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Objective: to study the effect of sleep duration on the 16-year risk of developing type 2 diabetes mellitus (DM) in an open population of men aged
45—64 years living in Novosibirsk.

Patients and methods. In 2003—2005 during the IV screening (HAPIEE project), a representative sample of men aged 45—69 years (n=781;
mean age — 56.48+0.2 years, response rate — 61%) was examined. A standard clinical and epidemiological examination was carried out: sleep
duration was assessed using the Jenkins scale, the level of state-trait anxiety (STA) — using the Spielberger self-assessment scale, depression,
life exhaustion, family and workplace stress — with MONICA-MOPSY scales. Social support was assessed with Berkman—Syme Social Network
Index. The cohort was followed up for 16 years.

Results and discussion. In the studied population of men aged 45—64 years, the most common sleep duration was 7 hours (44.7%), in second place —
8 hours of sleep (27.6%), in third place — 6 hours of sleep (16.4%). Among people with newly diagnosed DM, 7-hour sleep prevailed — 39.2%,
6- and 8-hour sleep — 25.3% each (3=7.774; df=5; p>0.05). In men with 5—6 hours of sleep, compared with men sleeping for 7—8 hours,
we found a 1.72-fold increased 16-year risk of developing diabetes (95% CI 1.066—2.776; p<0.05), and in men aged 45—54 years — a 1.868-
Jold increase (95% CI 1.089—3.927; p<0.05). In the Cox-proportional multivariate model, an independent effect on the diabetes risk was
observed for: 5—6 hours of sleep at night: hazard ratio (HR) 1.561 (95% CI 1.063—2.83; p<0.001), depression (HR 1.767; 95% CI 1.058—2.952;
p<0.05), life exhaustion (HR 1.511; 95% CI 1.266—2.984; p<0.05), and low and medium-1 SNI (HR 1.956, 95% CI 1.074—3.560; p<0.05).
Conclusion. Short and very short sleep duration could be defined as a major risk factor of DM.
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According to the International Diabetes Federation, the
estimated number of patients with diabetes mellitus is about 6%
of the world adult population; by 2025 the number of patients
with diabetes mellitus will double, and by 2035 it will increase up
to 592 million [1]. Given its significant burden, it is necessary to
identify modifiable lifestyle factors associated with a lower risk of
diabetes [2].

Sleep is a biological behavior phenomenon that is regulated
by circadian, homeostatic and neurohormonal processes [3]. In
the past few years, suboptimal sleep duration, especially short
sleep (6 hours) and very short sleep (<5 hours), characteristic of
the 24-hour lifestyle in modern society, is increasingly regarded as
an additional behavioral factor that negatively affects population
health [4]. Several studies have reported a U-shaped relationship
between sleep duration and type 2 diabetes [5, 6], but other stud-
ies have not found a uniform association [7, 8]. Recent meta-
analysis showed that both short and long (>9 hours) sleep dura-
tion was associated with the risk of developing type 2 diabetes [9].
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Other studies have also shown that both short and long
sleep is more common among people diagnosed with depres-
sion [10], anxiety [11], and life exhaustion [12]. Hostility is an
independent risk factor for sleep disorders, and hostility can
lead to a reduction in sleep duration [13]. From an evolution-
ary point of view, a high level of social support contributes to
long-term quality sleep [14]. In addition, the quality and dura-
tion of sleep are highly dependent on lifestyle and personal
environment; it is believed that insomnia and stress are an
integral part of our daily life, therefore, it is necessary to study
their cumulative effect on the risk of developing diabetes mel-
litus [15].

Thus, given the ambiguous data on the risk of diabetes mel-
litus, depending on the duration of sleep, as well as the lack of
such long-term studies conducted in Russia, the purpose of our
study is to assess the effect of sleep duration on the 16-year risk of
developing type 2 diabetes mellitus in an open population of men
aged 45—64 living in Novosibirsk.
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Materials and methods. The results of the study were
obtained on the basis of a survey of a representative sample of
men 45—69 years old (n=781 men, average age — 56.48%0.2
years, response rate — 61%) living in the Oktyabrsky district of
Novosibirsk in 2003—2005 within the framework of screening
IV with the support of the Wellcome Trust (UK) («<HAPIEE»)
[16].

All participants in the study, in addition to the standard
clinical and epidemiological examination, underwent psycholog-
ical testing. The subjects filled out the scales independently. The
level of personal anxiety (PA) was assessed using the Spiclberger
self-assessment scale [17], depression, vital exhaustion, hostility,
stress in the family and at work - using the MONICA-MOPSY
scales [18]. Sleep duration was assessed using the Jenkins scale
[18]. Social support was assessed using 2 indices: close contacts
index (ICC) and social network index (SNI) — Berkman-Syme
test [19].

The study excluded 27 men with established diabetes
mellitus (DM) that occurred before screening or identified at
screening, as well as 29 men due to incorrectly completed ques-
tionnaires. The observation cohort included 725 men. During
the 16-year follow-up period (from January 09, 2003 to
December 31, 2018) 79 new-onset cases of type 2 diabetes mel-

Table 1. Distribution of sleep duration
in an open population of men
aged 45—64 years, n (%)

Sleep duration n %

5 hours 35(4.8)

6 hours 119 (16.4)

7 hours 324 (44.7)

8 hours 200 (27.6)

9 hours 28 (3.9)

10 hours 19 (2.6)

Total 725 (100)

Table 2. Distribution of sleep duration

in a men population with

and without DM, n (%)
Sleep Group of examined
duration without DM DM total
5 hours 30 (4.6) 5(6.3) 35 (4.8)
6 hours 99 (15.3) 20 (25.3) 119 (16.4)
7 hours 293 (454)  31(39.2) 324 (44.7)
8 hours 180 (27.9)  20(25.3) 200 (27.6)
9 hours 25 (3.9) 3(3.8) 28 (3.9)
10 hours 19 (2.9) 0 (0) 19 (2.6)
Total 646 (100) 79 (100) 725 (100)

x’=17.774; df=5; p>0.05
|
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litus were identified. Registration of all cases of type 2 diabetes
was carried out according to the program «Register of Diabetes
Mellitus».

Statistical analysis was performed using the SPSS version
11.5 software package [20]. To check the statistical significance of
the differences between the groups, we used Pearson's chi-square
test x? [21]. To assess the risk ratio (HR), a univariate and multi-
variate Cox proportional hazards regression model (Cox-regres-

Table 3. Distribution of psychosocial
factors among men in a population
with and without DM, n (%)
Index Group of examined
without DM DM total
Anxiety
low 11 (1.7) 4(5.1) 15(2.1)
moderate 234 (36.2) 28 (35.4) 262 (36.1)
high 401 (62.1) 47 (59.5) 448 (61.8)
¥x*=3.93; df=2; p>0.05
Depression
no 458 (70.9) 48 (60.8) 506 (69.8)
with 188 (29.1) 31 (39.2) 219 (30.2)
%*=3.432; df=1; p>0.05
Vital exhaustion (VE)
no 54 (8.4) 7 (8.9) 61 (8.4)
moderate 243 (37.6) 30 (38.0) 273 (37.7)
high 349 (54.0) 42 (53.2) 391 (53.9)
x*=2.854; df=2; p>0.05
Hostility
no 245 (37.9) 32 (40.5) 277 (38.2)
moderate 135 (20.9) 12 (15.2) 147 (20.3)
high 266 (41.2) 35 (44.3) 301 (41.5)
x=1.420; df=2; p>0.05
ICC
low 321 (49.7) 37 (46.8) 358 (49.4)
moderate 276 (42.7) 34 (43.0) 310 (42.8)
high 49 (7.6) 8 (10.1) 57 (7.9)
x*=0.696; df=2; p>0.05
SNI
low 185 (28.6) 25 (31.6) 210 (29.0)
moderate- 1 323 (50.0) 30 (38.0) 353 (48.7)
moderate-2 116 (18.0) 21 (26.6) 137 (18.9)
high 22 (3.4) 3(3.8) 25(3.4)
x*=5.113; df=2; p>0.05
Family stress
no 247 (38.2) 34 (43.0) 281 (38.8)
moderate 243 (37.6) 25 (31.6) 268 (37.0)
high 156 (24.1) 20 (25.3) 176 (24.3)
x*=1.137; df=2; p>0.05
Stress at work
no 235 (36.4) 31 (39.2) 266 (36.7)
moderate stress at work 293 (45.4) 37 (46.8) 330 (45.5)
high stress at work 118 (18.3) 11 (13.9) 129 (17.80)

%*=0.937; df=2; p>0.05
|
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sion) was used [22]. Values obtained at screening were taken as
analyzed factors, without taking into account their temporal
dynamics. Reliability in all types of analysis was accepted at a sig-
nificance level of p<0.05.

Results. In the studied population of men 45—64 years old,
the most common duration of sleep was 7 hours a day — 44.7%,
followed by 8 hours of sleep (27.6%), and 6 hours of sleep (16.4%)
(Table 1).

Among men with newly diagnosed type 2 diabetes mellitus,
the screening showed a tendency towards the prevalence of 7-
hoursleep - 39.2%, 6-hour and 8-hour sleep accounted for 25.3%
each (}*=7.774 df=5 p>0.05) (Table 2).

Among men with newly diagnosed diabetes mellitus, a
high level of anxiety was 61.8% (x>=3.93; df=2; p>0.05);
depression — 30.2% (x*=3.432; df=1; p>0.05); high level of
life exhaustion — 53.9% (x*=2.854; df=2; p>0.05); high level
of hostility — 41.5% (*=1.420; df=2; p>0.05); low index of
close contacts — 49.4% (*=1.420; df=2; p>0.05); low index of
social ties — 29% (x*=5.113; df=2; p>0.05); high level of stress
in the family — 24.3% (*=1.137; df=2;

goods and 24-hour global communication — are associated
with a gradual reduction in the duration of sleep [23]. In our
population, one fifth of men (21.2%) spent less than 7 hours a
day sleeping, and among those with new-onset diabetes melli-
tus - one third of men (31.6%). Our results are very similar to
the data on sleep duration published by the American
Academy of Sleep Medicine (AASM) and the Sleep Research
Society (SRS) as well as the Centers for Disease Control and
Prevention. This report found that about one third of the US
adult population is not getting the recommended the amount
of sleep. Specifically, when asked «On average, how many
hours of sleep do you have in a 24-hour period?», 28.3% of
respondents answered that they slept <7 hours [24]. Grandner
MA et al. estimated this value as 39.92% [25]. According to a
study on the epidemiology of cardiovascular diseases in various
regions of Russia (ESSE-RF) (the mean age of participants
was 50), the average sleep duration was 7.3%1.2 hours. At the
same time, in 22.5% of participants the duration of sleep was 6
hours per day or less [26].

p>0.05) and high level of stress at Table 4. Sixteen-year risk of DM among 45—64-year-old men
work — 17.8% (x*=0.937; df=2; p>0.05) (1V screening) depending on the number of hours
(Tab. 3). of sleep at night (Cox univariate regression model)

Table 4 presents a 16-year risk of Risk factors Reference group
developing type 2 diabetes mellitus Age groups Sleep hours Sleep hours P HR (95% CI for HR)
depending on the length of sleep. It was
found that among men 45—64 years old 45—54 years 5-6 hours 7-8 hours 0.045  1.868 (1.089—3.927)
witha nighttime sleep of 5-6 hours, com- 55—64 years 5-6 hours 7-8 hours 0201 1.609 (0.776 —3.339)
pared with men sleeping 7—8 hours a day,
the risk of diabetes increased by 1.72 45—64 years 5-6 hours 7-8 hours 0.026  1.720 (1.066 —2.776)
(95% CI 1.066—2.776; p<0.05) times.
Among men 45—54 years old sleeping 45-54 years 9-10 hours 7-8 hours 0.353 0.387 (0052—2866)
5—6 hours daily, in comparison with men 5564 years 9-10 hours 7-8 hours 0.420  1.816 (0.425-7.755)
with night sleep duration of 7—8 hours,
the risk of developing diabetes increased 45—64 years 9-10 hours 7-8 hours 0.491 0.664 (0207—2128)

by 1.868 times (95% CI 1.089-3.927;
p<0.05).

In Cox multivariate regression Table 5. Sixteen-year risk of DM among 45— 64-year-old men
model, after adjustment for age, low and (1V screening) depending on the number of hours
medium levels of psychosocial factors, of night sleep and psychosocial RF
as well as 7—8 hours of night sleep as (multivariate Cox regression model)
reference variables, the following vari- .
ables showed their independent influ- Index falzltili.s Rﬁ;ﬁ:ce p  HR(95% CI for HR)
ence on the risk of developing diabetes
mellitus: 5—6 hours night sleep Sleep hours 5—6 hours 7—8 hours 0.001 1.561 (1.063—2.830)
(HR=1.561; 95% CI1.063-2.83; . .
p<0.001), depression (HR=1.767: Anxiety High rl;lg\éveigg 0.088  1.579 (0.934—2.669)
95%CI 1.058—2.952; p<0.05), vital
exhaustion (HR=1.511; 95%Cl1 Depression Yes No 0.030  1.767 (1.058—2.952)
1.266—2.984; p<0.05), as well as low Vital exhaustion Yes No 0.045  1.511 (1.266—2.984)
and medium-1 scores of the social net-
work index (HR=1.956; 95% Hostility Yes No 0.418 0.813 (0.492—1.343)
CI1.074—3.560; p<0.05) (Table 5). i

Discussion. Sleep duration ICC Low r];llgg;le?;g 0.589 1.182 (0.644—2.171)
depends on various cultural, social, psy-
chological, behavioral, pathophysiolog- SNI Low and High and 0.028  1.956 (1.074—3.560)
ical factors, as well as environmental moderate-1  moderate-2
influences. Changes in modern society, Family stress Yes No 0.147  0.709 (0.445—1.129
for example, an increase in the number
of working hours, shift work, round- Stress at work Yes No 0.985  1.004 (0.622—1.623)

the-clock availability of consumer

|
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According to the AASM and SRS guidelines, for adults,
sleep duration of 7 or more hours is likely to be necessary to
maintain optimal health and function [27, 28]. Reiterating
these recommendations, the American Thoracic Society also
issued a statement that its consensus panel warns that insuffi-
cient sleep duration (which they define as 6 hours or less) is
likely to be associated with poor health outcomes, including
diabetes [29]. Various types of studies have shown that impair-
ment or decrease in the number of hours of sleep per day is
associated with glucose intolerance, insulin resistance, and a
decrease in the acute phase of glucose insulin secretion, which
predisposes people to the development of type 2 diabetes [30].
If the reduction in sleep is short-lived, the effects are reversible;
however, if long-term chronic sleep deprivation occurs, it can
lead to long-term adverse health effects [31]. Finally, prolonged
sleep restriction with simultaneous circadian sleep disturbance
decreases the metabolic rate at rest and increases postprandial
plasma glucose levels (due to insufficient insulin secretion)
[32]. We have determined that in our population the 16-year
risk of developing diabetes mellitus among 45—64-year-old
men who sleep no more than 5—6 hours a day is 1.7 times high-
er, and in the age group of 45—54 years old it is 1,8 times high-
er than among men sleeping 7—8 hours a day. Numerous data
from meta-analyzes given in foreign literature indicate that if
the duration of sleep is reduced, for example, to <5 hours a day
(very short naps) or <6 hours (short naps), then they equally
predict the development of diabetes mellitus with the relative
risk of 1.48 (95% CI 1.25—1.76) and 1.18 (95% CI 1.10—1.26),
respectively [33].

Over the past 20 years, research on psychosocial corre-
lates of sleep has skyrocketed. Most of these studies have
focused on the influence of psychosocial factors on sleep, such
as depression, anxiety, psychological stress — they are associat-
ed with sleep duration and insomnia [34, 35]. In our study, two-
thirds of men with newly diagnosed diabetes mellitus experi-
enced high levels of anxiety, one-third had depression, more
than a half experienced high levels of vital exhaustion, two-
fifths had high levels of hostility, a quarter of men had high lev-
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els of family stress, and one fifth experienced high levels of
stress at work. Among men with diabetes, approximately a half
had low scores of the index of close contacts, and one third had
a low score of the index of social network. When included in the
multivariate analysis of the above psychosocial factors, the fol-
lowing variables were shown to have an independent effect on
the risk of developing diabetes mellitus: 5—6 hours of night
sleep (HR=1.56), depression (HR=1.76), vital exhaustion
(HR=1.51), as well as low and moderate-1 scores of the social
network index (HR=1.95).

Conclusion. The most common duration of sleep in the
studied male population aged of 45—64 years was 7 hours a day
- 44.7% of men; 27.6% of participants had 8 hours of sleep
daily; and 16.4 % of respondents had 6 hours of sleep. Among
men with newly diagnosed type 2 diabetes mellitus, 7-hour
sleep prevailed — 39.2% of respondents, 6-hour and 8-hour
sleep was reported by 25.3% of respondents. Among men with
newly diagnosed diabetes mellitus, a high level of anxiety was
noted in 61.8%; depression — in 30.2%; high level of vital
exhaustion — in 53.9%; high level of hostility — in 41.5%; low
index of close contacts - in 49.4%; low index of social ties — in
29%; high level of stress in the family — in 24.3%, and high level
of stress at work — in 17.8%. The 16-year risk of diabetes among
men who sleep 5—6 hours per night compared with men who
sleep 7—8 hours in the group aged 45—64 years increases by
1.72, and in the group aged 45—54 years — by1.868 times. In
multivariate model an independent effect on the risk of devel-
oping diabetes was exerted by: 5—6 hours of night sleep
(HR=1.561), depression (HR=1.767), vital exhaustion
(HR=1.511), as well as low and medium-1 values of social net-
work index (HR=1.956).

Thus, short (6 hours) and very short (5 hours) sleep dura-
tion can be identified as a new and important risk factor for dia-
betes. This is especially alarming, since about a third of men in
the studied population had a shorter sleep duration than recom-
mended, so the chosen direction — elucidation of the epidemio-
logical links between diabetes and specific sleep phenotypes — is
promising.
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