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Background: One-third of the present adults in South Korea are obese, and previous studies have demonstrated that 

sleep duration is considered a risk factor for obesity. Hence, I assessed the relationship between sleep duration and 

body mass index in a South Korean adult population. 

Methods: This cross-sectional study consists of a representative sample of 4,218 South Korean adults (20-64 years) 

who participated in the sixth Korea National Health and Nutrition Examination Survey (2015). As statistical analysis 

methods, data were analyzed using chi-square test and multiple logistic regression. Propensity score matching (PSM) 

was applied to control selection bias, and obesity-related factors were used as covariates in PSM.

Results: According to the multiple logistic regression analysis, people who sleep for more than seven hours a day were 

less likely to be obese than those who sleep for less than seven hours a day in the pre-match (OR = 0.75, 95%CI = 0.65-0.88) 

and post-match (OR = 0.77, 95%CI = 0.65-0.90) samples. 

Conclusions: This finding suggests that South Korean adults who reported sleeping more than 7 hours a day were linked 

to decreased body mass index. Hence, the proper amount of sleep is necessary to reduce the prevalence of obesity in 

this population.
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INTRODUCTION

Obesity is a medical condition in which excess body fat 

accumulates to the extent that it can have a negative impact 

on human health. Obesity is a main risk factor for non-

communicable diseases such as heart disease, type 2 diabetes, 

obstructive sleep apnea, cancer, and osteoarthritis [1]. 

Obesity is mainly caused by lifestyle and genetic factors. 

The major lifestyle risk factors for obesity are excessive 

food intake and lack of physical activity [2]. At present, 

we are facing a major obesity pandemic around the globe. 

In 2014, 600 million adults (13%) and 42 million young 

children under five were obese around the world [3]. With 

this trend, the American Medical Association (AMA) cate-

gorized obesity as a disease in 2013 [4,5]. In South Korea, 

the prevalence of obesity among adults (over the age of 19) 

has consistently increased from 1998 to 2013 (Fig. 1). 

According to Korea Health Statistics 2013, the prevalence 

of obesity was 32.5% for adults (over the age of 19) in 
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Fig. 1. Obesity (BMI) trend for South Korean adults (over 19). 

Source: Ministry of Health and Welfare, 2014, Korea Health 

Statistics 2013.

2013. In other words, one-third of the present adults in 

South Korea are obese. In addition, the average amount of 

sleep per night reported in South Korean adults was 6.7 

hours in 2013 [6]. The American National Sleep Foundation 

recommended that the ideal sleep duration for adults 

(20-64) is 7 to 9 hours a day [7]. Numerous studies have 

shown that short sleep duration (less than 7 hours a day) 

was related to higher body mass index among adults. In lon-

gitudinal studies, Hasler et al. (2004) asserted that there was 

a strong association between short sleep duration (less than 

6 hours a day) and obesity, with an adjusted odds ratio of 

0.50 for sleep duration predicting obesity over a 13-year pe-

riod [8]. According to 6-year prospective data from the 

Quebec Family Study, short sleepers (sleeping 5-6 hours a 

day) were more likely to be obese than normal sleepers 

(sleeping 7-8 hours a day) [9].

In cross-sectional studies, Ford et al. (2014) asserted that 

short sleepers (sleeping less than 6 hours a day) were as 

much as 1.7 kg/m
2
 heavier than long sleepers (sleeping more 

than 7 hours a day) [10]. Grandner et al. (2015) claimed 

that short sleep duration was associated with higher BMI 

among adults (18-49 years) [11]. Nathaniel et al. (2010) 

maintained that short sleep (sleeping less than 7 hours a 

day) was associated with increased BMI after adjusting for 

genetics and shared environment [12]. Park et al. (2007) 

argued that there was a negative association between sleep 

duration and body mass index among Korean adults after 

controlling for the potential confounding variables [13]. 

However, all of these studies used conventional regression 

techniques that were not adjusted for the selection bias pres-

ent in observational studies [14,15]. Hence, these studies 

have been limited in determining whether there is a causal 

effect of sleep duration on body mass index. To identify 

a more robust measure of the association between sleep du-

ration and body mass index, propensity score matching is 

applied in the present study.

MATERIALS AND METHODS

1. Study design and participants

This study used data from the sixth Korea National 

Health and Nutrition Examination Survey (2015). The 

KNHANES is an ongoing surveillance system in Korea that 

assesses the health and nutritional status of Koreans since 

1998, performed by the Korea Centers for Disease Control 

and Prevention. The KNHANES aims to monitor trends in 

health risk factors and the prevalence of major chronic dis-

eases and provides data for the development and assessment 

of health policies and programs in Korea. This nationally 

representative cross-sectional survey collects data on so-

cio-demographic characteristics, health behaviors, quality of 

life, healthcare utilization, anthropometric measures, bio-

chemical and clinical profiles for chronic diseases, and diet-

ary intakes of about 10,000 Koreans individuals every year 

[16]. My study did not require approval from an institu-

tional review board because the KNHANES data are secon-

dary and do not include personal information. This 

cross-sectional study consists of a representative sample of 

4,218 South Korean adults (20-64 years) who participated 

in the sixth KNHANES (2015). I analyzed secondary data 

that contained detailed responses relating to socio-demo-

graphic variables, health behavior, and health status includ-

ing objective assessment of obesity, amount of time spent 

in sedentary behaviors, physical activity, and sleep duration.

2. Measures

1) Sleep duration

I treated sleep duration as a binary index variable (long 

sleepers: sleeping more than 7 hours a day; short sleepers: 

sleeping less than 7 hours a day) based on response to the 

following item: How many hours do you sleep a day?

2) Body mass index

Body mass index is calculated by dividing weight by 
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height squared and is closely connected with both percent-

age body fat and total body fat [17]. People with a BMI 

of 25 kg/m
2
 to 29 kg/m

2
 are considered overweight, and 

people with a BMI of 30 kg/m
2
 or more are classified as 

obese [18]. However, the WHO Western Pacific Region 

(WPRO) has redefined BMI in consideration of Asian phys-

ical characteristics. In specific, Asian people with a BMI of 

23 kg/m
2
 to 25 kg/m

2
 are considered overweight, and Asian 

people with a BMI of 25 kg/m
2
 or more are classified as 

obese [19]. I treated BMI classification as a binary index 

variable (Normal: BMI ≤ 24.9; Obesity: ≥25.0).

3) Covariates: Obesity-related factors

Excessive body weight is related to various diseases such 

as cardiovascular diseases, type 2 diabetes, obstructive sleep 

apnea, cancer, osteoarthritis, and asthma. As a result, obesity 

has been known to decrease life expectancy [20]. Obesity 

is caused by various socio-demographic and health behavior 

factors. These socio-demographic factors include gender, 

education, and income. Among men, obesity prevalence is 

generally similar at all income and education levels, with a 

tendency to be slightly higher at higher income and educa-

tion levels. Among women, in contrast, obesity prevalence 

increases as income and education decrease [16]. Second, 

health behavior factors including excessive food intake and 

physical activity level are known risk factors for obesity 

[21-24].

(1) Socio-demographic variables

Age was categorized into five groups (20-29, 30-39, 

40-49, 50-59, 60-64 years), and income level was catego-

rized into quartiles. Education level was categorized into 

four groups (graduation from university or more, gradu-

ation from high school, graduation from middle school, and 

graduation from elementary school), and job was catego-

rized into seven groups (Manager or specialized job, Office 

clerk, Service worker, Farmer or fisher, Technician or 

Factory worker, Simple labor, Unemployed).

(2) Health behavior variables

Physical activity was categorized into two groups (Yes: 

at least 2 hrs, 30 min of high exercise and 1 hr, 15 min 

of moderate exercise per week; No) The average time spent 

in sedentary behaviors per day was categorized into four 

groups (more than 9 hours, 6-8 hours, 3-5 hours, 1-2 

hours). The average daily calorie intake was categorized in-

to four groups (less than 1,000 kcal, 1,001-2,000 kcal, 

2,001-3,000 kcal, more than 3001 kcal).

3. Statistical analysis

1) Propensity score matching

Propensity score matching was applied to control con-

founding factors such as selection bias. Propensity score 

matching was first proposed by Rosenbaum and Rubin in 

1983 and is based on the counterfactual concept and can 

help reinforce causal arguments in observational studies by 

reducing selection bias [25,26]. The propensity score is a 

balancing score. In the present study, sleep duration (long 

sleepers: 0, short sleepers: 1) was used as the dependent var-

iable, and obesity-related variables (age, gender, education, 

household income, job, sedentary behaviors, physical activ-

ity, and average daily calorie intake) were used as covariates 

in propensity score matching. Second, treatment cases (long 

sleepers) were matched with control cases (short sleepers) 

using 1:1 nearest neighborhood matching. Third, histogram 

analysis and covariate difference analysis were performed 

after propensity score matching to assess the effect of 

matching. Statistical analysis was conducted using SPSS 

(version 23.0, SPSS Inc., Chicago, IL).

2) Chi-square test

Chi-square test was performed to compare the dis-

tribution of covariates before and after propensity score 

matching. Statistical analysis was conducted using SPSS 

(version 23.0, SPSS Inc., Chicago, IL).

3) Multiple logistic regression

Multiple logistic regression was performed to analyze the 

association between sleep duration and body mass index 

among South Korean adults before and after propensity 

score matching. The independent variable was sleep dura-

tion, and the dependent variable was body mass index. 

Covariates were other obesity-related factors such as age, 

gender, education, household income, job, sedentary behav-

iors, physical activity, and average daily calorie intake. I 

divided the regression analysis into two parts. Using the full 
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Fig. 2. Research frame: Korea National

Health and Nutrition Examination 

Survey (2015).

Fig. 3. Histograms of propensity score before and after matching.

sample (pre-matching sample) of South Korean adults, I 

first generated a logistic regression model. After propensity 

score matching, I performed logistic regression analysis us-

ing the reduced sample (post-matching sample) containing 

only matched cases. Statistical analysis was conducted using 

SPSS (version 23.0, SPSS Inc., Chicago, IL) (Fig. 2).



80

Journal of Lifestyle Medicine Vol. 7, No. 2, July 2017

Table 1. Multiple logistic regression models of the association between sleep duration and body mass index among South Korean

adults

Variables

Pre-matching sample

(N = 3,162)

Post-matching sample

(N = 2,698)

Adj. odds ratio 95% C.I. Adj. odds ratio 95% C.I.

Sleep duration

 

Gender

 

Age (years)

 

 

 

 

Income level

 

 

 

Occupation

 

 

 

 

 

 

Education level

 

 

 

Energy intake 

(calories)

 

 

Sedentary hours 

per day

 

 

Physical activity

 

＜7 hours

≥7 hours

Female

Male

60-64

50-59

40-49

30-39

20-29

1
st
 quartile (highest)

2
nd

 quartile

3
rd
 quartile

4
th
 quartile (lowest)

Unemployed

Manager, specialized job

Office clerk

Service worker

Farmer or fisher

Technician, factory worker

Simple labor

University or more

High school

Middle school

Elementary school

＞3,000 kcal

2,001-3,000 kcal

1,001-2,000 kcal

≤1,000 kcal

≥9 hours

6-8 hours

3-5 hours

1-2 hours

Yes

No

Reference

0.754***

Reference

1.796***

Reference

1.087

1.027

0.879

0.578**

Reference

1.160

1.309*

1.201

Reference

1.150

1.162

1.170

1.242

0.895

1.289

Reference

1.109

1.329

2.216***

Reference

0.716**

0.814

0.974

Reference

0.735**

0.869

1.189

Reference

0.963

 

[0.646, 0.880]

 

[1.498, 2.153]

 

[0.843, 1.401]

[0.773, 1.364]

[0.645, 1.198]

[0.417, 0.803]

 

[0.955, 1.409]

[1.056, 1.622]

[0.897, 1.610]

 

[0.886, 1.491]

[0.878, 1.538]

[0.910, 1.488]

[0.818, 1.895]

[0.669, 1.200]

[0.978, 1.765]

 

[0.908, 1.354]

[0.974, 1.814]

[1.606, 3.058]

 

[0.565, 0.909]

[0.641, 1.032]

[0.681, 1.393]

 

[0.603, 0.896]

[0.711, 1.062]

[0.818, 1.727]

 

[0.823, 1.127]

Reference

0.765**

Reference

1.704***

Reference

1.118

1.037

0.868

0.578**

Reference

1.165

1.427**

1.258

Reference

1.124

1.090

1.033

1.239

0.931

1.243

Reference

1.179

1.291

2.289***

Reference

0.670**

0.788

1.007

Reference

0.748**

0.889

1.144

Reference

0.912

 

[0.649, 0.902]

 

[1.402, 2.071]

 

[0.858, 1.457]

[0.771, 1.395]

[0.624, 1.207]

[0.403, 0.829]

 

[0.946, 1.436]

[1.133, 1.796]

[0.924, 1.712]

 

[0.846, 1.492]

[0.805, 1.477]

[0.793, 1.347]

[0.798, 1.925]

[0.681, 1.274]

[0.904, 1.707]

 

[0.949, 1.465]

[0.930, 1.792]

[1.634, 3.207]

 

[0.519, 0.864]

[0.611, 1.017]

[0.689, 1.472]

 

[0.604, 0.926]

[0.718, 1.102]

[0.772, 1.695]

 

[0.771, 1.079]

*p ＜ 0.05, **p ＜ 0.01, ***p ＜ 0.001.

RESULTS

Fig. 3 shows the histograms before and after propensity 

score matching. The histograms before matching show some 

differences. In contrast, the histograms after matching are 

very similar. Hence, Fig. 3 shows that matching worked 

very well.

Table 1 shows the association between sleep duration and 

body mass index among South Korean adults in the large 

(pre-matching) and small (post-matching) samples. The 

analysis using the pre-matching sample identified a negative 

relationship (OR = 0.75, p ＜ 0.001) between sleep duration 

and body mass index among South Korean adults after ad-

justing for other obesity-related variables in the model. The 

pre-matching analysis also showed significant associations 

between body mass index and the following covariates: gen-

der, age, income level, education level, energy intake, and 

sedentary hours per day.

Table 1 also displays the association between sleep dura-

tion and body mass index among South Korean adults in 
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Table 2. Covariate imbalance before and after matching based on the propensity score

Covariates: N (%)
Pre-matching sample (N = 3,162) Post-matching sample (N = 2,698)

≥7 hours ＜7 hours p-value ≥7 hours ＜7 hours p-value

Total

Gender

 

Age

 

 

 

 

Icome Level

 

 

 

Occupation

 

 

 

 

 

 

Education Level

 

 

 

Energy Intake 

(Calories)

 

 

Sedentary hours 

per day

 

 

Physical Activity

 

 

Female

Male

60-64

50-59

40-49

30-39

20-29

1
st
 quartile (highest)

2
nd

 quartile

3
rd
 quartile

4
th
 quartile (lowest)

Unemployed

Manager, specialized job

Office clerk

Service worker

Farmer or fisher

Technician, factory worker

Simple labor

University or more

High school

Middle school

Elementary school

＞3,000 kcal

2,001-3,000 kcal

1,001-2,000 kcal

≤1,000 kcal

≥9 hours

6-8 hours

3-5 hours

1-2 hours

Yes

No

1,813 (57.3%)

1,106 (61.0%)

 707 (39.0%)

 211 (11.6%)

 498 (27.5%)

 418 (23.1%)

 372 (20.5%)

 314 (17.3%)

 637 (35.1%)

 581 (32.0%)

 431 (23.8%)

 164 (9.0%)

 635 (35.0%)

 287 (15.8%)

 202 (11.1%)

 276 (15.2%)

  64 (3.5%)

 204 (11.3%)

 145 (8.0%)

 770 (42.5%)

 694 (38.3%)

 185 (10.2%)

 164 (9.0%)

 257 (14.2%)

 600 (33.1%)

 840 (46.3%)

 116 (6.4%)

 713 (39.3%)

 527 (29.1%)

 502 (27.7%)

  71 (3.9%)

 933 (51.5%)

 880 (48.5%)

1,349 (42.7%)

 783 (58.0%)

 566 (42.0%)

 193 (14.3%)

 412 (30.5%)

 340 (25.2%)

 236 (17.5%)

 168 (12.5%)

 506 (37.5%)

 392 (29.1%)

 302 (22.4%)

 149 (11.0%)

 373 (27.7%)

 253 (18.8%)

 188 (13.9%)

 208 (15.4%)

  52 (3.9%)

 146 (10.8%)

 129 (9.6%)

 543 (40.3%)

 512 (38.0%)

 132 (9.8%)

 162 (12.0%)

 211 (15.6%)

 422 (31.3%)

 609 (45.1%)

 107 (7.9%)

 554 (41.1%)

 347 (25.7%)

 376 (27.9%)

  72 (5.3%)

 684 (50.7%)

 665 (49.3%)

 

0.050

 

＜0.001

 

 

 

 

0.065

 

 

 

＜0.001

 

 

 

 

 

 

0.054

 

 

 

0.193

 

 

 

0.066

 

 

 

0.350

 

1,349 (50.0%)

 786 (58.3%)

 563 (41.7%)

 181 (13.4%)

 428 (31.7%)

 327 (24.2%)

 241 (17.9%)

 172 (12.8%)

 487 (36.1%)

 426 (31.6%)

 303 (22.5%)

 133 (9.9%)

 370 (27.4%)

 249 (18.5%)

 169 (12.5%)

 233 (17.3%)

  55 (4.1%)

 163 (12.1%)

 110 (8.2%)

 538 (39.9%)

 508 (37.7%)

 159 (11.8%)

 144 (10.7%)

 193 (14.3%)

 433 (32.1%)

 636 (47.1%)

  87 (6.4%)

 546 (40.5%)

 369 (27.4%)

 376 (27.9%)

  58 (4.3%)

 673 (49.9%)

 676 (50.1%)

1,349 (50.0%)

 783 (58.0%)

 566 (42.0%)

 193 (14.3%)

 412 (30.5%)

 340 (25.2%)

 236 (17.5%)

 168 (12.5%)

 506 (37.5%)

 392 (29.1%)

 302 (22.4%)

 149 (11.0%)

 373 (27.7%)

 253 (18.8%)

 188 (13.9%)

 208 (15.4%)

  52 (3.9%)

 146 (10.8%)

 129 (9.6%)

 543 (40.3%)

 512 (38.0%)

 132 (9.8%)

 162 (12.0%)

 211 (15.6%)

 422 (31.3%)

 609 (45.1%)

 107 (7.9%)

 554 (41.1%)

 347 (25.7%)

 376 (27.9%)

  72 (5.3%)

 684 (50.7%)

 665 (49.3%)

 

0.469

 

0.903

 

 

 

 

0.443

 

 

 

0.544

 

 

 

 

 

 

0.308

 

 

 

0.309

 

 

 

0.524

 

 

 

0.350

 

post-matching samples after propensity score matching us-

ing 1:1 nearest neighborhood matching. After adjusting for 

all covariates in the model, sleep duration remained a sig-

nificant predictor (OR = 0.77, p ＜ 0.01) of body mass in-

dex among South Korean adults. The post-matching analysis 

also showed significant associations between body mass in-

dex and the following covariates: gender, age, income level, 

education level, energy intake, and sedentary hours per day.

Table 2 shows the general characteristics of participants 

and the summary of results before and after propensity 

score matching. The total number of participants in the 

pre-matching sample was 3,162 (long sleepers: 1813, short 

sleepers: 1349). In contrast, the total number of participants 

in the post-matching sample was 2,698 (long sleepers: 1349, 

short sleepers: 1349). Chi-square analysis showed significant 

differences between samples of long sleepers and short 

sleepers for each of the covariates in the pre-match sample. 

Comparatively, differences among covariates between long 

sleepers and short sleepers were decreased, as shown by the 

smaller number of variables and larger p-value for the 

Chi-square test in the post-matching sample.

DISCUSSION

The purpose of this study was to analyze the relationship 

between sleep duration and body mass index among South 
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Korean adults. The results of this study are as follows.

As a result of the multiple logistic regression analysis of 

the association between sleep duration and body mass index, 

people who sleep for more than seven hours a day were less 

likely to be obese than those who sleep for less than seven 

hours a day in both the pre-matching (OR = 0.75, p ＜ 

0.001) and post-matching (OR = 0.77, p ＜ 0.01) samples. 

Hence, my finding is consistent with previous studies that 

have reported that short sleep duration was related to ele-

vated body mass index. In cross-sectional studies, short sleep 

duration (less than 7 hours a day) was related to higher 

body mass index among adults [10-13]. However, longi-

tudinal studies on the association between sleep duration and 

obesity are controversial. Hasler et al. (2004) and Chaput 

et al. (2008) argued that short sleepers (sleeping less than 

6 hours a day) were associated with obesity and weight gain 

[8,9] According to the Whitehall II Study with 5 years of 

follow-up, in contrast, short sleep duration (sleeping less 

than 5 hours a day) was not significantly related to sig-

nificant changes in BMI [27]. Gangwisch et al. (2005) in-

sisted that there was a nonsignificant relationship between 

sleep duration and body mass index over 10 years in a sam-

ple of about 2,500 men and 1,100 women [28]. I think the 

reason why longitudinal studies produced different research 

results is that each research study used different selection 

criteria for participants and different statistical methods. 

The mechanism through which short sleep increases body 

mass index has not been clearly defined. Some possible 

mechanisms have been suggested such as insulin and glucose 

dysregulation, [29] an orexigenic pattern due to decreased 

leptin and increased ghrelin, [30] increased caloric con-

sumption or other dietary changes, [31] increased systemic 

inflammation, [32] and reduced physical activity caused by 

increased daytime sleepiness [33]. The significance of the 

present research study is as follow. This study is ob-

servational using secondary data. Unlike experimental stud-

ies, observational studies are susceptible to potential con-

founding factors such as selection bias [14,15]. In order to 

control selection bias, propensity score matching is applied 

in the study. This study is significant in the sense that it 

was a first attempt to apply propensity score matching to 

analyze the relationship between sleep duration and body 

mass index for improving the accuracy of study in South 

Korea.

My results should be considered in light of several 

limitations. First, the study design is cross-sectional. Hence, 

I was not able to confirm the temporal causal relationship 

between sleep duration and body mass index. Second, I ana-

lyzed a relatively small sample size because the health inter-

view and nutrition survey were conducted by self-reported 

survey, which might yield a lot of missing information. 

Third, I only focused on the relationship between short sleep 

duration (sleeping less than 7 hours a day) and obesity. 

Hence, follow-up study needs to be conducted about the 

obesity risk of long sleep duration (sleeping more than 9 

hours a day).

In conclusion, there was a negative relationship between 

sleep duration and body mass index among South Korean 

adults. This finding suggests that South Korean adults who 

reported sleeping more than 7 hours a day were linked to 

decreased body mass index. Hence, the proper amount of 

sleep is necessary to reduce the prevalence of obesity in this 

population.
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