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Original Article

The presence of NAFLD in nonobese subjects increased the risk 
of metabolic abnormalities than obese subjects without NAFLD: a 
population-based cross-sectional study
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Background: With lifestyle modification and over-nutrition, the prevalence of nonalcoholic fatty liver 
disease (NAFLD) has been increasing annually. Here we aimed to assess the updated prevalence of NAFLD, 
and to evaluate the association of NAFLD with metabolic abnormalities according to gender, body mass 
index and age.
Methods: A population-based cross-sectional study was conducted in Shanghai from December 2016 to 
July 2017. With a three-stage stratified sampling strategy, 3,717 eligible participants were enrolled for the 
analysis. 
Results: In total, 1,217 subjects (32.7%) had NAFLD. Among them, 400 (16.3%) of the nonobese and 
817 (65.0%) of the obese subjects had NAFLD. The prevalence of NAFLD was increased according to the 
quartiles of age and waist circumference (WC) in the nonobese subjects. Females with nonobese NAFLD 
had 1.6-, 2.6-, 2.0-, 2.3- and 3.3-fold higher risks for metabolic syndrome, diabetes mellitus, hyperglycemia, 
hypertriglycerdemia (high TG) and low high-density lipoprotein cholesterol than obese subjects without 
NAFLD, respectively. Males had comparable metabolic profiles in both groups, except for a 2.0-fold higher 
risk of high TG in nonobese NAFLD subjects compared with obese subjects without NAFLD. More 
impressively, the homeostasis metabolic assessment insulin resistance index was comparable between the two 
groups.
Conclusions: The increase of age and WC had significant impact on the risk of NAFLD in nonobese 
subjects. The presence of NAFLD in nonobese subjects increased the risk of metabolic diseases than obese 
subjects without NAFLD, especially in female. 
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most 
common chronic liver disease worldwide, affecting 
approximately 25% of the adult population globally (1). 
NAFLD was historically considered as a disease of the 
industrialized world, and the epidemiology has been well 
characterized in western countries (2,3). With the rapid 
urbanization and sedentary lifestyle, the prevalence of 
NAFLD has been growing during the past decades in many 
part of Asia (3,4). It has been reported that the prevalence 
of NAFLD in China has increased from 15% to 25% over 
the past ten years (5,6), whereas most of the data are based on 
hospital surveys. There is a paucity of updated epidemiological 
data based on the communities’ survey in China.

Unhealthy lifestyles play an essential role in the 
development and progression of NAFLD. Currently, there 
is no effective drug therapy for NAFLD (7). And lifestyle 
interventions including dietary modification and physical 
activity remain the first-line treatment for NAFLD to date 
(7,8). Recently, Mediterranean diet has even been suggested 
for NAFLD patients as its harmonic combination of several 
foods with antioxidant and anti-inflammatory properties (9). 

NAFLD used to be connected with obesity, whereas 
increasing evidence has indicated that NAFLD can occur 
in subjects with normal weight (lean) or those who are 
overweight as well, which is known as lean NAFLD or 
nonobese NAFLD (10). The reported prevalence of lean/
nonobese NAFLD in Asia varied differently, ranging 
from 4.1% to 27.4% (11-14). And it can also occur in lean 
Caucasian subjects (15). Histology evaluation revealed 
that nonobese NAFLD had less severe liver damage at 
presentation than that of the subjects with obese NAFLD 
(11,16). Leung et al. (17) also reported that patients with 
nonobese NAFLD had a better prognosis than those 
with obese NAFLD after a median of 49 months follow-
up. Nevertheless, up to 10.5–25.0% of individuals with 
nonobese NAFLD had advanced fibrosis, which was related 
with an increased risk of liver-related mortality (17-19). 
Thus, nonobese NAFLD might not be such a benign 
condition as previously thought (20). 

NAFLD was connected with metabolic diseases (21) 
and even considered as a metabolic manifestation in the  
liver (22). It is now widely accepted that, like obese NAFLD, 
subjects with lean NAFLD also had altered glucolipid 
metabolism and metabolic profile (23,24). A retrospective 
cohort study showed that approximately one-fifth of the 
lean NAFLD patients had carotid atherosclerosis (25). In 

addition, nonobese NAFLD was associated with a higher 
risk of metabolic diseases compared to obese NAFLD (26). 
However, previous studies have comprehensively compared 
the characteristics of lean/nonobese NAFLD with those of 
lean healthy or overweight/obese NAFLD (16,23), whereas 
there are no data on the differences between lean/nonobese 
subjects with NAFLD and obese subjects without NAFLD. 

Hence, in this study, we provided updated prevalence 
data for NAFLD in subjects in Shanghai according to a large 
population-based investigation. We found that nonobese 
subjects were more vulnerable to NAFLD with the increase 
of age and waist circumference (WC) than the obese subjects. 
In addition, nonobese subjects with NAFLD had a higher risk 
of metabolic diseases than obese subjects without NAFLD, 
especially in female. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://hbsn.amegroups.com/article/view/10.21037/hbsn-
20-263/rc).

Methods

Ethical statement

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Written informed consent 
was obtained from all participants in the study. The study 
protocol was approved by the Shanghai Changzheng 
Hospital Institutional Ethics Committee (2016SL039).

Study design and participants

It was a population-based, cross-sectional health survey 
of the inhabitants in Shanghai, which was composed of 
18 districts and 242 community health service centers. A 
three-stage stratified sampling strategy was used to obtain 
a representative sample of the population in Shanghai 
from December 2016 to July 2017. First, 10 representative 
community health service centers were selected randomly 
based on the living area, of which 4 were from the urban 
areas, 3 were from the urban fringe areas, and 3 were from 
the suburbs. Second, 10 neighborhood communities were 
randomly selected from each community health service 
center. Third, the household demographics were obtained 
from the neighborhood communities, and one subject was 
selected from each household randomly. Inclusion criteria 
consisted of subjects without serious chronic diseases who 
lived in the selected community for more than six months 
and were aged between 18 and 65 years. Exclusion criteria 

https://hbsn.amegroups.com/article/view/10.21037/hbsn-20-263/rc
https://hbsn.amegroups.com/article/view/10.21037/hbsn-20-263/rc
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Figure 1 Flowchart of the enrolled subjects.

Population enrolled in the survey
(n=4,120)

For analysis 
(n=3,717) 

Exclusion (n=403)
1) Missing important data (n=271);
2) Previous higtory of heptitis B or C 

(n=4);
3) Average daily alcohol consumption 

higher than 20 g in women and 30 g 
in men (n=107);

4) Indication of liver cirrhosis or liver 
malignancy (n=6) upon abdominal 
ultrasonography;

5) Drugs use potentially causing 
steatosis (n=2);

6) Age <18 y (n=3); Age >65 y (n=10).

included the following: pregnancy, fracture, severe mental 
disorder or dementia, action inconvenience, hepatitis B and 
C, tuberculosis, human immunodeficiency virus or other 
infectious disease. Finally, 4,193 subjects were selected 
and invited to participate in the study, and 4,120 subjects 
completed the study. The overall response rate was 98.3%.

For this study, we excluded individuals as follows: (I) 
missing height, weight, WC or abdominal ultrasonographic 
results (n=42); (II) missing blood test results (n=229); (III) 
previous history of hepatitis B or C infection, Wilson’s 
disease or autoimmune hepatitis on the questionnaire (n=4); 
(IV) average daily alcohol consumption higher than 20 g 
in women and 30 g in men (n=107); (V) indication of liver 
cirrhosis (n=5) or liver malignancy (n=1) upon abdominal 
ultrasonography; (VI) subjects using drugs potentially 
causing steatosis (n=2, prednisolone); and (VII) age <18 years  
(n=3) and age >65 years (n=10). Ultimately, a total of 3,717 
subjects were included in our data analysis (Figure 1).

Data acquisition

A complete questionnaire survey, anthropometric 
measurements, abdominal ultrasound and blood samples 
were collected at each community health service center. 
Individuals were interviewed privately by well-trained 
medical professionals to complete a questionnaire including 
date of birth, sex, education level, occupation, medical 
history of diseases, menstrual history for females, alcohol 
consumption (type, amount and frequency), smoking 
status and medication use. Individuals were categorized 
into current, former, or never-smokers. Drinking status 

was divided into never, occasional drinker (<10 g/d) and 
frequent drinker (≥10 g/d).

Anthropometric measurement

Height, weight, WC and blood pressure (BP) were 
measured by trained personnel with a standardized 
protocol. Body mass index (BMI) was calculated by dividing 
weight (kg) by the square of height (kg/m2). WC was 
measured horizontally at the level of the umbilicus. Prior to 
measuring BP, the subjects were asked to rest for 5 min.

Abdominal ultrasonography

Fatty liver was determined by the ultrasonographic 
measurements with a 3.5 MHz probe by experienced 
sonographers who were blinded to the clinical findings of 
the subjects. The diagnosis of fatty liver depended on a 
diffuse increase in the fine echoes in the liver parenchyma 
compared with that of the spleen or kidney, liver brightness 
with deep attenuation and vessel blurring.

Laboratory analyses

Blood samples were obtained in the morning with an empty 
stomach after an overnight fast of at least 12 h. Laboratory 
evaluations included liver function test [total bilirubin (TB), 
direct bilirubin (DB), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), γ-glutamyl transpeptidase 
(GGT), albumin, total protein (TP), and alkaline 
phosphatase (AKP)], fasting blood glucose (FBG), fasting 
insulin (Ins), triglycerides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL), low-density 
lipoprotein cholesterol (LDL), hemoglobin A1c (HbA1C), 
uric acid (SUA) and creatinine (SCr). Except subjects with 
a validated history of diabetes mellitus (DM), all individuals 
underwent a 75-g oral glucose tolerance test. The blood 
glucose level was evaluated 2 h later (2hFBG).

Definitions

The subjects were categorized into the nonobese (BMI 
<25) and obese (BMI ≥25). Accordingly, all subjects 
were divided into four groups: nonobese non-NAFLD 
(subjects without NAFLD), nonobese NAFLD, obese 
non-NAFLD and obese NAFLD. Metabolic syndrome 
(MetS) was defined according to the Chinese Diabetes 
Society criteria (27), which required the presence of three 
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or more of the following components: (I) abdominal 
obesity: WC ≥90 cm for men and WC ≥85 cm for 
women; (II) high BP (HBP): systolic blood pressure (SBP)  
≥130 mmHg, and/or diastolic blood pressure (DBP)  
≥85 mmHg, or previously diagnosed as hypertension and 
under treatment; (III) hypertriglyceridemia (high TG): 
fasting TG ≥1.7 mmol/L, or under specific treatment 
for this lipid abnormality; (IV) low HDL: fasting HDL  
<1.04 mmol/L; and (V) hyperglycemia: FBG ≥6.1 mmol/L,  
or 2hFBG ≥7.8 mmol/L during oral glucose tolerance 
test, or previously diagnosed as DM and treatment with 
antidiabetic drugs.

DM was defined as FBG ≥7.0 mmol/L, or 2hFBG  
≥11.1 mmol/L during an oral glucose tolerance test, or 
HbA1C ≥6.5%. The homeostasis metabolic assessment 
insulin resistance index (HOMA-IR) was used to define 
insulin resistance and was calculated with the following 
formula: HOMA-IR = FBG (mmol/L) × Ins (mU/L)/22.5.

Statistical analysis

Statistical analysis was performed using the SPSS software 
package version 18.0 for Windows (SPSS, Chicago, IL). 
Continuous variables are described as the mean ± SD and 
compared with Student’s t-test or the Mann-Whitney  
U test, depending on the normality of the data. Categorical 
variables are reported as the subject number with 
percentage (%) and compared using the χ2 test between 
groups. We presented these data as odds ratios (ORs) of the 
risk of NAFLD according to the quartiles of age and WC 
in both genders using a logistic regression model, adjusting 
for potentially confounding variables, including education, 
living area, smoking, drinking and menopause status for 
females. Meanwhile, the associations of the presence of 
NAFLD in nonobese and obese subjects with metabolic 
diseases including MetS, DM, high TG and low HDL are 
presented as ORs [95% confidence interval (CI)], using a 
logistic regression model, adjusting for education, living area, 
smoking, drinking and menopause status for female. A two-
tailed P value <0.05 was considered to be statistically significant.

Results

Basic characteristics of the enrolled participants

The clinical characteristics of the participants are shown 
in Table 1. In total, 3,717 subjects (1,577 males and 2,140 
females, with a mean age of 41.9±12.1 years) were enrolled 

in the study. Among them, 1,217 (32.7%) had NAFLD, 
1,178 (31.7%) had abdominal obesity, 1,257 (33.8%) had 
obesity, 751 (20.2%) had MetS, 311 (8.4%) had DM, and 
929 (25.0%) had high TG. NAFLD was male predominant, 
with 726 (46.0%) males and 491 (22.9%) females having 
NAFLD. And subjects with NAFLD were older than those 
without NAFLD (45.1±11.4 vs. 40.4±12.1 years, P<0.001). 
Compared with subjects without NAFLD, the mean levels 
of BMI, WC, ALT, AST, GGT, AKP, SUA, SCr, FBG, 
2hFBG, Ins, HOMA-IR, HbA1C, TC, TG and LDL in 
subjects with NAFLD were significantly higher, whereas 
the level of HDL was significantly lower both in males and 
females. Subjects with NAFLD had significantly higher 
percentages of abdominal obesity, MetS, DM, high TG, low 
HDL and HBP than those of the subjects without NAFLD 
in both genders. There was no difference in the living area 
distribution between subjects with and without NAFLD. 
Interestingly, the risk of NAFLD decreased in female 
subjects with higher levels of education. Compared with 
females with illiteracy/primary school level of education, 
females with junior/senior high school and a bachelor/
higher level of education had ORs of 0.69 (0.45–1.04, 
P=0.074) and 0.28 (0.18–0.44, P<0.001), respectively. 
However, this difference was not seen in males.

Characteristics of the participants with and without 
NAFLD stratified by gender and BMI

To investigate the characteristics of the nonobese and obese 
NAFLD separately, we divided the study population into 
the nonobese group (BMI <25) and obese group (BMI ≥25). 
As shown in Table S1, 400 (16.3%) of the nonobese subjects 
had NAFLD (nonobese NAFLD), whereas 817 (65.0%) of 
the obese subjects had NAFLD (obese NAFLD, P<0.001). 
In both males and females, the laboratory values for SUA, 
FBG, 2hFBG, HbA1C, HOMA-IR and the prevalence of 
abdominal obesity, MetS, DM, high TG, low HDL and 
HBP were significantly higher in the NAFLD group than 
those in the controls. In addition, the presence of NAFLD 
significantly increased the risk of metabolic diseases 
including MetS, DM, high TG and low HDL in both 
genders, irrespective of the BMI categories (Figure S1).

Nonobese subjects with NAFLD have more severe metabolic 
abnormalities than obese subjects without NAFLD

It is now well known that obesity is an essential component 
of MetS (28). To explore the influence of obesity and 

https://cdn.amegroups.cn/static/public/HBSN-20-263-supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-20-263-supplementary.pdf
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Table 1 Characteristics of the enrolled participants

Total (n=3,717)

Male (n=1,577) Female (n=2,140)

NAFLD (n=726) Non-NAFLD (n=851) NAFLD (n=491)
Non-NAFLD 

(n=1,649)

Age, mean ± SD (y)a,b 41.9±12.1 43.3±11.2 40.7±12.9 47.6±11.3 40.2±11.7

18–31, n (%)a,b 929 (25.0) 124 (17.1) 266 (31.3) 57 (11.6) 482 (29.2)

32–41, n (%)a,b 930 (25.0) 206 (28.4) 196 (23.0) 95 (19.3) 433 (26.3)

42–53, n (%)a 929 (25.0) 207 (28.5) 183 (21.5) 124 (25.3) 415 (25.2)

54–65, n (%)b 929 (25.0) 189 (26.0) 206 (24.2) 215 (43.8) 319 (19.3)

Living area

Urban 1,281 (34.5) 242 (33.3) 275 (32.3) 187 (38.1) 577 (35.0)

Urban fringe 1243 (33.4) 248 (34.2) 278 (32.7) 171 (34.8) 546 (33.1)

Suburb 1,193 (32.1) 236 (32.5) 298 (35.0) 133 (27.1) 526 (31.9)

Education

Illiteracy/primary schoolb 147 (4.0) 15 (2.1) 24 (2.8) 38 (7.7) 70 (4.2)

Junior/senior high schoolb 2,378 (64.0) 506 (69.7) 549 (64.5) 359 (73.1) 964 (58.5)

Bachelor or aboveb 1,192 (32.0) 205 (28.2) 278 (32.7) 94 (19.2) 615 (37.3)

BMI (kg/m2) a,b 23.9±3.5 26.9±3.1 23.4±2.8 26.2±3.2 22.2±2.7

WC (cm) a,b 82.5±10.4 92.9±8.6 83.7±8.3 86.5±8.4 76.1±7.7

Abdominal obesity, n (%)a,b 1,178 (31.7) 481 (66.3) 185 (21.7) 275 (56.2) 237 (14.4)

MetS, n (%)a,b 751 (20.2) 372 (51.3) 113 (13.3) 182 (37.2) 84 (5.1)

DM, n (%)a,b 311 (8.4) 121 (16.7) 46 (5.4) 87 (17.7) 57 (3.5)

Hyperglycemia, n (%)a,b 823 (22.1) 256 (35.3) 124 (14.6) 221 (45.0) 222 (13.5)

High TG, n (%)a,b 929 (25.0) 408 (56.2) 179 (21.0) 180 (36.7) 162 (9.8)

Low HDL, n (%)a,b 355 (9.6) 196 (27.0) 80 (9.4) 46 (9.4) 33 (2.0)

HBP, n (%)a,b 1,732 (46.6) 508 (70.0) 401 (47.1) 304 (61.9) 519 (31.5)

ALT (U/L)a,b 24.4±21.6 39.1±34.3 24.0±18.7 25.3±17.4 17.7±11.1

AST (U/L)a,b 21.3±12.4 25.3±17.1 22.0±14.4 21.1±9.9 19.3±8.3

GGT (U/L)a,b 28.6±30.9 48.8±42.2 31.0±32.7 29.0±25.9 18.2±18.3

TB (µmol/L) 10.8±4.8 11.8±5.0 12.2±5.4 9.8±3.9 10.0±4.4

Alb (g/L) 48.5±3.1 48.9±3.2 49.0±3.4 48.0±2.9 48.3±2.9

AKP (U/L)b 72.3±22.5 78.2±21.1 76.4±21.8 76.6±21.7 66.3±22.2

TP (g/L) 78.5±4.4 78.4±4.3 78.2±4.4 78.9±4.3 78.7±4.5

SUA (µmol/L)a,b 320.1±84.1 398.2±81.8 355.0±67.7 317.2±70.5 268.4±56.3

SCr (µmol/L) 67.6±16.3 80.7±18.7 79.7±11.8 58.0±9.4 58.3±9.0

FPG (mmol/L)a,b 5.48±1.28 5.82±1.53 5.43±1.40 5.91±1.58 5.22±0.86

2hFBG (mmol/L) a,b 6.40±2.94 7.36±3.74 5.84±2.73 7.92±3.56 5.82±2.05

Table 1 (Continued)
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Table 1 (Continued)

Total (n=3,717)

Male (n=1,577) Female (n=2,140)

NAFLD (n=726) Non-NAFLD (n=851) NAFLD (n=491)
Non-NAFLD 

(n=1,649)

Ins (mU/L)a,b 9.96±7.51 13.37±8.37 7.95±4.98 13.34±8.55 8.49±7.01

HOMA-IRa,b 2.50±2.86 3.53±2.74 1.94±1.54 3.50±2.45 2.03±3.32

HbA1Ca,b 5.49±0.68 5.67±0.78 5.41±0.69 5.78±0.85 5.36±0.51

TC (mmol/L)a,b 5.12±0.96 5.28±0.98 4.94±0.90 5.41±0.96 5.06±0.94

TG (mmol/L)a,b 1.46±1.24 2.35±1.92 1.35±0.96 1.73±1.16 1.03±0.64

HDL (mmol/L)a,b 1.54±0.41 1.21±0.29 1.43±0.33 1.48±0.35 1.76±0.39

LDL (mmol/L)a,b 3.19±0.87 3.33±0.88 3.14±0.83 3.46±0.88 3.08±0.85

Data are presented as mean ± SD or n (%). a, component with a P value of <0.05 in the male group; b, component with a P value of <0.05 
in the female group. NAFLD, nonalcoholic fatty liver disease; SD, standard deviation; BMI, body mass index; WC, waist circumference; 
MetS, metabolic syndrome; DM, diabetes mellitus; high TG, hypertriglyceridemia; HDL, high-density lipoprotein cholesterol; HBP, high 
blood pressure; ALT, alanine aminotransferase; AST, asparate aminotransferase; GGT, γ-glutamyl transpeptidase; TB, total bilirubin; 
Alb, albumin; AKP, alkaline phosphatase; TP, total protein; SUA, serum uric acid; SCr, serum creatinine; FBG, fasting blood glucose; 
2hFBG, 2-hour postprandial blood glucose; Ins, insulin; HOMA-IR, homeostasis metabolic assessment insulin resistance index; HbA1C, 
hemoglobin A1c; TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein cholesterol. 

NAFLD on the risk of metabolic diseases, we exclusively 
compared the metabolic profiles between the nonobese 
subjects with NAFLD (nonobese NAFLD) and obese 
subjects without NAFLD (obese non-NAFLD; Table 2 and 
Figure 2). Subjects in the obese non-NAFLD group had 
much higher percentages of abdominal obesity than those in 
the nonobese NAFLD group in both genders. The HOMA-
IR indexes were comparable between the two groups in 
both genders. To our astonishment, females with nonobese 
NAFLD had significantly higher prevalence of MetS, DM, 
hyperglycemia, high TG, low HDL and higher levels of 
SUA, FBG, 2hFBG, HbA1C than obese female without 
NAFLD. After adjusting for potentially confounding 
variables including education, living area, smoking, drinking 
and menopause status, females with nonobese NAFLD had 
1.6-, 2.6-, 2.0-, 2.3- and 3.3-fold higher risks for MetS, 
DM, hyperglycemia, high TG and low HDL than the obese 
non-NAFLD group, respectively. In males, there were 
comparable metabolic profiles in both groups, except for a 
2.0-fold higher risk of high TG in the nonobese NAFLD 
group compared with the obese non-NAFLD subjects. 

Nonobese subjects are more vulnerable to NAFLD with the 
increase of age and WC than the obese subjects

As shown in Table S1, the mean ages of nonobese subjects 

with NAFLD were markedly older than those of nonobese 
subjects without NAFLD in both genders (44.5±11.8 vs. 
39.9±12.8 years in males; 48.9±10.8 vs. 39.5±11.5 years in 
females, P<0.001). In addition, we evaluated the prevalence 
of NAFLD according to age quartiles (Figure 3). Overall, 
the prevalence of NAFLD was increased with age in the 
nonobese subjects in both genders. The prevalence of 
NAFLD was much higher in nonobese males compared to 
nonobese females in the first three age quartiles, whereas it 
was almost similar in the fourth age quartile. Meanwhile, 
males and females showed a disparate prevalence profile 
with age. In the nonobese males, there was an abrupt 
increase in prevalence in the second quartile of age (32– 
41 years), whereas the prevalence was at a comparable 
level thereafter. Compared with the first age quartile (18– 
31 years), nonobese males had a 2.3-, 2.7- and 3.0-fold 
increased risk of NAFLD for the second (32–41 years), 
the third (42–53 years) and the fourth (54–65 years) age 
quartiles, respectively (Table 3). Conversely, in the nonobese 
females, there was a steady growth among the first three 
age quartiles. However, the prevalence was dramatically 
increased when older than 54. Compared with the first 
age quartile, nonobese females had a 2.8-, 3.5- and 11.2-
fold increased risk of NAFLD with age, respectively. After 
adjusting for education level, living area, smoking, drinking 
status and menopause status, this trend became slightly 

https://cdn.amegroups.cn/static/public/HBSN-20-263-supplementary.pdf
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Table 2 Comparison of the metabolic profiles between nonobese subjects with NAFLD (nonobese NAFLD) and obese subjects without NAFLD 
(obese non-NAFLD) for both genders

Nonobese NAFLD Obese non-NAFLD Statistics P

Male

N 200 205

Age, mean ± SD (y) 44.5±11.8 43.2±13.0 t=1.101 0.272

Abdominal obesity, n (%) 60 (30.0) 114 (55.6)  χ2=27.095 <0.001

MetS, n (%) 60 (30.0) 61 (29.8) χ2=0.003 0.957

DM, n (%) 25 (12.5) 18 (8.8) χ2=1.476 0.224

Hyperglycemia, n (%) 53 (26.5) 43 (21.0) χ2=1.708 0.191

High TG, n (%) 99 (49.5) 68 (33.2)  χ2=11.140 0.001

Low HDL, n (%) 34 (17.0) 35 (17.1) χ2=0.000 0.984

HBP, n (%) 118 (59.0) 133 (64.9) χ2=1.484 0.223

SUA (µmol/L) 381.5±70.5 371.5±72.5 t=1.405 0.161

FPG (mmol/L) 5.51±1.03 5.70±1.83 t=1.329 0.185

2hFPG (mmol/L) 6.73±3.35 6.28±2.85 t=1.453 0.147

HbA1C 5.50±0.53 5.53±0.85 t=0.385 0.7

HOMA-IR 2.39±1.49 2.47±1.63 t=0.533 0.595

Female

N 200 235

Age, mean ± SD (y) 48.9±10.8 44.2±12.4 t=4.231 <0.001

Abdominal obesity, n (%) 58 (29.1) 130 (55.6) χ2=30.533 <0.001

MetS, n (%) 45 (22.6) 34 (14.7) χ2=4.532 0.033

DM, n (%) 36 (18.0) 17 (7.3) χ2=11.479 0.001

Hyperglycemia, n (%) 81 (40.5) 56 (24.0) χ2=13.490 <0.001

High TG, n (%) 69 (34.5) 41 (17.6) χ2=16.227 <0.001

Low HDL, n (%) 19 (9.5) 7 (3.0) χ2=8.046 0.005

HBP, n (%) 97 (48.5) 110 (47.0) χ2=0.096 0.756

SUA (µmol/L) 305.2±69.1 289.0±49.5 t=2.770 0.006

FPG (mmol/L) 5.89±1.71 5.48±0.85 t=3.129 0.002

2hFPG (mmol/L) 7.98±3.84 6.60±2.86 t=4.157 <0.001

HbA1C 5.78±0.87 5.51±0.43 t=3.971 <0.001

HOMA-IR 2.85±1.68 2.60±1.79 t=1.477 0.14

Data are presented as n (%) or mean ± SD. NAFLD, nonalcoholic fatty liver disease; SD, standard deviation; BMI, body mass index; 
MetS, metabolic syndrome; DM, diabetes mellitus; high TG, hypertriglyceridemia; HDL, high-density lipoprotein cholesterol; HBP, high 
blood pressure; SUA, serum uric acid; FPG, fasting blood glucose; 2hFPG, 2-hour postprandial blood glucose; HOMA-IR, homeostasis 
metabolic assessment insulin resistance index; HbA1C, hemoglobin A1c. 
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Figure 2 Nonobese with NAFLD had higher risks of metabolic diseases than obese subjects without NAFLD. The subjects were classified 
into obese (BMI ≥25) or nonobese (BMI <25) according to BMI. The risk for metabolic diseases including metabolic syndrome (MetS), 
diabetes mellitus (DM), hyperglycemia, hypertriglyceridemia (high TG), low high-density lipoprotein cholesterol (low HDL) and high 
blood pressure (HBP) were compared between nonobese NAFLD and obese non-NAFLD subjects using a logistic regression model, 
adjusting for potentially confounding variables, including education, living area, smoking, drinking status and menopause status for females. 
Data are presented as the odds ratio (OR, 95% CI).

nonobese NAFLD vs. obese non-NAFLD
Male

Female 

 OR 95% CI P

MetS 1.0 0.7–1.5 0.994

DM 1.4 0.8–2.8 0.273

Hyperglycemia 1.3 0.8–2.1 0.232

High TG 2.0 1.3–3.0 0.001

Low HDL 1.0 0.6–1.6 0.892

HBP 0.8 0.5–1.2 0.241

 OR 95% CI P

MetS 1.6 1.0–2.7 0.070

DM 2.6 1.4–4.9 0.003

Hyperglycemia 2.0 1.3–3.1 0.001

High TG 2.3 1.5–3.6 <0.001

Low HDL 3.3 1.3–8.0 0.009

HBP 0.9 0.6–1.3 0.586

0.4 0.6 1 1.6 2.5 4

0.1 0.5  1.0 2.0 4.0 6.0 10

attenuated (ORs of 2.7, 3.0 and 8.1, respectively, P≤0.001). 
Nevertheless, the differences in the risk of NAFLD among 
age quartiles were not remarkable in obese females.

In addition, we elucidated the risk of NAFLD according 
to WC quartiles as well (Table 3). In both genders, it 
revealed an abrupt increased risk of NAFLD with WC 
expansion in the nonobese subjects. Compared with the 
first WC quartile, there was a 2.3-, 4.1- and 7.4-fold higher 
risk of NAFLD in the nonobese males, and a 4.9-, 12.0- 
and 19.4-fold higher risk of NAFLD in nonobese females 
with the increase of WC, respectively, after adjusting 
for education, living area, smoking, drinking status and 
menopause status for females. In contrast, the increase of 
WC had little influence on the risk of NAFLD in the obese 
females. And there was a much lower risk increment as the 

expansion of WC in the obese males as well.

The existence of NAFLD elevated the risk for metabolic 
abnormalities in the youth

As shown in Figure S1, the risks for metabolic diseases 
were increased in the nonobese subjects than the obese 
with NAFLD in both genders. Moreover, we investigated 
the influence of age on the relation between NAFLD and 
metabolic diseases as well. And we found that the presence 
of NAFLD in the youth (<45 years) had significantly higher 
risks for MetS, DM, hyperglycemia, high TG, low HDL 
and HBP than the middle-aged and elderly subjects with 
NAFLD (≥45 years, Figure S2). Those results implied 
that an incidental finding of NAFLD in the nonobese or 

https://cdn.amegroups.cn/static/public/HBSN-20-263-supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-20-263-supplementary.pdf
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Figure 3 Prevalence of nonalcoholic fatty liver disease (NAFLD) in nonobese (BMI <25) and obese (BMI ≥25) subjects according to age 
quartiles.

Table 3 The risk for prevalence of NAFLD in nonobese and obese subjects among different age and WC quartiles for both genders

Nonobese (BMI <25) Obese (BMI ≥25)

Model 1 Model 2 Model 1 Model 2

Male

Age quartile

18–31 Reference Reference Reference Reference

32–41 2.3 (1.4–3.8)a 2.3 (1.4–3.8)a 1.7 (1.0–2.7)c 1.7 (1.1–2.8)c

42–53 2.7 (1.7–4.3)a 2.7 (1.6–4.4)a 2.1 (1.3–3.4)b 2.0 (1.2–3.3)c

54–65 3.0 (1.9–4.8) a 3.1 (1.9–5.3)a 1.0 (0.7–1.6) 1.0 (0.6–1.6)

WC quartile

≤82.0 Reference Reference Reference Reference 

82.1–88.0 2.4 (1.6–3.5)a 2.3 (1.5–3.4)a 1.1 (0.5–2.5) 1.1 (0.5–2.4)

88.1–94.0 4.2 (2.7–6.6)a 4.1 (2.6–6.5)a 2.2 (1.0–4.7)c 2.1 (1.0–4.6)

≥94.1 7.7 (3.7–15.9)a 7.4 (3.6–15.4)a 4.7 (2.2–10.1)a 4.5 (2.1–9.8)a

Female

Age quartile

18–31 Reference Reference Reference Reference

32–41 2.8 (1.5–5.1)a 2.7 (1.5–4.9)a 1.2 (0.7–2.2) 1.3 (0.7–2.2)

42–53 3.5 (1.9–6.3)a 3.0 (1.6–6.0)a 1.4 (0.8–2.4) 1.5 (0.8–2.7)

54–65 11.2 (6.4–19.4)a 8.1 (3.6–18.0)a 1.7 (1.0–2.9)c 1.9 (0.9–4.1)

WC quartile

≤72.0 Reference Reference Reference Reference

72.1–78.0 6.2 (3.1–12.3)a 4.9 (2.5–9.8)a 0.7 (0.2–2.5) 0.6 (0.2–2.4)

78.1–84.0 15.7 (8.0–30.7)a 12.0 (6.1–23.9)a 1.2 (0.4–3.9) 1.0 (0.3–3.4)

≥84.1 27.6 (13.7–55.6)a 19.4 (9.5–39.5)a 2.7 (0.9–8.5) 2.3 (0.7–7.5)

Data are presented as the odds ratio (95% CI). aP≤0.001; bP≤0.01; cP≤0.05. Model 1, unadjusted; Model 2, adjusted for education, living 
area, smoking, drinking status and menopause status for females. NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; WC, 
waist circumference; CI, confidence interval. 
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Table 4 The risk for prevalence of NAFLD in nonobese and obese subjects with metabolic diseases

Nonobese (BMI <25) Obese (BMI ≥25)

Model 1 Model 2 Model 1 Model 2

Male

MetS 5.0 (3.2–7.4)a 4.9 (3.2–7.4)a 3.5 (2.4–4.9)a 3.6 (2.5–5.1)a

Abdominal obesity 3.5 (2.3–5.1)a 3.4 (2.3–5.1)a 3.2 (2.3–4.6)a 3.2 (2.3–4.6)a

DM 3.2 (1.8–5.5)a 3.2 (1.8–5.9)a 2.3 (1.4–3.9)b 2.3 (1.4–4.0)b

High TG 4.7 (3.3–6.7)a 4.6 (3.3–6.5)a 2.9 (2.0–4.0)a 3.0 (2.1–4.2)a 

Low HDL 2.7 (1.7–4.4)a 2.9 (1.8–4.6)a 2.2 (1.4–3.3)a 2.2 (1.4–3.3)a

Female

MetS 7.9 (5.1–12.3)a 5.0 (3.2–8.0)a 5.2 (3.4–8.0)a 5.5 (3.5–8.6)a

Abdominal obesity 5.0 (3.5–7.2)a 3.9 (2.7–5.8)a 2.4 (1.6–3.4)a 2.3 (1.6–3.3)a

DM 7.5 (4.7–12.2)a 5.0 (3.0–8.3)a 2.7 (1.5–4.8)a 2.7 (1.5–4.8)a

High TG 5.6 (4.0–8.0)a 4.5 (3.1–6.4)a 2.9 (1.9–4.4)a 2.8 (1.9–4.3)a

Low HDL 5.6 (3.0–10.3)a 5.0 (2.6–9.5)a 3.3 (1.4–7.7)b 3.3 (1.4–7.8)b

Data are presented as the odds ratio (95% CI). aP≤0.001; bP≤0.01. Model 1, unadjusted; Model 2, adjusted for education, living area, 
smoking, drinking status and menopause status for females. NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; MetS, 
metabolic syndrome; DM, diabetes mellitus; high TG, hypertriglyceridemia; HDL, high-density lipoprotein cholesterol. 

the youth should be further monitored to rule out the 
possibilities of metabolic diseases.

Metabolic disorders have a higher impact on the risk of 
NAFLD in the nonobese subjects compared to the obese

Subsequently, we evaluated the impact of each metabolic 
component on the risk of NAFLD according to gender and 
BMI (Table 4). The presence of MetS, abdominal obesity, 
DM, high TG and low HDL remarkably increased the 
risk of NAFLD in obese subjects, with ORs of 3.6, 3.2, 
2.3, 3.0 and 2.2 in males and 5.5, 2.3, 2.7, 2.8 and 3.3 in 
females, respectively. The risks were also considerable 
in the nonobese subjects, with ORs of 4.9, 3.4, 3.2, 4.6 
and 2.9 in males and 5.0, 3.9, 5.0, 4.5 and 5.0 in females, 
respectively. There was a trend wherein the association of 
metabolic disorders with NAFLD was more considerable 
in the nonobese subjects, although it was not statistically 
significant. 

Discussion

The latest epidemiological data regarding NAFLD in 
Shanghai were reported in 2005, and it was approximately 

15.35% (29). Within that study, the authors selected 
participants from only 2 districts (Yangpu and Pudong 
New District) of Shanghai, which were an urban and urban 
fringe area, respectively. To estimate the updated prevalence 
of NAFLD in the general population of Shanghai, we 
randomly selected 10 representative districts with a three-
step sampling strategy in our study. Most importantly, 
we conducted our epidemiological surveys based on each 
community health service center and all of the data were 
acquired by well-trained professionals with a standardized 
protocol. According to our study, the prevalence of 
NAFLD in Shanghai was as high as 32.7%. Meanwhile, the 
prevalence of NAFLD was comparable to that of obesity 
(33.8%) and abdominal obesity (31.7%), but much higher 
than that of MetS (20.2%) and DM (8.4%). 

The status of economy and the living standard have 
dramatically improved over the past decades in China. 
As a modern city, western diet diffusion, over-nutrition, 
sedentary lifestyle and lack of physical activity all 
substantially contribute to the accelerated prevalence of 
NAFLD and the related diseases in Shanghai. Nowadays, it 
has become a serious public health issue which suggests an 
urgent need to develop and implement a national preventive 
program for the early detection and treatment.
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Accumulating evidence has indicated that obesity is 
strongly associated with NAFLD (1). However, mice 
impairing fat-storage ability in adipocytes showed severe 
nonobese NAFLD under high fat diet circumstances (30). 
And an increasing number of clinical studies have also 
indicated that nonobese subjects could have NAFLD (lean/
nonobese NAFLD) (23). Xu et al. (12) reported that the 
prevalence of nonobese NAFLD was 7.27% in Zhejiang, 
China. Nevertheless, the subjects in that study were 
employees from the same company. Therefore, that data 
could not be generalized to the whole population. Here, 
we revealed that the prevalence of nonobese NAFLD was 
up to 16.3% in the nonobese population of Shanghai. This 
data strongly suggested that nonobese subjects should be 
screened for NAFLD as well.

The available effective treatment for NAFLD was weight 
loss through lifestyle modification (8). Lean NAFLD 
subjects, who had normal weight, also showed improvement 
of NAFLD from weight reduction (31), and the amount of 
weight loss needed to achieve remission was less than that 
needed for obese patients (32). However, doctors should 
not rely on weight loss alone to target people who would 
benefit from lifestyle modification. Shao et al. (33) reported 
that WC was strongly predictive of disease severity among 
lean, overweight and obese patients with NAFLD. And 
normal weight subjects with upper-normal WC had an 
elevated risk of MetS (34). Recently, Sun et al. (35) even 
showed that normal weight central obesity was associated 
with higher risk of all-cause and cause-specific mortality 
compared with normal weight without central obesity 
among postmenopausal women. In our study, we found that 
nonobese subjects were more vulnerable to NAFLD as the 
increase of WC compared to the obese. In this aspect, it 
might be attributed to the distribution of adipose tissue, as 
central adiposity has been reported to be associated with 
greater systemic inflammation (36). Therefore, maintaining 
a stable WC seemed to be extremely important for the 
prevention of NAFLD in nonobese subjects.

It is well known that the prevalence of NAFLD appeared 
to increase with age (12,37). Notably, this trend was 
only revealed in nonobese subjects from our study. More 
importantly, after being stratified by gender, we found that 
nonobese females had the highest risk of NAFLD with age, 
and the prevalence of NAFLD was dramatically increased 
at the fourth age quartile (54–65 years). The prevalence 
of NAFLD in males and females was even similar when 
older than 54 years. These results might be ascribed to the 
protective effects of estrogen against NAFLD (38). On the 

contrary, the obese females did not have an increased risk 
of NAFLD at all as getting older, which might be due to 
the compensatory effect of peripheral estrogen produced by 
excessive fat (39). In this respect, estrogen was also shown to 
protect against NAFLD-related fibrogenesis (40). Hormone 
replacement therapy (HRT) was demonstrated to decrease 
liver enzyme levels in postmenopausal women with DM 
and presumed NAFLD compared to placebo controls (41). 
Whether HRT was effective in the treatment of NAFLD or 
not and the targeted patients need further clinical studies. 
According to our study, it at least hinted that female, in 
particular the nonobese, should be monitored for suspected 
NAFLD as they get older. On another line, a higher 
education level was associated with a lower risk of NAFLD 
in females from our study. In view of the current high 
prevalence of NAFLD and metabolic diseases, we propose 
that health education regarding lifestyle modification and 
the harm of NAFLD might be necessary and useful to lower 
the prevalence of NAFLD.

NAFLD is considered as a metabolic manifestation in 
the liver and has even been identified as a precursor of MetS 
(22,42). The presence of NAFLD significantly increased 
the risk of metabolic diseases. Vice versa, studies have also 
indicated that metabolic diseases including abdominal 
obesity, DM, high TG, low HDL and HBP, exacerbated 
the progression of NAFLD and related kidney dysfunction, 
irrespective of being obese or not (19). Furthermore, 
Fukuda et al. (43) found that, compared with the normal 
weight non-NAFLD group, lean NAFLD had a 3.59-fold 
increased risk of incident DM after more than 10 years of 
follow-up, whereas the hazard ratio of overweight subjects 
without NAFLD was only 1.99. Herein, we found that the 
existence of NAFLD had an increased risk of MetS, DM, 
High TG and low HDL, independently from obesity. More 
importantly, we found that nonobese subjects with NAFLD 
even had a higher risk of MetS, DM, high TG and low 
HDL than obese subjects without NAFLD, especially in 
females. These data suggested that NAFLD was a much 
stronger indicator of metabolic diseases than obesity. The 
traditional view was that obese populations were more 
prone to MetS than the nonobese, but our study suggested 
that subjects with NAFLD, even if they were not obese, 
should be more concerned about the presence of metabolic 
diseases. Therefore, NAFLD might be better identified as 
a criterion for the diagnosis of MetS (44), especially for the 
nonobese subjects who frequently lack of abdominal obesity. 

Insulin resistance was presented as a critical node 
between NAFLD and MetS (45). However, we found 
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that the levels of HOMA-IR were comparable between 
nonobese subjects with NAFLD and obese subjects 
without NAFLD, which implied that the different risks 
for metabolic diseases between these two groups were 
independent of insulin resistance. Future studies are needed 
to identify the risk factors for metabolic abnormalities in the 
nonobese subjects with NAFLD. A better understanding of 
the potential mechanism linking nonobese NAFLD with 
MetS is urgently required.

There were some limitations in the study. First, in 
our study, the diagnosis of NAFLD was depended on 
ultrasonography, which might result in false-negative 
or false-positive results. However, it was impractical 
and unnecessary to perform liver biopsy in all suspected 
NAFLD subjects since it was an invasive procedure (37). 
Second, there were still sampling biases, although the three-
step sampling method was used during selection. Third, 
we included only residents in Shanghai in this study, which 
is one of the largest and developed modernized cities in 
China. Thus, the results might not be generalized to the 
whole population in China.

In conclusion, we found that the prevalence of NAFLD, 
obesity and its related diseases in the general population of 
Shanghai increased considerably during the past decade. 
Meanwhile, nonobese subjects were more vulnerable to 
NAFLD as the increase of age and WC than the obese, 
in particular in females. Although without the phenotype 
of obesity, the presence of NAFLD in nonobese subjects 
significantly increased the risk for metabolic diseases than 
obese subjects without NAFLD. 
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Table S1 Characteristics of the participants with and without NAFLD stratified by gender and BMI

Nonobese (BMI <25) Obese (BMI ≥25)

NAFLD Controls NAFLD Controls

Male

n (%) 200 (23.6) 646 (76.4) 526 (72.0) 205 (28.0)

Age, mean ± SD (y)a 44.5±11.8 39.9±12.8 42.9±11.0 43.2±13.0

18–31, n (%)a,b 32 (16.0) 217 (33.6) 92 (17.5) 49 (23.9)

32–41, n (%) 50 (25.0) 146 (22.6) 157 (29.8) 51 (24.9)

42–53, n (%)b 57 (28.5) 143 (22.1) 153 (29.1) 40 (19.5)

54–65, n (%)a,b 61 (30.5) 140 (21.7) 124 (23.6) 65 (31.7)

Abdominal obesity, n (%)a,b 60 (30.0) 71 (11.0) 421 (80.2) 114 (55.6)

MetS, n (%)a,b 60 (30.0) 52 (8.0) 312 (59.4) 61 (29.8)

DM, n (%)a,b 25 (12.5) 28 (4.3) 96 (18.3) 18 (8.8)

Hyperglycemia, n (%)a,b 53 (26.5) 81 (12.5) 203 (38.6) 43 (21.0)

High TG, n (%)a,b 99 (49.5) 111 (17.2) 309 (58.7) 68 (33.2)

Low HDL, n (%)a,b 34 (17.0) 45 (7.0) 162 (30.8) 35 (17.1)

HBP, n (%)a,b 118 (59.0) 268 (41.5) 390 (74.1) 133 (64.9)

SUA (µmol/L)a,b 381.5±70.5 349.7±65.3 404.6±84.9 371.5±72.5

FBG (mmol/L)a,b 5.51±1.03 5.35±1.22 5.94±1.67 5.70±1.83

2hFBG (mmol/L)a,b 6.73±3.35 5.70±2.67 7.60±3.86 6.28±2.85

HbA1Ca,b 5.50±0.53 5.37±0.62 5.73±0.84 5.53±0.85

HOMA-IRa,b 2.39±1.49 1.77±1.47 3.96±2.98 2.47±1.63

Female

n (%) 200 (12.4) 1,414 (87.6) 291 (55.3) 235 (44.7)

Age, mean ± SD (y)a,b 48.9±10.8 39.5±11.5 46.7±11.6 44.2±12.4

18–31, n (%)a 16 (8.0) 436 (30.8) 41 (14.1) 46 (19.6)

32–41, n (%)a 39 (19.5) 383 (27.1) 56 (19.2) 51 (21.7)

42–53, n (%) 45 (22.5) 353 (25.0) 79 (27.1) 63 (26.8)

54–65, n (%)a 100 (50.0) 242 (17.1) 115 (39.5) 75 (31.9)

Abdominal obesity, n (%)a,b 58 (29.1) 107 (7.6) 217 (74.8) 130 (55.6)

MetS, n (%)a,b 45 (22.6) 50 (3.5) 137 (47.2) 34 (14.7)

DM, n (%)a,b 36 (18.0) 40 (2.8) 51 (17.5) 17 (7.3)

Hyperglycemia, n (%)a,b 81 (40.5) 166 (11.7) 140 (48.1) 56 (24.0)

High TG, n (%)a,b 69 (34.5) 121 (8.6) 111 (38.1) 41 (17.6)

Low HDL, n (%)a,b 19 (9.5) 26 (1.8) 27 (9.3) 7 (3.0)

HBP, n (%)a,b 97 (48.5) 409 (28.9) 207 (71.1) 110 (47.0)

SUA (µmol/L)a,b 305.2±69.1 265.1±56.7 325.4±70.3 289.0±49.5

FBG (mmol/L)a,b 5.89±1.71 5.18±0.85 5.92±1.50 5.48±0.85

2hFBG (mmol/L)a,b 7.98±3.84 5.69±1.85 7.87±3.35 6.60±2.86

HbA1Ca,b 5.78±0.87 5.33±0.52 5.79±0.85 5.51±0.43

HOMA-IRa,b 2.85±1.68 1.94±3.50 3.95±2.78 2.60±1.79

Data are presented as n (%) or mean ± SD. acomponent with a P value of <0.05 in the normal/overweight group; bcomponent with a 
P value of <0.05 in the obese group. NAFLD, nonalcoholic fatty liver disease; SD, standard deviation; BMI, body mass index; MetS, 
metabolic syndrome; DM, diabetes mellitus; high TG, hypertriglyceridemia; HDL, high-density lipoprotein cholesterol; HBP, high blood 
pressure; SUA, serum uric acid; FBG, fasting blood glucose; 2hFBG, 2-hour postprandial blood glucose; HOMA-IR, homeostasis 
metabolic assessment insulin resistance index; HbA1C, hemoglobin A1c. 
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Figure S1 The presence of NAFLD increased the risk of metabolic diseases. According to BMI and the presence of NAFLD or not, 
we classified the subjects into nonobese subjects without NAFLD (nonobese non-NAFLD), nonobese subjects with NAFLD (nonobese 
NAFLD), obese subjects without NAFLD (obese non-NAFLD) and obese subjects with NAFLD (obese NAFLD). The presence of NAFLD 
on the risk for metabolic diseases including metabolic syndrome (MetS), diabetes mellitus (DM), hyperglycemia, hypertriglyceridemia (high 
TG), low high-density lipoprotein cholesterol (low HDL) and high blood pressure (HBP) were evaluated using a logistic regression model, 
adjusting for potentially confounding variables, including education, living area, smoking, drinking status and menopause status for females. 
Data are presented as the odds ratio (OR, 95% CI).
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Figure S2 The presence of NAFLD in youth increased the risk of metabolic diseases than the older subjects. According to age, we 
classified the subjects into younger than 45 years (A) or older than 45 years (B). The presence of NAFLD on the risk for metabolic 
diseases including metabolic syndrome (MetS), diabetes mellitus (DM), hyperglycemia, hypertriglyceridemia (high TG), low high-
density lipoprotein cholesterol (low HDL) and high blood pressure (HBP) were evaluated using a logistic regression model, adjusting 
for potentially confounding variables, including gender, education, living area, smoking and drinking status. Data are presented as the 
odds ratio (OR, 95% CI).
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