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Graphical Abstract

Study Highlights
• We included 245 articles with 2.7 million persons from a systematic review and performed a hierarchical Bayesian analysis 

to forecast the NAFLD prevalence through 2040. 

• With a 2.16% annual increase from 2020 to 2040, the forecasted 2040 prevalence was 55.7%.

• A significant sex difference was observed, with a higher 2040 prevalence in males, but a greater increasing trend in 
females. 

• A more significant increasing trend was found in smokers and those without metabolic syndrome.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a metabolically 
related liver disease that is strongly associated with the met-
abolic conditions of insulin resistance, type 2 diabetes, and 
obesity.1 These three conditions alter the storage of fat in the 
liver which can lead to hepatic steatosis. In NAFLD, steatosis 
occurs in over 5% of hepatocytes without excessive alcohol 
use, viral hepatitis, or steatogenic drugs. Currently, the global 
prevalence of NAFLD in adults is 25–30%, though the preva-
lence rates vary by country, with the highest rates reported 
in the Middle East and North Africa regions and South Ameri-
ca, followed by Asia, North America, Europe, and then Afri-
ca.2-4 NAFLD is also prevalent in children, with the prevalence 

rate estimated at 7.40% in the general pediatric population.2

NAFLD can be a progressive disease leading to nonalcohol-
ic steatohepatitis (NASH), fibrosis, cirrhosis, hepatocellular 
carcinoma (HCC), and liver transplantation; and NAFLD pa-
tients are at an increased risk of mortality, especially cardio-
vascular mortality.2,5-7 Although only approximately 20% of 
those with simple fatty liver (NAFL) will progress in their dis-
ease state, a large number of the general population affected 
can lead to a large increase in the utilization of health-care 
resources.6 In fact, economic studies on NAFLD have shown 
that people with NAFLD have higher health-care costs and 
increased years of disability.8-10 Those with NAFLD have also 
reported worse quality of life, especially in their ability to be 
physically active.11

Abbreviations: 
HCC, hepatocellular carcinoma; MAFLD, metabolic fatty liver disease; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis
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Background/Aims: Due to increases in obesity and type 2 diabetes, the prevalence of nonalcoholic fatty liver disease 
(NAFLD) has also been increasing. Current forecast models may not include non-obese NAFLD. Here, we used the 
Bayesian approach to forecast the prevalence of NAFLD through the year 2040.
Methods: Prevalence data from 245 articles involving 2,699,627 persons were used with a hierarchical Bayesian approach 
to forecast the prevalence of NAFLD through 2040. Subgroup analyses were performed for age, gender, presence of 
metabolic syndrome, region, and smoking status. Sensitivity analysis was conducted for clinical setting and study quality.
Results: The forecasted 2040 prevalence was 55.7%, a three-fold increase since 1990 and a 43.2% increase from the 2020 
prevalence of 38.9%. The estimated average yearly increase since 2020 was 2.16%. For those aged <50 years and ≥50 
years, the 2040 prevalence were not significantly different (56.7% vs. 61.5%, P=0.52). There was a significant difference in 
2040 prevalence by sex (males: 60% vs. 50%) but the trend was steeper for females (annual percentage change: 2.5% vs. 
1.5%, P=0.025). There was no difference in trends overtime by region (P=0.48). The increase rate was significantly higher 
in those without metabolic syndrome (3.8% vs. 0.84%, P=0.003) and smokers (1.4% vs. 1.1%, P=0.011). There was no 
difference by clinical/community setting (P=0.491) or study quality (P=0.85). 
Conclusions: By 2040, over half the adult population is forecasted to have NAFLD. The largest increases are expected 
to occur in women, smokers, and those without metabolic syndrome. Intensified efforts are needed to raise awareness 
of NAFLD and to determine long-term solutions addressing the driving factors of the disease. (Clin Mol Hepatol 
2022;28:841-850)
Keywords: Women; Metabolic syndrome; Smoking; Trends
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While research continues on how best to diagnose NAFLD 
and NASH, as well as other treatments outside life-style 
modification, gaining an appreciation of the forecasted 
growth of NAFLD if the trends of obesity and type 2 diabetes 
mellitus continue to grow is important for policy makers and 
healthcare providers.12

A few recent studies have forecasted NAFLD prevalence up 
to year 2030.13-17 These studies have suggested that NAFLD 
appears to be increasing at the same rate as the epidemics of 
obesity and diabetes, such that if the prevalence of obesity 
and diabetes level off through 2030, there will be only a 
modest increase in the total number of NAFLD cases (increas-
es of 0–30%). Currently, Europe and Germany are among 
countries with the highest prevalence of NAFLD; however, by 
2030, Italy is expected to have a NAFLD prevalence of 29.5%, 
outpacing Germany, while France is expected to have the 
lowest prevalence of NAFLD in Europe. In Asia, China is ex-
pected to have the largest increase in the prevalence of 
NAFLD due to its rapid urbanization, and is forecasted to 
reach a NAFLD prevalence of 28.4% by 2030.13-17 However, us-
ing data on NAFLD prevalence from 167 studies and almost 
1.5 million people, a systematic review and meta-analysis of 
NAFLD prevalence for China published in 2020 already found 
a NAFLD prevalence of 29.9%, which was still increasing.18

In addition, most of these studies were either country-spe-
cific and/or based on population obesity prevalence, rather 
than published data for past trends of NAFLD prevalence. 
Markov modeling was also used as the basis for the analysis, 
which has inherent biases in that people can only be in one 
stage at a time, many simulations must be run to account for 
the multiple stages of disease, and the inputs are based on 
transition probabilities that are only in their infancy of devel-
opment at this time.19 Therefore, to overcome these limita-
tions, the present study forecasted future prevalence using 
the Bayesian method based on the published data of past 
NAFLD prevalence trends.

MATERIALS AND METHODS

Data source

We utilized the prevalence data from 245 articles involving 
2,699,627 persons who were identified through a systematic 
literature search review of PubMed, Embase, and Cochrane 

Library from inception to March 2020. The details of the sys-
tematic review and characteristics of these 245 articles were 
previously described in a prior published study that evaluat-
ed the current and past trends of NAFLD prevalence.2 Briefly, 
NAFLD was diagnosed via liver ultrasound in the vast majori-
ty of the studies (202 studies, 82.4%) and via other imaging 
methods, such computed tomography (seven studies), mag-
netic resonance imaging (three studies), controlled attenua-
tion parameter (four studies), fatty liver index (22 studies), liv-
er biopsy (one study), or a combination of methods (five 
studies). Only data from ultrasound-based studies were used 
for forecasting analysis, except for sub-analysis by geograph-
ic region due to limited data for some regions, as further de-
scribed below.2

Aggregated subgroup data are available for forecasting 
analysis of the following subgroups. By age, there were 101 
studies providing data for 1,615,429 patients aged <50 years 
and 72 studies providing data for 403,237 patients aged 50 
years or older. By sex, there were 148 studies providing strati-
fied data for 899,753 male persons and 789,004 female per-
sons. By geographic region, there were six studies (23,952 
patients) from North America, 11 studies (15,062 patients) 
from Europe, 182 studies (2,385,999 patients) from Asia, two 
studies from Africa, and three studies from South America. 
Therefore, forecasting analyses were only performed for 
North America, Europe, and Asia. Additionally, 37 studies 
provided stratified data for 54,736 patients with metabolic 
syndrome (metabolic syndrome) and 198,432 patients who 
did not have metabolic syndrome, and 62 studies provided 
data for 230,188 smokers and 741,399 non-smokers. Lastly, 
there were 97 clinical center studies (143,480 patients), 105 
community-based studies (1,434,840 patients), 127 studies 
(1,241,714 patients) with quality scores ≤7 (based on a modi-
fied Newcastle Ottawa scale,5 and 79 studies (1,184,146 pa-
tients) with quality scores >7 to provide data for sensitivity 
analyses by study setting and study quality.

Statistical analysis

Forecast prediction model
We utilized a hierarchical Bayesian approach to best de-

scribe and fit the prevalence of NAFLD. A random effects pa-
rameter was used to address heterogeneity across the stud-
ies with NAFLD prevalence studies with NAFLD prevalence as 
included in a prior study.2 The overall individual study preva-
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lence of NAFLD was considered as the proportion of subjects 
reported as having NAFLD divided by the total number of re-
ported subjects. When using Bayesian models, prevalence 
may be considered a random variable with an unknown pa-
rameter. Therefore, prevalence estimates of NAFLD were 
transformed using logit transformation. Logit transformation 
follows a normal distribution: logit(p[i]) = μi and μi~normal 
(Mu, precision μ). The base model to pool the overall preva-
lence of age-related NAFLD was as follows: μi = β0 + β × 
[study year  – mean-year], where mean-year was centered by 
the overall mean year across all studies. Lastly, a random ef-
fects parameter due to study heterogeneity was included us-
ing the conjugate gamma distribution: gamma (0.01, 0.01). 
The gamma distribution was utilized for unknown quantities 
for values between 0 and infinity. All coefficients and the in-
tercept in the model were specified with non-informative nor-
mal priors—i.e., ß~normal (0, 1×10-6), Mu~normal (0, 1×10-6). 
The Just Another Gibbs Sampler (R2JAGS) and Markov-chain 
Monte Carlo procedure (MCMCpack) within RStudio (R 3.6.3; 
Boston, MA, USA) were used to estimate posterior distribu-
tions. Convergence estimation was assessed by Gelman-Ru-
bin convergence statistics. 

Subgroup analysis
In addition to the overall global NAFLD prevalence forecast 

up to year 2040, we performed forecasting for subgroups for 
which data were available. In total, stratified analyses were 
performed for age (<50 vs. ≥50 years), sex (male vs. female), 
geographic region (North America, Europe, and Asia), accord-
ing to the presence of metabolic syndrome (with metabolic 

syndrome vs. no metabolic syndrome), and smoking status 
(smoking history vs. no smoking).

Table 1. Annual rate of change in the prevalence of NAFLD between 
2020 to 2040, overall and in subgroups

Patient group Annual rate of change 
in NAFLD prevalence (%)

95% CI 
(%)

Overall 2.16 1.60–2.71

Age (years)

≤50 2.44 1.57–3.31

>50 3.46 1.05–3.46

Sex

Male 1.48 1.08–1.89

Female 2.52 1.56–3.49

Geographic location*

North America 1.01 0.00–3.02

Europe 2.19 0.12–4.25

Asia 2.70 2.23–3.17

Metabolic syndrome

No 3.78 2.90–4.66

Yes 0.84 0.74–0.94

Cigarette smoking

No 1.13 0.00–2.71

Yes 1.40 0.83–1.97

NAFLD, non-alcoholic fatty liver disease; CI, confidence interval.
*Data insufficient for subgroup analysis for Africa and South 
America.

Figure 1. Overall forecast of global nonalcoholic fatty liver disease prevalence. 
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Sensitivity analysis
Finally, we performed sensitivity analysis to evaluate for 

potential differences of forecasted prevalence by the type of 
study setting (clinical center vs. community-based) and study 
quality using scores based on the Newcastle Ottawa scale (≤7 
vs. >7).

RESULTS

Overall global forecasted NAFLD prevalence

Figure 1 depicts the overall forecast for NAFLD prevalence 
through 2040. As shown, the prevalence of NAFLD in 1990 
was 18.2% with a forecasted prevalence rate in 2040 to be 
55.7%, a 3-fold increase from 1990 and a 43.2% increase from 

the 2020 prevalence of 38.9%. The estimated average yearly 
increase since 2020 is 2.16% (Table 1).

Forecasted NAFLD prevalence for subgroups

By age and sex 
We found that the increasing trends for the prevalence of 

NAFLD for people aged <50 years and those ≥50 years were 
similar (Fig. 2A, P=0.52). For those aged <50 years, the preva-
lence of NAFLD was expected to be 56.7% by 2040, while for 
those aged ≥50 years, the prevalence was expected to be 
greater than 60%. The average annual percentage change in 
NAFLD prevalence since 2020 were 2.44% and 3.46% for peo-
ple aged <50 years and ≥50 years, respectively (Table 1).

On the other hand, there was a significant difference in the 
trends for the increase in prevalence of NAFLD by sex, where-

Figure 2. Forecast of nonalcoholic fatty liver disease prevalence by (A) age and (B) sex. P-values compare the rate of increase between sub-
groups via linear regression. 
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Figure 4. Forecast of nonalcoholic fatty liver disease prevalence by the presence of (A) metabolic syndrome or (B) cigarette smoking. P-values 
compare the rate of increase between subgroups via linear regression.
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by the females had a larger spike in their trend noted to be-
gin around the year 2025 (Fig. 2B, P=0.025), though the prev-
alence increased over time for both males and females. Males 
were forecasted to have a NAFLD prevalence of almost 60% 
by 2040, and a yearly increase of 1.48% from 2020 when it 
was 45.5%. Females NAFLD prevalence in 2040 was forecast-
ed to be approximately 50%, and a yearly increase of 2.52% 
from 2020 when it was approximately 33.3% (Table 1).

By geographic region
When we investigated the NAFLD forecast by region, we 

found no difference in increasing trends overtime by region 
(Fig. 3, P=0.48). The prevalence of NAFLD in Europe was fore-
casted to increase from approximately 18% in 1990, 43.4% in 
2020, to over 60% by 2040, with Asia having an almost iden-
tical increase, with both regions having an average yearly in-
crease of 2.19% and 2.70%, respectively (Table 1). In North 
America, the prevalence increased from approximately 30% 
in 1990, 43.1% in 2020, to 50% by 2040, with an average year-
ly increase of 1.01% since 2020.  

By the presence of metabolic syndrome or cigarette 
smoking

There was also a significant difference in the increasing 
trends of NAFLD between those with and without metabolic 
syndrome (Fig. 4A, P=0.003). However, the rate of increase 
was significantly higher for those without metabolic syn-
drome compared to those with metabolic syndrome, with 
the average annual increase of 3.78% and 0.84%, respectively 
(Table 1). 

There was also a significant difference in the increasing 
trend of NAFLD prevalence by smoking status (Fig. 4B, 
P=0.011). Those who were smokers saw an increase of NAFLD 
prevalence from 28.1% in 1990, 49.2% in 2020, to 63% by 
2040, whereas those who were non-smokers saw an increase 
from 25.7% in 1990, 35.5% in 2020, to 43.5% in 2040. The av-
erage rate of change for smokers was 1.40%, while that for 
non-smokers was only 1.13% (Table 1).

Sensitivity analyses

There was no difference in the increasing trend of NAFLD 
prevalence by clinical center or community setting (P=0.491) 
or the quality of the studies used to generate the forecast 
data (P=0.85) (Supplementary Fig. 1).

DISCUSSION 

In this study, we used past data and trends to forecast the 
prevalence of NAFLD by the year 2040. This method of fore-
casting was different than what those used and reported in 
recent studies, where investigators used Markov modeling, 
and we also performed the forecast based on published 
NAFLD prevalence data rather than surrogate data on obesi-
ty.13-17 Although we are aware that the increasing burdens of 
obesity and diabetes are driving the increase in NAFLD, not 
all patients with NAFLD have diabetes or obesity;20-22 there-
fore, our modeling methods took this information into con-
sideration by using NAFLD historic data that includes trend 
data of patients with NAFLD regardless of the presence of 
obesity, rather than relying mainly on the trends of obesity. 
We found that if the current increase in NAFLD continues at 
the same pace, over half the adult population will have 
NAFLD by 2040. 

The projection from the current study is much higher than 
previous estimates, which forecasted the prevalence of 
NAFLD to be only up 33% by 2030.13-17 In fact, our analysis 
found that the estimated NAFLD prevalence of 38.9% for 
2020 was almost identical to two recent prevalence estimates 
of 37.3% and 37.6% from two recent meta-analyses,2,23 and all 
of these estimates were higher than the highest forecasted 
estimate of 33% reported in an earlier study;13-17 therefore, 
our methodology appears robust. Also, considering the risk 
of adverse outcomes such as cirrhosis, liver transplantation, 
and mortality, the burden of NAFLD can become enormous if 
it continues to increase at our projected rate of 2.16% a year, 
unless aggressive action is taken to reverse this trend. In fact, 
NASH is now poised to become the leading indicator for liver 
transplantation in the next few years in addition to NASH 
HCC, which is already one of the leading indicators for liver 
transplantation among those with HCC.24,25

The present study has several unique findings which may 
help policy makers in making decisions as to where interven-
tions may be most warranted and to increase the awareness 
of NAFLD.26-29 When we forecasted NAFLD prevalence by age, 
there was no difference the in prevalence rates in 2040 be-
tween those aged <50 years or ≥50 years. Both age groups 
were expected to reach prevalence rates of almost 50%, sug-
gesting that NAFLD should no longer be considered as a dis-
ease that is only found in older individuals. In fact,  a growing 
number of studies are showing that the prevalence of NAFLD 
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is increasing in children as well,5,30,31 with the global NAFLD 
prevalence among children forecasted to reach 30.7% by 
2040.5 Therefore, treatment interventions will need to be ap-
propriate for all age groups, and early intervention at an early 
age would be crucial to bring down the prevalence rate 
among the adult population.

Our analysis by sex also provided interesting results. Both 
males and females were expected to have an increase in their 
2040 NAFLD prevalence forecast, but the females were ex-
pected to have a higher rate increase. Although NAFLD is cur-
rently more prevalent in males, NASH has been found to be 
more prevalent in females.32,33 In fact, NASH is the leading in-
dicator for liver transplant among women.34 These findings 
are worrisome, as they could suggest that females may be at 
higher risk for adverse outcomes in the coming years. Future 
research is needed to determine the significance of this find-
ing.

We found those without metabolic syndrome will have a 
significantly higher rate of increase compared to those with 
metabolic syndrome. This finding may seem counterintuitive 
since NAFLD is a metabolic based liver disease, but as our un-
derstanding of NALFD increases, investigators have recently 
suggested that the main driver for NAFLD development is 
the presence of insulin resistance and the related liver lipo-
toxicity.34,35 In addition, it appears that visceral obesity is a 
better indicator of the status of obesity rather than body 
mass index, and that waist circumference or abdominal adi-
posity correlated with the risk of mortality rather than meta-
bolic syndrome itself.36

In this study, there was no difference in NAFLD prevalence 
over time by country or region. All studied areas were ex-
pected to have increased prevalence by 2040. However, we 
did note that smokers were expected to have a significantly 
higher rate of NAFLD than those non-smokers in 2040. As 
such, Asia and Eastern Europe may need to watch this trend 
more closely, as they are known to have some of the highest 
rates of smoking, whereas smoking rate has been decreasing 
in the United States and other western nations.37,38

The strength of the study is the use of Bayesian statistical 
modeling, large sample size, and widespread geographic 
coverage to forecast a more accurate assessment of NAFLD 
trends. Forecasting, however, does not address the impact of 
those trends nor do forecasting models take into consider-
ation any changes in factors accounting for observed trends. 
For example, if the observed trajectory of the causative fac-

tors of NAFLD were to change, we would be unable to fore-
cast this change. Moreover, although the advances in weight-
reduction and antidiabetic medications may reduce the 
obesity and metabolic disease burden that may reduce the 
prevalence and incidence of NAFLD, these new and often ex-
pensive medications are likely not accessible to people in 
most regions of the world and many disadvantaged popula-
tions residing in high-income countries. At the same time, 
the current COVID-19 pandemic has caused severe disruption 
in access to healthcare and rising cost of living that may 
worsen the current obesity and metabolic disease epidemics, 
which can contribute to even higher NAFLD prevalence. In 
fact, population-based data from the United States have 
shown increased mortality during the COVID-19 pandemic as 
compared to the predicted level based on past trends for 
several chronic liver disease, including NAFLD, and especially 
in ethnic minorities.39,40 However, the information provided 
in our analysis provides a worst-case scenario which may 
help policy makers in developing policies to raise awareness 
of NAFLD, while simultaneously providing direction and 
funding for reversing the upward trajectory for both obesity 
and type 2 diabetes mellitus. This is particularly relevant as  
NAFLD is increasingly being recognized as a metabolic liver 
disease with a proposed name change to metabolic fatty liv-
er disease (MAFLD),41 and therapeutic strategies should in-
clude not only liver specific agents, such as anti-fibrotics, but 
also systemic metabolic modifying agents, such as antidia-
betic and antilipid medications.42,43

In this forecasting study, we project that the global NAFLD 
prevalence in the year 2040 will be 55.2%, with the highest 
prevalence of over 60% forecasted for Asia and Europe. In 
addition, women, smokers, and those without metabolic 
syndrome are forecasted to have the largest increases in 
NAFLD prevalence. Given that approximately 20% of those 
with NAFLD can progress to more advanced disease and that 
the presence of NAFLD increases the risk of mortality, efforts 
may need to intensify to not only raise awareness of NAFLD 
but also to determine long-term solutions to the driving fac-
tors of NAFLD, such as obesity, insulin resistance, and type 2 
diabetes mellitus.
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