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Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of liver conditions that are characterized by excess 
accumulation of fat in the liver, and is diagnosed after exclusion of significant alcohol intake and other causes of chronic 
liver disease. In the majority of cases, NAFLD is associated with overnutrition and obesity, although it may be also found 
in lean or non-obese individuals. It has been estimated that 19.2% of NAFLD patients are lean and 40.8% are non-
obese. The proportion of patients with more severe liver disease and the incidence of all-cause mortality, liver-related 
mortality, and cardiovascular mortality among non-obese and obese NAFLD patients varies across studies and may be 
confounded by selection bias, underestimation of alcohol intake, and unaccounted weight changes over time. Genetic 
factors may have a greater effect towards the development of NAFLD in lean or non-obese individuals, but the effect 
may be less pronounced in the presence of strong environmental factors, such as poor dietary choices and a sedentary 
lifestyle, as body mass index increases in the obese state. Overall, non-invasive tests, such as the Fibrosis-4 index, 
NAFLD fibrosis score, and liver stiffness measurement, perform better in lean or non-obese patients compared to obese 
patients. Lifestyle intervention works in non-obese patients, and less amount of weight loss may be required to achieve 
similar results compared to obese patients. Pharmacological therapy in non-obese NAFLD patients may require special 
consideration and a different approach compared to obese patients. (Clin Mol Hepatol 2023;29(Suppl):S58-S67)
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Review

INTRODUCTION 

Nonalcoholic fatty liver disease (NAFLD) encompasses a 
spectrum of liver conditions that are characterized by excess 
accumulation of fat in the liver. The diagnosis is made follow-
ing the exclusion of significant alcohol intake and other 
causes of chronic liver disease.1,2 In the majority of cases, 
NAFLD is associated with overnutrition and obesity, although 
it may be also found in non-obese patients. The condition is 

closely associated with metabolic syndrome, which is a con-
stellation of risk factors for cardiovascular disease.3 The prev-
alence of NAFLD has been increasing, and it is recognized as 
the most common cause of chronic liver disease worldwide.4,5 
In 2020, an international panel of experts proposed a new 
term, “metabolic dysfunction-associated fatty liver disease 
(MAFLD),” which is diagnosed in persons with fatty liver in 
the presence of overweight or obesity, type 2 diabetes melli-
tus, or at least two metabolic risk abnormalities.6 The present 
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review primarily focuses on the comparison between obese 
and non-obese NAFLD, for which there is a richer body of lit-
erature, given that the term NAFLD has been in existence for 
a much longer period of time. However, the literature on 
MAFLD is rapidly expanding, and a similar review on MAFLD 
in due time would be of great interest. In general, a body 
mass index (BMI) cut-off of 25 and 30 kg/m2 is used for the 
definition of obesity for Asian and Caucasian populations, re-
spectively. In studies using the term “lean NAFLD,” the non-
lean patients included those who were overweight, defined 
by a BMI of ≥23 and ≥25 kg/m2 for Asian and Caucasian pop-
ulations, respectively.

EPIDEMIOLOGY AND NATURAL HISTORY OF 
NON-OBESE NAFLD

Initial recognition and increasing interest

One of the earliest reports on non-obese NAFLD came from 
India. In a study on 1,911 subjects from the rural administra-
tive unit of West Bengal that was published in 2013, Das and 
colleagues found the prevalence of NAFLD to be 8.7%. While 
this was relatively low compared to studies from other parts 
of India, the prevalence was considerably high, given that the 
majority of study subjects were young, physically active, less 
affluent, and non-obese. The term “third-world NAFLD” was 
used to describe this phenotype, where instead of overt obe-
sity, subtle measures of increased adiposity predisposed to 
NAFLD.7 The interest in non-obese NAFLD sky-rocketed after 
an abstract was presented at the Digestive Disease Week in 
the following year. In a study on 1,090 biopsy-proven NAFLD 
patients who were followed for 133 months, Dela Cruz and 
colleagues found that lean NAFLD patients had a significantly 
shorter survival compared to non-lean NAFLD patients.8 Sub-
sequently, a population-based study on 911 patients using 
proton-magnetic resonance spectroscopy and transient elas-
tography in Hong Kong found non-obese patients to have 
less severe liver disease based on significantly lower serum 
cytokeratin-18 level and liver stiffness measurement.9 Fur-
thermore, in another study on 307 biopsy-proven NAFLD pa-

tients, non-obese NAFLD patients had significantly lower se-
rum cytokeratin-18 level, liver stiffness measurement, and 
histological fibrosis stage. During follow-up, six patients died, 
two developed hepatocellular carcinoma, and one had liver 
failure, all of whom in the obese patients.10 

Possible reasons for disparities in data

Several other longitudinal studies have shown conflicting 
results (Table 1).11-15 A study in Sweden found that patients 
with lean NAFLD were paradoxically more likely to develop 
develop severe liver disease, despite having less severe liver 
disease at baseline, compared to non-lean patients.11 Further 
studies are warranted to understand the reasons behind 
these inconsistent findings. One possible explanation is that 
the lean NAFLD patients in the study had more severe liver 
disease than expected compared to the general population, 
which could be expected given that the patients were seen 
in a secondary or tertiary care setting and underwent liver 
biopsy. This was evident from the high proportion of lean pa-
tients with nonalcoholic steatohepatitis (NASH) and ad-
vanced liver fibrosis at 50% and 9.8%, respectively. Further-
more, important confounding factors, such as changes in 
alcohol intake and body weight over time, were not taken 
into account. Alcohol intake is an important confounding fac-
tor and may not be adequately captured due to under-re-
porting. In a study on 184 patients, repeated moderate to ex-
cessive alcohol intake was detected in 28.6% of patients with 
presumed NAFLD, and patients with repeated moderate to 
excessive alcohol intake had significantly lower BMI.16 This 
may partly contribute to the high proportion of lean or non-
obese NAFLD patients with more severe liver disease. Assess-
ment of alcohol intake by ethylglucuronide in hair had an 
area under curve of 0.93 for the detection of repeated mod-
erate to excessive alcohol consumption,16 which may be use-
ful to more accurately classify patients with fatty liver as 
NAFLD or not.

Epidemiology and clinical characteristics

A systematic review and meta-analysis estimated the prev-

Abbreviations: 
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; NASH, nonalcoholic steatohepatitis; 
PNPLA3, patatin-like phospholipase domain-containing-3; TM6SF2, transmembrane 6 superfamily member 2; E167K, glutamate by lysine at position 167
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alence of lean NAFLD and non-obese NAFLD in the general 
population to be 5.1% (95% confidence interval [CI] 3.7–7.0%) 
and 12.1% (95% CI 9.3–15.6%), respectively. Among NAFLD 
patients, an estimated 19.2% (95% CI 15.9–23.0%) were lean 
and 40.8% (95% CI 36.6–45.1%) were non-obese. Among pa-
tients with non-obese or lean NAFLD, 39.0% (95% CI 24.1–
56.3%) had NASH, 29.2% (95% CI 21.9–37.9%) had significant 
fibrosis, and 3.2% (95% CI 1.5–5.7%) had cirrhosis. The corre-
sponding rates among obese NAFLD were 52.9% (95% CI 
38.3–67.0%), 38.3% (95% CI 30.6–46.6%), and 2.0% (95% CI 
0.4–5.7%). In the largest multicenter biopsy-proven NAFLD 
registry in Asia to date consisting of 1,812 patients, 21.6% of 
patients were non-obese. The proportion of patients with 
NASH and advanced liver fibrosis among non-obese NAFLD 
patients were 50.5% and 14%, respectively, while the corre-
sponding rates among obese NAFLD patients were 56.5% 
and 18.7%, respectively.17     

Natural history and prognosis

The incidence rates of all-cause mortality, liver-related 
mortality, and cardiovascular-related mortality among pa-
tients with lean or non-obese NAFLD were found to be 12.1 
(95% CI 0.5–38.8), 4.1 (95% CI 1.9–7.1), and 4.0 (95% CI 0.1–
14.9) per 1,000 person-years, respectively. The corresponding 
rates among obese NAFLD patients were 7.5 (95% CI 0–33.6), 
2.4 (95% CI 1.0–4.4), and 2.4 (95% 0–13.3) per 1,000 person-
years, respectively (Fig. 1).18 Although it appeared that lean or 
non-obese NAFLD patients have higher all-cause mortality, 
liver-related mortality, and cardiovascular mortality, the re-
sults should be interpreted with caution due to the small 
number of related studies. The authors have also cautioned 
that further research is needed before any conclusions are 
made on this due to the scarcity of data for obese and non-
obese populations.18 The results on all-cause mortality, liver-

Figure 1. The effect of genetic, environmental, and confounding factors in the severity of liver disease and outcomes of lean or non-obese 
patients compared with obese NAFLD patients. Genetic factors may have a more pronounced effect towards the development of NAFLD in 
lean or non-obese individuals, but the effect may appear less pronounced in the presence of strong environmental factors, such as poor di-
etary choices and a sedentary lifestyle, in the obese state. Selection bias, underestimation of alcohol intake, and unaccounted weight loss over 
time from poorly controlled diabetes mellitus and/or loss of muscle mass from advanced liver disease are important confounding factors for 
varying severity of liver disease and outcomes in lean or non-obese NAFLD patients compared to obese NAFLD patients, although genetic fac-
tors may play a role. NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; PNPLA3, patatin-like phospholipase domain-
containing-3; TM6SF2, transmembrane 6 superfamily member 2. +: Relative frequency of the corresponding variable when comparing be-
tween lean or non-obese NAFLD and obese NAFLD.

Lean or non-obese NAFLD

Histology

Mortality

NASH

All-cause

Significant fibrosis

Confounding factors
Selection bias

Underestimation of alcohol intake
Unaccounted weight change patterns

Liver-related

Cirrhosis
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e.g. poor dietary choices, sedentary lifestyle

Obese NAFLD
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related mortality, and cardiovascular mortality were based 
on only three studies. Furthermore, only one study provided 
all-cause mortality, cardiovascular mortality, and liver-related 
mortality for lean and non-lean NAFLD patients;11 another 
study provided all-cause mortality and cardiovascular mor-
tality for obese and non-obese NAFLD patients;12 a third 
study provided all-cause mortality and cardiovascular mor-
tality only for non-obese NAFLD patients.13 

PATHOPHYSIOLOGY OF NON-OBESE NAFLD

The role of obesity and lipotoxicity in the development of 
NAFLD and NASH has been well described.19 Briefly, obesity 
and insulin resistance lead to excess free fatty acids and in-
creased de novo lipogenesis in the liver. Free fatty acids are 
either stored as triglyceride, exported from the liver, or un-
dergo oxidation. The excess in free fatty acids causes oxida-
tive stress, liver cell injury and death, inflammation, and 
eventually fibrosis. On the other hand, the pathophysiology 
of lean or non-obese NAFLD is not completely understood. 
Despite having a normal or lower BMI, lean or non-obese 
NAFLD patients have excess visceral adiposity. Lean or non-
obese NAFLD patients share common altered metabolic and 
cardiovascular profile as their non-lean or obese counter-
parts, although the alterations are generally less severe.20 
While it is reasonable to think that lean or non-obese NAFLD 
is the early phase of NAFLD or the less severe end of the 
NAFLD spectrum, evidence suggests that there may be more 
to it. 

Ethnic differences in body fat distribution and 
genetic factors

It is well-known that different ethnic groups have different 
tendency to accumulate visceral and liver fat and to develop 
metabolic syndrome. Ethnic difference in the prevalence of 
hepatic steatosis was first pointed out in the landmark paper 
by Browning and colleagues in 2004, where Hispanics were 
found to have the highest prevalence of hepatic steatosis, 
while the prevalence was significantly lower among Blacks 
despite an equally high prevalence of obesity and insulin re-
sistance.21 In a subsequent multi-ethnic cohort study on 1,794 
subjects of African, European, Japanese, Latino, or Native Ha-
waiian ancestry in the United States, the mean visceral and 

liver fat were greatest among the Japanese Americans, which 
jointly accounted for a statistically significant fraction of the 
difference in metabolic syndrome prevalence compared to 
other ethnic groups independently of total fat mass.22 Stud-
ies on multi-ethnic Malaysians have also consistently found 
the prevalence of NAFLD to be higher among the Indians and 
Malays compared to the Chinese,23,24 with the ethnic predi-
lection seen as early as young adulthood.25 Consistent with 
this is the greater prevalence of metabolic syndrome among 
the Indians and Malays compared with the Chinese.26 The dif-
ference in tendency for visceral adiposity, NAFLD, and meta-
bolic syndrome between the different ethnic groups may be 
explained by genetic differences. A single nucleotide poly-
morphism in the patatin-like phospholipase domain-con-
taining-3 (PNPLA3) gene, the rs738409 C>G variant, which re-
sults in substitution of isoleucine by methionine at position 
148 (I148M), was found to be associated with increased liver 
fat in a genome-wide association study, and the risk allele 
was found to be the highest among Hispanics and the lowest 
among Blacks,27 providing an explanation to the initial obser-
vation by Browning and colleagues. Genetic polymorphisms 
in the PNPLA3 gene have subsequently been recognized as a 
major genetic determinant of NAFLD and its severity.28 The 
PNPLA3 protein has lipase activity in hepatocytes and I148M 
leads to loss of function that promotes accumulation of tri-
glycerides in liver cells.29 Interestingly, a population-based 
study in Hong Kong found that the PNPLA3 gene polymor-
phism had a greater effect on liver fat in lean individuals 
compared to overweight and obese individuals. Further-
more, lean individuals were significantly more likely to carry 
the risk allele compared with overweight and obese individu-
als.30 Therefore, genetic factors may have a greater effect to-
wards the development of NAFLD in lean or non-obese indi-
viduals, but the effect may be less pronounced in the 
presence of strong environmental factors, such as poor di-
etary choices and a sedentary lifestyle, with increasing BMI 
and in the obese state (Fig. 1). The findings were somewhat 
different in a study in the Western population, which found 
that the effect of the risk allele was amplified by increasing 
adiposity.31 The inconsistent findings may be due to other 
genetic determinants at play, environmental factors such as 
diet, or differences in the metabolic profile of the study pop-
ulations. A difference in the effect of genetic polymorphisms 
in the PNPLA3 gene on NAFLD has been observed among dif-
ferent ethnic groups, with the effect lowest among the Chi-
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nese compared to the Indians and Malays.32 In a subsequent 
study, the HSD17B13 rs72613567 and rs6834314 variants were 
found to be associated with a lower risk of NASH and adverse 
liver-related outcomes among the Chinese but not the Indi-
ans and Malays, supporting the role of polygenic determi-
nants in the disease phenotype.33 The transmembrane 6 su-
perfamily member 2 (TM6SF2) encodes a membrane protein 
required for normal very low density lipoprotein secretion. 
The rs58542926 C>T variant, which results in substitution of 
glutamate by lysine at position 167 (E167K), was found to be 
associated with higher circulating levels of serum alanine 
aminotransferase, a marker of liver injury, but lower level of 
serum low density lipoprotein cholesterol and triglycerides.34 
In a retrospective cohort study on 669 consecutive patients 
with biopsy-proven NAFLD in Italy, a significantly greater 
proportion of patients with lean NAFLD had E167K compared 
to their non-lean counterparts. In the same study, I148M was 
the only independent factor found to be associated with 
NASH and significant fibrosis among lean patients.35 Addi-
tionally, lean NAFLD may be also driven by other rare genetic 
disorder, such as familial hypobetalipoproteinemia and cho-
lesteryl ester storage disease.36,37 

More severe liver disease in some non-obese 
NAFLD patients

Even among lean or non-obese NAFLD patients, varying 
proportions of more severe liver disease have been observed. 
As elucidated earlier, this may be due to the under-reporting 
of alcohol intake, particularly in populations with high alco-
hol consumption, as well as genetic factors. For example, in a 
study on an outpatient population in the United States, ethic 
differences in the prevalence of cryptogenic cirrhosis mir-
rored the prevalence of hepatic steatosis and the frequency 
of I148M among the different ethnic groups.27 Another point 
for consideration is the loss of weight from poorly controlled 
diabetes mellitus and the loss of muscle mass associated with 
more advanced chronic liver disease in patients with long-
standing history of obesity, NAFLD, and diabetes mellitus. 
The inclusion of these patients as lean or non-obese NAFLD 
will paradoxically enrich the population with patients who 
are worse metabolically and have more severe liver disease 
with resultant poorer outcomes. The gut microbiome may 
play a role in the pathogenesis of NAFLD,38 but this remains 
unclear and deserves further studies, especially in non-obese 

NAFLD.   

NON-INVASIVE TESTS IN NON-OBESE NAFLD

It is well-recognized that the fibrosis stage is the single 
most important predictor for overall and liver-related mortal-
ity in patients with NAFLD.39 The same has been observed for 
the subpopulation of lean or non-obese NAFLD patients.11 
Due to the high prevalence of NAFLD in the general popula-
tion and only a small yet significant proportion of patients 
having advanced liver fibrosis,40 a simple assessment and re-
ferral pathway is needed to identify the patients who are 
more likely to have more severe liver disease for specialist 
care and to limit unnecessary referrals.41 Although liver biop-
sy is considered the reference standard for fibrosis assess-
ment and required for the diagnosis of NASH, it is not rou-
tinely performed as it is invasive and associated with a small 
risk of serious complications. Since the initial description and 
following refinement and validation, sequential testing with 
simple fibrosis score followed by liver stiffness measurement 
has become the backbone for fibrosis assessment in patients 
with NAFLD.41-44 In a multicenter study in France, Malaysia, 
and Hong Kong, all non-invasive tests that were tested, in-
cluding the Fibrosis-4 index, NAFLD fibrosis score, and liver 
stiffness measurement, were performed equally well in non-
obese compared with obese patients, and the same cut-offs 
can be used with similar or higher sensitivities and specifici-
ties. Furthermore, the negative predictive value of every non-
invasive test was found to be higher due to the lower preva-
lence of advanced fibrosis among non-obese compared to 
obese patients.45 A subsequent individual patient data meta-
analysis evaluating non-invasive tests against liver histology 
using data from 5,705 patients (15.2% of patients had a BMI 
of <25 kg/m2) found that non-invasive tests, namely the Fi-
brosis-4 index, NAFLD fibrosis score, and liver stiffness mea-
surement, performed better in patients with lower BMI.46 The 
area under the curve of some of the most commonly used 
non-invasive tests among non-obese patients compared to 
obese patients are summarized in Table 2.    
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LIFESTYLE INTERVENTION AND PHARMACO-
LOGICAL TREATMENT IN NON-OBESE NAFLD

Lifestyle intervention is the cornerstone for the manage-
ment of NAFLD. A landmark study on comprehensive lifestyle 
programs for patients with biopsy-proven NASH has shown 
that weight loss of ≥10% can result in NASH resolution and fi-
brosis improvement in 90% and 45%, respectively.47 In a ran-
domized controlled trial of a 12-month lifestyle intervention 
program, a significantly greater proportion of patients in the 
intervention group achieved remission of NAFLD based on 
proton-magnetic resonance spectroscopy compared with 
the control group (64% vs. 20%, P<0.001) with 97% of pa-
tients with ≥10% weight loss achieving remission of NAFLD.48 
More importantly, a secondary analysis found similar benefi-
cial effect of lifestyle intervention program regardless of the 
baseline BMI. The proportion of patients achieving remission 
of NALFD was 67% in the intervention group and 18% in the 
control group among non-obese patients. The correspond-
ing proportions among obese patients were 61% and 21%, 
respectively. Furthermore, 50% of non-obese patients 
achieved remission of NAFLD with 3–5% weight loss, while 
the same could be also achieved with 7–10% weight loss 
among obese patients.49 

To date, there is no pharmacological therapy approved for 
NAFLD. However, multiple drugs targeting obesity and the 
metabolic syndrome have shown promising results. In a mul-
ticenter, randomized, double-blind, placebo-controlled trial 
on biopsy-proven NASH patients, liraglutide 1.8 mg daily for 
48 weeks resulted in significantly greater resolution of defi-
nite NASH compared to placebo.50 In another study, sema-
glutide at increasing dosages resulted in significantly greater 
NASH resolution without worsening fibrosis compared with 

placebo, but there was no significant difference in fibrosis 
improvement.51 However, these studies enrolled only over-
weight patients with BMI ≥25 kg/m2.50,51 Whether glucagon-
like peptide-1 receptor agonists will be beneficial over stan-
dard of care and have acceptable profiles of side effect in 
lean NAFLD patients is not clear. Another concern related to 
marked weight loss, although desirable for the underlying 
NAFLD, is whether it comes with an associated loss of muscle 
mass. Sarcopenia is a common and important complication 
of chronic liver disease, including NAFLD, and has been asso-
ciated with poorer outcomes.52 However, post-hoc analysis of 
the STEP 1 trial, which was a trial evaluating semaglutide 2.4 
mg once-weekly for adult patients with BMI ≥27 kg/m2 with 
≥1 weight-related comorbidity or BMI ≥30 kg/m2, without di-
abetes mellitus, found semaglutide to be associated with re-
duced total fat mass and regional visceral fat mass, and an in-
creased proportion of lean body mass. Although the total 
lean body mass decreased from baseline (–9.7%), the propor-
tion relative to total body mass increased by 3.0% with im-
provement in lean body mass to fat mass ratio.53 Another 
study found that semaglutide resulted in significant declines 
in fat mass index and visceral adipose tissue, but not skeletal 
mass index, fat free mass index, and muscle strength.54 How-
ever, further studies are needed on the use of these emerg-
ing novel therapies in lean or non-obese NAFLD patients.55

CONCLUSION

Lean or non-obese NAFLD is a common entity and may be 
more than just the early phase or the less severe end of the 
NAFLD spectrum. While confounding factors, such as alcohol 
intake and weight loss following disease progression, could 

Table 2. The area under the curve for some of the most commonly used non-invasive tests for NAFLD according to BMI category based on a 
multicenter study and an individual patient data meta-analysis

Study BMI
Non-invasive test

Fibrosis-4 index NAFLD fibrosis score Liver stiffness measurement

Fu et al. (2020)45 <25 kg/m2 0.86 (0.75–0.98) 0.85 (0.73–0.96) 0.93 (0.87–0.98)

≥25 kg/m2 0.73 (0.69–0.77) 0.69 (0.64–0.73) 0.83 (0.80–0.87)

Mózes et al. (2022)46 <25 kg/m2 0.81 (0.78–0.84) 0.76 (0.71–0.81) 0.91 (0.89–0.94)

25–29.9 kg/m2 0.77 (0.75–0.80) 0.74 (0.71–0.77) 0.87 (0.85–0.89)

≥30 kg/m2 0.74 (0.72–0.76) 0.69 (0.66–0.72) 0.81 (0.79–0.83)

Values are presented as the area under the curve (95% confidence interval).
NAFLD, nonalcoholic fatty liver disease; BMI, body mass index.
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explain more severe liver disease and a worse outcome in 
some patients with lean or non-obese NAFLD, genetic factors 
are increasingly recognized to play an important role. Further 
studies to understand these genetic determinants in lean or 
non-obese NAFLD patients may open the door to better di-
agnostics and therapeutics that may have the potential to be 
expanded to obese NAFLD patients. Overall, non-invasive 
tests perform better in lean or non-obese NAFLD patients 
than in their obese counterparts. Lifestyle intervention works 
for lean or non-obese NAFLD patients, and less amount of 
weight loss may be required to achieve similar results com-
pared to obese NAFLD patients. The role of emerging thera-
peutics in lean or non-obese NAFLD patients is unclear, and 
further studies are warranted. 

Conflicts of Interest
Wah-Kheong Chan has served as a consultant or advisory 

board member for Roche, Abbvie, Boehringer Ingelheim 
and Novo Nordisk; and a speaker for Viatris and Hisky Medi-
cal. 

REFERENCES 
 

  1.	 Wong VW, Chan WK, Chitturi S, Chawla Y, Dan YY, Duseja A, et 

al. Asia-Pacific Working Party on Non-alcoholic Fatty Liver Dis-

ease guidelines 2017-part 1: definition, risk factors and assess-

ment. J Gastroenterol Hepatol 2018;33:70-85.

  2.	 Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee TH, et al. KASL clini-

cal practice guidelines: management of nonalcoholic fatty liver 

disease. Clin Mol Hepatol 2021;27:363-401.

  3.	 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Do-

nato KA, et al. Harmonizing the metabolic syndrome: a joint 

interim statement of the International Diabetes Federation 

Task Force on Epidemiology and Prevention; National Heart, 

Lung, and Blood Institute; American Heart Association; World 

Heart Federation; International Atherosclerosis Society; and 

International Association for the Study of Obesity. Circulation 

2009;120:1640-1645.

  4.	 Park SH, Plank LD, Suk KT, Park YE, Lee J, Choi JH, et al. Trends 

in the prevalence of chronic liver disease in the Korean adult 

population, 1998-2017. Clin Mol Hepatol 2020;26:209-215.

  5.	 Le MH, Yeo YH, Li X, Li J, Zou B, Wu Y, et al. 2019 Global NAFLD 

prevalence: a systematic review and meta-analysis. Clin Gastro-

enterol Hepatol 2022;20:2809-2817.e28.

  6.	 Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Rome-

ro-Gomez M, et al. A new definition for metabolic dysfunction-

associated fatty liver disease: an international expert consensus 

statement. J Hepatol 2020;73:202-209.

  7.	 Das K, Das K, Mukherjee PS, Ghosh A, Ghosh S, Mridha AR, et al. 

Nonobese population in a developing country has a high prev-

alence of nonalcoholic fatty liver and significant liver disease. 

Hepatology 2010;51:1593-1602.

  8.	 Dela Cruz AC, Bugianesi E, George J, Day CP, Liaquat H, 

Charatcharoenwitthaya P, et al. Characteristics and long-term 

prognosis of lean patients with nonalcoholic fatty liver disease. 

Gastroenterology 2014;146(5 Suppl 1):S909.

  9.	 Wei JL, Leung JC, Loong TC, Wong GL, Yeung DK, Chan RS, et 

al. Prevalence and severity of nonalcoholic fatty liver disease in 

non-obese patients: a population study using proton-magnetic 

resonance spectroscopy. Am J Gastroenterol 2015;110:1306-

1314; quiz 1315.

10.	 Leung JC, Loong TC, Wei JL, Wong GL, Chan AW, Choi PC, et al. 

Histological severity and clinical outcomes of nonalcoholic fatty 

liver disease in nonobese patients. Hepatology 2017;65:54-64.

11.	 Hagström H, Nasr P, Ekstedt M, Hammar U, Stål P, Hultcrantz R, 

et al. Risk for development of severe liver disease in lean pa-

tients with nonalcoholic fatty liver disease: a long-term follow-

up study. Hepatol Commun 2018;2:48-57.

12.	 Chang Y, Cho YK, Cho J, Jung HS, Yun KE, Ahn J, et al. Alcoholic 

and nonalcoholic fatty liver disease and liver-related mortality: 

a cohort study. Am J Gastroenterol 2019;114:620-629.

13.	 Golabi P, Paik J, Fukui N, Locklear CT, de Avilla L, Younossi ZM. 

Patients with lean nonalcoholic fatty liver disease are metaboli-

cally abnormal and have a higher risk for mortality. Clin Diabe-

tes 2019;37:65-72. 

14.	 Zou B, Yeo YH, Nguyen VH, Cheung R, Ingelsson E, Nguyen MH. 

Prevalence, characteristics and mortality outcomes of obese, 

nonobese and lean NAFLD in the United States, 1999-2016. J 

Intern Med 2020;288:139-151.

15.	 Younes R, Govaere O, Petta S, Miele L, Tiniakos D, Burt A, et al. 

Caucasian lean subjects with non-alcoholic fatty liver disease 

share long-term prognosis of non-lean: time for reappraisal of 

BMI-driven approach? Gut 2022;71:382-390.

16.	 Staufer K, Huber-Schönauer U, Strebinger G, Pimingstorfer P, 

Suesse S, Scherzer TM, et al. Ethyl glucuronide in hair detects 

a high rate of harmful alcohol consumption in presumed non-

alcoholic fatty liver disease. J Hepatol 2022;77:918-930.

17.	 Tan EX, Lee JW, Jumat NH, Chan WK, Treeprasertsuk S, 

Goh GB, et al. Non-obese non-alcoholic fatty liver disease 



S66

Clinical and Molecular Hepatology
Volume_29 Supplement February 2023

http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2022.0350

(NAFLD) in Asia: an international registry study. Metabolism 

2022;126:154911.

18.	 Ye Q, Zou B, Yeo YH, Li J, Huang DQ, Wu Y, et al. Global preva-

lence, incidence, and outcomes of non-obese or lean non-alco-

holic fatty liver disease: a systematic review and meta-analysis. 

Lancet Gastroenterol Hepatol 2020;5:739-752.

19.	 Cusi K. Role of obesity and lipotoxicity in the development of 

nonalcoholic steatohepatitis: pathophysiology and clinical im-

plications. Gastroenterology 2012;142:711-725.e6.

20.	 Sookoian S, Pirola CJ. Systematic review with meta-analysis: risk 

factors for non-alcoholic fatty liver disease suggest a shared 

altered metabolic and cardiovascular profile between lean and 

obese patients. Aliment Pharmacol Ther 2017;46:85-95.

21.	 Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton 

JD, Cohen JC, et al. Prevalence of hepatic steatosis in an urban 

population in the United States: impact of ethnicity. Hepatol-

ogy 2004;40:1387-1395.

22.	 Lim U, Monroe KR, Buchthal S, Fan B, Cheng I, Kristal BS, et al. 

Propensity for intra-abdominal and hepatic adiposity varies 

among ethnic groups. Gastroenterology 2019;156:966-975.e10.

23.	 Goh SC, Ho EL, Goh KL. Prevalence and risk factors of non-alco-

holic fatty liver disease in a multiracial suburban Asian popula-

tion in Malaysia. Hepatol Int 2013;7:548-554.

24.	 Chan WK, Tan AT, Vethakkan SR, Tah PC, Vijayananthan A, Goh 

KL. Non-alcoholic fatty liver disease in diabetics--prevalence 

and predictive factors in a multiracial hospital clinic population 

in Malaysia. J Gastroenterol Hepatol 2013;28:1375-1383.

25.	 Chan WK, Bahar N, Razlan H, Vijayananthan A, Sithaneshwar P, 

Goh KL. Non-alcoholic fatty liver disease in a young multiracial 

Asian population: a worrying ethnic predilection in Malay and 

Indian males. Hepatol Int 2014;8:121-127.

26.	 Rampal S, Mahadeva S, Guallar E, Bulgiba A, Mohamed R, Rah-

mat R, et al. Ethnic differences in the prevalence of metabolic 

syndrome: results from a multi-ethnic population-based survey 

in Malaysia. PLoS One 2012;7:e46365.

27.	 Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio 

LA, et al. Genetic variation in PNPLA3 confers susceptibility to 

nonalcoholic fatty liver disease. Nat Genet 2008;40:1461-1465.

28.	 Sookoian S, Pirola CJ. Meta-analysis of the influence of I148M 

variant of patatin-like phospholipase domain containing 3 

gene (PNPLA3) on the susceptibility and histological severity of 

nonalcoholic fatty liver disease. Hepatology 2011;53:1883-1894.

29.	 Trépo E, Romeo S, Zucman-Rossi J, Nahon P. PNPLA3 gene in 

liver diseases. J Hepatol 2016;65:399-412.

30.	 Lin H, Wong GL, Whatling C, Chan AW, Leung HH, Tse CH, et al. 

Association of genetic variations with NAFLD in lean individu-

als. Liver Int 2022;42:149-160.

31.	 Stender S, Kozlitina J, Nordestgaard BG, Tybjærg-Hansen A, 

Hobbs HH, Cohen JC. Adiposity amplifies the genetic risk 

of fatty liver disease conferred by multiple loci. Nat Genet 

2017;49:842-847.

32.	 Zain SM, Mohamed R, Mahadeva S, Cheah PL, Rampal S, Basu 

RC, et al. A multi-ethnic study of a PNPLA3 gene variant and 

its association with disease severity in non-alcoholic fatty liver 

disease. Hum Genet 2012;131:1145-1152.

33.	 Ting YW, Kong AS, Zain SM, Chan WK, Tan HL, Mohamed Z, et al. 

Loss-of-function HSD17B13 variants, non-alcoholic steatohepa-

titis and adverse liver outcomes: results from a multi-ethnic 

Asian cohort. Clin Mol Hepatol 2021;27:486-498.

34.	 Kozlitina J, Smagris E, Stender S, Nordestgaard BG, Zhou HH, 

Tybjærg-Hansen A, et al. Exome-wide association study identi-

fies a TM6SF2 variant that confers susceptibility to nonalcoholic 

fatty liver disease. Nat Genet 2014;46:352-356.

35.	 Fracanzani AL, Petta S, Lombardi R, Pisano G, Russello M, Con-

sonni D, et al. Liver and cardiovascular damage in patients with 

lean nonalcoholic fatty liver disease, and association with vis-

ceral obesity. Clin Gastroenterol Hepatol 2017;15:1604-1611.e1.

36.	 Mouzaki M, Shah A, Arce-Clachar AC, Hardy J, Bramlage K, 

Xanthakos SA. Extremely low levels of low-density lipoprotein 

potentially suggestive of familial hypobetalipoproteinemia: a 

separate phenotype of NAFLD? J Clin Lipidol 2019;13:425-431.

37.	 Carter A, Brackley SM, Gao J, Mann JP. The global prevalence 

and genetic spectrum of lysosomal acid lipase deficiency: a rare 

condition that mimics NAFLD. J Hepatol 2019;70:142-150.

38.	 Jennison E, Byrne CD. The role of the gut microbiome and diet 

in the pathogenesis of non-alcoholic fatty liver disease. Clin 

Mol Hepatol 2021;27:22-43.

39.	 Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, et al. In-

creased risk of mortality by fibrosis stage in nonalcoholic fatty 

liver disease: systematic review and meta-analysis. Hepatology 

2017;65:1557-1565.

40.	 Wong VW, Chu WC, Wong GL, Chan RS, Chim AM, Ong A, et al. 

Prevalence of non-alcoholic fatty liver disease and advanced fi-

brosis in Hong Kong Chinese: a population study using proton-

magnetic resonance spectroscopy and transient elastography. 

Gut 2012;61:409-415.

41.	 Chan WK, Tan SS, Chan SP, Lee YY, Tee HP, Mahadeva S, et al. 

Malaysian Society of Gastroenterology and Hepatology con-

sensus statement on metabolic dysfunction-associated fatty 

liver disease. J Gastroenterol Hepatol 2022;37:795-811.



S67

Wah-Kheong Chan
Comparison between obese and non-obese NAFLD

http://www.e-cmh.org https://doi.org/10.3350/cmh.2022.0350

42.	 Chan WK, Nik Mustapha NR, Mahadeva S. A novel 2-step ap-

proach combining the NAFLD fibrosis score and liver stiffness 

measurement for predicting advanced fibrosis. Hepatol Int 

2015;9:594-602.

43.	 Chan WK, Treeprasertsuk S, Goh GB, Fan JG, Song MJ, 

Charatcharoenwitthaya P, et al. Optimizing use of nonalcoholic 

fatty liver disease fibrosis score, Fibrosis-4 score, and liver stiff-

ness measurement to identify patients with advanced fibrosis. 

Clin Gastroenterol Hepatol 2019;17:2570-2580.e37.

44.	Eslam M, Sarin SK, Wong VW, Fan JG, Kawaguchi T, Ahn SH, et al. 

The Asian Pacific Association for the Study of the Liver clinical 

practice guidelines for the diagnosis and management of meta-

bolic associated fatty liver disease. Hepatol Int 2020;14:889-919.

45.	 Fu C, Wai JW, Nik Mustapha NR, Irles M, Wong GL, Mahadeva 

S, et al. Performance of simple fibrosis scores in nonobese pa-

tients with nonalcoholic fatty liver disease. Clin Gastroenterol 

Hepatol 2020;18:2843-2845.e2.

46.	 Mózes FE, Lee JA, Selvaraj EA, Jayaswal ANA, Trauner M, 

Boursier J, et al. Diagnostic accuracy of non-invasive tests for 

advanced fibrosis in patients with NAFLD: an individual patient 

data meta-analysis. Gut 2022;71:1006-1019.

47.	 Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-

Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, et al. Weight loss 

through lifestyle modification significantly reduces features of 

nonalcoholic steatohepatitis. Gastroenterology 2015;149:367-

378.e5; quiz e14-e15.

48.	Wong VW, Chan RS, Wong GL, Cheung BH, Chu WC, Yeung DK, 

et al. Community-based lifestyle modification programme for 

non-alcoholic fatty liver disease: a randomized controlled trial. 

J Hepatol 2013;59:536-542.

49.	 Wong VW, Wong GL, Chan RS, Shu SS, Cheung BH, Li LS, et al. 

Beneficial effects of lifestyle intervention in non-obese patients 

with non-alcoholic fatty liver disease. J Hepatol 2018;69:1349-

1356.

50.	 Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker 

R, et al. Liraglutide safety and efficacy in patients with non-

alcoholic steatohepatitis (LEAN): a multicentre, double-

blind, randomised, placebo-controlled phase 2 study. Lancet 

2016;387:679-690.

51.	 Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu V, 

et al. A placebo-controlled trial of subcutaneous semaglutide in 

nonalcoholic steatohepatitis. N Engl J Med 2021;384:1113-1124.

52.	 Bhanji RA, Narayanan P, Allen AM, Malhi H, Watt KD. Sarcopenia 

in hiding: the risk and consequence of underestimating muscle 

dysfunction in nonalcoholic steatohepatitis. Hepatology 

2017;66:2055-206.

53.	 Wilding JPH, Batterham RL, Calanna S, Van Gaal LF, McGowan 

BM, Rosenstock J, et al. Impact of semaglutide on body compo-

sition in adults with overweight or obesity: exploratory analysis 

of the STEP 1 study. J Endocr Soc 2021;5(Suppl 1):A16-A17.

54.	 Volpe S, Lisco G, Racaniello D, Fanelli M, Colaianni V, Vozza A, et 

al. Once-weekly semaglutide induces an early improvement in 

body composition in patients with type 2 diabetes: a 26-week 

prospective real-life study. Nutrients 2022;14:2414.

55.	 Patoulias D, Doumas M. Lean non-alcoholic fatty liver disease: 

is there a place for novel antidiabetics in the therapeutic man-

agement of this underappreciated “enemy”? Clin Mol Hepatol 

2020;26:582-583.


