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Abstract

Background Non-alcoholic fatty liver disease (NAFLD) is a leading cause of chronic liver disease worldwide. This study
aimed to estimate the prevalence, incidence, and outcome of NAFLD in the large and diverse population of Mainland China.
Methods PubMed, Embase, and the Cochrane Library databases were searched to identify published studies with NAFLD
epidemiology data in adult participants (> 18 years old) from Mainland China. Random effects models were used to deter-
mine pooled estimates.

Results We screened 1,328 studies and included 167 eligible studies (participant n=1,486,635): 149 studies (n=1,350,819)
for prevalence, 18 studies (n=147,316) for incidence, 7 studies (n=5446) for evolution of hepatic steatosis, and 2 studies
(n=0647) for mortality analysis. The NAFLD prevalence of the overall populations was 29.88%, with higher rates in males,
increasing age and increasing gross regional domestic product (GRDP) per capita (all p <0.010). The prevalence was the
highest in North China (36.41%; higher in Uyghur and Hui Chinese 40.86% and 34.36% vs 28.11% in Han Chinese), higher
in diabetics (51.83% vs. 30.76% in non-diabetics) and in obese participants (66.21% vs. 11.72% in lean). The NAFLD inci-
dence was 56.7 (95% CI 47.4-66.8) per 1000 person-years, higher in males and with higher GRDP per capita. The overall
mortality was 7.3 (3.3-12.7) per 1000 person-years.

Conclusions The overall prevalence of NAFLD in Mainland China is about 30%. The highest prevalences were found among
regions with higher income, North China, the non-Han ethnic minorities, diabetics, and the obese. China’s NAFLD preva-
lence is on par with Western countries.
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HbAlc Glycated hemoglobin Alc

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

NAFLD Nonalcoholic fatty liver disease

PROSPERO International Prospective Register of Sys-
tematic Reviews

SBP Systolic blood pressure

T2DM Type 2 diabetes mellitus

TC Total cholesterol

TG Triglyceride

UA Uric acid

Introduction

Non-alcoholic fatty liver disease (NAFLD) is currently
the leading cause of chronic liver disease globally [1-5].
China is the largest country in Asia by land mass (9.6 mil-
lion square kilometers) and population (1.33 billion peo-
ple) encompassing 55 ethnic minorities [6]. This diversity
has given rise to large differences in local customs, diet
and socioeconomic levels that may affect the epidemiology
of NAFLD in China.

A recent meta-analysis of NAFLD in China reported
an overall NAFLD prevalence of 29.2% [7]. However,
while the meta-analysis was comprehensive and exam-
ined additional outcomes such as risk factors and treat-
ment, the study analysis lacked detailed subgroup analy-
ses for NAFLD prevalence, included overlapping studies,
included unpublished studies, with prevalence based on
publication year rather than study year and using unad-
justed gross regional domestic product (GRDP), rendering
a less accurate reflection of temporal changes and local
income levels [8]. Therefore, we aimed to address these
gaps by performing an in-depth meta-analysis to determine
Mainland China’s prevalence of NAFLD with comprehen-
sive subgroup analysis to include region/province level
data and GRDP, to determine the incidence of NAFLD,
the evolution of fatty liver (regression, progression, resolu-
tion), and mortality outcomes.

Methods

This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for the conduct of meta-
analyses of observational studies (http://www.prisma-state
ment.org/) and was registered on PROSPERO (Registra-
tion number: CRD42019137792).
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Search strategy and selection criteria

We developed our search terms and strategy in collabora-
tion with a medical librarian (details in Supplementary
Methods). PubMed, Embase, and the Cochrane Library
databases were searched to identify relevant published
studies of adult data from inception to December 3, 2018
and without language restriction. We excluded studies
that did not specify exclusions of other causes of chronic
liver disease and studies that only enrolled highly selected
population (except for type 2 diabetic, obese, or lean popu-
lation). For published articles of overlapping cohorts, we
chose the article with the largest and most updated data.

Study identification, data extraction and quality
assessment

Two authors independently performed the literature search
and extracted the data using a case report form designed
specifically for this study. Discordances were resolved by
consensus and/or by further discussion with a third author.
Included studies are listed in Supplementary Tables 1-3.
We rated the quality of the included studies using a qual-
ity assessment scale developed for this study based on the
Newcastle—Ottawa scale, comprising three domains: selec-
tion, comparability, and outcome and a total score of 9
stars (details in Supplementary Methods). The scores are
shown in Supplementary Tables 4 and 5.

Study definitions

NAFLD was defined by the presence of fatty liver on ultra-
sound and in the absence of excessive alcohol consump-
tion [9] and other causes of chronic liver disease. For the
purpose of this study, since many potential studies used
BMI cutoff at 28 kg/m? or waist circumference > 90 cm in
male or > 85 cm in female [10], we defined normal weight
for body mass index (BMI) between 18.5 and 23 kg/mz,
overweight for BMI between 23 and 28 kg/m?, obese with
BMI > 28 kg/m? or waist circumference > 90 cm in male
or> 85 cm in female, and lean for BMI <25 kg/m2 [11,
12].

We defined general population as participants enrolled
from a non-clinical community setting or from routine
health check-up clinics. The high-risk population was
defined as cohorts with specific risk factors for NAFLD
(diabetes, obesity, or post-menopausal females). The
low-risk population was defined as lean, non-diabetic,
non-obese population, or populations from studies that
excluded participants with other risk factors for NAFLD.
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For geographic region, we analyzed by regions and prov-
inces (details in Supplementary Methods). To more accu-
rately reflect the time trend of NAFLD prevalence, we
used median year of study period instead of year of publi-
cation to stratify studies [7].

To analyze NAFLD prevalence by economic levels, we
used the GRDP per capita. To account for inflation and
imbalance in economic development in different provinces
at different time periods in Mainland China in the last dec-
ades [7], we calculated the adjusted GRDP based on the
mean GRDP per capita during the study period and adjusted
for inflation to 2019 dollars [13]. All included studies were
divided into four groups by quartiles of GRDP (rounded to
the closest hundred or thousand) (additional details in Sup-
plementary Method).

Evolution and changes in degree of hepatic steatosis by
ultrasound follow-up were defined as resolved (no detect-
able fatty liver), decreased (less hepatic steatosis), stable (no
significant change), and increased (more hepatic steatosis).

Statistical analysis

We determined the pooled estimates for study outcomes
using random effects model. We used the number of inci-
dent NAFLD cases among individuals without NAFLD at
baseline and follow-up period (person-years) to estimate
the pooled incidence of NAFLD and the number of deaths
among NAFLD patients and follow-up period (person-
years) to estimate the pooled mortality rates for persons
with NAFLD. Cochran Q-statistic and I statistic were used
to assess heterogeneity. Estimates with p value of <0.05 in
O-statistic and I? > 50% are considered to have moderate to
severe heterogeneity. We performed several subgroup analy-
ses to determine the source of heterogeneity and sensitiv-
ity analysis excluding studies with extremely high or low
prevalence (< 10% or>50%). To identify factors influenc-
ing NAFLD prevalence, we performed a meta-regression
by median study year, GRDP per capita (per $1000), age,
BMI, SBP, DBP, total cholesterol, triglycerides, HDL-C,
LDL-C, FPG, HbAlc, AST, ALT, GGT and uric acid. We
utilized funnel plot and Egger’s test to assess publication
bias. All statistical analyses were conducted using the meta
packages in R statistical software (version 3.5.1). This study
is in compliance with the Declaration of Helsinki (1964).

Results
Study selection and characteristics
We screened 1328 studies and identified a total of 167 stud-

ies with 1,486,635 participants in the study analysis (Fig. 1):
149 studies (1,350,819 participants) for prevalence analysis,

18 studies (147,316 participants) for incidence analysis, 7
studies (5446 participants) for analysis of changes in the
presence and degree of hepatic steatosis on follow-up ultra-
sound in NAFLD persons, and 2 studies (647 participants)
for mortality outcome analysis (some studies presented both
prevalence, incidence and/or outcome data, so the total num-
ber was not the same as the sum of subgroups). The year of
publication ranged from 2003 to 2018, with the majority
from 2010 or after. The study periods spanned from 1999 to
2017. The characteristics of included studies are shown in
Supplementary Tables 1-3.

Prevalence of NAFLD

The pooled overall prevalence of NAFLD was 29.88% [95%
confidence interval (95% CI) 27.59-32.27] (117 studies,
1,120,757 persons) (Table 1) and higher in male compared to
female (35.45% vs. 24.48%, p <0.001). The pooled NAFLD
prevalence for the general population (64 studies, 506,765
persons) was 28.83% (95% CI 26.47-31.31) (Table 1, Sup-
plementary Fig. 1).

By geographic region and province

The prevalence varied with regions and provinces with
highest prevalence in North China (35.78%, 95% CI
29.13-43.04) and lowest in Southeast China (21.52%, 95%
CI 15.84-28.55) (Fig. 2a). Heilongjiang Province had the
highest prevalence (50.48%) and Hainan had the lowest
but there was only one study for each of these provinces
(Fig. 2b). NAFLD prevalence was 30-35% for Xinjiang,
Hebei, Anhui, Beijing Municipality, Guangdong and Zheji-
ang province; 24-30% for Jiangsu, Shanghai Municipality,
Jilin, Yunnan, Shandong, Hubei, Hunan Province and about
20% for Chongqing Municipality and Sichuan Province.
Generally, provinces in the North of China showed higher
prevalence than those in the South.

By economic levels, study period and study year

The prevalence increased with increasing GRDP per cap-
ita, from 21.71% in GRDP per capita < $6500 to 32.43%
in $9,500-$13,000, but this trend leveled off at > $13,000
(32.02%) (p=0.013) (Figs. 2c, 3a).

NAFLD prevalence increased over the three study peri-
ods but was not statistically significant (p =0.340) (Fig. 3a).
There was a significant association between NAFLD preva-
lence and individual study years on meta-regression noted
below.
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PubMed, asto Dec. 3, 2018
(554 studies)

Embase, asto Dec. 3, 2018
(669 studies)

1,328 studies
(as to Dec. 3th, 2018)

—.I 301 duplicated studies removed

1,027 studies
for title and abstractscreening

748 ineligible studiesremoved:
267 Irrelevant

56 Animal orcell studies
293 Other study designs: case report (4), case serial (3), case-control study(84),
clinical trial(20), letter(4), editorial(2), systematic review/meta-analysis{123), review

A 4

P article(32), guideline (15)
16 Didn’t exclude alcohdlic, viral hepatitis orother liver diseases for NAFLD
diagnosis
35 Enrolled population outside Mainland China

279 potential relevant studies
for full-textreview

36 Duplicated articles
33 Enrolled participantsfrom non-general population

9 Age<18yrs
3 Sample size <300

112 ineligible studiesremoved:
16 Irrelevant
15 Nofull text: conference abstracts
S Otherstudy designs

y
Studies included
for China-NAFLD

N=167, n=1,486,635

»

Enrolled population outside mainland China
NAFLD diagnosed other than ultrasoound

15 Enrolled participantsfrom non-general population
41 Multiple studiesfrom same cohortin sameyear

[

11 Data uncompleted

y

A 4

Incidence analysis**
N=18, n=147,316

Prevalence analysis*
N=149, n=1,350,819

Change of degree of fatty liver and outcome analysis***
N=9, n=6,093

l

.

!

. I

Overall population
N=117, n=1,120,757

General population
N=64, n=506,765

High-risk population
N=15, n=21,564

Change of fatty liver Mortality analysis
N=7, n=5,446 N=2, n=647

Low-risk population
N=45, n=703,952

Notes: N= number of studies n= number of participants
Because some studies presented prevalence, incidence or even outcome data simultaneously. As a result, the total number of studies and participantswere not equal
to the sum of all sub-groups. *: one study presented both high-risk (T2DM) and low-risk population data (excluded patients with metabolic disorders); **: S overlapping

studies presented incidence and prevalence data; ***: 3 overlappingstudies presented outcome, prevalence or incidence data.(See supplemental Table 2 and 3)

Fig. 1 Flow chart of systematic literature search and screening for NAFLD epidemiology in Mainland China

By sex, age, BMI

NAFLD prevalence was higher in males compared to
females (34.75%, vs. 23.50%, p <0.001) (Fig. 3b) and
increased from 8.54% in 18-29-year-old group to 29.14%
in 50-59-year-old group, but decreased after 70 years of
age (p=0.004) The prevalence in overweight persons
was significantly higher than that in non-overweight per-
sons (52.01% vs. 9.17%, p <0.001) and even higher in
obese (BMI > 28 kg/m?) compared to non-obese (BMI < 28
kg/m?) participants (72.33% vs. 23.19%, p <0.001)
(Fig. 3b).

After performing meta-regression, we found median
study year, GRDP per $1000, BMI, and GGT were posi-
tively associated with increasing NAFLD prevalence (all
p <0.003), while HDL-C showed a negative association
(p=0.042) (Supplementary Table 6).
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High-risk and low-risk population

The prevalence was 46.04% in high-risk population and
27.08% in low-risk population (p <0.001) (Table 1). Post-
menopausal females showed a higher prevalence than female
overall (34.52% vs. 23.96%, p=0.011), and so did type 2
diabetics compared to non-diabetics (51.83% vs. 30.76%,
p<0.001) and in obese compared to lean participants
(66.21% vs. 11.72%, p < 0.001).

Prevalence by ethnicity, education levels, physical
activity, urban vs. rural population and presence
of hyperuricemia

Several studies focused on selected ethnic groups: Han Chi-
nese (4 studies, 30,442 participants), Uyghur (4 studies, 7035
participants) and Hui Chinese (2 studies, 136 participants).
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Table 1 The prevalence of NAFLD in different populations in Mainland China

Population Studies (V) Participants (1) NAFLD (n) Prevalence (%, 95% CI) P (%) p value
Total included studies and population 149 1,350,819 332,504 - -
Overall population* 117 1,120,757 265,844 29.88% (27.59-32.27) 99.8
With or without other liver diseases 0.384
With other liver diseases* 35 124,374 31,228 28.01% (23.70-32.78) 99.6
Without other liver diseases* 85 999,478 233,847 30.41% (27.71-33.25) 99.9
Sex < 0.001
Male 87 444,039 128,773 35.45% (32.60-38.41) 99.7
Female 85 374,601 61,891 24.48% (21.07-28.24) 99.8
General population** 64 506,765 136,893 28.83% (26.47-31.31) 99.7
With or without other liver diseases 0.087
With other liver diseases 24 87,485 21,069 25.43% (20.34-31.29) 99.7
Without other liver diseases 44 426,913 117,875 30.99% (28.34-33.77) 99.7
High-risk population® 15 21,564 10,198 46.04% (40.53-51.65) 98.2
T2DM population 13 19,462 9549 51.83% (47.03-56.59) 97.1
Obese population 9 4438 2800 66.21% (57.82-73.68) 96.0
Postmenopausal females 7 10,627 3861 34.52% (26.93-42.99) 98.6
Low-risk population” 45 703,952 151,802 27.08% (23.58-30.89) 99.9
Non-DM population 13 113,935 33,118 30.76% (26.58-35.28) 99.5
Lean population 18 334,908 39,594 11.72% (9.64-14.19) 99.6
Excluded >2 metabolic diseases™ 19 388,040 79,586 25.94% (21.19-31.35) 99.9

Because some studies could be enrolled in certain sub-analysis when excluded from another sub-analysis, so some were repeatedly used in dif-
ferent subgroups. As a result, the total number of articles and participants was not equal to the sum of all the subgroups

*One and two studies in group with and without other liver diseases were further excluded when estimating pooled prevalence in overall popula-
tion, because study population overlapped (studies from same cohort of same study period)

**Four overlapping studies in group without other liver disease were further excluded when estimating pooled prevalence in the whole general
population. Prevalence in general population with other liver disease vs. that without other liver disease, p=0.087

#One overlapped study in high- and low-risk population. High risk vs. low risk, high risk vs. general population, p <0.0001, low risk vs. general
population, p=0.44; T2DM vs. non-DM, Obese vs lean population, p <0.0001; postmenopausal females vs. general females, p=0.010

#Population from studies that excluded participants with T2DM and/or other metabolic disorders

Other liver diseases, including alcoholic liver diseases, viral hepatitis, autoimmune hepatitis, hemochromatosis, Wilson’s disease, non-NAFLD-
related liver cirrhosis or liver cancer, other secondary causes of fatty liver (drugs or hereditary disorders), etc.; T2DM, type 2 diabetes melli-
tus; non-DM, non-diabetic; general population: participants from community-based investigation or participants went to the hospital for routine
health check-up, without exclusion or inclusion of some specific participants; obese population: BMI> 28 kg/m? or waist circumference > 90 cm
in male or >80 cm in female; lean population: BMI < 25 kg/m?

The prevalence in Uyghur (40.86%, 95% CI 32.29-50.02)
and Hui Chinese (34.36%, 95% CI 6.24-80.47) was higher
than Han Chinese (28.11%, 95% CI 22.66-34.29), but with-
out reaching statistical significance (p =0.060) (Fig. 3c).
NAFLD prevalence was higher in urban than rural popula-
tion setting (30.43% vs. 17.01%, p=0.128), but only two
studies included rural population (7656 participants).

Incidence of NAFLD

The average age of the study population without NAFLD at
baseline was 44.7 +7.3 years. With a 564,220.5 person-year
total follow-up, there were 29,848 cases of newly diagnosed

NAFLD, yielding NAFLD incidence of 56.7 (95% CI
47.4-66.8) per 1000 person-years (Table 2, Supplementary
Table 2, and Supplementary Fig. 2). NAFLD incidence was
higher in males than in females (33.8 vs. 22.1 per 1000 person-
years, p=0.044). There was also a trend of increased inci-
dence with GRDP per capita, from 49.7 (95% CI 38.8-62.0)
(<$6500) to 71.6 (95% CI 37.3-117.1) per 1000 person-years
($9500-13,000) (p=0.19). NAFLD incidence varied by geo-
graphic region and provinces, but data from some of these
regions were limited with only one study for some.
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Fig.2 The prevalence of NAFLD in Mainland China by geographic lence in Mainland China by province. ¢ NAFLD prevalence in Main-
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NAFLD prevalence in Mainland China by region. b NAFLD preva-
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Fig.2 (continued)

Changes in the presence and degree of liver
fat in persons with NAFLD

Seven longitudinal, non-interventional cohort studies
(n=5,446, follow-up years =3.1-8.0 years) provided data for
the evolution of hepatic steatosis by follow-up ultrasound.
Most studies came from coastal provinces or cities in the
eastern and southern part of China. Changes in the presence
and degree of fatty liver by ultrasonography follow-up were
common. The rates of remission (resolved) (no more steatosis
on follow-up), decrease, remaining stable, and increase in
hepatic steatosis were 41.3, 56.0, 145.2 and 39.0 per 1000
person-years, respectively (Table 3 and Supplementary
Table 3). The cumulative rates of resolved, decreased, stable
and increased rate varied in the range of 18-25%, 21-34%,
62-87%, 17-22% respectively, among the studies.

Clinical outcomes of NAFLD

Only two studies (n=647) reported 22 deaths among 647
participants during a follow-up of 3056 person-years, result-
ing in an overall all-cause mortality of 7.3 (95% CI 3.3-12.7)
per 1000 person-years (Table 3 and Supplementary Table 3).

Hainan (N=1)
9.72% O
(9.28-10.19)

30.07% Il >$12000
(25.78-34.74) B $7500-$ 11999
[ $6500-$ 7499
< $ 6500

NAFLD prevalence
% inred: 240%

% in black: 30-39.9%
% in blue: 20-29.9%
% in purple: <20%

Guangdong (N=5)
31.16%
(19.89-45.22)

N: number of included studies

The causes of death were liver-related events in 2 cases,
extrahepatic malignances (one each: pancreas, colon,
lung, breast, bile duct), cardiovascular disease in 14 and 1
pneumonia.

Sensitivity analysis

We performed sensitivity analysis for prevalence of general
population by excluding studies with quality assessment
score < 7 points, sample size less than 1000, non-population-
based, non-academic center-based studies, as well as stud-
ies with extremely low (< 10%) or high (> 50%) prevalence
and studies from provinces with only one study, which did
not show significant changes (all p >0.05) (Supplementary
Table 7). We also performed sensitivity for the different alco-
hol criteria used by primary studies (52 studies used Chinese
or Asia-Pacific criteria: > 140/week for males, > 70 g/week
for females; 4 studies used AASLD or EASL criteria : >210/
week for males, > 140 g/week for females; 2 studies used
criteria of > 280 g/d for males, > 140 g/week for females;
and 6 studies used other criteria) and did not find significant
differences (Supplementary Table 7). Similar findings were
found in sensitivity analysis for incidence after excluding

@ Springer



266

Hepatology International (2020) 14:259-269

Fig.3 NAFLD prevalence in
general population in Mainland
China: subgroup analysis by
including/excluding other liver
diseases, region, study period,
gross regional domestic product
(GRDP) (a), sex, age, body
mass index (BMI), obese vs.
lean population (b), sample
size, urban vs. rural popula-
tion, education level, physical
activity, ethnicity, presence of
hyperuricemia and diabetes (c)
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Table 2 The incidence of NAFLD in Mainland China
Studies (n) Non-NAFLD partici-  Incident NAFLD Follow-up Incidence (per 1000 P (%) p value
pants at baseline (n) patients (1) (person-years)  person-years, 95% CI)
Overall incidence 18 147,316 29,848 564,220.5 56.7 (47.4-66.8) 99.5
By sex 0.044
Male 13 108,672 15,079 445,689.0 33.8 (24.3-11.7) 99.7
Female 12 106,305 7853 438,588.0 22.1(16.7-28.4) 99.3
By median year of study period 0.570
1999-2008 4 28,635 5255 85,334.0 56.2 (32.8-85.8) 99.5
2009-2012 10 89,449 19,222 392,584.2 52.3 (40.4-65.8) 99.6
2013-2017 4 29,232 5371 86,302.4 66.0 (45.7-90.0) 98.7
By gross regional domestic product (GRDP) per capita 0.198
<$6500 6 67,762 14,863 307,308.1 49.7 (38.8-62.0) 99.4
$6500-9500 5 22,509 2745 79,6114 46.6 (33.7-61.5) 98.5
$9500-13000 3 24,955 6047 73,470.8 71.6 (37.3-117.1) 99.6
>=$13000 4 32,090 6193 103,830.2 67.7(50.2-87.8) 98.9
By region <0.001
South China 1 552 202 2208.0 91.5 (79.3-104.6) -
North China 4 57,968 13,080 257,254.0 61.8 (47.1-78.5) 99.5
Northeast China 1 512 188 3072.0 61.2 (52.8-70.3) -
East China 9 70,749 13,054 218,781.2 53.6 (36.9-73.4) 99.7
Central China 2 15,152 2961 73,3734 48.9 (30.2-72.0) 97.4
Southwest China 1 2383 363 9532.0 38.1 (34.3-42.1) -
By province <0.001
Guangdong 1 552 202 2208.0 91.5 (79.3-104.6) -
Shandong 1 15,791 3913 51,652.0 75.8 (73.4-78.1) -
Tianjin 3 32,690 6400 105,586.0 68.5 (47.9-92.8) 99.3
Shanghai 3 7169 859 16,149.2 62.7 (18.7-132.5) 99.4
Jilin 1 512 188 3072.0 61.2 (52.8-70.3) -
Hubei 2 15,152 2961 73,373.4 48.9 (30.2-72.0) 974
Jiangxi 1 11,363 1022 22,385.1 45.7 (42.9-48.5) -
Zhejiang 4 36,426 7260 128,594.8 44.5 (19.3-80.2) 99.8
Hebei 1 25,278 6680 151,668.0 44.0 (43.045.1) -
Sichuan 1 2383 363 9532.0 38.1(34.3-42.1) -
Table 3 The change of degrees of fatty liver and mortality of NAFLD in Mainland China
Studies (n) NAFLD patients at baseline (1) Transitions (n) Follow-up (person-years) Incidence (per 1000 person- (%)
years, 95% CI)
Changes in degree of hepatic steatosis by ultrasound follow-up?
Resolved 5 2615 486 14,222.3 41.3 (25.4-61.0) 95.8
Decreased 2 2831 605 16,698.0 56.0 (17.1-117) 96.1
Stable 7 5446 3860 30,920.3 145.2 (113.3-181.1) 97.9
Increased 2 2831 495 16,698.0 39.0 (18.1-67.7) 89.1
Studies (n) NAFLD patients at baseline () Death (n) Follow-up (person-years) Mortality (per 1000 person- P (%)
years, 95% CI)
Mortality 2 647 22 3056.0 7.3 (3.3-12.7) 54.8

#Resolved, with fatty liver at baseline, but resolved (no detectable fatty liver under US) during follow-up; decreased, with fatty liver at baseline,
but degree of fatty liver decreased or score decreased during follow-up; stable: no significant change of degree or score of fatty liver during

follow-up; increased: deteriorated degree or score of fatty liver during follow-up
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studies with quality assessment score < 7 points, sample size
less than 1000, non-population-based, and non-academic
center-based studies (all p> 0.05) (Supplementary Table 7).

Heterogeneity and publication bias

The heterogeneity between NAFLD prevalence studies was
significant (Tables 1, 2, 3). Egger’s test and funnel plot did
not show significant publication bias in the prevalence analy-
sis of general population (p =0.38) and high-risk population
(»p=0.49), as well as overall incidence analysis (p =0.63),
though there was bias in prevalence analysis of the low-risk
population (p =0.036), which could be due to studies that
only enrolled lean people in low-risk population analysis
(Supplementary Fig. 3).

Discussion

This study estimated the pooled prevalence in the general pop-
ulation of NAFLD in Mainland China to be 28.83%, higher
than the global level (25.24%) [3]. There were also large
geographic differences, with higher prevalence in the north,
which could be due to dietary factor [14, 15], larger body
size and colder weather [16], and more ethnic minorities with
higher NAFLD prevalence such as the Uyghur [17] and the
Hui [18] groups. These findings are important to inform pub-
lic health efforts in both disease prevention and monitoring.
We also found increasing NAFLD prevalence and inci-
dence of NAFLD with increasing GRDP per capita, but pla-
teaued in areas with highest GRDP per capita (> $13,000).
Increased (red) meat consumption [15, 19], popularization
of fast food [20] and western diet [21], and less physical
activity [22, 23] can all contribute to higher NAFLD preva-
lence in areas with higher economic prosperity. Interest-
ingly, prior studies from China have found lower physical
activity level in higher income population in rural areas
[24], but relatively higher or comparable physical activity
in higher income urban population which could explain the
plateauing of prevalence in areas with highest GRDP per
capita [25]. Contrary to our finding with adjusted GRDP,
Zhou et al. [7] found a U-shaped change between NAFLD
and GRDP per capita using unadjusted values which likely
is an artifact of unadjusted values. We did not observe a
dramatic increase in NAFLD prevalence as the Zhou et al.’s
study, but we analyzed different cutoffs for time periods
and our time analysis was based on by median study year
rather publication year (as used by Zhou et al. [7]), which
can lag behind considerably. However, we did find an asso-
ciation between increasing (more recent) study year with
increasing NAFLD prevalence on meta-regression.

@ Springer

Another important finding in present study was the
dynamic evolution of the presence and degree of fatty
liver by ultrasonography follow-up in real-world settings,
as also reported by a prior study from Japan [26].

This study has many strengths. Unlike the recent meta-
analysis [7], we reported the prevalence based on the study
period instead of the year of publication and used adjusted
instead of unadjusted GRDP, both made the pooled esti-
mates for NAFLD in the current study more accurate as
well as providing additional detailed analyses not avail-
able in the prior meta-analysis. Given great variation in
economic development in the last decades in Mainland
China, analysis by GRDP per capita should be performed
according to GRDP during the study period instead of that
of a specific year (e.g., 2019), and should take currency
inflation into account to more accurately reflect the asso-
ciation, which is what we did in the present study. Our
study also covered the majority of population and areas
in Mainland China (22 out of 31 provinces, these prov-
ince covers 81.36% populations of Mainland China) [6]
and we only included studies using abdominal ultrasound
for the diagnosis of NAFLD, which is the most common
diagnostic modality.

Limitations of this study included high heterogeneity
among studies, which is not uncommon in a meta-analysis
of percentage and of this size. There could also be selec-
tion bias in some of the analyses due to the small number
of published studies such as in analysis of studies from
rural areas and publication bias for populations perceived
to be low risk. As there are more than 30 provinces or
municipalities in Mainland China, only 1-2 studies were
enrolled in some provinces in general population analysis.
Outcome data were also limited.

In conclusion, NAFLD is a common liver disease affect-
ing almost one in three in the general population of Main-
land China, higher in North China, in areas with higher
GRDP per capita, and among the non-Han ethnic minority
groups. At the prevalence of 28.8% observed in this study
and with a 1.33 billion population [6], Mainland China
has an estimated NAFLD disease burden of over 388 mil-
lion people, a number that almost certainly will rise in
the coming decade with continued economic develop-
ment and rising GRPD per capita across Mainland China.
More researches are needed to investigate the long-term
outcomes of NAFLD in Mainland China; and even more
importantly, additional research and better health educa-
tion and public policy are urgently needed to prevent and
curtail the obesity epidemic and related metabolic diseases
that contribute to NAFLD development and progression.
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