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Original Article

Global burden of adult non-alcoholic fatty liver disease (NAFLD) 
and non-alcoholic steatohepatitis (NASH) has been steadily 
increasing over the past decades and is expected to persist in the 
future
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Background: At present, there is a dearth of comprehensive data at the global, national, and regional levels 
regarding the adult non-alcoholic fatty liver disease (NAFLD) prevalence. This cross-sectional study aims at 
ascertaining the prevalence of NAFLD and non-alcoholic steatohepatitis (NASH), utilizing body mass index 
(BMI) as a determining factor.
Methods: Based on the NHANES database, sigmoidal fitting curves were generated to establish the 
relationship between BMI and the risk of NAFLD/NASH. Utilizing BMI data from the NCD Risk Factor 
Collaboration (NCD-RisC) database at both global and regional levels, the prevalence of NAFLD/NASH 
among adults was estimated from 1975 to 2016, encompassing global, regional, and national perspectives. 
Additionally, projections were made to forecast the prevalence of adult NAFLD/NASH from 2017 to 2030.
Results: In 2016, the global prevalence of NAFLD was 41.12% for males and 37.32% for females, while 
the global prevalence of NASH was 15.79% for males and 16.48% for females. The prevalence of NAFLD/
NASH increased with higher BMI in both genders. Over the period from 1975 to 2016, there has been a 
gradual increase in the global prevalence of NAFLD/NASH in adults, and this trend is expected to continue 
between 2017 and 2030. In males, the prevalence of adult NAFLD/NASH was found to be highest in High-
income Western countries, while it was highest in Central Asia, Middle East, and North African countries 
after 1995.
Conclusions: The prevalence of adult NAFLD/NASH has been observed to increase annually, with 
significant variations in burden across different countries and regions.
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Introduction

With persistent efforts to prevent and treat chronic 
hepatitis B (CHB), there has been a gradual decline in the 
number of new cases of CHB (1,2). In contrast, the non-
alcoholic fatty liver disease (NAFLD) prevalence has been 
consistently increasing (3,4). NAFLD typically develops as 
a result of insulin resistance and is often accompanied by 
metabolic syndrome, which can lead to significant damage 
both within and outside the liver. The presence of NAFLD 
has been associated with an increased risk of extrahepatic 
conditions such as ischemic heart disease and ischemic 
stroke (5-8). Nonalcoholic steatohepatitis (NASH), a 
dynamic manifestation of NAFLD, commonly gives rise 
to intrahepatic complications, namely liver cirrhosis and 
hepatocellular carcinoma. In recent times, there has been a 
significant rise in the occurrence of liver cirrhosis associated 
with NAFLD (4,9). Given that, it is noteworthy that 
NASH has emerged as the primary cause of cirrhosis, while 
instances of cirrhosis linked to hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infections have shown a decline in 
2017 (10). Furthermore, it has been demonstrated through 
accumulating evidence that NAFLD and its comorbidity, 
metabolic syndrome, exhibit a significant association with 

both intrahepatic and extrahepatic cancers (11-14). 
Despite the evident impact of NAFLD on public health 

and the substantial economic burden it imposes, there 
remains a lack of population-based epidemiological data on 
NAFLD at both global and national levels. To address this 
knowledge gap, several meta-analyses have been conducted 
to estimate the pooled incidence of NAFLD in the general 
population (15-18), as well as in the overweight and obese 
population (19). Multiple studies have demonstrated a 
strong association between overweight/obese individuals and 
a higher incidence of NAFLD compared to those of normal 
weight (19,20). The likelihood of developing NAFLD is 
approximately three times higher in individuals who are 
obese or overweight (15). Furthermore, the prevalence of 
NASH in severely/morbidly obese patients is significantly 
elevated compared to the general population (17).  
These findings underscore the close correlation between 
body mass index (BMI) and the prevalence of NAFLD/
NASH. BMI is the most robust predictor of NAFLD in 
both genders (21,22). The correlation between BMI and 
the risk of NAFLD is contingent upon the dosage (22-25). 
Given the aforementioned evidence, it is posited that the 
prevalence of NAFLD can be approximated by considering 
the prevalence of various BMI categories, assuming a 
well-defined correlation between BMI and NAFLD. 
Comprehensive data on the burden of NAFLD and NASH 
will aid in the formulation of tailored preventive measures 
for these conditions. Despite the potential for meta-
analysis to offer relevant insights, caution must be exercised 
when interpreting its findings due to inherent limitations, 
including variations in the populations studied, diagnostic 
methods employed, and diagnostic criteria utilized. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://tgh.amegroups.com/
article/view/10.21037/tgh-23-118/rc).

Methods

Criteria for NAFLD/NASH

Following the literature (26,27), the present study utilized 
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the subsequent criteria to ascertain the presence of NAFLD 
or NASH in adults:
	NAFLD was identified by a controlled attenuation 

parameter (CAP) value of ≥248 dB/m;
	NASH was determined by a CAP value of ≥248 dB/m  

accompanied by alanine aminotransferase (ALT) 
levels of ≥29 IU/L (for males) or ≥19 IU/L (for 
females); alternatively, a CAP value of ≥248 dB/m  
in conjunction with liver stiffness (E) measuring  
≥7.3 kPa indicated the presence of NASH.

NAFLD and NASH were identified in without any 
indication of other causes of chronic liver disease.

NHANES database

This study enrolled the adults who had completed 
information on sex, age, BMI, ALT, AST, CAP, and 
liver stiffness (E), using data obtained from NHANES 
2017-March 2020 Pre-Pandemic Examination Data. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The data used in this study 
was sourced from public databases, ethical approval was not 
required.

Depicting the correlation between BMI and risk of 
NAFLD/NASH by curve-fitting

Four distinct models were formulated to depict the 
correlation between BMI and the risk of NAFLD/NASH 
prevalence among both male and female adults. The 
construction of these models involved the utilization of a 
curve-fitting technique, which was executed through the 
following steps:

(I)	 The enrolled adults were evenly distributed 
into twelve groups based on BMI quantiles, and 
subsequently, the NAFLD/NASH prevalence within 
each group was computed;

(II)	 The median BMI within each group was denoted 
as ( )1, ,12ix i =  , while the corresponding disease 

prevalence was denoted as ( )1, ,12iy i =  . Utilizing 

these data points ( ){ }12

1
,i i i

x y
=

, we employed a curve-

fitting approach to identify the optimal function that 
could be utilized for estimating the prevalence of 
NAFLD/NASH within the population, specifically 
for individuals with a given BMI value.

The resulting estimated functions were as follows:

( ) ( ){ }1 exp
ay f x
b x c

= =
+ − 	 [1]

Estimated functions depicting NAFLD/NASH prevalence 
based on BMI

The prevalence of NAFLD and NASH was determined 
through the utilization of estimated functions and the 
prevalence of diverse BMI intervals.

The prevalence of adults with diverse BMI intervals was 
derived from the database NCD Risk Factor Collaboration 
(NCD-RisC), accessible at https://ncdrisc.org/data-
downloads-adiposity-ado.html, which was published 
as a pooled analysis in the Lancet (28). By categorizing 
individuals  into f ive dist inct  BMI levels ,  namely 
obesity, overweight, normal, underweight, and severely 
underweight, we were able to calculate the prevalence rates 
associated with each category.

The left and right boundaries for the BMI interval of 

the thk  level of obesity were denoted as ( )1, ,5kl k =   

and kr , respectively. Furthermore, the median BMI value 

( ) 2k k kz l r= +  was calculated for subsequent analysis. 

From the NCD-RisC database, we obtained the prevalence 
of 5 obesity levels for adults from different countries or 
regions in the years 1975–2016.

The study designated the ( )1, ,5kq k =   as the prevalence 

of NAFLD/NASH among adolescents based on their thk  
level of obesity. To determine the cumulative prevalence 
of NAFLD/NASH among adults with 5 different levels of 

obesity, the researchers employed a formula, ( )
5

1
k k

k
p q f z

=

=∑ .  

This formula incorporated the estimated prevalence of the 

disease for adults, ( )kf z , from thk  obesity level. Through 

a weighted summation, the resulting value p represented 
the estimated cumulative prevalence of NAFLD/NASH.

Statistical analysis

Projected prevalence of NAFLD/NASH from 2017 to 
2030 based on BMI
Utilizing the data on the prevalence of NAFLD/NASH 
from 1975 to 2016, we employed the autoregressive 
integrated moving average (ARIMA) model to predict the 
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prevalence for subsequent years (29). The ARIMA model, a 
commonly employed technique for time-series forecasting, 
facilitates the understanding of data patterns and enables 
the projection of future data points.

Calculation of estimated annual percentage change 
(EAPC)
The method to generate the EAPC was developed by 
Hankey et al. (30). The details of the method were also 
described in our previous study (11). 

Results

Study population

The algorithm utilized in this study is presented in Figure 1.  
A cohort of 3,567 individuals (1,747 males and 1,820 
females) aged 19–80 years, who possessed comprehensive 

data on sex, age, BMI, ALT, AST, CAP, and liver stiffness 
(E), was selected from the NHANES 2017-March 2020 
Pre-Pandemic Examination Data. Additional details can be 
found in https://cdn.amegroups.cn/static/public/tgh-23-
118-1.pdf, pp 1-97.

The correlation between BMI and risk of NAFLD/NASH

The relevant parameters of the models generated were 
presented in Table 1, while the fitting curves were displayed 
in Figure 2. The curves demonstrated that the risk of 
NAFLD/NASH increased with higher BMI, although the 
relationship was not linear. There was a strong agreement 
between the predicted and actual risk of NAFLD/NASH. 
The NASH model for females had the lowest R2 value, yet 
it remained high at 0.971. Conversely, the NAFLD model 
for males had the highest R2 value, reaching as high as 0.994.

Estimated global NAFLD/NASH prevalence

From 1975 to 2016, there was a consistent increase in the 
global prevalence of NAFLD and NASH. The prevalence of 
NAFLD/NASH was found to be higher in males compared 
to females. Specifically, the estimated prevalence of 
NAFLD in males ranged from 30.64% in 1975 to 41.12% 
in 2016, while in females it ranged from 29.07% in 1975 
to 37.32% in 2016 (Figure 3A,3B; https://cdn.amegroups.
cn/static/public/tgh-23-118-1.pdf, pp 98–99). For NASH, 
the estimated prevalence in males ranged from 10.35% 

Figure 1 Displays the algorithm utilized in the present study. NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis; BMI, body mass index.

Table 1 Parameters of the estimation models

Model a b c R2

NAFLD, males 0.94 25.46 3.37 0.99

NAFLD, females 0.86 25.89 3.88 0.98

NASH, males 0.69 30.45 3.96 0.99

NASH, females 0.61 31.57 5.90 0.97

NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis.

NHANES 2017-March 2020
Pre-Pandemic Examination Data

Adults with completed demographic 
and clinical data 

Sigmoidal curve fitting

Fitting curves for the correlation 
between adult BMI and risk of 

NAFLD/NASH prevalence

Global, regional, and national 
prevalence of adult NAFLD/NASH

Global, regional, and national data of 
adult BMI 

https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
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Figure 2 The correlation between BMI and the risk of NAFLD/NASH. (A) Exhibits sigmoidal fitting curves that simulate the correlation 
between BMI and the risk of NAFLD in males. (B) Exhibits sigmoidal fitting curves that simulate the correlation between BMI and the risk 
of NAFLD in females. (C) Exhibits sigmoidal fitting curves that simulate the correlation between BMI and the risk of NASH in males. (D) 
Exhibits sigmoidal fitting curves that simulate the correlation between BMI and the risk of NASH in females. NAFLD, non-alcoholic fatty 
liver disease; NASH, non-alcoholic steatohepatitis; BMI, body mass index.

in 1975 to 15.79% in 2016, while in females it ranged 
from 12.68% in 1975 to 16.48% in 2016 (Figure 3C,3D;  
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf, 
pp 100-101). From 1975 to 2016, the EAPC of NAFLD 
prevalence for males was 0.78% [95% confidence interval 
(CI): 0.77–0.79%], whereas for females it was 0.63% (95% 
CI: 0.63–0.64%) (https://cdn.amegroups.cn/static/public/
tgh-23-118-1.pdf, p 102). Similarly, the EAPC of NASH 
prevalence for males was 1.13% (95% CI: 1.11–1.15%), 
while for females it was 0.68% (95% CI: 0.67–0.69%) 
(https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf, 
p 103). It should be noted that the EAPC of NASH was 
higher than that of NAFLD. By 2030, the projected global 
prevalence of NAFLD was expected to increase to 46.10% 
in males and 41.02% in females (https://cdn.amegroups.
cn/static/public/tgh-23-118-1.pdf, p 104). It is projected 
that the global prevalence of NASH will rise to 18.90% in 
males and 18.41% in females by the year 2030 (https://cdn.
amegroups.cn/static/public/tgh-23-118-1.pdf, p 105).

Assessment of regional NAFLD/NASH prevalence

Between 1975 and 2016, there was a notable increase in 
the prevalence of NAFLD and NASH among adults across 
various regions, as depicted in Figure 4. Over the past few 
decades, South Asia exhibited the lowest prevalence of 
NAFLD and NASH in both males and females. Conversely, 
High-income Western countries demonstrated the highest 
prevalence of NAFLD and NASH in males. However, 
for females, the prevalence of NAFLD and NASH in 
the countries of Central Asia, Middle East, and North 
Africa surpassed that observed in the countries of Central 
and Eastern Europe after 1995. From 1995 onwards, the 
prevalence of NAFLD/NASH among females in Central 
Asia, the Middle East, and North Africa was the highest, 
as depicted in Figure 4 (https://cdn.amegroups.cn/static/
public/tgh-23-118-1.pdf, p 106-147). Except in Sub-
Saharan Africa and Oceania, where the EAPC of NAFLD 
prevalence in females exceeded that of males, most regions 

https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
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Figure 3 The estimated global prevalence of NAFLD/NASH in adults from 1975 to 2030. (A) The estimated global prevalence of NAFLD 
in males is increasing. (B) The estimated global prevalence of NAFLD in females is increasing. (C) The estimated global prevalence of 
NASH in males is increasing. (D) The estimated global prevalence of NASH in females is increasing. NAFLD, non-alcoholic fatty liver 
disease; NASH, non-alcoholic steatohepatitis.

exhibited a higher EAPC of NAFLD prevalence in males 
compared to females. However, males consistently displayed 
a higher EAPC of NASH prevalence than females. The 
regional annual change in NAFLD prevalence among 
females varied from 0.24% (95% CI: 0.23–0.25%) in 
Central and Eastern Europe to 0.96% (95% CI: 0.96–
0.97%) in Sub-Saharan Africa. The prevalence of NASH 
among males varied across regions, with rates ranging 
from 0.66% (95% CI: 0.65–0.66%) in Central and Eastern 
Europe to 1.17% (95% CI: 1.14–1.20%) in East and South 
East Asia (https://cdn.amegroups.cn/static/public/tgh-
23-118-1.pdf, p 136). The EAPC in NASH prevalence 
among males also varied, ranging from 1.00% (95% CI: 
1.00–1.01%) in Central and Eastern Europe to 1.58% (95% 
CI: 1.53–1.62%) in East and South East Asia. In contrast, 
the EAPC of NASH prevalence among females ranged 

from 0.30% (95% CI: 0.29–0.31%) in Central and Eastern 
Europe to 1.01% (95% CI: 1.00–1.01%) in Sub-Saharan 
Africa (https://cdn.amegroups.cn/static/public/tgh-23-118-
1.pdf, p 137).

In 2016, the prevalence of NAFLD/NASH was found to 
be highest among males in high-income Western countries, 
while South Asia had the lowest prevalence. This pattern 
is projected to persist until 2030. Among females, Central 
and Eastern European countries exhibited the highest 
prevalence of NAFLD, which was later surpassed by Central 
Asia, Middle East, and North Africa in 1995. The changing 
trend in NASH prevalence mirrored that described in 
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf on 
pages 106-135. From 2016 to 2030, males from South Asia 
consistently exhibited the lowest prevalence of NAFLD 
and NASH. Conversely, during this same time frame, the 

https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
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Figure 4 The estimated regional prevalence of NAFLD/NASH in adults from 1975 to 2030. (A) The estimated regional prevalence of 
NAFLD in males. (B) The estimated regional prevalence of NAFLD in females. (C) The estimated regional prevalence of NASH in males. (D) 
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prevalence of NAFLD and NASH was projected to steadily 
increase for both males and females in most regions. 
Specifically, it was estimated that by 2030, males from 
high-income Western countries could experience NAFLD 
prevalence as high as 63.58% and NASH prevalence as high 
as 29.87%. Similarly, females from Central Asia, the Middle 
East, and North Africa could have NAFLD prevalence as 
high as 55.69% and NASH prevalence as high as 25.93% by 
2030 (see https://cdn.amegroups.cn/static/public/tgh-23-
118-1.pdf, p 138-147).

Assessment of NAFLD/NASH prevalence at national or 
regional level

In 2016, there was a significant variation in the prevalence 

of NAFLD among different countries or regions. Among 
males, Nauru, American Samoa, and Cook Islands in the 
Pacific region exhibited the highest estimated burden of 
NAFLD. Specifically, Nauru had the highest prevalence 
of NAFLD among males at 73.89%, while Ethiopia had 
the lowest prevalence at 27.28%, followed by Eritrea and 
Burundi (Figure 5A). Similarly, among females in 2016, 
American Samoa (66.43%), Nauru, and Cook Islands 
had the highest prevalence of NAFLD, whereas Viet 
Nam (27.14%), India, and Bangladesh had the lowest 
prevalence (Figure 5B; https://cdn.amegroups.cn/static/
public/tgh-23-118-1.pdf, p 148-471). Unsurprisingly, the 
prevalence of NASH in specific countries or regions was 
found to be similar to that of NAFLD (Figure 5C,5D; 
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf, 

https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
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Figure 5 The estimated national or regional prevalence of adult NAFLD/NASH in 2016. (A) The estimated prevalence of adult NAFLD in 
males. (B) The estimated prevalence of adult NAFLD in females. (C) The estimated prevalence of adult NASH in males. (D) The estimated 
prevalence of adult NASH in females. NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.

p 472-795). From 1975 to 2016, a significant increase in 
the EAPC of NAFLD/NASH prevalence was observed 
in most countries or regions. Among males, Malaysia 
(1.61%, 95% CI: 1.60–1.63%) and Haiti (1.47%, 95% 
CI: 1.44–1.50%) exhibited the highest increasing EAPC 
of NAFLD prevalence, while Nauru and Andorra had the 
lowest increasing EAPC of NAFLD prevalence. For males, 
Malaysia (2.26%, 95% CI: 2.24–2.29%) and Haiti (2.16%, 
95% CI: 2.10–2.21%) exhibited the highest increasing 
EAPC in non-alcoholic steatohepatitis (NASH) prevalence, 
while Nauru (0.66%, 95% CI: 0.65–0.67%) and Andorra 
had the lowest increasing EAPC. In females, Haiti (1.29%, 
95% CI: 1.28–1.30%) had the highest increasing EAPC of 
NAFLD prevalence, followed by Malaysia (1.25%, 95% 
CI: 1.23–1.27%), whereas Singapore, Estonia, and the 
Russian Federation had the lowest increasing EAPC of 
NAFLD prevalence. In terms of female populations, the 
country with the highest estimated increase in EAPC of 
NASH prevalence was Haiti (1.45%, 95% CI: 1.44–1.46%), 
followed by Malaysia. Conversely, Singapore and Estonia 
had the lowest estimated increase in EAPC of NASH 

prevalence (https://cdn.amegroups.cn/static/public/tgh-23-
118-1.pdf, p 796-811).

On a national scale, Pacific Island countries exhibited 
high prevalence rates of NAFLD, with males in Nauru 
reaching an astonishing 76.47% and females in American 
Samoa reaching 67.88% by 2030. Among males, the 
highest estimated NASH prevalence in 2030 was for Nauru 
(41.45%), followed by American Samoa and Palau. In terms 
of NASH prevalence in females, American Samoa (34.00%), 
Nauru, and Palau are projected to have the highest 
estimates in 2030. Conversely, Ethiopia (30.52%), Uganda, 
and Burundi are expected to have the lowest NAFLD 
prevalence among males, while Japan (29.46%), India, 
and Viet Nam, are projected to have the lowest NAFLD 
prevalence among females in the same year. Additionally, 
Ethiopia (10.23%), Uganda, and Burundi are estimated to 
have the lowest NASH prevalence among males in 2030, 
while Japan (12.68%), Viet Nam, and India, are projected 
to have the lowest NASH prevalence among females (see 
https://cdn.amegroups.cn/static/public/tgh-23-118-1.
pdf, p 812-1027 for further details). Interactive web pages 

https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
https://cdn.amegroups.cn/static/public/tgh-23-118-1.pdf
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for national or regional NAFLD/NASH prevalence were 
shown in Figure S1.

Discussion

Utilizing sigmoidal fitting models and the BMI data sourced 
from the NCD-RisC dataset, an extensive analysis has been 
conducted to provide a comprehensive overview of the 
prevalence of NAFLD/NASH among adults worldwide. 
This approach has facilitated the examination of various 
factors such as gender, geographical regions, countries, 
and temporal trends. The key findings of this study are 
as follows: (I) a notable association has been observed 
between BMI and susceptibility to NAFLD/NASH; (II) the 
application of sigmoidal fitting models has yielded accurate 
representations of the correlation between BMI and the 
prevalence of NAFLD/NASH in the adult population; 
(III) the prevalence of NAFLD and NASH among adults 
worldwide has exhibited an upward trajectory from 1975 
to 2016, and this trend is projected to persist from 2017 to 
2030; (IV) males have demonstrated a higher prevalence of 
NAFLD/NASH compared to females; (V) among males, 
high-income Western countries have consistently exhibited 
the highest prevalence of NAFLD/NASH from 1975 to 
2016, and this pattern is expected to continue until 2030. 
In contrast, among females, Central and Eastern European 
countries held the highest prevalence from 1975 to 1995, 
but this was surpassed by Central Asia, the Middle East, 
and North Africa after 1995. In contrast, South Asia 
demonstrated a comparatively lower prevalence of adult 
NAFLD/NASH in both genders.

Considering the substantial negative effects of NAFLD/
NASH on intrahepatic and extrahepatic health conditions, 
including benign and malignant diseases, there is a growing 
interest in understanding the burden of NAFLD/NASH. It 
is widely acknowledged that the global burden of NAFLD/
NASH is progressively increasing, as evidenced by various 
systematic reviews (16,18,31). Based on recent systematic 
reviews, there has been a significant increase in the global 
prevalence of NAFLD over the past three decades, with 
a reported prevalence of 38.0% in 2016 (16,18). This 
data closely aligns with the average global prevalence of 
NAFLD in 2016 estimated by our model, which stands 
at 39.2%. Furthermore, a comprehensive cross-sectional 
study conducted in China, involving 15 million eligible 
participants, reveals a prevalence of fatty liver disease 
of 34.9% in 2019 (32). This finding is consistent with 
the projected prevalence of NAFLD in China for the 

same year, as determined by our model, which stands at 
37.0%. Consequently, these results suggest that our model 
demonstrates satisfactory accuracy.

Meta-analysis is a commonly employed methodology 
for synthesizing existing evidence; however, it is not 
without limitations, primarily stemming from the 
heterogeneity of the included studies. Furthermore, meta-
analysis may not always yield the desired granularity of 
information, such as country-specific or year-specific 
prevalence rates of NAFLD. Consequently, alternative 
approaches are warranted to estimate NAFLD prevalence. 
Numerous investigations have demonstrated a dose-
dependent association between BMI and the likelihood 
of developing NAFLD (32-34). This discovery prompted 
us to consider the feasibility of estimating the prevalence 
of NAFLD by examining the prevalence of different BMI 
intervals. Our investigation revealed that the correlation 
between various BMI levels and the risk of NAFLD can 
be accurately simulated using an S-shaped curve fitting 
method, as evidenced by the near-perfect R2 value (Figure 2).  
The sigmoidal curve fitting technique, introduced by 
Venegas et al. (35), offers a means to implement this 
approach. Furthermore, recent studies have highlighted the 
significance of NAFLD in lean individuals, emphasizing the 
importance of not overlooking this population (36,37). It 
should be noted that the inclusion of our estimation model 
does not necessarily exclude the possibility of lean NAFLD. 
The probability of developing NAFLD/NASH is reduced 
in individuals with a low BMI, aligning with established 
clinical practices.

As a result of ongoing endeavors to prevent and manage 
hepatitis B and C, NAFLD has emerged as the primary 
contributor to chronic liver disease, with NASH projected 
to become the primary cause of cirrhosis. Considering the 
potential for severe outcomes associated with NAFLD/
NASH, the utilization of prevalence modeling can 
effectively disseminate information to both the general 
public and professionals regarding the impending disease 
burden linked to NAFLD and NASH. This, in turn, 
facilitates the implementation of targeted preventive 
measures. Our estimation models indicate that excessive 
BMI represents a significant yet modifiable risk factor for 
NAFLD. Consequently, this underscores the potential for 
reducing excessive BMI through the adoption of effective 
strategies, such as dietary modifications and exercise 
regimens, to prevent and manage NAFLD/NASH.

One limitation of our estimation model is the utilization 
of liver transient elastography as the consistent method for 

https://cdn.amegroups.cn/static/public/TGH-23-118-Supplementary.pdf
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determining the presence of NAFLD/NASH, instead of 
the more commonly employed ultrasound measurement 
in population studies or more accurate pathological 
diagnosis. Nevertheless, the employment of liver transient 
elastography offers certain advantages, such as the provision 
of more objective measurement values and the mitigation 
of inter-observer bias to a relatively minor extent. Another 
constraint of our study is the assumption of a consistent 
correlation between BMI and the risk of NAFLD/NASH, 
disregarding potential variations influenced by physical 
characteristics such as race and skin color. Given that our 
analysis is derived from NHANES 2017 to March 2020, 
which predominantly comprises Caucasian individuals, 
it is plausible that our estimation model may exhibit 
greater accuracy when applied to Caucasian populations. 
Furthermore, numerous studies have demonstrated a 
higher prevalence of NAFLD/NASH in the elderly 
population (31,32). However, the NCD-RisC database 
lacks information on age-specific BMI prevalence, 
thereby hindering our ability to estimate the global or 
national prevalence of NAFLD/NASH in an age-stratified 
manner. In recent years, scholars proposed that metabolic 
dysfunction-associated steatohepatitis (MASH)/metabolic 
dysfunction-associated steatotic liver disease (MASLD) 
should replace the NASH/NAFLD. Most of individuals 
with NAFLD meet MASLD criteria (38). Although this 
study was conducted in NASH/NAFLD patients, we will 
also pay more attention to MASH/MASLD in future.

Conclusions

The prevalence of adult NAFLD/NASH has been observed 
to increase annually, the burdens escalate as BMI, age, and 
elapsed time increase. Our research also indicates that the 
bunder of NAFLD/NASH was higher in High-income 
countries.
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