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Background: This study investigates the association between sleep duration and diabetes mellitus (DM) in a large representative 
population-based survey in South Korea.
Methods: The fourth (2007–2009), fifth (2010–2012), and sixth (2013) Korea National Health and Nutrition Examination Survey data 
sets were used. A total of 37,989 individuals were selected for the study. Chi-square tests and multivariate logistic regression analy-
ses were used to analyze whether general characteristics, health status, and health risk behaviors were associated with DM.
Results: After adjusting for confounders, the odds of DM in short sleepers ( ≤ 5 hr/day) and long sleepers ( ≥ 9 hr/day) were 
1.033-times higher (95% confidence interval [CI], 0.913–1.169) and 1.334-times higher (95% CI, 1.140–1.562), respectively, compared 
with individuals who slept 7 hr/day. Subgroup analysis according to gender showed a U-shaped association for both genders, al-
though it appeared stronger in men.
Conclusion: This study identified a U-shaped association between sleep duration and the risk for DM. Additional studies should 
help clarify the important information in this study.
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INTRODUCTION

Sleep is a biobehavioral phenomenon that is regulated by circa-
dian, homeostatic, and neurohormonal processes [1]. Recently, 
sleep duration has been recognized as a behavioral factor adversely 
affecting public health [1-3].

Chronic sleep disturbances and poor sleep quality are very 
common [4] and have become increasingly prevalent in the mod-
ern society, affecting millions of people. The average sleep time has 
decreased to 7 hours per night, and more than one out of three 
adults sleep less than 7 hours per night [5]. The sleep duration for 
Koreans was 469 minutes, which was the shortest duration among 
the 18 Organization for Economic Cooperation and Development 
countries [6].

Too little and too much sleep are adversely associated with 
health outcomes such as mortality [2], coronary heart disease [1,7], 
stroke [1], respiratory disorders [8], and health-related quality of 

life [9]. Sleep disturbances including poor sleep quality and sleep 
loss not only increase morbidity and mortality [5,10], but also in-
crease the risk of developing diabetes mellitus (DM) [7,11-14].

Recent meta-analyses have identified a U-shaped association 
between sleep duration and the risk for DM. Both short and long 
sleep durations have been linked with an increased risk for DM 
[15,16]; however, other studies have not found a uniform relation-
ship [17,18]. Many experimental studies have shown that both 
short and long sleep duration are associated with decreased glu-
cose tolerance and reduced insulin sensitivity [19,20], and ulti-
mately DM. These data have provided scientific evidence for epi-
demiological surveys that have shown that the risk for DM is in-
creased by chronic, short sleep duration and poor sleep quality. 
However, most of these studies were undertaken in Western coun-
tries [21], and little is known about the Korean population.

According to the International Diabetes Federation, the esti-
mated number of diabetic patients worldwide was 382 million in 
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2013 and will rise to 592 million by 2035 [22]. Given the signifi-
cant economic burden associated with diabetes, an investigation 
into lifestyle factors that can be modified to lower the risk for dia-
betes is crucial. There is a definite need to investigate the associa-
tion between sleep duration and DM in both genders [23]. There-
fore, the objective of this cross-sectional study was to identify sig-
nificant differences in the association between sleep duration and 
DM in men and women within a large representative population-
based survey in Korea.

METHODS

1. Study sample

The fourth (2007–2009), fifth (2010–2012), and sixth (2013) Ko-
rea National Health and Nutrition Examination Survey (KNHA-
NES) data sets were used to investigate the relationship between 
sleep duration and DM. KNHANES began assessing the health 
and nutritional status of Korean civilians in 1998. Conducted by 
the Korea Ministry of Health and Welfare, the survey is made up 
of three parts: a health interview survey, a health examination sur-
vey, and a nutrition survey.

The survey was approved by the Institutional Review Board of 
the Korea Centers for Disease Control and Prevention (2007-02 
ON-04-P, 2010-02CON-21-C, 2013-07CON-03-4C). This study 
adhered to the tenets of the Declaration of Helsinki. The survey 
target population is that people who live in nursing homes, the 
military, foreign and imprisoned people were excluded and in-
cluded South Korean individuals older than 1 year of age. The 
KNHANES data was released periodically between 1998 and 
2005, and annually since 2007. The fourth, fifth, and sixth 
KNHANES used stratified, multistage probability sampling units 
that were based on the geographic area, sex, and age. This infor-
mation was obtained from the household registries of the 2005 
National Census Registry.

The target populations consisted of 24,871 individuals (2007–
2009), 25,534 individuals (2010–2012), and 8,018 individuals 
(2013). The average response rates for the survey were 78.4% (2007–
2009), 80.8% (2010–2012), and 79.3% (2013). Data from 14,305 in-
dividuals between 1 and 18 years of age were excluded, and data 
from 44,118 individuals older than 19 years of age were included. 
Additional exclusions included 5,841 individuals with incomplete 
information about age, occupation, income, or marriage, and 288 
individuals with incomplete information about smoking, drink-

ing, exercise, sleep duration, DM, hypertension, and dyslipidemia. 
A total of 37,989 individuals were selected for this analysis.

2. Variables

1) Independent variables

Sleep duration referred to the self-reported data from the ques-
tion, “How many hours do you usually sleep?” Responses were as-
signed to one of five subcategories: ≤5 hours, 6 hours, 7 hours, 8 
hours, and ≥9 hours. The International Classification of Sleep 
Disorders 2nd edition definitions of sleep (i.e., ≤5 hours is ‘short 
sleep’ and ≥9 hours is ‘long sleep’) were used [24].

2) Dependent variables

Participants were labeled diabetic if they answered “yes” to the 
question, “Are you currently suffering from diabetes?” Response 
to the questions was categorized as either ‘yes’ or ‘no’ based on the 
previous study [25].

3. Socio-demographic factors

Age, gender, household income, marital status, occupation, and 
residency region were included as socio-demographic factors in the 
analysis. All of the covariate variables were categorical. Household 
income was calculated by dividing the household monthly income by 
the square root of the household size. Participants were ranked from 
lowest to highest household incomes and grouped into four income 
quartiles. The predefined categories used in the raw KNHANES data 
were maintained for categorizing household income. The residency 
regions were categorized as urban (administrative divisions of a city: 
Seoul, Daejeon, Daegu, Busan, Incheon, Kwangju, or Ulsan), and ru-
ral (not classified as administrative of a city). Occupational status was 
divided into three categories: white collar (administrative, engineer-
ing, scientific, teaching and related occupations, sales and related oc-
cupations, and service occupations), blue collar (farming, forestry, 
fishing and hunting occupations, craft and repair, operators, fabrica-
tors, and laborers), and unemployed (housewives and students).

4. Health behavior factors

Questions about alcohol use, smoking status, and the number of 
days of moderate exercise per week were assessed by the health in-
terview survey and were included as covariates in the analyses. In 
response to the question “Are you current smoker?”, smoking sta-
tus was subcategorized as either current smoker, former smoker 
and never smoked. In response to the question “how many time 
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do you usually drink alcohol?”, frequency of alcohol use was sub-
categorized as either never drink, 1 times or less per month, 2–4 
times per week and 4 times or more per week. In response to the 
question “How many time do you usually take moderate exercise 
per week?”, number of days of moderate exercise per week was 
subcategorized as either never, 1–3, 4–6, and every day.

Values are presented as number (%).

Table 1. Demographic characteristics of the study population

Characteristic Total
Diabetes mellitus

p-value
No Yes

Sleep duration < 0.0001

   ≤ 5 5,948 (15.7) 5,302 (89.1) 646 (10.9)

   6 9,905 (26.1) 9,273 (93.6) 632 (6.4)

   7 10,745 (28.3) 10,073 (93.8) 672 (6.3)

   8 8,401 (22.1) 7,807 (92.9) 594 (7.1)

   ≥ 9 2,975 (7.8) 2,686 (90.3) 289 (9.7)

Age (yr) < 0.0001

   ≤ 29 4,751 (12.5) 4,737 (99.7) 14 (0.3)

   30–39 7,286 (19.2) 7,236 (99.3) 50 (0.7)

   40–49 7,262 (19.1) 7,029 (96.8) 233 (3.2)

   50–59 6,937 (18.3) 6,376 (91.9) 561 (8.1)

   60–69 6,193 (16.3) 5,174 (83.6) 1,019 (16.5)

   70–79 4,549 (12.0) 3,727 (81.9) 822 (18.1)

   ≥ 80 996 (2.6) 862 (86.6) 134 (13.5)

Gender < 0.0001

   Male 16,252 (42.8) 14,889 (91.6) 1,363 (8.4)

   Female 21,722 (57.2) 20,252 (93.2) 1,470 (6.8)

Household income level < 0.0001

   Low 7,632 (20.1) 6,578 (86.2) 1,054 (13.8)

   Lower middle 9,685 (25.5) 8,921 (92.1) 764 (7.9)

   Upper middle 10,213 (26.9) 9,678 (94.8) 535 (5.2)

   High 10,444 (27.5) 9,964 (95.4) 480 (4.6)

Marital status < 0.0001

   Married 27,595 (72.7) 25,511 (92.5) 2,084 (7.6)

   Single 5,313 (14.0) 5,264 (99.1) 49 (0.9)

   Separated, divorced 5,066 (13.3) 4,366 (86.2) 700 (13.8)

Occupation < 0.0001

   White-collar 12,631 (33.3) 12,177 (96.4) 454 (3.6)

   Blue-collar 10,338 (27.2) 9,542 (92.3) 796 (7.7)

   Unemployed 15,005 (39.5) 13,422 (89.5) 1,583 (10.6)

Resedential region 0.001

   Urban 17,028 (44.8) 15,845 (93.1) 1,183 (7.0)

   Rural 20,946 (55.2) 19,296 (92.1) 1,650 (7.9)

Smoking status < 0.0001

   Current smoker 11,100 (29.2) 10,292 (92.7) 808 (7.3)

   Former smoker 4,551 (12.0) 4,049 (89.0) 502 (11.0)

   Never smoked 22,323 (58.8) 20,800 (93.2) 1,523 (6.8)

Characteristic Total
Diabetes mellitus

p-value
No Yes

Frequency of alcohol use < 0.0001
   Never drink 10,950 (28.8) 9,632 (88.0) 1,318 (12.0)
   ≤ 1 Times/mo 10,787 (28.4) 10,194 (94.5) 593 (5.5)
   2–4 Times/wk 13,505 (35.6) 12,816 (94.9) 689 (5.1)
   > 4 Times/wk 2,732 (7.2) 2,499 (91.5) 233 (8.5)
No. of days of moderate 

exercise per week
< 0.0001

   Never 23,186 (61.1) 21,232 (91.6) 1,954 (8.4)
   1–3 9,145 (24.1) 8,662 (94.7) 483 (5.3)
   4–6 3,315 (8.7) 3,113 (93.9) 202 (6.1)
   Everyday 2,328 (6.1) 2,134 (91.7) 194 (8.3)
Body mass index (kg/m2) < 0.0001
   Thin (< 18.5) 1,906 (5.0) 1,841 (96.6) 65 (3.4)
   Moderate (18.5–23.9) 19,688 (51.9) 18,558 (94.3) 1,130 (5.7)
   Overweight (24.0–26.9) 10,766 (28.4) 9,804 (91.1) 962 (8.9)
   Obese (≥ 27.0) 5,614 (14.8) 4,938 (88.0) 676 (12.0)
Frequency of eating out < 0.0001
   Every day 6,281 (16.5) 6,026 (95.9) 255 (4.1)
   1–6/wk 20,003 (52.7) 18,553 (92.8) 1,450 (7.3)
   1–3/mo 4,790 (12.6) 4,286 (89.5) 504 (10.5)
   Almost nothing 6,900 (18.2) 6,276 (91.0) 624 (9.0)
Depression < 0.0001
   Yes 5,324 (14.0) 4,812 (90.4) 512 (9.6)
   No 32,650 (86.0) 30,329 (92.9) 2,321 (7.1)
Hypertension < 0.0001
   No 30,289 (79.8) 29,106 (96.1) 1,183 (3.9)
   Yes 7,685 (20.2) 6,035 (78.5) 1,650 (21.5)
Dyslipidemia < 0.0001
   No 35,421 (93.3) 33,272 (93.9) 2,149 (6.1)
   Yes 2,553 (6.7) 1,869 (73.2) 684 (26.8)
Year < 0.0001
   2007 1,401 (3.7) 1,336 (95.4) 65 (4.6)
   2008 6,511 (17.2) 6,079 (93.4) 432 (6.6)
   2009 7,335 (19.3) 6,810 (92.8) 525 (7.2)
   2010 6,058 (16.0) 5,614 (92.7) 444 (7.3)
   2011 5,928 (15.6) 5,439 (91.8) 489 (8.3)
   2012 5,469 (14.4) 5,026 (91.9) 443 (8.1)
   2013 5,272 (13.9) 4,837 (91.8) 435 (8.3)
Total 37,974 (100.0) 35,141 (92.5) 2,833 (7.5)

5. Health status factors

Body mass index (BMI), hypertension, and dyslipidemia were in-
cluded in the model. BMI was categorized into four groups: thin 
(<18.5 kg/m2), moderate (18.5 kg/m2 to 23.9 kg/m2), overweight (24.0 
kg/m2 to 26.9 kg/m2), and obese (>27.0 kg/m2) [26,27]. Hypertension 
was identified when participants answered “yes” to the question, 

(Continued to the next) 

Table 1. Continued 
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“Are you currently suffering from hypertension?” Hypertension was 
then categorized as either ‘yes’ or ‘no.’ Dyslipidemia was identified 
when participants answered “yes” to the question, “Are you current-
ly suffering from dyslipidemia?” Dyslipidemia was then categorized 
as either ‘yes’ or ‘no.’ In response to the question “Have you felt sad-
ness or despair which hindered everyday life consistently for 2 weeks 
or more during the last year?”, depression was subcategorized as ei-
ther ‘yes’ or ‘no.’ In response to the question “How many time do you 

usually eat out?”, frequency of eating out was subcategorized as: ev-
ery day, 1–6 per week, 1–3 per month and almost nothing.

6. Statistical analysis

Chi-square tests and multivariate logistic regression analyses 
were used to analyze whether general characteristics, health sta-
tus, and health risk behaviors were associated with DM. Statistical 
analysis software SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA) 

Table 2. Results of logistic regression between independent vari-
ables and diabetes mellitus

Table 2. Continued 

Values are presented as odds ratio (95% confidence interval).

Variable Diabetes mellitus

Frequency of alcohol use
   Never drink 1.595 (1.351–1.883)
   ≤ 1 Times/mo 1.185 (0.995–1.412)
   2–4 Times/wk 1.128 (0.956–1.332)
   > 4 Times/wk 1.000
No. of days of moderate exercise per week
   Never 1.000
   1–3 0.870 (0.778–0.974)
   4–6 0.993 (0.845–1.167)
   Everyday 0.936 (0.793–1.106)
Body mass index (kg/m2)
   Thin (< 18.5) 0.805 (0.616–1.053)
   Moderate (18.5–23.9) 1.000
   Overweight (24.0–26.9) 1.181 (1.073–1.301)
   Obese (≥ 27.0) 1.671 (1.495–1.868)
Frequency of eating out
   Every day 0.992 (0.837–1.177)
   1–6/wk 0.902 (0.805–1.012)
   1–3/mo 0.876 (0.766–1.002)
   Almost nothing 1.000
Depression
   Yes 1.129 (1.010–1.261)
   No 1.000
Hypertension
   No 1.000
   Yes 2.436 (2.224–2.668)
Dyslipidemia
   No 1.000
   Yes 2.487 (2.230–2.773)
Year
   2007 1.000
   2008 1.013 (0.763–1.345)
   2009 1.038 (0.784–1.375)
   2010 1.031 (0.772–1.378)
   2011 1.078 (0.808–1.438)
   2012 1.010 (0.755–1.351)
   2013 1.113 (0.832–1.488)

Variable Diabetes mellitus

Sleep duration
   ≤ 5 1.019 (0.900–1.153)
   6 0.930 (0.825–1.048)
   7 1.000
   8 1.134 (1.003–1.282)
   ≥ 9 1.328 (1.134–1.556)
Age (yr)
   ≤ 29 1.000
   30–39 2.303 (1.220–4.346)
   40–49 9.797 (5.351–17.935)
   50–59 19.293 (10.556–35.262)
   60–69 30.699 (16.756–56.243)
   70–79 29.237 (15.872–53.854)
   ≥ 80 18.869 (9.975–35.692)
Gender
   Male 1.622 (1.412–1.863)
   Female 1.000
Household income level
   Low 1.258 (1.101–1.439)
   Lower middle 1.208 (1.060–1.376)
   Upper middle 1.094 (0.955–1.252)
   High 1.000
Marital status
   Married 1.000
   Single 1.001 (0.706–1.419)
   Separated, divorced 1.130 (1.012–1.262)
Occupation
   White-collar 1.000
   Blue-collar 0.928 (0.811–1.061)
   Unemployed 1.270 (1.110–1.452)
Resedential region
   Urban 1.000
   Rural 1.047 (0.962–1.140)
Smoking status
   Current smoker 1.247 (1.087–1.431)
   Former smoker 1.112 (0.951–1.300)
   Never smoked 1.000

(Continued to the next) 
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was used for the data analysis.

RESULTS

1. Prevalence of short sleep and long sleep

In this study, there were 16,252 males (42.8%) and 21,722 fe-
males (57.2%). The prevalence of short sleep (≤5 hours) was 
15.7%, and the prevalence of long sleep (≥9 hours) was 7.8% (Ta-

ble 1). DM was present in 8.4% of males and 6.8% of females. The 
prevalence of DM in people with short sleep duration (≤5 hours) 
was 10.9%, and the prevalence of DM in people with long sleep 
duration (≥9 hours) was 9.7% (Table 1).

2. �Association between sleep duration and diabetes 

mellitus

Table 2 adjusted for age, gender, household income, marital sta-

Values are presented as odds ratio (95% confidence interval).

Table 3. Results of logistic regression between independent variables 
and diabetes mellitus by gender

Variable
Diabetes mellitus

Male Female

Sleep duration
   ≤ 5 1.046 (0.865–1.266) 0.990 (0.839–1.169)
   6 0.924 (0.780–1.094) 0.948 (0.799–1.124)
   7 1.000 1.000
   8 1.184 (1.000–1.401) 1.096 (0.915–1.314)
   ≥ 9 1.346 (1.074–1.686) 1.316 (1.053–1.644)
Age (yr)
   ≤ 29 1.000 1.000
   30–39 2.615 (1.081–6.328) 2.037 (0.810–5.120)
   40–49 11.203 (4.801–26.144) 8.600 (3.609–20.490)
   50–59 25.585 (10.965–59.701) 13.806 (5.828–32.704)
   60–69 36.062 (15.379–84.562) 24.752 (10.432–58.728)
   70–79 27.406 (11.558–64.986) 28.547 (11.971–68.072)
   ≥ 80 13.896 (5.493–35.151) 20.626 (8.437–50.424)
Household income level
   Low 1.128 (0.930–1.369) 1.497 (1.232–1.819)
   Lower middle 0.955 (0.796–1.146) 1.608 (1.324–1.953)
   Upper middle 1.032 (0.863–1.234) 1.204 (0.975–1.486)
   High 1.000 1.000
Marital status
   Married 1.000 1.000
   Single 0.962 (0.618–1.499) 0.924 (0.513–1.665)
   Separated, divorced 1.125 (0.899–1.408) 1.014 (0.886–1.159)
Occupation
   White-collar 1.000 1.000
   Blue-collar 0.889 (0.749–1.056) 1.049 (0.839–1.312)
   Unemployed 1.322 (1.089–1.604) 1.380 (1.124–1.694)
Resedential region
   Urban 1.000 1.000
   Rural 1.133 (1.002–1.281) 0.962 (0.854–1.083)
Smoking status
   Current smoker 1.155 (0.967–1.380) 1.256 (0.999–1.579)
   Former smoker 0.980 (0.808–1.189) 1.430 (1.020–2.005)
   Never smoked 1.000 1.000
Frequency of alcohol use
   Never drink 1.424 (1.176–1.724) 2.772 (1.589–4.835)

Variable
Diabetes mellitus

Male Female

   ≤ 1 Times/mo 1.217 (0.990–1.497) 1.979 (1.127–3.476)
   2–4 Times/wk 1.064 (0.891–1.270) 1.885 (1.060–3.353)
   > 4 Times/wk 1.000 1.000
No. of days of moderate  

exercise per week
   Never 1.000 1.000
   1–3 0.879 (0.754–1.025) 0.843 (0.713–0.997)
   4–6 0.963 (0.770–1.203) 1.044 (0.825–1.322)
   Everyday 0.998 (0.784–1.271) 0.885 (0.703–1.115)
Body mass index (kg/m2)
   Thin (< 18.5) 0.611 (0.410–0.910) 1.067 (0.740–1.538)
   Moderate (18.5–23.9) 1.000 1.000
   Overweight (24.0–26.9) 1.093 (0.954–1.252) 1.239 (1.079–1.423)
   Obese (≥ 27.0) 1.369 (1.150–1.630) 1.903 (1.641–2.207)
Frequency of eating out
   Every day 0.867 (0.702–1.070) 1.324 (0.975–1.798)
   1–6/wk 0.904 (0.767–1.065) 0.928 (0.788–1.092)
   1–3/mo 1.004 (0.818–1.232) 0.819 (0.683–0.982)
   Almost nothing 1.000 1.000
Depression
   Yes 1.219 (1.015–1.465) 1.084 (0.942–1.248)
   No 1.000 1.000
Hypertension
   No 1.000 1.000
   Yes 2.344 (2.058–2.670) 2.475 (2.174–2.818)
Dyslipidemia
   No 1.000 1.000
   Yes 2.620 (2.208–3.107) 2.449 (2.121–2.827)
Year

   2007 1.000 1.000

   2008 0.750 (0.533–1.056) 1.870 (1.072–3.262)

   2009 0.767 (0.548–1.072) 1.944 (1.116–3.386)

   2010 0.888 (0.627–1.258) 1.709 (0.971–3.008)

   2011 0.892 (0.630–1.264) 1.839 (1.048–3.228)

   2012 0.839 (0.590–1.194) 1.737 (0.988–3.053)

   2013 0.881 (0.619–1.255) 1.975 (1.124–3.469)

Table 3. Continued 

(Continued to the next) 
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tus, occupation, residential region, smoking status, frequency of 
alcohol use, number of days of moderate exercise per week, BMI, 
hypertension, dyslipidemia, and year of the study. After adjusting 
for all confounders, the risk for DM in short sleepers (≤5 hr/day) 
had not difference found relative to a sleep duration of 7 hours 
(odds ratio [OR], 1.019; 95% confidence interval [CI], 0.900 to 
1.153). The risk for DM in long sleepers (≥9 hr/day) was 
1.328-times higher (95% CI, 1.134 to 1.556) than participants with 
a sleep duration of 7 hr/day (Table 2).

Table 3 reflects subgroup analyses according to gender after ad-
justing for age, household income, marital status, occupation, resi-
dential region, smoking status, frequency of alcohol use, number 
of days of moderate exercise per week, BMI, hypertension, dyslip-
idemia, and year of the study. Men with long sleep were 34.6% 
more likely to have DM (OR, 1.346; 95% CI, 1.074 to 1.686) than 
men with a sleep duration of 7 hours. Women with long sleep were 
31.6% more likely to have DM (OR, 1.316; 95% CI, 1.053 to 1.644) 
than women with a sleep duration of 7 hours. Although both gen-
ders with short sleep were more likely to have DM than partici-
pants with a sleep duration of 7 hours, these findings were not sta-
tistically significant.

DISCUSSION

In this study, the primary purpose was to investigate significant 
differences in the association between sleep duration and DM in 
men and women who participated in a large representative popu-
lation-based survey using 7-year aggregated data in Korea. The 
main results show increase in DM risk of those with long sleep was 
identified, with the lowest incidence of diabetes occurring among 
participants who slept 7 hours per night. Subgroup analysis ac-
cording to gender indicated that the relationship between longer 
sleep duration is of greater magnitude in men. Many prospective 
studies have reported that both short (≤6 hours) and long (≥8 
hours) sleep durations [14,28] and poor sleep quality [14] are asso-
ciated with a higher risk of developing DM. Data from China sug-
gests short sleep duration (<6 hours per night) is an independent 
risk factor for DM, even after adjusting for a variety of possible 
confounders [29]. Our results are consistent with a large number 
of international reports indicating a U-shape association between 
sleep duration and the prevalence of DM [1,5-10].

Pradhan et al. [30] explains the role of activation of inflamma-
tory pathways for the association between sleep duration and dia-

betes. Short sleep duration has also been linked to glucose dysreg-
ulation through increases in hunger and appetite via downregula-
tion of satiety and upregulation of appetite-stimulating hormones 
[31]. Pathways to diabetes occur via increased sympathetic activity, 
adiposity, elevated levels of pro-inflammatory cytokines, elevated 
cortisol levels, decreased carbohydrate tolerance, and insulin re-
sistance [32]. Another potential mechanism involves melatonin, 
which is reduced in short sleepers. Recently published work has 
shown lower levels of melatonin secretion may be associated with 
a higher risk for DM [33]. In addition, although we did not adjust 
for stress level because of multicollinearity with depression, Saxe-
na et al. [34] shows that stress leads to increased basal sympathetic 
activity, resulting from disturbed cortical hypothalamic axis, 
leading to central insulin resistance and DM as a potential mecha-
nism.

In our study, long sleep duration was also associated with an in-
creased risk of DM, even after controlling for all variables. One ex-
planation for this finding is an as-of-yet unrecognized marker that 
could lead to both DM and an increased need for sleep (e.g., ob-
structive sleep apnea [OSA]). OSA causes decreased glucose toler-
ance and is known to fragment sleep [35]. OSA might cause an in-
creased need for sleep, and severe apnea is associated with an in-
creased risk for DM [36]. A longer sleep duration could directly 
lead to an increased risk for DM; however, plausible physiologic 
mechanisms for such a cause-and-effect relationship remain un-
known. Although the mechanisms underlying the association be-
tween sleep duration and DM are not readily explainable, our 
study is consistent with recently published works.

Our study has a number of strengths and limitations. The par-
ticipants in the survey are representative of the overall South Ko-
rean adult population. Because the sample size was very large, the 
results can be generalized to the national level. However, sample 
bias is always a concern. Because this was a cross-sectional study, a 
causal relationship could not be established between sleep dura-
tion and DM. Second, although many sleep problems exist, such 
as difficulty initiating or maintaining sleep (insomnia), napping, 
OSA and excessive daytime sleepiness, only self-reported sleep 
duration was utilized in this study because of lack of information. 
A third problem is that the respondents’ reports are purely subjec-
tive. In particular, the main independent variables and dependent 
variable in this study were subjective health status. Future study 
will need to measure objective indicators. A fourth problem is that 
although many previous study shows type 2 DM based on 
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KNHANES data, the question does not specify type 1 or 2 DM be-
cause of lack of information [37-39]. However, given that most of 
the DM is type 2 DM, results does not change. Finally, the amount 
of sleep was self-reported, and participants were able to select from 
categories that ranged from ≤5 hours per day to ≥9 hours per 
day. Because this study uses a cross-sectional design, the results 
possibly reflect reverse causality and bidirectional relationships 
when assessing the association between sleep duration and DM. 
Therefore, longitudinal studies with validated measures of DM 
and sleep duration are required to replicate our findings and to 
clarify the causality and mechanisms that relate to sleep duration 
and DM and are also needed to understand the precise association 
between sleep duration and DM using more objective measures of 
sleep duration. Controlling for socioeconomic, health risk, and 
behavior variables, as in the current study, may partially attenuate 
these associations, but further research should include measures 
of sleep quality and obstructive sleep disorders through objective 
measures to understand the precise association between sleep du-
ration and DM.

In conclusion, in this cross-sectional analysis of 7-year aggre-
gated data, we found that the association between sleep duration 
and the risk for DM was U-shaped. Both short and long sleep du-
ration were associated with a significantly elevated risk for DM, 
and this association appears stronger in men. Despite some of the 
inherent weaknesses of this study, it still provides important infor-
mation about the association between sleep duration and DM 
among Korean adults older than 19 years of age. Future work 
should focus on the weaknesses (causality and self-reported data) 
within this study.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ORCID

Jae-Hyun Kim: https://orcid.org/0000-0002-3531-489X; Eun-
Cheol Park: https://orcid.org/0000-0002-2306-5398

AUTHORS’ CONTRIBUTIONS

JH Kim and EC Park carried out the acquisition of data, per-

formed the experiments and participated in drafted the manu-
script. JH Kim and EC Park participated in the design of the study 
and performed the statistical analysis. JH Kim and EC Park con-
ceived of the study, and participated in its design and coordination 
and helped to draft the manuscript. All authors read and approved 
the final manuscript.

 

REFERENCES 

1.	 Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep dura-

tion predicts cardiovascular outcomes: a systematic review and meta-

analysis of prospective studies. Eur Heart J 2011;32(12):1484-1492. DOI: 

https://doi.org/10.1093/eurheartj/ehr007.

2.	 Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Sleep duration and all-

cause mortality: a systematic review and meta-analysis of prospective 

studies. Sleep 2010;33(5):585-592. DOI: https://doi.org/10.1093/sleep/33. 

5.585.

3.	 Qin Y, Zhou Y, Zhang X, Wei X, He J. Sleep duration and breast cancer 

risk: a meta-analysis of observational studies. Int J Cancer 2014;134(5): 

1166-1173. DOI: https://doi.org/10.1002/ijc.28452.

4.	 Ohayon MM, Zulley J. Correlates of global sleep dissatisfaction in the 

German population. Sleep 2001;24(7):780-787. DOI: https://doi.org/10. 

1093/sleep/24.7.780.

5.	 Spiegel K, Knutson K, Leproult R, Tasali E, van Cauter E. Sleep loss: a 

novel risk factor for insulin resistance and type 2 diabetes. J Appl Physiol 

(1985) 2005;99(5):2008-2019. DOI: https://doi.org/10.1152/japplphysi-

ol.00660.2005.

6.	 Kim JH, Park EC, Cho WH, Park CY, Choi WJ, Chang HS. Association 

between total sleep duration and suicidal ideation among the Korean 

general adult population. Sleep 2013;36(10):1563-1572. DOI: https://doi.

org/10.5665/sleep.3058.

7.	 Ayas NT, White DP, Manson JE, Stampfer MJ, Speizer FE, Malhotra A, et 

al. A prospective study of sleep duration and coronary heart disease in 

women. Arch Intern Med 2003;163(2):205-209. DOI: https://doi.org/10. 

1001/archinte.163.2.205.

8.	 Bliwise DL. Sleep-related respiratory disturbances. J Gerontol 1984;39(2): 

255.

9.	 Faubel R, Lopez-Garcia E, Guallar-Castillon P, Balboa-Castillo T, Gutier-

rez-Fisac JL, Banegas JR, et al. Sleep duration and health-related quality 

of life among older adults: a population-based cohort in Spain. Sleep 

2009;32(8):1059-1068. DOI: https://doi.org/10.1093/sleep/32.8.1059.

10.	 Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. Mortality 

associated with sleep duration and insomnia. Arch Gen Psychiatry 2002; 

https://doi.org/10.1093/sleep/33.5.585
https://doi.org/10.1093/sleep/33.5.585
https://doi.org/10.1093/sleep/24.7.780
https://doi.org/10.1093/sleep/24.7.780
https://doi.org/10.1001/archinte.163.2.205
https://doi.org/10.1001/archinte.163.2.205


Sleep Duration and Diabetes Mellitus  •  Kim JH, et al.

보건행정학회지 2019;29(1):68-76 https://kshpa.jams.or.kr/co/main/jmMain.kci  75

59(2):131-136. DOI: https://doi.org/10.1001/archpsyc.59.2.131.

11.	 Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Quantity and quality of 

sleep and incidence of type 2 diabetes: a systematic review and meta-anal-

ysis. Diabetes Care 2010;33(2):414-420. DOI: https://doi.org/10.2337/

dc09-1124.

12.	 Meisinger C, Heier M, Loewel H; MONICA/KORA Augsburg Cohort 

Study. Sleep disturbance as a predictor of type 2 diabetes mellitus in men 

and women from the general population. Diabetologia 2005;48(2):235-

241. DOI: https://doi.org/10.1007/s00125-004-1634-x.

13.	 Kita T, Yoshioka E, Satoh H, Saijo Y, Kawaharada M, Okada E, et al. Short 

sleep duration and poor sleep quality increase the risk of diabetes in Japa-

nese workers with no family history of diabetes. Diabetes Care 2012; 

35(2):313-318. DOI: https://doi.org/10.2337/dc11-1455.

14.	 Chao CY, Wu JS, Yang YC, Shih CC, Wang RH, Lu FH, et al. Sleep dura-

tion is a potential risk factor for newly diagnosed type 2 diabetes mellitus. 

Metabolism 2011;60(6):799-804. DOI: https://doi.org/10.1016/j.metab-

ol.2010.07.031.

15.	 Larcher S, Benhamou PY, Pepin JL, Borel AL. Sleep habits and diabetes. 

Diabetes Metab 2015;41(4):263-271. DOI: https://doi.org/10.1016/j.dia-

bet.2014.12.004.

16.	 Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W, et al. Sleep duration and risk 

of type 2 diabetes: a meta-analysis of prospective studies. Diabetes Care 

2015;38(3):529-537. DOI: https://doi.org/10.2337/dc14-2073.

17.	 Beihl DA, Liese AD, Haffner SM. Sleep duration as a risk factor for inci-

dent type 2 diabetes in a multiethnic cohort. Ann Epidemiol 2009;19(5): 

351-357. DOI: https://doi.org/10.1016/j.annepidem.2008.12.001.

18.	 Mallon L, Broman JE, Hetta J. High incidence of diabetes in men with 

sleep complaints or short sleep duration: a 12-year follow-up study of a 

middle-aged population. Diabetes Care 2005;28(11):2762-2767. DOI: 

https://doi.org/10.2337/diacare.28.11.2762.

19.	 Donga E, van Dijk M, van Dijk JG, Biermasz NR, Lammers GJ, van Kralin-

gen KW, et al. A single night of partial sleep deprivation induces insulin 

resistance in multiple metabolic pathways in healthy subjects. J Clin En-

docrinol Metab 2010;95(6):2963-2968. DOI: https://doi.org/10.1210/

jc.2009-2430.

20.	 Buxton OM, Pavlova M, Reid EW, Wang W, Simonson DC, Adler GK. 

Sleep restriction for 1 week reduces insulin sensitivity in healthy men. 

Diabetes 2010;59(9):2126-2133. DOI: https://doi.org/10.2337/db09-0699.

21.	 Hayashino Y, Fukuhara S, Suzukamo Y, Okamura T, Tanaka T, Ueshima 

H, et al. Relation between sleep quality and quantity, quality of life, and 

risk of developing diabetes in healthy workers in Japan: the High-risk 

and Population Strategy for Occupational Health Promotion (HIPOP-

OHP) Study. BMC Public Health 2007;7:129. DOI: https://doi.org/10. 

1186/1471-2458-7-129.

22.	 International Diabetes Federation. IDF diabetes atlas. 6th ed. Brussels: 

International Diabetes Federation; 2013.

23.	 Nilsson PM, Roost M, Engstrom G, Hedblad B, Berglund G. Incidence 

of diabetes in middle-aged men is related to sleep disturbances. Diabetes 

Care 2004;27(10):2464-2469. DOI: https://doi.org/10.2337/diacare.27.10. 

2464.

24.	 American Academy of Sleep Medicine. International classification of 

sleep disorders: diagnostic and coding manual. 2nd ed. Westchester (IL): 

American Academy of Sleep Medicine; 2005.

25.	 Kim SJ, Jee SH, Nam JM, Cho WH, Kim JH, Park EC. Do early onset and 

pack-years of smoking increase risk of type II diabetes? BMC Public Health 

2014;14:178. DOI: https://doi.org/10.1186/1471-2458-14-178.

26.	 Kim JH, Kim KR, Cho KH, Yoo KB, Kwon JA, Park EC. The association 

between sleep duration and self-rated health in the Korean general popu-

lation. J Clin Sleep Med 2013;9(10):1057-1064. DOI: https://doi.org/10. 

5664/jcsm.3082.

27.	 Joslin Diabetes Center. Asian American Diabetes Initiative: Asian BMI 

calculator [Internet]. Boston (MA): Joslin Diabetes Center; c2016 [cited 

2019 Jan 1]. Available from: https://aadi.joslin.org/en/am-i-at-risk/asian-

bmi-calculator.

28.	 Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pick-

ering TG, et al. Sleep duration as a risk factor for diabetes incidence in a 

large U.S. sample. Sleep 2007;30(12):1667-1673. DOI: https://doi.org/10. 

1093/sleep/30.12.1667.

29.	 Lou P, Chen P, Zhang L, Zhang P, Yu J, Zhang N, et al. Relation of sleep 

quality and sleep duration to type 2 diabetes: a population-based cross-

sectional survey. BMJ Open 2012;2(4):e000956. DOI: https://doi.org/10. 

1136/bmjopen-2012-000956.

30.	 Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive pro-

tein, interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA 

2001;286(3):327-334. DOI: https://doi.org/10.1001/jama.286.3.327.

31.	 Spiegel K, Tasali E, Leproult R, van Cauter E. Effects of poor and short 

sleep on glucose metabolism and obesity risk. Nat Rev Endocrinol 2009; 

5(5):253-261. DOI: https://doi.org/10.1038/nrendo.2009.23.

32.	 Van Cauter E. Sleep disturbances and insulin resistance. Diabet Med 

2011;28(12):1455-1462. DOI: https://doi.org/10.1111/j.1464-5491.2011. 

03459.x.

33.	 McMullan CJ, Schernhammer ES, Rimm EB, Hu FB, Forman JP. Melato-

nin secretion and the incidence of type 2 diabetes. JAMA 

2013;309(13):1388-1396. DOI: https://doi.org/10.1001/jama.2013.2710.

34.	 Saxena TK, Maheshwari S, Saxena M. Aetiopathogenesis of type-2 diabe-

tes mellitus: could chronic stress play an important role? J Assoc Physi-

https://doi.org/10.1186/1471-2458-7-129
https://doi.org/10.1186/1471-2458-7-129
https://doi.org/10.1186/1471-2458-7-129
https://doi.org/10.1186/1471-2458-7-129
https://doi.org/10.5664/jcsm.3082
https://doi.org/10.5664/jcsm.3082
https://doi.org/10.1093/sleep/30.12.1667
https://doi.org/10.1093/sleep/30.12.1667
https://doi.org/10.1136/bmjopen-2012-000956
https://doi.org/10.1136/bmjopen-2012-000956
https://doi.org/10.1111/j.1464-5491.2011.03459.x
https://doi.org/10.1111/j.1464-5491.2011.03459.x


Kim JH, et al.  •  Sleep Duration and Diabetes Mellitus

보건행정학회지 2019;29(1):68-7676  https://kshpa.jams.or.kr/co/main/jmMain.kci

cians India 2014;62(6):484-489.

35.	 Gottlieb DJ, Whitney CW, Bonekat WH, Iber C, James GD, Lebowitz M, 

et al. Relation of sleepiness to respiratory disturbance index: the Sleep 

Heart Health Study. Am J Respir Crit Care Med 1999;159(2):502-507. 

DOI: https://doi.org/10.1164/ajrccm.159.2.9804051.

36.	 Wang X, Bi Y, Zhang Q, Pan F. Obstructive sleep apnoea and the risk of 

type 2 diabetes: a meta-analysis of prospective cohort studies. Respirolo-

gy 2013;18(1):140-146. DOI: https://doi.org/10.1111/j.1440-1843.2012. 

02267.x.

37.	 Lim JS, Lee HS, Kim EY, Yi KH, Hwang JS. Early menarche increases the 

risk of Type 2 diabetes in young and middle-aged Korean women. Diabet 

Med 2015;32(4):521-525. DOI: https://doi.org/10.1111/dme.12653.

38.	 Hwang J, Shon C. Relationship between socioeconomic status and type 2 

diabetes: results from Korea National Health and Nutrition Examination 

Survey (KNHANES) 2010-2012. BMJ Open 2014;4(8):e005710. DOI: 

https://doi.org/10.1136/bmjopen-2014-005710.

39.	 Paek KW, Chun KH. Sex difference of type 2 diabetes affected by ab-

dominal obesity versus overall obesity. Yonsei Med J 2010;51(6):850-856. 

DOI: https://doi.org/10.3349/ymj.2010.51.6.850.

https://doi.org/10.1111/j.1440-1843.2012.02267.x.
https://doi.org/10.1111/j.1440-1843.2012.02267.x.

