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Abstract Aims/hypothesis: To examine gender specific
associations between sleep disturbance and incident type 2
diabetes mellitus in a representative population sample in
Germany. Methods: The study was based on 4,140 men
and 4,129 women (aged 25–74 years) who participated in
one of the three MONICA Augsburg surveys between
1984 and 1995, and who were free of diabetes at baseline.
Incident cases of type 2 diabetes were assessed using a
follow-up questionnaire in 1998. Gender specific hazard
ratios were estimated from Cox proportional hazard models.
Results: A total of 119 cases of incident type 2 diabetes
among men and 69 among women were registered during
the mean follow-up period of 7.5 years. In both sexes,
difficulty maintaining sleep was associated with a higher
risk of type 2 diabetes. After adjustment for age, survey,
hypertension, dyslipidemia, parental history of diabetes,
history of angina pectoris, regular smoking, physical activity, alcohol intake, body mass index and education, the
hazard ratio in men was 1.60 (95% CI: 1.05–2.45) and the
hazard ratio in women was 1.98 (95% CI: 1.20–3.29). In
contrast, difficulty initiating sleep was not associated with a
significantly increased risk of developing type 2 diabetes
mellitus after multivariable adjustment in both sexes in the
present study. Conclusions/interpretation: Difficulty maintaining sleep was associated with an increased risk of type 2
diabetes in men and women from the general population.
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Although, the causal pathway is not entirely clear, it seems
that both insulin resistance and chronic low-grade systemic
inflammation may be involved.
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Introduction
Sleep quantity and quality are associated with mortality,
but also with an increased risk of cardiovascular morbidity
[1, 2]. A new and interesting aspect of sleep disturbance is
its impact on glucose metabolism and diabetes. Findings
from the Sleep Heart Health Study have shown that subjects with type 2 diabetes report more sleep problems than
non-diabetic subjects; however, it was not clear whether
central sleep disturbances may be caused by diabetes or
whether they may specifically relate to effects of diabetic
complications [3]. Other cross-sectional studies indicated
that habitual snoring and sleep apnoea, symptoms of a
group of disorders known as sleep-disordered breathing
are associated with abnormal fasting glucose and insulin
values independent of age and BMI [4, 5]. Also, prospective data from the Nurses Health Study [6] and a
population-based Swedish study [7] showed that habitual
snoring is associated with more than a twofold risk of
developing type 2 diabetes mellitus over a 10-year period,
independent of BMI and other confounding variables.
Recently, in the Nurses Health Study it was shown that
sleeping less than 6 h was associated with a greater risk of
incident type 2 diabetes mellitus in women [8]. Since sleep
disorders are becoming increasingly common and are
affecting millions of people [9], an association between
sleep disorders and incident type 2 diabetes may have
great public health implications. In the present study, we
examined sleep disturbance in relation to risk for type 2
diabetes prospectively in a large cohort of men and women
from the general population.
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Materials and methods
The presented data were derived from the populationbased MONICA (Monitoring trends and determinants on
cardiovascular diseases) Augsburg (southern Germany)
studies conducted between 1984 and 1995. The MONICA
Augsburg project was part of the multinational WHO
MONICA project and the design of both projects has been
described in detail elsewhere [10, 11]. Three independent
cross-sectional surveys were carried out in the city of
Augsburg and the counties Augsburg and AichachFriedberg in 1984/1985, 1989/1990, and 1994/1995 to
estimate the prevalence and distribution of cardiovascular
risk factors among men and women. Altogether 13,428
persons (6,725 men, 6,703 women, response 77%) aged
25 to 74 years participated in at least one of the three
cross-sectional studies.
In 1998, vital status was assessed for all sampled persons
of the three MONICA surveys through the population
registries. In the meantime, 772 participants (531 men, 241
women) had died. Vital status could not be assessed for 56
persons (31 men, 25 women) who had moved to a foreign
country or to an unknown location. A questionnaire assessing the health status was mailed to the remaining 12,600
living persons (6,163 men, 6,437 women) with a known
address in 1998. A total of 8,548 subjects (4,210 men, 4,338
women) returned the questionnaire (total response rate
67.8%; response rate for men 68.3%, for women 67.4%).
All subjects who had died between baseline and follow-up
were also included in the analyses because their medical
records were searched for or their last treating physician was
asked for a diagnosis of type 2 diabetes mellitus (see the
section “Ascertainment of diabetes”).
Because sleep disturbance may be an early symptom of
diabetes, possibly predating its official diagnosis, for the
present analysis we excluded persons with a follow-up time
less than 2 years (n=242). Further, we excluded persons
with prevalent diabetes (n=405), subjects from whom no
information about diabetes status or no calendar year of
diagnosis of diabetes at follow-up was available (n=96),
and subjects with other types of diabetes than type 2
diabetes (n=5). Furthermore, we excluded all subjects with
incomplete data on all required factors (n=303). Finally,
the prospective analyses comprised 8,269 non-diabetic
MONICA participants (4,140 men and 4,129 women) aged
25–74 years.
All participants gave their informed consent and the
study was approved by the ethics committee of the Bavarian Medical Association.
Data collection Baseline information on sociodemographic variables, smoking habits, physical activity level,
medication use, parental history of disease, and alcohol
consumption were gathered by trained medical staff during
a standardised interview. In addition, all participants underwent an extensive standardised medical examination,
including the collection of a non-fasting blood sample. All
measurement procedures have been described elsewhere in
detail [10, 12]. Hypertension was defined as blood pressure

values ≥160/95 mmHg and/or use of antihypertensive
medication, given that the subjects were aware of being
hypertensive. Dyslipidaemia was defined as total cholesterol to high density cholesterol ratio ≥5.0. Participants
were classified as active during leisure time if they regularly
participated in sports in summer and winter and if they were
active for at least 1 h/week in either season. Two separate
three-category interview questions were asked concerning
the difficulty initiating sleep (“Did you have trouble falling
asleep?”) and the difficulty maintaining sleep (“Did you
wake up during the night?”). The subjects were classified
into one of two categories: low for those who indicated
“sometimes” and “almost never” and high for those who
indicated “often” in response to the questions.
Ascertainment of diabetes In the 1998 follow-up questionnaire, we inquired about a diagnosis of diabetes. Selfreported incident cases of diabetes mellitus and the date of
diagnosis were validated by hospital records or by contacting the proband’s treating physician. Furthermore, the
hospital records of those deceased during the follow-up
period without a diagnosis of type 2 diabetes mellitus at
baseline were also examined and/or their last treating
physicians were contacted. The records were searched for
or the doctors were asked for a history concerning diabetes
and if a person had suffered from diabetes, the type of
diabetes and the date of diagnosis were ascertained. If a
participant was not found in any of the medical records
and if no information from the last treating physician could
be obtained, the participant was excluded from analysis.
Statistical analyses The duration of the follow-up was
calculated as the interval between the baseline-examination and the diagnosis of type 2 diabetes mellitus, death, or
the date, when the 1998 questionnaire was completed. All
analyses were performed separately for male and female
subjects. Mean values or percentages of variables considered to be related to sleep disturbance or development
of diabetes were displayed by difficulty initiating sleep
and difficulty maintaining sleep. Statistical associations
between continuous variables were assessed by t-test. The
chi square test was used to examine associations between
categorical variables. To examine how the association of
sleep disturbance with incident type 2 diabetes mellitus
was affected by other factors, we computed different Cox
proportional hazards models. The first model included
sleep disturbance as the sole explanatory variable. The
second model included in addition age (continuous) and
survey. The third model included all previous factors plus
education (</≥12 years), and parental history of diabetes
(yes/no/unknown). In addition, the fourth model included
hypertension (yes/no), history of angina pectoris (yes/no),
dyslipidaemia (yes/no), physical activity (active/inactive),
smoking status (regular smoking, that is a subject who
smoked at least one cigarette per day at baseline, yes/no),
alcohol intake (non-drinkers (0 g/day), intake of 0.1–19.9
and ≥20 g/day for women and 0.1–39.9 and ≥40 g/day for
men, respectively). The fifth model included, in addition
to all previous factors, BMI (continuous). We controlled

237
Table 1 Means and prevalences (%) of baseline characteristics in 4,140 men and 4,129 women with and without difficulty initiating sleep
Men

Women

Difficulty initiating No difficulty initiating p
sleep (n=301)
sleep (n=3,839)

Difficulty initiating No difficulty initiating p
sleep (n=565)
sleep (n=3,564)

Age (years)
Obesity (BMI≥30 kg/m2)
(%)
Hypertension (%)
History of angina pectoris
(%)
Alcohol intake (%)
0 g/day
0.1–19.9 g/day (women),
0.1–39.9 g/day (men)
≥20 g/day (women),
≥40 g/day (men)
Regular smoking (%)
Dyslipidaemia (%)
Active during leisure time
(%)
Positive parental history of
diabetes (%)
Education<12 years (%)

51.5
20.9

47.2
16.1

<0.0001
0.0304

54.0
19.5

45.4
15.9

<0.0001
0.0353

25.6
8.3

22.0
3.0

0.1485
<0.0001

23.5
6.4

15.2
2.9

<0.0001
<0.0001

21.9
48.5

14.9
52.7

0.0053

41.2
40.2

39.6
40.0

0.5505

29.6

32.4

18.6

20.5

31.6
47.2
38.5

25.6
44.0
47.8

0.0234
0.2887
0.0019

14.0
23.7
33.8

17.0
14.9
43.5

0.0729
<0.0001
<0.0001

16.6

18.0

0.5525

19.5

20.9

0.4343

75.4

60.5

<0.0001

86.7

77.2

<0.0001

Table 2 Means and prevalences (%) of baseline characteristics in 4,140 men and 4,129 women with and without difficulty maintaining
sleep
Men

Women

Difficulty
maintaining sleep
(n=596)
Age (years)
Obesity (BMI≥30 kg/m2)
(%)
Hypertension (%)
History of angina pectoris
(%)
Alcohol intake (%)
0 g/day
0.1–19.9 g/day (women),
0.1–39.9 g/day (men)
≥20 g/day (women), ≥40
g/day (men)
Regular smoking (%)
Dyslipidaemia (%)
Active during leisure time
(%)
Positive parental history of
diabetes (%)
Education<12 years (%)

No difficulty
maintaining sleep
(n=3,544)

p

Difficulty
maintaining sleep
(n=786)

No difficulty
maintaining sleep
(n=3,343)

p

54.0
20.1

46.4
15.9

<0.0001
0.0092

53.9
19.3

44.8
15.7

<0.0001
0.0141

29.5
7.6

21.0
2.7

<0.0001
<0.0001

24.9
5.2

14.4
3.0

<0.0001
0.0017

17.8
50.8

15.0
52.7

0.2288

42.4
37.8

39.2
40.5

0.2374

31.4

32.3

19.9

20.3

20.5
47.5
43.5

27.0
43.7
47.8

0.0008
0.0860
0.0509

11.2
22.8
32.7

17.9
14.5
44.4

<0.0001
<0.0001
<0.0001

16.3

18.1

0.2707

20.9

20.7

0.9033

70.6

60.1

<0.0001

85.5

76.8

<0.0001
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Table 3 Gender-specific crude
incidence rates of type 2 diabetes mellitus by difficulty initiating and maintaining sleep
respectively

Men (n=4,140)
No. of incident cases
Person years (PY)
Crude incidence per 10,000 PY
Women (n=4,129)
No. of incident cases
Person years (PY)
Crude incidence per 10,000 PY

for all these factors, given that any of them can be associated with sleep disturbance and/or type 2 diabetes.
Results are presented as hazard ratios (HRs) and 95% CI.
Significance tests were two-tailed and p-values less than
0.05 are stated as statistically significant. All analyses were
performed using the Statistical Analysis System (Version
8.2, SAS Institute, Cary, NC, USA).

Results
In total, 119 incident cases of type 2 diabetes among men
and 69 among women were registered in the 25- to 74year-old study population between 1984 and 1998 (mean
follow-up period 7.5 years).
Tables 1 and 2 describe the baseline characteristics of
this population by difficulty initiating sleep and difficulty
maintaining sleep, respectively. Men and women with
difficulty initiating sleep or with difficulty maintaining
sleep were older, were more likely to be obese, to have a
history of hypertension and angina pectoris, to be regular
smokers, to have an education <12 years, and were less
likely to be active during leisure time. Women with difficulty initiating sleep respectively with difficulty maintaining sleep also had a higher prevalence of dyslipidaemia.
Table 3 describes the observed crude incidence rates of
type 2 diabetes mellitus by difficulty initiating and maintaining sleep, respectively. In all subgroups, the diabetes
incidence was higher in men than in women. The crude
incidence rate was 54.9/10,000 person years (PY) in men
with difficulty initiating sleep and 73.2/10,000 PY in men
with difficulty maintaining sleep; the corresponding values
for women were 40.4/10,000 PY and 49.5/10,000 PY,
respectively.
In Cox proportional hazards models (Table 4), the men
and women who reported a high frequency of difficulty
maintaining sleep had a significantly higher risk for type 2
diabetes mellitus compared with those who experienced a
low frequency of difficulty maintaining sleep (men: crude
HR 2.29, 95% CI=1.51–3.48; women: crude HR 3.24, 95%
CI=2.00–5.25). Adjustment for age and survey considerably attenuated the HRs for men (HR 1.63, 95% CI=1.07–
2.50) and women (HR 1.95, 95% CI=1.18–3.23). Further
adjustment for education, parental history of diabetes, and
other covariates (Model 3 and Model 4) only slightly
changed the HRs. Finally, further adjustment for BMI

Difficulty initiating sleep

Difficulty maintaining sleep

Yes

No

Yes

No

(n=301)
12
2,187
54.9
(n=565)
17
4,207
40.4

(n=3,839)
107
28,680
37.3
(n=3,564)
52
27,359
19.0

(n=596)
29
3,960
73.2
(n=786)
27
5,450
49.5

(n=3,544)
90
26,907
33.4
(n=3,343)
42
26,116
16.1

(Model 5) did not substantially alter the associations in men
(HR 1.60, 95% CI=1.05–2.45) and women (HR 1.98, 95%
CI=1.20–3.29). Difficulties initiating sleep were significantly associated with incident type 2 diabetes mellitus in
women (crude HR 2.15, 95% CI=1.24–3.71) but not in men
(crude HR 1.50, 95% CI=0.83–2.72). However, adjustment
for age and survey considerably attenuated the observed
HRs, which were no longer significant in women (HR
1.30, 95% CI=0.74–2.28). After multivariable adjustment,
the HR was 1.10 (95% CI=0.59–2.03) in men and 1.42
(95% CI=0.81–2.50) in women.
Because smoking may be linked to sleep-related disorders, we repeated the analyses after excluding all subjects who reported smoking regularly. After adjustment

Table 4 Gender-specific hazard ratios (HR) and 95% CI for
developing diabetes according to self-reported sleep disturbance at
baseline

Difficulty initiating sleep
Number of incident cases
Model 1
Model 2
Model 3
Model 4
Model 5
Difficulty maintaining sleep
Number of incident cases
Model 1
Model 2
Model 3
Model 4
Model 5

Men
HR (95% CI)

Women
HR (95% CI)

(n=301)
12
1.50 (0.83–2.72)
1.22 (0.67–2.23)
1.24 (0.68–2.26)
1.22 (0.66–2.23)
1.10 (0.59–2.03)
(n=596)
29
2.29 (1.51–3.48)
1.63 (1.07–2.50)
1.62 (1.06–2.48)
1.71 (1.12–2.63)
1.60 (1.05–2.45)

(n=565)
17
2.15 (1.24–3.71)
1.30 (0.74–2.28)
1.28 (0.73–2.24)
1.33 (0.76–2.34)
1.42 (0.81–2.50)
(n=786)
27
3.24 (2.00–5.25)
1.95 (1.18–3.23)
1.97 (1.20–3.24)
1.96 (1.19–3.23)
1.98 (1.20–3.29)

Model 1: unadjusted
Model 2: adjusted for age and survey
Model 3: adjusted for age, survey, education, and parental history of
diabetes
Model 4: adjusted for age, survey, education, parental history of
diabetes, regular smoking, alcohol intake, hypertension, physical
activity, dyslipidaemia, history of angina pectoris
Model 5: adjusted for age, survey, education, parental history of
diabetes, regular smoking, alcohol intake, hypertension, physical
activity, dyslipidaemia, history of angina pectoris, and body mass
index
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for age, survey, education, parental history of diabetes,
alcohol intake, hypertension, physical activity, dyslipidemia, history of angina pectoris, and body mass index a
high frequency of difficulty maintaining sleep remained
independently associated with type 2 diabetes mellitus in
men (HR 1.73, 95% CI=1.03–2.92) and women (HR 2.14,
95% CI=1.28–3.59). Also, the estimated HRs for the association between difficulty initiating sleep and type 2
diabetes became stronger. However, adjustment for age and
survey considerably attenuated the HRs and they were no
longer significant (data not shown).

Discussion
In this large cohort of men and women, drawn randomly
from the general population, we observed a significantly
positive association between difficulty maintaining sleep
and incident type 2 mellitus diabetes in men and women.
The association was independent of known risk factors for
type 2 diabetes. In contrast, trouble falling asleep was not
associated with a significantly increased risk of developing
type 2 diabetes mellitus in the present study.
The association between sleep-related disorders and
incident diabetes has been examined only in a few studies,
so far. In the Nurses’ Health Study including 69,852 US
female nurses aged 40–65 years 1,957 women were diagnosed with type 2 diabetes during a 10-year follow-up
period [6]. In multivariable analyses, snoring was associated with the risk of diabetes (for regular snoring versus
non-snoring, relative risk (RR=2.03, 95% CI=1.71–2.40).
Analyses stratified by BMI, smoking history, and parental
history of diabetes showed a consistent association between
snoring and diabetes within the categories of these variables. Furthermore, in a population-based Swedish study
2,668 men aged 30–69 years were followed up from 1984 to
1994 [7]. In that study 5.4% of the snorers developed
diabetes in comparison with only 2.4% of the non-snorers.
In a multiple logistic regression model, the odds ratio (OR)
for development of diabetes was higher in obese snorers
(OR 7.0, 95% CI=2.9–16.9) than in obese non-snorers (OR
5.1, 95% CI=2.7–9.5) after multivariable adjustment. In
agreement with the present results, a study conducted in a
group of Japanese male employees demonstrated a strong
positive association between difficulty maintaining sleep
and diabetes even after controlling for other factors relevant
to type 2 diabetes. In contrast to the present analysis, those
men who experienced a high frequency of difficulty initiating sleep also had a significantly higher risk of a later
onset of type 2 diabetes [13]. Recent results from the Nurses
Health Study showed that short sleep duration (<6 h) was
also associated with an increased risk of diabetes. This
association persisted even after adjustment for multiple
confounders. However, after controlling for body mass
index, the association was strongly attenuated and no longer
significant [8].
Habitual snoring and sleep apnoea, both parts of a spectrum
of sleep-related breathing disorders, are associated with abnormal fasting glucose and insulin resistance [5, 14]. How-

ever, there is an emerging body of literature showing that sleep
itself, independent of snoring and sleep apnoea, is important
in glucose and insulin regulation [9, 15]. Spiegel et al. [9]
demonstrated that sleep restriction in healthy subjects causes
higher fasting glucose levels and decreased insulin sensitivity.
Until now, the mechanism behind the positive association
between sleep restriction and fragmentation and type 2 diabetes is not entirely clear. There is evidence that sleep disorders
are associated with an increase in sympathetic activity [16, 17].
Sympathetic hyperactivity can alter glucose homeostasis and
induce insulin resistance by increasing glycogen breakdown
and gluconeogenesis. Further predisposition toward the insulin-resistant state in persons with sleep disorders might
occur through their effects on the adrenal axis with consequent
elevations in serum cortisol [9, 18, 19]. Repetitive cycles of
intermittent hypoxaemia that are followed by reoxygenation
may also trigger the formation of reactive oxygen species [20]
that can, in turn, elicit the release of inflammatory cytokines,
such as TNFa and interleukin-6 (IL-6) [21]. Recent research
has also demonstrated that sleep loss resulted in elevated
high-sensitivity C-reactive protein concentrations, a stable
marker of inflammation that has been shown to be associated
with the syndrome of insulin resistance [22]. Thus, sleep
disorders would seem to enhance inflammatory responses
that could, in the long run, contribute to the development of
type 2 diabetes mellitus [23].
One interpretation of the present findings is that the
effects of sleep disturbance are partly explained by lifestyle
factors. It is well known, that sleep apnoea and habitual
snoring are closely linked to the cluster of cardiovascular
risk factors known as “syndrome X” and the converse is
also likely [24, 25]. Lifestyle factors like obesity, smoking,
and physical inactivity are related to both cardiovascular
disease risk and sleep-related disorders. Therefore, confounding by lifestyle factors was a major concern with
regard to our analyses. Thus, we carried out a stepwise
regression analysis for all covariates. Adjustment for a
variety of confounders did not substantially change the
observed significant association between difficulty maintaining sleep and type 2 diabetes mellitus. However, the
associations observed in this study could be due to a
confounding by unmeasured variables. Because the relationship remained significant even after adjustment for
smoking, physical activity and the main confounding factor
BMI, we assume that residual confounding is unlikely to
explain the observed association.
The MONICA/KORA Augsburg Study has several limitations that need to be considered. One potential weakness
of the study was the low number of incident cases of type 2
diabetes. Hence, stratified analyses could not be performed
in the present investigation. Furthermore, it is likely that the
group of non-diabetic persons may include subjects with
undetected diabetes mellitus. This implies that the observed
hazard ratios in the present study may underestimate the
effect of sleep disturbance on total diabetes incidence. The
possibility of reverse causation could not be ruled out either.
Sleep disturbance may be an early symptom of diabetes,
possibly predating its official diagnosis. For the present
analysis we excluded persons with a follow-up time less
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than 2 years to minimise such bias. A further limitation is
that the questions used were not related to a defined timeframe. Because the questions about sleep were not repeated
in the follow-up questionnaire, no information about the
concordance with the baseline data was available. Furthermore, we did not measure habitual snoring or sleep apnoea.
Therefore, we were not able to distinguish, whether the
observed associations in the present study could be due to
habitual snoring, sleep debt or both. Moreover, other reasons
of waking up at night, for example, noisy neighborhoods,
mood or social problems were not ascertained and could
therefore have biased the present findings. In addition, the
follow-up was not complete for all participants of the
original study who were still alive in 1998, which might have
introduced a selection bias. Since diabetic patients have an
increased risk of dying of a cardiovascular disease [26, 27]
they could also be lost by selective mortality during followup. Because the follow-up rate of our study was 68%,
response bias cannot be excluded. The strengths of the
MONICA/KORA Augsburg Cohort Study are primarily its
prospective design, the representativeness of the cohort,
based on a random sample of the general population and
the availability of data on lifestyle and multiple cardiovascular risk factors. Furthermore, in contrast to most other
prospective studies of this kind in which diagnosis of diabetes
was based upon self-report, diabetes diagnosis in the present
study was based on physician-validated diagnosis of type 2
diabetes.
In conclusion, the present study suggests that sleep
disturbance, particularly difficulty maintaining sleep, is
associated with an increased risk of type 2 diabetes in men
and women from the general population. Disturbances of
sleep have effects on endocrinology, immunology and
metabolism, changes that may be linked to the development
of type 2 diabetes. So far, the causal pathway is not entirely
clear. It seems that both insulin resistance and chronic lowgrade systemic inflammation may be involved. Further
studies are needed to investigate the biological mechanisms
underlying this association.
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