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�Epidemiology of NAFLD in North 
America and Europe

Prevalence  The epidemiology of NAFLD in the 
USA and Canada (North America) is similar, and 
the rates from these two countries can be inter-
changeable [1–7]. The data from the USA esti-
mates that 27–34  % of the general population 
have NAFLD while 75–92  % of the morbidly 
obese individuals have NAFLD [8]. Additionally, 
prevalence of NAFLD patients with type 2 diabe-
tes is high with a prevalence rate estimated to be 
between 60 and 70 % [9]. As the prevalence of 
obesity and metabolic conditions increased over 
the past two decades, the prevalence of NAFLD 
continues to rise [6, 10].

In the USA, there are ethnic differences for 
the prevalence of NAFLD. In fact, the prevalence 
of NAFLD among European-Americans is 33 %, 

while it is 45 % in Hispanic Americans and 24 % 
in African Americans [3–7]. These data seem 
consistent from different studies from the USA 
reporting the highest prevalence of NAFLD in 
Hispanic Americans and lowest prevalence in 
African Americans [3–7].

Similar to North America, the prevalence of 
NAFLD in Europe is also very high. In fact, one-
fourth of the general European population may 
have NAFLD with the prevalence rates reported 
as low as 8 % from Romania and up to 45 % from 
Greece [7, 11–13]. Although not entirely clear, 
the wide range of prevalence rates is most likely 
due to the NAFLD definitions and the diagnostic 
modalities used [14, 15].

Again, similar to the US patients with diabe-
tes, prevalence of NAFLD in the European 
patients with diabetes is also high ranging 
between 42.6 and 69.5 % [16]. Furthermore, the 
prevalence of NAFLD in patients who meet the 
criteria for metabolic syndrome rate has been 
estimated to be about 79 % [17] (Table 2.1).

Incidence  There is no precise data on the inci-
dence rates for NAFLD in North America or 
Europe. This is partly due to the fact that NAFLD 
is usually a silent disease discovered incidentally. 
Nevertheless, given that the prevalence of obesity 
in adult Americans has almost doubled since the 
early 1960s (1962—48 % vs. 2010—75 %), the 
incidence of NAFLD in the USA has almost cer-
tainly increased [32, 33].
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Table 2.1  Prevalence of NAFLD in the USA and Europe

Author, year Country Population
Sample  
size (n)

Prevalence of 
NAFLD (%) Mode of diagnosis

Ref. 
No.

Price, 2014 USA HIV+ and 
HIV− men in the 
Multicenter AIDS 
Cohort Study.

N = 719
n = 254 
HIV-men 
n = 465 
HIV + men

Overall-15 %
HIV− = 19 %
HIV+ = 13 %

Fatty liver was 
defined as a 
liver-to-spleen 
attenuation ratio < 1 
on non-contrast 
computed 
tomography (CT).

[18]

World 
Gastroenterology 
Organization Global 
Guidelines, 2012

USA A representative 
sample of the US 
population

NA General 
population 
27–34 %
Morbid obesity 
75–92 %
European-
Americans 33 %
Hispanic 
Americans 45 %
African 
Americans 24 %

A variety of 
sources not 
reported

[19]

Ruhl, 2003 USA NHANES III 
(1988–1994)

5724 5.9 % ALT > 43 U/L [20]

Clark, 2003 USA NHANES III 
(1988–1994)

15,676 10.3 % ALT > 40 U/L and 
AST > 37 U/L for 
men and AST > 31 
U/L for women

[21]

Browning, 2004 USA Dallas Heart 
Study

734 (non 
Hispanic 
white 
only)

33 % Hepatic 
triglyceride 
content >5.5 %

[5]

Ioannou, 2006 USA NHANES 
(1999–2002)

6823 9 % ALT > 43 U/L or 
AST > 40 U/L

[22]

Lazo, 2013 USA NHANES III 
(1988–1994)

12,454 19 % Ultrasound [23]

Schneider, 2014 USA NHANES III 
(1988–1994)

4037 25.1 % Ultrasound [6]

Giday, 2006 USA Local clinic data 320 19 % Liver biopsies [24]

Williams, 2011 USA Cohort of middle 
age patients at 
large hospital

328 46 % Ultrasound [25]

Bedogni, 2005 Italy Dionysos Project 3345 20 % Ultrasound [26]

Radu, 2008 Romania Cohort of 
hospitalized 
patients

3005 20 % Ultrasound [27]

World 
Gastroenterology 
Organization Global 
Guidelines, 2012

Europe A representative 
sample of the 
European 
population

NA 20–30 % A variety of 
sources not 
reported

[1, 
19]

Gastaldelli et al., 
2009

14 EU 
countries

Healthy subjects 
between 30 and 60 
years

1400 33 % Fatty liver index [28]

Haring, 2009 Germany Subjects aged 
20–79

4160 30.4 % Ultrasound [29]

Zois, 2010 Greece Subjects aged 
3–98 years old

498 31 % Autopsy [30]

Caballeria, 2010 Spain Individuals aged 
15–85 years old

773 33.4 % Ultrasound [31]
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Parallel to the increase of obesity in North 
America, the rate of obesity in European coun-
tries has also increased. In 2008, the rate of obe-
sity throughout Europe was estimated to be 
15.5 % with another 34.6 % of general popula-
tion recorded as being overweight [19]. It is 
important to note that there may be some geo-
graphic difference in rates of obesity in Europe. 
In fact, the prevalence of obesity was found to be 
highest in Hungary (28.5 %), the UK (26.1 %), 
and Ireland (23.0 %) followed by Malta (22.7 %), 
Luxembourg (22.7 %), and the Czech Republic 
(21  %) with lowest rates being reported from 
Romania (8.5 %), Switzerland (8.7 %), Norway 
(10  %), and Italy (10.2  %). Given that these 
prevalence rates for obesity throughout Europe 
are increasing, the incidence of NAFLD in 
Europe is expected to rise. Despite this paucity 
of data on the incidence of NAFLD in North 
America and Europe, the rates from outside 
these two areas have been estimated to be around 
10 % per year [34].

�Risk Factors

�Age, Gender, and Ethnicity

Clinical characteristic of patients with NAFLD 
are similar in North America and Europe [31, 
33–43]. The average age of NAFLD patients in 
North America and Europe is 40–50 years old. 
Contrary to the initial description of NASH, the 
majority (60–70 %) of patients with NAFLD in 
the USA are male. Similar gender distribution is 
reported from Europe except for specific coun-
tries such as Lithuania where most of the NAFLD 
patients are reported to be female [10, 35].

As previously mentioned, most (90 %) patients 
with NAFLD are found to be overweight or obese. 
Additionally, age may be associated not only with 
the development of NAFLD but also its progres-
sive form, NASH [36]. In one particular study, 
patients who developed NASH were younger, 
were of Hispanic origin, and had components  
of metabolic syndrome [37]. These findings were 

supported in another study where NAFLD/NASH 
patients were more likely to be male (P < 0.0001); 
have lower hip-to-waist ratios (P = 0.03); were 
less likely to be African American (P = 0.06); and 
had higher levels of alanine aminotransferase 
(ALT; P < 0.0001), aspartate aminotransferase 
(AST; P < 0.0001), and serum triglycerides 
(P = 0.0154), but lower levels of high-density 
lipoprotein cholesterol (P < 0.0001). In this study, 
patients with NAFLD who had moderate to severe 
fibrosis were older (P = 0.0245), were more  
likely to be male (P = 0.0189), were Caucasian 
(P = 0.0382), have diabetes mellitus (P = 0.0238), 
have hypertension (P = 0.0375), and have a lower 
hip-to-waist ratio (P = 0.0077). Furthermore, they 
had higher serum AST (P < 0.0001) and ALT 
(P < 0.0001) levels. After multivariate analysis for 
predicting moderate to severe fibrosis in NAFLD 
patients, the significant independent variables 
were male sex, Caucasian ethnicity, diabetes mel-
litus, and increased AST and ALT levels (model  
P value < 0.0001). Based on these findings the 
investigators developed a predictive model to 
help clinicians identify patients at high risk for 
developing or of having advanced fibrosis. This 
model had a positive predictive value 31.4  % 
(23.9–39.8 %) and a negative predictive value of 
91.0 % (86.7–94.3 %). It is important to note that 
presence of diabetes alone increased the odds of 
having advanced fibrosis 25.41 %. This risk incre-
mentally increased as other metabolic syndrome 
components were added. For example, for patients 
who had diabetes and hypertension, their risk for 
moderate to advanced fibrosis was 26.32 %, and if 
patients also had central obesity (lower hip-to-
waist ratio), their odds increased to 26.67 % [38]. 
It is important to note that in addition to the high 
prevalence of NAFLD and NAFLD-related fibro-
sis in diabetics, NAFLD patients with diabetes are 
also at risk for increased liver-related mortality 
[38–44].

Although NAFLD may be more common in 
men, female patients with polycystic ovary 
syndrome (PCOS) have an increased risk for 
NAFLD. Researchers have found that the 
prevalence of both polycystic ovary syndrome 

2  Global Epidemiology and Risk Factors for Nonalcoholic Fatty Liver Disease
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and nonalcoholic fatty liver disease rises propor-
tionally to the degree of insulin resistance and the 
mass of adipose tissue present [45]. The mecha-
nism of action that may cause this association or 
in fact may actually increase the progression of 
NAFLD in women with PCOS may be reflected 
by significantly elevated levels of caspase-
cleaved CK18 (M30) suggesting a more 
proapoptotic environment. This, in addition to 
the hyperandrogenic state present in PCOS, may 
cause a suppression of the LDLR (plays a major 
role in the clearance of apoB- and apoE-
containing lipoproteins) receptor sites both in 
adipocytes and in the liver creating a prolonga-
tion of the half-life of VLDL and LDL thereby 
causing steatogenic effects [45, 46].

In summary, NAFLD in North America and 
Europe is associated with obesity, diabetes, and 
other component of metabolic syndrome, includ-
ing PCOS in female patients. Additionally, being 
male, being younger (<50 years old), and being 
of Hispanic descent in the USA increase the risk 
of having NAFLD.  Although lean NAFLD can 
be seen in these parts of the world, they represent 
a much smaller cohort with a different clinical 
profile [37].

�BMI, Obesity, and NAFLD

As noted previously, risk factors for the develop-
ment of NAFLD reported from North America and 
Europe include components of the metabolic syn-
drome (obesity, dyslipidemia, hypertension, and 
diabetes/insulin resistance) [31, 41, 47–51]. In this 
context, visceral obesity is the most important pre-
dictor of outcome in NAFLD. In fact, in one study, 
visceral adipose tissue (VAT) as measured by com-
puted tomography was shown to be strongly asso-
ciated with NAFLD [(HR) 2.04:1.23–3.38] [52].

The data confirming the association of 
NAFLD with obesity come not only from tertiary 
care center but also from population-based stud-
ies [2–7, 9, 11–18, 20–67]. In a study from the 
USA which included 3056 NHANES partici-
pants, NAFLD patients were found to be older 
with a higher BMI, larger waist circumference, 
and higher sum of skinfolds and had insulin resis-
tance (HOMA > 3.0) or type 2 diabetes [66].

In Europe, similar risk factors for NAFLD 
(type 2 diabetes, obesity, hypertension, and dys-
lipidemia) are reported from Europe. In fact, obe-
sity remains the most prevalent risk factor for 
NAFLD in Europe with 65–90 % in patients with 
NAFLD being obese or overweight. Data recently 
reported from 165,000 adults who were included 
in the report from the European Commission on 
Fatty Liver Inhibition of Progress (FLIP) sug-
gested higher BMI, waist circumference, weight 
gain during adult life, and physical inactivity all 
will increase the risk of each stage of clinically 
recognized NAFLD (REF). Furthermore, both 
arterial hypertension and dyslipidemia were 
highly prevalent in patients with NAFLD, espe-
cially in women [67].

Given the interactive association of NAFLD 
with obesity, both obesity and NAFLD should be 
considered as similar complex disorders which 
are related to the environment and genetic predis-
position. The environmental factors influencing 
obesity and NAFLD are related to dietary intake 
(both number of calories and composition of 
these calories), activity, degree of stress, cultural 
issues, and other potential contributors [68]. The 
genetic predisposition of NAFLD is very also 
interesting and will be discussed in detail in sub-
sequent chapters.

As noted previously, it is important to mention 
that NAFLD in the USA may also be present in 
nonobese patients. In fact, this type of NAFLD 
may be more common in Asian countries. In the 
USA, the prevalence of NAFLD among lean sub-
jects was estimated to be only 3.7 %, while this 
rate was 17.7 % in the obese and overweight indi-
viduals [37]. Furthermore, the clinical profile of 
lean patients with NAFLD is also different where 
the patients tended to be younger, female, and 
having a decreased likelihood of having insulin 
resistance and hypercholesterolemia [37].

�Insulin Resistance, Metabolic 
Syndrome, Diabetes, 
and Cardiovascular Disease in NAFLD

As noted previously, patients having a history of 
diabetes 2 or insulin resistance, dyslipidemia, 
and hypertension are at increased risk for the 
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development of NAFLD. In one study, the risk of 
having NAFLD was highest for persons with dia-
betes (OR, 4.16; 95 % CI, 3.24–5.33), followed 
by presence of metabolic syndrome (OR, 3.97; 
95 % CI, 3.26–4.83). Among other components 
of metabolic syndrome, central obesity was asso-
ciated with highest odds for presence of NAFLD 
(OR, 3.41; 95 % CI, 2.77–4.20) as well as sever-
ity of NAFLD (OR, 5.58; 95 % CI, 3.86–8.06). 
The more component of metabolic syndrome, the 
higher the risk of NAFLD.  In fact, the odds of 
having NAFLD when three components were 
present was 9.49 (95  % CI, 5.67–15.90), and 
when five components were present, the odds 
was 24.05 (95 % CI, 12.73–45.45) [49].

Given the common risk factors between 
NAFLD and cardiovascular diseases (CVD), 
there are increasing reports for higher rates of 
CVD and CV mortality in NAFLD [1, 49, 69]. A 
recent study investigating the relationship of 
NAFLD and cardiovascular disease found that 
the odds for having a carotid intima–media thick-
ness [cIMT] > 0.8 mm and/or presence of plaques 
in obese patients with NAFLD was 5.96 (95 % 
CI, 1.60–22.25; p = 0.008) in men and 8.26 (95 % 
CI, 4.02–16.99; p < 0.001) in women [69]. In 
addition to high rate of CVD, there is also an 
increased rate of CV mortality. Although liver 
disease has been reported as the third leading 
cause of death among persons with NAFLD, car-
diovascular disease and malignancy are the two 
top causes of death in NAFLD patients [34]. In 
one particular long-term follow-up study (mean 
follow up time of 18.5  years), approximately 
60 % of the patients with NAFLD had died with 
the most frequent cause of death cited as coro-
nary artery disease (30 %), followed by nonliver 
malignancy (18 %) and then liver-related mortal-
ity including hepatocellular carcinoma (15  %) 
[38, 44].

The strong association of DM and metabolic 
syndrome with NAFLD has also been reported 
from Europe. In a prospective study of 230 
patients from nine centers, metabolic syndrome 
was found in the majority of patients (53 %) with 
54 % of the patients being male with a mean age 
of 49.4 ± 13.9 years and a mean BMI of 
30.6 ± 4.6 kg/m2. In 16 % of the patients, undiag-

nosed diabetes was discovered. For the patients 
(51  %) who had a liver biopsy, fibrotic staging 
was significantly more severe in patients with 
metabolic syndrome (2.43 ± 1.25 vs. 1.73 ± 1.18, 
p < 0.001). A subgroup of patients with 
GGT > 5 × ULN were significantly older (55.9 vs. 
47.64 years, p = 0.02), were more frequently dia-
betic (53  % vs. 23  %, p = 0.01), and had more 
advanced fibrosis (3.42 vs. 1.08, p = 0.0080 [41].

Another interesting study from Europe was 
initiated in Italy. The Italian Society for the Study 
of Atherosclerosis (SISA) in 2005 started a 
research project aimed to study NAFLD. Using 
ultrasound (US) in nondiabetic subjects, the 
researchers set out to determine the prevalence of 
NAFLD, its associated risk factors and preva-
lence of hypertransaminasemia, and its possible 
determinants. NAFLD prevalence was 0.78. 
Their initial results showed that men with hepatic 
steatosis (as compared to men without steatosis) 
were younger (P < 0.05) and had higher triglycer-
ides (P < 0.03), higher homeostasis model assess-
ment insulin resistance (HOMA-R) (P < 0.003), 
and increased visceral fat thickness (P < 0.0001). 
Furthermore, women with steatosis showed 
higher triglycerides (P < 0.05), HOMA-R 
(P < 0.04), VFT (P < 0.0001), and younger age 
(P < 0.05). Multivariate analyses found that vis-
ceral fat thickness (P < 0.0001), HOMA-R 
(P < 0.02), and triglyceride to HDL ratio (P < 0.05) 
were associated with the severity of NAFLD. Age 
(P < 0.05), log ratio of triglycerides (P < 0.005), 
and visceral fat thickness (P < 0.01) were also 
associated with higher ALT.  The prevalence of 
steatosis was reported to be the highest reported 
in patients with metabolic syndrome. These 
investigators concluded that due to the exclusion 
of severely obese and diabetic patients, their find-
ings highlight the prominent role that alterations 
of lipid metabolism play in the pathogenesis of 
NAFLD [17].

Finally, in a recent study from Finland, the 
prevalence of NAFLD in young Finnish was 
29  % in overweight/obese and 5  % in normal 
weight individuals. The independent correlates 
were waist circumference, ALT, BMI, male gen-
der, triglycerides, systolic blood pressure, and 
insulin resistance [70].

2  Global Epidemiology and Risk Factors for Nonalcoholic Fatty Liver Disease
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�Diet and Physical Activity

Although there seems to be a genetic component 
to the predisposition to NAFLD, diet and activity 
play a major role. It seems the Western diet high 
in calories and refined sugar and fructose may 
play a role in the development of obesity and 
associated NAFLD.  Nevertheless, systematic 
assessment of diet and activity at the population 
level in the USA is scarce [71–82].

Other dietary components may also play a 
role. In one large population-based study using 
4 cycles of NHANES data from 2001 to 2008, 
investigators studied dietary intake question-
naires which listed 62 nutritional components. 
Univariate analysis found that 38  % of the 
nutritional components were significantly dif-
ferent between patients with NAFLD and those 
without NAFLD where patients with NAFLD. 
After multivariate analysis adjusting for demo-
graphic confounders (age, gender, ethnicity), 
Hispanic race, being male, being obese (BMI > 
30), and drinking less caffeine were associated 
with NAFLD. Although the issue is controver-
sial and the mechanism is not entirely clear, 
drinking caffeine in the form of coffee actually 
seems to have a protective effect on the devel-
opment of NAFLD. This is possibly due to the 
suppressive effect that coffee has on hypergly-
cemia by improving insulin sensitivity through 
the reduction of inflammatory cytokine expres-
sion [71, 72].

It is important to note that diet can have an 
impact both by being responsible for the develop-
ment of central obesity as well as a direct effect on 
the inflammatory environment of patents with 
NAFLD. In fact, one of the most exciting areas of 
research in NAFLD is the contribution of visceral 
adipose tissue (VAT) to the development of 
NAFLD. In fact, the white adipose tissue of VAT 
is thought to be an endocrine organ that produces 
adipokines and cytokines responsible for the 
development of an inflammatory milieu contrib-
uting to pathogenesis of NASH, CVD, and other 
complications of visceral obesity [73]. In addition 
to VAT being responsible for the inflammatory 
milieu of NAFLD, there is also some contribution 

of diet itself on these proinflammatory fat cyto-
kine/chemokine expression within the liver. 
Animal studies have suggested that diets high in 
saturated fat, fructose, and cholesterol as well as a 
specific combination of carbohydrates and fats 
(starch/oleate) set off a cascade of molecular met-
abolic derangements including insulin resistance 
and activation of the miRNA resulting in a more 
severe form of NAFLD or NASH [74–76]. In 
addition to adipocytokines, oxidative stress also 
plays a major role in the development of NAFLD. 
Recent findings suggest that the extent of hepato-
cyte ballooning reflect the severity of oxidative 
DNA damage and accumulation of DNA methyla-
tion in NAFLD [77, 78]. In fact, the impact of diet 
on the oxidative stress cycle has been suggested 
[78, 79]. Diet can influence microRNA which is 
involved in the pathogenesis of NAFLD. In fact, 
animals exposed to a high fat diet showed a dys-
regulation of miRNA-451 leading to development 
of NAFLD and fibrosis [77, 78, 80, 81]. All of 
these mechanisms may be related to the “addi-
tional” effect of diet on the development and pro-
gressive nature of NAFLD.

In regard to physical activity, patients with 
NAFLD seem to have low activity levels com-
pared to controls. In fact, patients with both 
NAFLD and diabetes experienced the lowest 
level of physical activity [82].

In summary, NAFLD is associated with com-
ponents of metabolic syndrome. Although 
genetic predisposition probably plays a role, it 
only explains a small portion of the increased 
risk. In this context, the influences of environ-
mental factors are significantly more important. 
Metabolic syndrome is quite frequent in the 
general population, although its prevalence var-
ies considerably according to the criteria used 
for its definition. Additionally, metabolic syn-
drome is associated with NAFLD, with the 
WHO definition being the best to determine its 
presence, probably because of the inclusion of 
insulin resistance as a main component. 
Unification of criteria for metabolic syndrome is 
needed to adequately compare its prevalence 
and relationship with NAFLD in different popu-
lation groups [31].

A. Chowdhury and Z.M. Younossi
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�Epidemiology of NAFLD in Asia

Nonalcoholic fatty liver disease (NAFLD) is an 
emerging health-care priority in Asia [83–85]. 
This has a potential impact not only for the 
emerging liver disease burden in this region but 
also as a broader public health issue in view of 
the association of NAFLD with the other meta-
bolic syndrome (MS)-linked noncommunicable 
diseases (NCD)—obesity, diabetes, and athero-
sclerotic cardiovascular disease. These countries 
are in a state of health-care transition with the 
emergence of a new set of public health priorities 
that have MS as the unifying factor. NAFLD and 
the other NCDs are key determinants in this 
changing disease burden scenario that have 
implications on global health [86].

Socioeconomic affluence and changes in life-
style influence NAFLD prevalence in a popula-
tion. The Asian countries, with their large 
population, are passing through a period of rapid 
economic growth and shift of focus in labor pol-
icy from a dominant physical to one that depend 
on knowledge capital and foster physical inactiv-
ity. An increasing GDP in these nations is paral-
leled by a rising body mass index (BMI)—the 
most widely used surrogate of obesity—in an 
almost linear relationship to GDP growth [87, 
88]. An expanded body fat mass and insulin resis-
tance (IR) are the hallmarks of each of these dif-
ferent MS-linked conditions which frequently 
coexist, although one may antedate the other 
[89]. In the light of all these, it is imperative that 
epidemiology of NAFLD be studied in the con-
text of a broader systemic disease perspective, 
rather than as a liver disease only.

Overall, NAFLD prevalence in this most pop-
ulous region of the world is high and is increasing 
over time. There are several particular features of 
NAFLD in Asia that need specific mention.

Firstly, Asians have also been shown to have 
an increased propensity to the adverse clinical 
outcomes in MS-linked noncommunicable dis-
eases (NCD) including coronary atherosclerosis, 
diabetes, and hepatic steatosis than other ethnic 
groups in general [90, 91].

Secondly, Asian people often develop 
NAFLD, metabolic syndrome, and diabetes in 

the context of anthropometric parameters, usually 
measured as BMI, that are considered subthresh-
old as health risks in Western populations. As a 
consequence, a different set of BMI and waist 
circumference cutoffs have been proposed as 
correlative with MS-linked health risks, includ-
ing NAFLD, among the Asians [92–94].

Thirdly, the contribution of NAFLD in overall 
liver disease burden in this region has to be seen 
in the background of an already existing high 
prevalence of chronic viral hepatitis and a spiral-
ing increase in per capita alcohol consumption in 
the general population of the region. Synergism 
in liver disease progression among various etiol-
ogies does exist, and this add further complexi-
ties in assessment of impact of NAFLD in the 
emerging liver disease burden in Asia and the 
Middle East [95–97].

Fourthly, Asian population groups are ethni-
cally diverse. In addition, there are national as 
well as regional imbalances in socioeconomic 
development and cultural changes in this 
region—each of which influences the heteroge-
neity of the available data of NAFLD epidemiol-
ogy that are available from Asia. The study 
design—characteristics of the population sample 
and the methodology for diagnosis of NAFLD—
also differs significantly across studies. Despite 
these, the available data provide an assessment of 
NAFLD epidemiology in Asia and the Middle 
East with fair precision and depict the changes 
happening over time.

�Prevalence

Most of the available epidemiological studies in 
NAFLD from Asia are ultrasound based and 
hence detect prevalence of hepatic steatosis alone 
initially, correlating it with anthropometric, bio-
chemical, and demographic features of the popu-
lation (Table  2.2). A more detailed workup, 
including measurement of liver stiffness—(con-
tinued attenuation parameter based quantification 
of liver fat, CT scan and liver biopsy) has been 
carried out in a few of these studies for better pre-
cision and characterization of liver disease status.  
A more robust radiological approach was based 

2  Global Epidemiology and Risk Factors for Nonalcoholic Fatty Liver Disease
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on MR spectroscopic quantitative estimation of 
hepatic triglycerides in two studies from Hong 
Kong. The major variables for study quality were 
the stringency methods adopted in selection of 
the study population to remove bias and the 
method of estimating NAFLD since the majority 
of the studies included select populations from 
those attending clinics or from the workplace [8, 
84, 109]. There have also been well-planned gen-
eral population-based studies from India, China, 
Taiwan, Hong Kong, Korea, and Japan that have 
used standard sampling strategies with stratifica-
tions [98–106, 108, 110–117].

While the strength of the studies differ, 
NAFLD prevalence in Asia is high (15–20  %) 
and is increasing over time [84, 118, 119]. There 
is wide variation in NAFLD prevalence. In gen-
eral, the prevalence is higher in select, clinic-
based populations and lower in the general 
population studies and higher in urban than rural 
population studies (Table 2.2). Far Eastern coun-
tries (China, Korea, Hong Kong, and Japan) 
report a higher prevalence in the population than 
South Asian countries (India, Sri Lanka).

In Asia, the largest number of epidemiological 
studies is available from China where the preva-
lence of NAFLD is 20 % (6–38 %). Similar prev-
alence estimates are available from Japan (15 %), 
Korea (16–22 %), Hong Kong (Proton MR spec-
troscopy—27 %), and Taiwan. Data from India is 
more diverse as are the quality of the reported 
studies (8–30 %). The prevalence is at least 10 % 
of the population. Data from Sri Lanka, Malaysia, 
and Indonesia also indicate that ultrasound preva-
lence of NAFLD is around 15–20 % of the gen-
eral population [107, 120–122].

Temporal trends of BMI over the past three 
decades indicate a progressive global upslope that 
is marked in the Far East, but is comparatively flat 
in South Asia [87]. NAFLD has also shown a 
similar increase in prevalence in the last three 
decades at least in China and Japan, from where 
data is available [94, 123]. Of greater importance 
in Asia is the fact that at least 15–20 % of NAFLD 
subjects (as high as 54 % in one study) may have 
a BMI that is within the normal limits for clinical 
risk, although subtle alterations in markers of 
increased fat mass in the body may be present. 

Waist circumference and waist–hip ratio has been 
shown to be a more useful marker of obesity and 
metabolic risk including NAFLD correlations 
among these “metabolically obese normal weight 
(MONW),” variably called “nonobese”/”lean” 
NAFLD subjects [37, 124–139].

�Incidence

Despite the fairly large body of data on the preva-
lence of NAFLD from the Asian population, 
information on incidence (new-onset NAFLD in 
people previously free from it over a given time 
period) is relatively scarce (Table 2.3). However, 
there are a few well-designed population cohort 
follow-up studies that report an annual incidence 
of 3–5  % and most importantly point out the 
dynamic nature of the process of hepatic steato-
sis, documenting resolution or regression in 
another 5 % of subjects. Weight gain, even within 
the normal range, with increments in BMI and 
other markers of adiposity along with presence 
and worsening of MS markers had consistently 
been shown to be associated with NAFLD inci-
dence in Asian population. Incident fatty liver is 
often associated with new development of hyper-
tension, ALT increments occur in people who 
develop incident NAFLD, and there is evidence 
that weight loss can reverse this dynamic state of 
hepatic steatosis.

While prevalence and incidence of NAFLD in 
the adult population increase with aging, a greater 
concern is the rapid increase of childhood obesity 
and NAFLD in Asian countries. The prevalence 
of obesity among children and adolescents is 
increasing in most Asian countries, and this 
might occur at a more rapid pace than that in the 
West. NAFLD–NASH in children is important 
not only as a liver disease burden but also as an 
important predictive determinant for develop-
ment of vascular—endothelial risk in the Asian 
population, later in life. Reports of NAFLD prev-
alence among children and adolescents in Asia 
(Japan, Korea) and the Middle East (Iran, and 
Egypt) vary between 2.8 % and 15 % in cross-
sectional studies. NAFLD in children increases 
with age and BMI, is more prevalent among boys 

2  Global Epidemiology and Risk Factors for Nonalcoholic Fatty Liver Disease
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than girls, has a similar distribution of central 
adiposity like their adult counterparts, and can 
lead to significant liver disease. Overnutrition 
with high-calorie, low-nutrient diet, and physical 
inactivity are factors associated with the preva-
lence of pediatric and adolescent NAFLD, while 
the consequences may be felt in terms of an 
increasing liver disease burden as well as diabe-
tes and cardio-metabolic risk in the future.

As mentioned previously, most individuals 
with NAFLD are obese. In fact, obesity, mea-
sured by standard criteria for BMI and waist cir-
cumference along with its ethnicity-specific 
modifications, is undoubtedly the most signifi-
cant association of NAFLD.  However, it has 
emerged that a varying proportion of NAFLD 
subjects (15–21 %, up to 75 % in one study from 
India), from Asia, do not have obesity (BMI <25), 
despite having similar metabolic abnormalities 
(MS and IR) seen classically in obesity-associated 
NAFLD.  A differential distribution of body fat 
with expansion of visceral adipose tissue com-
partment, recent increase in body weight, dietary 
factors including switch from a traditional 
carbohydrate-dominant to a cholesterol- and sat-
urated fat-dominant diet, genetic factors predict-
ing unique predispositions, and possibly a 
different gut microbiome may all be contributing 
to this subphenotype of NAFLD in Asia [124, 
140, 141]. Asians, particularly South Asians, 
have been shown to have a lower mean insulin 
sensitivity and higher values of HOMA-IR and 
hepatic triglycerides for a similar value of BMI 
as compared with Caucasians, black, and 
Hispanic people. In addition, adipocytokine pro-
file has been shown to be different in them with 
higher values of IL-6 indicating a relatively 
heightened degree of inflammatory activation. In 
addition, South Asians have larger adipocytes 
along with higher leptin and lower adiponectin 
values compared to Caucasians [91]. A similar 
and related entity described in general MS litera-
ture is called metabolically obese normal weight 
(MONW), and nonobese/lean NAFLD may be 
the hepatic counterpart of “sick fat cell syn-
drome” seen in obesity and insulin-resistant 
states [124]. Despite the anthropometric differ-
ences, the very tight link of nonobese NAFLD 

with insulin resistance and metabolic syndrome 
suggests that it is not a biologically different 
entity. Follow-up of a prospective cohort of 155 
stringently selected nonobese (BMI <23  Kg/m2 
and waist circumference <80 cm in female/<90 cm 
in male) subjects, free from NAFLD at baseline, 
reported a cumulative 5-year incidence of 
NAFLD to be 31 % [28]. Higher degree of adi-
posity at baseline and higher increments in 
anthropometric indices over time were correlated 
with the development of fatty liver in those with-
out a baseline [133]. In another multiethnic inter-
national study that compared “lean” with 
overweight and obese NAFLD subjects, there 
was significant phenotypic variability in each cat-
egory across countries. It appears that ethnicity 
and regional environmental modifiers might be 
playing a role in the disease expressions where 
IR is the key biological determinant [142].

�Risk Factors

The risk factors for NAFLD development in Asia, 
in general, are similar to that of the Western pop-
ulations. There are subtle differences particularly 
with regard to the role of central obesity and pos-
sible genetic influences in determining the 
ethnicity-specific differences in body fat parti-
tioning and predisposition to outcomes of 
NAFLD and its MS-linked cardio-metabolic con-
sequences [143–155].

�Age and Gender

In all populations, prevalence of NAFLD along 
with severity NASH-related liver disease, rate of 
progression of liver fibrosis, and development of 
hepatocellular carcinoma (HCC) increases as age 
advances. MS-linked comorbidities and non-
hepatic complications of NAFLD also show 
increments with age. It is likely that this increased 
prevalence and severity of IR-linked conditions 
including NAFLD are due to the age-related 
decline in insulin sensitivity that has been 
observed in all populations [93, 109]. In Asia, 
NAFLD prevalence starts rising after 30 years of 

2  Global Epidemiology and Risk Factors for Nonalcoholic Fatty Liver Disease
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age, with a near linear increase as age group 
advances. However, these are mostly based on 
data from adult studies. An important facet of 
changing NAFLD epidemiology is an increasing 
prevalence of NAFLD in childhood and adoles-
cence [84, 137]. In the light of this, age-specific 
prevalence of NAFLD is likely to change in near 
future with an earlier peak age and a less steep 
upslope in NAFLD prevalence, changing NAFLD 
epidemiological features.

Males outnumber females in most studies of 
NAFLD from Asia, except among postmeno-
pausal women where this difference disappears. 
Males have also been shown to have a higher 
degree of NASH, more severe liver fibrosis, and 
higher mortality in NAFLD, as compared to 
females. In general, three quarters of NAFLD 
subjects in some multiethnic studies from the 
West that included Asians were males, while this 
proportion is much less (44 %) among Caucasians. 
Epidemiological studies from Asia also reveal the 
prevalence of NAFLD to be higher in males than 
females.

�BMI, Obesity, and NAFLD [88, 92–94]

Prevalence of NAFLD, as the hepatic manifesta-
tion of metabolic syndrome, bears a linear rela-
tionship with the prevalence of obesity in the 
population. BMI, as the most widely used mea-
sure of body fatness, correlates well with NAFLD 
and other MS-linked conditions—diabetes, 
hypertension, and atherosclerotic vascular dis-
ease. In NAFLD, an increasing BMI has been 
shown to be associated not only with increased 
prevalence and incidence but also with more 
severe liver disease—NASH and liver fibrosis. 
Weight loss with a reduction of BMI has also 
been shown to improve liver histology and out-
come of NAFLD. It has emerged, however, that 
the strength of BMI as a marker of total adiposity 
has ethnicity-specific connotations and the cur-
rent cutoffs for obesity and overweight may not 
be useful indicators of clinical risk of obesity-
related disorders, including NAFLD, in Asian 
populations. Asians, as compared to other ethnic 
groups, have been shown to have a higher 

prevalence of MS for similar grades of BMI, a 
disproportionate propensity to develop vascular 
disease and diabetes for any amount of weight 
gain at a given BMI, and a regional body fat par-
titioning that fosters more fat in visceral areas 
(visceral adipose tissue—VAT) as compared to 
total body adiposity, and as a result BMI may be 
a suboptimal measure for adiposity in Asians. 
The implication for NAFLD is that a person who 
is not overweight or centrally obese by the 
Western criteria, such as the Third National 
Health and Nutrition Examination Survey 
(NHANES III), might still have excessive 
amounts of adipose tissue (defined as >15 % of 
total tissue), particularly visceral adiposity. VAT 
has been shown to be biologically different as 
compared to subcutaneous adipose tissue in that 
it is more inflammatory and is associated with 
more aggressive MS-linked disease outcomes, 
including NAFLD and its vascular associations. 
This has prompted a revision of the BMI cutoffs 
for health risks for Asian populations with a 
lower value in each category (normal 18.5–22.9 
and obesity > 27.5  kg/m2, instead of 30  in the 
Western populations) [92]. In addition, a waist 
circumference criteria (male >90 cm and female 
>80 cm) is widely used as useful anthropometric 
measures of central obesity in Asians. It has been 
shown that weight gain and increase in anthropo-
metric indices of fatness, even while within the 
normal body weight and BMI range, might be 
producing fatty liver among Asians. Another 
aspect of this intriguing and complex relationship 
between body composition and NAFLD among 
Asians is the fact that ectopic fat depots might 
also contribute to the overall process of adipos-
ity–MS–NAFLD–vascular disease relationship 
in Asians, and this needs to be looked into in 
larger focused studies [138, 143, 144].

�Insulin Resistance, Metabolic 
Syndrome, Diabetes, 
and Cardiovascular Disease in NAFLD 
[84, 89, 94, 97, 113, 114, 127]

These conditions form a spectrum and insulin 
resistance (IR) holds key to the metabolic 

A. Chowdhury and Z.M. Younossi



33

syndrome (MS)-associated clinical outcomes. 
Varying degree of IR is present in two-thirds of 
NAFLD patients in Asia and in more than 95 % 
of NASH subjects. The frequency and grade of 
IR increase with the severity of liver disease in 
NAFLD. IR is one of the factors associated with 
liver fibrosis progression in NASH, and histolog-
ical improvements of NASH are associated with 
reciprocal changes in IR. Diabetes is the classical 
clinical expression of MS, and as such NAFLD is 
present in at least 50 % of diabetes patients from 
Asia. Although this is similar to that observed in 
other populations, the frequency of diabetes at 
NAFLD diagnosis is lower in Asians (10–15 %) 
as compared to others (25–40 %). However, fam-
ily history of diabetes is often present in NAFLD 
in Asia and the risk of development of diabetes is 
increased four- to fivefold within 4–6 years of 
NAFLD diagnosis. There is a linear relationship 
between the prevalence of components of MS 
and the risk of NAFLD in the population of 
Japan, China, Hong Kong, Korea, and India. 
Apart from diabetes, there seems to be a clearly 
demonstrable relationship between incident 
NAFLD and new development of hypertension in 
Asian population. Much of the increased cardio-
vascular risk in Asia occurs in the context of this 
shared relationship among MS clinical counter-
parts. NAFLD has been shown to be a good pre-
dictor of endothelial dysfunction and 
atherosclerotic vascular disease individually in 
different Asian populations, even in nondiabetic, 
non-hypertensive subjects. This expands the 
value of NAFLD detection as a general health 
risk in the population, beyond that posed through 
more traditional MS-linked associations in Asia.

�Diet and Physical Activity [144–148]

NAFLD is an outcome of overnutrition and a 
result from an imbalance between intake of foods 
dense in calories and expenditure of energy 
through physical activity. The Asian countries are 
passing through a phase of differential but 
steadily progressive economic growth. This has 
an impact on the dietary habits and the social as 
well as cultural practices with increasing trend to 

adopt a Westernized lifestyle. Increasing 
urbanization and lesser dependence on jobs that 
necessitate physical labor along with increasing 
fat, protein, and calorie intake and availability of 
energy dense nutritionally imbalanced “fast” 
foods that have skewed nutritional values together 
with lesser intake of vegetables are factors that 
promote the nutritional–metabolic imbalance 
that culminates in MS and NAFLD. Among the 
nutritional components, cholesterol intake has 
been distinctly shown to be linked to NAFLD, 
while the role of fructose, complex carbohy-
drates, and micronutrients in Asian diet as con-
tributors to NAFLD needs more focused studies. 
Further evidence for a role of diet and physical 
activity in NASH in Asian population has come 
from intervention studies. A Korean study under-
took and evaluated the effects of exercise and diet 
modification on histological severity of steatosis 
in 120 living liver donors, only 59 % of whom 
were overweight or obese. Lifestyle modification 
for 12 weeks achieved weight reduction in 77 % 
of patients and steatosis improvement in 86 %; 
reduction of serum total cholesterol >10 % and 
weight >10  % were strongly related to major 
improvements in steatosis.
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