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Short sleep duration has been reported to increase the risk of diabetes. However, the
influence of sleep duration on glycemic control in diabetic patients has not been clarified.
In this study we evaluated the association between sleep duration and glycemic control in
diabetic patients. We analyzed the data from the Korea National Health and Nutrition
Examination Survey (KNHANES) 2007-2010. Sleep duration was classified into five groups:
<6,6,7,8,and =9 h/day. Fasting blood glucose and HoA1c showed a U-shaped trend
according to sleep duration. Sleep duration of 7 h/day had the lowest HbA1c (7.26%)
among the subjects (P = 0.026). In the older age group ( = 65 yr), a sleep duration of 6 h/
day was associated with the lowest HbA1c (7.26%). The adjusted odds ratio (OR) with a
95% confidence interval (Cl) of worse glycemic control (HbA1c > 7.0%) in group of sleep

equally to this work.

duration of > 9 h/day was 1.48 (1.04-2.13) compared with the group of 7 h/day. This

relationship disappeared after adjusting duration of diabetes (OR, 1.38; 95% Cl, 0.93-
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INTRODUCTION

Diabetes mellitus (DM) has become a major health problem
globally. According to the International Diabetes Federation,
diabetes affected 366 million people worldwide in 2011 (1). In
Korea, the prevalence of diabetes increased six to sevenfold
over the past 40 yr (2, 3). Diabetes is a major risk factor for car-
diovascular disease, which is the leading cause of death in peo-
ple with diabetes (4). Glucose control is a key factor in prevent-
ing a cardiovascular event in diabetic patients.

Short sleep duration has recently been recognized as a po-
tentially important factor contributing to the increasing preva-
lence of type 2 diabetes mellitus. Several cross-sectional studies
have suggested an association between short sleep duration
and diabetes and obesity (5-7). In prospective studies, short
sleep duration was associated with an approximately 47%-57%
increase in the risk of a diabetes diagnosis over a 10-yr period
(8,9).

However, few studies regarding the influence of sleep dura-
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2.03). Our results suggest that sleep duration and glycemic control in diabetic patients has
U-shaped relationship which was mainly affected by duration of diabetes.
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tion on glycemic control in diabetic patients are currently avail-
able (10, 11). Here we evaluated the association between self-
reported sleep duration and glycemic control in Korean diabet-
ic patients using data from the Korea National Health and Nu-
trition Examination Survey (KNHANES) 2007-2010.

MATERIALS AND METHODS

Study population
The study data consisted of the fourth and part of the fifth KINH-
ANES 2007-2010. The KNHANES has been conducted by the
Ministry of Health and Welfare of the Korean Government since
1998 to assess the general health and nutritional status of Kore-
ans. The fourth KNHANES was conducted from 2007 to 2009
and the fifth from 2010 to 2012. A total of 33,829 individuals aged
> 1 yr responded to the health questionnaire. Of the 33,829 ini-
tial respondents, diabetic patients aged > 20 yr were 2,174 (280
in 2007; 600 in 2008; 705 in 2009; and 589 in 2010). Finally, 2,134
diabetic patients who reported their sleep duration were includ-
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ed in the present study. A subject was considered as having dia-
betes mellitus if fasting blood glucose was > 126 mg/dL or if
the subject was taking oral hypoglycemic agents or insulin.

Sleep duration and insulin resistance

Sleep duration was obtained from the self-reported question-
naire from the question ‘How much on average do you sleep
each day?’ We classified sleep duration into five groups: < 6, 6,
7,8, and =9 h/day. Insulin resistance was defined by the ho-
meostasis model assessment for insulin resistance (HOMA-IR).
HOMA-IR was calculated by dividing the product of fasting
blood glucose (mg/dL) and fasting plasma insulin (mU/L) by
405 (12). HOMA-IR was obtained from the patients who never
used insulin.

Other variables

The following covariates were obtained using a standardized
questionnaire in the KNHANES: age, educational level, marital
status, residential area, household income, alcohol intake, smok-
ing status, physical activity level, and hypertension. We divided
educational level into three groups: <6 yr, 7-12yr, and > 12 yr
of education. Marital status was divided into three groups: sin-
gle, married and living together, or divorced or separated. Resi-
dential area was divided into rural areas and small, medium, or
large cities. Average monthly household income was divided
into four groups: < 1,000, 2,000, and > 3,001 (thousand KRW).
Current alcohol consumption, current smoking, and regular
physical activity were divided as yes or no. Hypertension was
defined as systolic > 140 mmHg or diastolic blood pressure
> 90 mmHg, or the use of anti-hypertensive medications. Treat-
ment status was divided into three groups: insulin with or with-
out oral hypoglycemic agents (OHA), OHA only or no medica-
tion. Durations of DM were obtained through patients” age mi-
nus the age of diagnosed with DM. Daily calorie intake were
calculated from daily intake of respective food group obtained
by nutritional questionnaire.

Statistical analysis

Among the five sleep duration groups, continuous variables
were compared using ANOVA and categorical variables were
compared by the chi-squared-test. Because the American Dia-
betes Association (ADA) recommends a HbAlc < 7% (< 53
mM/M) as a good glycemic control goal we defined worse gly-
cemic control as a HbAlc = 7%. Multivariable logistic regres-
sion was used to calculate the odds ratio (OR) with a 95% confi-
dence interval (CI) of worse glycemic control across the sleep
duration groups. Subjects sleeping 7 h/day were used as refer-
ence. The analysis was adjusted for potential confounders in
the following steps: 1) study year, age, and sex; 2) education
level, marital status, residential area, and monthly household
income, in addition to the variables in step 1; 3) current alcohol
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consumption, current smoking, and regular physical activity
and hypertension in addition to the variables in step 2; 4) waist
circumference (WC) and body mass index (BMI) in addition to
all the variables in step 3; and 5) treatment status, duration of
DM and daily calorie intake in addition to all the variables in
step 4. We compared HOMA-IR of the patients sleeping 7 h/day
with those sleeping the shortest (< 6 h/day) and longest (> 9 h/
day) amount of time using Student’s t-test. All analyses were
performed with the SPSS version 20 (SPSS, Chicago, IL, USA). A
Pvalue < 0.05 was considered to indicate statistical significance.

Ethics statement

KNHANES was approved by institutional review board of Korea
Centers for Disease Control and Prevention (Approval Number:
2007-02-CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-
02CON-21-C). Informed consent was waived by the board.

RESULTS

Baseline characteristics

Of the total of 2,134 diabetic patients (mean age 61.7 + 12.3 yr),
1,065 were male and 1,069 were female. The mean sleep dura-
tion was 6.81 + 1.3 h/day. Shortest or longest sleep duration
groups are more likely to be lower socioeconomic status and
treated with insulin. Education, marital status, household in-
come and durations of DM also showed a U-shaped trend ac-
cording to sleep duration. Baseline characteristics are summa-
rized in Table 1.

Glycemic levels according to sleep duration

Fig. 1 shows glycemic level according to sleep duration by sex
and age. Fasting blood glucose levels did not show a U-shaped
trend according to sleep duration. Glucose levels in subjects
younger than 65 yr (Fig. 1B) were U-shaped. HbA1c levels were
U-shaped, with subjects sleeping 7 h/day having the lowest
HbAlc (7.26%) levels (P = 0.026). A shorter or longer than 7 h/
day sleep duration was associated with higher mean HbAlc
levels. The U-shaped trend was stronger in females (Fig. 1C)
and in the younger age group (< 65 yr) (Fig. 1D). In males, the
shortest sleep duration group (< 6 h/day) had the lowest HbAlc
level (7.2%) (Fig. 1C). In the older age group (> 65 yr), the low-
est HbAlc level (7.08%) was in the 6 h/day sleep duration group
(Fig. 1D), which was not statistically significant (P = 0.097).

Association between sleep duration and high HbAlc levels
In total subjects, after adjusting for study year, age, sex (step 1),
socioeconomic status (step 2), lifestyle factors and hyperten-
sion (step 3), a shorter sleep duration increased the risk of worse
glycemic control (OR, 1.23; 95% CI, 0.93-1.62) compared with a
7 h/day sleep duration, but not statistically significant. Howev-
er, a longer sleep duration significantly increased the risk of
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Table 1. Characteristics of 2,134 Korean adults with diabetes according to self-reported sleep duration

Sleep duration (h/day)
Characteristics <6 6 7 8 29 Pvalue
n =455 n =461 n =521 n=479 n=218
(% of column) (% of column) (% of column) (% of column) (% of column)
FBG (mg/dL), mean % s.d 145.3 £ 50.6 147.5 + 46.6 1456 + 46.9 1472 £ 46.3 154.4 + 62.6 0.279
HbA1c (%), mean £ s.d 744 £16 739 +16 726 £15 740 £ 1.5 770 £1.8 0.026
BMI (kg/m?, mean + s.d 250+ 35 252+ 34 253+ 3.5 251+ 33 25.0 £ 3.6 0.627
WC (cm), mean + s.d 879+ 95 87.7 £ 9.8 88.0 + 8.8 87.9 £ 8.9 87.8 £ 9.6 0.977
Age (yr), mean £ s.d 653 + 11.0 59.1 £ 12.0 58.8 + 12.2 61.3 +£11.8 66.2 + 12.4 < 0.001
Sex < 0.001
Men 180 (39.6) 238 (51.6) 278 (53.4) 263 (54.9) 106 (48.6)
Women 275 (60.4) 223 (48.4) 243 (46.6) 216 (45.1) 112 (51.4)
Education < 0.001
<Byr 297 (65.6) 176 (38.3) 227 (43.7) 215 (45.0) 147 (68.7)
7-12yr 124 (27.4) 195 (42.4) 215 (41.4) 219 (45.8) 55 (25.7)
>13yr 32(7.1) 89 (19.3) 77 (14.8) 449.2) 12 (5.6)
Marital status < 0.001
Never married 7(1.5) 5(1.1) 11 (2.1) 14 (2.9) 5(2.3)
Current married 295 (65.0) 358 (78.2) 416 (80.0) 375 (78.6) 161 (73.9)
Divorced/separated 152 (33.5) 95 (20.7) 93 (17.9) 88 (18.4) 52 (23.9)
Residence < 0.001
Large city 202 (44.4) 214 (46.4) 203 (39.0) 183(38.2) 61 (28.0)
Small-medium city 135(29.7) 143 (31.0) 180 (34.5) 134 (28.0) 63 (28.9)
Rural area 118 (25.9) 104 (22.6) 138 (26.5) 162 (33.8) 94 (43.1)
Household income (thousand KRW) < 0.001
< 1,000 219 (49.9) 148 (33.3) 174 (34.0) 190 (40.5) 123 (68.0)
1.001-2,000 90 (20.5) 106 (23.9) 120 (23.4) 107 (22.8) 32 (15.1)
2,001-3,000 54 (17.4) 74 (16.7) 86 (16.8) 66 (14.1) 30 (14.2)
> 3,001 76 (17.3) 116 (26.1) 132 (25.8) 106 (22.6) 27(12.7)
Current alcohol use 221 (48.6) 281 (61.0) 328 (63.0) 279 (658.2) 107 (49.1) < 0.001
Current smoking 81(17.9) 99 (21.5) 111 (21.3) 98 (20.5) 39(17.9 0.523
Regular physical activity 127 (27.9) 175 (38.0) 209 (40.1) 182 (38.0) 70 (32.1) 0.001
Hypertension 256 (56.3) 231 (50.1) 267 (51.3) 250 (52.3) 126 (57.8) 0.187
Treatment status < 0.001
Insulin with or without OHA 32(7.0) 31(6.7) 29 (5.6) 35(7.3) 22 (10.1)
OHA only 310 (68.1) 257 (65.7) 318 (61.0) 298 (62.2) 143 (65.6)
No medication 113 (24.8) 173 (37.5) 174 (33.4) 146 (30.5) 53 (24.3)
Duration of DM (yr), mean £ s.d 11.7 £ 8.6 95+£72 99+ 76 10.7 £ 8.0 119 £ 84 0.001
Daily calorie intake (kcal), mean £ s.d 1590.4 £ 666.8 1812.5 £ 810.2 1861.9 £ 7824 1815.7 £ 859.9 1607.5 £ 6428  <0.001
HOMA-IR, mean + s.d 497 £ 6.8 450 £ 39 457 + 3.8 491 £6.0 511 £ 6.0 0.484

FBG, fasting blood glucose; BMI, body mass index; KRW, Korean won; OHA, oral hypoglycemic agents; DM, diabetes mellitus; HOMA-IR, homeostasis model assessment for in-

sulin resistance.

worse glycemic control (OR, 1.47; 95% CI, 1.03-2.10). On the
other hand, in females and younger age group, the association
between sleep duration and worse glycemic control was stron-
gest for the shortest sleep duration (OR, 1.53; 95% CI, 1.05-2.25;
OR, 1.54; 95% CI, 1.04-2.27, respectively). After further adjusted
BMI and WC (step 4) the association for the shortest sleep du-
ration attenuated (OR, 1.47; 95% CI, 1.00-2.17; OR, 1.47; 95% CI,
0.99-2.12, respectively). The association between sleep duration
and worse glycemic control disappeared after adjusting treat-
ment status, duration of diabetes, and daily calorie intake. In
the regression model step 5, duration of DM was only signifi-
cant factor in total subjects, female and younger age group (OR,
1.06; 95% CI, 1.04-1.08; OR, 1.08; 95% CI, 1.05-1.11; OR, 1.11;
95% CI,1.08-1.15, respectively) (Table 2).
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Insulin resistance according to sleep duration

HOMA-IR levels according to sleep duration are shown in Fig. 2.
These also exhibited a U-shaped trend. HOMA-IR levels in the
longest sleep duration group were significantly higher than in
the 7 h/day sleep duration group (P < 0.05).

DISCUSSION

The present study is the first to report that sleep duration is as-
sociated with glycemic control. The association between sleep
duration and glycemic control status showed a U-shaped trend.
This trend was stronger in females and subjects younger than
65 yr. A U-shaped association has been reported between sleep
duration and hyperglycemia in obese adolescents (13) and Jap-
anese diabetic patients (10). In addition, U-shaped relation-
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Fig. 1. Glycemic levels according to sleep duration by sex and age. (A) Fasting blood glucose levels according to sleep duration by sex. (B) Fasting blood glucose levels accord-
ing to sleep duration by age. (C) HbA1c levels according to sleep duration by sex. (D) HoA1c levels according to sleep duration by age.

ships between sleep duration and metabolic syndrome (14),
diabetes (15, 16) and even mortality have been reported (17).

The U-shaped relationship between sleep duration and gly-
cemic control may be explained by insulin resistance. Sleep du-
ration also had a U-shaped relationship with HOMA-IR levels.
Javaheri et al. (18) reported adolescents with shorter and longer
sleep durations had HOMA-IR levels that were on average 20%
higher than in adolescents with average sleep duration.

In this study, after adjusting for waist circumference, the rela-
tionship with shorter sleep duration was attenuated, however,
the association with longer sleep duration was unchanged. There-
fore, the association between shorter sleep duration and HOMA-
IR levels was mediated primarily through the association be-
tween shorter sleep duration and central obesity. Conversely,
the association between longer sleep duration and HOMA-IR
levels seemed to be through pathways independent of obesity.
Interestingly, after adjusting duration of DM, the relationship
between sleep duration and worse glycemic control disappear-

http://dx.doi.org/10.3346/jkms.2013.28.9.1334

ed. The long duration of DM could be more likely to have co-
morbidities and these comorbidities may be a cause of shorter
or longer sleep and also worse glycemic control (19, 20). When
we selected subgroup of DM duration less than 5 yr, which might
have no diabetic complications such as neuropathy, there was
no association between sleep duration and glycemic control.
Therefore, we can suggest that patients with painful diabetic
neuropathy have anxiety, depression, and sleep disturbance
and these comorbidities cause worse glycemic control (21).

Short sleep duration has been suggested to be associated
with metabolic syndrome and obesity. Sleep deprivation has
been shown to alter the neuroendocrine control of appetite,
and reduce leptin and increase ghrelin levels (22). These hor-
monal changes could lead to weight gain and secondary insulin
resistance. Short sleep duration was also shown to increase
counter-regulatory hormones such as cortisol and sympathetic
nervous system activity, both of which can contribute to insulin
resistance (23).

http://jkms.org 1337
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Table 2. Association between sleep duration and high HbA1c levels in 2,134 Korean adults with diabetes

Sleep duration High HbATc (> 7.0%), ORs (95% Cls) of high HbATc (> 7.0%)
(h/day) Number (%) Step 1 Step 2 Step 3 Step 4 Step 5
Total
<6 206 (48.5) 1.25 (0.96-1.64) 1.29 (0.97-1.67) 1.23(0.93-1.62) 1.19(0.90-1.57) 1.15 (0.85-1.60)
6 201 (46.1) 1.05 (0.81-1.37) 1.06 (0.82-1.39) 1.06 (0.81-1.38) 1.07 (0.82-1.40) 1(0.83-1.49)
7 221 (44.8) 1 1 1 1
8 226 (50.1) 1.29 (0.99-1.67) 1.29 (0.99-1.67) 1.27 (0.97-1.65) 1.26 (0.96-1.64) 1.22 (0.92-1.62)
>9 98 (53.0) 1.54 (1.09-2.18)* 1.50 (1.05-2.15)* 1.47 (1.03-2.10) 1.48 (1.04-2.13) 1.38(0.93-2.03)
Only for women
<6 136 (53.3) 1.59 (1.10-2.30)* 1.56 (1.07-2.28)* 1.53 (1.05-2.25)* 1.47 (1.00-2.17)* 1.46 (0.96-2.21)
6 101 (48.8) 1.17 (0.80-1.72) 1.26 (0.85-1.86) 1.25 (0.84-1.86) 1.29 (0.86-1.92) 1.44 (0.94-2.21)
7 100 (44.8) 1 1 1 1
8 106 (51.7) 1.35 (0.92-1.99) 1.40 (0.95-2.07) 1.40 (0.94-2.07) 1.38 (0.93-2.05) 1.35 (0.89-2.05)
>9 49 (53.3) 1.53 (0.93-2.51) 1.46 (0.88-2.42) 1.47 (0.87-2.45) 1.47 (0.88-2.47) 1.31(0.75-2.27)
Only for <65 yrold
<6 100 (58.5) 1.55 (1.06-2.26)* 1.58 (1.07-2.33)* 1.54 (1.04-2.27)* 1.47 (0.99-2.12) 1.34 (0.86-2.09)
6 142 (50.9) 1.16 (0.84-1.60) 1.15 (0.83-1.60) 1.16 (0.83-1.62) 1.15 (0.82-1.62) 1.25 (0.85-1.83)
7 146 (47.2) 1 1 1 1
8 136 (51.1) 1.17 (0.84-1.62) 1.11 (0.80-1.55) 1.10 (0.79-1.54) 1.09 (0.78-1.53) 1.04 (0.72-1.50)
>9 46 (60.5) 1.68 (1.01-1.20)* 1.63 (0.96-2.78) 1.60 (0.94-2.74) 1.57 (0.91-2.69) 1.33(0.84-2.41)

*Pvalue < 0.05. Step 1: adjustment for study year, age, and sex. Step 2: adjustment for education, marital status, residential area, and household income, plus all variables in
step 1. Step 3: adjustment for current alcohol use, current smoking, regular physical activity, and hypertension plus all variables in step 2. Step 4: adjustment for BMI and WC
plus all variables in step 3. Step 5: adjustment for treatment status, duration of DM and daily calorie intake plus all variables in step 4. CI, confidence interval; OR, odds ratio.

521
51 5.1
50 5.0

49 - 49

48 -
47
46
45
44 4.5 4.5
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4.2

Level of HOMA-IR

<6 6 7 8 >9
Sleep duration (h/day)

Fig. 2. Insulin resistance levels according to sleep duration.

The mechanism underlying the association between long
sleep duration and insulin resistance remains unclear. Long
sleep duration has been hypothesized to indicate various un-
measured health and psychiatric problems (24). Long sleep
duration is reportedly associated with a low level of physical ac-
tivity and low socioeconomic status (25, 26). In the present study,
a greater proportion of patients with long sleep duration (> 9 h/
day) had a stroke (11.0%) than patients with short sleep dura-
tion (7h:5.2%, < 6h:6.2%, respectively). Another possible mech-
anism of the association between long sleep duration and insu-
lin resistance is alteration of levels of proinflammatory cytokines
such as C-reactive protein (CRP) and interleukin-6 (IL-6) by
habitual long sleep duration, which could affect glucose me-
tabolism (27). Alternatively, longer sleep duration influenced
cerebral and systemic glucose use (28) and the effects of coun-
ter-regulatory hormones released during sleep (29).

1338  http://jkms.org

Our data indicate that the U-shaped trend between sleep du-
ration and glycemic level is stronger in females and younger
subjects. Males with sleep duration longer than 7 h/day had
higher HbAlc levels, and subjects with sleep duration shorter
than 7 h/day had lower HbAlc levels. In males, sleep duration
and insulin resistance could be affected by occupational physi-
cal activity. A previous study of the interaction between physi-
cal activity and sleep duration supports this hypothesis. The
combination of low physical activity and short sleep duration
had a more than twofold higher OR for insulin resistance, com-
pared to the combination of high physical activity and short
sleep duration. Subjects with high physical activity and short
sleep duration had lower insulin resistance than subjects with
low physical activity and appropriate sleep duration. Moreover,
that study used occupational physical activity rather than exer-
cise-related physical activity (30). In our study, more patients
with a short sleep duration had simple labor occupations (11.2%)
than those patients with a 7 h/day sleep duration (8.0%) and
with a long sleep duration (> 9 h: 8.7%).

The present study has several limitations. It was a cross-sec-
tional design; therefore, causality could not be identified, and
the cumulative effect of or temporal change in sleep duration
could not be evaluated. Sleep duration was self-reported, thus
recall bias may exist.

In conclusion, our data suggest that shorter and longer sleep
durations are associated with worse glycemic control and asso-
ciated with central obesity and insulin resistance in Korean adults
with diabetes. The U-shaped trend was stronger in females and
subjects less than 65 yr of age. These trends are mainly associat-
ed with duration of DM. Therefore, the association between

http://dx.doi.org/10.3346/jkms.2013.28.9.1334
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sleep duration and glycemic control might be explained by in-
sulin resistance and duration of DM.
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