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OBJECTIVE — Sleep deprivation in healthy men has been experimentally found to result in
disturbances in glucose metabolism and in sympathovagal imbalance. The aim of the present
study was to investigate whether sleep disturbances and elevated resting heart rate are associated
with increased risk of developing diabetes.

RESEARCH DESIGN AND METHODS — A group of 6,599 initially healthy, nondia-
betic men aged 44.5 = 4.0 years took part in a prospective, population-based study in Malmo,
Sweden. The incidence of diabetes during a mean follow-up of 14.8 = 2.4 years was examined
in relation to self-reported difficulties in falling asleep and resting heart rate at baseline. Diabetes
was assessed at follow-up in all subjects by questionnaire and in a subgroup of 1,551 men by
blood glucose measurement.

RESULTS — A total of 615 (9.3%) subjects reported either difficulties in falling asleep or
regular use of hypnotics (seen as markers of sleep disturbances), and 158 (2.4%) subjects
reported both of these. Altogether, 281 (4.3%) of the men developed diabetes during the
follow-up period. Logistic regression models showed difficulties in falling asleep or regular use
of hypnotics (odds ratio [OR] 1.52 [95% CI 1.05-2.20]) and resting heart rate (OR per 10 bpm
1.13 [0.99-1.30]) to be associated with development of diabetes when full adjustments were
made for baseline age, biological risk factors, lifestyle, family history of diabetes, and social class.

CONCLUSIONS — The results suggest that sleep disturbances and, possibly, elevated rest-
ing heart rate, in middle-aged men, are associated with an increased risk of diabetes.

Diabetes Care 27:2464-2469, 2004

leep problems are common in the
adult population according to sev-
eral epidemiological studies (1), as
the amounts of hypnotics prescribed re-
flect as well (2). Although long-term sleep
loss is often secondary to somatic or psy-
chiatric illness (3), it appears that insom-
nia may also play a more central role in
the pathogenesis of somatic illness and
metabolic dysregulation (4).
Divergent sleep duration, either ex-
cessively long or excessively short, has
been shown (5), together with self-

reported poor sleep quality (6), to be a
predictor of overall mortality. Sleep dis-
turbances are associated with increased
levels of cardiovascular risk factors and
coronary artery disease mortality (7,8).
The sleep cycle is closely related to endo-
crine and metabolic functioning and to
sympathovagal balance, with sleep depri-
vation having negative consequences for
these systems. Sleep disturbances are as-
sociated with an increased concentration
of cortisol and such indicators of in-
creased sympathetic activity as elevations
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in pulse rate, body temperature, and epi-
nephrine secretion (9,10). Experimen-
tally, sleep deprivation has been shown to
negatively affect glucose metabolism and
to enhance variables associated with type
2 diabetes (11). An elevated heart rate is a
risk marker for cardiovascular disease and
may, like sleep problems, reflect in-
creased psychosocial stress.

A clinical study has shown sleep dis-
orders to be much more common in pa-
tients with diabetes than in control
subjects (12). Studies of the obstructive
sleep apnea (OSA) syndrome have indi-
cated it to be associated with both insulin
resistance and type 2 diabetes, with the
causality being unclear, but it has been
proposed that they are independently as-
sociated with it (13,14).

The aim of the present study was to
investigate, in a large sample of middle-
aged urban men taken from a prospective
population-based study, to what extent
sleep disturbances and increased resting
heart rate, both of which are established
cardiovascular risk markers, are also in-
dependently associated with the risk of
diabetes.

RESEARCH DESIGN AND

METHODS — All subjects had partic-
ipated originally in the Malmo Preventive
Project (MPP) (15,16), which was carried
out at the Department of Medicine of
Malm¢ University Hospital. A total of
22,444 men born between 1921 and
1949 and recruited from 1974 to 1984
(age range when first tested 35-51 years),
constituting 70-75% of the total male
population in these birth cohorts within
the city of Malmo (85% born in Sweden,
99% Caucasian), were included in that
project. A follow-up of a subgroup of
these men was conducted in 1994-1996
in another screening investigation called
the Malmo Diet and Cancer (MDC) study
(17). The mean time between initial test-
ing and this follow-up was 15 years (range
7-22). The primary aim of the original
project, the methodology and general re-
sults of which have been described earlier
(15,16), had been to find high-risk indi-
viduals for preventive interventions di-
rected at cardiovascular disease, diabetes,
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and overconsumption of alcohol. The
MDC project thereafter, encompassing
6,851 subjects from the MPP project, all
with fasting glucose measurements, in-
volved an individual health examination,
use of a questionnaire, and screening for
cardiovascular risk factors (17).

The present study concerned all of
those in this latter group, except for 252
men who were excluded either because
of having had diabetes at baseline, which
was defined as blood glucose =6.1
mmol/l, or on the basis of their question-
naire results at follow-up (n = 44). The
6,599 men who remained and constituted
the present study group had a mean age at
baseline of 44.5 * 4.0 years and were fol-
lowed up after an average period of
14.8 £ 2.4 years (median 14.7 years).

Physical examination at baseline
screening

During the baseline screening period for
the MPP study of 1974-1984, partici-
pants were given a physical examination
by a trained nurse, and their weight in
light indoor clothing and height were
measured, which allowed their BMI to be
calculated. Blood pressure and heart rate
were measured twice in the supine posi-
tion after 10 min of rest, using a sphyg-
momanometer of modifiable cuff width
and a chronometer, and the mean of the
two measurements were recorded (7). At
follow-up, BMI was determined again,
and changes from baseline were de-
scribed in terms of A — BML

Laboratory investigations at baseline
screening

Blood was sampled at screening after an
overnight fast; fasting blood glucose and
plasma insulin were analyzed by the
methods routinely used at the Depart-
ment of Clinical Chemistry at Malmo Uni-
versity Hospital. Diabetes was diagnosed
at baseline if there was a positive medical
history of it and/or there was a single fast-
ing whole-blood glucose value =6.1
mmol/l, which was in line with the 1998
World Health Organization definition
(18). A 2-h oral glucose tolerance test
(OGTT) (glucose load 30 g/m2 body sur-
face area) was performed on a random
sample of 4,453 of the original subjects;
the 224 men who later developed diabe-
tes were among these. Information on
OGTT and insulin levels at baseline was
available for 2,096 of the men at screen-
ing; 101 of whom later developed diabe-

tes. The overall prevalence of diabetes in
Sweden is 2-5% in the adult population,
varying in different regions of the coun-

try.

Questionnaire results at baseline
and at follow-up

A self-administered structured question-
naire was used at follow-up to assess
smoking habits, physical activity, history
of hypertension, sleeping problems, and
use (yes/no) of medications (7,15).

Smoking was defined as self-reported
daily smoking. Only 4.2% of the men re-
ported regular use of smokeless tobacco.

A questionnaire used at baseline con-
sidered two categories of physical activity
(sedentary or not). At follow-up, a ques-
tionnaire adapted from the Minnesota
Leisure Physical Activity Questionnaire
and used in Malmo previously (19) was
used. It contained questions concerning
18 different physical activities that dif-
fered for the four seasons of the year. The
overall leisure time physical activity score
obtained was used as a continuous vari-
able (19).

Social class was retrieved by data link-
age with the Swedish Population Cen-
suses conducted in 1980 and 1985.
Manual and low-level nonmanual work-
ers as well as early retirees were catego-
rized as “low social class.” Medium- and
high-level nonmanual workers, self-
employed individuals, and farmers (n =
19) were categorized as “high social class”
(20).

Alcohol consumption was assessed at
follow-up. A menu book was used to pro-
spectively record the intake of alcoholic
beverages during 7 consecutive days (21).
Alcohol consumption (grams/week) was
log transformed due to its skewed distri-
bution.

Sleep disturbances were coded for an-
swers to two questions concerning sepa-
rate aspects of insomnia. The results were
coded as either, both, or neither for 1) “Do
you have difficulties in falling asleep (yes/
no)” and 2) “Do you generally use sleep-
ing pills more than three times a week
(yes/no).”

Follow-up of diabetes prevalence at
rescreening

At follow-up, diabetes was assessed in all
subjects by questionnaire and in a sub-
group of 1,551 subjects (22) by fasting
blood glucose measurement. Diabetes
was identified on the basis of whole blood
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glucose =6.1 mmol/l, use of antidiabetes
drugs, or self-report of diabetes provided
in the follow-up questionnaire.

Statistical analysis

Statistical analysis made use of SPSS (ver-
sion 8.0, 1997). ANOVA (with age-
adjusted P values) was used for group
comparisons involving numerical data,
and Pearson’s x* was used for testing pro-
portions. Logistic regression was used to
estimate odds ratios (ORs, 95% CI) for
sleep disturbances and risk of future dia-
betes. Adjustments in the statistical anal-
yses were made for age (with use of
logistic regression analysis), BMI at
screening, change (A) in BMI until follow-
up, fasting blood glucose at baseline,
length of the period to the follow-up,
physical activity at screening and at fol-
low-up, smoking, alcohol habits, family
history of diabetes, and social class at
baseline. Prediction of diabetes involved
use of sleep variables for 6,549 subjects
and heart rate for 6,510 subjects in a mul-
tivariate analysis. P < 0.05 was consid-
ered significant. Data analyses based on
register linkages between the MPP and
MDC studies were approved by the Ethi-
cal Committee of the Medical Faculty of
the University of Lund.

RESULTS

Baseline findings

At baseline, 615 (9.3%) subjects declared
either having problems falling asleep or
using hypnotics regularly, and 158
(2.4%) subjects reported both types of
sleep disturbances. There were no statis-
tically significant age-adjusted, between-
group differences in mean BMI, fasting
blood glucose, or resting heart rate, but
significant differences in lifestyle vari-
ables (smoking, physical inactivity) and
social class were obtained (Table 1).

Prevalence of diabetes at follow-up

At follow-up, 281 (4.3%) subjects had de-
veloped diabetes, 166 (2.5%) of these
subjects provided self-reports of diabetes
or use of antidiabetes medication. There
was an overrepresentation of patients
who had developed diabetes among those
patients who had reported difficulties in
falling asleep or regular use of hypnotics
(15.3%) as compared with those to whom
this did not apply (9.1%, P < 0.005) and
also among those reporting both types of
sleep-related problems (4.6%) as com-
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Sleep disturbances and risk of diabetes

Table 1—Baseline and 15-year follow-up data on clinical characteristics of initially nondiabetic men and incidence of diabetes in relation to
self-report of difficulty in falling asleep and regular use of hypnotics

Difficulty falling
Neither type of asleep or regular use Both types of sleep Whole study
sleep disturbance of hypnotics disturbance sample
n 5,826 615 158 6,599
At baseline
Age (years) 443 =41 46.2 = 2.78 46.3 £ 2.58 445+ 40
Systolic blood pressure (mmHg) 125.7 = 13.7 126.6 £ 155 1264 = 14.4 125.8 £ 139
Diastolic blood pressure (mmHg) 85.0+9.2 86.1 = 10.0 86.4 = 10.0 85.1 9.3
Use of antihypertensive medication (%) 28 5.7 5.7 32
Heart rate (bpm) 69.3 = 10.4 69.7 = 10.5 69.5 = 10.8 69.4 = 10.4
Fasting whole blood glucose (mmol/1) 48+ 05 47*05 4.7x05 4805
BMI (kg/mz) 245 %30 246 =31 242 £ 31 245+ 30
Current smoker (%) 40.5 53.28 57.68 42.1
Use of smokeless tobacco (%)* 2.5 3.4 5.l|| 2.7
Low physical activity (%) 48.2 61.58 57.61 49.7
Social class
Nonmanual worker (%) 44.1 36.98 32.9 43.1
Manual worker (%) 52.4 56.4 53.2 52.8
Other classifications (%) 3.5 6.78 13.98 4.1
Diabetes heredity (%) 11.9 12.7 14.6 12.0
Follow-up
Follow-up time (years) 147 £ 2.4 152 £25 151 2.5 148 £ 2.4
Change in BMI from baseline (kg/mz) 1.78 = 1.88 1.90 = 2.149 2.01 £2.209 1.80 = 1.91
Low physical activity (%) 25.0 254 259 25.1
Diabetes at follow-up (%) 3.9 7.07 8.29 43
HbA, . (%)F 487 £0.71 5.11 = 0.938 4.80 = 0.44 489 +0.73

Data are means = SD or proportions. *Based on 4,229 men, a positive family history of diabetes in first-degree relatives; ¥based on 1,549 men, e.g., 1,362, 148,
and 39 men in respective category; §P < 0.001; [P < 0.01; 9P < 0.05; P values indicate significant age-adjusted (except for age) differences from the reference group,

e.g., with neither type of sleep disturbance.

pared with those reporting neither type
(2.3%, P < 0.034) (Table 2). Thus, sleep
disturbances at baseline were associated
with a higher prevalence of diabetes at
follow-up.

There was an age-adjusted, statisti-
cally significant difference in resting heart
rate at baseline between the men who
later developed diabetes (heart rate
72.1 = 11.4 bpm) and those who did not
(heart rate 69.2 = 10.3 bpm) (P <
0.001). Other variables showing a signif-
icant difference between groups with and
without having developed diabetes were
age, BMI at screening, BMI increase dur-
ing follow-up time, fasting glucose, blood
pressure, use of antihypertensive medica-
tion, family history of diabetes (heredity),
current smoking, and social class (Table
2).

Independent predictors of diabetes
at follow-up

A multivariate analysis of sleep distur-
bances and diabetes, involving full adjust-

ments for age, BMI at screening, changes
in BMI until follow-up, blood glucose at
baseline, follow-up time, physical activity
at both screening and follow-up, family
history of diabetes, smoking, social class,
and alcohol intake, likewise revealed a
significant relationship between indica-
tors of sleep disturbance and appearance
of diabetes at follow-up. Difficulties in
falling asleep or regular use of hypnotics
showed an OR for future diabetes of 1.52
(95% CI 1.05-2.20), and the presence of
both sleep disturbances showed an OR of
1.78 (0.96-3.32). Resting heart rate, ad-
justed for confounding factors, provided
a less-than-significant (P = 0.068) pre-
diction of risk of future diabetes, with an
OR of 1.13 (0.99-1.30) (Table 2).

Subgroup-analysis 1: group with
fasting blood glucose at follow-up

In the 1,551-subject group for which
blood glucose measurements were made,
the differences between those with fasting

blood glucose at follow-up and those
without were small with respect to age
(44.9 vs. 44.4 years), BMI (26.2 vs. 26.3
kg/m?), and fasting blood glucose at base-
line (4.8 vs. 4.8 mmol/l). The two groups
were also similar in the proportions with
and without self-reported diabetes at fol-
low-up. In addition, the associations be-
tween sleep disturbances and diabetes as
revealed by blood glucose level were vir-
tually the same in this group as in the
larger group.

Difficulties in falling asleep showed
an OR for developing diabetes of 1.67
(95% CI 1.001-2.79) (P < 0.05), and
regular use of hypnotics showed an OR of
2.01 (1.01-3.99). The multivariate-
adjusted relationships were largely the
same for self-reported diabetes as for that
shown by use of antidiabetes drugs, re-
gardless of the blood glucose level (diffi-
culties in falling asleep having an OR of
1.7 [1.1-2.6] and regular use of sleeping
pills an OR of 1.7 [0.91-3.2]).
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Table 2—Baseline characteristics and predictors (OR with 95% CI) of the incidence of diabetes during a 15-year follow-up period

Characteristic Incident diabetes Univariate Multivariate logistic regression
age-adjusted
No Yes P value OR (95% CI) P
n 6,318 281 — — —
Sleep disturbances

None (%) 88.7 80.1 <0.001 Reference —

Difficulty falling asleep or regular use 9.1 153 0.005 1.52 (1.05-2.20) 0.025

of hypnotics (%)

Both types of sleep disturbance (%) 2.3 4.6 0.034 1.78 (0.96-3.32)* 0.070
Age (years) 445+ 4.1 459 *33 <0.001 1.11 (1.07-1.17) <0.001
Systolic blood pressure (mmHg) 1255 £ 13.7 131.8 = 16.7 <0.001 1.06 (0.94-1.20)F 0.317
Diastolic blood pressure (mmHg) 849902 89.6 = 10.8 <0.001 —_ —
Use of antihypertensive medication (%) 2.9 8.2 <0.001 1.58 (0.95-2.61) 0.077
Fasting whole blood glucose (mmol/l) 48 0.5 51*05 <0.001 1.72 (1.49-1.99)+ <0.001
Heart rate (bpm) 69.2 £ 103 72.1+114 <0.001 1.13 (0.99-1.30)% 0.068
BMI (kg/mz) 244 *£30 269 =35 <0.001 1.21(1.17-1.26) <0.001
Change in BMI from baseline (kg/mz) 1.82 = 1.88 1.48 = 2.60 0.015 0.99 (0.93-1.05) 0.986
Follow-up time (years) 152 24 14824 0.561 1.03 (0.96-1.09) 0.433
Diabetes heredity (%) 115 23.5 <0.001 2.05 (1.50-2.80) <0.001
Current smoker (%) 41.0 52.0 <0.001 1.87 (1.44-2.42) <0.001
Use smokeless tobacco (%) 2.7 2.8 0.266 — —
Low physical activity (%) 49.4 55.5 0.126 0.97 (0.75-1.25) 0.801
Social class

Nonmanual worker (%) 43.6 32.7 <0.001 Reference —

Manual worker (%) 52.6 58.4 0.054 1.37 (1.04-1.80) 0.025

Other classifications (%) 3.8 8.9 <0.001 2.63 (1.58-4.37) <0.001

Data are means * SD or proportions unless otherwise indicated. Results are from univariate and multivariate logistic regression analysis of predictors. Fasting blood
glucose was log transformed in the multivariate analysis due to its skewed distribution. ORs are given for increase per unit. Diastolic blood pressure and use of
smokeless tobacco were not included in the multivariate model. *P for trend 0.007; TOR for systolic blood pressure and log fasting blood glucose are given per SD
increase, e.g., 13.7 mmHg and 0.107 mmol/l, respectively; ¥OR for heart rate is given per increase of 10 beats/min.

Subgroup-analysis 2: after exclusion
of OGTT-defined diabetes at
baseline

To exclude the possibility of a confound-
ing effect based on preexisting glucose in-
tolerance at baseline not being revealed by
fasting blood glucose alone, a further sub-
group analysis was made in which all sub-
jects with a baseline 2-h blood glucose
(post-OGTT) level =10 mmol/l were ex-
cluded. A total of 4,453 subjects were an-
alyzed, including 224 with future
diabetes. Both sleep variables provided
significant predictions of diabetes when
adjusted for potential confounders. Diffi-
culties in falling asleep showed an OR of
1.62 (95% CI1.11-2.38) and regular use
of hypnotics an OR of 1.94 (1.18-3.19).
Heart rate also provided significant pre-
dictions, showing an OR of 1.22 (1.06-
1.41). To exclude the possibility that use
of hypnotic drugs alone could explain the
results, a subgroup analysis was made in
which subjects (n = 158) with both diffi-
culties in falling asleep and regular use of
hypnotics were excluded. Here too, diffi-

culties in falling asleep could significantly
predict the incidence of type 2 diabetes,
showing an OR of 1.61 (1.07-2.42).

Subgroup-analysis 3: adjustment for

baseline fasting insulin

A final analysis involved adjustment for
the baseline fasting insulin level in the
group with 2-h OGTT glucose value <10
mmol/l. The associations were statistically
significant for both the sleep variables but
not for heart rate. The men with difficul-
ties in falling asleep showed an OR of 1.77
(1.00-3.12), those with regular use of
hypnotics an OR of 2.37 (1.13-4.94),
and those with an elevated heart rate OR
0f 1.17 (0.94-1.47).

CONCLUSIONS — This long-term
study supports the hypothesis, based on
earlier experimental research, that sleep
problems are associated with alterations
in metabolic variables, with glucose intol-
erance, and with type 2 diabetes
(11,12,23). At the same time, our study
expands the earlier findings by showing

that sleep disturbances are able to predict
future diabetes in middle-aged men. Dif-
ficulties in falling asleep, regular use of
hypnotics, and elevated resting heart rate
at baseline were each found to be associ-
ated with future risk of diabetes. Because
these variables remained statistically sig-
nificant when adjusted for potential con-
founders (Table 2), with heart rate of
borderline significance, they may repre-
sent separate pathways for neuroendo-
crine activation, as previously discussed
in connection with the MPP project (7).
There are obvious limitations to our
study. Our conclusions regarding sleep
problems are based on self-reports for
which we have no objective validation,
such as by sleep laboratory recordings.
Although diabetes was assessed at base-
line on the basis not only of self-reports
but also of fasting blood glucose levels
and in most cases of OGTT as well, it was
usually assessed at follow-up on the basis
of self-reports. Nevertheless, the results at
follow-up for the subgroup of 1,551 men
for whom objective information on the
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Sleep disturbances and risk of diabetes

fasting blood glucose levels was available
were similar. It could be asked whether
reverse causation could explain the re-
sults through impaired glucose metabo-
lism at baseline causing difficulties in
falling asleep. However, because in the
group with normal OGTT levels the re-
sults were similar after adjustments for in-
sulin level had been made, reverse
causation appears an unlikely explana-
tion. Also, because at baseline we did not
have OGTT results for all of the subjects,
we may well have underestimated the true
number of patients with diabetes on the
basis of the 2-h glucose level criterion.
Although previous studies have
shown there to be an association between
OSA and changes in metabolism, such as
insulin resistance and concomitant glu-
cose intolerance (24,25), and we were un-
able to identify individuals with OSA, the
possibility of such an association influ-
encing the results cannot be excluded.
However, it appears unlikely that individ-
uals with OSA would report difficulties in
falling asleep because, instead, their prob-
lem is that of disturbed sleep patterns.
Our study, like a similar but smaller
study in Japan (26), concerns middle-
aged men. Although the results obviously
cannot be generalized to women, it was
recently shown in a study of 70,026 fe-
male nurses, in which the methodology
for classifying diabetes outcome was sim-
ilar to ours, that both short and long sleep
duration were able to predict diabetes
(27). A sex-comparative study would be
of considerable interest because it has
been shown that a high percentage of
women report sleep disturbances (28).
Because it is known that depression,
both diagnosed and subclinical, is associ-
ated both with insomnia (29) and with
the risk of diabetes (30), there may be
certain difficulties in separating the effects
of insomnia per se from those of mild un-
diagnosed depression.
An elevated heart rate is known to be
a marker of sympathetic nervous activa-
tion (SNA) (31), which in turn has been
shown to influence insulin resistance and,
thus, abnormalities in metabolism (32).
Insomnia has also been found to be asso-
ciated with a decrease in heart rate
variability, which is one aspect of sympa-
thovagal imbalance (10), and, in addition,
to be amarker of the normal aging process
(33). Thus, the findings of an elevated
heart rate at baseline in diabetes-prone
subjects could be a marker for the dys-

regulation of SNA, which can contribute
to the development of insulin resis-
tance—a risk factor for diabetes.

Sleep deprivation has been found to
be associated with an increased cortisol
concentration (11) and to have a stimula-
tory effect on the hypothalamopituitary
adrenal (HPA), axis (9). A hypothesis of
the neuroendocrine mediation of stress in
somatic disease through HPA stimula-
tion, and SNA has been proposed to ex-
plain the morbidity associated with stress
and depression (34). Sleep disturbances
may not only be a marker of psychosocial
stress but also represent a primary stres-
sor. Sleep disturbances could influence
these systems by hypothalamic activation,
e.g., through HPA and SNA, possibly
causing insulin resistance and increasing
the risk of type 2 diabetes (7). Chronic
low-grade inflammation, known to be as-
sociated with insomnia (35-37), risk of fu-
ture diabetes (38—40), and cardiovascular
morbidity (40,41), is another possible me-
diating mechanism. Inflammation has a
clear role in the development of diabetes
and cardiovascular disease (40), although
its relation to insomnia has yet to be inves-
tigated.

Not everyone with sleep problems re-
ports insomnia or seeks medical help
(42). The increasing social and occupa-
tional pressures of modern society have
resulted in a decrease in average sleeping
time. In western cultures, it has come to
be accepted that a large proportion of the
population is sleep deprived (43). This
can have detrimental effects on overall
health (4) as well as on specific morbidity.

In summary, sleep disturbances and
elevated resting heart rate in self-reported
healthy middle-aged men were found to
be predictive of diabetes at a 15-year fol-
low-up. It appears that impaired sleep
physiology can have serious long-term
health effects and increase the risk of
diabetes.
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