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Abstract
Individuals with non-alcoholic fatty liver 
disease (NAFLD) who lack classical risk factors 
also have the ability to develop nonalcoholic 
steatohepatitis (NASH) and progression to more 
advanced liver disease. The pathophysiology and 
risk factors for the development of NAFLD in 
non-obese persons are not fully understood but 
seem to be closely related to insulin resistance, 
atherogenic dyslipidaemia and alterations 
in body composition, with some patients 
harbouring predisposing genetic polymorphisms. 
In normal-weight individuals, also called ‘lean’, 
there is limited potential for effective lifestyle 
change in disease management. Additionally, 
biological mechanisms underlying the 
development of NASH in non-obese individuals 
may reveal novel targets for intervention. In 
this review, the authors discuss the clinical, 
histological and genetic features and risk factors 
for non-obese NAFLD and highlight gaps in 
knowledge and areas for future research.

Introduction
Non-alcoholic fatty liver disease (NAFLD) 
is the most common aetiology of chronic 
liver disease worldwide, affecting an esti-
mated 25% of the population.1 NAFLD 
is defined as the presence of hepatic 
steatosis without evidence of secondary 
causes of hepatic fat accumulation and 
is closely associated with the meta-
bolic syndrome. There is, however, an 
increasing recognition of ‘lean NAFLD’, 
or NAFLD in patients with a body mass 
index (BMI) <25 kg/m2, but not under-
weight (<18.5 kg/m2), with an estimated 
prevalence of 7% in the USA2 and 19% 
in Asia.3 Patients with NAFLD (obese and 
non-obese) can also have non-alcoholic 
steatohepatitis (NASH) and may progress 
to end-stage liver disease or cirrhosis, 
including complications such as hepa-
tocellular carcinoma (HCC). We aim 
to (1) review the epidemiology of non-
obese NAFLD and NASH across global 
populations, (2) describe the associated 

metabolic changes and clinical outcomes 
of non-obese NAFLD, (3) outline genetic 
contributions to more advanced disease 
and (4) identify this special population 
as one for which therapeutic options may 
have long-term implications.

Defining obesity and ethnic 
differences in obesity and 
hepatic fat content
The WHO classifies ‘overweight’ as a 
BMI of ≥25 kg/m2 and ‘obesity’ as a 
BMI of ≥30 kg/m2. For the purposes of 
this review, we will use the WHO classi-
fication, but recognise the limitations of 
BMI as a surrogate for body composition, 
especially in patients of Asian ethnicity, 
who are more likely to have central fat 
deposition at lower BMIs.4 Although no 
specific changes across Asian popula-
tions are recommended given variance 
across ethnic subgroups, action points are 
suggested at lower BMI based on meta-
bolic risk.

The degree of visceral adiposity is 
associated with metabolic syndrome 
and its consequences5 and is felt to be 
closely related to the presence of hepatic 
steatosis and liver inflammation assessed 
by histology.6 It is therefore not surprising 
that there are also ethnic differences in the 
degree of hepatic steatosis at a given BMI. 
In a study of participants from the Multi-
Ethnic Study of Atherosclerosis (MESA) 
who underwent baseline non-contrast 
cardiac CT with adequate imaging to 
determine the degree of hepatic steatosis, 
presence of fatty liver (defined as a liver/
spleen attenuation ratio of <1) was 
highest in patients of Hispanic and Asian 
ethnicity. Although the prevalence of 
obesity was highest in African-Americans 
(45.7% of African-Americans were obese, 
compared with 38.4% of Hispanics, 28% 
of Whites and 4.4% of Asians), the pres-
ence of fatty liver was significantly less in 
African-Americans compared with other 
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Figure 1  Clinical features of non-obese NAFLD. NAFLD, non-
alcoholic fatty liver disease.

ethnicities (11% of African-Americans had fatty liver, 
compared with 27% of Hispanics, 15% of Whites and 
20% of Asians). In this cohort, obese White, Asian 
and Hispanic patients had similar rates of fatty liver, 
although non-obese Asian and Hispanic patients were 
more likely to have fatty liver than non-obese whites.7

In another study investigating the association of 
ethnic differences in fat distribution to the relationship 
between BMI and metabolic risk, there was increased 
liver fat content among Japanese men compared with 
non-Hispanic white men even when accounting for 
BMI.8 There were similar findings in a study using 
liver fat content as measured by proton MR spec-
troscopy, where Chinese patients had more liver fat 
content for any degree of obesity than their European 
counterparts.9

In addition to differences in fat distribution and 
degree of hepatic steatosis between ethnicities, there 
are also metabolic differences at similar BMIs. Asian 
Indian men, for example, have increased hepatic 
triglyceride content when compared with white men 
and they have the greatest prevalence of insulin resis-
tance when compared with all other ethnicities.10 
Although we will now shift our focus specifically to 
non-obese, or ‘lean’ NAFLD, it is important to keep 
these ethnic differences in mind.

Clinical features and risk factors 
associated with lean NAFLD
There are distinct clinical features and risk factors for 
the development of NAFLD in lean patients, as seen 
in figure 1. We will first address the features of lean 
versus non-lean NAFLD, where there are observed 
differences in patient characteristics, comorbidities 
and laboratory findings.

In a recent meta-analysis, Sookoian and Pirola eval-
uated patients with imaging and/or biopsy evidence 
of hepatic steatosis in the absence of other underlying 
liver disease or contributor to steatosis. They found 
that overweight and obese patients with NAFLD (BMI 
>25 kg/m2) had higher fasting plasma glucose levels 
and higher blood pressure than lean patients with 
NAFLD (BMI ≤25 kg/m2).11 In 2018, Hagström et 
al looked specifically at patients with biopsy-proven 
NAFLD, and similarly found that lean subjects (BMI 
<25 kg/m2) had lower aspartate transaminase (AST), 
alanine aminotransferase (ALT), triglyceride concen-
tration and fasting glucose when compared with over-
weight and obese subjects (BMI ≥25 kg/m2).12 These 
differences were seen in yet another study of patients 
with biopsy-proven NAFLD, where lean patients (BMI 
<25 kg/m2) had lower rates of diabetes, hypertension, 
hypertriglyceridaemia, low-high-density lipoprotein 
(HDL) cholesterol, central obesity and metabolic 
syndrome compared with overweight and obese 
patients (BMI ≥25 kg/m2). Lean patients in this cohort 
also had a lower ALT and decreased insulin resis-
tance compared with overweight and obese patients.13 

Even with more strictly characterising patients with 
biopsy-proven NAFLD into lean (18.5<BMI<25 kg/
m2), overweight (BMI 25–29.9 kg/m2) or obese (BMI 
≥30 kg/m2), as Francanzani et al did in their retrospec-
tive cohort study in 2017, lean patients were found to 
have lower rates of hypertension, diabetes and meta-
bolic syndrome than overweight and obese patients.5

Despite these differences, lean and non-lean patients 
with NAFLD seem to share a common altered metabolic 
profile unique from lean patients without NAFLD. In 
the meta-analysis referenced above,11 although charac-
terised as lean by BMI, lean patients with NAFLD had 
a higher average BMI when compared with the lean 
non-NAFLD controls (where controls were subjects 
with no evidence of steatosis on imaging and/or biopsy 
and had no features of metabolic syndrome). Lean 
patients with NAFLD also had a greater waist circum-
ference than the lean non-NAFLD controls. These find-
ings are similar to another study from Feldman et al, 
where patients were characterised as lean healthy (BMI 
≤25 kg/m2, no steatosis on ultrasound), lean NAFLD 
(BMI ≤25 kg/m2, steatosis on ultrasound), and obese 
NAFLD (BMI ≥30 kg/m2, steatosis on ultrasound).14 
Lean subjects with NAFLD had fasting insulin concen-
trations similar to lean healthy subjects but had mark-
edly impaired glucose tolerance. Serum adiponectin 
concentrations were decreased in both NAFLD groups 
compared with controls. These studies should be inter-
preted in the context of their assessment of normal or 

P
rotected by copyright.

 on N
ovem

ber 1, 2020 at S
int F

ransiscus G
asthuis.

http://fg.bm
j.com

/
F

rontline G
astroenterol: first published as 10.1136/flgastro-2018-101119 on 13 D

ecem
ber 2019. D

ow
nloaded from

 

http://fg.bmj.com/


Phipps M, Wattacheril J. Frontline Gastroenterology 2020;11:478–483. doi:10.1136/flgastro-2018-101119480

Liver

healthy as imaging detection of steatosis varies with 
different modalities.

Bile acids and the gut microbiome are important 
factors in metabolic homeostasis, and there are 
emerging data on their role in NAFLD, with most 
studies to date focused on differences between patients 
with NAFLD compared with healthy controls.15 16 A 
recent study from Chen et al looked specifically at 
a cohort of patients with biopsy-proven NAFLD, of 
which 18% were lean.17 Compared with their non-lean 
counterparts, lean patients had an ‘obesity-resistant’ 
phenotype, mediated in part by increased levels of 
bile acids and changes in the gut microbiota. Further 
research focused on alterations of the gut microbiome 
and bile acid signalling between lean patients with 
NAFLD compared with lean patients without NAFLD 
might help in better understanding the role of the 
microbiome in disease pathogenesis and progression.

Histological features of lean NAFLD
There are also distinct features at the histological 
level in patients with lean compared with non-lean 
NAFLD based on cross-sectional studies. A recent 
study from Denkmayr et al divided patients with 
biopsy-proven NAFLD into lean (BMI ≤25 kg/m2), 
overweight (25<BMI (kg/m2)≤30) and obese (BMI 
>30 kg/m2) categories.18 Lean patients with NAFLD 
had increased lobular inflammation and hepatocellular 
ballooning when compared with overweight and obese 
groups. Fibrosis was similar across groups, but with 
increased rates of cirrhosis in the lean group than in 
the overweight and obese groups. There was a lesser 
degree of steatosis in lean patients with NAFLD. These 
findings are similar to another study of patients with 
biopsy-proven NAFLD, although published only in the 
abstract form and dividing patients into two groups, 
lean (BMI <25 kg/m2) versus non-lean (BMI ≥25 kg/
m2).13 In this study, patients with lean NAFLD had a 
decreased degree of steatosis and less advanced fibrosis, 
but more severe lobular inflammation than non-lean 
patients with NAFLD. These findings were also seen 
in a multicentre retrospective study of patients in Italy 
with biopsy-proven NAFLD, where non-lean patients 
with NAFLD developed NASH/fibrosis earlier than 
lean patients with NAFLD.5

Genetic contribution to the pathogenesis 
of lean NAFLD
The development of NAFLD in lean patients is 
multifactorial, and in some patients, there seems 
to be a degree of genetic predisposition. There are 
various genetic loci associated with increased risk of 
NAFLD along with disease severity and progression 
to advanced fibrosis, largely in European ancestry 
cohorts, including PNPLA3, TM6SF2, GCKR and 
MBOAT7.11 19 20

There is perhaps the best evidence for the role 
of PNPLA3 polymorphisms not just in promoting 

susceptibility to NAFLD, but specifically in the risk 
it portends for the development of NAFLD in lean 
patients. The possession of the PNPLA3 polymorphism 
has been shown to be an independent factor associated 
with NAFLD in lean patients.14 21 22 There is also a 
significant amount of evidence in support of polymor-
phisms in TM6SF2 increasing risk for NAFLD and its 
association with more advanced fibrosis,23–25 including 
one recent study showing an increased prevalence of 
one TM6SF2 variant (167KK) in lean compared with 
non-lean patients with NAFLD.5 Genetic predisposi-
tions to altered metabolic flexibility have not yet been 
studied.

Although these genetic factors certainly seem to play 
an important role in some patients and increase the risk 
of development of NAFLD, one recent study showed 
that PNPLA3 and TM6SF2 polymorphisms were not 
associated with histological severity of NAFLD or 
disease progression in a cohort of non-obese patients 
with biopsy-proven NAFLD.12 Other risk variants may 
play a role in this phenotype of interest and maybe 
discovered with sequencing larger cohorts.

Clinical approach to lean NAFLD and 
therapeutic options
As NAFLD is closely associated with metabolic 
syndrome, the clinical approach to lean NAFLD is 
challenging and unique in that the major clinical risk, 
overweight or obesity, is not present, thereby limiting 
conventional interventions (caloric restriction and 
exercise). Here, we propose a clinical approach to lean 
patients with NAFLD and summarise current areas of 
investigation. Similar to overweight and obese patients 
with NAFLD, one of the first steps in the clinical 
approach with lean patients with NAFLD is a compre-
hensive medication review to identify potential agents 
that might be contributing to or causing hepatic stea-
tosis.

Lean patients with NAFLD are often referred to as 
metabolically obese normal weight (MONW), as they 
have insulin resistance, atherogenic dyslipidaemia and 
increased mortality from the cardiovascular disease 
despite their normal BMI.26 The body composition 
and distribution of adipose tissue in lean patients with 
NAFLD are felt to be an essential contributor to the 
development of the disease phenotype (figure 2) and 
may be important in developing our clinical approach 
to these patients. The body composition of MONW 
individuals is one that favours visceral as opposed to 
peripheral adiposity. The longitudinal cohort study 
from Kim et al found that higher amounts of visceral 
adiposity were associated with a higher risk of inci-
dent NAFLD over time (with a mean follow-up time 
of 4.4 years). In contrast, the presence of larger areas 
of peripheral adiposity was associated with regression 
in NAFLD over time.27 The routine measurement of 
waist circumference in all patients, rather than BMI 
alone, may be an important factor in identifying 
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Figure 3  Therapeutic targets in NAFLD and NASH. Columns indicate established mechanism of action; arrows indicate some evidence of effect 
across histologic phenotypes. NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis

Figure 2  Comparison of clinical features within lean and 
overweight/obese NAFLD. AST, aspartate transaminase; ALT, alanine 
aminotransferase; NAFLD, non-alcoholic fatty liver disease

patients at risk for NAFLD even with a ‘normal’ 
BMI. Additional measures of body composition are 
currently under investigation and may augment the 
care of these patients, especially with regards to exer-
cise recommendations.

There is evidence that altered lipid metabolism 
plays a role in the development of NAFLD in lean 
patients. In 2005, Musso et al studied 25 non-obese 
patients without diabetes with biopsy-proven NASH. 
Compared with controls, patients with NASH had 
lower circulating levels of adiponectin, which nega-
tively correlated with the degree of liver steatosis and 
fibrosis. In response to a fat load, non-obese patients 
had a decrease in serum adiponectin and controls had 
an increase in serum adiponectin. This was inversely 
correlated to postprandial free fatty acids in both 
groups and was an independent predictor of NASH 
severity.28

An important clinical consideration in all patients 
with liver disease is HCC surveillance. Development 
of HCC is most common in patients with cirrhosis, 
but there is burgeoning evidence of an increased risk 
of HCC in NAFLD compared with other underlying 

etiologies of liver disease, and some studies showing 
the development of HCC even in the absence of 
cirrhosis.29 30 As biomarker development identi-
fies various stages of the disease, early detection of 
cirrhosis is an area for pharmacologic intervention as 
well as cancer screening.

There are currently limited options in terms of phar-
macologic agents; however, there exist several ther-
apeutic agents in development as shown in figure 3. 
Although there is some evidence for the use of piogl-
itazone and vitamin E in the treatment of diabetic 
and non-diabetic patients with biopsy-proven NASH, 
respectively,31 this patient population represents an 
early intervention subgroup given the limited ability 
to change body composition by lifestyle changes alone. 
Most phase II and III trials currently underway are 
investigating agents in that work to alter glucose or 
lipid metabolism (as metabolic substrates), inflamma-
tion or liver fibrosis. Some of these therapeutic agents 
work in part by contributing to weight loss, which 
may be of less benefit in lean patients, or even increase 
harm in lean patients, compared with overweight and 
obese patients with NAFLD. Phase III agents such as 
elafibranor, obeticholic acid or cenicriviroc may reveal 
histological improvement in normal-weight patients 
with NASH, especially in patients with modest amounts 
of subcutaneous adipose (free fatty acid delivery to the 
liver). Combination therapy in this population is also 
an area of further investigation.

Outcomes of lean NAFLD
Data focused on outcomes in lean NAFLD are lacking. 
Aside from one study which was published only in the 
abstract form,13 there does not seem to be an increased 
risk of overall mortality in lean NAFLD compared with 
overweight and obese NAFLD. Most studies show that 
obese patients with NAFLD have an increased risk of 
overall mortality compared with matched controls and 
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overweight patients with NAFLD,12 32 although longi-
tudinal data for lean NAFLD cohorts are needed.

Several studies do show that lean patients with 
NAFLD can still progress to a severe clinical and histo-
logical phenotype, with the development of decom-
pensated liver disease and cirrhosis. Clinically, at 
similar waist circumference, lean patients with NAFLD 
had an increased risk of diabetes when compared with 
overweight and obese patients.5 From a histological 
perspective, in one study where patients with biopsy-
proven NAFLD were followed for a mean time of 20 
years, lean patients with NAFLD had an increased risk 
for the development of severe liver disease (defined as a 
diagnosis of decompensated liver disease, liver failure, 
HCC or cirrhosis) compared with overweight patients, 
despite an increased prevalence of advanced fibrosis 
and NASH at baseline in the higher BMI group. Obese 
NAFLD was still the most severe disease phenotype, 
with the highest mortality.12 Long-term outcomes that 
relate to overall progression to end-stage liver disease 
and all-cause and liver-related mortality in normal-
weight patients with NASH would inform our basic 
understanding of the natural history of lean NAFLD.

Conclusions
NAFLD is a global epidemic and although typically 
associated with metabolic syndrome and its compo-
nents (including obesity), there is now increased 
recognition of NAFLD in patients with a normal BMI. 
Insulin resistance seems to play a critical role in the 
development of NAFLD in both obese and non-obese 
populations; visceral obesity, greater waist circumfer-
ence, male sex, hypertension and dyslipidaemia also 
seem to be among the leading risk factors for NAFLD 
in the non-obese. Although there is limited evidence 
on mortality in lean versus non-lean NAFLD, several 
studies have shown there is a significant risk for the 
development of severe liver disease and NASH in lean 
NAFLD. The inclusion of patients with lean NASH 
for biomarker qualification studies and therapeutic 
interventions is important for disease identification 
in special populations and the prevention of disease 
progression in patients with limited self-directed 
options for disease management.

Summary points
►► NAFLD occurs in patients with a normal BMI, with 

prevalence rates estimated at 7% in the United States and 
19% in Asia. These patients are at risk to develop NASH 
and progress to cirrhosis and its complications, including 
death and HCC.

►► When compared to lean patients without NAFLD, those 
with NAFLD have higher fasting glucose, increased BMI, 
increased waist circumference, and decreased circulating 
serum adiponectin levels, suggesting that lean and non-
lean NAFLD patients share a common altered metabolic 
profile unique from lean patients without NAFLD.

►► Some lean patients with NAFLD harbor a genetic 
predisposition to its development. Particular loci asso-
ciated with increased risk of developing NAFLD as well 
as increased disease severity and faster progression to 
advanced fibrosis include: PNPLA3, TM6SF2, GCKR, 
and MBOAT7.

►► Weight loss is of limited utility, and may prove harmful, 
in lean patients with NAFLD, and may be harmful to 
some. Current phase 2 and phase 3 trials are underway 
investigating agents that target glucose and lipid metabo-
lism, inflammation, and fibrosis. Efficacy of these agents 
in this specific subset of patients may reveal particular 
insights into disease biology and longitudinal assessment.

Contributors  MP: contributed to the planning and drafting 
of the work. JW: contributed to conceptualising, revising and 
supervising the work.

Funding  The authors have not declared a specific grant for this 
research from any funding agency in the public, commercial or 
not-for-profit sectors.

Competing interests  JW has paid consulting activities with 
Astra Zeneca and has received research support from Janssen, 
Genfit, Intercept, Galectin, Gilead, Zydus, Conatus, and Shire.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally 
peer reviewed.

ORCID iD
Julia Wattacheril http://​orcid.​org/​0000-​0002-​0368-​0860

References
	 1	 Wong S-W, Ting Y-W, Chan W-K. Epidemiology of non-

alcoholic fatty liver disease-related hepatocellular carcinoma 
and its implications. JGH Open 2018;2:235–41.

	 2	 Younossi ZM, Stepanova M, Negro F, et al. Nonalcoholic fatty 
liver disease in lean individuals in the United States. Medicine 
2012;91:319–27.

	 3	 Fan J-G, Kim S-U, Wong VW-S. New trends on obesity and 
NAFLD in Asia. J Hepatol 2017;67:862–73.

	 4	 Chan JCN, Malik V, Jia W, et al. Diabetes in Asia: 
epidemiology, risk factors, and pathophysiology. JAMA 
2009;301:2129–40.

	 5	 Fracanzani AL, Petta S, Lombardi R, et al. Liver and 
cardiovascular damage in patients with lean nonalcoholic 
fatty liver disease, and association with visceral obesity. Clin 
Gastroenterol Hepatol 2017;15:1604–11.

	 6	 der PDvan, Milner K-L, Hui J, et al. Visceral fat: a key 
mediator of steatohepatitis in metabolic liver disease. 
Hepatology 2008;48:449–57.

	 7	 Tota-Maharaj R, Blaha MJ, Zeb I, et al. Ethnic and sex 
differences in fatty liver on cardiac computed tomography: the 
multi-ethnic study of atherosclerosis. Mayo Clinic Proceedings 
2014;89:493–503.

	 8	 Azuma K, Kadowaki T, Cetinel C, et al. Higher liver fat 
content among Japanese in Japan compared with non-Hispanic 
whites in the United States. Metabolism 2009;58:1200–7.

	 9	 Xia M-F, Yki-Järvinen H, Bian H, et al. Influence of ethnicity 
on the accuracy of non-invasive scores predicting non-alcoholic 
fatty liver disease. PLoS One 2016;11:e0160526.

	10	 Petersen KF, Dufour S, Feng J, et al. Increased prevalence of 
insulin resistance and nonalcoholic fatty liver disease in Asian-
Indian men. Proc Natl Acad Sci U S A 2006;103:18273–7.

	11	 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 

P
rotected by copyright.

 on N
ovem

ber 1, 2020 at S
int F

ransiscus G
asthuis.

http://fg.bm
j.com

/
F

rontline G
astroenterol: first published as 10.1136/flgastro-2018-101119 on 13 D

ecem
ber 2019. D

ow
nloaded from

 

http://orcid.org/0000-0002-0368-0860
http://dx.doi.org/10.1002/jgh3.12070
http://dx.doi.org/10.1097/MD.0b013e3182779d49
http://dx.doi.org/10.1016/j.jhep.2017.06.003
http://dx.doi.org/10.1001/jama.2009.726
http://dx.doi.org/10.1016/j.cgh.2017.04.045
http://dx.doi.org/10.1016/j.cgh.2017.04.045
http://dx.doi.org/10.1016/j.mayocp.2013.12.015
http://dx.doi.org/10.1016/j.metabol.2009.03.021
http://dx.doi.org/10.1371/journal.pone.0160526
http://dx.doi.org/10.1073/pnas.0608537103
http://fg.bmj.com/


Phipps M, Wattacheril J. Frontline Gastroenterology 2020;11:478–483. doi:10.1136/flgastro-2018-101119 ﻿483

Liver

lean and obese patients. Aliment Pharmacol Ther 2017;46:85–
95.

	12	 Hagström H, Nasr P, Ekstedt M, et al. Risk for development 
of severe liver disease in lean patients with nonalcoholic fatty 
liver disease: a long-term follow-up study. Hepatol Commun 
2018;2:48–57.

	13	 Cruz ACD, Bugianesi E, George J, et al. 379 characteristics and 
long-term prognosis of lean patients with nonalcoholic fatty 
liver disease. Gastroenterology 2014;146:S-909.

	14	 Feldman A, Eder SK, Felder TK, et al. Clinical and metabolic 
characterization of lean Caucasian subjects with non-alcoholic 
fatty liver. Am J Gastroenterol 2017;112:102–10.

	15	 Le Roy T, Llopis M, Lepage P, et al. Intestinal microbiota 
determines development of non-alcoholic fatty liver disease in 
mice. Gut 2013;62:1787–94.

	16	 Loomba R, Seguritan V, Li W, et al. Gut Microbiome-Based 
metagenomic signature for non-invasive detection of advanced 
fibrosis in human nonalcoholic fatty liver disease. Cell Metab 
2017;25:1054–62.

	17	 Chen F, Esmaili S, Rogers G, et al. Lean NAFLD : A Distinct 
Entity Shaped by Differential Metabolic Adaptation. 
Hepatology 2019.

	18	 Denkmayr L, Feldman A, Stechemesser L, et al. Lean patients 
with non-alcoholic fatty liver disease have a severe histological 
phenotype similar to obese patients. J Clin Med 2018;7.

	19	 Romeo S, Kozlitina J, Xing C, et al. Genetic variation in 
PNPLA3 confers susceptibility to nonalcoholic fatty liver 
disease. Nat Genet 2008;40:1461–5.

	20	 Mancina RM, Dongiovanni P, Petta S, et al. The MBOAT7-
TMC4 variant rs641738 increases risk of nonalcoholic 
fatty liver disease in individuals of European descent. 
Gastroenterology 2016;150:1219–30.

	21	 Shen J, Wong GL-H, Chan HL-Y, et al. PNPLA3 gene 
polymorphism accounts for fatty liver in community subjects 
without metabolic syndrome. Aliment Pharmacol Ther 
2014;39:532–9.

	22	 Wei JL, Leung JC-F, Loong TC-W, 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;110:1306–14. quiz 
1315.

	23	 Kozlitina J, Smagris E, Stender S, et al. Exome-wide 
association study identifies a TM6SF2 variant that confers 
susceptibility to nonalcoholic fatty liver disease. Nat Genet 
2014;46:352–6.

	24	 Liu Y-L, Reeves HL, Burt AD, et al. Tm6Sf2 rs58542926 
influences hepatic fibrosis progression in patients with non-
alcoholic fatty liver disease. Nat Commun 2014;5:4309.

	25	 Sookoian S, Castaño GO, Scian R, et al. Genetic variation 
in transmembrane 6 superfamily member 2 and the risk of 
nonalcoholic fatty liver disease and histological disease severity. 
Hepatology 2015;61:515–25.

	26	 Wattacheril J, Sanyal AJ. Lean NAFLD: an underrecognized 
outlier. Curr Hepatology Rep 2016;15:134–9.

	27	 Kim D, Chung GE, Kwak M-S, et al. Body fat distribution and 
risk of incident and regressed nonalcoholic fatty liver disease. 
Clin Gastroenterol Hepatol 2016;14:132–8.

	28	 Musso G, Gambino R, Durazzo M, et al. Adipokines in NASH: 
postprandial lipid metabolism as a link between adiponectin 
and liver disease. Hepatology 2005;42:1175–83.

	29	 Mittal S, El-Serag HB, Sada YH, et al. Hepatocellular 
carcinoma in the absence of cirrhosis in United States veterans 
is associated with nonalcoholic fatty liver disease. Clin 
Gastroenterol Hepatol 2016;14:124–31.

	30	 Gawrieh S, Dakhoul L, Miller E, et al. Characteristics, 
aetiologies and trends of hepatocellular carcinoma in patients 
without cirrhosis: a United States multicentre study. Aliment 
Pharmacol Ther 2019;50:809–21.

	31	 Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and 
management of nonalcoholic fatty liver disease: practice 
guidance from the American association for the study of liver 
diseases. Hepatology 2018;67:328–57.

	32	 Leung JC-F, Loong TC-W, Wei JL, et al. Histological severity 
and clinical outcomes of nonalcoholic fatty liver disease in 
nonobese patients. Hepatology 2017;65:54–64.

P
rotected by copyright.

 on N
ovem

ber 1, 2020 at S
int F

ransiscus G
asthuis.

http://fg.bm
j.com

/
F

rontline G
astroenterol: first published as 10.1136/flgastro-2018-101119 on 13 D

ecem
ber 2019. D

ow
nloaded from

 

http://dx.doi.org/10.1111/apt.14112
http://dx.doi.org/10.1002/hep4.1124
http://dx.doi.org/10.1016/S0016-5085(14)63307-2
http://dx.doi.org/10.1038/ajg.2016.318
http://dx.doi.org/10.1136/gutjnl-2012-303816
http://dx.doi.org/10.1016/j.cmet.2017.04.001
http://dx.doi.org/10.1002/hep.30908
http://dx.doi.org/10.3390/jcm7120562
http://dx.doi.org/10.1038/ng.257
http://dx.doi.org/10.1053/j.gastro.2016.01.032
http://dx.doi.org/10.1111/apt.12609
http://dx.doi.org/10.1038/ajg.2015.235
http://dx.doi.org/10.1038/ng.2901
http://dx.doi.org/10.1038/ncomms5309
http://dx.doi.org/10.1002/hep.27556
http://dx.doi.org/10.1007/s11901-016-0302-1
http://dx.doi.org/10.1016/j.cgh.2015.07.024
http://dx.doi.org/10.1002/hep.20896
http://dx.doi.org/10.1016/j.cgh.2015.07.019
http://dx.doi.org/10.1016/j.cgh.2015.07.019
http://dx.doi.org/10.1111/apt.15464
http://dx.doi.org/10.1111/apt.15464
http://dx.doi.org/10.1002/hep.29367
http://dx.doi.org/10.1002/hep.28697
http://fg.bmj.com/

	Non-­alcoholic fatty liver disease (NAFLD) in non-­obese individuals
	Abstract
	Introduction
	Defining obesity and ethnic differences in obesity and hepatic fat content
	Clinical features and risk factors associated with lean NAFLD
	Histological features of lean NAFLD
	Genetic contribution to the pathogenesis of lean NAFLD
	Clinical approach to lean NAFLD and therapeutic options
	Outcomes of lean NAFLD
	Conclusions
	Summary points
	References


