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Abstract
Background: To examine the association between sitting time and non-alcoholic fatty liver disease
among South Koreans aged ≥20 years.
Methods : Data from the 2016–2018 Korea National Health and Nutrition Examination Survey were used
for the analysis. Non-alcoholic fatty liver disease was diagnosed according to a hepatic steatosis index
of >36. Sitting time was categorized into as < 5, 5 -7, 8 – 10, and > 10 hours. Multiple logistic regression
analysis was used to examine the association between sitting time and non-alcoholic fatty liver disease
in South Korean population.
Results : A total of 13,518 participants were enrolled. The odds for having NAFLD in 5 – 7, 8 – 10, and >
10 sitting hours were 1.04 (CI: 0.85-1.28), 1.23(CI: 1.01-1.51), and 1.33(CI: 1.10-1.62), respectively. The
odds ratio increased in magnitude with longer hours of sitting time (test for trend: P-value = 0.0009).
Conclusion : Advising physical exercises and discouraging sedentary activities may help to alleviate
NAFLD among the South Korean population.

Background
Non-alcoholic fatty liver disease (NAFLD) is among the most common liver disorders, with approximately
9–30% of the population in developed countries having NAFLD 1,2. Fatty liver is often associated with
heavy alcohol intake, but it may also occur in the absence of alcohol. The impact of globalization has led
to a more westernized lifestyle and an increased frequency of obesity, and this contributed to an
increased prevalence of NAFLD in the Asian countries 3,4. The incidence of NAFLD is projected to increase
due to the prevalence of sedentary behavior. If left untreated, NAFLD leads to end-stage liver disease.
Thus, NAFLD is a serious public health burden that needs to be addressed and managed immediately 5.
Based on an evolutionary perspective, moving and engaging in every manner of manual labor was
essential to survival of our species 6,7. However, technological advances have created environments
where sedentary lifestyle is encouraged and this is an increasing public health concern 8. The prevalence
of sedentary behavior is increasing in modern societies, and adults are becoming less active throughout
the day 9. Sedentary behavior involves sitting or lying down and not sufficiently spending energy
substantially during the awake time 10. There is increasing evidence that excessive sitting time is
associated with higher risk for adverse health outcomes such as cardiovascular disease, type 2 diabetes,
cancer, and mortality 11–13. Maintaining balanced energy expenditure and physical activity is a key
aspect of healthy behavior; thus, sedentary lifestyle should not be considered lightly.
A positive relationship between sedentary behavior and NAFLD has been reported persistently. NAFLD is
closely linked to obesity, insulin resistance, and metabolic disorders, all of which are associated with
excessive sedentary behavior 14,15. The purpose of this study was to examine the association between
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sitting time and NAFLD in the South Korean population and to elucidate whether the prolonged sitting
time plays a potential role in developing NAFLD.

Methods

Study participants
Data were obtained from the 2016–2018 Korea National Health and Nutrition Examination Survey
(KNHANES), which was conducted by the Korea Centers for Disease Control and Prevention. The
KNHANES is a self-report survey conducted in Koreans of all age and is designed to gather annual
national data on sociodemographic, economic, and health-related conditions and behaviors. The survey
is consisted of three components (health interview, health examination and nutrition survey), all of which
are conducted by trained staff members including physicians and medical technicians 16.
Of the 24,269 survey participants, we excluded who tested positive for serologic markers for liver disease
(hepatitis B, hepatitis C, or liver cirrhosis) (n = 735), were aged < 20 years who did not undergo blood
testing conducted by the KNHANES (n = 6,868), and were not representative of covariates considered in
the study (failed to answer the survey questionnaires) (n = 3,148). Accordingly, the final sample size
consisted of 13,518 participants (Fig. 1). This study was an analysis of existing data; thus it did not
require approval by ethics review board. The data that was used in this study is the KNHANES and it has
been getting an annual review and approval by Korea Centers for Disease Control (KCDC) Research Ethics
Review Committee since 2007.

NAFLD classification
NAFLD is the main dependent variable in this study. NAFLD in this study was diagnosed according to the
hepatic steatosis index (HSI), which was developed by the Department of Internal Medicine and Liver
Research Institute in Seoul National University College of Medicine to efficiently select individuals for liver
ultrasonography 17. The HSI formula was derived via logistic regression model using serum alanine
aminotransferase (ALT) to serum aspartate aminotransferase (AST) ratio, body mass index (BMI), and
diabetes mellitus status: HSI = 8 × (ALT/AST ratio) + BMI (+ 2, if female; + 2, if with diabetes mellitus) 17.
Participants were considered to have NAFLD if their HSI value was above 36.

Sitting time
The main independent variable is the participants’ sitting time. Sitting time was measured by asking
participants to report the following question adopted from the International Physical Activity
Questionnaire (IPAQ) 18. “How many hours did you spend time sitting per day during the last week?” This
questionnaire indicates the time spent in academic and/or leisurely activities in a reclined or seated
position. Participants’ responses to sitting time were divided into 4 categories using quartiles: < 5, 5–7,
8–10, and > 10 hours.

Covariates
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Sociodemographic, economic, and health-related factors were also considered in the study.
Sociodemographic factors included age, educational attainment, and marital status. Economic factors
included household income and occupation. Health-related factors include sleeping time (hours), total
energy intake ((carbohydrate(g) x 4 kcal/g) + (protein(g) x 4 kcal/g) + (fat(g) x 9 kcal/g)), physical
activeness (active: ≥150 min of moderate activity, ≥ 75 min of vigorous activity, or a mixture of both for
≥ 150 min; inactive: <150 min of moderate activity, < 75 min of vigorous activity, or a mixture of both for
< 150 min), pack years of smoking, current drinking status, comorbidity of hypertension, and comorbidity
of diabetes mellitus.

Statistical analysis
The frequencies and percentages of participants were calculated for each of the categorized variables
included in the study. The variables included in the analysis were all categorical, those that were not
initially categorical were converted into categories (age, BMI, total energy intake, etc.). The chi-square (χ2)
test was performed to assess the chi-square differences between the groups within each categorized
variable (Table 1). Multiple logistic regression analysis was used to calculate the odds ratios (with 95%
confidence intervals) for NAFLD according to the participants’ report on sitting time (Table 2). The subgroup analysis for NAFLD stratified by the participants’ sex, physical activeness, and obesity status
defined by BMI was also performed using multiple logistic regression (Fig. 2).
The reported odds ratios were adjusted for all covariates considered in the study. The sampling weight
variables were applied in the analysis to improve the representativeness of the sample. KNHANES has
constructed sample weights to take into account survey non-response, over-sampling, post-stratification,
and sampling error. The use of sample weights in the analysis is recommended to produce an unbiased
national estimate. For all data analysis, we used SAS version 9.4 (SAS Institute, Inc, Cary, NC, USA) and
the significance level was set at p value < 0.05.

Results
The general characteristics of the study population are shown in Table 1. Of 13,518 participants, 3,140
(23.2%) reported had NAFLD. The frequencies of having NAFLD varied across the different sitting hour
categories. The participants who reported > 10 hours of sitting per day had the highest frequency of
having NAFLD (25.4%), whereas those who reported < 5 hours of sitting per day had the lowest frequency
of having NAFLD (20.5%) among the study sample.
Based on the odds ratios calculated from the multiple logistic analysis, the relationship between NAFLD
and sitting time was analyzed along with other covariates. The participants who reported < 5 sitting hours
per day served as the reference group in this study and the relative risk for other ‘sitting time’ groups are
expressed in Table 2. The odds for NAFLD in ‘5–7’, ‘8–10’, and ‘> 10 hours’ were 1.04 (CI: 0.85–1.28),
1.23(CI: 1.01–1.51), and 1.33(CI: 1.10–1.62), respectively. The odds ratio increase in magnitude with
longer hours of sitting time was tested for statistical significance using the linear trend test (test for trend:
P-value = 0.0009).
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Odds ratio for NAFLD according to the participants’ sitting time was stratified by sex, physical activeness,
and obesity status (Fig. 2). In this analysis, ‘< 5 hours’ group were again served as the reference group. In
both sexes, those who reported > 10 hours of sitting per day had the relatively higher odds compared to
those who reported shorter amount of sitting time (male 1.32, CI: 0.99–1.76; female 1.33, CI: 1.03–1.72).
When participants were stratified by their physical activeness, the significant results were only observed
in physically inactive group. Those who reported > 10 hours of sitting per day had the highest odds (1.84,
CI: 1.42–2.38) within the physically inactive group and it was also the higher compared to their physically
active courterparts. Moreover, the risk of having NAFLD was relatively high in those who reported 8–10
hours (1.28, CI: 1.02–1.59) and > 10 hours of sitting time (1.33, CI: 1.09–1.64) among the obese
participants.

Discussion

Main findings
Our overall findings were that there is an association of sitting time with NAFLD and the risk of having
NAFLD increases in magnitude with longer hours of sitting.

What is already known?
Sedentary behavior, which is characterized by a lack of muscle movement, directly affects
cardiometabolic function 6. The human body is designed to move, and previous studies reported that
inactivity results in impaired lipid steatosis and insulin resistance 19,20. This aligns with findings of our
study which suggest that a higher rate of NAFLD was observed in sedentary participants. Prolonged
sitting is correlated with higher BMI, body fat, and circulatory lipids, all of which are associated with liver
lipid content 21. Cumulative fat in the mitochondria, one of the key regulators of liver pathophysiology,
progresses to non-alcoholic steatohepatitis with inflammation 22. Mitochondrial dysfunction disrupts the
encoding of cytochromes during carcinogenesis, and this leads to increased reactive oxygen species
(ROS) production. Fat disposition in the liver may be because of ROS proliferation in Kupffer cells and
hepatocytes 23.
Previously, other studies resembling ours demonstrated a close relationship between sedentary lifestyle
and NAFLD 24–26. These studies suggested that prolonged sitting time and decreased physical activity
level were positively associated with the prevalence of NAFLD, supporting the importance of reducing
time spent sitting in addition to promoting physical activity. To date, lifestyle modification remains as one
of the most important option in NAFLD management. The situation with respect to sedentary behavior,
however, is remained widely unexplored.

What this study adds
Analysis of the results
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In our study, the probability of having NAFLD was relatively high participants who were sedentary and
physically inactive. Physical activity is the primary strategy for managing NAFLD. Gains in physical
activity improves serum liver enzymes, reduces hepatic fatty infiltration, and reduces a degree of hepatic
inflammation and fibrosis, all of which contribute to health benefits beyond the prevention of NAFLD 27.
The benefits of exercise and fitness have been supported by results of previous clinical trials. Normalized
level of ALT and significant weight loss were observed in participants who increased their physical
activity 28,29. Regular physical activity is important because the frequency and intensity of physical
activity are strong factors for predicting a person’s hepatic outcome.
Primarily, NAFLD is a consequence of insulin resistance, and thus occurs frequently among obese
participants 30. Our results showed that the risk of developing NAFLD is higher in obese participants who
sat for more than 8 hours per day than those who sat less than 5 hours a day. Obesity is associated with
increased visceral fat that releases free fatty acids into the hepatic portal circulation and the
concentration of free fatty acids serves as the key mediator of insulin resistance 31. The absence of
physical activity aggravates insulin sensitivity and glucose homeostasis. Sedentary behavior causes
downregulation of insulin receptor in muscle tissue 32,33. This means that prolonged sitting and physical
inactivity impairs the delivery of insulin and glucose to the muscle and hence deteriorate the metabolism
of free fatty acid 34.

Limitations and strengths of this study
This study has several limitations. First, although HSI has been proven to have high sensitivity for
detecting NAFLD (sensitivity of 93.1% and specificity of 92.4%) 17, there are still tiny odds of falsepositive or false negative. Second, this is study was a cross-sectional study and was unable to provide a
causal relation between sitting time and NAFLD. Third, the KNHANES uses self-report questionnaires, and
thus the data extracted may have been subject to recall bias. The strength of the study is that the dataset
generated from the KNHANES is nationally representative of the health status in South Korea. KNHANES
questionnaires are updated annually to incorporate the changes in the real-life health circumstances of
South Koreans. KNHANES has been extremely useful in health-related studies and provides meaningful
insights for South Korean health policies.

Conclusion
We found that sitting time was associated with NAFLD among the South Korean population aged >
20 years. The association was stronger for physically inactive participants. Further, there was also a
positive association between NAFLD and obesity in conjunction with sedentary behavior. among female
participants. Lifestyle modifications to engage in physical activity and reduce weight could contribute to
managing and preventing NAFLD in the South Korean population. Advising exercise and discouraging
sedentary activities may help to alleviate NAFLD in South Korea. Nonetheless, further studies are needed
to validate the findings of our study and to examine a causal relationship between sitting time and the
incidence of NAFLD.
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Figure 1
Flow diagram of subject inclusion and exclusion
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Figure 2
Forest plot representing odds ratio for NAFLD according to the participants’ sitting time stratified by 1)
sex, 2) physical a ct iveness, and 3) obesity status defined by BMI *P value < 0.05, P value <0.01
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