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Background: Sedentary behavior has been shown to have deleterious effects on cardiovascular outcomes. This 
study aimed to examine the association between sedentary time and cardiovascular risk factors in Korean adults.
Methods: A cross-sectional study was performed using data from adults aged 19 years and above in the 2013 Kore-
an National Health and Nutrition Examination Survey. Sedentary time was self-reported and categorized into 
quintiles. Cardiovascular risk factors, including blood pressure (BP), total cholesterol, high-density lipoprotein 
(HDL) cholesterol, triglycerides, low-density lipoprotein cholesterol, and fasting glucose levels, were categorized 
into dichotomous variables according to the Adult Treatment Panel III criteria. Multivariate logistic regression was 
performed with adjustment for various demographic and lifestyle variables, body mass index (BMI), waist circum-
ference (WC), and moderate-to-vigorous physical activity. Complex sampling design was used, and survey weights 
and sample design variables were applied in analyses.
Results: A total of 3,301 individuals were included in the analyses, and mean sedentary time was 6.1 h/d. Prolonged 
sedentary time was significantly associated with high diastolic BP (top vs. bottom quintile: adjusted odds ratio [OR], 
1.71; 95% confidence interval [CI], 1.09–2.68; Ptrend=0.03) and low HDL cholesterol level (top vs. bottom quintile: ad-
justed OR, 1.42; 95% CI, 1.02–1.98; Ptrend=0.02) after adjustment for BMI, WC, moderate-to-vigorous physical activi-
ty, and other variables. No significant associations were found between sedentary time and other cardiovascular 
risk factors.
Conclusion: Prolonged sedentary time was significantly associated with high diastolic BP and low HDL cholesterol 
level in Korean adults. The associations were independent of general and abdominal obesity and moderate-to-vig-
orous physical activities.
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INTROduCTION

Sedentary lifestyles have become common over the past few decades 

with the modernization of the society.1) Sedentary behavior, which is 

distinct from physical inactivity, is defined as a failure to meet the cur-

rent physical activity recommendations.2) Individuals who meet the 

current physical activity recommendations may also have negative 

health outcomes if they spend excessive time sitting. The Korea Minis-

try of Health and Welfare recommends less than 2 h/d of sitting time 

and performing slight physical activities. At least 10 minutes per one 

bout of moderate-to-vigorous physical activity (MVPA) is also recom-

mended.3)

 Numerous studies suggest that high amounts of sedentary behavior 

are associated with increased risk of morbidity and mortality regard-

less of MVPA level.2) Increasing evidences show that sedentary behav-

ior is an independent risk factor of cardiovascular disease regardless of 

MVPA.4) A previous study found linear associations between sedentary 

time and low high-density lipoprotein (HDL) cholesterol, as well as 

high triglycerides, waist circumference, C-reactive protein, and insu-

lin.5) Similarly, consistent positive associations between all sedentary 

behaviors and triglycerides, low-density lipoprotein (LDL) cholesterol, 

or total cholesterol were observed in normal weight individuals.6) In 

contrast, a recent study has suggested that cardiovascular disease risk 

is non-linearly associated with sedentary time with an increased risk 

only at extremely high levels (>10 h/d).7) Another study found no asso-

ciations between cardiovascular biomarkers and sedentary time.8) A 

study among Korean children and adolescents, aged 12 to 18 years, 

found that watching TV is significantly associated with risks of over-

weight, high abdominal adiposity, and low HDL cholesterol; an addi-

tional hour spent playing video games also increases the risk of high 

abdominal adiposity.9)

 Few studies about the associations between sedentary time and car-

diovascular risks among Korean adults have been conducted. There-

fore, we examined the associations between sedentary time and car-

diovascular risk factors in a large representative sample of Korean 

adults in this study.

METhOdS

1. participants
Data were collected from the 2013 Korean National Health and Nutri-

tion Examination Survey (KNHANES) VI. The KNHANES is a nation-

wide cross-sectional survey designed to gather information on the so-

ciodemographic status, health examination, and health behaviors, in-

cluding physical activities, among representative samples of Koreans. 

To sample representative individuals of the civilian, non-institutional-

ized Korean population, we used a complex multistage probability 

sampling design. Among the 8,018 individuals participated in 2013 

KNHANES, we included 6,273 participants aged 19 years and above. 

Patients who had no information on sedentary time (n=934) and preg-

nant women (n=31) were excluded from the analyses. Those who were 

diagnosed with hypertension, diabetes, dyslipidemia, stroke, myocar-

dial infarction, angina, osteoarthritis, rheumatoid arthritis, and any 

cancers (n=2,007) were also excluded to reduce the possibility of re-

verse-causality. Data from 3,301 participants were available for the 

present analysis.

2. Measurements

1) Cardiovascular risk factors

Biomarkers of cardiovascular risk included systolic blood pressure 

(SBP), diastolic blood pressure (DBP), total cholesterol, HDL choles-

terol, LDL cholesterol, triglycerides, and fasting glucose. Blood pres-

sure was measured 3 times after at least 5 minutes of rest in a sitting 

position with a mercury sphygmomanometer by a trained staff. Mean 

SBP and DBP were calculated as the mean of the last 2 measurements. 

Total cholesterol and triglycerides were measured with the enzymatic 

method. HDL cholesterol and LDL cholesterol levels were measured 

using the homogeneous enzymatic colorimetric method. Fasting glu-

cose level was measured with the hexokinase method. All laboratory 

tests were performed with COBAS 8000 C702 (Roche, Mannheim, 

Germany). Measurements with 8 or more fasting hours (12 hours for 

triglycerides) were used for analyses. Direct LDL cholesterol level was 

measured when triglyceride levels were higher than 200 mg/dL, and 

calculated LDL cholesterol level was obtained using the Friedewald 

equation only when triglyceride levels were <200 mg/dL. In this study, 

we performed either direct or calculated measurements. Measure-

ments of cardiovascular biomarkers were categorized into dichoto-

mous variables according to the Adult Treatment Panel (ATP) III crite-

ria. High SBP was defined as 130 mm Hg or higher, and high DBP was 

defined as 85 mm Hg or higher. High SBP or DBP is considered high 

blood pressure. High total cholesterol level was defined as 200 mg/dL 

or higher. A cholesterol level of less than 40 mg/dL in men or less than 

50 mg/dL in women indicates a low HDL cholesterol. High triglyceride 

and high LDL cholesterol levels were defined as 150 mg/dL or higher 

and as 130 mg/dL or higher, respectively. A glucose level of 100 mg/dL 

or higher is considered high fasting glucose level.

2) Sedentary time and physical activity

Sedentary time and physical activities (vigorous, moderate, and walk-

ing) were assessed by self-reported questionnaire based on the Inter-

national Physical Activity Questionnaire (IPAQ). Participants were 

asked the question: “How much time do you usually spend sitting on a 

typical day for the last seven days (min/d)?” Total sedentary time per 

day was used as both continuous and categorical (quintile) variables. 

Quintile cutoff points for the total sedentary time were 3.0, 4.5, 6.0, and 

9.5 h/d. MVPA (metabolic equivalent of task [MET]-min/wk) was cal-

culated using the guideline for data processing and analysis of the 

IPAQ short form10) and was then categorized into tertiles.

3) Other covariates

The following sociodemographic and lifestyle covariates were consid-
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ered as possible confounders: age, sex, education level (below high 

school/high school/above high school), income level (quartiles), mar-

ital status (married/single/others), type of occupation (inactive/ac-

tive), residence (urban/rural), menopausal status (premenopause/

menopause), smoking status (non-smoker/ex-smoker/current smok-

er), alcohol use (none/moderate/heavy), calorie intake (tertiles), body 

mass index (BMI, low to normal/overweight/obese), and waist cir-

cumference (normal/abdominal obesity).

 Income levels were categorized into quartiles using monthly aver-

age household equivalent income (monthly average household in-

come/square root of number of household members) by sex and age 

groups. Marital status was categorized into married, single, and others 

(bereaved, divorced, separated, or no response). Types of occupation 

were dichotomized into inactive and active jobs from seven job cate-

gories based on MVPA of each category. Inactive jobs included man-

ager, specialist, office worker, and unemployed (housewife, student); 

active jobs included service worker and seller, foster and fishery work-

er, machine operator, assembler, and simple labor worker. Participants 

who had smoked less than 100 cigarettes in their entire lives were re-

garded as non-smoker. Alcohol use groups were classified according 

to the National Institute on Alcohol Abuse and Alcoholism criteria.11) 

Calorie intake was categorized into tertiles, and no data group on nu-

trition existed. BMI was calculated by weight divided by the square of 

height. The cutoff points for overweight and obesity were 23 and 25 kg/

m2, respectively, based on the criteria for Asians. Waist circumference 

cutoff points were 90 cm in men and 85 cm in women.

4) Statistical analysis

Weights and sample design variables were applied in analyses to take 

into account a complex, multistage, probability sampling design of 

KNHANES. Weighted descriptive characteristics (means, standard er-

rors, proportions) were calculated using the guideline for 2013 

KNHANES analysis. To compare sociodemographic variables by sex, 

we conducted t-tests and chi-square tests. Dependent variables (SBP, 

DBP, total cholesterol, HDL cholesterol, triglycerides, LDL cholesterol, 

and fasting glucose) were categorized into dichotomous variables ac-

cording to the ATP III criteria. Self-reported sedentary time was ana-

lyzed as continuous and categorical variables (quintiles). Multivariate 

logistic regression was performed with adjustment for age, sex, educa-

tion level, income level, marital status, type of occupation, residence, 

menopausal status, smoking status, alcohol use, calorie intake, BMI, 

waist circumference, and MVPA. All statistical analyses were per-

formed using Stata ver. 14.1 for Windows (Stata Corp., College Station, 

TX, USA). P<0.05 was considered statistically significant.

RESuLTS

1. Characteristics of Study participants
The mean±standard error age of the 3,301 participants was 39.5±0.3 

years. The mean sedentary time among participants was 6.1 h/d (6.3 

h/d in men, 6.0 h/d in women; P<0.05) (Table 1). Men reported more 

Table 1. Sociodemographic characteristics of study participants (2013 Korean 
National Health and Nutrition Examination Survey)

Characteristic
Total 

(N=3,301)
Men 

(N=1,465)
Women 

(N=1,836)
P-value*

Age (y) 39.5±0.3 39.4±0.4 39.5±0.4 0.84
   19–29 666 (27.3) 300 (28.7) 366 (25.8) <0.05
   30–39 858 (26.1) 354 (25.5) 504 (26.6)
   40–49 830 (24.3) 345 (22.6) 485 (26.1)
   50–59 536 (14.7) 236 (14.8) 300 (14.6)
   60–69 242 (4.7) 146 (5.7) 96 (3.6)
   ≥70 169 (3.0) 84 (2.7) 85 (3.3)
Education
   Below high school 521 (12.0) 218 (10.7) 303 (13.5) <0.001
   High school 1,057 (32.1) 441 (29.9) 616 (34.5)
   College or above 1,722 (55.9) 806 (59.4) 916 (52.1)
Income†

   Quartile 1 (low) 823 (23.6) 175 (23.2) 221 (24.0) 0.90
   Quartile 2 824 (26.3) 395 (26.7) 474 (25.9)
   Quartile 3 820 (25.1) 420 (25.4) 518 (24.8)
   Quartile 4 (high) 820 (25.1) 469 (24.8) 615 (25.3)
Marital status
   Married 2,294 (63.7) 1,007 (61.0) 1,287 (66.5) <0.001
   Single 778 (30.7) 394 (35.3) 384 (25.7)
   Others‡ 229 (5.7) 64 (3.8) 165 (7.8)
Occupation§

   Inactive job 2,062 (61.9) 761 (52.9) 1,301 (71.5) <0.001
   Active job 1,234 (38.1) 699 (47.1) 535 (28.5)
Residence
   Urban 2,707 (82.7) 1,186 (82.0) 1,521 (83.4) 0.22
   Rural 594 (17.3) 279 (18.0) 315 (16.6)
Menopause
   Premenopause - - 1,390 (80.4)
   Postmenopause - - 437 (19.6)
Smoking
   Non-smoker 2,056 (58.9) 398 (30.9) 1,658 (89.1) <0.001
   Ex-smoker 477 (14.2) 407 (23.5) 70 (4.2)
   Current smoker 767 (26.9) 660 (45.7) 107 (6.7)
Alcohol
   None 726 (18.8) 199 (11.9) 527 (26.3) <0.001
   Moderate 2,045 (64.2) 926 (65.4) 1,119 (63.0)
   Heavy 529 (16.9) 340 (22.8) 190 (10.6)
Calorie intake (kcal/d)ΙΙ 2,199±24.8 2,555±39.7 1,832±25.8 <0.001
   Tertile 1 (low) 969 (31.4) 216 (18.3) 753 (44.8) <0.001
   Tertile 2 968 (31.4) 381 (28.8) 587 (34.1)
   Tertile 3 (high) 968 (37.1) 624 (52.8) 344 (20.9)
   No data 396 (0.1) 244 (0.1) 152 (0.2)
Body mass index (kg/m2) 23.3±0.1 24.1±0.1 22.5±0.1 <0.001
   <23.0 1,679 (50.6) 576 (40.3) 1,103 (61.6) <0.001
   23.0–24.9 719 (21.3) 356 (23.8) 363 (18.7)
   ≥25.0 901 (28.1) 532 (35.9) 369 (19.7)
Waist circumference (cm) 78.7±0.24 82.5±0.3 74.5±0.3 <0.001
   <90 (men), 85 (women) 2,769 (84.1) 1,157 (80.0) 1,612 (88.4) <0.001
   ≥90 (men), 85 (women) 528 (16.0) 308 (20.0) 220 (11.6)
MVPA¶ (MET-min/wk) 2,238±67.5 2,714±103.7 1,727±69.6 <0.001
   Tertile 1 (low) 1,149 (32.4) 401 (26.1) 748 (39.1) <0.001
   Tertile 2 1,058 (32.3) 452 (30.9) 606 (33.8)
   Tertile 3 (high) 1,090 (35.3) 611 (43.0) 479 (27.0)

(Continued to the next page)
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practice of MVPA than women (P<0.001). The average BMI was 24.1 

kg/m2 in men and 22.5 kg/m2 in women (P<0.001). The proportion of 

abdominal obesity was higher in men (20.0%) than in women (11.6%) 

(P<0.001).

2. Cardiovascular Risk Factors
The mean values of SBP and DBP were higher in men than in women 

(P<0.001) (Table 2). Similarly, the proportions of high SBP, high DBP, 

or high blood pressure were higher in men than in women (P<0.001). 

Compared with women, men exhibited higher mean values and pro-

portions of abnormal levels for most of the lipid profiles and fasting 

glucose. However, the proportion of low HDL cholesterol was higher 

in women than in men (P<0.001).

3. Sedentary Time and Cardiovascular Risk Factors
Sedentary time was inversely associated with SBP (top versus bottom 

quintile: adjusted odds ratio [aOR], 0.70; 95% confidence interval [CI], 

0.44 to 1.12; Ptrend=0.01) and fasting glucose (top versus bottom quin-

Table 2. Cardiovascular risk factors of study participants (2013 Korean National Health and Nutrition Examination Survey)

Cardiovascular risk factors Total Men Women P-value*

SBP (mm Hg)
   N 3,293 1,461 1,832
   Mean±SE 112.9±0.3 116.5±0.4 109.0±0.4 <0.001
   ≥130 429 (11.4) 236 (13.9) 193 (8.7) <0.001
DBP (mm Hg)
   N 3,292 1,460 1,832
   Mean±SE 74.6±0.3 77.3±0.3 71.6±0.3 <0.001
   ≥85 519 (15.8) 346 (22.7) 173 (8.4) <0.001
Blood pressure (mm Hg)
   N 3,292 1,460 1,832
   SBP ≥130 or DBP ≥85 686 (19.5) 425 (26.5) 261 (12.0) <0.001
Total cholesterol (mg/dL)
   N 3,076 1,384 1,692
   Mean±SE 184.8±0.8 186.0±1.0 183.5±0.9 0.049
   ≥200 969 (29.7) 461 (31.2) 508 (28.0) 0.10
High-density lipoprotein cholesterol (mg/dL)
   N 3,076 1,384 1,692
   Mean±SE 48.8±0.2 45.8±0.3 52.1±0.3 <0.001
   <40 (men), 50 (women) 1,206 (37.4) 443 (31.1) 763 (44.3) <0.001
Triglycerides (mg/dL)
   N 2,417 1,043 1,374
   Mean±SE 118.8±1.9 139.9±3.2 97.2±1.8 <0.001
   ≥150 554 (23.1) 338 (31.0) 216 (15.1) <0.001
Low-density lipoprotein cholesterol (mg/dL)
   N 2,512 1,112 1,400
   Mean±SE 114.9±0.7 116.2±1.1 113.6±0.9 0.06
   ≥130 752 (28.1) 364 (30.8) 388 (25.2) 0.007
Fasting glucose (mg/dL)
   N 3,074 1,384 1,690
   Mean±SE 93.9±0.3 95.4±0.4 92.3±0.4 <0.001
   ≥100 639 (20.5) 376 (25.2) 263 (15.2) <0.001

Values are presented as number (%), unless otherwise stated. Means, standard errors, and proportions are presented after survey analysis. Statistically significant results are 
marked in bold.
SBP, systolic blood pressure; SE, standard error; DBP, diastolic blood pressure.
*T-tests for continuous variables and chi-square tests for categorical variables.

Table 1. Continued

Characteristic
Total 

(N=3,301)
Men 

(N=1,465)
Women 

(N=1,836)
P-value*

Sedentary time** (h/d) 6.1±0.1 6.3±0.1 6.0±0.1 <0.05
   Quintile 1 (low) (<3.0) 494 (15.0) 234 (16.2) 260 (13.5) <0.001
   Quintile 2 (3.0–4.5) 793 (22.2) 328 (20.0) 465 (24.5)
   Quintile 3 (4.5–6.0) 760 (22.8) 315 (20.9) 445 (24.8)
   Quintile 4 (6.0–9.5) 592 (18.3) 266 (19.1) 326 (17.4)
   Quintile 5 (high) (≥9.5) 662 (21.9) 322 (23.8) 340 (19.8)

Values are presented as mean±standard error or number (%), unless otherwise 
indicated after survey analysis. The sum of each subgroup is not same because of 
missing data. Statistically significant results are marked in bold.
MET, metabolic equivalent of task; MVPA, moderate-to-vigorous physical activity.
*T-tests for continuous variables and chi-square tests for categorical variables. 
†Quartiles were generated using monthly average household equivalent income in 
the same sex and age groups. ‡Bereaved, divorced, separated, or no response. 
§Based on average physical activity levels (METs). Inactive job includes manager, 
specialist, office worker, and unemployed (housewife, student), and active job 
includes service worker and seller, foster and fishery worker, machine operator and 
assembler, and simple labor worker. ΙΙTertile cutoff points were 1,626 and 2,281. 
¶MVPA includes walking and moderate and vigorous physical activities. Cutoff points 
for tertile were 594 and 2,034 MET-min/wk. **Quintile cutoff points were 3.0, 4.5, 
6.0, and 9.5 h/d.
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tile: aOR, 0.65; 95% CI, 0.46 to 0.92; Ptrend <0.001) before adjustment 

(Table 3). However, after adjustment for age, sex, education level, in-

come level, marital status, type of occupation, residence, menopausal 

status, smoking status, alcohol use, and calorie intake (model 1), the 

associations with both SBP and fasting glucose were attenuated 

(Ptrend=0.65, Ptrend=0.67). In model 1, high DBP and low HDL cholesterol 

were significantly associated with prolonged sedentary time (for high 

DBP, top versus bottom quintile: aOR, 1.65; 95% CI, 1.04 to 2.63; 

Ptrend=0.05; for low HDL cholesterol, top versus bottom quintile: aOR, 

1.48; 95% CI, 1.07 to 2.05; Ptrend<0.01). These associations remained sig-

nificant even after further adjustment for BMI, waist circumference, 

and MVPA (model 2). For high DBP, the top versus bottom quintile 

aOR was 1.71 (95% CI, 1.09 to 2.68; Ptrend=0.03). For low HDL cholester-

ol, the top versus bottom quintile aOR was 1.42 (95% CI, 1.02 to 1.98; 

Ptrend=0.02). When sedentary time was used as a continuous variable, 

per 1-hour increment in sedentary time per day was significantly asso-

ciated with elevated DBP and low HDL cholesterol level. The aOR of 

elevated DBP was 1.04 (95% CI, 1.00 to 1.08; P=0.04), and the aOR of 

low HDL cholesterol was 1.03 (95% CI, 1.00 to 1.07; P=0.03). We found 

no significant associations between sedentary time and other cardio-

vascular risk factors. When the associations were further stratified by 

sex, the associations between sedentary time and cardiovascular risk 

factors were similar in both sexes (Pinteraction ≥0.05) (Table 4).

 We performed several sensitivity analyses and found almost similar 

results to the main analyses. When confounding variables (BMI, waist 

circumference, physical activity) were used as continuous variables, 

the associations of sedentary time with DBP (Ptrend=0.03) and HDL 

cholesterol (Ptrend=0.01) were similar to the main results. In addition, 

when MVPA levels were categorized using the World Health Organiza-

tion criteria (<600, 600–3,000, ≥3,000 METs), the associations of seden-

tary time with DBP (Ptrend=0.03) and HDL cholesterol (Ptrend=0.01) were 

similar to the main results.

dISCuSSION

In this cross-sectional study, prolonged sedentary time was signifi-

cantly associated with high DBP and low HDL cholesterol in Korean 

adults. These associations were independent of general and abdomi-

nal obesity and MVPA levels.

 Similar to a previous study,12) we found that sedentary time was sig-

nificantly associated with DBP, but not with SBP. The biological mech-

anisms that may explain the observed association between sedentary 

behavior and DBP remain unclear. One possibility is that sedentary 

behavior may affect blood pressure in different ways, and SBP can be 

affected by changes in peripheral vascular resistance to a much lesser 

extent than DBP.12)

 Numerous studies5,6,8,13) and the present study found that prolonged 

sedentary time is associated with low HDL cholesterol. A study among 

adults aged 30–50 years reported that sedentary time is associated 

with HDL cholesterol, but not with other lipid profiles or blood pres-

sure.8) Although we found no significant association with triglycerides, Ta
bl
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some studies, including a meta-analysis, reported significant associa-

tions with triglycerides.5,6,13,14) In the meta-analysis of studies using ac-

celerometer, only triglycerides were associated with sedentary time 

among the lipid profiles.14) As a plausible mechanism, prolonged sed-

entary behavior suppresses the activities of lipoprotein lipase—a pro-

tein important for controlling plasma triglyceride catabolism, HDL 

cholesterol, and other metabolic risk factors. Low lipoprotein lipase is 

associated with blunted plasma triglyceride uptake and reduced plas-

ma HDL cholesterol levels.15)

 In contrast to our study, several studies reported significant associa-

tions between sedentary time and glucose- and insulin-related mark-

ers.5,8,16,17) A study among Latino/Hispanic adults found that sedentary 

time is associated with fasting and 2-hour glucose, as well as fasting 

insulin and homeostatic model assessment of insulin resistance, after 

exclusion of individuals who were diagnosed with or taking medica-

tions for cardiovascular disease.13) An animal study reported a decline 

in whole-body insulin sensitivity and an increase in visceral fat 

amount when physically active rats stop high levels of exercise.18)

 No gold standard for sedentary behavior assessment has been es-

tablished.19) In this study, we measured sedentary time using a stan-

dardized self-administered questionnaire. Recent studies suggested 

that quantification of sedentary time and physical activity is necessary, 

such as by using an accelerometer. Another point is that patterns of 

sedentary time may have differential effects on cardiovascular risks. A 

study in a large representative sample of Canadian adults reported 

that breaking-up sedentary time is more related to cardio-metabolic 

variables than total sedentary time.16) A recent study found that the as-

sociation between sedentary time and cardio-metabolic risks becomes 

insignificant after adjustment for overall physical activity measured 

using an accelerometer, instead of MVPA.20) Sedentary behavior usual-

ly refers to any waking behavior characterized by an energy expendi-

ture ≤1.5 MET.2) No currently used questionnaires assess physical ac-

tivity levels between 1.5 METs (sedentary activity) and 3.0 METs (mod-

erate physical activity). Thus, this study suggests that sedentary behav-

ior may not have health effects independent of physical activity if over-

all physical activity is adjusted. In addition, types of sedentary activities 

may have different health effects. A recent large prospective study 

found that watching TV is associated with an increased cardiovascular 

mortality; however, time spent sitting in a car or bus and at work is not 

related to mortality. This finding proposes that sedentary behavior 

may consist of different natures.21)

 The present study has several strengths. To the best of our knowl-

edge, this study is the first to investigate relationships between seden-

tary time and cardiovascular risk factors in a large representative sam-

ple of Korean adults. We applied sample design variables and weights 

in analyses to represent the entire Korean population. We also adjust-

ed for various sociodemographic and health-related variables that 

may affect the relationships between sedentary time and cardio-meta-

bolic risk factors.22) Compared with most of the previous studies that 

included individuals with preexisting cardiovascular disease and ad-

justed for the disease histories, we excluded those who were diag-

nosed with cardio-metabolic diseases or cancers to reduce reverse-

Table 4. ORs and 95% CIs of cardiovascular risk factors according to quintiles of sedentary time by sex

Cardiovascular risk factors Sedentary time
Men* Women†

P interaction
OR (95% CI) P for trend OR (95% CI) P for trend

DBP (≥85 vs. <85) Quintile 1 1 (ref) 0.27 1 (ref) 0.02 0.09
Quintile 2 1.40 (0.90–2.18) 0.82 (0.44–1.54)
Quintile 3 1.40 (0.81–2.40) 1.33 (0.78–2.28)
Quintile 4 1.34 (0.87–2.07) 1.42 (0.80–2.49)
Quintile 5 1.38 (0.71–2.68) 1.98 (1.08–3.63)

BP (SBP ≥130 or DBP ≥85 vs. 
  SBP <130 and DBP <85)

Quintile 1 - 0.47 - 0.06 0.09
Quintile 2 1.46 (0.97–2.19) 0.94 (0.56–1.59)
Quintile 3 1.25 (0.76–2.06) 1.13 (0.72–1.76)
Quintile 4 1.21 (0.81–1.80) 1.05 (0.64–1.75)
Quintile 5 1.34 (0.74–2.43) 1.89 (1.05–3.40)

HDLC (<40 [men], 50 [women] vs. 
  ≥40 [men], 50 [women])

Quintile 1 1 (ref) 0.018 1 (ref) 0.33 0.47
Quintile 2 1.08 (0.73–1.60) 1.03 (0.71–1.48)
Quintile 3 1.22 (0.70–2.11) 1.09 (0.79–1.52)
Quintile 4 1.54 (1.04–2.26) 1.27 (0.86–1.89)
Quintile 5 1.55 (0.90–2.66) 1.12 (0.78–1.61)

All values are presented after survey analysis. Adjusted for age and sex, education level (below high school/high school/above high school), income (quartile), marital status 
(couple/single/others), occupation (inactive/active), residence (urban/rural), menopausal status (premenopause/menopause), smoking (non-smoker/ex-smoker/current smoker), 
alcohol (non/moderate/heavy), calorie intake (tertile), body mass index (low to normal/overweight/obese), waist circumference (normal/abdominal obesity), and moderate-to-
vigorous physical activity (tertile). Statistically significant results are marked in bold.
OR, odds ratio; CI, confidence interval; DBP, diastolic blood pressure; ref, reference; BP, blood pressure; SBP, systolic blood pressure; HDLC, high-density lipoprotein 
cholesterol.
*Sedentary time quintile cutoff points were 3.0, 5.0, 6.25, and 10.0 h/d for men (quintile 1 [≤3.0], quintile 2 [3.0–5.0], quintile 3 [5.0–6.25], quintile 4 [6.25–10.0], quintile 5 
[>10.0]). †Sedentary time quintile cutoff points were 3.0, 4.75, 6.0, and 9.5 h/d for women (quintile 1 [≤3.0], quintile 2 [3.0–4.75], quintile 3 [4.75–6.0], quintile 4 [6.0–9.5], 
quintile 5 [≥9.5]).
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causality between sedentary time and cardio-metabolic markers.

 The potential limitations of this study are as follows. First, we used 

self-reported data on sedentary time and physical activity assessed us-

ing IPAQ, a validated and widespread questionnaire.23) However, we 

cannot exclude the possibility that using self-report to quantify activity 

may underestimate the strength of relationships with risk factors.24) 

Another issue is that no currently used questionnaires measure 1.5–3.0 

METs of physical activities. Second, we did not evaluate the effects of 

breaking-up sedentary time. Lastly, this was a cross-sectional study; 

the design precluded casual inferences about the relationships.

 In conclusion, prolonged sedentary time was significantly associat-

ed with high DBP and low HDL cholesterol level in Korean adults. The 

associations were independent of general and abdominal obesity and 

MVPA levels. Future longitudinal investigations on the association be-

tween sedentary lifestyle and cardiovascular outcomes in Korean pop-

ulation are warranted to confirm the present results.
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