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Abstract: This study aimed to determine the optimal cutoff value of waist circumference (WC) for
predicting incident NAFLD. In this community-based prospective cohort study, we analyzed data
from 5400 participants without NAFLD at baseline aged 40–69 years. NAFLD was defined as a
NAFLD-liver fat score >−0.640. A Cox proportional hazards regression model was used to estimate
the hazard ratio (HR) and 95% confidence interval (CI) for an association between body composition
and NAFLD incidence. The predictive power of each body composition indicator was assessed by
Harrell’s concordance index for Cox models. During a mean follow-up period of 12 years, there were
2366 new-onset NAFLD events. Compared with men with WC < 81 cm, the adjusted HR (95% CI)
for incident NAFLD in those with WC ≥ 81 cm was 2.44 (2.23–2.67). Compared with women with
WC < 78.5 cm, the adjusted HR (95% CI) for incident NAFLD in those with WC ≥ 78.5 cm was 2.54
(2.25–2.87). WC was the most significant risk factor for predicting incident NAFLD among body
composition indicators in middle-aged and older Korean adults. The optimal WC cutoff point for
predicting incident NALFD was 81 cm in men and 78.5 cm in women, which might assist in the early
detection and prevention of NAFLD.

Keywords: abdominal obesity; body mass index; non-alcoholic fatty liver disease; waist circumference

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a condition resulting from fat accumula-
tion in the liver and is one of the most common chronic liver diseases worldwide [1]. The
global prevalence of NAFLD was estimated to be approximately 25% [2]. The prevalence
of NAFLD in Asia is also around 27.4%, such as in many Western countries [3]. In 2021,
the Global Burden of Diseases study reported a rapidly increasing burden of NAFLD
associated with mortality and disability-adjusted life-years [4]. The established metabolic
risk factors of NAFLD were found to be obesity, diabetes mellitus, insulin resistance, and
metabolic syndrome [5]. These risk factors can be closely related to an unhealthy lifestyle: a
high-calorie diet and a sedentary lifestyle. Moreover, there is no approved pharmacological
treatment for NAFLD. Among intensive lifestyle modifications, including weight reduction
and adequate physical activity, an ultimate goal of losing weight has been regarded as the
primary strategy for NAFLD management [6].

Many previous studies have evaluated the relationship between body composition
indicators and NAFLD [7–12]. Body mass index (BMI) and waist circumference (WC),
widely used indicators for identifying obesity or abdominal obesity, are well-known risk
factors for NAFLD [8,12]. In addition, low muscle mass or muscle mass index emerged as
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a risk factor for NAFLD [10,11]. Most studies suggested that high fat mass could better
predict NAFLD incidence [7,9]. However, there have been few studies showing which
indicator would mostly be associated with NAFLD incidence. Therefore, we aimed to verify
the most related body composition indicator for predicting NAFLD incidence. Abdominal
obesity in Koreans was defined as WC ≥ 90 cm in men and WC ≥ 85 cm in women,
respectively [13]. Although previous studies revealed significant associations between
abdominal obesity and NAFLD [12,14], the optimal WC range for predicting incident
NAFLD is still unclear. Moreover, an ethnic-specific WC cutoff point for predicting incident
NAFLD is needed. Therefore, we also aimed to determine the most appropriate cutoff
points of WC for predicting incident NAFLD in Korean middle-aged and older adults.

2. Materials and Methods
2.1. Study Population

The Korean Genome and Epidemiology Study (KoGES) is a longitudinal prospective
cohort study conducted by the Korea Centers for Disease Control and Prevention [15].
A total of 10,030 adults aged between 40 and 69 years and living in urban (Ansan) and
rural areas (Ansung) were recruited into the KoGES_Ansan_Ansung cohort and evaluated
biennially. This began with the baseline survey conducted in 2001–2002 and ended with
the eighth follow-up in 2017–2018. Figure 1 shows the flowchart of the study population
selection. Out of a total of 10,030 participants in the baseline survey, we excluded those
with history of hepatitis (n = 423) and men whose alcohol consumption ≥ 30 g/day or
women whose alcohol consumption ≥ 20 g/day (n = 964). Participants with: insufficient
data to calculate NAFLD-liver fat score (n = 276); NAFLD at baseline (n = 2222); missing
data of body composition (n = 40); and no history of follow-up after the baseline survey
(n = 705) were also excluded from the study. Finally, a total of 5400 participants without
NAFLD were included in the study. Informed consent was obtained from all participants.
This study was approved by the Institutional Review Board of Nowon Eulji Medical Center
(approval number: 2022-01-016).
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Figure 1. Flow chart of the study population.

2.2. Assessment of Non-Alcoholic Fatty Liver Disease

NAFLD was defined using the NAFLD-liver fat score that was calculated as follows:
NAFLD-liver fat score = −2.89 + 1.18 × metabolic syndrome (yes: 1, no: 0) + 0.45 × diabetes
mellitus (yes: 2, no: 0) + 0.15 × insulin (µIU/mL) + 0.04 × aspartate aminotransferase (AST)
(U/L)—0.94 × AST/alanine aminotransferase (ALT). A NAFLD-liver fat score >−0.640
was considered indicative of having NALFD [16].
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2.3. Assessment of Body Composition

Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively. BMI
was calculated as a participant’s body weight (kg) divided by height in meters squared (m2).
WC (cm) was measured at midpoint between the iliac crest and lowest rib. The measurement
was performed at the end of the normal expiration with an inelastic tape adjacent to the skin
without compressing it. The detailed protocol of physical measurement is described on the
KoGES website (https://www.kdca.go.kr/contents.es?mid=a40504100200, accessed on 14
January 2022). Using the bioelectrical impedance analysis (BIA) (body composition analyzer,
models ZEUS 9.9, JAWON MEDICAL CO., LTD, Seoul, Korea), body fat (%) and total muscle
mass (TMM, kg) were measured according to the manufacturer’s guideline. We used height
squared-adjusted TMM (TMM/Ht2) and BMI-adjusted TMM (TMM/BMI) for the analysis.

2.4. Covariates

After at least 5 min rest in the sitting position, systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured. Mean blood pressure (MBP) was calculated
as DBP + 1/3 × (SBP—DBP). Smoking status was categorized into 4 groups: never smoker,
ex-smoker, intermittent smoker, or everyday smoker [17]. The amount of alcohol intake
(g/day) was assessed using the following calculation: the frequency of alcohol consumption
(glasses/time) × 10 (g/per glass of drink) × alcohol consumption (times/month)/30
(days/month). Alcohol consumption was defined as participant who drank alcohol less
than 30 g per day in men or less than 20 g per day in women. Physical activity was
assessed by using metabolic equivalent of task (MET)-hours per week (METs-h/wk). The
degree of physical activity was categorized into 3 groups: low (< 7.5 MET-h/wk), moderate
(7.5–30 MET-h/wk), and high (> 30 MET-h/wk) [18]. Blood samples from each participant
were collected after at least 8 h fasting and analyzed using a Hitachi 700-110 Chemistry
Analyzer (Hitachi Co., Tokyo, Japan). Fasting plasma glucose (FPG), serum insulin, total
cholesterol (TC), AST, ALT, and C-reactive protein (CRP) were determined. Total calorie
intake was derived from a semi-quantitative food frequency questionnaire.

2.5. Statistical Analysis

Data are presented as the mean ± standard deviation (SD) for continuous variables
and number (percentage) for categorical variables. The characteristics of men and women
were compared using the independent t-test for continuous variables and chi-square test
for categorical variables. Univariate and multivariate Cox proportional hazards regression
models with person-years as the time metric were used to estimate hazard ratios (HRs) and
95% confidence intervals (CIs) of associations between body composition indices with re-
gard to the outcomes. In multivariate model 1, we adjusted for age and sex. In multivariate
model 2, we additionally adjusted for smoking, alcohol consumption, physical activity, and
total calorie. In multivariate model 3, we additionally adjusted for MBP, FPG, TC, high sen-
sitivity CRP, and ALT. The predictive powers and discriminatory capabilities for predicting
incident NAFLD of five different body composition indices were assessed by Harrell’s con-
cordance index for Cox models. To determine the optimal WC cutoff point for predicting
NAFLD incidence, we used the method of Contal and O’Quigley [19]. When the optimal
cutoff point that maximized HR of incident NAFLD was applied, there were significant
differences in incident NAFLD in all participants. The Kaplan–Meier curve for evaluating
incident NAFLD according to the optimal cutoff point was shown, and a log-rank test was
performed. All statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC,
USA). Two-sided p-values < 0.05 were considered statistically significant.

3. Results

Table 1 shows the baseline characteristics of the study population. Out of the 5400 partic-
ipants, of whom 2241 (41.5%) were men, the mean value of age and WC was 51.7 ± 8.8 years
and 80.8 ± 8.1 cm, respectively. The mean age ± SD was 52.1 ± 8.8 years in men and
51.3 ± 8.8 years in women. The mean values of WC and BMI were 81.2 ± 6.9 cm and
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23.5 ± 2.6 kg/m2 in men and 79.1 ± 8.7 cm and 24.1 ± 3.0 kg/m2 in women, respectively.
During the mean (min, max) 12.0 (1.4, 16.0) years of follow-up, there were 2356 incident
NAFLD events. Supplementary Table S1 shows the baseline characteristics of the participants
according to NAFLD incidence. The participants with incident NAFLD had higher WC, body
fat, BMI, TMM, MBP, total cholesterol, FPG, CRP, AST, and ALT.

Table 1. Baseline characteristic of the study population.

Variables Total (n = 5400) Men (n = 2241) Women (n = 3159) p

Age, years 51.7 ± 8.8 52.1 ± 8.8 51.3 ± 8.8 0.001
WC, cm 80.0 ± 8.1 81.2 ± 6.9 79.1 ± 8.7 <0.001

Body fat, % 26.3 ± 7.2 20.4 ± 4.9 30.5 ± 5.3 <0.001
BMI, kg/m2 23.9 ± 2.9 23.5 ± 2.6 24.1 ± 3.0 <0.001

TMM, kg 42.0 ± 7.6 48.8 ± 6.0 37.2 ± 4.2 <0.001
Height-adjusted TMM, kg/m2 16.5 ± 1.7 17.6 ± 1.5 15.7 ± 1.2 <0.001

BMI-adjusted TMM, m2 1.8 ± 0.3 2.1 ± 0.2 1.6 ± 0.2 <0.001
Body weight, kg 60.5 ± 9.1 65.1 ± 8.8 57.2 ± 7.8 <0.001

Smoking status, n (%) <0.001
Non-smoker 3561 (66.8) 578 (25.9) 2983 (96.2)
Ex-smoker 683 (12.8) 653 (29.3) 30 (1.0)

Intermittent smoker 114 (2.1) 89 (4.0) 25 (0.8)
Every day smoker 973 (18.3) 910 (40.8) 63 (2.0)

Physical activity, n (%) <0.001
Low (< 7.5 METS-h/wk) 392 (7.6) 121 (5.6) 271 (8.9)

Moderate (7.5–30 METS-h/wk) 3148 (60.6) 1241 (57.8) 1907 (62.7)
High (> 30 METS-h/wk) 1651 (31.8) 787 (36.6) 864 (28.4)

Alcohol drinking, yes, n (%) 2305 (43.0) 1440 (64.7) 865 (27.7) <0.001
Total energy intake, kcal/day 1937.1 ± 706.1 1997.7 ± 665.8 1894.1 ± 730.4 <0.001

MBP, mmHg 94.0 ± 12.6 95.6 ± 11.9 92.8 ± 13.0 <0.001
FPG, mg/dL 82.6 ± 11.8 84.3 ± 12.6 81.4 ± 11.1 <0.001

Insulin, µU/mL 6.3 (4.8;8.2] 5.8 (4.5;7.5) 6.7 (5.2;8.7) <0.001
TC, mg/dL 188.0 ± 33.6 189.3 ± 33.8 187.0 ± 33.4 0.0142
TG, mg/dL 119.0 (92.0;156.0) 128.0 (98.0;171.0) 113.0 (88.0;147.0) <0.001

HDL-C, mg/dL 46.1 ± 9.9 44.4 ± 9.5 47.2 ± 10.0 <0.001
CRP, mg/dL 0.23 ± 0.60 0.24 ± 0.51 0.22 ± 0.65 0.185
ALT, IU/L 22.1 ± 8.8 25.9 ± 10.0 19.5 ± 6.8 <0.001
AST, IU/L 26.4 ± 6.9 28.1 ± 7.4 25.2 ± 6.2 <0.001

Steroid medication, n (%) 5 (0.1) 1 (0.0) 4 (0.1) 1.000
Anticonvulsant medication, n (%) 3 (0.0) 2 (0.1) 1 (0.0) 1.000

HTN medication, n (%) 351 (6.5) 110 (4.9) 241 (7.6) 0.014
DM medication n (%) 13 (0.2) 10 (0.4) 3 (0.1) 1.000

Dyslipidemia medication, n (%) 10 (0.2) 7 (0.3) 3 (0.1) 0.790

Data are presented as mean ± standard deviations for continuous variables and number (%) for categorical
variables. Abbreviations: WC, waist circumference; BMI, body mass index; TMM, total muscle mass; MBP,
mean blood pressure; FPG, Fating plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; CRP, C reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HTN, hypertension; DM, diabetes mellitus.

In Table 2, we found a relationship between five body composition indices (WC, body
fat, BMI, TMM/Ht2, and TMM/BMI) and incident NAFLD. Per one increment of WC,
body fat, BMI, and TMM/Ht2, the risk of incident NAFLD was significantly increased
after adjusting for age, sex (for total), smoking, alcohol, exercise, total calorie intake, MBP,
FPG, total cholesterol, CRP, and ALT. Meanwhile, per an increment of TMM/BMI, the risk
of incident NAFLD was significantly decreased after adjusting for the same confounders.
There were similar trends in men and women.
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Table 2. Hazard ratio and 95% confidence interval for incident non–alcoholic fatty liver diseases
according to five body composition indices.

Total
Univariable Model Multivariable Model 1 Multivariable Model 2 Multivariable Model 3

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

WC, cm 1.07 (1.07–1.08) <0.001 1.07 (1.07–1.08) <0.001 1.07 (1.07–1.08) <0.001 1.07 (1.06–1.07) <0.001
Body fat, % 1.05 (1.04–1.05) <0.001 1.10 (1.09–1.10) <0.001 1.10 (1.09–1.11) <0.001 1.09 (1.08–1.09) <0.001
BMI, kg/m2 1.21 (1.19–1.22) <0.001 1.22 (1.20–1.23) <0.001 1.22 (1.20–1.24) <0.001 1.19 (1.18–1.21) <0.001
TMM/Ht2,

kg/m2 1.21 (1.18–1.24) <0.001 1.37 (1.33–1.41) <0.001 1.38 (1.33–1.42) <0.001 1.32 (1.28–1.36) <0.001

TMM/BMI 0.56 (0.49–0.64) <0.001 0.20 (0.16–0.24) <0.001 0.19 (0.15–0.24) <0.001 0.26 (0.20–0.33) <0.001

Men
WC, cm 1.09 (1.08–1.10) <0.001 1.09 (1.08–1.10) <0.001 1.10 (1.09–1.11) <0.001 1.09 (1.08–1.10) <0.001

Body fat, % 1.09 (1.08–1.10) <0.001 1.09 (1.08–1.11) <0.001 1.10 (1.09–1.11) <0.001 1.09 (1.07–1.10) <0.001
BMI, kg/m2 1.23 (1.20–1.26) <0.001 1.23 (1.20–1.26) <0.001 1.25 (1.22–1.28) <0.001 1.22 (1.19–1.25) <0.001
TMM/Ht2,

kg/m2 1.28 (1.27–1.34) <0.001 1.29 (1.23–1.35) <0.001 1.30 (1.24–1.36) <0.001 1.27 (1.21–1.33) <0.001

TMM/BMI 0.33 (0.25–0.44) <0.001 0.27 (0.20–0.37) <0.001 0.24 (0.18–0.34) <0.001 0.34 (0.25–0.48) <0.001

Women
WC, cm 1.07 (1.06–1.07) <0.001 1.06 (1.06–1.07) <0.001 1.06 (1.06–1.07) <0.001 1.06 (1.05–1.07) <0.001

Body fat, % 1.10 (1.09–1.12) <0.001 1.10 (1.09–1.11) <0.001 1.10 (1.09–1.11) <0.001 1.09 (1.08–1.10) <0.001
BMI, kg/m2 1.21 (1.19–1.23) <0.001 1.21 (1.19–1.23) <0.001 1.20 (1.18–1.23) <0.001 1.18 (1.16–1.21) <0.001
TMM/Ht2,

kg/m2 1.38 (1.32–1.44) <0.001 1.417 (1.36–1.48) <0.001 1.42 (1.36–1.48) <0.001 1.36 (1.30–1.42) <0.001

TMM/BMI 0.11 (0.08–0.14) <0.001 0.13 (0.10–0.18) <0.001 0.14 (0.10–0.19) <0.001 0.18 (0.13–0.25) <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; WC, waist circumference; BMI, body mass index; TMM,
total muscle mass. Model 1: adjusted for age and sex (for total); Model 2: adjusted for variables used in Model 1
plus alcohol drinking status, smoking status, physical activity, and total calorie; Model 3: adjusted for variables
used in Model 2 plus mean blood pressure, fasting plasma glucose level, serum total cholesterol, CRP, and
ALT levels.

Then, we identified the c-indexes of the body composition indices that were signif-
icantly related to incident NAFLD in all participants (Figure 2a, b). Out of the five body
composition indices, the Harrell’s concordance index (95% CI) of WC was 0.68 (0.67–0.69),
which was significantly higher than that of the other body composition indicators in all
participants (WC vs. body fat, p <0.001; vs. TMM/Ht2, p <0.001; vs. TMM/BMI, p <0.001,
and vs. BMI, p = 0.001). The Harrell’s concordance index (95% CI) of WC was 0.68 (0.66–
0.70) and 0.69 (0.67–0.70) in men and women, respectively. These were significantly higher
than other indices in men (WC vs. body fat, p <0.001 in men and women; vs. TMM/Ht2,
p < 0.001 in men and women; vs. TMM/BMI, p <0.001 in men and women, and vs. BMI,
p <0.001 in men and p <0.001 in women). The values of the c-index and 95% CI are presented
in Supplementary Table S2.

Figure 3 shows the Kaplan–Meier curve for evaluating incident NAFLD defined by
WC cutoff points. The optimal cutoff points were determined at 80.2 cm in all participants,
81 cm in men, and 78.5 cm in men, respectively, which were the most significant cutoff
points to differentiate between participants with NAFLD incidence. Kaplan–Meier curve
showed that a higher risk of cumulative NAFLD incidence was in WC ≥ 80.2 cm than in
WC < 80.2 cm in all participants (p <0.001). Kaplan–Meier curve showed that higher risk of
cumulative NAFLD incidence was in WC ≥ 81 cm than in WC < 81 cm in men (p < 0.001)
and WC ≥ 78.5 cm than WC < 78.5 cm in women (p < 0.001).
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Figure 2. Harrell’s concordance index and 95% Confidence intervals for predicting NAFLD incidence
of five different body composition indices. (a) Unadjusted model in total population, men and
women, (b) Adjusted for age, sex (in total), smoking status, alcohol drinking status, physical activity,
total calorie intake, mean blood pressure, fasting plasma glucose, CRP, and alanine aminotransferase
in total participants, men and women. Abbreviation: BF, Body fat; BMI, Body mass index; CRP,
C-reactive protein; TMM/Ht2; Total muscle mass divided by squared of height; TMM/BMI, Total
muscle mass divided by body mass index

Table 3 shows the relationship between WC cutoff points and incident NAFLD, using
HR and 95% CI values. Compared with participants with WC < 80.2 cm, the HR (95% CI)
for incident NAFLD in those with WC ≥ 80.2 cm was 2.75 (2.53–2.99) in the unadjusted
model, 2.76 (2.53–3.01) in model one, 2.76 (2.53–3.02) in model two, and 2.44 (2.23–2.67)
in model three. In men, compared with participants with WC < 81 cm, the HRs (95% CI)
for incident NAFLD in those with WC ≥ 81 cm was 2.88 (2.50–3.32) in the unadjusted
model, 2.87 (2.50–3.31) in model one, 2.99 (2.58–3.46) in model two, and 2.65 (2.28–3.08) in
model three. In women, compared with participants with WC < 78.5 cm, the HR (95% CI)
for incident NAFLD in those with WC ≥ 78.5 cm was 2.93 (2.62–3.28) in the unadjusted
model, 2.77 (2.47–3.12) in model one, 2.77 (2.45–3.13) in model two, and 2.54 (2.25–2.87) in
model three.
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Table 3. Cox regression analysis for incidence of non–alcoholic fatty liver diseases according to the
optimal waist circumference values by sex.

Unadjusted Model 1 Model 2 Model 3

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Total WC
< 80.2 reference reference reference reference
≥80.2 2.75 (2.53–2.99) <0.001 2.76 (2.53–3.01) <0.001 2.76 (2.53–3.02) <0.001 2.44 (2.23–2.67) <0.001

Men WC
<81 reference reference reference reference
≥81 2.88 (2.50–3.32) <0.001 2.87 (2.50–3.31) <0.001 2.99 (2.58–3.46) <0.001 2.65 (2.28–3.08) <0.001

Women WC
<78.5 reference reference reference reference
≥78.5 2.93 (2.62–3.28) <0.001 2.77 (2.47–3.12) <0.001 2.77 (2.45–3.13) <0.001 2.54 (2.25–2.87) <0.001

Abbreviations: WC, waist circumference; HR, hazard ration; CI, confidence interval. Model 1: adjusted for age
and sex (for total); Model 2: adjusted for variables used in Model 1 plus alcohol drinking status, smoking status,
physical activity, and total calorie; Model 3: adjusted for variables used in Model 2 plus mean blood pressure,
fasting plasma glucose level, serum total cholesterol, CRP, and ALT levels.

4. Discussion

In this longitudinal prospective cohort study, we identified that WC was the most
significant risk factor for incident NAFLD among the various body composition variables
in middle-aged and older Korean adults. Furthermore, we found that the optimal WC
cutoff points for predicting NAFLD were below 81 cm in men and below 78.5 cm in women.
These results were approximately 10% below the cutoff point of the WC value to define
abdominal obesity.

Previous studies have revealed an association between body composition and the risk
for NAFLD [7,20]. A recent cross-sectional study has shown that fat mass indices were more
strongly associated with fibrosis than were muscle mass indices [7]. Other cross-sectional
analyses in the Rotterdam Study reported that both high fat mass and lower lean mass
were associated with NAFLD risk. However, fat mass better predicted the prevalence of
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NAFLD than did lean mass [9]. The Multi-Ethnic Study of Atherosclerosis showed that
both WC and BMI were significantly associated with NAFLD risk. Furthermore, WC had
the best discrimination for NAFLD [20]. A meta-analysis including 20 studies found that
individuals with abdominal obesity measured by WC had a higher risk of NAFLD than did
those with general obesity measured by BMI [12]. Our findings are in line with previous
studies. We found that Harrell’s concordance index of WC for predicting incident NAFLD
was significantly higher than that of other body composition indices.

Several possible mechanisms might support our findings. Abdominal obesity mea-
sured by WC might lead to hepatic pathologic changes and become a major risk factor for
NAFLD [12]. Van et al. [21] demonstrated that visceral fat was independently associated
with hepatic inflammation and fibrosis regardless of insulin resistance. Abdominal obesity
is a key component of metabolic syndrome, which has been shown to be strongly associ-
ated with various metabolic diseases, including NAFLD [22,23]. Visceral adipose tissue
would promote infiltration of macrophages and secretion of pro-inflammatory cytokines
(tumor necrosis factor-α, interleukin-1β, interleukin-6, monocyte chemotactic peptide-1,
and resistin) [24] and decrease adipocytokines secretion such as adiponectin that reduces
insulin resistance and inflammation [25]. Inflamed adipose tissue could contribute to an
influx of fatty acids to the liver. Moreover, decreases in adiponectin secretion might lead
to ectopic fat accumulation in the liver via increases in dysregulation of free fatty acid
oxidation and de novo lipogenesis [23,26].

Men are at higher risk of the development of NAFLD than women [27]. We found
that the optimal cutoff points for incident NAFLD were WC < 81 cm (men) and < 78.5 cm
(women), 10.0% (men) and 7.6% (women) below previous recommended WC in ethnic-
specific metabolic syndrome criteria [28], respectively, which suggests that an intensive
lifestyle intervention should be applied earlier in Korean men than in Korean women.
Previous studies, however, have demonstrated that regardless of the same BMI, the body
fat amount is significantly influenced by sex and race [29–31]. Therefore, the WC threshold
for abdominal obesity could not be uniformly applicable to both men and women and
different races. A Korean study including a total of 456 healthy participants aged 20–
88 years indicated that the optimal cutoff point of WC in screening for NAFLD was ≥ 90
cm in men and ≥ 85 cm in women [13]. This was based on the point that the odds ratio for
the risk of ≥ 2 components for metabolic syndrome except for WC increased rapidly [13].
NAFLD can be considered a hepatic manifestation of metabolic syndrome. Furthermore, it
might be considered a precursor of this metabolic syndrome through insulin resistance [32].
Therefore, the optimal cutoff points of WC for predicting NAFLD might be lower than
those of metabolic syndrome. In addition, we used data of a longitudinal prospective
cohort data with a mean follow-up of 12 years. Since we determined the optimal cutoff
value of WC to predict incident NAFLD in participants without NAFLD at baseline, the
optimal cutoff value of WC in this study could be lower than the conventional cutoff point
for defining abdominal obesity.

While BMI-adjusted TMM showed a negative association with the incidence of
NAFLD, height squared-adjusted TMM showed a positive association with the incidence of
NAFLD. It is generally accepted that skeletal muscle has a protective effect on maintaining
insulin sensitivity [33]. However, in previous studies on the association between low
muscle mass and NAFLD, height-adjusted appendicular skeletal muscle mass showed a
positive relationship with the NAFLD and a positive correlation with insulin resistance
unless body weight and/or BMI were adjusted for as a confounding variable [34,35]. The
body fat would have had a greater effect on NAFLD development than on muscles. Con-
sidering visceral adipose tissue is metabolically active, our findings showing that waist
circumference was the best predictive body composition indicator for incident NAFLD
could support this hypothesis. A follow-up study is needed to identify whether people with
low height-adjusted skeletal muscle mass have a higher risk of NAFLD than those with
normal skeletal muscle mass by matching people with the same fat mass and bone mass.
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Our study has several limitations. First, although we used a validated NAFLD predic-
tion model [16], histological diagnosis and liver imaging were not available in this cohort.
In a large epidemiological cohort study, ultrasonographic examination and histological
confirmation could not be available due to high cost and ethical considerations. Second,
measurement of body fat and muscle mass was conducted using the BIA. Modalities such
as computed tomography, magnetic resonance imaging, and dual-energy X-ray absorptiom-
etry are considered more reliable tools for assessing body composition. However, BIA is a
relatively simple, inexpensive, and non-invasive technique to measure body composition
and is more suitable in larger epidemiological studies [36]. Furthermore, we could only ob-
tain the data about total skeletal muscle mass from the KoGES. Third, parameters assessed
for body composition were not updated during the follow-up period. Therefore, baseline
exposure could not have reflected longitudinal dynamic changes in body compositing with
aging. Fourth, we could not consider other effects such as lifestyle changes or therapeutic
interventions. Finally, our results might not be generalized to other ethnic groups, and
similar studies should be conducted on other ethnicities.

Despite these limitations, this study has several strengths. First, to the best of our
knowledge, this is the first study to identify the optimal WC cutoff point for incident
NAFLD using large prospective cohort data with a long follow-up period. Additionally,
this is a large population-based study using well-examined data to ensure the statistical
power and reliability of our results.

5. Conclusions

This large population-based cohort study found that WC was the most powerful and
significant risk factor for predicting incident NAFLD in middle-aged and older Korean
adults. Furthermore, WC < 81 cm in men and < 78.5 cm in women were found to be the
optimal cutoff points for predicting NAFLD incidence. Managing WC could be an effective
strategy for the early detection and prevention of NAFLD. More well-designed studies in
other countries and ethnic groups with sufficient laboratory and liver-imaging findings are
needed to identify the optimal WC cutoff points for preventing NAFLD. Additionally, more
active lifestyle interventions promoting weight loss through a healthy diet and physical
activity are needed for maintaining liver health.
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interval for incident non–alcoholic fatty liver diseases according to five body composition indices.

Author Contributions: Y.-J.K., H.S.L., S.J. and J.-H.L. contributed to the conception or design of the
work. Y.-J.K., H.S.L., S.J. and J.-H.L. contributed to the acquisition, analysis, or interpretation of the
data, draft the manuscript. All authors critically revised the manuscript, provided final approval and
agree to be accountable for all aspects of the work, ensuring integrity and accuracy. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture and Forestry (IPET) through High Value-added Food Technology Development
Program funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) (321030051HD030). This
paper was also supported by a 2022 faculty research grant from Eulji University (2022EMBRISN0001).

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of Nowon Eulji Medical Center (approval number: 2022-01-016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used in this study are available at the following website;
http://www.cdc.go.kr/contents.es?mid=a40504010000 (accessed on 14 January 2022).

Acknowledgments: This study was conducted with data from Korean Genome and Epidemiology Study.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/nu14142994/s1
https://www.mdpi.com/article/10.3390/nu14142994/s1
http://www.cdc.go.kr/contents.es?mid=a40504010000


Nutrients 2022, 14, 2994 11 of 12

References
1. Younossi, Z.; Anstee, Q.M.; Marietti, M.; Hardy, T.; Henry, L.; Eslam, M.; George, J.; Bugianesi, E. Global burden of nafld and

nash: Trends, predictions, risk factors and prevention. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 11–20. [CrossRef]
2. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver

disease-meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef] [PubMed]
3. Fan, J.G.; Kim, S.U.; Wong, V.W. New trends on obesity and nafld in asia. J. Hepatol. 2017, 67, 862–873. [CrossRef] [PubMed]
4. Paik, J.M.; Golabi, P.; Younossi, Y.; Saleh, N.; Nhyira, A.; Younossi, Z.M. The growing burden of disability related to chronic

liver disease in the United States: Data from the global burden of disease study 2007–2017. Hepatol. Commun. 2021, 5, 749–759.
[CrossRef] [PubMed]

5. Seto, W.K.; Yuen, M.F. Nonalcoholic fatty liver disease in asia: Emerging perspectives. J. Gastroenterol. 2017, 52, 164–174.
[CrossRef] [PubMed]

6. Sheka, A.C.; Adeyi, O.; Thompson, J.; Hameed, B.; Crawford, P.A.; Ikramuddin, S. Nonalcoholic steatohepatitis: A review. JAMA
2020, 323, 1175–1183. [CrossRef]

7. Miyake, T.; Miyazaki, M.; Yoshida, O.; Kanzaki, S.; Nakaguchi, H.; Nakamura, Y.; Watanabe, T.; Yamamoto, Y.; Koizumi, Y.;
Tokumoto, Y.; et al. Relationship between body composition and the histology of non-alcoholic fatty liver disease: A cross-sectional
study. BMC Gastroenterol. 2021, 21, 170. [CrossRef] [PubMed]

8. Loomis, A.K.; Kabadi, S.; Preiss, D.; Hyde, C.; Bonato, V.; St Louis, M.; Desai, J.; Gill, J.M.; Welsh, P.; Waterworth, D.; et al. Body
mass index and risk of nonalcoholic fatty liver disease: Two electronic health record prospective studies. J. Clin. Endocrinol Metab.
2016, 101, 945–952. [CrossRef]

9. Alferink, L.J.M.; Trajanoska, K.; Erler, N.S.; Schoufour, J.D.; de Knegt, R.J.; Ikram, M.A.; Janssen, H.L.A.; Franco, O.H.; Metselaar,
H.J.; Rivadeneira, F.; et al. Nonalcoholic fatty liver disease in the rotterdam study: About muscle mass, sarcopenia, fat mass, and
fat distribution. J. Bone Miner. Res. 2019, 34, 1254–1263. [CrossRef]

10. Lee, J.H.; Lee, H.S.; Lee, B.K.; Kwon, Y.J.; Lee, J.W. Relationship between muscle mass and non-alcoholic fatty liver disease.
Biology 2021, 10, 122. [CrossRef]

11. Lee, M.J.; Kim, E.H.; Bae, S.J.; Kim, G.A.; Park, S.W.; Choe, J.; Jung, C.H.; Lee, W.J.; Kim, H.K. Age-related decrease in skeletal
muscle mass is an independent risk factor for incident nonalcoholic fatty liver disease: A 10-year retrospective cohort study. Gut
Liver 2019, 13, 67–76. [CrossRef] [PubMed]

12. Pang, Q.; Zhang, J.Y.; Song, S.D.; Qu, K.; Xu, X.S.; Liu, S.S.; Liu, C. Central obesity and nonalcoholic fatty liver disease risk after
adjusting for body mass index. World J. Gastroenterol. 2015, 21, 1650–1662. [CrossRef] [PubMed]

13. Lee, S.Y.; Park, H.S.; Kim, D.J.; Han, J.H.; Kim, S.M.; Cho, G.J.; Kim, D.Y.; Kwon, H.S.; Kim, S.R.; Lee, C.B.; et al. Appropriate waist
circumference cutoff points for central obesity in korean adults. Diabetes Res. Clin. Pract. 2007, 75, 72–80. [CrossRef] [PubMed]

14. Yoo, H.J.; Park, M.S.; Lee, C.H.; Yang, S.J.; Kim, T.N.; Lim, K.I.; Kang, H.J.; Song, W.; Yeon, J.E.; Baik, S.H.; et al. Cutoff points of
abdominal obesity indices in screening for non-alcoholic fatty liver disease in asians. Liver Int. 2010, 30, 1189–1196. [CrossRef]

15. Kim, Y.; Han, B.G.; Ko, G.E.S.G. Cohort profile: The korean genome and epidemiology study (koges) consortium. Int. J. Epidemiol.
2017, 46, e20. [CrossRef]

16. Kotronen, A.; Peltonen, M.; Hakkarainen, A.; Sevastianova, K.; Bergholm, R.; Johansson, L.M.; Lundbom, N.; Rissanen, A.;
Ridderstråle, M.; Groop, L.; et al. Prediction of non-alcoholic fatty liver disease and liver fat using metabolic and genetic factors.
Gastroenterology 2009, 137, 865–872. [CrossRef]

17. National Center for Health Statistics. Adult Tobacco Use Information. Available online: https://www.cdc.gov/nchs/nhis/
tobacco/tobacco_glossary.htm (accessed on 4 July 2021).

18. Jang, M.; Won, C.; Choi, H.; Kim, S.; Park, W.; Kim, D.; Jeong, S.; Kim, B. Effects of physical activity on fractures in adults: A
community-based korean cohort study. Korean J. Sports Med. 2017, 35, 97–102. [CrossRef]

19. Contal, C.; O’Quigley, J. An application of changepoint methods in studying the effect of age on survival in breast cancer. Comput.
Stat. Data Anal. 1999, 30, 253–270. [CrossRef]

20. Tison, G.H.; Blaha, M.J.; Nasir, K.; Blumenthal, R.S.; Szklo, M.; Ding, J.; Budoff, M.J. Relation of anthropometric obesity and
computed tomography measured nonalcoholic fatty liver disease (from the multiethnic study of atherosclerosis). Am. J. Cardiol.
2015, 116, 541–546. [CrossRef]

21. van der Poorten, D.; Milner, K.L.; Hui, J.; Hodge, A.; Trenell, M.I.; Kench, J.G.; London, R.; Peduto, T.; Chisholm, D.J.; George, J.
Visceral fat: A key mediator of steatohepatitis in metabolic liver disease. Hepatology 2008, 48, 449–457. [CrossRef]

22. Alberti, K.G.; Zimmet, P.; Shaw, J. The metabolic syndrome—A new worldwide definition. Lancet 2005, 366, 1059–1062. [CrossRef]
23. Yki-Järvinen, H. Non-alcoholic fatty liver disease as a cause and a consequence of metabolic syndrome. Lancet Diabetes Endocrinol.

2014, 2, 901–910. [CrossRef]
24. Weisberg, S.P.; McCann, D.; Desai, M.; Rosenbaum, M.; Leibel, R.L.; Ferrante, A.W., Jr. Obesity is associated with macrophage

accumulation in adipose tissue. J. Clin. Investig. 2003, 112, 1796–1808. [CrossRef] [PubMed]
25. Turer, A.T.; Browning, J.D.; Ayers, C.R.; Das, S.R.; Khera, A.; Vega, G.L.; Grundy, S.M.; Scherer, P.E. Adiponectin as an independent

predictor of the presence and degree of hepatic steatosis in the dallas heart study. J. Clin. Endocrinol. Metab. 2012, 97, E982–E986.
[CrossRef]

26. Turer, A.T.; Scherer, P.E. Adiponectin: Mechanistic insights and clinical implications. Diabetologia 2012, 55, 2319–2326. [CrossRef]
[PubMed]

http://doi.org/10.1038/nrgastro.2017.109
http://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://doi.org/10.1016/j.jhep.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28642059
http://doi.org/10.1002/hep4.1673
http://www.ncbi.nlm.nih.gov/pubmed/34027266
http://doi.org/10.1007/s00535-016-1264-3
http://www.ncbi.nlm.nih.gov/pubmed/27637587
http://doi.org/10.1001/jama.2020.2298
http://doi.org/10.1186/s12876-021-01748-y
http://www.ncbi.nlm.nih.gov/pubmed/33849437
http://doi.org/10.1210/jc.2015-3444
http://doi.org/10.1002/jbmr.3713
http://doi.org/10.3390/biology10020122
http://doi.org/10.5009/gnl18070
http://www.ncbi.nlm.nih.gov/pubmed/30037166
http://doi.org/10.3748/wjg.v21.i5.1650
http://www.ncbi.nlm.nih.gov/pubmed/25663786
http://doi.org/10.1016/j.diabres.2006.04.013
http://www.ncbi.nlm.nih.gov/pubmed/16735075
http://doi.org/10.1111/j.1478-3231.2010.02300.x
http://doi.org/10.1093/ije/dyv316
http://doi.org/10.1053/j.gastro.2009.06.005
https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
http://doi.org/10.5763/kjsm.2017.35.2.97
http://doi.org/10.1016/S0167-9473(98)00096-6
http://doi.org/10.1016/j.amjcard.2015.05.012
http://doi.org/10.1002/hep.22350
http://doi.org/10.1016/S0140-6736(05)67402-8
http://doi.org/10.1016/S2213-8587(14)70032-4
http://doi.org/10.1172/JCI200319246
http://www.ncbi.nlm.nih.gov/pubmed/14679176
http://doi.org/10.1210/jc.2011-3305
http://doi.org/10.1007/s00125-012-2598-x
http://www.ncbi.nlm.nih.gov/pubmed/22688349


Nutrients 2022, 14, 2994 12 of 12

27. Balakrishnan, M.; Patel, P.; Dunn-Valadez, S.; Dao, C.; Khan, V.; Ali, H.; El-Serag, L.; Hernaez, R.; Sisson, A.; Thrift, A.P.; et al.
Women Have a Lower Risk of Nonalcoholic Fatty Liver Disease but a Higher Risk of Progression vs Men: A Systematic Review
and Meta-analysis. Clin. Gastroenterol. Hepatol. 2021, 19, 61–71.e15. [CrossRef]

28. Appropriate body-mass index for asian populations and its implications for policy and intervention strategies. Lancet 2004, 363,
157–163. [CrossRef]

29. Camhi, S.M.; Bray, G.A.; Bouchard, C.; Greenway, F.L.; Johnson, W.D.; Newton, R.L.; Ravussin, E.; Ryan, D.H.; Smith, S.R.;
Katzmarzyk, P.T. The relationship of waist circumference and bmi to visceral, subcutaneous, and total body fat: Sex and race
differences. Obesity 2011, 19, 402–408. [CrossRef]

30. Demerath, E.W.; Sun, S.S.; Rogers, N.; Lee, M.; Reed, D.; Choh, A.C.; Couch, W.; Czerwinski, S.A.; Chumlea, W.C.; Siervogel,
R.M.; et al. Anatomical patterning of visceral adipose tissue: Race, sex, and age variation. Obesity 2007, 15, 2984–2993. [CrossRef]

31. Grundy, S.M.; Cleeman, J.I.; Daniels, S.R.; Donato, K.A.; Eckel, R.H.; Franklin, B.A.; Gordon, D.J.; Krauss, R.M.; Savage, P.J.; Smith,
S.C., Jr.; et al. Diagnosis and management of the metabolic syndrome: An american heart association/national heart, lung, and
blood institute scientific statement. Circulation 2005, 112, 2735–2752. [CrossRef]

32. Lonardo, A.; Ballestri, S.; Marchesini, G.; Angulo, P.; Loria, P. Nonalcoholic fatty liver disease: A precursor of the metabolic
syndrome. Dig. Liver Dis. 2015, 47, 181–190. [CrossRef] [PubMed]

33. Srikanthan, P.; Karlamangla, A.S. Relative muscle mass is inversely associated with insulin resistance and prediabetes. Findings
from the third national health and nutrition examination survey. J. Clin. Endocrinol. Metab. 2011, 96, 2898–2903. [CrossRef]
[PubMed]

34. Cho, A.R.; Lee, J.H.; Kwon, Y.J. Differences among three skeletal muscle mass indices in predicting non-alcoholic fatty liver
disease: Korean nationwide population-based study. Life 2021, 11, 751. [CrossRef] [PubMed]

35. Park, H.; Jun, D.W.; Park, H.K.; Park, K.Y.; Kim, M.; Hwang, H.S. A critical appraisal of the definition of sarcopenia in patients
with non-alcoholic fatty liver disease: Pitfall of adjusted muscle mass by body weight. Life 2020, 10, 218. [CrossRef] [PubMed]

36. Böhm, A.; Heitmann, B.L. The use of bioelectrical impedance analysis for body composition in epidemiological studies. Eur. J.
Clin. Nutr. 2013, 67 (Suppl. 1), S79–S85. [CrossRef]

http://doi.org/10.1016/j.cgh.2020.04.067
http://doi.org/10.1016/S0140-6736(03)15268-3
http://doi.org/10.1038/oby.2010.248
http://doi.org/10.1038/oby.2007.356
http://doi.org/10.1161/CIRCULATIONAHA.105.169404
http://doi.org/10.1016/j.dld.2014.09.020
http://www.ncbi.nlm.nih.gov/pubmed/25739820
http://doi.org/10.1210/jc.2011-0435
http://www.ncbi.nlm.nih.gov/pubmed/21778224
http://doi.org/10.3390/life11080751
http://www.ncbi.nlm.nih.gov/pubmed/34440495
http://doi.org/10.3390/life10100218
http://www.ncbi.nlm.nih.gov/pubmed/32977654
http://doi.org/10.1038/ejcn.2012.168

	Introduction 
	Materials and Methods 
	Study Population 
	Assessment of Non-Alcoholic Fatty Liver Disease 
	Assessment of Body Composition 
	Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

