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INTRODUCTION

Major depressive disorder (MDD) is a common mental ill-
ness that is a leading cause of major health problems world-
wide, including lower quality of life, adverse effect of health 
and disease prognosis, all-cause mortality, and death from sui-
cide.1 Although the prevalence of depression in Asian coun-
tries is relatively lower than that of western countries,2 epide-
miological surveys of mental disorders in Korea conducted 
every 5 years reported a gradual increase in the lifetime prev-
alence of major depressive disorder (MDD) since 2001.3 Due 
to the highest rate of Korean suicide in Organization for Eco-
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nomic Cooperation and Development (OECD), the mental 
health including depression has been of interest to public health 
authority in Korea. 

An epidemiological study reported that ecological and life-
style factors may be related to the MDD;4 women, unmarried, 
and low educated, low income, or occupational prestige were 
likely to suffer by MDD. Education is the single variable that 
best explains the effect of age on MDD. Income is correlated 
with several other factors that have also been shown to corre-
late with depression symptomatology: education, race, gender, 
age, and occupation type.5 In particular, job loss is associated 
with increased depressive symptoms, which provides indirect 
evidence of the psychological benefits of paid employment.6 
Residence area could associate with the prevalence of MDD: 
elderly in urban area was higher suffered by depressive symp-
toms (13.3%), compare to rural.7

The MDD and lifestyle factors likely has a bidirectional rela-
tionship. The risk of alcohol dependence is significantly higher 
among individuals with depression than in the general popu-
lation;8 conversely, depression is more prevalent among indi-
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viduals with alcohol dependence than those without depen-
dence.9 Thirty percent of patients with MDD are current smokers, 
and smokers with a history of depression are twice as likely to 
be nicotine dependent as those without a depression history.10 
Nevertheless, the magnitude and consistency of the smoking-
depression relationship is not well characterized in adults. 
Some studies have supported the use of exercise to improve 
mood and reduce depressive symptoms, with stronger effects 
being seen in clinical depression.11 People with sleep disorders 
are associated with mental illnesses such as depression; in par-
ticular, insomnia was significantly related with the risk of de-
veloping depression.12

In recent, it is required further quantitative and qualitative 
studies to fully characterize the relationship between various 
aspects of socioeconomic circumstances and community, work-
place, household, and lifestyle, because lifestyle factors could 
be affected by ecological status. Therefore, this study is aimed 
to evaluate the relationship between the MDD and ecological/
lifestyle factors, and to examine the attenuated effect by eco-
logical status including age, married status, education level, 
family income, residence, occupation, BMI, and self-recogni-
tion of stress on the relationship.

  
METHODS

Study population
The Korea National Health and Nutrition Examination Survey 

(KNHANES) is a nationwide and multistage stratified cross-
sectional study of non-institutionalized Korean people,13 which 
is conducted every year by the Korea Centers for Disease Con-

trol and Prevention (KCDC). Individuals are recruited using 
a multi-stage clustered probability design and the additional 
information about KNHANES are available elsewhere.13 The 
KNHANES consists of three parts: 1) health interview, 2) health 
examination, and 3) nutritional survey. Approximately 576 na-
tional districts were selected for the health interview survey, 
and 192 national districts were selected for the health exami-
nation survey and health behavior survey. Approximately 20 
households from each district were included. The survey pro-
tocol was approved by the Institutional Review Board of the 
KCDC (2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-
21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-
03-4C, 2013-12EXP-03-5C, 2015-01-02-6C). This study was 
based on data obtained in KNHANES IV (2008, 2009), V (2010–
2012), and VI (2013–2015) and used health interview for us-
ing social economic state/life style variables, health examina-
tion to calculate the body mass index (BMI) and nutritional 
survey to investigate energy intake.

Initially, 61,379 participants were enrolled in KNHANES 
IV–VI. Among them, we excluded young participants (less 
than 18 years old, n=14,620), and participants without infor-
mation of health interview (n=7,652), MDD (n=1,406), obe-
sity (n=310), and diet (n=32). We excluded participants (n= 
1,520) with an abnormal calorie intake (<800 and >4,000 kcal/
day for men <500 and >3,500 kcal/day for women). Finally, this 
study included 35,839 adults, including 1,537 MDD (Figure 1). 

 
Demographic and socioeconomic factors

Self-administered structured questionnaires were used to 
obtain information regarding sociodemographic characteris-

Figure 1. Subjects with depression included in the study.

KNHANES 4–6th (2008–2014)
N=61,379

Final subjects
N=35,839

 Depression Control 
 1,537 (4.3%) 34,302 (95.7%) 

Subjects without health, examination, or nutrition
N=7,652

Abnormal calorie intake (N=1,520)
- Male N=944 (<800 kcal or >4,000 kcal)
- Female N=576 (<500 kcal or >3,500 kcal

Child young people
(≤18 year)
(N=14,620)

Without information of 
- Depression (N=1,406)
- Obesity (N=310)
- Diet (N=32)
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tics. Trained interviewers visited each household annually and 
conducted face-to-face interviews to obtain information dur-
ing the KNHANES survey. 

Each ecological status was categorized as follow: age (<50 
vs. ≥50), married status (single vs. couple), education (<12 vs. 
≥12 years), family income (<3,000 vs. ≥3,000 dollars/month), 
residence (urban vs. rural), occupied (yes vs. no), self-recogni-
tion of stress (low vs. high), and non-communicable disease 
(yes vs. no). For the married status, single included separation, 
divorce, or widowed and couple included cohabitation. The 
self-recognition of stress was determined by the question “Do 
you usually feel stress to some extent in everyday life?” was 
evaluated by one question with four possible responses and 
categorized into one of two groups: low (very little and a little), 
high (somewhat and considerable). To define the history of 
non-communicable disease, we asked “Have you ever been di-
agnosed any non-communicable disease by physician including 
hypertension, hyperlipidemia, stroke, myocardial infarction, 
osteoarthritis, pulmonary tuberculosis, asthma, diabetes mel-
litus, thyroid dysfunction, stomach cancer, river cancer, colorec-
tal cancer, breast cancer, uterine cervical cancer, lung cancer, 
thyroid cancer, any other cancer, atopic dermatitis, allergic rhi-
nitis, renal failure, hepatitis B, hepatitis C or liver cirrhosis?”

Lifestyle factors
Participants were asked about smoking status. Responses 

were never/former smoker and current smoker. Drinking sta-
tus was classified as never/former and current. Drinking be-
havior was determined from self-administered questionnaires 
about drinking frequency over the past 12 months.

Alcohol drinking (g/d) were used to calculate the servings 
per month of alcoholic beverages by multiplying the frequency 
of alcohol consumption. Considering that a cup of pure alco-
hol content is about 10 g, the average daily alcohol intake was 
calculated that the number of months was multiplied by 10 
and then divided by the number of days per month. Alcohol 
drinking (g/d) was also estimated (gram per day): never/for-
mer, <15 g/d (small drinking) and ≥15 g/d (high drinking).

Total energy intake was characterized from a 24-hour recall 
survey, which had been evaluated the relationship with the 
MDD using interquartile range (IQR). Participants were divid-
ed into three categories according to sleeping time based on 
recommended sleeping time: short sleeping time (≤6 h/day), 
adequate sleeping time (7–8 h/day), and long sleeping time 
(≥9 h/day).14 Regular exercise was defined as exercising more 
than once per week was divided into two groups (yes/no).

 
Definition of MDD

Health examinations were performed in local community 
health centers and clinics. Extensive data on health and nutri-

tional status were collected using standardized high-quality 
methods including health interviews, dietary interviews, health 
examinations, and bio-specimen (blood and urine) analyses. 
To include clinically diagnosed MDD cases, we asked “Have 
you ever been diagnosed with depression confirmed by a phy-
sician?” Cases of MDD were defined as participants who an-
swered “yes”. Non-cases were defined as those who had never 
been diagnosed by a physician as having MDD.

Anthropometric and clinical measurements
Anthropometric indices were measured in participants wear-

ing light clothes and not wearing shoes. Height was measured 
to the nearest 0.1 cm in the upright posture, and the body weight 
was measured to the nearest 0.1 kg in the upright posture. Body 
mass index (BMI) was calculated as body weight (kg)/square 
of height (m2) and categorized as non-obese (<25 kg/m2) and 
obese (≥25 kg/m2).15

Statistical analyses
As KNHANES data were derived from multistage complex 

probability sampling to represent the entire Korean population, 
all estimates were calculated using sample weights based on 
geographical region, gender, and age groups; the sample weights 
were based on stratified cluster sampling.13 To estimate the 
relationship of lifestyle factors, we obtained odds ratios (ORs) 
and 95% confidence intervals (CIs) using multiple logistic re-
gression model after adjustment for sex, age, married status, 
education level, occupation, family income, residence, BMI, 
self-recognition of stress, and non-communicable diseases. To 
evaluate the attenuated effect, we had an advanced analysis af-
ter stratified by ecological status including age, married status, 
level of education, family income, residence, occupation, BMI, 
and self-recognition of stress. Statistical analyses were per-
formed using PROCSURVEY in SAS version 9.3 to account 
for the multistage and survey weightings when estimating all 
statistics. A probability value of p<0.05 was considered statis-
tically significant. 

 
RESULTS

The prevalence of MDD increased with aging and living 
alone (i.e., unmarried and single) for men, but not for women 
(Table 1). Women were more likely to have experienced MDD 
than men (POR=2.46). The risk of MDD prevalence in men 
was increased as aged (POR=1.88), unmarried (POR=2.13), 
unoccupied (POR=1.74), high BMI (POR=1.54), and high self-
recognition stress (POR=2.64) but was decreased as highly ed-
ucated (POR=0.67). The odds ratio of MDD prevalence was 
increased in women with aged (POR=1.36), unoccupied (POR= 
1.33), high self-recognition stress (POR=2.74) and history of 
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non-communicable disease (POR=1.38), but decreased with 
highly educated (POR=0.64), high family income (POR=0.76), 
and resided in rural (POR=0.76). No relationship of lifestyle 
factor with MDD was observed in men with exception of sleep-
ing time (POR=2.09) (Table 2). Otherwise, current smoking 
(POR=1.87), current drinking (POR=1.76) and lack of sleep 

time (POR=1.26) was positively related with prevalence of 
MDD in women.

The relationship between the lifestyle factors and MDD by 
ecological status in men (Table 3, Supplementary Tables 1 and 
2 in the online-only Data Supplement) and in women (Table 4, 
Supplementary Tables 3 and 4 in the online-only Data Sup-

Table 1. General characteristics of study participants according to the major depressive disorder

Male Female
MDD 

(N=271)
Control 

(N=13,807)
POR

MDD 
(N=1,266)

Control 
(N=20,495)

POR

Sex 76.2 50.8 2.46 (2.08–2.91)
Age (year) (≥50) 47.4 36.7 1.88 (1.29–2.74) 54.9 40.3 1.36 (1.14–1.63)
Married status (single) 44.9 29.8 2.13 (1.47–3.09) 32.3 33.0 0.87 (0.74–1.01)
Education (≥12 year) 23.0 36.3 0.67 (0.46–0.98) 17.0 29.2 0.64 (0.51–0.79)
Income (≥$3,000 /month) 39.9 51.6 0.85 (0.60–1.20) 38.1 49.2 0.82 (0.70–0.97)
Residence (rural) 17.5 17.4 1.00 (0.69–1.46) 14.9 16.5 0.76 (0.63–0.93)
Unoccupied 42.8 23.8 1.74 (1.23–2.46) 59.5 50.1 1.33 (1.15–1.54)
BMI (kg/m2) (≥25) 44.6 36.1 1.54 (1.12–2.12) 32.3 26.8 1.05 (0.90–1.23)
Self-recognition stress (high) 42.7 23.8 2.64 (1.93–3.60) 50.3 27.9 2.74 (2.38–3.15)
His of NCD* (yes) 50.1 40.3 1.18 (0.85–1.64) 60.8 46.3 1.38 (1.17–1.64)
*history of non-communicable disease. POR: prevalence of odds ratio after adjusted for sex, age, married status, education, occupation, fami-
ly income, residence, body mass index, stress recognition, and history of non-communicable disease, MDD: major depressive disorder 

Table 2. The association between the lifestyle factors and the major depressive disorder

Male Female
MDD 

(n=271)
Control 

(n=13,807)
POR

MDD 
(n=1,266)

Control 
(n=20,495)

POR

Current smoking 44.1 43.9 1.00 (0.72–1.39) 11.2 5.9 1.87 (1.45–2.43)
Current drinking 78.7 85.8 0.69 (0.47–1.00) 63.6 66.4 1.12 (0.96–1.31)
≥15 (g/day) 27.9 29.4 0.94 (0.65–1.35) 7.9 5.0 1.76 (1.31–2.37)

Exercise (yes) 30.9 33.2 0.97 (0.69–1.36) 14.6 16.1 1.01 (0.82–1.25)
Total energy intake (IQR) 1.08 (0.85–1.36) 1.04 (0.91–1.18)
Sleeping time (hour/day)*
≤6 39.6 40.0 1.09 (0.78–1.52) 49.9 39.9 1.26 (1.08–1.48)
9≤ 15.8 7.0 2.09 (1.30–3.35) 9.2 8.7 1.23 (0.94–1.59)

*ref=7–8 (hour/day). IQR: inter quartile range, POR: prevalence of odds ratio after adjusted for sex, age, married status, education, occupation, 
family income, residence, body mass index, stress recognition, and history of non-communicable disease, MDD: major depressive disorder 

Table 3. The relationship between the lifestyle factors and major depressive disorder by ecological status in male (POR)

Age (year) Married status
Education 

(year)
Income 

($/month)
Residence 

area
Occupied

BMI 
(kg/m2)

Stress*

50< ≥50 Married Single 12< ≥12 3,000< ≥3,000 Urban Rural Yes No 25< ≥25 Low High
Current drinking 0.26 0.60
≥15 (g/day) 0.35

Sleeping time  
  (hour/day, ≥9)†

2.68 2.19 4.58 2.34 2.13 2.34 2.98 2.78

*self-recognition of stress, †ref=7–8 (hour/day). BMI: body mass index, POR: prevalence of odds ratio after adjusted for sex, age, married sta-
tus, education, occupation, family income, residence, BMI, stress recognition, and history of non-communicable disease
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plement). The relationship of current drinking with MDD was 
influenced by residence and BMI status and the relationship 
of sleep was attenuated by all ecological factors (Table 3); the 
increased prevalence of MDD with over sleep time was ob-
served in young (POR=2.68), married (POR=2.19), highly ed-
ucated (4.58), low family income (POR=2.34), resided urban 
(POR=2.13), unoccupied (POR=2.34), normal body weight 
(POR=2.98), and high self-recognition stress (POR=2.78). Cur-
rent women smoker had experienced MDD regardless of mar-
ried status, education, family income, occupation, BMI, and 
self-recognition stress, but women aged and resided in rural 
had not suffered by MDD (Table 4). The relationship between 
MDD and current drinking was observed in women without 
occupied and with high self-recognition stress; however, binge 
drinking (15 g/day) was related to MDD prevalence regardless 
of married status, education, occupaton, and BMI, and was 
predominantly observed in young, high income, resided in ur-
ban and highly self-recognition stressed women. Women with 
low family income (<3,000 dollar/month) was shown in high 
MDD prevalence as increased dietary total energy intake. Al-
though lack of sleep time was related to MDD regardless of 
married status, young women or low educated, low family in-
come, resided urban, occupation, and normal BMI were re-
lated to the prevalence of MDD only. High self-recognition 
stress was related with both lack and over sleep.

 
DISCUSSION

Although many large studies have suggested that the prev-
alence of depression increases linearly with age,16 the associa-
tion remains unclear. In this study, the prevalence of MDD in-
creased with aging in men and women. It is possible that the 
influence of physical, emotional, and social losses in the later 
years of life is moderated by an age-related adaptation.17 One 
key ecological factor that modifies depressive symptoms is mar-
ried status in men; most research has shown that married peo-

ple have better mental health than those who are single, wid-
owed, separated, or divorced.18 In the present study, single men 
had a higher MDD than married men, regardless of the type 
of solitude, but this was not shown in women. Moen19 observed 
that the death of one’s spouse might have a more deleterious 
emotional impact on men than women, which suggested that 
men derive more social and emotional support from marriage 
than women. In addition, the primary mechanisms linking 
widowhood to psychological distress among men could be 
related their difficulty in managing homemaking tasks, a lack 
of close personal relationships, and reliance on their spouses 
for health-maintenance behaviors and practices.20 

More extensive education is a protective factor against de-
pression, because education is related to coping and mastery, 
as well as to socioeconomic status,21 supported by our results. 
Otherwise, income inequality was unrelated to the prevalence 
of MDD in our study, in contrast to other reports.22 Although 
the importance of occupational stress in the workplace has 
been extensively studied,23 employment itself could be more 
likely to affect the MDD. Dooley et al.24 found that individuals 
who became unemployed faced more than twice the risk of 
increased depressive symptoms and an increased risk of be-
coming clinically depressed, compared to those who have been 
employed. Having a job and working is more conducive to a 
healthy life than staying at home without a job.25 The associa-
tion between BMI and depression or anxiety have reported re-
gardless of their disease status, other psychosocial and lifestyle 
factors,26 but still remains controversial. In the present study, 
increased prevalence of MDD was observed only in extremely 
obese men (BMI >25). Zhao et al.15 suggested a bidirectional 
relationship between obesity and mental health. It has been re-
ported that personal health deterioration resulting from obe-
sity and discriminatory treatment that may arise in the work-
place may impair their physical function, weaken the quality 
of life related to health, and even contribute to mental illness.27 
Lee28 reported that the prevalence of psychiatric disorders was 

Table 4. The relationship between the lifestyle factors and major depressive disorder by ecological status in female (POR)

Age (year) Married status
Education 

(year)
Income 

($/month)
Residence 

area
Occupied 

BMI 
(kg/m2)

Stress*

50< ≥50 Married Single 12< ≥12 3,000< ≥3,000 Urban Rural Yes No 25< ≥25 Low High
Current smoking 2.35 1.53 2.14 1.64 3.19 1.69 2.23 1.99 2.03 1.74 1.59 2.55 1.54 1.99
Current drinking 1.28 1.31
≥15 (g/day) 1.89 1.61 1.95 1.63 2.18 2.58 1.87 1.94 1.54 1.67 1.95 2.27

Total energy intake (IQR) 1.18
Sleeping time (hour/day)†

≤6 1.37 1.22 1.40 1.28 1.35 1.28 1.41 1.38 1.39
≥9 1.58

*self-recognition of stress, †ref=7–8 (hour/day). BMI: body mass index, IQR: inter quartile range, POR: prevalence of odds ratio after adjusted for 
sex, age, married status, education, occupation, family income, residence, BMI, stress recognition, and history of non-communicable disease
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significantly higher for men with a BMI<18.5 kg/m2 (under-
weight) or ≥40 kg/m2 (class III obesity) compared to those with 
a normal BMI and suggested that depression has a strong re-
lationship with decreased productivity. 

Smoking is highly comorbid with both depression and anxi-
ety disorder across different populations.29,30 Prospective stud-
ies have provided evidence that depression are associated with 
increased likelihood of smoking initiation,31 while smoking ces-
sation appears to be associated with a short-term increase in 
depressive symptoms.32 In our study, an increase in the preva-
lence of MDD according to smoking status was observed only 
in women, consistent with a prior study of Japanese working 
women.33 It has been hypothesized that smoking may cause 
depression,34 possibly through an influence on neurotransmit-
ter pathways.35 Several models may explain the high rate of 
smoking in people with depression: genetic factors,34 environ-
mental influences,34 self-medication,36 and bidirectional cau-
sality.31 The relationship of smoking with MDD was influenced 
regardless of ecological status, with exception of age (under 
50 years) and residence (urban). 

Our results add to other evidence that depression must be 
considered when assessing women’s vulnerability to heavy al-
cohol use.37 Alcohol dependence is more likely to follow MDD 
than precede it, which supports that alcohol serves as self-med-
ication in MDD. Boden and Fergusson38 suggested that the 
depression due to the effect of alcohol misuse on an individu-
al’s socioeconomic and ecological condition could be caused 
alcohol use disorder (AUD). Alcohol misuse could be related 
with the demolition of the social community, loss of economic 
capability, and health problems, which is claimed as the asso-
ciation between the AUD and MDD.38 Otherwise, the relation-
ship of alcohol consumption itself to the prevalence of MDD 
was presented in only unemployed or high self-recognition of 
stress women in the present study.

Inadequate (both over and less) sleep is associated with most 
health disability including morbidity39 and mortality.40 The 
pathophysiological mechanisms of both sleep disturbances 
and depression has been described through the regulation of 
sleep by the brain stem and thalamic nuclei.41 The relationship 
between prevalence of MDD and sleeping time was different 
according to gender in the present study; it was positively re-
lated with lack of sleep in women but with over sleep in men. 
Hafner et al.42 reported that a highly significant association be-
tween leptin levels and the combination of depressed mood 
and sleep disturbances in normal-weight women (BMI ≤25). 
One possible mechanism to explain the gender difference of 
leptin levels suggested that estrogen is an effective leptin in-
ducer, similar to glucosteroids; steroid-induced secretion of 
leptin is greater in the adipose tissue of women than men.27

In the present study, the association between longer sleep-

ing time and MDD disappeared after stratification by unoc-
cupied in women, but still observed in unoccupied men; oth-
erwise, the association between short sleeping time and MDD 
was present in occupied women. This relationship between 
short sleeping time and socioeconomic status may, at least in 
part, be attenuated by age, married status, level of education, 
family income, residence area, occupation, obesity status, and 
self-recognition of stress in this study. Long sleeping time (more 
than 9 hour) was also associated with a relatively high incidence 
of smoking, physical inactivity, and obesity (data not shown in 
result table). However, further studies are required to identify 
the causal directions of these relationships because this is not 
possible from cross-sectional data and whether factors such 
as poverty or educational attainment may also exert an influ-
ence on the relationship.

An underlying pathophysiological mechanism for overeating 
or a binge-eating disorder may be dysregulation of the hypo-
thalamic–pituitary–adrenal axis, which stimulates food intake 
(through the neuropeptide Y system) and blunts the efficiency 
of inhibition of food intake (through the Leptin system), there-
by increasing food intake and body fat accumulation.43 In this 
study, high energy intake was not related with prevalence of 
MDD in both gender, even in advanced analysis after stratified 
by any ecological factors with exception of family income in 
women. Socio-demographic factors may moderate the asso-
ciation between depression and BMI.44 Among primary care 
populations, stressors of any type are the most significant pre-
dictors of depression,45 but the question for underlying mech-
anism remains. Our results supported a strong association 
between self-recognition of stress and prevalence of MDD as 
expected. The vast majority of research supporting a relation-
ship between stress and depressive episodes has been based 
on episodic stressors that have negative or undesirable content.46

The study is subject to several limitations. First, it used a cross-
sectional design that does not allow for temporal or causal in-
ferences. The causal sequence between several control variables 
and MDD was unclear; therefore, it is difficult to differentiate 
between risk factors and the prevalence of depression. It was 
not possible to determine whether lifestyle factors changed 
since the onset of MDD, or whether the prevalence of MDD 
is high among people with specific lifestyle. Nevertheless, our 
report is useful for understanding which difference of lifestyle 
factors between people experiencing MDD and those with-
out depression. Second, the diagnosis of MDD in the popu-
lation was based on self-report of whether individuals had 
previously received a diagnosis of MDD by physician, even the 
information of medication use for depression was not included 
in KNHANES. The prevalence of MDD in this study is 4.2%, 
but, the prevalence is around 6.9% in the United States.47 It is 
possible that Asian was reluctant to report their mental status 
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compared to other ethnic groups.48 Therefore, this report might 
have underestimated depression and thereby generated false 
negatives regarding the diagnosis of depression. Third, respon-
dent bias, particularly social desirability bias, influences partic-
ipants to deny undesirable traits, and attribute socially desir-
able traits to them.49 Some individuals may over-report good 
behavior, while others may under-report bad, or undesirable 
behavior.50 In the case of lifestyle factors, people who experi-
ence depression may over-report memories of excess smoking 
and drinking, or that they have been unable to eat properly. In 
particular, the KNHANES was not informed nicotine depen-
dence which is a better variable to evaluate the influence of 
smoking. Forth, several ecological (e.g., self-recognition stress) 
and lifestyle factor (e.g., sleeping time) could be affected by in-
formation or recall bias.

Despite these limitations, the present study also has several 
strengths. First, the results were based upon a national survey 
with a stratified multistage clustered probability design, which 
could well represent the Korean population. Second, few pa-
pers have considered Asian cultures or regions; nor are there 
many studies of MDD prevalence according to married status 
or socioeconomic status differences. To the best of our knowl-
edge, this is the first Asian study to evaluate the relationship of 
lifestyle factors with the prevalence of MDD considering the 
attenuated effect by ecological factors according to the charac-
teristics of large population study (KNHANES). 

In conclusion, the prevalence of MDD was associated with 
lifestyle factors including smoking, binge drinking, total en-
ergy intake, and sleeping time, predominately in women; no 
lifestyle factor was related with the prevalence of MDD in men 
with exception of binge drinking and sleeping time. The rela-
tionship of lifestyle factors with MDD could be attenuated by 
ecological status predominantly in women. 
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Supplementary Table 1. The association between the socioeconomic/lifestyle factors and major depressive disorder in male (POR)

Age (year) Education (year) BMI (kg/m2) Stress*
<50 ≥50 <12 ≥12 <25 ≥25 Low High

Current smoking 1.17 (0.71–1.92) 0.80 (0.53–1.21) 0.96 (0.65–1.41) 1.18 (0.61–2.26) 0.86 (0.57–1.30) 1.17 (0.69–1.99) 1.06 (0.68–1.67) 0.96 (0.60–1.55)
Current drinking 0.54 (0.28–1.05) 0.81 (0.54–1.20) 0.71 (0.47–1.07) 0.78 (0.29–2.15) 0.60 (0.37–0.97) 0.85 (0.45–1.62) 0.84 (0.54–1.31) 0.57 (0.29–1.14)
≥15 (g/day) 0.98 (0.55–1.75) 0.90 (0.58–1.39) 0.91 (0.60–1.38) 1.09 (0.52–2.28) 0.70 (0.43–1.16) 1.29 (0.73–2.26) 0.98 (0.59–1.61) 0.93 (0.54–1.62)

Exercise (yes) 1.02 (0.61–1.68) 0.92 (0.60–1.42) 0.96 (0.64–1.43) 1.09 (0.56–2.11) 1.30 (0.85–1.99) 0.65 (0.36–1.15) 0.97 (0.62–1.53) 1.02 (0.62–1.68)
Total energy intake (IQR) 1.12 (0.79–1.57) 1.02 (0.78–1.34) 1.15 (0.89–1.49) 0.99 (0.59–1.64) 1.08 (0.82–1.44) 1.08 (0.74–1.57) 1.21 (0.90–1.63) 0.97 (0.67–1.38)
Sleeping time (hour/day)†

≤6 0.92 (0.54–1.57) 1.28 (0.85–1.92) 1.10 (0.75–1.62) 1.13 (0.58–2.23) 1.26 (0.82–1.94) 0.91 (0.54–1.54) 1.16 (0.76–1.78) 1.02 (0.61–1.69)
≥9 2.68 (1.33–5.37) 1.57 (0.85–2.90) 1.67 (0.96–2.90) 4.58 (1.79–11.70) 2.98 (1.69–5.23) 1.20 (0.50–2.90) 1.54 (0.77–3.08) 2.78 (1.38–5.62)

*self-recognition of stress, †ref=7–8 (hour/day). BMI: body mass index, IQR: inter quartile range, POR: prevalence odds ration after adjusted for sex, age, married status, education level, occu-
pation, family income, residence area, BMI, self-recognition of stress, and non-communicable disease



Supplementary Table 2. The association between the socioeconomic/lifestyle factors and major depressive disorder in male (POR)

Married status Income ($/month) Residence area Occupied
Married Single <$3,000 ≥$3,000 Urban Rural Yes No

Current smoking 1.00 (0.68–1.47) 0.99 (0.57–1.71) 1.08 (0.73–1.60) 0.89 (0.50–1.58) 1.12 (0.78–1.62) 0.56 (0.29–1.08) 0.96 (0.63–1.46) 1.12 (0.66–1.90)
Current drinking 0.66 (0.42–1.03) 0.78 (0.39–1.57) 0.77 (0.50–1.20) 0.53 (0.27–1.03) 0.90 (0.58–1.41) 0.26 (0.13–0.56) 0.67 (0.38–1.18) 0.79 (0.47–1.32)
≥15 (g/day) 0.84 (0.54–1.32) 1.11 (0.59–2.07) 0.90 (0.58–1.40) 1.02 (0.55–1.89) 1.11 (0.75–1.66) 0.35 (0.16–0.78) 0.86 (0.56–1.33) 1.16 (0.63–2.13)

Exercise (yes) 0.74 (0.49–1.12) 1.32 (0.76–2.28) 1.00 (0.66–1.51) 0.91 (0.51–1.62) 0.91 (0.63–1.32) 1.37 (0.61–3.06) 0.80 (0.50–1.29) 1.27 (0.77–2.11)
Total energy intake (IQR) 1.01 (0.77–1.32) 1.17 (0.80–1.71) 1.03 (0.75–1.42) 1.13 (0.79–1.60) 1.12 (0.86–1.46) 0.87 (0.53–1.46) 1.20 (0.91–1.59) 0.97 (0.64–1.45)
Sleeping time (hour/day)*
≤6 1.40 (0.94–2.08) 0.75 (0.42–1.34) 1.15 (0.76–1.75) 1.02 (0.58–1.79) 1.09 (0.75–1.60) 1.10 (0.56–2.16) 1.08 (0.69–1.68) 1.15 (0.70–1.88)
≥9 2.19 (1.18–4.06) 1.95 (0.93–4.12) 2.34 (1.33–4.13) 1.68 (0.71–3.98) 2.13 (1.26–3.59) 2.03 (0.71–5.83) 1.63 (0.78–3.41) 2.34 (1.17–4.65)

*ref=7–8 (hour/day). IQR: inter quartile range, POR: prevalence odds ration after adjusted for sex, age, married status, education level, occupation, family income, residence area, body mass 
index, self-recognition of stress, and non-communicable disease



Supplementary Table 3. The association between the socioeconomic/lifestyle factors and major depressive disorder in female (POR)

Age (year) Education (year) BMI (kg/m2) Stress*
<50 ≥50 <12 ≥12 <25 ≥25 Low High

Current smoking 2.35 (1.70–3.25) 1.01 (0.67–1.53) 1.64 (1.24–2.17) 3.19 (1.72–5.90) 1.59 (1.16–2.20) 2.55 (1.70–3.81) 1.54 (1.00–2.36) 1.99 (1.41–2.82)
Current drinking 1.04 (0.80–1.36) 1.14 (0.95–1.38) 1.10 (0.92–1.30) 1.17 (0.80–1.73) 1.06 (0.88–1.29) 1.27 (0.98–1.64) 0.97 (0.79–1.18) 1.31 (1.04–1.65)
≥15 (g/day) 1.89 (1.34–2.67) 1.22 (0.69–2.17) 1.63 (1.17–2.27) 2.18 (1.13–4.21) 1.67 (1.14–2.45) 1.95 (1.16–3.26) 1.01 (0.61–1.68) 2.27 (1.52–3.38)

Exercise (yes) 0.98 (0.71–1.36) 1.04 (0.79–1.36) 1.02 (0.81–1.28) 0.93 (0.58–1.51) 0.89 (0.69–1.16) 1.32 (0.94–1.84) 0.97 (0.74–1.28) 1.06 (0.77–1.45)
Total energy intake (IQR) 0.99 (0.80–1.23) 1.06 (0.91–1.24) 1.06 (0.93–1.22) 0.93 (0.66–1.32) 1.00 (0.84–1.18) 1.13 (0.92–1.39) 0.98 (0.83–1.17) 1.08 (0.89–1.31)
Sleeping time (hour/day)†

≤6 1.37 (1.06–1.78) 1.18 (0.98–1.42) 1.28 (1.08–1.52) 1.21 (0.81–1.82) 1.38 (1.14–1.66) 1.05 (0.80–1.36) 1.17 (0.96–1.43) 1.39 (1.09–1.77)
≥9 1.38 (0.94–2.04) 1.03 (0.74–1.43) 1.21 (0.90–1.63) 1.30 (0.75–2.28) 1.26 (0.91–1.73) 1.16 (0.76–1.79) 0.96 (0.67–1.39) 1.58 (1.07–2.34)

*self-recognition of stress, †ref=7–8 (hour/day). BMI: body mass index, IQR: inter quartile range, POR: prevalence odds ration after adjusted for sex, age, married status, education level, occu-
pation, family income, residence area, BMI, self-recognition of stress, and non-communicable disease



Supplementary Table 4. The association between the socioeconomic/lifestyle factors and major depressive disorder in female (POR)

Married status Income ($/month) Residence area Occupied
Married Single <$3,000 ≥$3,000 Urban Rural Yes No

Current smoking 1.53 (1.05–2.22) 2.14 (1.48–3.10) 1.69 (1.24–2.29) 2.23 (1.39–3.56) 1.99 (1.50–2.64) 1.10 (0.59–2.06) 2.03 (1.35–3.04) 1.74 (1.26–2.40)
Current drinking 1.06 (0.88–1.29) 1.20 (0.92–1.56) 1.16 (0.96–1.40) 1.04 (0.80–1.36) 1.13 (0.94–1.35) 1.10 (0.79–1.53) 0.89 (0.70–1.13) 1.28 (1.06–1.55)
≥15 (g/day) 1.61 (1.09–2.39) 1.95 (1.22–3.11) 1.29 (0.86–1.93) 2.58 (1.65–4.04) 1.87 (1.37–2.56) 1.04 (0.50–2.19) 1.94 (1.27–2.97) 1.54 (1.01–2.36)

Exercise (yes) 1.00 (0.79–1.26) 1.03 (0.67–1.56) 0.95 (0.72–1.25) 1.07 (0.79–1.45) 1.00 (0.80–1.26) 1.21 (0.72–2.05) 1.00 (0.73–1.38) 1.02 (0.78–1.33)
Total energy intake (IQR) 1.04 (0.89–1.22) 1.03 (0.81–1.32) 1.18 (1.02–1.37) 0.84 (0.67–1.05) 1.05 (0.91–1.21) 0.92 (0.70–1.21) 0.99 (0.80–1.22) 1.06 (0.89–1.25)
Sleeping time (hour/day)*
≤6 1.22 (1.01–1.46) 1.40 (1.05–1.88) 1.35 (1.10–1.65) 1.16 (0.91–1.49) 1.28 (1.07–1.52) 1.22 (0.90–1.64) 1.41 (1.11–1.80) 1.17 (0.96–1.43)
≥9 1.20 (0.88–1.64) 1.28 (0.81–2.02) 1.36 (0.99–1.87) 1.01 (0.64–1.60) 1.23 (0.91–1.66) 1.13 (0.70–1.83) 1.27 (0.82–1.98) 1.19 (0.86–1.64)

*ref=7–8 (hour/day). IQR: inter quartile range, POR: prevalence odds ration after adjusted for sex, age, married status, education level, occupation, family income, residence area, body mass 
index, self-recognition of stress, and non-communicable disease


