); antidepressants and anxiolytics are
respectively used two and three times more
frequently.9 Other studies reported that anti-
inflammatory analgesics are used by 30–49% of
chronic pain patients, opioid analgesics are
used by 12–22%, antidepressants by 4–10%,
anticonvulsant/anti-epileptic drugs by 5%, and
anxiolytics by 3%.8,9,63 In presence of a severe
form of pain, the neuropathic pains (e.g., pain
secondary to nerve pathology related to dia-
betes, AIDS, herpes zoster, mechanical nerve
compression or entrapment, neuralgias, etc.),
the analysis of medication use by those under
contract with a private insurance firm in the
USA (n = 55 686) revealed different percentages:
53.9% used opioids, 21% benzodiazepines,
11–14% anti-epileptics or antidepressants, and
7% muscle relaxants.84 To our knowledge, no
systematic prospective study has been made in
chronic pain patients with poor sleep quality
and daytime sleepiness to assess the risk of
driving accidents in comparison to pain
patients without sleep or vigilance problems.
Surprisingly, complementary and alternative
medicines (vitamins, magnets, herbal remedies,
chiropractic) were used by 43% of patients
with peripheral neuropathies of whom one-
quarter reported improvement in symptoms.85

However, the additive effect of alternative and
conventional medications on sleepiness or low
vigilance risk in painful and sleep-disturbed
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patients needs to be assessed, for obvious safety
reasons. 

MEDICAL DEMAND

In terms of general medical demand, a pain-
related problem motivates one patient in five to
consult a family physician.86 In the 2000–2001
period, according to a Canadian survey, three
out of four patients with chronic pain visited a
family general physician and approximately
one in five chronic pain patients received care
from a chiropractor, physiotherapist, and/or
‘alternative’ health care provider.10 In Finland,
chronic pain patients have two times more con-
tacts with health care professionals than con-
trols without pain, and health care system use
is 25% higher.9 An Australian study (n = 17 543
individuals; telephone interviews) revealed
that individuals with chronic pain were more
frequent users of the health care system (inci-
dence rate ratio of at least twofold) than
patients with no pain and no disability.53

Frequencies of primary care visits were 12–17
times higher, hospital admission 2.6 times
higher and emergency visits 5.0 times higher in
individuals with pain-related disability (inter-
ference with daily activities) than patients with
pain and no disability. In Sweden, the inci-
dence of patients using physical therapy is at
7.2% and the rate of using alternative care is at
5.9%.87 According to a Statistics Canada survey,
20% of chronic pain patients visit a chiroprac-
tor, alternative, or physical therapist to obtain
some pain relief; this rate is two to three times
more frequent than that of individuals without
pain.10 For one-third of the 43% of patients
using complementary and alternative medi-
cines for peripheral neuropathies, as mentioned
above, the motive was inadequate pain control
by conventional health care.85 It is important to
reiterate that 40% of chronic pain patients do
not feel that they receive adequate treatment for
their pain condition and 70% feel that they do
not receive adequate support from society.9,10

COST OF PAIN AND SLEEP
INTERACTIONS

According to the literature, the direct costs of
the interaction between sleep and pain are
related to the costs of hospitalization/nursing
homes, physician time, and therapies (e.g., phar-
macology, cognitive behavioral or physical ther-
apies plus over-the-counter or recreational
drugs/alcohol used to alleviate the problem).
Indirect costs include impact of the condition
on quality of life, productivity/absenteeism,
morbidity (e.g., secondary depression, the con-
sequences of drug or alcohol abuse), and mortal-
ity.88 General estimates of the cost of insomnia
during the last decade rate indirect costs as two
to six times higher than direct costs.88

Costs of chronic pain are partially known. A
very general estimate from the USA suggested
that chronic pain cost $100 billion in health
care  for 2001, probably mainly direct costs.89 A
recent analysis revealed that individuals with
painful neuropathic disorders represent an esti-
mated total health charge to a private USA
health insurance company of $17 355 (based on
year 2000) in comparison to $5715 for matched
controls.84 Comorbidities are not rare in such
patients, some of whom also presented with
fibromyalgia, osteoarthritis, coronary heart dis-
ease, diabetes, and depression that had a preva-
lence of two to six times that of matched
controls. In 2001, the direct costs of health care
over a six-month period for patients with
fibromyalgia were estimated at CDN$2298
(about 50% the value of USA dollars).90

Medications represented 33% of these direct
costs, complementary and alternative medicine
represented 17%, and diagnostic tests 15%,
whereas indirect costs were estimated at
CDN$5035.90 Interestingly, one study reported
that persistence of pain related to fibromyalgia
or osteoarthritis reduced family income by
approximately 70%.91 Another study estimated
direct and indirect costs of lower back pain in
the USA to be $80 billion per year;92 see also
www.sleepfoundation.org/publications/sleepa
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ndpain.cfm. Other studies providing additional
information on the cost of chronic pain cite
both the direct and indirect costs of rheumatoid
arthritis as $992 billion (a 1983 estimation), and
the direct cost of pelvic pain to be $881 billion
(a 1996 estimation).93,94

To our knowledge, no systematic cost or
cost-effectiveness analysis (e.g., cost per unit of
health-related benefit) has been made of the inter-
action between pain and poor sleep. Box 14.1

describes the prevalence and direct costs of
some chronic pain conditions known to have
related complaints of poor sleep quality.
Conservative estimates of the cost of chronic
insomnia (frequently concomitant in chronic
pain patients; see above sections) in the USA
were in the range of $100 billion, while the
costs of chronic pain were in the range of
$100–125 billion.88,89 Using a simplistic calcula-
tion that assumes two-thirds of patients with
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Box 14.1 Prevalence, percentage with poor sleep quality and estimate of direct costsa for various
pain conditions associated with reports of poor sleep

• Fibromyalgia Prevalence = 2–8% with a dominance in females; 90% of patients report poor
sleep quality; direct costs estimate (1990) = US$2274 per patient24,29,98

• Osteoarthritis/Rheumatoid arthritis Prevalence = 8.7–20%/1%; approximately 50% of
patients report poor sleep quality with concomitant complaints of excessive daily fatigue;
direct costs estimate (1993) = $777 million/$2.1 million11,63,68,93

• Temporomandibular pain/orofacial pain Prevalence = 3.6–12%, nearly twice as frequent in
females; 50–70% of patients report poor sleep quality; estimate of direct costs accords with our
experience, since these are the patients we see the most often: between CDN$1000 and
CDN$30 000 per patient for consultation, medication, physiotherapy, oral devices, and in some
cases dental rehabilitation24,26,37,99,100

• Cervical or neck pain Prevalence = 14.6% with gender distribution of 16% in females and
12% in males; unknown percentage with report of poor sleep quality; no data available that
estimate direct costs, except 37% seem to present persistent pain over time24,50

• Back pain Prevalence = 15–37%; 50–89% with report of poor sleep quality; estimate of direct
costs (1990) = $24.30 million, direct : indirect cost ratio = 1/9; in 1981, in Quebec, Canada, 7%
of workers with back pain used 73% of worker medical costs and 76% of indemnity11,24,28,92,101 

• Abdominal pain (including gastric pain, heartburn, ulcers and irritable bowel syndrome,
pelvic pain) Prevalence = 8–20% for irritable bowel syndrome; 75–84% of patients show
high rate of sleep arousal and waking but no direct report of poor sleep quality; estimate of
direct costs (1996) = $881 billion94,102,103

• Headache/migraine (prevalence of concomitant sleep apnea and upper airway resistance
syndrome not controlled) Median prevalence of headache = 69% in females and 46% in
males, while for migraine = 15–17.6% in females and 6% in males; unknown percentage with
report of poor sleep quality; no data that estimate direct costs, but highest prevalence is of
workforce lost24,27,28,96 

• Cancer pain (with metastasis) Prevalence depending on cancer type; 63% of patients report
poor sleep quality; no data available that estimate direct costs35

aNot including disability (indirect costs); values are given in US dollars unless otherwise
indicated

14-Sleep-8013.qxd  10/9/2006  6:27 PM  Page 201

  

www.sleepfoundation.org/publications/sleepandpain.cfm


chronic pain also suffer from insomnia-related
complaints, it could be extrapolated that the
interaction between pain and sleep may repre-
sent $75 billion for the USA alone. The frequent
presence of comorbidities makes such cost esti-
mations difficult to arrive at, as does the cyclic
interaction between pain and sleep; for a more
accurate estimation of the costs related to insom-
nia, readers may consult other chapters in this
volume. Future studies need to separate out the
percentage of costs of insomnia and pain from
their mutual interaction for accuracy in public
health management strategies. Box 14.2 summa-
rizes some management methods that may help
reverse the vicious cycle of pain and poor sleep.
However, the lack of controlled studies requires
caution before generalizing the application of
these methods in a public health program. 

Finally, public awareness of the economic
consequences of chronic pain is becoming a
major concern. For example, in the UK back
pain costs in terms of lost productivity are six
times higher than direct health cost.95 A study
done in the USA on the cost of pain estimated
that 13% of workforce productivity was lost due
to headache (5.4%), back pain (3.2%), arthritis
pain (2.0%) and other musculoskeletal pain
(2.0%). The cost of lost productivity for blue-
and white-collar workers in pain was estimated
at $61 billion per year in the USA with a loss of
up to four hours per week.96 Furthermore, in
Canada absenteeism in chronic pain patients
was reported at 9.3 days per year (CI: 4.7–13.7)
on which the chronic pain patient deems it
impossible to work.8 In Scandinaria on a short-
term estimate, over a 14-day period, 0.8 days are
lost every 2 weeks due to pain disability in com-
parison to 0.4 days in the general population.9

Availability and access to pain
management across the planet

This section may sound surprising to some
readers but our ‘public health’ review on pain
and sleep interaction would have been ethi-
cally incomplete without reproducing some

information available in literature. As reported
above, patients with cancer pain from India and
China present a higher prevalence of severe pain
and of inadequate pain control.16 According to
the World Health Organization, in the year 2020
about 70% of new cancer cases will occur in
developing countries.97 This statement requires
action since: (1) cancer pain is most effectively
relieved by a mixture of medications including
morphine and codeine; (2) North American
(USA and Canada) and European countries
which represent 19% of the world’s population
consume 82% of the ‘legal’ narcotics and 84%
of world’s morphine. Africa, with 7% of the
world’s population, consumes 1% of available
narcotics or morphine, and Asia, with 60% of
the world’s population, consumes 7% of mor-
phine or 12% of all narcotics.97 It is obvious
that an adequate approach to ‘global’ pain con-
trol will require that developing countries have
access to analgesics, that regulations regarding
illicit trafficking be enforced, that interventions
to prevent addiction problems be developed,
and that each country use analgesics according
to its own cultural and religious values. We
have to learn from each other: control and
management of the overuse of medication in
developed countries; and humanistic or differ-
ent approaches (e.g., acupuncture, medicinal
herbs) in developing countries. 

In concluding this section, it is important to
reiterate that improvement in pain management
has been requested by 28% of the British and
40% of the Danish population with chronic
pain,9,11 and that only 36% of Canadians suffer-
ing from chronic pain reported that pain man-
agement was ‘very’ effective.8 As revealed by a
Canadian survey, the prevalence of chronic
pain within a given country also varies accord-
ing to ethnicity, with the highest prevalence
being reported in aboriginal women under
65 years of age, and in Asian women over
65 years.10 Again, pain management and control
probably require geographically localized
solutions according to culture, values, beliefs,
economic wealth, etc.
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Box 14.2 Methods or techniques for possible reversal of consequences of pain on sleep, including
secondary fatigue or sleepinessa

• Life and sleep hygiene advice Relaxation techniques (e.g., abdominal respiration, mental
imagery, yoga), initiation of a moderate fitness program, avoidance of intense exercise or
heavy meals or alcohol in the evening, learning about managing life stress, etc.64,104 (see www.
sleepfoundation.org/publications/sleepandpain.cfm)

• Patient complaints concerning sleeping partner disturbances Advice to improve sleep:
1 ear plugs if partner is snoring or tooth grinding;
2 twin beds if partner is suffering from periodic movement;
3 sleeping in a separate room at first sleep awakening or on a permanent basis if partner suf-

fers from severe apnea, periodic leg movement, violent parasomnia, REM behavior disorder,
frequent waking due to bladder problems, or is a late reader or TV watcher

• Drugs and medication history Identification of ‘social’ agents that may interfere with sleep
quality: cocaine, ecstasy, nicotine, alcohol. Since many pain patients suffer from concomitant
medical problems (e.g., depression, hypertension) and since some medications may alter
waking performance (e.g., sleepiness/sedation, memory alteration), it is important to assess
their effect on both sleep and daytime functioning (e.g., risk of work or transport accident).
Pain management frequently includes use of medications such as non-steroidal anti-inflam-
matories, opioids, benzodiazepines, and antidepressants. Cardiovascular medications (e.g.,
beta-blockers, alpha-2-agonists), corticosteroids, antiparkinsonian and antiepileptic drugs have
all been reported to trigger nightmares, exacerbate respiratory disturbances during sleep or
insomnia, and induce daytime sleepiness. As an example, benzodiazepines and narcotics are
reported to increase the risk of transport accident by 1.88 and 2.4 times, respectively66,67,81,83,105

• Sleep disorders concomitant with painb

1 Insomnia. Consider cognitive behavioral therapy to review deleterious life habits and develop
new attitudes about sleep; consider medication that will facilitate sleep onset and continuity 

2 Circadian rhythm alteration. Consider sleep hygiene advice, light therapy, or medications
that improve cycle rhythm (e.g., melatonin) or alertness (e.g., modafinil), although govern-
mental regulatory agencies have yet to accept such indications for the latter

3 Periodic limb movement syndrome/restless leg syndrome. Consider treatment with
dopaminergic medication

4 Snoring or sleep apnea or upper airway resistance syndrome. Consider continuous positive
airway pressure (CPAP); oral device also named mandibular advancement device (MAD)

5 Sleep bruxism/tooth grinding. About half of tooth grinders will complain of jaw muscle
and joint pain with occasional morning headaches or cervical pain.64 In patients with tooth
grinding complaints and pain, life and sleep hygiene advice (including physical therapy and
massage, hypnotherapy) are first recommended; use of medication is limited to short-term
management (e.g., clonazepam) and a single dental arch oral device named an occlusal splint
may help to reduce sound and further tooth damage. However, use of such devices may be at
risk of exacerbating respiratory disturbance of patients with a clear diagnosis of sleep apnea.106

aMost of these lack systematic studies supporting their effectiveness of risk.
bPolygraphic recording is very useful to confirm diagnosis.

14-Sleep-8013.qxd  10/9/2006  6:27 PM  Page 203

  



FUTURE DIRECTIONS IN RESEARCH
AND MANAGEMENT

It is obvious that prospective and systematic
studies need to be made regarding costs to
health care of the interaction between chronic
pain and poor sleep quality. The analysis will
have to be corrected for concomitant condi-
tions such as diabetes, obesity, cardiovascular
problems, sleep disorders (e.g., sleep breathing
disorders, PLMS, insomnia), depression and
anxiety. Moreover, indirect costs related to
absenteeism, low working performance, low
familial activities and transportation or work
accident risks also need to be included in the
calculations. Five priorities are suggested: (1)
assessment of risk factors of ‘pain and poor
sleep’ interactions; (2) estimation of ‘pain and
poor sleep’ consequences and/or impacts;
(3) development of prevention programs;
(4) development of guidelines about best man-
agement strategies (e.g., cognitive behavioral
therapies vs. pain and sleep medications);
(5) accessibility of pain or sleep prevention
strategies and therapies to developing countries
according to their values and respecting strate-
gies already in place (e.g., lifestyle, medicinal
products). 
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CHAPTER 15

Sleep apnea and stroke
Henry Yaggi and Vahid Mohsenin

209

Stroke ranks as the second leading cause of
death world wide, and it is the leading cause of
disability among adults.1 Therefore, under-
standing underlying pathophysiology, promot-
ing preventative behaviors, and developing
novel therapeutic approaches for stroke is of
crucial importance. Understanding the link
between obstructive sleep apnea and stroke
may represent one such novel approach. Recent
studies indicate that sleep apnea may serve as
an independent risk factor for the development
of stroke and therapy for sleep apnea may help
to reduce cardiovascular and cerebrovascular
risk.

The primary objective of this chapter is to
explore the relationship between sleep apnea and
stroke by critically reviewing the current litera-
ture. First, epidemiologic studies will be ana-
lyzed with respect to issues regarding the
strength of the association, and the consistency of
the association using different study designs and
different populations. Next, the biologic plausi-
bility of the relationship will be explored by
reviewing studies that examine the pathophysiol-
ogy of sleep apnea and stroke. Subsequently,
studies exploring the therapeutic impact of sleep
apnea on stroke and cardiovascular risk will be
reviewed. Finally, public health implications will
be discussed.

SLEEP-DISORDERED BREATHING 
AND STROKE

Snoring and stroke

Early epidemiologic studies that examined the
relationship between sleep-disordered breathing
and cerebrovascular disease used self-reported
snoring as the primary exposure variable. The
majority of these studies clearly show an associ-
ation between snoring and stroke. They also
demonstrate that the strength of this association
is similar to traditional risk factors for stroke
such as hypertension, smoking, atrial fibrilla-
tion, and hypercholesterolemia. Furthermore,
even when adjusted for confounding risk factors
such as obesity, hypertension, age, and gender,
there remained an independent association
between snoring and stroke. The designs of
these initial studies were predominantly case-
control or cross-sectional2–9 and subject to recall
bias. An additional limitation was their ability
to establish the temporal relationship between
stroke and sleep apnea, because snoring and
sleep apnea can be a consequence of stroke.10

More convincing evidence comes from sev-
eral large prospective studies, which corrobo-
rate these case-control and cross-sectional
studies. In an early cohort study exclusively of
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men, using a Finnish nationwide registry, there
was a two-fold increase in the relative risk for
the combined outcome of stroke and ischemic
heart disease in habitual snorers compared to
non-snorers.3 A smaller but still significant pos-
itive association (relative risk = 1.33) between
regular snoring and the combined cardiovascu-
lar outcome of stroke and ischemic heart dis-
ease was seen in women in the Nurses Health
Study.9

Sleep apnea and stroke 

Overnight polysomnography is considered the
gold standard diagnostic test to evaluate the
presence of sleep apnea. A number of cross-
sectional and case-control studies11–16 have
used overnight polysomnography in order to
define sleep apnea more precisely in an attempt
to sort out whether it is the minority of patients
with sleep apnea who account for the apparent
increased risk of snoring with stroke (Table
15.1). These studies were largely performed in
patients with pre-existing stroke, and consis-
tently demonstrate a high prevalence of sleep
apnea in stroke (60–90%), significantly higher
than that seen in the general population of
North American adults (3–28%).17

One study demonstrating the association
between sleep-disordered breathing and cere-
brovascular disease comes from the cross-
sectional results of Sleep Heart Health Study.16

This community based study explored the associ-
ation between sleep-disordered breathing and
prevalent self-reported cardiovascular disease,
(myocardial infarction, angina, coronary revascu-
larization procedures, heart failure, or stroke) in a
large cohort of 6,424 individuals who underwent
unattended overnight polysomnography at home.
With respect to stroke, there was a significant asso-
ciation (odds ratio = 1.58; 95% confidence interval
1.02–2.46) between patients with an apnea-
hypopnea index (AHI) > 11.0 and prevalent cere-
brovascular events increasing to odds ratio of 1.80
for patients with more moderate to severe sleep
apnea. Indeed, in a trend analysis, increasing

severity of sleep apnea was associated with
increasing odds for cardiovascular disease and
stroke (Figure 15.1).

An inarguable criterion for causal inference
is that exposure must precede the onset of the
disease. Though in general, case-control and
cross-sectional studies are efficient study
designs for evaluating strength of association,
they have a significant limitation in their ability
to establish the temporal course in a cause-and-
effect relationship. Such study designs might
reflect reverse causal pathways, whereby sleep-
disordered breathing has been the consequence
rather than the cause of stroke. Indeed, several
case reports of sleep apnea after bulbar stroke
have been reported in the literature.10,18,19

Furthermore, the pharyngeal muscles may be
affected in hemispheric stroke as dysphagia has
been demonstrated in 30% to 40% of patients
admitted to the hospital with unilateral hemi-
spheric stroke.20 However, in the absence of a
sleep study demonstrating sleep apnea preced-
ing the stroke, it is difficult to be certain that
sleep apnea is a consequence of the stroke. The
direction of this arrow of causation can ulti-
mately only be definitively determined by
analysis of incident cerebrovascular disease
events. 

Recently, prospective observational cohort
studies have clarified this temporal reltion-
ship and have demonstrated that sleep apnea
increases the risk for stroke,21,22 stroke and
all-cause-mortality,23 and fatal and nonfatal car-
diovascular events.24 Arzt et al peformed cross-
sectional and longitudinal analyses on 1,475
and 1,189 subjects, respectively, from the gen-
eral population. In the cross-sectional analyses,
subjects with an AHI ≥ 20 had increased odds for
stroke (odds ratio = 4.33; 95% confidence inter-
val, 1.32–14.24; P = 0.02) compared with those
without sleep-disordered breathing (AHI < 5)
after adjustment for known confounding factors.
In the prospective analysis, sleep-disordered
breathing with an AHI ≥ 20 was associated with
an increased risk of suffering a first ever stroke
over the next four years (unadjusted odds
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Table 15.1 Selected studies of sleep apnea and stroke using polysomnography

n(patients)/ Study Confounding Prevalence Sleep
Study Study Design n(controls) Mean Rdi Population Assessment apena in Stroke (%)

Mohsenin11 Case-control 10/10 52 Predominantly Age, BMI, 80% with RDI ≥ 20
hemispheric hypertension,
stroke in a smoking
rehabilitation
unit

Lavie32 Descriptive 47 NA Rehabilitation NA 32% had ≥ 10 
(19 underwent patients recently desaturation events/hr
PSG) hospitalized for based on computerized

stroke overnight oximetry
Dyken12 Case-control 24/19 26 Recently Age, gender 71% with RDI ≥ 10

hospitalized 
for stroke

Bassetti13,14 Case-control 128/25 28 Inpatients with Age, BMI, 63% with RDI ≥ 10
(80 underwent stroke and TIA diabetes, severity
PSG) of stroke

Para15 Descriptive 161 21 Inpatients with NA 71% with RDI ≥ 10
stroke and TIA *(‘Acute Phase’)

61% with RDI ≥ 10
(‘stable phase’)

Shahar16 Cross-sectional 6,424 NA Assembled from Age, race, gender, NA (see text)
(Sleep Heart (see text) several ongoing smoking, diabetes, *RR of stroke comparing
Health Study) population based hypertension, lowest quartile to highest

studies of CVD in BMI, cholesterol quartile = 1.58 with 95%
the United States CI (1.02–2.46)

RDI indicates respiratory disturbance index which is the # of apneas + hypopneas /hour of sleep; BMI indicates body mass index, PSG indicates
polysomnography; NA indicates not applicable; TIA indicates transient ischemic attack; * ‘acute phase’ after admission and ‘stable phase’ indicates
> 3 months later; RR indicates relative risk.
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ratio = 4.31; 95% confidence interval,
1.31–14.15; P = 0.02). However, after adjustment
for age, sex, and body mass index, the odds
ratio was still elevated, but was no longer
significant (3.08; 95% confidence interval,
0.74–12.81; P = 0.12). In part this may be due to
the limited total number of stroke events in the
cohort (14 participants suffered a first ever
stroke event).

Our work revealed that after excluding preva-
lent stroke, sleep apnea was associated with the
composite endpoint of transient ischemic attack
(TIA), stroke, or all cause mortality (hazard
ratio = 2.24; 95% confidence interval 1.30–3.86;
P = 0.004). After adjustment for age, gender, race,
smoking status, alcohol consumption, body
mass index, diabetes mellitus, hyperlipidemia,
atrial fibrillation, and hypertension (which may
itself be on the causal pathway), sleep apnea
retained a statistically significant association

with stroke or death (hazard ratio = 1.97; 95%
confidence interval 1.12–3.48; P = 0.01). In a
trend analysis, increasing severity of sleep
apnea at baseline was associated with an
increased risk for the development of the com-
posite endpoint (P = 0.005).23 Those patients in
the highest severity quartile of the cohort (AHI
> 36) had a greater than three-fold increased risk
for the devlopment of stroke or death. A similar
magnitude of risk has recently been described in
a population based cohort of elderly patients
where severe sleep apnea (AHI ≥ 30) more than
doubled the risk of ischemic stroke, even after
adjustment for traditional cerebrovascular risk
factors (hazard ratio = 2.52; 95% confidence
interval 1.04–6.01).22 Therefore, the assocation
between sleep apnea and stroke is of the same
order of magnitude as other traditional cardio-
vascular risk factors, which has been consis-
tently observed using different study design and
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Figure 15.1 Adjusted relative odds ratios of coronary artery disease (CAD, P = 0.004), congestive
heart failure (CHF, P = 0.002) and stroke (P = 0.03) as a function of severity of sleep apnea expressed
as quartiles of respiratory disturbance index (RDI). The P values are for the linear trend across quar-
tiles I through IV based on a parsimonious model, which included age, race, sex, smoking status,
self-reported diabetes, total cholesterol, and high-density lipoprotein cholesterol. The bars denote
95% confidence intervals. Adapted from.16
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in different populations. Furthermore, the risk
of stroke appears to increase with increasing
severity of sleep apnea. Taken together, these
data point towards sleep apnea as a novel and
independent cerebrovascular risk factor. This
implies that there are mechanisms unique to
sleep apnea that confer cerebrovascular risk
which are subsequently discussed below.

PATHOPHYSIOLOGIC MECHANISMS
OF STROKE IN SLEEP APNEA

There are likely multiple mechanisms whereby
sleep apnea may lead to the development of
stroke. During sleep apnea, repetitive episodes
of airway occlusion result in hypoxemia,
hypercapnia, significant changes in intratho-
racic pressure, and arousals from sleep.
Consequently, this elicits inflammatory, auto-
nomic, hemodynamic, coagulopathic, and
metabolic processes that serve as plausible
mechanisms whereby sleep apnea may lead to
stroke (Figure 15.2).

Inflammation

Systemic inflammation plays an important role
in the development of atherosclerosis. Indeed,

C-reactive protein (CRP), an important marker of
inflammation, is also a strong predictor of future
atherosclerotic events.25 CRP levels have been
shown to be increased in patients with sleep
apnea compared to obesity matched controls.
CRP levels rise with increasing severity of sleep
apnea and decrease with CPAP treatment.26

The pathogenesis of inflammation and ather-
osclerosis in sleep apnea has not been entirely
elucidated, but intermittent hypoxia followed
by re-oxygenation (common to sleep apnea)
appears to play a key role. A higher frequency
of repetitive oxygen desaturations has been cor-
related with increasing severity of atherosclero-
sis.27 In a cell culture model, repetitive episodes
of hypoxia and re-oxygenation resulted in
selective activation of vascular inflammatory
pathways (mediated by transcription factor
nuclear factor kappa B (NFκB) over adaptive
hypoxia inducible factor-1 (HIF-1)-dependent
pathways. This suggests different molecular
responses to intermittent hypoxia than to sus-
tained hypoxia, which may in part explain the
different cardiovascular outcomes in conditions
with sustained hypoxia as a predominant fea-
ture as compared to sleep apnea.

Experimental evidence has also linked
hypoxia with atherosclerosis through other path-
ways of oxidative stress. It is suggested that
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Figure 15.2 Mechanisms underlying the complications of obstructive sleep apnea.
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intermittent hypoxia promotes the formation
of reactive oxygen species (ROS), particularly
during the re-oxygenation period, which can be
deleterious to cells (e.g., endothelial cells, leuko-
cytes, and platelets). These cells express adhe-
sion molecules (ICAM-1, VCAM-1, IL-8, and
MCP-1) and pro-inflammatory cytokines that may
lead to endothelial injury and dysfunction and
consequently to atherosclerosis.28–33

Nocturnal sympathetic activation

Sympathetic overactivity in the pathogenesis of
cardiovascular and cerebrovascular complica-
tions in obstructive sleep apnea has been sug-
gested for several years and evidence continues to
accumulate. Early reports found increased plasma
and urinary catecholamine levels in patients with
sleep apnea34 and a fall of these levels after treat-
ment with tracheostomy.35 Others employed more
direct measures of sympathetic nerve activity
through the use of a tungsten microelectrode in
the peroneal nerve. This methodology demon-
strated increased sympathetic nerve activity fol-
lowing acute apneic events.36 Superimposed on
these bursts of sympathetic activation are ‘surges’
of blood pressure of up to 240 mm Hg at apnea ter-
mination (Figure 15.3). These acute blood pres-
sure elevations during apnea appear to be driven
by changes in baroreceptor sensitivity during
sleep and chemoreceptor responses to progressive
hypoxia.37 Considering that humans typically
spend one third of their lives sleeping, these noc-
turnal increases in blood pressure might in them-
selves contribute to hypertensive cardiovascular
and cerebrovascular consequences. Indeed,
patients with sleep apnea commonly do not have
the normal nocturnal fall or ‘dipping’ in blood
pressure.38,39 Among patients with hypertension,
those who exhibit a diminished nocturnal decline
in blood pressure ‘non-dippers’,40 have been
reported to have more cardiovascular target organ
damage than dippers41,42 including silent cere-
brovascular damage.43 Three longitudinal studies
conducted in patients with hypertension have
confirmed that a diminished nocturnal decline
in blood pressure predicted cardiovascular

events44,45 including a worse stroke prognosis.46

Moreover, diminished nocturnal decline of blood
pressure is a risk factor for cardiovascular mortal-
ity independent of overall blood pressure load
during a 24 hour period, with 5% decrease
in nocturnal dipping being associated with
a 20% increase in cardiovascular mortality.47

Furthermore, the normal morning circadian pat-
tern peak occurrence of stroke and vascular
events48 appears to be inverted in patients with
sleep apnea. Patients with obstructive sleep
apnea have a peak in sudden cardiac death during
the sleeping hours from midnight to 6.00 a.m.49

Sleep apnea as a cause of diurnal
hypertension

In addition to acute blood pressure swings at
night, epidemiologic evidence strongly supports
that sustained diurnal hypertension can arise
from obstructive apnea. Lugaressi et al,
described a strong correlation between snoring
and hypertension, even when controlling for
body weight.50 More recently, from the Sleep
Heart Health Study,51 sleep apnea was associated
with prevalent hypertension even after control-
ling for potential confounders such as age,
gender, body mass index (BMI and other mea-
sures of adiposity), alcohol, and smoking. The
relative risk for the highest category of respira-
tory disturbance index (RDI > 30 events per
hour) compared with the lowest category (<1.5
events per hr) was 1.37 (95% confidence inter-
val, 1.03–1.83). Overall, the odds of hyperten-
sion appeared to increase with increases in RDI
in a dose-response fashion. Furthermore, in the
prospective study of the Wisconsin Sleep Cohort
the presence of sleep apnea at baseline was
accompanied by a substantially increased risk
for future hypertension at four-year follow-up.52

Even after adjusting for baseline hypertension
status, age, gender, BMI, waist and neck circum-
ference, weekly alcohol and cigarette use, the
risk was elevated with an odds ratio of 2.89
(95% confidence interval 1.46–5.64) for subjects
with an RDI > 15 compared to those without
apnea. Indeed, the most recent report, Seventh
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Report of the Joint Committee on Prevention,
Detection, Evaluation, and Treatment of High
Blood Pressure (JCN 7) recognizes the etiologic
role of sleep apnea as an identifiable cause of
hypertension.53

Cardiac arrhythmia

Cardiac arrhythmia is a known cause of stroke.
Sleep apnea is associated with cardiac arrhyth-
mias, conduction abnormalities such as second-
degree atrioventricular block,54 and potentially

life threatening arrhythmias such as ventricular
tachycardia.55 Sleep apnea has also been specifi-
cally associated with atrial fibrillation.56–58 In a
population of 81 patients with stable heart failure,
atrial fibrillation was approximately four times
higher in heart failure patients with sleep apnea
than in those without.56 The authors speculated
that the increased right heart afterload due to
hypoxic vasoconstriction and pulmonary hyper-
tension might have been responsible in part for
this excess frequency of atrial fibrillation. Indeed,
sleep apnea is significantly more prevalent in
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patients with atrial fibrillation than in high-risk
patients with multiple other cardiovascular dis-
eases. Moreover, patients with untreated sleep
apnea have a higher recurrence of atrial fibrilla-
tion after cardioversion than patients without
sleep apnea.57 This association with atrial fibrilla-
tion and the risk of cardioembolic stroke with this
arrhythmia, provides another potential mecha-
nism whereby sleep apnea increases the risk for
stroke.

Mechanical load: cerebral
hemodynamics, shunting through a
patent foramen ovale

Marked changes in cerebral blood flow and
intracranial pressure occur during individual
episodes of obstructive sleep apnea. Several
studies have attempted to gain insight into
changes in cerebral blood flow by measuring
middle cerebral artery blood flow velocities
non-invasively, using transcranial Doppler
ultrasonography in direct relation to individual
obstructive apneic events.59–62 Most of these
studies consistently showed an increase in
cerebral blood flow velocity during the apnea,
with a steep rise at the end of the apnea paral-
leling rises in systemic mean arterial pressure,
followed by a subsequent decrease of almost
25% below baseline after apnea termination. It
has been suggested that these apnea induced
cerebral blood flow velocity changes occur
despite cerebral autoregulation, which must
have been overridden by such rapid and high
amplitude systemic arterial blood pressure
changes. 

Several physiologic mechanisms may be
responsible for the changes of cerebral blood
flow during sleep apnea. Large negative intra-
thoracic pressures during obstructive apneas (as
low as − 80 cm H2O pressure have been
reported)63 result in increased central venous
volume. At the termination of apnea, intracranial
pressure rises rapidly because of increased cen-
tral venous volume and the absence of valves in
the veins between the brain and the heart. In

addition, as noted previously, large blood pres-
sure surges occur at the termination of the apnea,
which may affect cerebral perfusion pressure
thus increasing intracranial pressure. Finally,
apneas are associated with hypoxic and hyper-
capnic cerebral vasodilation causing a further
increase of the intracranial blood volume. The
mechanical effects of increased intracranial pres-
sure with impedance to cerebral blood flow as
well as concomitant hypoxemia may predispose
to cerebral ischemia.64

In subjects with ischemic stroke, the preva-
lence of patent foramen ovale (PFO) is approxi-
mately 20–54%.65 It is thought that a PFO can
potentially give rise to ischemic stroke by
means of paradoxical embolism.

Transient right sided pressure elevations
occur during obstructive sleep apneas permit-
ting right to left shunting through PFO. In a
study by Beelke et al., 10 patients with sleep
apnea and PFO (but only detectable during
Valsalva maneuver) underwent transcranial
Doppler ultrasonography with injection of agi-
tated saline solution. Right to left shunting was
present in 9 out of 10 subjects and only
appeared during obstructive apneas lasting
greater than 17 seconds. No right to left shunt-
ing was detected during normal breathing and
during wakefulness.66 This finding is impor-
tant, in view of the increased prevalence of PFO
in patients with sleep apnea.67

Abnormal coagulation

Sleep apnea may act through multiple mecha-
nisms to predispose to acute thrombosis and
thus cardiovascular and cerebrovascular events.
Platelets play a key role in ischemic cerebrovas-
cular disease and increases in platelet aggrega-
bility and activation have been demonstrated in
patients with sleep apnea,68–73 which improves
with CPAP.68,73 The mechanism for increased
platelet reactivity in patients with sleep apnea is
quite possibly the cyclic hypoxemia, hypercap-
nia, and catecholamine surges that are part of
sleep apnea and have also been reported to cause
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platelet activation.34,35,74 In one study, the arousal
index was the independent factor best associ-
ated with baseline platelet activation supporting
a pathophysiologic paradigm that of sleep
arousal precipitating increased neural activation
leading to increased platelet activation.75 The
observation that CPAP reduces platelet activa-
tion supports this same paradigm and suggests
that treatment intervention for sleep apnea may
be cardioprotective. Whether such a benefit
of CPAP would be additive to the effects of
antiplatelet therapy is not known.

Elevated plasma fibrinogen levels are
believed to be associated with increased risk of
stroke and other cardiovascular events.76–81

Plasma fibrinogen is an acute-phase protein
that is synthesized in the liver and is intrinsi-
cally involved in coagulation enhancing throm-
bosis and atherosclerosis by effects on platelet
aggregation, blood vessel wall, and endothelial
cell injury.82,83 Patients with sleep apnea have
been shown to have increased morning levels of
fibrinogen,84 therefore elevated fibrinogen lev-
els may be one mechanism linking to stroke.
Further evidence of the association between
sleep apnea and increased fibrinogen levels and
stroke comes from a cross-sectional study of
113 stroke patients undergoing neurologic reha-
bilitation. Fibrinogen level was positively cor-
related to RDI and length of respiratory events
and negatively correlated to minimal and aver-
age minimal oxygen saturation measured
polysomnographically.85

Metabolic dysregulation

There is significant overlap between sleep apnea
and the cluster of cardiovascular risk factors that
constitutes the metabolic syndrome. In fact, there
is accumulating evidence to suggest that sleep
loss (in the form of sleep restriction or disrupted
sleep from sleep disordered breathing) may
worsen these metabolic abnormalities. Sleep cur-
tailment has been linked to impaired carbohy-
drate tolerance and insulin resistance,86 type 2
diabetes,87 decreased leptin levels, elevated

ghrelin levels, and increased hunger and
appetite, which may lead to obesity.88 In addi-
tion, a number of reports have found the pres-
ence of insulin resistance, impaired glucose
tolerance, and dyslipidemia independent of body
weight.89 It remains to be determined whether
sleep apnea is independently linked to the devel-
opment of type 2 diabetes and whether treatment
with CPAP may reduce this risk. 

THERAPY FOR SLEEP APNEA AND
IMPACT ON CEREBROVASCULAR RISK

Ethical considerations

Compared with control, CPAP (the main med-
ical therapy for sleep apnea) shows significant
improvements in objective and subjective mea-
sures of sleepiness, quality of life, and cognitive
function.90 CPAP has also been demonstrated to
improve left ventricular function in patients
with congestive heart failure and sleep apnea,91

reduce twenty four hour systolic blood pres-
sure,92–94 and decrease automobile accidents.95

Thus, ethical considerations have been raised
with respect to the conducting of long-term
controlled trials in which symptomatic patients
with sleep apnea are randomly assigned to not
receiving treatment. To date, no published
prospective randomized controlled trials have
demonstrated that the treatment of sleep apnea
decreases the risk of stroke, in terms of either
primary or secondary prevention. However,
several longitudinal observational cohort stud-
ies have attempted to evaluate the impact of
therapy on cardiovascular outcomes in patients
with sleep apnea.

Long-term observational studies

An early study that gives some insight into the
impact of treatment of sleep apnea on the risk of
myocardial infarction and stroke was a retro-
spective cohort study of patients who were diag-
nosed with sleep apnea with polysomnography

SLEEP APNEA AND STROKE

217

15-Sleep-8013.qxd  10/9/2006  6:27 PM  Page 217

  



in the 1970s, prior to the availability of CPAP. At
this time, the only known definitive therapy for
sleep apnea consisted of tracheostomy.96 Here,
seven years of follow-up was provided on 198
patients, of which 71 patients received tra-
cheostomy (considered ‘effective treatment’) and
127 received ‘conservative treatment’ consisting
of recommended weight loss (the only alterna-
tive). Any new hypertension, myocardial infarc-
tion or stroke occurring since the original
polysomnography was considered the main vas-
cular morbidity outcome. Despite the fact that at
study entry the tracheostomy group included
more patients with a history of hypertension,
myocardial infarction or stroke, it was the con-
servatively treated group which developed con-
siderably more vascular morbidity.

More recently, prospective observational
cohorts designed to examine the impact of treat-
ment on long-term cardiovascular outcomes in
patients with sleep apnea have demonstrated
that CPAP therapy may reduce mortality in
severe sleep apnea,97 and protect against death
from cardiovascular disease.98 In a study con-
ducted by Marin et al,24 the incidence of fatal
and nonfatal cardiovascular events was highest
in patients with severe untreated sleep apnea.
Patients who received and complied with CPAP
(who largely had severe sleep apnea) had a sig-
nificantly reduced cardiovascular risk, suggest-
ing that long-term therapy with CPAP may
reduce risk of fatal and nonfatal cardiovascular
events. However, all of the above studies were
long-term observational cohorts and not ran-
domized controlled trials, and the observed risk
reductions may also be that those patients who
used CPAP were also complying with other
medical therapy and otherwise leading healthier
lifestyles.

Short-term randomized controlled
trials with CPAP

With respect to cardiovascular outcomes, short-
term (up to 3 months) randomized controlled
trials have been published looking at arterial

blood pressure as the outcome. Though the
studies vary with respect to the magnitude of
blood pressure reduction, overall there appears
to be a clinically important blood pressure
reduction in both 24 hour systolic and diastolic
pressures, similar in magnitude to the use of
antihypertensive therapy. The characteristics of
the patients selected for these trials give clues
to those most and least likely to gain any blood
pressure lowering benefits. In general, those
more likely to experience benefit have more
severe and symptomatic sleep apnea, are hyper-
tensive or on hypertensive therapy at baseline,
receive more effective therapy for sleep apnea
(longer use), and have more frequent oxygen
desaturations.92–94 Those less likely to experi-
ence benefit are normotensive at baseline,
asymptomatic, and have more mild sleep
apnea.99,100 A recent systematic literature review
conducted by the Cochrane Collaboration90

found that mean 24 hour systolic and diastolic
pressures were significantly lower on CPAP
(−7.24 mm Hg systolic, −3.07 mm Hg diastolic).
When extrapolated to antihypertensive epi-
demiologic data, such blood pressure lowering
effects would be predicted to reduce stroke risk
by 35% and coronary heart disease event risk
by 20%.94,101

CPAP treatment in stroke

The question then arises whether CPAP treat-
ment in stroke patients with sleep apnea might
improve functional outcomes, prognosis, and
reduce the risk of recurrent vascular events.
There is a significant need for further research
in this area, but a few preliminary studies have
begun to address these questions and raise
important methodologic and logistical issues.

Regarding functional status, a recent random-
ized controlled trial102 of patients 2–3 weeks post
stroke with severe sleep apnea showed no bene-
fit from 8 weeks of CPAP in physical function
assessed at 8 weeks and 6 months. Patients were
randomized to receive autotitrating CPAP versus
conservative treatment. The investigators caution
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that a clinically significant benefit from CPAP
cannot be ruled out, due to the poor compliance
with CPAP in this study (1.4 hours per night). 

Indeed, the reported compliance with CPAP
in stroke varies widely,73,103–105 with some
reporting compliance rates of 50–70%103,104 sim-
ilar to that in the general sleep apnea popula-
tion, where others report a significantly lower
compliance (10–15%).73,105 This variation is
likely to reflect differences in patient selection,
environment in which the treatment is given,
the CPAP system used, and the amount and
type of support and training. Difficulties with
CPAP adherence in stroke include the common
problems of mask fit, tolerance, and upper air-
way symptoms compounded by the functional
and cognitive disability of stroke such as facial
palsy, paralysis, and confusion.102 Aphasia,
severity of motor disability, and depression pre-
dict decreased compliance,102,104 suggesting that
compliance may be improved in future studies
by focusing on less depressed, and less cogni-
tively and functionally impaired patients, but
this may limit generalizability. However, given
the high prevalence of sleep apnea in stroke
(60–90%),11–16 even CPAP compliance rates of
30–50% could potentially benefit up to one
third of all stroke patients. Given the same high
prevalence of sleep apnea in TIA14 some have
suggested that patients with TIA would be a
population likely to benefit from CPAP106 by
reducing the risk of recurrent vascular events.
As obstructive apneas result in recurrent
hypoxemia and cerebral blood flow fluctua-
tions that could damage the area of the acute
ischemic penumbra, whether treatment of sleep
apnea in the setting of acute stroke results in
reduced stroke severity and progression. (it as
to remains another important unanswered
question).

No randomized controlled trials have been
published regarding the secondary prophylaxis
of CPAP with respect to recurrent stroke,
though a recent observational cohort107 suggests
a potential benefit. In this 18-month prospec-
tive study of patients with sleep apnea (AHI

≥ 20) two–months post–stroke, patients who
tolerated CPAP (used the device for at least 4
hours per night during at least 70% of follow-
up nights) had a significantly reduced risk of
recurrent vascular events. As with other obser-
vational cohort studies examining the impact of
treatment,24,97,98 compliance with CPAP may
also indicate compliance with other healthier
lifestyle habits. 

Controlled trials examining the impact of
CPAP on stroke severity in acute stroke and
recurrent vascular events in ‘stable’ stroke (sec-
ondary prophylaxis) are greatly needed. Such
studies will need to address the important
methodologic and logistical issues including
determining the optimal timing of the initiation
of CPAP treatment post–stroke. Regarding treat-
ment in acute stroke, is an ‘all-sleeptime’ or
simply a ‘nocturnal-sleeptime’ the preferable
dosing strategy? Is use of CPAP safe in acute
stroke? What strategies can be used to maximize
adherence in stroke patients with cognitive and
functional disability? Regarding longer-term
secondary prophylaxis trials, what treatment
allocation schemes will provide robust compar-
ison groups, while simultaneously maintaining
ethical standards in not randomizing sympto-
matic patients with known sleep apnea to
receiving no treatment?

Summary and public health
implications

Multiple prospective observational cohort stud-
ies have demonstrated that obstructive sleep
apnea significantly increases the risk of stroke,
independent of confounding cerebrovascular
risk factors. This implies that there are mecha-
nisms mediated by sleep apnea that confer cere-
brovascular risk. The current literature suggests
that such mechanisms include: intermittant
hypoxia and reoxygenation leading to oxidative
stress, systemic inflammation, and athersclero-
sis; nocturnal sympathetic activation; diurnal
hypertension; cardiac arrythmia (including
atrial fibrillation); changes in cerebrol blood
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flow associated with individual apneas; shunt-
ing through PFO; abnormal coagulation; and
metabolic dysregulation in the form of insulin
resistance and glucose intolerance.

The increasing prevalence of sleep disor-
dered breathing in the population associated
with the increasing prevalence of obesity sug-
gests that the population attributable risk per-
cent (the percentage of the total risk of stroke
due to sleep apnea) is high, making this an
important public health issue. This is particu-
larly true given that sleep apnea is a potentially
modifiable risk factor. Indeed recent guidelines
from the American Heart Association and
American Stroke Association Stroke Council
regarding the primary prevention of ischemic
stroke recommend ‘questioning bed partners
and patients, particularly those with abdominal
obesity and hypertension, about symptoms of
sleep disordered breathing and referring to a
sleep specialist as appropriate.’108

Short-term randomized controlled trials of
CPAP in hypertension and long-term observa-
tional cohort studies with follow-up of cere-
brovascular and cardiovascular outcomes
suggests a clinically significant stroke risk
reduction associated with the use of CPAP.
However, there are currently no prospective
randomized studies demonstrating the efficacy
of treating sleep apnea in reducing stroke.
Such studies are critical prior to instituting
large-scale sleep apnea screening guidelines.
Furthermore, evidence suggests that clinical tri-
als assessing the effectiveness of CPAP in
improving stroke outcome are warranted from a
cost-effectiveness standpoint.109 In the mean-
time, clinicians should have a low threshold for
evaluating symptoms in their patients consis-
tent with sleep disordered breathing.
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CHAPTER 16

Narcolepsy and idiopathic
hypersomnia

Michel Billiard
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Narcolepsy and idiopathic hypersomnia are
two important sleep disorders included in
the category ‘hypersomnia not due to a sleep
related breathing disorder’ of the International
Classification of Sleep Disorders.1 These disor-
ders are not highly prevalent and sleeping too
much is still often considered with amusement.
However, each one impacts many life parameters
including education, work, memory, driving,
recreational activities, interpersonal relation-
ships, sexual function, personality, and physical
condition. Owing to distinct clinical features,
the impact of each disorder might not be exactly
the same, but in comparison with the number of
studies concerning the impact of narcolepsy,2–8

there is only one study concerning the impact
of idiopathic hypersomnia,9 and a tendency to
mix up the life effects of both disorders. In this
chapter we first consider narcolepsy, including
epidemiology, clinical features, laboratory tests,
course and life effects, and then idiopathic hyper-
somnia under the same headings.

NARCOLEPSY

Epidemiology

Narcolepsy affects 0.02–0.04% of the popula-
tion.10–12 Both sexes are affected, with a slight

predominance of males. The age of onset is
from childhood to the fifties, with a peak in the
second decade. Diagnosis of the condition is
often delayed by several years.

Clinical features

Narcolepsy includes two phenotypes: nar-
colepsy with cataplexy, and narcolepsy without
cataplexy.1 Narcolepsy with cataplexy is char-
acterized by excessive daytime sleepiness and
cataplexy, also with auxiliary symptoms referred
to as hypnogogic hallucinations, sleep paraly-
sis and disturbed nocturnal sleep, whereas nar-
colepsy without cataplexy is characterized by
the same symptoms except cataplexy.

Excessive daytime sleepiness occurs in
waves, at intervals that vary from patient to
patient. At times excessive daytime sleepiness
can be overcome, but it often leads to irre-
sistible sleep episodes. The duration of these
sleep episodes varies, depending on the situa-
tion in which the patient finds himself. They
always restore normal alertness for a period
ranging from one to several hours. This fact is of
considerable diagnostic value and the number
of hours during which the patient does not feel
sleepy after a sleep episode reflects the degree
of severity of the disease. Excessive daytime
sleepiness may also lead to automatic behavior;

16-Sleep-8013.qxd  10/9/2006  6:28 PM  Page 225



Free ebooks ==>   www.Ebook777.com

that is, performing a series of actions such as
putting away objects in unlikely places, driving
a vehicle to an unintended destination, or
pronouncing words out of context.

Cataplexy is distinct from excessive daytime
sleepiness and irresistible sleep episodes. It is
pathognomonic of the disease. It consists of
an abrupt drop of muscle tone in reaction to
emotional factors, which are most often posi-
tive such as a fit of laughter, receiving a com-
pliment, humour expressed by the individual,
the sight of a prey for the hunter, perception of
a fish biting at the hook for the angler, a well-
caught ball at tennis; less often the factors are
negative such as anger or frustration. Cataplexy
worsens with poor sleep and fatigue. All stri-
ated muscles may be affected, except the
extraocular and respiratory musculature, lead-
ing to the progressive slackening of the whole
body. Cataplexy may be also limited to facial
muscles or to the upper or lower limbs, leading
to dysarthria, facial rictus, dropping objects, or
unblocking the knees. Cataplexy is short lived,
lasting between seconds and one or two min-
utes, rarely more. Frequency may vary widely,
from one or less per year to several per day.
A neurological examination carried out at the
exact moment of the event reveals the deep ten-
don reflexes to be abolished, with occasional
Babinski sign.

Other clinical features are deemed accessory
as they are not indispensable for diagnosis.
Hallucinations, whether hypnogogic (at the onset
of sleep) or hypnopompic (on awakening), are
mental imagery that may be so real as to be mis-
taken for something that actually happened.
Visual imagery is predominant, but it can also be
auditory, tactile, or kinetic. The feeling that a
threatening person is at the door or in the bedroom
itself or that the subject is flying through space is
frequently reported. The accompanying effect is
often fear to the extent that the patient may
develop a veritable dread of going to bed and
resort to reassuring strategies such as keeping a
weapon within reach or having a dog sleep in the
same room. These hallucinations are experienced

by 40–60% of narcoleptic patients. Sleep
paralysis is a transient inability to move the limbs
and the head during the transition from wakeful-
ness to sleep or vice versa, at a moment when
the person is still conscious, and is often accom-
panied by hypnogogic hallucinations, making it
even more frightening. It differs from cataplexy
with respect to its timing, the absence of emotional
trigger, and its duration up to 10 minutes. It occurs
in approximately 30–50% of narcoleptic patients.

Disturbed nocturnal sleep is also a frequent
feature of narcolepsy. Patients fall asleep
quickly but have repeated awakenings during
the night. Parasomnias such as sleep talking or
rapid eye movement (REM) sleep behavior dis-
order are common. Interestingly, there is no
relation between the poor sleep quality and the
excessive daytime sleepiness.13 It is noteworthy
that narcoleptic patients tend to have an
increased body mass index,14 which may be asso-
ciated with obstructive sleep apneas.

Course

The general course of narcolepsy varies consider-
ably among individuals. The pattern tends to be
for excessive daytime sleepiness and irresistible
sleep episodes to persist throughout life, even
if improvement is commonly observed with
advancing age. A progressive increase in the mean
sleep latency on the multiple sleep latency test
(MSLT) has been reported as a function of age.15

Cataplexy often improves with advancing age. In
rare cases it disappears, but in most patients it
becomes less frequent due to emotional control.
Nocturnal sleep tends to worsen with age.

Laboratory tests

Narcolepsy with cataplexy is primarily diag-
nosed on the basis of the patient’s history.
However, the diagnosis of narcolepsy should,
whenever possible be confirmed by nocturnal
polysomnography followed by MSLT. A sleep
onset REM period (SOREMP) during nocturnal
sleep is observed in about 50% of cases and is
highly specific. An increased amount of stage 1

SLEEP DISORDERS: THEIR IMPACT ON PUBLIC HEALTH

226

16-Sleep-8013.qxd  10/9/2006  6:28 PM  Page 226

  

www.Ebook777.com

http://www.ebook777.com


sleep and repeated awakenings are frequently
observed. MSLT mean sleep latency is less
than or equal to eight minutes and two or more
SOREMPs are found in most patients.1

HLA typing almost always shows the pres-
ence of HLA DQB1*0602. However, this test is
not diagnostic for narcolepsy, as about 25% of
Caucasians, 12% of Japanese and 38% of
African Americans are positive for the same
antigen. HLA typing may only be useful to
exclude narcolepsy in selected cases.

Measuring cerebrospinal fluid (CSF)
hypocretin-1 is highly specific for the diagnosis
of narcolepsy with cataplexy.16 Low CSF
hypocretin-1 levels (less than or equal to
110 pg/ml) are found in over 90% of patients
with narcolepsy with cataplexy. Currently, this
measurement is performed in only a few labo-
ratories and should be asked for in a few
selected indications only: when the MSLT can-
not be used (associated medications, inability
to follow MSLT directions); in patients with
possible cataplexy who also have obstructive
sleep apnea syndrome; and in young children
who are not able to undergo an MSLT.

Narcolepsy without cataplexy cannot be diag-
nosed on purely clinical basis. Positive diagno-
sis requires an MSLT demonstrating a mean
sleep latency less than or equal to eight minutes
and two or more sleep onset REM episodes.
Only 10% of cases are reported to have CSF
hypocretin-1 levels less than 110 pg/ml.16

Life effects

Education

It is not possible from the available literature to
distinguish problems of learning based on age,
childhood, adolescence, and early adulthood.
However, there is little doubt that sleepiness
impacts learning ability. Table 16.1 shows the
impact of narcolepsy on education through
three different studies.3,4,6 As can be seen, the
impact of narcolepsy symptoms was comparable
in the three studies except for embarrassement,
which was much more prevalent in the study

by Alaia,6 reflecting the frequent poor self-
esteem and social isolation of these patients.
Nevertheless there is no significant difference
between narcoleptics and controls in the pro-
portion of subjects who reach secondary school
or high school; as for university education, the
less frequent attainment by narcoleptic patients
almost reaches significance.3

Work

Various studies have evaluated the effects of
narcolepsy symptoms on work. According to a
study by Broughton et al.3 in which the impact of
narcolepsy symptoms in 180 patients was com-
pared to the impact of sleepiness in 180 controls,
the following effects were recorded: reduced job
performance (78.4% in the narcoleptic sample
vs. 8.7% in the controls), fear of job loss (49.3%
vs. 0.0%), decreased earnings (46.6% vs. 1.2%),
prevented promotion (38.5% vs. 0.0%), job dis-
missal (21.1% vs. 0.0%), disability insurance
(10.6% vs. 0.0%). Subsequently, Kales et al.4

found that work problems were reported by 92%
of 50 narcoleptics, with 80% falling asleep at
work on at least several occasions, 24% having
to quit their jobs, and 18% having been fired
because of their condition. According to Alaia6

nearly 85% of 102 narcoleptic subjects felt that
their symptoms had reduced their job perfor-
mance and 15% had become permanently dis-
abled by their disease. Goswami et al.5 indicated
that among 68 subjects who returned a struc-
tured questionnaire, 11 (16%) were unem-
ployed, seeking work, and nine (13%) were
unemployed, unable to work. Finally, in a series
of 49 subjects with narcolepsy, a significant
problem at work was an increase in work-related
accidents, which occurred in 15%.8

Memory

Reported poor school and work performance
have led to research looking for some memory
deficit. Broughton et al.3 reported that 88
narcoleptic subjects (48.9%) found that their
memory had worsened after the onset of the
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disease, while 17 controls (9.4%) noted poor mem-
ory due to sleepiness. Smith et al.,17 in a survey of
700 narcoleptic subjects, found that 38% reported
moderate or severe memory problems, while 39%
had problems with forgetfulness, 40% with con-
centration, and 26% with general learning.

Based on these data several studies have
attempted an objective evaluation of memory
function in narcoleptic subjects. Aguirre et al.18

compared attention, concentration, short-term
and long-term memory in narcoleptic and con-
trol subjects and did not find objective differ-
ences between the two groups. Rogers and
Rosenberg19 investigated patient self-reports of
memory deficits by comparing the scores of 30
narcoleptic subjects and 30 controls, but did not
find any significant difference in the various
tests of memory. Thus one may conclude that a
consistent proportion of narcoleptic subjects
experience subjective impressions of memory
dysfunction that are not transferred to objective

differences. Several explanations for this dis-
crepancy have been suggested. Even if narcolep-
tics perform memory tests at normal levels under
challenging conditions, as soon as they return to
ordinary conditions, recurrent episodes of
drowsiness return and impair attention and
short-term memory mechanisms.18 Routine
memory tasks may have limited external validity
in relation to everyday memory performance.20

Furthermore, narcoleptic subjects may have
lower self-efficacy for memory performance than
controls. This lowered self-efficacy is expressed
through increased anxiety about memory func-
tion, decreased evaluation of memory capacity,
and increased perception of memory decline in
relation to the comparison groups.21

Driving

The effects of excessive daytime sleepiness and
other narcolepsy symptoms on driving are of
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Table 16.1 Impact of narcolepsy on education in three different studies

Broughton et al. (1981)3 Kales et al. (1992)4 Alaia (1992)6

Narcoleptics Controls Narcoleptics Narcoleptics
(180) (180) (50) (102)

Age range 15–71 15–71 18–72 28–80
Life effects Narcolepsy Sleepiness Narcolepsy Narcolepsy

symptoms symptoms symptoms

Symptoms began before 76 5 — 63
formal  education was (42.2%) (3.0%) (61.8%)
completed

Symptoms caused poor 39 1 29 64
marks (51.3%) (0.55%) (58%) (62.7%)

Interpersonal problems 26 1 18 49
with teachers (34.2%) (0.55%) (36%) (48%)

Embarrassment 24 1 — 83
(31.5%) (0.55%) (81.3%)

Problems led to quit — — 9 —
school (18%)
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obvious concern. Broughton et al.3 found that
out of 180 narcoleptic subjects 87 drove, while
out of 180 controls 113 drove. Fifty-seven nar-
coleptic subjects (65.5% of the drivers) fell
asleep while driving against seven controls
(6.2% of the drivers), 25 (28.7%) had cataplexy,
16 (11.5%) had sleep paralysis, 58 (66.7%) had
had frequent near-accidents against no controls
(0%), and 32 (36.8%) had had accidents against
six controls (5.3%). However, the figures con-
cerning cataplexy and sleep paralysis appear
fairly high. In a more recent study using a sim-
ilar questionnaire, only six out of 35 narcolep-
tics (17%) reported cataplectic attacks or sleep
paralysis episodes while driving, more in agree-
ment with clinical experience.22 In another
study23 the proportion of individuals with
sleepiness-related motor vehicle accidents and
near-accidents was compared in obstructive
sleep apnea subjects (181), narcoleptic subjects
(25), subjects with excessive daytime sleepiness
due to other causes (35) and a control group
(35). The proportion of narcoleptic subjects
with motor vehicle accidents was 52%, com-
pared to 29% of subjects with excessive day-
time sleepiness due to other causes, 19% of
obstructive sleep apnea subjects and 11% of
controls. The proportion of narcoleptic subjects
with near-accidents in motor vehicles was 72%,
compared to 66% of obstructive sleep apnea
subjects, 60% of subjects with excessive day-
time sleepiness due to other causes, and 51% of
controls. However, these two studies were
based on self-reports by the patients and could
be biased by the patients’ subjectivity. In
another study, Alaia6 interviewed 95 drivers
with narcolepsy of whom 78% reported sleepi-
ness while driving, 29% accidents due to their
symptoms, and 74.2% near-accidents.

Therefore, driving is a critical issue in patients
with excessive daytime sleepiness, particularly
in those with narcolepsy, hence the need to iden-
tify those patients at risk for motor vehicle
accidents. Several studies using driving simula-
tors24–26 have shown that such patients had worse

performance than controls; however it seems
difficult, based on any one of these tests, to pre-
dict those patients at risk for driving accidents.
A review of regulations and guidelines for
commercial and non-commercial drivers with
sleep apnea and narcolepsy in North America,
Europe and Australia has been published.27

Recreational activities

A majority of narcoleptic patients report that
their symptoms interfere with their recreational
activities, such as watching entertainment (90%),
playing cards (40.5%), swimming (7.2%), danc-
ing (4.4%);3 enjoyment of recreational activities
(70.6%), pursuit of favorite leisure activities,6

cinema (81%), meeting friends (59%), playing
sports (48%), taking holidays (44%).8 Given dif-
ferent population samples and questionnaires,
these results are difficult to compare. The
findings nevertheless suggest strongly that nar-
colepsy has a definite impact on this important
part of life.

Interpersonal relationships

A majority of patients report deterioration of
interpersonal relationships due to irresistible
sleep episodes or cataplexy during conversa-
tion.3,4,8 According to Broughton et al.,3 65.6%
of people are understanding and tolerant of
symptoms of their narcoleptic relatives or
friends, while 34% are not. Sleepiness may be
interpreted as laziness, boredom, or drunken-
ness. An intentional decrease in contacts with
people to avoid the embarrassement of an irre-
sistible sleep episode was reported by 56% of
narcoleptic subjects4 and a cessation of contacts
by 30%.8 In another study, 36% of patients indi-
cated a control of emotions when with others to
ward off a possible attack of cataplexy.4

Persons with narcolepsy often suffer from
difficulties in marital relationship. Kales et al.4

reported marital and family problems in 72%
of patients, tension in the family in 42%, and
separation or divorce in 20%.
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Sexual life

Sexual dysfunction is of concern for many nar-
coleptic patients. According to Broughton,3 17
of 112 male respondents (15.2%) revealed
impotence, generally attributed to medication,
to the point that males with narcolepsy occa-
sionally discontinued their antidepressant
medication.28–29 Kales et al.4 reported difficulty
with sex in 26% of narcoleptics against 8% of
normals, women being mainly responsible for
this difference, and Alaia6 reported a decrease
in sexual drive in 36.1% of subjects.

Personality

Narcolepsy impacts the psychological well-being
of individuals. In the study by Kales et al.4 no
psychiatric diagnosis was established in 24 out
of 50 patients, while 15 received a diagnosis of
depressive disorder and 11 were given a diagno-
sis of personality disorder. The personality dis-
order diagnoses included obsessive–compulsive,
histrionic, schizoid, and borderline personali-
ties. Based on Minnesota multiphasic personal-
ity inventory (MMPI) findings, with higher mean
values for narcoleptics than for controls on seven
of the eight clinical scales (p < .01), it was sug-
gested that narcoleptic subjects have more
psychopathology than control subjects do.
However, this would be an effect rather than a
cause of narcolepsy. Indeed the wide diversity of
MMPI code patterns and the presence of unusual
codes in the sample were in favor of the sec-
ondary nature of the narcoleptic psychopathol-
ogy. In line with this conclusion is the review of
130 subjects with narcolepsy carried out by
Zarcone and Fuchs.30 No one personality type
was associated with narcoleptic symptomatology
and the authors concluded that patients should
be considered as having a neurological disease
that may cause emotional disturbances, not as
having a primary psychopathological disorder.

Physical condition

As already noted narcoleptic patients have a
tendency toward increased body mass index

with all the possible consequences of being
overweight, including obstructive sleep apnea
syndrome. Also, a cataplectic attack may lead to
total body collapse with the risk, although not
major, of serious injuries such as skull or other
bone fractures.

Narcolepsy in comparison
with other diseases

Narcolepsy has a profound negative impact on
the patient’s daily life. This has led to compar-
ison between the life effects of narcolepsy and
epilepsy, another neurological condition char-
acterized by episodic events of another
nature.31 Strikingly, the conclusion of the study
was that the life effects of narcolepsy with cat-
aplexy were more marked and pervasive than
those of epilepsy, at least when the latter is
associated with absence of major organic cere-
bral pathology. Similarly, in a study comparing
the impact of narcolepsy and other illness
groups on psychological health and role behav-
iors, it was found that narcoleptics reported
more adjustment problems in comparison with
cardiac disease, a mixed group of cancers, and
diabetes.32

IDIOPATHIC HYPERSOMNIA

Epidemiology

Due to long-standing nosological uncertainty
and the relative rarity of the condition, pre-
valence studies have not been performed so
far. However, some predictions can be made.
Studies of both narcoleptic and idiopathic
hypersomnia subjects in various sleep disor-
ders center populations have been carried out,
which have supported the general conclusion
that the ratio of idiopathic hypersomnia to nar-
colepsy is somewhere between 10% and 20%.
There is apparently no gender predominance;
the age of onset varies from childhood to young
adulthood with very few cases occurring after
the age of 25 years.33
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Clinical features

Idiopathic hypersomnia includes two distinct
phenotypes, referred to as idiopathic hyper-
somnia with long sleep time and idiopathic
hypersomnia without long sleep time.1 Idio-
pathic hypersomnia with long sleep time is
remarkable for three symptoms: a complaint of
constant or recurrent daily excessive daytime
sleepiness and unwanted naps, longer and
less irresistible than in narcolepsy, and non-
refreshing irrespective of their duration; night
sleep is sound, uninterrupted by awakenings but
abnormally prolonged; morning awakening is
delayed and laborious. Patients do not awaken
to the ringing of a clock or a telephone, and often
rely on their spouse or a family member to wake
them up. Even then, patients may remain con-
fused, unable to react adequately to external
stimuli, a state referred to as ‘sleep drunken-
ness’. In that sense, idiopathic hypersomnia
with long sleep may be portrayed as an inability
to wake up, in contrast with narcolepsy charac-
terized by an abnormal drive to fall asleep.

In comparison, idiopathic hypersomnia with-
out long sleep stands as isolated excessive day-
time sleepiness.

The physical examination is normal in either
case.

Course

Once established the disorder is stable in
severity and is long lasting. Any spontaneous
disappearance of the symptoms is grounds for
casting doubt on the initial diagnosis.

Laboratory tests

The basis for a diagnosis of idiopathic hyper-
somnia with long sleep time is mostly clinical,
whereas that of idiopathic hypersomnia
without long sleep time relies entirely on
polysomnographic evaluation. 

Polysomnographic monitoring of nocturnal
sleep demonstrates normal sleep, except for its
prolonged duration in the case of idiopathic

hypersomnia with long sleep time. NREM sleep
and REM sleep are in normal proportions. Sleep
efficiency is commonly said to be above 90%.
There is no SOREMP. Obstructive sleep apneas
and periodic limb movements in sleep should
theoretically be absent, but may be acceptable
in the case of an early onset of idiopathic hyper-
somnia and of their late occurrence. Several
authors have suggested the need for monitoring
esophageal pressure during sleep to rule out
mild sleep-disordered breathing that may frag-
ment sleep and induce excessive daytime
sleepiness.

The MSLT demonstrates a mean sleep
latency of less than 10 minutes, which might
be longer than in the case of narcolepsy in
the form with long sleep time and in the same
range as in narcolepsy in the form without
long sleep time. In the case of idiopathic
hypersomnia with long sleep time, the MSLT
seems somewhat irrelevant. Awakening the
patient in the morning for the purpose of car-
rying out the first MSLT session precludes
documenting the abnormally prolonged night
sleep, and the MSLT sessions preclude record-
ing of prolonged non-refreshing daytime sleep
episode(s), which are of major diagnostic
value. Thus other procedures are of potential
interest: 24-hour polysomnography on an
ad-lib sleep/wake protocol, in order to docu-
ment the major sleep episode (more than
10 hours) and daytime sleep episode(s)
(at least one nap of more than one hour),
which still awaits standardization and valida-
tion; and one-week actigraphy.

Cognitive evoked potential (P 300) per-
formed in the evening and in the morning,
immediately after awakening and later, is of
particular interest in the assessment of
sleep inertia.34 Computed tomography (CT) and/
or magnetic resonance imaging (MRI) of the
brain should be performed if there is a clinical
suspicion of an underlying brain lesion.
Psychometric/psychiatric evaluation is manda-
tory to exclude hypersomnia associated with a
psychiatric disorder.
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Life effects

In comparison with narcolepsy, life effects of
idiopathic hypersomnia, either with long sleep
time or without, have been much less inves-
tigated, this being possibly due to less well-
defined phenotypes and lower prevalence. The
only available study to date is by Broughton
et al.9 using the same questionnaire as used
in a previous study in narcoleptic subjects.2

The subjects were 30 patients with idiopathic
hypersomnia (without distinction at that time
of the form with long sleep time and the form
without long sleep time), 30 controls and 24
subjects with narcolepsy (22 with cataplexy and
two without). Interpersonal relationships and
marital problems have not been investigated.

Education

Idiopathic hypersomnia clearly impacts school
performance. When compared to controls,
affected individuals reported having poor
marks (0% vs. 48%) and problems with teach-
ers (0% vs. 24%), findings which are not signif-
icantly different from those seen in narcoleptic
patients.

Work

Compared to controls, subjects with idiopathic
hypersomnia felt that their condition had
impaired their performance (97% vs. 0%), had
prevented them from receiving promotions
(50% vs. 0%), had reduced their earnings (53%
vs. 0%), and had increased their fears of job dis-
missal (33% vs. 0%). These five work features,
however, were not significantly different from
those of narcoleptic subjects.

Memory

Patients’ complaints about memory impair-
ment were about as frequent as those of nar-
coleptics  (50% vs. 46%). The memory deficit
was mainly for recent events, again resembling
the frequency of complaints in narcolepsy. In

contrast with cognitive deficits associated with
narcolepsy, an objective evaluation of memory
dysfunction has not been carried out in people
with idiopathic hypersomnia.

Driving

Compared to controls, patients reported signi-
ficantly more problems with driving, but had
fewer problems in this area than narcoleptic sub-
jects. This was particularly clear for the degree to
which excessive daytime sleepiness was judged
to produce frequent near-accidents in idiopathic
hypersomnia subjects (25%), more commonly
than in controls (0%) but less frequently than in
narcoleptic subjects (100%), probably in relation
with the more paroxysmal and imperative nature
of sleepiness in the latter group.

Recreational activities

Patients with idiopathic hypersomnia reported
having significantly fewer recreational interests
than did controls (33% vs. 60%). This level,
however, was not significantly different from
that of narcoleptics (46%).

Sexual life

Impotence in males was more frequent in
hypersomniac patients than in controls (22%
vs. 6%), but was not significantly different in
incidence from narcoleptics (14%).

Personality

Idiopathic hypersomnia patients noted a
change in their personality more frequently
than controls (27% vs. 0%), but the figure was
not significantly different from that in nar-
coleptic subjects (33%).

In view of these results one could think that
the consequences of idiopathic hypersomnia
are similar to those of narcolepsy with the
exception of near-accidents being less frequent
than in narcolepsy. This might be due to the
limitation of a questionnaire specifically pre-
pared for narcoleptic subjects and to the fact of
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not distinguishing idiopathic hypersomnia with
long sleep time and idiopathic hypersomnia
without long sleep time. Indeed, clinical expe-
rience shows that some effects are specific to
idiopathic hypersomnia with long sleep time.
First, these patients report arriving late to
work, receiving remarks from their employer
and often being dismissed as a consequence.
Second, the lengthy time these patients spend
in bed is usually not tolerated by the spouse nor
family members over the long term and fre-
quently leads to marital problems. Third, in
contrast to narcoleptic subjects, hypersomniacs
do not benefit from night sleep or naps, to the
extent that they usually never feel refreshed.
Finally, excessive daytime sleepiness is most
often amenable to stimulant medications,
whereas difficulty in awakening is not, hence
hypersomniac patients have a continuing diffi-
culty in being on time for work, even with rele-
vant treatment.

CONCLUSION

Life effects of narcolepsy and idiopathic hyper-
somnia are of great concern for the patients
affected with these conditions. Based on clinical
experience rather than on specific questionnaires,
this chapter underlines some of the consequences
which might be specific to idiopathic hypersom-
nia with long sleep time. Unfortunately, the
symptoms of these often go undiagnosed for
years, which often compounds their deleterious
effects. Indeed, precocious treatment may pre-
vent, or at least limit, the impact that these condi-
tions have on the lives of the affected patients. 
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