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Summary
Background: The prevalence of non- alcoholic fatty liver disease (NAFLD) is increasing 
in parallel with obesity and type 2 diabetes.
Aim: To review the global epidemiology of NAFLD
Methods: We retrieved articles from PubMed using search terms of NAFLD, 
epidemiology, prevalence, incidence, and comorbidities.
Results: Over 250 articles were reviewed. In 2016, the global NAFLD prevalence 
was 25%; this increased to >30% in 2019. Prevalence in Asia, Latin America and 
Middle East- North Africa (MENA) was 30.8%, 34.5% and 42.6%, respectively. 
Prevalence increased with age. Although prevalence was higher in men, prevalence 
in post- menopausal women was similar. NAFLD prevalence was higher in certain 
subpopulations, especially among the obese and those with metabolic syndrome 
(MS). However, the prevalence of lean NAFLD was 11.2%. The global prevalence of 
non- alcoholic steatohepatitis (NASH) is estimated between 2% and 6% in the general 
population. Approximately 7% of patients with NAFLD have advanced fibrosis; 
rates were between 21% and 50% among patients with NASH. Overall mortality 
related to NAFLD was 15– 20 per 1000 person- years, and increased substantially in 
patients with NASH, especially in those with components of MS. Recent data suggest 
mortality/morbidity from NAFLD is increasing globally but NAFLD awareness remains 
low among patients and healthcare providers.
Conclusions: NAFLD poses a global public health problem with a very high disease 
burden in Asia, MENA and Latin America. Research is needed to better quantify 
the full impact of NAFLD and to develop strategies to improve awareness and risk 
stratification.
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INTRODUC TION

General overview of non- alcoholic fatty liver disease

Non- alcoholic fatty liver disease (NAFLD) is a part of the spectrum 
of fatty liver diseases associated with components of metabolic 
syndrome (MS) including visceral obesity, insulin resistance, type 2 
diabetes mellitus (T2DM), hypertension, hyperlipidaemia and other 
associated diseases (coronary artery disease, non- hepatic cancers, 
chronic kidney disease, sarcopenia, etc.).1– 5 Histologically, NAFLD 
has been defined when hepatic steatosis affects at least 5% of the 
hepatocytes in the absence of other causes of liver disease and ex-
cess alcohol consumption.6 In this context, NAFLD can histologically 
be manifested as only hepatic steatosis without other changes or as 
non- alcoholic steatohepatitis (NASH) showing not only hepatic stea-
tosis but also evidence of ongoing liver cell injury.6,7

Although a small fraction of NAFLD patients can progress, 
given a large number of affected individuals in the general popu-
lation, NAFLD is expected to become the most common cause of 
chronic liver disease (CLD) in the world.8,9 This potentially pro-
gressive course can take years with one study estimating that the 
progression can take an average of 7.7 years per stage.10 Although 
a few cases of non- NASH NAFLD can progress, it is increasingly 
clear that NASH is predominantly responsible for those who ex-
perience a progressive course. Recently, there is increasing evi-
dence that NASH can follow a complex course showing periods 
of progression followed by periods of stability or regression. This 
progressive or regressive course of NASH can be influenced by a 
number of patient- related as well as genetic and/or environmental 
factors.11– 13 In a study of paired liver biopsies, it was estimated that 
30% of patients with NASH had progressive fibrosis, while 20% of 
patients showed some regression.13 This progression- regression 
pattern observed in the natural history of NASH could have con-
tributed to high ‘placebo’ rates reported from multiple clinical trials. 
In a meta- analysis using patients from clinical trials of NASH, 25%– 
30% of the patients who received a placebo experienced ‘sponta-
neous’ improvement of NASH activity score (NAS) and 21% showed 
a decrease in their fibrosis stage.11 Although all factors leading to 
progression or regression are not entirely clear, presence of insulin 
resistance, T2DM and visceral obesity portend a higher risk for pro-
moting progressive NASH, while significant weight loss may lead to 
regression of fibrosis among patients with NASH.

Given the dramatic growth in the prevalence of obesity and 
T2DM over the past several decades and the improvements in care 
of viral hepatitis, NAFLD/NASH is rapidly becoming more com-
mon in many regions of the world.8,9 Currently, it is estimated that 
25%– 30% of the global general adult population has NAFLD, while 
3%– 6% may have underlying NASH.1 However, amongst those 
undergoing weight reduction surgeries, the prevalence of NAFLD 
can be over 90%, while over 55% of patients with T2DM have 
NAFLD. Furthermore, 37.3% and 17% of diabetics are estimated 
to have NASH and advanced fibrosis respectively.14 It is import-
ant to note that the prevalence of NAFLD can vary greatly based 

on the diagnostic modality used and this may explain some of the 
heterogeneity of the data reported from different regions of the 
world.15,16

Several studies have the incidence of comorbid conditions asso-
ciated with NAFLD. In this context, one recent meta- analysis deter-
mined that NAFLD is associated with an almost 2.2- fold increased 
risk of incident diabetes and that this risk rises as NAFLD becomes 
severe.17 Another recent meta- analysis reported that NAFLD is 
associated with a 1.5 times increased risk for the development of 
chronic kidney disease (CKD) ≥stage 3 and an almost 1.5- to- 2.0- fold 
increased risk for the development of extrahepatic cancers (GI can-
cers, breast cancer and gynaecological cancers).18,19 Given the im-
portance of these comorbidities on the outcomes of patients with 
NAFLD, additional investigation is needed.

In addition to its association with adverse clinical outcomes, 
NAFLD has been shown to have a negative impact of patient- reported 
outcomes (PROs) such as health- related quality of life, the ability to 
be physically active as well as work productivity20– 28 Furthermore, 
the economic burden of NAFLD has been reported to be quite sub-
stantial especially among those with NASH and fibrosis.29– 34

Finally, despite these substantial clinical, humanistic and eco-
nomic burden, awareness about NAFLD among patients and 
healthcare providers remains low.33– 36 In this context, NAFLD is 
predominantly discovered incidentally and a systematic guideline to 
identify NAFLD patients at high risk of progression in the primary 
care setting is currently lacking. Nevertheless, efforts are underway 
to increase awareness among different stakeholders and provide 
easier methods to risk stratify these patients and identify those who 
are at the highest risk for adverse outcomes, including mortality37– 41 
(Figure 1).

NAFLD BY GLOBAL GEOGR APHIC ARE A S

The prevalence of NAFLD varies greatly according to the geographic 
regions of the world. In a meta- analysis covering data between 1989 
and 2015, it was estimated that about 25% of the adult global popu-
lation have NAFLD with the highest prevalence (31.8%) reported 
from the Middle East and South America and lowest (13.5%) from 
Africa.1 A more recent meta- analysis has suggested that the pooled 
global prevalence of NAFLD is 30.9% using data from 1989 to 2020 
with the highest prevalence in 2019 reported from Middle East and 
North Africa (MENA) regions (42.6%) followed by Latin America 
(34.5%) and Asia at 30.8%. Furthermore, this analysis showed 
that these prevalence rates have increased over time: 1991– 2006 
(24.4%), 2007– 2010 (25.7%), 2011– 2015 (27.9%) and 2016– 2020 
(38.0%).42 These data are similar to those reported from Asia 
suggesting an overall prevalence of 29.6%.43 In addition to these 
meta- analyses, there is evidence from the global burden of disease 
database (GBD) suggesting growing burden of NAFLD across the 
world.8 In fact, a recent study using GBD data suggests the highest 
burden of NAFLD being observed in Asia, Middle East and North 
Africa regions.44
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COUNTRY- SPECIFIC PRE VALENCE OF 
NAFLD

As noted, Asia is experiencing a significant burden of NAFLD. In this 
context, a study conducted in China suggested a rapid growth in the 
prevalence of NAFLD especially among the younger population and 
this was attributed to dramatic changes in lifestyles.45 The authors 
summarised a meta- analysis of 392 studies comprising 2,054,554 
individuals. The study showed that the prevalence of NAFLD in 
China is 29.2%, with a larger disease burden among the middle- 
aged males (32.9%), those living in the northwest China (33.8%) 
and Taiwan (39.9%) and regions with a gross domestic product per 
capita >100,000 yuan (32.1%) as well as the Uygur (46.6%) and Hui 
(53.8%) ethnic groups. They also found a rapidly increasing NAFLD 
prevalence from 2008 to 2018 (25.4%– 32.3%) which corresponded 
to a reported incidence rate of 5.0% with a higher rate among those 
younger than 45 years of age (5.0% vs 4.6% >45 years), among males 
(12.0%), in northern China (9.0%) and health check- up centres (5.5%). 
Due to these rapid increases in NAFLD, the authors suggest that 
the Chinese population may have a higher hereditary predisposition 
to NAFLD related to non- synonymous mutations (single- nucleotide 
polymorphism [SNP]) in the lipid metabolism- regulating genes.45

In a separate study from Japan, the prevalence of NAFLD was 
shown to have increased over twofold as compared to the 1990s 
(13% to 25%– 35%). Furthermore, these authors also estimated the 
prevalence of NASH in Japan ranging between 1.9% and 2.7%.46

Finally, a meta- analysis from South Korea also reported similar 
findings with the overall prevalence of NAFLD being reported to be 

around 31.5% with 52% of NAFLD patients with liver biopsy hav-
ing histological evidence of NASH.47 These rates are similar to those 
reported from the GOASIA study suggesting that the prevalence 
of NASH in patients with biopsy- proven NAFLD was greater than 
60%.48

In addition to the data reported from East and South East 
Asia, the prevalence of NAFLD has also been reported from South 
Asia.2,48,49 In this context, the pooled prevalence of NAFLD in India 
is reported at 38.6% with rates ranging between 28.1% and 52.8% 
depending on the risk profile of the patient population49 Similarly, 
data from the urban areas of Sri Lanka suggest a prevalence rate of 
around 32.6%.50

As previously noted, the disease burden of NAFLD is highest 
in MENA regions. In this context, the overall prevalence of NAFLD 
in the Middle East can be as high as 40%. In fact, the prevalence 
of NAFLD in Kuwait, Saudi Arabia, South of Iran and North of Iran 
was reported as 33.3%, 16.6%, 21.5% and 43.8% respectively.51,52 
Additionally, the prevalence of NAFLD in Israel is 30%.53 Most strik-
ing data come from Turkey with an overall prevalence of 48.3%, with 
the highest prevalence rates in people older than 50 years (65.6%), 
men (64.0%) and in individuals with a body mass index (BMI) >25 kg/
m2 (63.5%).54

Unlike the prevalence rates from other regions of the world, the 
prevalence data from the rest of the African continent remain ex-
tremely limited. Nevertheless, a recent study completed in Nigeria 
found the overall prevalence of NAFLD was 8.7%, while the rate re-
ported for Sudan was 20%.55,56 Although these data are consistent 
with previous reports, additional investigation is needed.1

F I G U R E  1   The epidemiologic burden of NAFLD around the world
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In Europe, the prevalence of NAFLD is around 24%.1 Greece re-
ports a NAFLD prevalence of 41%, while Spain reports a prevalence 
of NAFLD to be 33% in men and 20% in women.57,58 In Australia, the 
prevalence of NAFLD has been reported to be 20%– 30% and is now 
the most common liver disease.59 In New Zealand, the prevalence of 
NAFLD was reported to be only 13%.60 Data are lacking for the other 
areas of the Pacific, including Micronesia, Melanesia and Polynesia, 
but if the prevalence rates of T2DM and obesity are any indication, 
these countries will soon have a high burden of NAFLD.61,62

Finally, in the Americas, data from Central and South America are 
not only scarce but also affected by heterogeneity in diagnostic meth-
ods. However, a recent meta- analysis completed in Latin American 
reported that the prevalence of NAFLD in the general population 
ranged from 14.3% to 35% for an overall prevalence of 24% but in 
special population, the NAFLD prevalence can be as high as 68%.63

In North America, the overall NAFLD prevalence has been cited 
as 24.13% where the prevalence of NAFLD in the United States 
ranges between 18.8% and 40%, while the prevalence for Canada is 
estimated to be around 24.7%.65

Given that NASH is only diagnosed through a liver biopsy, the 
prevalence of NASH at the population level is difficult to ascertain. 
Nonetheless, the current estimates suggest the prevalence of NASH 
in the general population is approximately 5%– 6%.1,16 In addition to 
the estimates from the meta- analysis, modeling studies have also es-
timated the prevalence of NASH in different countries. In one such 
study using data from eight countries (China, France, Germany, Japan, 
Spain, United Kingdom, the United States and Italy), the prevalence of 
NASH was estimated to range from 2.4% (China) to 5.3% (the United 
States). It was also estimated that 13.4% of NAFLD patients from 
China and 20.3% of NAFLD from the United States have NASH. In this 
study, the prevalence of NASH was estimated to be 7.6% in the gen-
eral U.S. population, followed by 6.3% for Italy and 3.4% for Japan.66

In a separate analysis using similar modeling techniques, the 
prevalence of NASH in Saudi Arabia and United Arab Emirate (UAE) 
was estimated to be 4.2% and 4.1% respectively. Furthermore, it was 
estimated that 16% of NAFLD had NASH.52 It was also estimated 
that the prevalence of NASH in these countries is expected to in-
crease between 87% and 96% to greater than 6%.52 In addition to 
these studies, modeling data for Switzerland, Canada and Australia 
have shown similar and increasing burden.67– 69

NAFLD PRE VALENCE ACCORDING TO AGE

The general consensus is that the prevalence of NAFLD increases 
with age. The peak prevalence of NAFLD has been noted to be be-
tween ages 50 and 60 years old in males (29.3%).70 Although the rates 
are lower in women, the rates increase after menopause whereby the 
prevalence rate among women is reported to be 21.6% for those be-
tween 51 and 60 years old which then increases to 25.4% for those 
older than 60.70,71 Specifically, the prevalence rate for NAFLD among 
males is reportedly 16.1% for those aged 30– 40 years old, 22.3% in 
those aged 41– 50 years old, and 27.6% in those over 60 years old.72 For 

women, the prevalence of NAFLD is reportedly 12.5% for those aged 
30– 40 years old and 16.1% in those aged 41– 50 years old.72 Another 
study using NHANES data to determine the NAFLD prevalence in the 
elderly reported that the prevalence rates from NAFLD were 40.3% 
for those aged 60– 74 years old and 39.2% for those aged > 74 years 
old.73 While these associations between the prevalence of NAFLD 
and ages are primarily reported for the United States, other countries 
report similar trends. For example, China reports that almost 33% of 
their NAFLD cases are between the ages of 50– 59 years old, while a 
study from Taiwan found that as those with severe steatosis were on 
average 57 years old compared to those with mild steatosis who were 
on average 45 years old.74,75 More research on NAFLD prevalence 
rates by age group are needed across the globe.

However, given the increase in obesity and diabetes within the 
younger population, several studies have quantified NAFLD preva-
lence for the younger age groups.76– 86 As such, one study reported that 
approximately 8%– 10% of children aged 2– 19 years old have NAFLD 
with a prevalence rate of approximately 26% in those considered 
obese.77 In a study using autopsy data from children (aged 2– 19 years 
old) who died in New York city between 2005 and 2010, investiga-
tors found a 4.5% prevalence of NAFLD with 1.7% having NASH.86 
By ethnicity, White and Hispanic children had the highest percentages 
of NAFLD at 8.3% and 7.9%, while black children accounted for only 
1%. Having a higher BMI z score, being white or Hispanic accounted 
for having higher odds for NAFLD when compared to black children.86

NAFLD PRE VALENCE ACCORDING TO SE X

There are sex differences in the prevalence of NAFLD. Generally, 
men appear to be at a higher prevalence of NAFLD than women 
especially when compared to non- menopausal women. After 
menopause, women lose the protective effect of oestrogen and 
experience similar prevalence rates87,88 These differences in the 
prevalence of NAFLD among men and women are seen globally and 
among children and adolescents.1,86– 90

Interestingly, there is some suggestion that female patients with 
NAFLD experience more severe disease than males. In a recent 
meta- analysis investigating gender and the risk and progression of 
NAFLD, the researchers found that women 50 years and older were 
17% more likely to develop NASH and 56% more likely to develop 
advanced fibrosis as compared to males of similar ages.91 However, 
these gender differences have not been supported by other studies 
and in fact, reports continue to show rates appear to be higher in 
males and younger boys.1,2,6,92

NAFLD PRE VALENCE ACCORDING TO 
ETHNICIT Y

Ethnicity also appears to play a considerable role in the development 
of NAFLD. In the United States, the prevalence of NAFLD varies ex-
tensively by ethnicities.39,93– 96 One study using data from NHANES 
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cycle 2011– 2016 in which they determined the presence of NAFLD by 
the United States fatty liver index (USFLI) and the presence of fibrosis 
by the NAFLD fibrosis score (NFS) cited the overall NAFLD prevalence 
was 32.6%. The highest prevalence was among Mexican Americans at 
48.4% and lowest in non- Hispanic Blacks (18.0%) and Asians (18.1%), 
while non- Hispanic whites had a prevalence of 33% and Hispanics 
outside of Mexican Americans had a prevalence of 32%. However, a 
disturbing finding was that despite having the lowest prevalence of 
NAFLD, non- Hispanic Blacks (28.5%) had the highest prevalence of 
advanced fibrosis, while non- Hispanic Asians had the lowest (2.7%).39

Another study from the United States also used NHANES data-
set (2017– 2018) and defined NAFLD by FibroScan®- controlled 
attenuation parameter (CAP) values. In this study, the overall preva-
lence of NAFLD was noted to be significantly higher than previously 
reported at 47.9%.93 According to the ethnic background of the sub-
jects, the highest prevalence was reported for Mexican Americans 
(46%) followed by non- Hispanic whites at 32.1%, Hispanics at 29.9% 
and non- Hispanic Blacks at 22.7%.93

These prevalence rates have been confirmed in other studies 
conducted within the United States where Mexican Americans had 
the highest NAFLD prevalence rates and non- Hispanic blacks had 
significantly lower rates.94 In another study using NHANES data-
set (2011– 2016) and defining NAFLD by the USFLI, the prevalence 
of NAFLD among Asian Americans was 18.3%, while the rate was 
28.4% among non- Hispanic whites.95

Interestingly, investigators using the United States of America's 
Multiethnic Cohort (MEC) study, provided NAFLD prevalence rates 
among U.S. minorities (Japanese Americans, Whites, Latinos, African 
Americans and Native Hawaiians) with CLDs. These investigators re-
ported that over 50% of all CLDs were accounted for by NAFLD.96 
According to ethnicity, 63.6% of Japanese Americans had NAFLD, 
followed by 57.8% of Native Hawaiians, 45.6% of Latinos, 40.7% of 
whites and 39.2% of African Americans. NALFD was also the most 
common cause of cirrhosis accounting for over 32% of cases. In this 
context, NAFLD accounted for 32.3% of cirrhosis cases in Japanese 
Americans, 31.5% in Native Hawaiians and 31.9% in Latinos. On the 
other hand, alcohol- related liver disease was more common among 
Whites (38.2%) and HCV (29.8%) was most common for African 
Americans. Nevertheless, NAFLD accounted for 29.2% of cirrhosis 
cases among African Americans.96

The impact of ethnicity on the prevalence of NAFLD has also been 
reported from other countries. In a meta- analysis from China, the high-
est NAFLD prevalence of 53.8% was reported for the Hui followed by 
the Uygur at 46.6%, Taiwan at 39.9% and northwest China at 39.9%.45

NAFLD IN THE SUBPOPUL ATIONS 
ACCORDING TO T2DM, WEIGHT, MS, 
INCOME

Although the prevalence of NAFLD and NASH are quite high in the 
general population, they are even higher in those with T2DM and very 
obese subjects undergoing bariatric surgery. In a systematic review 

of studies including 222,816 patients with T2DM from 25 countries, 
the overall global prevalence of NAFLD among patients with T2DM 
was 61.1%.14 The prevalence of NASH among those with diabetes 
and NAFLD was found to be as high 64.0%. Furthermore, the preva-
lence of advanced fibrosis (fibrosis, ≥F3) was also found to be high at 
10.4%.14 In a study from China, the prevalence of NAFLD among those 
with T2DM was 51.8% as compared to 30.8% in non- diabetics.97

Although, T2DM is more commonly associated with NAFLD, 
there is some evidence that NAFLD can also be seen among those 
with type 1 diabetes. A meta- analysis of studies conducted for those 
with type 1 diabetes found an overall pooled NAFLD prevalence of 
19.3% (22.0% in adults and 7.9% in children/adolescence). However, 
the overall prevalence varied substantially by method used to diag-
nose NAFLD such that the pooled prevalence by ultrasound was the 
highest at 27.1% followed by liver biopsy at 19.3% compared magnetic 
resonance imaging at 8.6% and transient elastography at 2.3%.98 This 
data suggest that type 1 diabetics are also becoming overweight and 
a number of studies suggest high prevalence of MS.98

As noted previously, NAFLD is closely linked to obesity. In a study 
conducted among morbidly obese patients undergoing weight re-
duction surgery, the prevalence of NAFLD was found to be 95%.99 In 
the same meta- analysis study from China, the prevalence of NAFLD 
among those with obesity was 66.2% compared to only 11.7% in 
those of normal weight or less.97

Interestingly, the higher prevalence of NAFLD was also found 
in the areas with a higher gross domestic product within China 
(GDP).97 However, in other global studies, low socioeconomic sta-
tus (SES) has been associated with NAFLD.100 Greater sugar sweet-
ened beverage consumption, increased rates of insulin resistance 
and T2DM as well as poorer sleep (all risk factors associated with 
NAFLD) are associated with lower SES.101– 107 In a study conducted 
within a paediatric population, children from a lower SES incurred 
an earlier onset of NAFLD but the severity of NAFLD was the same 
across all SES levels findings which may help in risk stratification in 
the future. Another study among children, prospectively followed 
the children into adulthood and found that those who came from 
a lower SES were associated with the development of fatty liver in 
adulthood.108 Amongst a study in the United States using NHANES 
2017– 2018 data, investigators found that level of education was in-
versely related to the prevalence of NAFLD such that the prevalence 
of NAFLD among those with a college degree was 25% compared to 
those with some college at 32%.109 Although income was not found 
to be associated with the prevalence of NAFLD, attainment of more 
education is associated with a higher income which does allow for 
healthier eating and more exercise opportunities.109 A higher edu-
cation also provides for a better understanding of the interrelation-
ship between diet, exercise and chronic disease development.110

LE AN/NON-  OBESE NAFLD

Although NAFLD is associated with obesity, NAFLD can also be 
observed in those considered non- obese or ‘lean’.46,111– 119 In a 

 13652036, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.17158 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [20/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



     |  947Henry et al.

recent meta- analysis, the prevalence of lean NAFLD was noted 
to be 5.1% in the general population (non- obese was 12.1%), but 
among those with NAFLD, about 19.2% were considered lean 
(non- obese 40.8%).113 As reported in other studies, compared to 
those without NAFLD, those with lean NAFLD have higher odds 
for having MS and its components.3,4 However, when they are 
compared to those with obese NAFLD, these abnormalities were 
less severe. In addition, those with lean NAFLD seem to have less 
severe histologic findings, including hepatocyte ballooning, lobular 
inflammation, NAFLD activity score and fibrosis stage suggesting 
that lean NAFLD is a distinct entity with metabolic, biochemical and 
inflammatory abnormalities compared to healthy subjects.111 These 
results were confirmed in another meta- analytic study; however, 
these investigators reported a lower global prevalence of lean 
NAFLD at 4.1% with an overall prevalence of NAFLD was 9.7%.115 
In a longitudinal study of lean patients with NAFLD, lean NAFLD 
was followed for 19.9 years (12,631 person- years). Although had an 
almost three times higher risk for severe liver disease than obese 
NAFLD, there is no difference in mortality.116 In contrast, a study of 
483 patients with biopsy- confirmed NAFLD conducted in the Unites 
States reported that lean (BMI <25 kg/m2) patients had higher all- 
cause mortality than non- lean patients during a follow- up of 11 years. 
In fact, the investigators found that the even after adjustment for 
potential confounders, lean NAFLD was an independent risk factor 
(HR: 11.8) for higher all- cause mortality.117 In another recent study 
from France, the prevalence of lean NAFLD was 5.3%. These patients 
had significantly worse outcomes than those with obese NAFLD.118 
In contrast to these studies, a study from Hong Kong suggested 
milder course for lean NAFLD patients who were followed for 49 
months. Due to the relatively short duration of follow- up more long- 
term outcomes data need to be collected.119

Another recent meta- analysis also looked at the incidence and out-
comes of those with lean NAFLD.113 Within the NAFLD population, 
19.2% were considered to be lean and 41% were considered to be non- 
obese (lean and overweight). The prevalence of non- obese NAFLD in 
the general population varied from 25% or lower in some countries 
(e.g. Malaysia and Pakistan) to higher than 50% in others (e.g. Austria, 
Mexico and Sweden). As noted, lean or non- obese NAFLD is not a be-
nign condition as in this study among people with non- obese or lean 
NALFD, 39% had NASH, 29% had fibrosis stage ≥2 and 3.2% had cir-
rhosis. The authors also characterised the incidence for all- cause mor-
tality (12.1 per 1000 person- years), for liver- related mortality (4.1 per 
1000 person- years), cardiovascular- related mortality (4.0 per 1000 
person- years), new- onset diabetes (12.6 per 1000 person- years), 
new- onset hypertension (56.0 per 1000 person- years).113 Given the 
complexity of NAFLD among those considered lean further research is 
warranted to understand this spectrum of NAFLD disease.

NAFLD, NA SH FIBROSIS PRE VALENCE

Since the prevalence of NAFLD is high and generally with subtle 
symptomatology, recognising not only those who are at risk for 

NAFLD but especially those at risk of progressive liver disease is 
important. In this context, stage of fibrosis is an important predic-
tor of adverse outcomes. (42,43,127) On the other hand, histologic 
determination of stage of fibrosis by liver biopsy is impractical. 
Therefore, much work has gone into developing simple, blood- 
based non- invasive biomarkers for fibrosis have been developed to 
be routinely collected at the primary care or endocrinology office 
visit.40,121 These tests are important since, as noted, it is the stage 
of fibrosis that is the strongest predictor of mortality.122 In fact, a 
recent study with mortality data found that those with NAFLD at 
high risk for advanced fibrosis (compared to those with NAFLD at 
low risk for fibrosis) were 1.5 times greater risk for all- cause mortal-
ity, almost two times greater risk for CVD mortality, and almost five 
times higher risk for liver- related mortality.123 Another recent study 
investigating the natural history of NAFLD found that the extra mor-
tality associated with NAFLD came mostly from extrahepatic cancer 
and HCC; however, the risk for increased mortality started even in 
the presence of simple steatosis and increased with disease progres-
sion as well as fibrosis progression with the highest risk for mortal-
ity among those with cirrhosis.124 Therefore, identification of those 
with even simple steatosis, but especially those with more advanced 
disease, should be considered for specialty care which may improve 
long- term outcomes.

To provide insight into the prevalence of fibrosis and risk fac-
tors for fibrosis within the NAFLD/NASH population, several stud-
ies using large national databases have reported such results. In a 
cross- sectional study using data from NHANES (2005– 2016) the 
prevalence of NAFLD- related advanced fibrosis doubled in preva-
lence from 2005 with a steady increase noted for Hispanics and non- 
Hispanic whites but not in non- Hispanic blacks.125 Similar studies 
conducted in Asia reported rates of advanced fibrosis among those 
with NAFLD ranging between 4% and 25%.47,48,95 In a study of over 
1000 residents in Cuba, cirrhosis was diagnosed in 3.5% of the pa-
tients at the time of their NAFLD diagnosis.64

MS and its components appear to play a large role in fibrosis pro-
gression. especially among those with advanced fibrosis.6,7,9 A study 
of 863 patients with NAFLD showed that fibrosis stages 3 and 4 
were associated with visceral obesity, diabetes and low high- density 
lipoprotein (HDL) cholesterol, but not triglycerides >150 or arterial 
hypertension. However, there was a significant interaction between 
age and the components of MS where the risk for advanced fibro-
sis in those aged <54 was mostly driven by the presence of visceral 
obesity and diabetes, while for those >54 years, obesity did not af-
fect the severity of fibrosis rather it was the presence of low HDL 
and diabetes which were found to be the main risk factors.126 A re-
cent study from Cuba reported the prevalence of MS among those 
with NAFLD was almost 70% and that the presence of MS increased 
the risk of fibrosis over twofold. However, residing in a rural area was 
found to be the strongest predictor of fibrosis development.127 On 
the other hand, in a paired biopsy study, investigators determined 
the main risk factors for progression were the presence of hyperten-
sion and low AST/ALT ratio rather than diabetes mellitus and obesity, 
findings which will require further study.13
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The prevalence of advanced fibrosis among those with NASH 
and NASH HCC has also been studied and reported to range from 
21% to 50% for patients with NASH and from 44% to 80% of pa-
tients with NASH- HCC.128 The major independent predictors of 
having advanced fibrosis found in global studies were age (OR: 1.11) 
and diabetes (OR: 2.28).129 In a study on the global burden of cirrho-
sis over an almost 30- year period, investigators reported that the 
number of prevalent cases for compensated cirrhosis due to NASH 
doubled over the study period, while the number for decompensated 
cirrhosis due to NASH tripled.114 Another study assessing the bur-
den of NAFLD/NASH- related burden using the same Global Burden 
of Disease database revealed that between 2007 and 2017, cirrhosis 
DALYs due to NAFLD/NASH increased by 23.4%, while liver can-
cer DALYs due to NAFLD/NASH increased by 37.5%.8 Cirrhosis and 
liver cancer have been found to be increasing among young adults 
with NAFLD as well most likely due to the increasing prevalence of 
obesity and T2DM within this group but further study on actual pre-
dictors is needed.130

In a cross- sectional study of metabolically healthy and unhealthy 
persons, investigators used the NAFLD fibrosis score (NFS) to de-
termine the severity of liver fibrosis.116 Among a group of 246 pa-
tients with NAFLD diagnosed with ultrasound, investigators again 
found that regardless of being considered metabolically healthy or 
unhealthy, it was the presence of a higher percentage of body fat and 
waist circumference that were significantly associated with worsen-
ing of NAFLD fibrosis score.131

Finally, a meta- analysis from South Korea found that from biopsy 
data, 30.21% of the NAFLD population had moderate- to- severe ste-
atosis, 52.27% had NASH and 85.41% had fibrosis stage <2.48 Such 
findings suggest that the NAFLD and NASH are quite prevalent in 
South Korea with a fairly low fibrosis prevalence; however, over time 
more progression of the disease can occur increasing the disease 
burden.

NAFLD MORTALIT Y BY CIRRHOSIS AND 
HEPATOCELLUL AR C ARCINOMA

Cirrhosis

Liver- specific mortality among patients with NAFLD has been re-
ported to be at a rate of 0.77 per 1000 person- years, while the rate 
is approximately 15 times higher among those with NASH (11.77 per 
1000 person- years).8 This rate was updated with the most recent 
meta- analysis at 1.65 per 1000 person- year.47 Overall mortality per 
1000 person- years has been reported to be 17.15 per 1000 person- 
years for patients with NAFLD and 25.56 per 1000 years for patients 
with NASH.47

However, despite the presence of NASH (aHR: 9.16), older age 
(aHR: 1.06) and type 2 diabetes (aHR: 2.1) as risks for overall and 
liver- related mortality, the stage of fibrosis again was shown to be 
the prime variable associated with increased mortality.122 In fact, 
the investigators found that for patients with NAFLD and stage F0 

the HR for overall mortality was 1.9 but increased to a HR of 104.9 
for those with F4 (cirrhosis) fibrosis and those with F3- F4 fibrosis 
incurred a threefold higher overall mortality than those without liver 
disease.122

Similar results were found in a meta- analysis where investigators 
quantified the stage of fibrosis with the specific risk of all- cause and 
liver- related mortality in NAFLD.120 The authors reported that when 
patients with NAFLD and no fibrosis (F0) were compared to patients 
with NAFLD and fibrosis, those with fibrosis were at an increased 
risk for all- cause mortality in which the mortality risk increased with 
each stage of fibrosis. In fact, they found that the mortality risk ratio 
(MRR) tripled from FI to F4 (MRR at F1 = 1.58 vs MRR at F4 = 6.40). 
However, the results were more pronounced for the risk of liver- 
related mortality where each increase in fibrosis stage exponen-
tially increased LRM (F1, MRR = 1.41 vs stage 2, MRR = 9.57 vs F3, 
MRR = 16.69 vs F4, MRR = 42.30).120

A study conducted in 2017 found there were 184,905 deaths 
from liver complications due to NAFLD, which translated into an age 
standard rate (ASR) of NAFLD liver deaths of 2.32 per 100,000 per-
sons. As expected, the presence of metabolic risk factors was closely 
associated with NAFLD, such as high cholesterol and high fasting 
blood glucose were associated with NAFLD liver deaths. More dis-
turbingly, a number of dietary factors such as low intake of fruits, 
vegetables, seeds and legumes were also found to be responsible for 
a large number of NAFLD liver deaths.132

Another study using the GBD quantified the number of deaths 
due to cirrhosis.8 They reported that although viral hepatitis on 
the global stage accounted for approximately 30% of the deaths 
between 2012 and 2017, NAFLD accounted for almost 10%. In 
addition, ASDR for cirrhosis- NAFLD also increased demonstrating 
an annual percent change (APC) of 0.3%. During the same time, 
the age- standardised prevalence rate for compensated (33.2%) 
and decompensated cirrhosis (54.8%) due to NASH increased 
more than for any other cause of cirrhosis for the study period of 
1990– 2017.8

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is an important complication of 
CLD and NAFLD and is now the third- leading cause of cancer death 
worldwide due to its very poor prognosis.133 As a result, incidence 
and mortality rates are roughly equivalent. In 2018, the estimated 
global incidence rate of liver cancer per 100,000 person- years was 
9.3, while the corresponding mortality rate was 8.5.134 In patients 
with NAFLD, the annual incidence of HCC has been reported to be 
1.8 cases per 1000 person- years with an overall mortality rate of 
5.3 deaths per 1000 person- years.113 Others have reported NAFLD 
increasing annually by 1.42% from 2012 to 2017 with the age- 
standardised death rate (ASDR) for NAFLD and liver cancer also in-
creasing over the same period.8 In a study using data from the GBD, 
the authors found in 2019 that the burden of CLD and liver cancer 
was driven by increases in NAFLD and ALD.135
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In another study using data from the United States, the same 
authors reported that over a 10- year period (2007– 2017), ASDR 
and age- standardised years of life lost (ASYLLR) from HCC in-
creased significantly due to ALD and NAFLD.136 Similar reports 
have come from the Middle East and North Africa (MENA) region 
where investigators studied liver complications (LC, cirrhosis and 
liver cancer) and reported that Asia accounted for 48.3% of the 
global incidence of LC- NAFLD and for 46.2% of deaths attribut-
able to LC- NAFLD, while the MENA regions accounted for 8.9% 
of the global incidence of LC- NAFLD and 8.6% deaths attributable 
to LC- NAFLD.44 HCC related to NAFLD and NASH in Japan is the 
most common malignancy and cause of death among patients with 
NAFLD/NASH.137

Since the incidence of NASH- related HCC is growing as well as 
being found to develop in those who have not developed fibrosis, 
preventive measures to curb the damaging outcomes in this group of 
liver disease patients are important.120,122,138 As discussed in prior 
reports improving dietary intake, increasing physical activity and 
controlling metabolic risks continue to be the cornerstones of treat-
ment and prevention.15,16

NAFLD AND C ARDIOVA SCUL AR 
MORTALIT Y

Although HCC carries a very high mortality, many patients with 
NAFLD/NASH die from other causes most commonly cardiovascular 
disease (CVD) given the shared metabolic risk for CVD and NAFLD. 
It has been estimated that 5%– 10% of patients with NAFLD die from 
CVD and have a twofold increase in risk for CVD.139,140 In a recent 
meta- analysis, about one- third of deaths among NAFLD can be re-
lated to CVD deaths.14 It appears that the presence of T2DM, very 
low- density lipids, hepatic overproduction of glucose, inflammatory 
factors, C- reactive protein, coagulation factors and insulin resist-
ance factors, all common in patients with NAFLD, increase the risk 
of death from CVD.139,140 However, recent data suggest that stage 
of fibrosis may also be associated with CVD even in the presence 
of cardiometabolic risk factors.141 As such, recent studies have sug-
gested that the underlying pathophysiology that hastens the devel-
opment of fibrosis in NAFLD may also promote the development of 
CVD.142– 144 Despite these data, further research on this linkage is 
needed.

Several studies have attempted to quantify the prevalence of 
CVD- related death among those with NAFLD. In the United States 
using mortality data from the National Vital Statistics System 
multiple- cause mortality data (2007– 2016), researchers found that 
decedents with NAFLD accounted for 1.4% of deaths for all adults 
aged 20 years and older.145 Although cirrhosis was noted as the top 
cause- specific death, CVD was second with the top contributary 
causes of death noted as renal disease, diabetes mellitus and hyper-
tension. Women, non- Hispanic whites and non- Hispanic subgroups 
Mexicans and Asian Indians were the groups noted to experience 
the highest increases in deaths.145

In a systematic review and meta- analysis, researchers investi-
gated the relationship of CVD and NAFLD.142 Interestingly, in this 
study, the researchers found that although NAFLD was not related 
to all cause or CVD mortality, NAFLD was associated with both the 
prevalence and incidence of coronary heart disease, atherosclero-
sis and hypertension, suggesting that NAFLD is associated with an 
increased risk for major adverse cardiovascular events.142 Findings 
from this study were further enhanced in a more recent meta- 
analysis where investigators found that those with NAFLD were 
at 1.5 times higher long- term risk for fatal or non- fatal CVD events 
especially in those with advanced liver disease and higher fibrosis 
stages.146

The presence of body fat especially visceral body fat on adverse 
outcomes among those with NAFLD was recently validated in study 
using NHANES data.147 Investigators for this study validated the 
importance of waist circumference in affecting adverse outcomes. 
They determined that those who were considered lean by BMI but 
with an increased waist circumference incurred a higher risk for all- 
cause mortality similar to those with an obese BMI. They also found 
that those with a normal BMI and an increased waist circumference 
were at a higher risk of cardiovascular mortality compared with 
those considered overweight by BMI with normal a normal waist 
circumference.147

E X TR A HEPATIC C ANCER AND NAFLD 
MORTALIT Y

More recent evidence suggests that extrahepatic cancers may also 
be more common among NAFLD and could play a more significant 
role in the mortality of NAFLD patients. In a recent study conducted 
in Sweden where the investigators were able to follow patients with 
NAFLD through their extensive health record database system, 
reported that those with NAFLD incurred a two times excess rate 
of deaths compared to those without NAFLD with the majority of 
excess deaths due to extrahepatic cancers.124 In this light, a study 
looked at the association of colorectal cancer (CRC), mortality and 
NAFLD. Among 3262 patients with CRC, there were 451 deaths 
that occurred in the up to 10 years of follow- up. Those with NAFLD 
compared to those without NAFLD had 1.6 times increased risk for 
overall mortality and a 1.9 times increased risk for CRC- related mor-
tality in which neither morality was influenced by sex, stage, tumor 
location, presence of obesity or smoking status. These results do 
suggest that those with CRC and NAFLD have a worse prognosis.148

In a recent meta- analysis, researchers determined that NAFLD 
was significantly intertwined with extrahepatic cancers. From 
their analysis, they determined that the odds of developing CRC 
in patients with NAFLD were almost doubled, while the odds for 
developing intrahepatic cholangiocarcinoma and extrahepatic chol-
angiocarcinoma in patients with NAFLD were increased 2.5 times 
compared to those without NAFLD. The odds of developing breast 
cancer gastric cancer, pancreatic cancer, prostate cancer and oe-
sophageal cancer were also found to be significantly increased.149 
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However, another study from Sweden found that the presence of 
NAFLD was only modestly associated with increased rates of pan-
creatic cancer, kidney/bladder cancer and melanoma but no other 
cancers.150 Similar to the association of CVD with NAFLD, further 
research is needed to determine the most influential causes of death 
once all competing causes are better understood.

INCIDENCE OF NAFLD, NA SH AND 
FIBROSIS

Studies on the incidence of NAFLD are sparse partly due to the length 
of time the disease takes to progress for those who do experience 
disease progression. In a meta- analysis, the researchers reported that 
there was an overall incident rate of 44.6 cases per 1000 person- years, 
86.2 cases per 1000 person- years in those considered obese and 22.8 
per 1000 person- years in those considered non- obese.1 Another such 
study found that during 348,193.5 person- years of follow- up, 10,340 
participants developed NAFLD which provided an incidence rate of 
29.7 per 1000 person- years. In this same study, the investigators 
found that those who were overweight were at two times the risk 
for developing NAFLD, while those considered obese were at almost 
four times the odds.43 Whereas another study found that the incident 
of NAFLD during a median follow- up period of 4.7 years was 0.3% 
(12,86,121,049), but the reported odds for incident NAFLD among 
those overweight or obese were 1.5 times what was reported by the 
previous study (aHR: 3.32; aHR: 6.92 respectively). The presence of 
metabolic risk factors further increased the risk of developing NAFLD 
by at least two times even among those with normal weight.151

In a meta- analysis, researchers reported several incident rates 
for the progression of fibrosis, NASH, HCC and mortality. They 
found that the proportion of those with NASH who experienced fi-
brosis progression was almost 41%, while the mean annual rate of 
progression for NASH was 0.09%. HCC incidence among NAFLD 
patients was 0.44 per 1000 person- years with a range of 0.29– 0.66 
per 1000 person- years. Liver- specific mortality among those with 
NAFLD was reported as 0.77 per 1000 person- years with a range of 
0.33– 1.77 compared to 11.77 per 1000 person- years with a range 
of 7.10– 19.53 per 1000 person- years for those with NASH. On the 
other hand, overall mortality among those with NAFLD was found 
to be 15.44 per 1000 person- years with a range of 11.72– 20.34 per 
1000 person- years and for NASH it was 25.56 per 1000 person- 
years with a range of 6.29– 103.80 per 1000 person- years.1

In a recent meta- analysis for Asia, the pooled annual NAFLD inci-
dence rate was reported to be 50.9 cases per 1000 person- years with 
a range of 44.8– 57.4 per 1000 person- years. In patients with NAFLD, 
the annual incidence of hepatocellular carcinoma was reported as 
1.8 cases per 1000 person- years with a range of 0.8– 3.1 cases per 
1000 person years. The reported mortality rate was 5.3 deaths per 
1000 person- years.43 Although similar incidence rates were reported 
from a meta- analysis for Japan for overall mortality among those with 
NAFLD, the incidence of NAFLD was 5.9 per 1000 person- years with 
a reported six times greater incidence rate of HCC at 7.6 per 1000 

person- years.46 In China, the NAFLD incidence has been reported to 
be 56.7 (95% CI 47.4– 66.8) per 1000 person- years with an overall 
mortality rate of 7.3 (3.3– 12.7) per 1000 person- years.45

South Korea's health care system is set up such that the majority 
of the adult population undergo annual physical exams which allow 
for more longitudinal studies.117 As such, a recent meta- analysis pro-
vided incidence rates for the development of NAFLD, overall mor-
tality and for new onset comorbidities. The authors reported that 
the incidence (per 1000 person- years) of NAFLD was 42.8 overall 
with an all- cause overall mortality of 2.6 (1.3 if without malignancy) 
per 1000 person- years. The incidence rates (per 1000 person- years) 
were quite substantial for the new- onset T2DM, hypertension, CVD 
and chronic kidney disease which were reported to be 16.9, 47.9, 
100.6 and 13.9 respectively.47

The incidence of NAFLD in the non- obese population (without 
NAFLD at baseline) was 24.6 (95% CI 13.4– 39.2) per 1000 person- years. 
These rates, though lower, are still worrisome given this is a population 
not heavily associated with the development of NAFLD, but does help 
raise awareness about the potential prevalence of NAFLD across the 
general population and not just those considered to be obese.113

PAEDIATRIC NAFLD

NAFLD in children is also associated with metabolic co- morbidities 
which include type 2 diabetes, sleep disorders, osteoporosis, vitamin 
D deficiency, hypertension and dyslipidaemia.82 However, there is 
evidence for familial clustering of NAFLD. In fact, as many as 27% of 
cases of NAFLD may be related to familial clustering which suggests 
a genetic predisposition for development and progression of NASH.82 
More research studying NAFLD in children and families is warranted.

LIVER TR ANSPL ANTATION AND NAFLD

NAFLD and NASH are rapidly becoming a major indication for liver 
transplantation in the United States.152– 155 A recent analysis of the 
US Scientific Registry of Transplant Recipients from 2012 to 2016 
found that NASH was the fastest increasing indication for liver 
transplantation among those listed, positioning NASH to become 
the most common cause for liver transplantation in the near fu-
ture.152,153 Additionally, another study of the same dataset restrict-
ing the analysis to those listed for liver transplantation for HCC 
showed that NASH is the fastest growing indication for being listed 
for HCC.153 Most disturbing, though, is that patients with NASH are 
least likely to be surveyed for the development of HCC and the most 
likely to die while awaiting a liver transplant.155

FUTURE PROJEC TIONS

Given that the global epidemic of NAFLD appears to be increasing at 
the same rate as epidemics of obesity and diabetes, researchers have 
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used mathematical modeling analyses to estimate the future disease 
burden associated with NAFLD. Their results indicate if the prev-
alence of obesity and diabetes level off from 2016 through 2030, 
there will be only a modest increase in the total number of NAFLD 
cases (increases of 0%– 30%). On the global stage, China is expected 
to have the largest increase in prevalence of NAFLD due to its rapid 
urbanisation. The worldwide prevalence of NASH is expected to in-
crease from 15% to 56%, with liver mortality and advanced liver dis-
ease doubling as the population ages. Europe and Germany currently 
have one of the highest prevalence of NAFLD (2016), but by 2030, 
Italy is expected to outpace Germany, while France is expected to 
have the lowest prevalence rate. The largest number of cases is es-
timated to occur in individuals 55– 59 years old, followed by persons 
50– 54 years old.52,66– 69

The same researcher also provided estimates for NASH with ad-
vanced disease and reported that by 2030 the highest prevalence of 
NASH with advanced disease will be found in Spain (29.5%), while 
China will have the lowest (6.5%) and the United States will have a 
reported prevalence of NASH with advanced liver disease of 21%.66 
However, as more studies are released on the current status of 
NAFLD worldwide, these rates may be higher than projected.

CONCLUSIONS

Due to the increasing prevalence of obesity and T2DM in children 
and adults, along with the world's ageing population, the prevalence 
of NAFLD and its adverse disease outcomes is increasing. NAFLD 
decreases patients’ health- related quality of life and causes a signifi-
cant economic burden. Although agents are being tested in clinical 
trials for their ability to reverse the effects of fatty liver, the only 
proven treatments are weight loss and increased physical activ-
ity, which are hard to sustain especially if the social determinants 
of health are not part of the comprehensive treatment plan. Global 
awareness programmes are needed so worldwide strategies can be 
instituted to change the course of disease.
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