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Study Objectives: The aim of this study was to investigate the association of bedtime with the prevalence of diabetes mellitus (DM) based on a large
community-based population.
Methods: In total, 5,420 participants (2,574 males and 2,846 females; aged 63.5 ± 11.0 years) from the Sleep Heart Health Study database were selected in this
study. Sleep habit was recorded based on a questionnaire administered to patients upon recruitment. Bedtime was categorized as 11:00 PM and before, 11:00 PM to
12:00 AM, and 12:00 AM and later in the current study. Multivariate logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs)
to determine the relationship between bedtime and the prevalence of DM.
Results: The distribution of weekday bedtime at 11:00 PM and before, 11:00 PM to 12:00 AM, 12:00 AM and later was observed in 3,316 participants (61.2%), 991
participants (18.3%), and 1,113 participants (20.5%), respectively. Meanwhile, individuals with weekday bedtime of 12:00 AM and later had a higher prevalence of
DM than those with bedtime at 11:00 PM to 12:00 AM, and 11:00 PM and before (10.6% versus 5.7% versus 6.6%, respectively; P <.001). In the adjusted multivariate
logistic regressionmodel, bedtime at 12:00 AM and later on a weekday was significantly associated DM prevalence (OR 1.446, 95%CI 1.107–1.888,P =.007). No
significant association was found between weekend bedtime and DM.
Conclusion: Late bedtime at 12:00 AM and later on aweekdaymay be a risk factor for the prevalence of DM. Stable sleep timing leads to lower risk of DMdeserves
future exploration.
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INTRODUCTION

Diabetes mellitus (DM), characterized by high blood sugar
levels, is one of themost common chronic diseases in the world.
As a critical public health diseasewith huge social and economic
effects on medical expenditure and services, the incidence of
diabetes is constantly on the increase.1 Unhealthy lifestyle,
including poor dietary habit, alcohol use, tobacco smoking, and
lack of physical activity are usually closely related to the risk of
DM.2–4 Sleep is a biobehavioral phenomenon that can affect
the hormones and inflammation involved in regulating blood
glucose concentration.5,6 During sleep deprivation, alterations
in glucose tolerance, insulin resistance, andmelatonin secretion
occur with a decline in islet cell sensitivity, which may promote
the development of DM.7–9 Cappuccio et al and Gottlieb et al
have shown that poor sleep quality, and short and long sleep
duration increased the risk of DM.10,11 People with short sleep
duration tend to have a late bedtime. A longitudinal study

revealed that late bedtime increased salivary glucose levels in
children.12 Reutrakul et al also found that delaying sleep on the
weekend was associated with poorer glycemic control in pa-
tients with DM.13 These findings indicated that late bedtime
might correlate with the incidence of DM. However, the ap-
propriate sleep timing associated with a decreased risk of DM
remains unclear. We therefore conducted the current study to
investigate the relationship between bedtime and DM based
on a large community-based population.

METHODS

Study Population
The Sleep Heart Health Study (SHHS) is a community-based,
multicenter cohort study investigating the cardiovascular
consequences of sleep-disordered breathing (ClinicalTrials.gov
identifier: NCT00005275). Details of the study design have

BRIEF SUMMARY
Current Knowledge/Study Rationale: This study was performed to investigate the role of late bedtime in the prevalence of diabetes mellitus. It is the first
study to explore the association between bedtime and diabetes mellitus in a community-based population.
Study Impact: The current study found a high prevalence of diabetesmellitus among participants who slept after 12:00 AM onweekdays. Our results showed
that appropriate sleep timing before 12:00 AM on weekdays may be a useful way to decrease the risk of diabetes mellitus.
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been previously reported.14 Between 1995 and 1998, partici-
pants were recruited from prospective cohort studies including
the Atherosclerosis Risk in Communities Study, the Cardio-
vascular Health Study, the Framingham Offspring and Omni
Study, the Strong Heart Study, the Tucson Epidemiological
StudyofObstructiveLungDisease, cohort studies of respiratory
disease in Tucson, and cohort studies of hypertension in New
York. Written consent was provided by all the participants and
the study protocol was approved by the institutional review
board of each participating institution. Access to the SHHS
database was granted after acquiring a signed agreement with
Brigham andWomen’s Hospital. Participants in our study were
excluded if (1) there were missing data regarding DM and
bedtime (364 individuals), or (2) they worked on night shifts
(20 individuals). Finally, 5,420 individuals were included in
our analyses.

Data Collection
Bedtime was assessed using questions such as “At what time
do you usually fall asleep on weekdays or workdays (hour,
minute, AMor PM)?” and “Atwhat time do you usually fall asleep
on weekends or your non-work days (hour, minute, AM or PM)?”
In this study, bedtime was classified as 11:00 PM and before,
11:00 PM to 12:00 AM, and 12:00 AM and later. Sleep duration
was defined as the length of sleep time between bedtime and
wake-up time. The apnea-hypopnea index (AHI) was calcu-
lated as all apnea and hypopnea episodes per hour of sleep
accompanied by at least a 4% drop in oxygen saturation based
on the baseline polysomnography records.

DM was defined based on data on self-reported DM status
and use of oral hypoglycemic medications and insulin that
were collected during the SHHS interview. Participants’ data
including age, sex, body mass index (BMI), education level,
smoking status, alcohol use, triglycerides and cholesterol
levels, and history of hypertension were obtained from the
baseline examination of SHHS.

Statistical Analysis
Continuous and categorical characteristic variables among
the three groups were presented as mean (± standard de-
viation) and number (percentage), and were compared by
analysis of variance and chi-square tests. Logistic regression
was used to estimate the association of bedtime with the risk
of DM during weekdays and weekends. All potential con-
founders were chosen based on the existing literature and
their relationships with bedtime and DM. Logistic regression
analysis, following the Harrell guideline, was performed to
identify risk factors, estimate odds ratios (ORs), and deter-
mine 95% confidence intervals (CIs). The final multivariate
logistic regression model was adjusted for age, sex, educa-
tion, BMI, smoking status, alcohol use, AHI, history of hy-
pertension, sleep duration, triglyceride, total cholesterol,
and high-density lipoprotein. Subgroup analysis was fur-
ther conducted to explore the relationship between bedtime
and DM. The analyses were implemented in SPSS ver-
sion 24.0 (SPSS Inc., Chicago, Illinois, USA). All statistical
tests were two-sided, and a value of P < .05 was considered
statistically significant.

RESULTS

Participants’ Characteristics
The current study included 2,574 males and 2,846 females
aged 63.5 ± 11.0 years. The distribution of bedtime of 11:00 PM

and before, 11:00 PM to 12:00 AM, and 12:00 AM and later was
observed in 3,316 participants (61.2%), 991 participants (18.3%),
and 1,113 participants (20.5%), respectively. Participants with a
weekday bedtime of 12:00 AM and later tended to comprise more
females, current smokers, DM, and hypertension. Participants
who reported bedtimes of 11:00 PM and before were older and
more likely to have a drink every day (Table 1).

Weekday or Weekend Bedtime and DM
Figure 1 shows the distribution of all participants and
DM prevalence at different bedtimes on weekdays and week-
ends. A higher proportion of individuals with late bedtime
at 12:00 AM and later on weekdays tended to have DM than
those with bedtime at 11:00 PM to 12:00 AM, and 11:00 PM and
before (10.6%versus 5.7%versus 6.6%, respectively,P< .001).
Univariate logistic regression analysis showed that a bedtime
of 12:00 AM and later on weekdays increased the risk of
DM (OR 1.685, 95% CI 1.332–2.132, P < .001). After multi-
variate adjustment for age, sex, education,BMI, smoking status,
alcohol use, AHI, history of hypertension, sleep duration, tri-
glyceride, total cholesterol, and high-density lipoprotein,
weekday bedtime at 12:00 AM and later was associated with the
prevalence of DM (OR 1.446, 95% CI 1.107–1.888, P = .007)
(Table 2). However, there was no significant association be-
tween weekend bedtime and DM (Table 3).

Subgroup Analysis
Wealso performed subgroup analyses stratified by age (60 years
and older versus younger than 60 years), sex (male versus
female), education (> 15 years versus ≤ 15 years), BMI (18–
24.9 kg/m2 versus 25–29.9 kg/m2 versus ≥ 30 kg/m2), smoking
status (current versus formerversusno), alcoholuse (at least 1drink
per day versus none), hypertension (yes versus no), sleep duration
(<6 hours versus 6 to 8 hours versus >8hours), to investigate the
correlations between bedtime and DM. Significant interac-
tions were not found in these analyses (data not shown).

DISCUSSION

Sleep plays an important role in the regulation of glucose
metabolism and neuroendocrine function in adults.15,16 Sleep
deprivation and sleep duration could affect blood glucose
utilization and insulin regulation, and intentional disturbance
of circadian rhythm resulted in hyperglycemia.10,17,18 How-
ever, there is little evidence about the relationship between
sleep timing at night and DM. In this large community-based
study, we investigated the role of bedtime in the development
of DM and found that late bedtime at 12:00 AM and later on
weekdays was associated with the development of DM.

A growing body of evidence shows that sleep timing at night
was closely related to human health. Individuals with late bedtime
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tend to have a high BMI, and an increased risk of overweight and
obesity in both children and adolescents.19,20 In adults, late bed-
time was also associated with physical activity, depression, and
osteoporosis.21–23 A previous study showed that going to bed late
could increase salivary glucose levels in children.12 In addition,
patients with DMwith late bedtimes during the weekend tended

tohavepoorerglycemiccontrol.13However, themost appropriate
sleep timing at night is still unclear. In our study, we divided
weekday and weekend bedtime into three groups (11:00 PM and
before, 11:00 PM to 12:00 AM, and 12:00 AM and later) and found
that participants with bedtime at 12:00 AM and later had an
obviously high prevalence of DM. Our results indicated that

Table 1—Characteristics by bedtime categories.

Characteristics Total
(n = 5,420)

Bedtime
P11:00 PM and before

(n = 3,316)
11:00 PM to 12:00 AM

(n = 991)
12:00 AM and later

(n = 1,113)

Age, years 63.5 ± 11.0 65.8 ± 11.0 63.9 ± 10.3 62.7 ± 11.1 < .001

Sex, n (%) .287

Male 2,574 (47.5) 1,600 (48.3) 467 (47.1) 507 (45.6)

Female 2,846 (52.5) 1,716 (51.7) 524 (52.9) 606 (54.4)

Education, n (%) .002

≤ 15 years 3,033 (60.0) 1,898 (61.5) 509 (55.0) 626 (60.0)

> 15 years 2,018 (40.0) 1,188 (38.5) 417 (45.0) 413 (40.0)

Body mass index, n (%) .785

≥ 30 kg/m2 1,627 (30.0) 998 (30.1) 290 (29.3) 339 (30.5)

25–29.9 kg/m2 2,293 (42.4) 1,402 (42.3) 435 (43.9) 456 (41.1)

18–24.9 kg/m2 1,494 (27.6) 913 (27.6) 266 (26.8) 315 (28.4)

Smoking status, n (%) .001

Current smoker 496 (9.2) 292 (8.8) 74 (7.5) 130 (11.8)

Former smoker 2,351 (43.6) 1,490 (45.1) 419 (42.6) 442 (40.0)

Never smoker 2,545 (47.2) 1522 (46.1) 490 (49.8) 533 (48.2)

Alcohol use, n (%) < .001

At least 1 drink per day 2,293 (44.7) 1,422 (45.8) 452 (47.1) 419 (39.3)

None 2,842 (55.3) 1,686 (54.2) 508 (52.9) 648 (60.7)

Diabetes mellitus, n (%) < .001

Yes 392 (7.2) 218 (6.6) 56 (5.7) 118 (10.6)

No 5,028 (92.8) 3,098 (93.4) 935 (94.3) 995 (89.4)

Hypertension, n (%) < .001

Yes 2,325 (42.9) 1,323 (39.9) 437 (44.1) 565 (50.8)

No 3,095 (57.1) 993 (60.1) 554 (55.9) 548 (49.2)

Sleep duration, n (%) < .001

< 6 hours 573 (10.6) 293 (8.8) 101 (10.2) 179 (16.1)

6–8 hours 3,530 (65.1) 2,128 (64.2) 694 (70.0) 708 (63.6)

> 8 hours 1,317 (24.3) 895 (27.0) 196 (19.8) 226 (20.3)

AHI, n (%) .362

< 5.0 events/h 2,640 (48.7) 1,624 (49.0) 500 (50.4) 516 (46.4)

5–14.9 events/h 1,630 (30.1) 1,003 (30.2) 277 (28.0) 350 (31.4)

15–29.9 events/h 748 (13.8) 442 (13.3) 147 (14.8) 159 (14.3)

≥ 30 events/h 402 (7.4) 247 (7.4) 67 (6.8) 88 (7.9)

Triglycerides, mg/dL 149.7 ± 99.2 155.8 ± 106.6 143.6 ± 103.3 149.4 ± 95.1 .022

Cholesterol, mg/dL 207.4 ± 38.2 206.3 ± 38.2 205.7 ± 36.8 208.3 ± 38.7 .100

HDL cholesterol, mg/dL 50.7 ± 15.7 49.7 ± 15.1 51.5 ± 16.0 50.7 ± 15.9 .034

Results are presented as mean ± standard deviation or n (%). Continuous (age, triglycerides, cholesterol, HDL) and categorical characteristic variables
(sex, education, BMI, smoking status, alcohol use, diabetes, hypertension, sleep duration, AHI) were compared by analysis of variance and chi-square
tests, respectively. The values of P represent the difference between three groups. AHI = apnea-hypopnea index, BMI = body mass index, HDL = high-
density lipoprotein.
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sleep before 12:00 AM on weekdays may be an efficient way to
decrease the risk of DM. The association of weekend bedtime
with DM was also investigated, but no significant correla-
tion was found. Individuals tend to go to bed later on weekends
than weekdays in daily life. This finding may be caused by the
different bedtime habits on weekdays and weekends.

Many studies have shown that sleep duration was associated
with the incidence of DM. Gottlieb et al found that both short

and long-term sleepdurationwas associatedwith the prevalence
ofDM.11Ameta-analysis also documented that short (<6 hours)
or long (< 8 hours) sleep duration was significantly associated
with the development of diabetes and elevation of glycosylated
hemoglobin levels when compared with normal sleep duration.24

In this study, we performed a subgroup analysis stratified by
sleep duration to further explore the relationship between
bedtime and DM. Weekday bedtime at 12:00 AM and later was

Figure 1—The distribution of all participants and DM prevalence at different bedtimes on weekdays and weekends.

(A) The distribution of weekday bedtime categories in all participants. (B) The distribution of weekend bedtime categories in all participants. (C) The distribution
of DM in different weekday bedtime categories. (D) The distribution of DM in different weekend bedtime categories. DM = diabetes mellitus.
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still associated with DM in participants with 6 to 8 hours’ sleep
duration (OR 1.436, 95%CI 1.108–2.026,P= .039).Moreover,
no significant interaction was found in these analyses.

Recent studies found that delaying sleep at night is associated
with insulin resistance and glucose intolerance due to hormonal

disruption such as lower testosterone and melatonin levels,
which may lead to an increased caloric intake and weight
gain.25–28 In addition, Shechter et al and Baron et al found that
people with late bedtime were more likely to have unhealthy
dietary habits and lifestyle such as snacking behavior, consuming

Table 2—Odds ratios and 95% confidence intervals for bedtime associated with diabetes mellitus on weekdays.

Diabetes
Univariate Models Multivariable Adjusted a Multivariable Adjusted b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Bedtime

12:00 AM and later 1.685 (1.332, 2.132) < .001 1.519 (1.174, 1.965) .001 1.446 (1.107, 1.888) .007

11:00 PM to12:00 AM 0.851 (0.629, 1.152) .297 0.833 (0.602, 1.153) .270 0.839 (0.601, 1.171) .302

11:00 PM and before 1 1 1

Age, years

≥ 60 2.971 (2.284, 3.866) < .001 2.411 (1.762, 3.300) < .001 2.556 (1.842, 3.549) < .001

< 60 1 1 1

Sex

Male 1.390 (1.130, 1.709) .002 1.632 (1.277, 2.087) < .001 1.367 (1.031, 1.814) .030

Female 1 1 1

BMI, kg/m2

≥ 30 2.748 (2.038, 3.706) < .001 2.119 (1.531, 2.934) < .001 1.707 (1.212, 2.406) .002

25–29.9 1.698 (1.256, 2.295) .001 1.463 (1.063, 2.014) .020 1.346 (0.965, 1.876) .080

18–24.9 1 1 1

Smoking status

Current smoker 0.873 (0.582, 1.311) .512 1.201 (0.764, 1.887) .427 1.162 (0.730, 1.850) .528

Former smoker 1.250 (1.009, 1.550) .042 1.193 (0.938, 1.519) .151 1.204 (0.938, 1.547) .145

Never smoker 1 1 1

Alcohol use

At least 1 drink per day 0.404 (0.317, 0.514) < .001 0.431 (0.333, 0.557) < .001 0.478 (0.366, 0.624) < .001

None 1 1 1

Education, years

≤ 15 1.908 (1.508, 2.413) < .001 1.534 (1.188, 1.981) .001 1.538 (1.180, 2.003) .001

> 15 1 1 1

Hypertension

Yes 3.122 (2.505, 3.890) < .001 2.212 (1.743, 2.808) < .001 2.069 (1.616, 2.648) < .001

No 1 1 1

Sleep duration, hours

< 6 1.607 (1.185, 2.180) .002 1.325 (0.947, 1.854) .101 1.290 (0.911, 1.827) .152

> 8 1.300 (1.024, 1.650) .031 1.305 (1.007, 1.690) .044 1.291 (0.986, 1.690) .063

6–8 1 1 1

AHI, events/h

≥ 30 2.068 (1.440, 2.969) < .001 1.060 (0.703, 1.600) .780 1.106 (0.730, 1.676) .635

15–29.9 2.004 (1.497, 2.683) < .001 1.309 (0.946, 1.811) .104 1.232 (0.879, 1.728) .226

5–14.9 1.575 (1.232, 2.013) < .001 1.122 (0.856, 1.471) .404 1.083 (0.818, 1.434) .576

< 5.0 1 1 1

Triglycerides, mg/dL 1.003 (1.002, 1.004) < .001 1.003 (1.001, 1.004) < .001

Cholesterol, mg/dL 0.997 (0.994, 1.000) .022 0.995 (0.991, 0.998) .001

HDL cholesterol, mg/dL 0.970 (0.962, 0.978) < .001 0.990 (0.979, 1.000) .052

a Adjusted for age, sex, education, body mass index, smoke status, alcohol, AHI, hypertension, sleep duration. b Adjusted for a+ triglyceride, total cholesterol,
HDL. AHI = apnea hypopnea index, BMI = body mass index, CI = confidence interval, HDL = high-density lipoprotein, OR= odds ratio.
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excess calories at dinner, and lower physical activity.23,29 A
previous study showed that individualswith late bedtime tended
to have a short sleep duration and a longer duration of light
exposure. Light exposure was found to be closely related with
circadian disruption, which may lead to the increased risk of
obesity, diabetes, and metabolic syndrome.13 Late sleepers,
therefore, were prone to increased sympathetic nerve activity,
which could inhibit insulin secretion by pancreatic beta cells
and further lead to glucose intolerance.30

To our knowledge, this is the first study to explore the as-
sociation between bedtime and DM based on a large community-
based population. Our results found a suitable sleep timing
(before 12:00 AM) for the general population that would de-
crease the risk of DM. This study also had several limitations.
Bedtime and sleep duration in the current study was self-
reported based on the sleep habit questionnaire. Measure-
ment errors and recall bias may be inevitable. Therefore, we
cannot fully exclude the possibility of residual confounding
from incomplete adjustment for sleep duration as a potential
explanation for our findings. Because fasting blood glucose or
glycated hemoglobin was not collected in the baseline SHHS
examination, we did not analyze the effect of late bedtime on
fasting blood glucose or glycated hemoglobin level. This will
be investigated in a future study.

CONCLUSIONS

The current study detected a high prevalence of DM among
participants who slept at 12:00 AM and later on weekdays. Our
results showed that late bedtime at 12:00 AM and later on
weekdays may be a risk factor for the prevalence of DM.
Appropriate sleep timing for decreasing the risk of DM is worth
further investigation.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
CI, confidence interval
DM, diabetes mellitus
OR, odds ratio
SHHS, Sleep Heart Health Study
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