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OBJECTIVE — The aim of this study was to investigate the possible relationship among sleep
complaints, sleep duration, and the development of diabetes prospectively over a 12-year period
in a middle-aged Swedish population.

RESEARCH DESIGN AND METHODS — A random sample of 2,663 subjects aged
45–65 years living in mid-Sweden were sent a postal questionnaire including questions about
sleep complaints, sleep duration, sociodemographic characteristics, behavioral risk factors, med-
ical conditions, and depression (response rate 70.2%). Twelve years later, a new questionnaire
with almost identical questions was sent to all the survivors (n � 1,604) in 1995, and the
questionnaire was answered by 1,244 subjects (77.6%).

RESULTS — Men reporting new diabetes at follow-up more often reported short sleep dura-
tion (�5 h per night) (16.0 vs. 5.9%, P � 0.01), difficulties initiating sleep (16.0 vs. 3.1%, P �
0.001), and difficulties maintaining sleep (28.0 vs. 6.3%, P � 0.001) at baseline than men who
did not develop diabetes. Women reporting new diabetes at follow-up reported long sleep
duration (�9 h per night) more often at baseline than women not developing diabetes (7.9 vs.
2.4%, P � 0.05). In multiple logistic regression models, the relative risk (95% CI) for develop-
ment of diabetes was higher in men with short sleep duration (2.8 [1.1–7.3]) or difficulties
maintaining sleep (4.8 [1.9–12.5]) after adjustment for age and other relevant risk factors. Short
or long sleep duration or sleep complaints did not influence the risk of new diabetes in women.

CONCLUSIONS — Difficulties maintaining sleep or short sleep duration (�5 h) are asso-
ciated with an increased incidence of diabetes in men.
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D iabetes is associated with increased
frequency of sleep complaints (1–
4), and this may be due to the dis-

ease itsel f as well as to physical
complications of the disease (3,5). How-
ever, sleep disturbances may also play a
primary role in the pathophysiology of di-
abetes. Data have demonstrated that indi-
viduals suffering from poor sleep have
increased arousal and increased physio-
logical activation (6–13). Experimentally
induced sleep debt has been found to be
associated with increased activation in the

hypothalamic-pituitary-adrenal axis as
indexed by elevated evening cortisol lev-
els and impaired glucose tolerance (14).
These findings indicate that disturbance
and curtailment of sleep may be risk fac-
tors for the development of insulin resis-
tance. The insulin resistance syndrome,
also known as the metabolic syndrome, is
a cluster of risk factors for adult-onset di-
abetes, and it usually consists of obesity,
dyslipidemia, hyperglycemia, and hyper-
tension (15).

In a sample of healthy middle-aged

men in Sweden, Nilsson et al. (16) found
that difficulties in falling asleep or regular
use of hypnotic drugs was associated with
development of diabetes when adjust-
ment was made for several risk factors. A
10-year follow-up survey of women aged
30 –55 years enrolled in the Nurses
Health Study in the U.S. has shown that
both short and long sleep increased the
risk of symptomatic diabetes after multi-
variate adjustment for standard risk fac-
tors (17). In an 8-year prospective study
of male employees of an electrical com-
pany in Japan, Kawakami et al. (18) re-
ported a high incidence of diabetes in
male subjects reporting “difficulties initi-
ating sleep often or almost every day” or
“difficulties maintaining sleep often or al-
most every day”, after controlling for
other factors relevant to type 2 diabetes.

An important risk factor that should
be ruled out or controlled in studies in-
vestigating the association among sleep
complaints, deviant sleep duration, and
diabetes is depression. Sleep complaints
and altered sleep patterns are diagnostic
criteria for depression (19), and studies
have also shown that depression increases
the risk of diabetes (20–22).

The aim of this study was to investi-
gate the possible relationship among
sleep complaints, deviant sleep duration,
and the development of diabetes prospec-
tively over a 12-year period in a middle-
aged Swedish population, controlling for
potential risk factors including depres-
sion.

RESEARCH DESIGN AND
METHODS — The aim with the origi-
nal cohort in 1983 was to estimate the
prevalence of sleep complaints and cer-
tain mental and physical complaints in re-
lation to insomnia and use of hypnotic
medication in a middle-aged population.
From the population register, 2,663 men
and women aged 45–65 years were ran-
domly selected from the County of
Dalarna in central Sweden, constituting
4% of the population in the county at the
time, and 1,870 (70.2%) questionnaires
were completely filled in. The responders
were representative of the entire popula-
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tion at the time of the study regarding age
and sex (23). A new questionnaire was
sent to all the survivors (n � 1,604) in
1995, and the questionnaire was, after
one reminder, answered by 1,244 sub-
jects (77.6%).

Questionnaires
Both questionnaires have been described
in detail before (24,25). The question-
naire used in 1983 consisted of 80 ques-
tions concerning demographic and
lifestyle variables, medical conditions, de-
pression, snoring, and sleeping difficul-
ties. The questionnaire used in 1995
consisted of 84 questions, and a majority
of questions were identical to those used
in 1983.

In both surveys, marital status was
defined as married or not married (i.e.,
single, divorced, widowed, or separated),
living conditions were defined as living
alone or with someone else, and smoking
was defined as currently smoking or not.
Alcohol habits were categorized into non-
use and use of alcohol. Questions were
asked about body weight and height, and
BMI (weight in kilograms divided by the
square of height in meters) was calcu-
lated. Diabetes and hypertension were as-
certained by asking subjects (in two yes or
no questions) whether they had diabetes
or hypertension. Depression was assessed
by the question “Do you feel depressed?”
to be answered by yes or no.

In both surveys, there were questions
adopted from the Uppsala Sleep Inven-
tory (USI), which has previously been
used in epidemiological studies (26). The
questions focus on the severity of sleep
complaints, and they do not specify any
time frame. Subjects were asked about
difficulties initiating sleep and difficulties
maintaining sleep, and the questions were
to be answered on a 5-point scale (1 � no
problems, 2 � minor problems, 3 �
moderate problems, 4 � severe prob-
lems, and 5 � very severe problems). At
least severe problems (scores 4 and 5)
were considered to be a complaint, and
this cutoff was used in the analysis. Re-
garding time frame, the Basic Nordic
Sleep Questionnaire (BNSQ) (27) was
added in the 1995 questionnaire. The
BNSQ focuses on the frequency of sleep
complaints during the last 3 months on a
5-point scale (1 � never or less than once
a month, 2 � less than once a week, 3 �
once or twice a week, 4 � three to five
times a week, and 5 � daily or almost
daily). In 1995, 86.3% of subjects report-
ing scores 4 or 5 (at least severe com-

plaints of difficulties initiating sleep) on
the USI reported scores of 4 or 5 for the
BNSQ question about difficulties initiat-
ing sleep (at least complaints three to five
times a week during the last 3 months).
Regarding difficulties maintaining sleep,
94.0% of subjects reporting scores 4 or 5
on the USI reported scores of 4 or 5 in the
BNSQ question about difficulties main-
taining sleep. Thus, the majority of sub-
jects reporting severe difficulties initiating
sleep or difficulties maintaining sleep
(USI) have had this problem for at least 3
months.

In the question about snoring, sub-
jects were asked to state the frequency of
“loud and disturbing snoring” on a
5-point scale. The five alternatives in the
answer were never, seldom, occasionally,
often, and very often. Subjects reporting
snoring loud and disturbing often or very
often (scores 4 and 5) were considered as
habitual snorers. Duration of sleep was
assessed by asking subjects to estimate
habitual night sleep time, and the answer
was expressed as a continuous variable.
Subjects were also asked to estimate ha-
bitual sleep need, and the Sleep Suffi-
ciency Index (SSI), the ratio of amount of
estimated habitual sleep time to the
amount of estimated need for sleep ex-
pressed as a percentage), was calculated.

The study was approved by the Ethics
Committee of the Faculty of Medicine at
Uppsala University in Sweden.

Nonresponders
Of subjects who were alive at follow-up,
360 did not answer the questionnaire.
There was no sex difference in nonre-
sponse. The nonresponders were older,
more often living alone, not married, and
smoking. Female nonresponders re-
ported difficulties initiating sleep more
often than responders: 12.9 vs. 7.3% (�2

� 7.2; P � 0.01). There was no difference
in reported sleep time or in prevalence of
medical conditions reported at baseline.

Statistics
Statistical analysis was performed on a
Macintosh computer, using the statistical
analysis program SPSS 10.0 (SPSS, Chi-
cago, IL). Standard methods were used to
calculate mean values and SDs. The �2

test was used for comparison between cat-
egorical variables, and when the compar-
ison involved continuous variables, the t
test was used. The influence of multiple
variables was analyzed using multiple lo-
gistic regression analysis. The results are
presented as adjusted relative risks (RRs)

with 95% CIs. The minimum statistical
significance level for all analyses was P �
0.05. Separate analyses were developed
for men and women to explore potential
sex differences in the nature of associa-
tions, and estimates were adjusted for age
in 5-year strata.

RESULTS — Of the 1,244 subjects
who responded to the questionnaires in
1983 and 1995, 1,187 (95.4%) answered
the question about diabetes in both sur-
veys, and the following analyses are based
on those subjects. In 1983, 17 (1.4%) re-
ported diabetes. Of the 1,170 without di-
abetes in 1983, 88 reported diabetes (new
diabetes) in 1995 whereas 1,082 contin-
ued not to have diabetes.

The incidence of diabetes in our pop-
ulation was 7.5% (6.1% in women and
9.1% in men). The incidence was 30.4%
in men with difficulties maintaining sleep
and 21.0% in men with sleep duration of
�5 h. Both women and men reporting
new diabetes were older and more often
obese (BMI �30 kg/m2) at baseline, but
they lost weight during the follow-up pe-
riod in comparison with subjects not de-
veloping diabetes (Table 1).

In our sample there was no sex differ-
ence in reports of sleep time (7.0 � 1.1 h),
but women reported a need for longer
sleep time (7.5 � 1.0 vs. 7.3 � 0.8 h, t �
3.0, P � 0.01). The SSI showed no sex
difference (95.1 � 12% for men and
94.1 � 13% for women).

Men with new diabetes had a shorter
sleep time and lower SSI than men who
did not develop diabetes. Women with
new diabetes reported long sleep duration
(�9 h per night) more often, and they
were less often smokers at baseline com-
pared with women without new diabetes.
Men reporting new diabetes at follow-up
were more often living alone. They re-
ported snoring, short sleep duration (�5
h per night), difficulties initiating sleep,
and difficulties maintaining sleep more
often at baseline compared with men not
developing new diabetes.

Tables 2 and 3 summarize the results
from logistic regression analyses to deter-
mine the independent factors at baseline
influencing the risk of new diabetes dur-
ing the 12-year follow-up for women and
men. After adjustment for age, obesity
was associated with significantly in-
creased risk of incident diabetes in
women. Living alone, obesity, snoring,
depression, short sleep duration (�5 h
per night), and having difficulties initiat-
ing sleep and difficulties maintaining
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sleep were associated with new diabetes
in men in the age-adjusted model.

After adjusting for age and other rel-
evant factors, including difficulties initiat-
ing sleep, difficulties maintaining sleep,
and deviant sleep duration in multivariate
models, the positive association between
obesity and new diabetes in women re-
mained statistically significant. The mul-
tivariate RR for developing diabetes was
increased in men living alone, in subjects
who were obese, in subjects having diffi-
culties maintaining sleep, and in subjects
reporting short sleep duration at baseline.
The influence of difficulties initiating
sleep in women and long sleep duration
in men could not be calculated because
only one woman with new diabetes re-
ported difficulties initiating sleep and
only one man reporting new diabetes re-
ported long sleep duration at baseline.

CONCLUSIONS — Our data suggest
that difficulties maintaining sleep and
short sleep duration are associated with
incident diabetes in men. Their associa-
tion with diabetes persists after adjust-
ment for age, hypertension, snoring, BMI,
depression, and other relevant factors in
multivariate analyses. The association
among difficulties maintaining sleep,
short sleep duration, and diabetes may be
mediated through several potential mech-
anisms, including sympathetic overactiv-
ity and activation of the hypothalamic-

pituitary-adrenal axis. It has been
hypothesized that poor sleep is the result
of a state of emotional arousal (9), and the
activity of the stress system has been
found to relate positively to the degree of
objective sleep disturbance (28). The dis-
turbance and curtailment of sleep have
also been shown to have an impact on
metabolic parameters. Insomniacs have

been shown to have higher 24-h ACTH
levels and cortisol secretion (8,29), ele-
vated urinary catecholamine concentra-
tions (12), and higher sleep-to-awake
ratio for metabolic parameters (13). In an
experimental study by Spiegel et al. (14),
sleep debt had an impact on carbohydrate
metabolism and endocrine function in
young men. In the sleep-debt condition,

Table 1—Baseline characteristics and risk factors in 1983 for incident diabetes in men and women

Reported variable or
symptom in 1983

Women Men

New diabetes No diabetes P value New diabetes No diabetes P value

n 38 582 50 500
Age (years) 56.8 � 5.3 54.6 � 6.0 0.034 56.0 � 5.8 54.2 � 5.9 0.039
BMI (kg) 28.7 � 4.3 25.1 � 3.6 �0.001 28.7 � 3.6 25.1 � 2.6 �0.001
�BMI (kg) �1.0 � 3.4 0.9 � 3.0 0.001 �0.6 � 2.1 0.4 � 1.7 �0.001
Sleep time (h) 6.8 � 1.2 7.0 � 1.1 NS 6.6 � 1.3 7.0 � 1.1 0.025
Sleep need (h) 7.4 � 1.1 7.5 � 1.0 NS 7.4 � 0.9 7.3 � 0.8 NS
SSI (%) 92.4 � 14.1 94.2 � 12.9 NS 90.1 � 16.0 95.6 � 11.6 0.002
Not married 9 (23.7) 113 (19.4) NS 2 (4.0) 35 (7.0) NS
Living alone 5 (13.2) 63 (10.8) NS 11 (22.0) 44 (8.8) 0.002
Hypertension 8 (21.1) 101 (17.4) NS 4 (8.0) 70 (14.0) NS
Obesity (BMI �30 kg/m2) 15 (39.5) 51 (8.8) �0.001 13 (26.0) 19 (3.8) �0.001
Smoking 2 (5.3) 109 (18.7) 0.038 9 (18.0) 103 (20.6) NS
Alcohol use 10 (26.3) 214 (36.8) NS 50 (58.0) 309 (61.8) NS
Snoring 3 (7.9) 43 (7.4) NS 18 (36.0) 90 (18.0) 0.002
Sleep duration �5 h 4 (10.5) 40 (6.9) NS 8 (16.0) 30 (6.0) 0.007
Sleep duration �9 h 3 (7.9) 14 (2.4) 0.035 1 (2.0) 7 (1.4) NS
DIS 1 (2.6) 43 (7.4) NS 8 (16.0) 16 (3.2) �0.001
DMS 6 (15.8) 68 (11.7) NS 14 (28.0) 32 (6.4) �0.001
Depression 4 (10.5) 87 (14.9) NS 7 (14.0) 33 (6.6) NS

Data are means �SD or n (%). n � 1,170. DIS, difficulties initiating sleep; DMS, difficulties maintaining sleep.

Table 2—Relative risks of new diabetes in women according to self-reported variables at
baseline

Reported variable or
symptom in 1983

Age-adjusted
model*

Multivariate
model including
DIS and DMS†

Multivariate
model including
sleep duration
�5 h and sleep
duration �9 h†

Not married 1.0 (0.5–2.4) 0.9 (0.4–2.4) 1.0 (0.4–2.6)
Living alone 1.0 (0.4–2.8) 0.7 (0.1–3.1) 0.6 (0.1–2.8)
Hypertension 1.3 (0.6–3.0) 1.5 (0.6–3.9) 1.7 (0.6–4.4)
Obesity (BMI �30

kg/m2)
6.9 (3.4–14.2)‡ 5.8 (2.4–14.0)‡ 5.9 (2.5–14.2)‡

Smoking 0.3 (0.07–1.2) 0.3 (0.03–2.0) 0.2 (0.03–1.8)
Alcohol use 0.7 (0.3–1.5) 0.9 (0.4–2.1) 0.9 (0.4–2.2)
Snoring 1.1 (0.3–3.7) 0.7 (0.1–3.1) 0.6 (0.1–2.9)
Depression 0.8 (0.3–2.3) 1.0 (0.3–3.2) 0.9 (0.3–2.9)
Sleep duration �5 h 1.5 (0.5–4.5) 1.8 (0.5–6.8)
Sleep duration �9 h 3.5 (0.9–13.0) 2.9 (0.6–15.0)
DIS NA NA
DMS 1.4 (0.5–3.4) 1.8 (0.5–6.0)

Data are RR (95% CI). n � 620. *Adjusted for age in 5-year strata. †Adjusted for age in 5-year strata, not
married, living alone, hypertension, obesity (BMI �30), smoking, alcohol use, snoring, and depression.
‡Significant (P � 0.05) RRs. DIS, difficulties initiating sleep; DMS, difficulties maintaining sleep.
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glucose tolerance was lower as were thy-
rotropin concentrations. Moreover,
evening cortisol concentrations were
raised, and the activity of the sympathetic
nervous system was increased, indicating
that sleep loss has an adverse impact on
components of the metabolic syndrome.

Some epidemiological studies have
been performed to investigate the rela-
tionship between sleep and incidence of
diabetes. Nilsson et al. (16) recently re-
ported that difficulties in falling asleep or
regular use of hypnotics predicted future
diabetes in middle-aged men. In a study
of sleep duration and incident diabetes in
women enrolled in the Nurses Health
Study, Ayas et al. (17) found that in an
age-adjusted model both long and short
sleep duration increased the risk of inci-
dent diabetes diagnosis, but after adjust-
ment in a multivariate model the risk was
only increased for long sleepers. When
they investigated only symptomatic cases
of diabetes, both short and long sleepers
had a modestly elevated risk in the mul-
tivariate model, and the authors sug-
gested that sleep restriction may be an
independent risk factor for developing
symptomatic diabetes. In a prospective
8-year follow-up survey of male employ-
ees in Japan, Kawakami et al. (18) re-
ported that men with a high frequency of
difficulties initiating sleep or difficulties
maintaining sleep had significantly higher
ratios for type 2 diabetes after controlling
for relevant factors. The present study ex-
plores the relationship between several
aspects of sleep and incident diabetes pro-

spectively in both sexes in the general
population.

The strengths of the current study in-
clude the representativeness of the base-
line sample and the high response rate.
Variables were included in the analysis if
they were considered relevant risk factors
for the development of diabetes. Hyper-
tension, habitual snoring, obesity, smok-
ing, alcohol consumption, depression,
and weight gain are considered indepen-
dent risk factors for type 2 diabetes. An
advantage is that both questionnaires
used in our study contained several ques-
tions about sleep, giving us an opportu-
nity to investigate different aspects of
sleep (habits, problems, duration of sleep,
and perceived sleep need) in relation to
incident diabetes.

One limitation is that we were not
able to control for some important and
well-known risk factors because we had
no information at baseline, e.g., family
history of diabetes and physical inactivity.
Another limitation is that information
about sleep, other potential risk factors,
and diabetes were self-reports. However,
self-reports of sleep are the measures most
widely used in community-based epide-
miological surveys, and there is evidence
that subjective evaluations correlate with
objective laboratory data (30,31). Short
sleep was defined as sleeping �5 h per
night and long sleep as sleeping �9 h per
night to be able to compare our results
with the findings reported by Ayas et al.
(17). Also, some misclassification of dia-
betes is likely, and it is reasonable to as-

sume that some subjects reporting no
diabetes have undiagnosed diabetes.
Studies have, however, demonstrated that
self-reports of diabetes have high accu-
racy and that self-reports provide a useful
estimate for measures of population prev-
alence of diabetes (32,33). Although the
number of subjects with diabetes in this
study was low, the prevalence is near to
that in other epidemiological surveys
(34,35). One obvious limitation is the
small sample size and cell size, suggesting
the need for cautious interpretation of
these findings. However, our results are in
line with previous studies indicating that
both sleep disturbances (16,18) and short
sleep duration (17) are related to incident
diabetes. It is a fact, however, that diabe-
tes is not an inevitable component or con-
sequence of insomnia in the sense that a
majority of subjects with insomnia do not
have diabetes and will not develop diabetes.

An important question concerns
whether researchers have either adjusted
for or ruled out depression as a con-
founder in studies on the association be-
tween poor sleep and morbidity. In the
present study the occurrence of depres-
sion was based solely on participants’ re-
sponses to a single question about feeling
depressed. However, in a review, Schade
et al. (36) found that brief instruments
perform about as well as longer question-
naires for identifying depression in the
general population, and the value of sin-
gle-item depression screening has previ-
ously been established (37,38). In the
age-adjusted model depression was asso-
ciated with incident diabetes in men, but
in the multivariate models it was no
longer statistically significant, reflecting a
confounding effect of other variables in-
cluded. Also, snoring in men was associ-
ated with new diabetes in the age-
adjusted model but did not remain
significant in the multivariate models. In
contrast to Al-Delaimy et al. (39), we
found no significant association between
reported snoring in women and incident
diabetes.

In the present study, obesity was a
risk factor for incident diabetes for both
women and men in the multivariate ad-
justed models. Obesity is a well-known
risk factor for insulin resistance and type
2 diabetes (40,41). Subjects with new di-
abetes lost weight during the follow-up
period in contrast to those not developing
diabetes. In this longitudinal study, we
lack knowledge about when events oc-
curred. It is reasonable to assume that
when diabetes was diagnosed subjects

Table 3—Relative risks of new diabetes in men according to self-reported variables at baseline

Reported variable or
symptom in 1983

Age-adjusted
model*

Multivariate
model

including DIS
and DMS†

Multivariate
model including
sleep duration
�5 h and sleep
duration �9 h†

Not married 0.5 (0.1–2.0) 0.3 (0.06–1.8) 0.3 (0.06–1.5)
Living alone 3.0 (1.4–6.2)‡ 3.4 (1.4–8.4)‡ 2.9 (1.2–6.8)‡
Hypertension 0.6 (0.2–1.7) 0.5 (0.1–1.9) 0.6 (0.2–1.9)
Obesity (BMI �30) 8.6 (3.9–18.9)‡ 6.6 (2.6–16.9)‡ 6.7 (2.7–16.4)‡
Smoking 1.0 (0.5–2.1) 0.9 (0.4–2.2) 1.0 (0.4–2.5)
Alcohol use 1.0 (0.6–1.8) 1.0 (0.5–2.0) 0.9 (0.5–1.8)
Snoring 2.7 (1.5–5.1)‡ 1.6 (0.8–3.5) 1.9 (0.9–3.8)
Depression 2.5 (1.1–6.0)‡ 0.6 (0.2–2.0) 1.3 (0.4–3.6)
Sleep duration �5 h 3.1 (1.3–7.2)‡ 2.8 (1.1–7.3)‡
Sleep duration �9 h NA NA
DIS 7.0 (2.7–17.7)‡ 2.4 (0.7–8.6)
DMS 6.2 (3.0–12.9)‡ 4.8 (1.9–12.5)‡

Data are RR (95% CI). n � 550. *Adjusted for age in 5-year strata. †Adjusted for age in 5-year strata, not
married, living alone, hypertension, obesity (BMI �30 kg/m2), smoking, alcohol use, snoring, and depres-
sion. ‡Significant (P � 0.05) RRs risks. DIS, difficulties initiating sleep; DMS, difficulties maintaining sleep.
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were encouraged to make lifestyle
changes, including diet and physical ac-
tivity, and these could most likely have
resulted in weight loss among those in
whom diabetes was diagnosed. Living
alone predicted new diabetes in men. So-
cial isolation has previously been found to
be related to morbidity and mortality
(42).

Reporting difficulties maintaining
sleep or sleep duration of �5 h increased
the risk of new diabetes in men. Men with
new diabetes reported shorter sleep time
and lower SSI at baseline than men who
did not develop diabetes. Of 38 men with
sleep time �5 h only 3 reported sleep
need of �5 h. None of these three men
developed diabetes, indicating that all
men reporting sleep time �5 h with fu-
ture diabetes had insufficient sleep.

We found no relationship between
sleep variables and future diabetes in
women. A lower risk for physical morbid-
ity and mortality related to sleeping diffi-
culties in women has been shown in other
epidemiological surveys (2,43). Several
theories of sex differences in conse-
quences of insomnia have been pre-
sented. There are biological differences
including genetics and sexual hormones
that affect sleep. Differences between men
and women in the perception and evalu-
ation of symptoms and symptom-
reporting behavior have been found, and
sex differences in stress and reaction to
stress have been reported (44). In the
present study, an association between
sleep disturbances and incident diabetes
was probably easier to demonstrate in
men because of the higher incidence of
diabetes in men. Furthermore, there was a
lower prevalence of sleep problems in
men. Difficulties initiating sleep in
women were associated with nonre-
sponse, which might have lead to an un-
derestimation of this as a risk factor for
future diabetes. Results from the Nurses
Health Study revealed that short (�5 h)
and long (�9 h) sleep in women were
associated with future diabetes, but after
controlling for confounders the associa-
tion remained significant only for long
sleepers (17). In this study, women devel-
oping diabetes reported long sleep at
baseline more often, and in multivariate
analyses including BMI the relative risk was
2.9, but the risk did not reach significance.

The most common and detrimental
complication of diabetes is cardiovascular
disease. Previously we have demonstrated
that difficulties initiating sleep are predic-
tive of death from coronary artery disease

in men (45). The result of this study pro-
vides additional evidence linking dis-
turbed or shortened sleep to long-term
adverse health effects in men.
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2. Hyyppä MT, Kronholm E: Quality of
sleep and chronic illnesses. J Clin Epidemi-
ology 42:633–638, 1989

3. Sridhar GR, Madhu K: Prevalence of sleep
disturbance in diabetes mellitus. Diabetes
Res Clin Pract 23:183–186, 1994

4. Resnick HE, Redline S, Shahar E, Gilpin
A, Newman A, Walter R, Ewy GA,
Howard BV, Punjabi NM: Diabetes and
sleep disturbances. Diabetes Care 26:702–
709, 2003

5. Lamond N, Tiggemann M, Dawson D:
Factors predicting sleep disruption in
type II diabetes. Sleep 1:415–416, 2000

6. Pavlova M, Berg O, Gleason R, Walker F,
Roberts S, Regestein Q: Self-reported hy-
perarousal traits among insomnia pa-
tients. J Psychosom Res 51:435–441, 2001

7. Broman JE, Hetta J: Electrodermal activity
in patients with persistent insomnia. J
Sleep Res 3:165–170, 1994

8. Shaver JL, Johnston SK, Lentz MJ, Landis
CA: Stress exposure, psychological stress,
and physiological stress activation in
midlife women with insomnia. Psychosom
Med 64:793–802, 2002

9. Bonnet MH, Arand DL: Hyperarousal and
insomnia. Sleep Med Rev 1:97–108, 1997

10. Bonnet MH, Arand DL: Heart rate vari-
ability in insomniacs and matched normal
sleepers. Psychosom Med 60:610–615,
1998

11. Bonnet MH, Arand DL: Activity, arousal
and the MSLT in patients with insomnia.
Sleep 23:205–212, 2000

12. Davidson LM, Fleming R, Baum A:
Chronic stress, catecholamines, and sleep
disturbance at Three Mile Island. J Hum
Stress 13:75–83, 1987

13. Rosa RR, Bonnet MH: Reported chronic
insomnia is independent of poor sleep as
measured by electroencephalography.
Psychosom Med 62:474–482, 2000

14. Spiegel K, Leproult R, Van Cauter E: Im-
pact of sleep debt on metabolic and endo-
crine function. Lancet 354:1435–1439,
1999

15. Meigs JB: Epidemiology of the metabolic
syndrome, 2002. Am J Manag Care 8
(Suppl.):S283–S292, 2002
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