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Background & aims: Non-alcoholic fatty liver disease (NAFLD), with its increasing prevalence and asso-
ciation with various co-morbidities, such as diabetes, cardiovascular disease and metabolic syndrome, is
a growing concern. Previously thought to predominantly affect obese individuals, NAFLD has been shown
to occur in non-obese subjects. This subset of individuals, known to have ‘lean NAFLD’ or ‘non-obese

Keywords: NAFLD’, is also growing increasingly prevalent. We summarize the clinical manifestations, pathophysi-
?AFLD ology and management of lean NAFLD in both adult and pediatric populations.
ean

Waist circumference Methods: Two reviewers performed an independent, formal review and analysis of the literature
BMI (PubMed and EMBASE search until April 2018).
Results and conclusions:: Patients with lean NAFLD share metabolic features of insulin resistance and
dyslipidemia, similar to obese patients with NAFLD. Genetic predisposition, dietary and environmental
factors may play a role in the pathogenesis of lean NAFLD. Genetic and metabolic conditions should be
considered as well. Currently, there are no formal recommendations for the treatment of adult or pe-
diatric lean NAFLD; however, lifestyle changes aimed at improving overall fitness are likely to have a
favorable impact.
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1. Background and aims

Non-alcoholic fatty liver disease (NAFLD) is an umbrella term
used to describe a spectrum of conditions, ranging from hepatic
steatosis without inflammation (non-alcoholic fatty liver; NAFL)
and non-alcoholic steatohepatitis (NASH) to cirrhosis [1]. As the
most common liver disease in the world, it affects 20—30% of the
Western population [2] and up to 34% of children followed in
obesity clinics [3]. Its increasing prevalence is a growing concern, as
NAFLD is associated with increased mortality and morbidity,
particularly due to its close association with obesity, cardiovascular
disease, type 2 diabetes and hepatocellular carcinoma [4,5]. While
NAFLD is strongly associated with metabolic syndrome, a propor-
tion of individuals have NAFLD in the context of a normal body
mass index (BMI) [6].

The subset of individuals, known to have ‘lean NAFLD’ or ‘non-
obese NAFLD’, is not insignificant and is growing increasingly
prevalent [7]. Subjects with lean NAFLD have been shown to
experience similar complications as those with obese NAFLD, but
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the lean NAFLD population remains poorly characterized, particu-
larly in pediatrics [8,9]. This review summarizes the clinical man-
ifestations, pathophysiology and management of lean NAFLD in
both adult and pediatric subjects.

2. Methods

The contents of this review are based on a formal review and
analysis of recently published world literature (PubMed and
EMBASE search) until April 2018, which was undertaken indepen-
dently by 2 reviewers.

3. Lean NAFLD

Lean NAFLD can be separated into two categories. The first in-
cludes non-obese subjects (BMI<95th percentile for age), who may
be overweight (BMI 85th-95th percentile for age) and/or have
increased waist circumference and visceral adipose tissue in the
context of a normal BMI. For the purposes of this review, we will
refer to these patients as having ‘metabolically obese, lean NAFLD'.
The second, and less prevalent category includes truly lean patients
without increased fat mass, who develop hepatic steatosis
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secondary to an underlying metabolic or inflammatory disorder, or
due to medications. These disorders are summarized in Table 1 but
are beyond the scope of this review and will not be discussed
further.

The most significant limitation of the published literature to
date that addresses the prevalence, histology, metabolic burden
and outcomes of patients with metabolically obese lean NAFLD is
the lack of data on body composition and the use of BMI
thresholds for the determination of leanness. BMI is not a marker
of body composition and it fails to identify body fatness in more
than half of adults and more than a quarter of children [10,11]. In
addition, subjects with similar BMI can have variable degrees of
visceral adiposity [12,13]. This is crucial as the latter is what
predisposes to the development of fatty liver disease [14].
Compared to BMI, waist circumference is a superior, clinically
available tool to determine abdominal obesity; however, it is not
often measured or included in studies reporting on lean NAFLD. In
cases where waist circumference has been measured the results
have underscored the limitations of BMI cutoffs for the determi-
nation of obesity, as those individuals that have been labeled as
‘non-obese’ have increased waist circumference [15,16]. Another
limitation of using BMI for the determination of leanness or
obesity is the need to apply different cutoffs for different eth-
nicities. Caucasian adults are thought to be overweight at a BMI of
25-30 kg/m? and obese at a BMI >30 kg/m?[17]. In Asians,
overweight is defined as a BMI of 23—25 kg/m? and obesity is
defined as a BMI >25 kg/m?. Studies of multiethnic populations
that have reported on non-obese NAFLD have not always used
these different cutoffs, increasing the likelihood that obese pa-
tients are included in the studied cohorts. The aforementioned
limitations should be taken into consideration when interpreting
the literature on lean or ‘non-obese’ NAFLD.

4. Prevalence

The literature on the prevalence of metabolically obese, lean
NAFLD in general populations is characterized by the use of variable
modalities for the diagnosis of NAFLD and different cutoffs for the
definition of leanness (Table 2). As a result, the reported prevalence
across the globe ranges from 5 to 26%.

In the United States, using NHANES III (1988—1994) data
(n = 4457), the prevalence of ultrasound-determined hepatic
steatosis in otherwise healthy subjects with a BMI<25 kg/m? was
10% [18]. Data from the Dallas Heart Study suggest that non-obese
(BMI<30 kg/m?) hepatic steatosis (determined with magnetic
resonance spectroscopy) ranged from 11 to 26% in subjects of
different ethnic backgrounds [19]. In South Korea, of 460 subjects
with a BMI<25 kg/m? and no known liver disease presenting for
medical check-up, 74 (16%) had ultrasonographic evidence of

hepatic steatosis [16], whereas in Japan, lean NAFLD in a similar
context was found in 11% of those with a BMI<23 kg/m?[20]. In
Hong Kong, MR spectroscopy based data suggest that the preva-
lence of hepatic steatosis in adults with a BMI<25 kg/m? was 19%.
Lastly, the prevalence of lean NAFLD (BMI<25 kg/m?) in an urban
population from West Bengal, India, was 5% [21]. In this cohort
hepatic steatosis was determined with the use of ultrasonography
and subsequent confirmation with CT scans.

In children, lean NAFLD is typically defined as hepatic steatosis
in the context of a BMI<2SD below the mean. There is a paucity of
data on the prevalence of lean NAFLD in the general pediatric
population, though a recent systematic meta-analysis of nine
studies including children with NAFLD (age 1-19) found the
prevalence of NAFLD in those who were of healthy weight to be
2.3%(95% CI 1.5 t0 3.6) (n = 9, 12 = 68.9, Tau2 = 0.27) [2]. There is
emerging data suggesting that NAFLD is being diagnosed at an
increasingly younger age [2], more literature is needed to deter-
mine the true prevalence of lean NAFLD across different ages.
Though obesity has been recognized as the main driver for decades,
genetic predisposition along with prenatal and postnatal factors,
are likely to have a complex interplay in the developmental pro-
gramming of NAFLD [23].

5. Clinical characteristics of patients with lean NAFLD

Patients with lean NAFLD are generally asymptomatic and their
liver disease remains undiagnosed or incidentally detected with
imaging. Compared to obese patients with NAFLD, patients with
lean NAFLD have a lower body weight and waist circumference.
Studies have reported that patients with lean NAFLD tend to be
younger, male, have higher hemoglobin levels, lower blood pres-
sure, fasting glucose and glycated hemoglobin (HbA1lc) levels
[18,24—26]. In contrast to healthy controls, patients with lean
NAFLD generally have higher homeostasis model assessment-
insulin resistance index (HOMA-IRI), malondialdehyde (MDA)
levels, blood pressure, BMI, fasting blood sugar and levels of dys-
lipidemia [27,28]. Various studies have reported different findings
with regards to age and gender associations. However, the majority
of studies have noted male gender to be associated with lean
NAFLD. Finally, compared to obese patients without NAFLD, pa-
tients with lean NAFLD were found to have similar HOMA-IRI,
HbA1c (in the normal range) and level of dyslipidemia and hyper-
triglyceridemia [29]. In one German study comparing 5 patients
with lean NAFLD to 27 obese patients without NAFLD, serum
ferritin, hemoglobin and hematocrit were found to be significantly
higher in the lean NAFLD group [29]. Elevated serum ferritin, he-
moglobin and triglyceride levels have previously found to be
associated with NAFLD and may be additional markers to predict
liver dysfunction in a lean population [25,30]. Despite the

Table 1

Secondary causes of steatosis.
General/nutritional Metabolic Drug toxicity
Acute systemic disease Cystic fibrosis Amiodarone
Acute starvation Wilson's disease Methotrexate

Protein calorie malnutrition
Total parenteral nutrition

a1 antitrypsin deficiency
Galactosemia
Inflammatory bowel disease Fructosemia
Celiac disease
Mauriac syndrome
Hepatitis C

Glycogen storage disease

Lipodystrophies
Abetalipoproteinaemia
Weber-Christian disease

Cholesterol ester storage (Wolman) disease

Mitochondrial and peroxisomal defects of fatty acid oxidation

Prednisolone

L-asparaginase,

methorexate

Vitamin A

Valproate

Tamoxifen

Zidovudine and anti-HIV treatments
Ethanol

Ecstasy
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Table 2
Prevalence of lean non-alcoholic fatty liver disease in adult populations.

Study Country n NAFLD Determination Leanness BMI Lean NAFLD Prevalence NAFLD Prevalence
Method Cut-Off (kg/m?) (% of population)
Nisholji et al. [39] Japan 3271 u/s <25.0 12.6% 24.6%
Sinn et al. [31] Korea 5878 u/s >18.5; <25.0 27.4% —
Wei et al. [5] Hong Kong 911 MRS <25.0 14.8% 28.8%
Xu et al. [69] China 6905 u/s <25.0 7.2% -
Das et al. [21] India 1911 U/s, then CT <25.0 6.4% 8.7%
Younossi et al. [18] USA 11,613 u/s <25.0 3.7% 18.8%
Kim & Kim [70] USA 11,277 u/s <25.0 21.2% 34.0%
Bellentani et al. [2] Italy 257 u/s <25.0 16.4% —
Eguchi et al. [20] Japan 5075 u/s <25.0 5.5% 29.7%
Omagari et al. [71] Japan 3432° u/s <25.0 12.5% 21.8%
Amarapurkar et al. [72] India 1168 u/s <25.0 12.6% 16.6%
Kwon et al. [73] Korea 29,994 u/s <25.0 12.6% 20.1%

U/S ultrasound; CT computed tomography; BMI body mass index; MRS magnetic resonance spectroscopy.

¢ Only in non-obese populations.

prevalence of insulin resistance in both obese and lean groups,
there might be additional factors that predispose lean patients to
NAFLD.

6. Pathophysiology
6.1. Genetic predisposition

Genome wide association studies (GWAS) have implicated sin-
gle nucleotide polymorphisms (SNPs) in patatin-like phospholipase
domain-containing 3 (PNPLA3), apolipoprotein 3 (APOC3), choles-
teryl ester transfer protein (CETP), transmembrane 6 superfamily
member 2 (TM6SF2) and sterol regulatory element-binding factor
(SREBF) in obese NAFLD and lean NAFLD in adults and children
[32,37-41].

The risk of NAFLD is increased in normal weight individuals of
varying ethnic backgrounds carrying specific PNPLA3 poly-
morphisms [5,32,40]; however, the prevalence of these poly-
morphisms is not different among lean and obese subjects with
NAFLD [35,42]. In a prospective cohort study of biopsy proven
NAFLD in non-obese individuals (n = 175), the SREBF-2 rs133291
polymorphism was found to predict incident NAFLD and was
associated with worse histological steatosis, inflammation, NAS
score and a higher prevalence of NASH [42]. Recently, in an Italian
cohort of adults with NAFLD, TM6SF2 polymorphisms were found
to be more prevalent in those with a BMI<25 kg/m?[42]. Finally,
APOC3 152854116 and rs2854117 polymorphisms have been linked
to NAFLD in lean Asian men (n = 258) [43].

A genome wide association study in adolescent NAFLD patients
found genetic polymorphisms associated with two genes, rs222054
in group-specific component gene (GC) on chromosome 1 and
rs7324845 in lymphocyte cytosolic protein-1 (LCP1) on chromo-
some 13, and confirmed increased hepatic PNPLA3 gene expression
in NAFLD [44]. In pediatric patients, the presence of the PNPLA3
rs738409 G allele has been associated with an earlier presentation
of NAFLD [45]. A multiethnic US cohort study (n = 957) of obese
children and adolescents found the minor allele of the rs58542926
SNP in TM6SF2 gene, to be associated with elevated hepatic fat
content in African Americans and Caucasians, whereas in the His-
panic cohort raised alanine aminotransferase levels was a signifi-
cant finding [46]. An Australian study of adolescent females found
two SNPs in CETP, rs12447924 and rs12597002 to increase the
probability of lean NAFLD in homozygotes compared to heterozy-
gotes and wild types (30% compared to 10—15% and 3—5%,
respectively) [47]. Genetic polymorphisms, independent of obesity
are likely to play a key role in the pathogenesis and prevalence of
pediatric lean NAFLD that requires further investigation.

6.2. Metabolic dysregulation

Similar to NAFLD seen in the context of obesity, insulin resis-
tance appears to be a key factor in the pathogenesis of metabol-
ically obese, lean NAFLD. This is supported by studies that show
that non-obese subjects with NAFLD are more likely to have in-
sulin resistance compared to their non-NAFLD counterparts
[16,18]. Lean NAFLD has been associated with insulin resistance,
independently of other components of metabolic syndrome in
non-obese, non-diabetic individuals [31]. In a recent prospective
cohort study, where healthy lean subjects were compared to
subjects with lean NAFLD or obese NAFLD without diabetes, lean
NAFLD was associated with impaired glucose tolerance and
decreased adiponectin levels, which was almost identical to that
seen in obese NAFLD [32].

While it remains to be determined whether insulin resistance is
the cause or the result of hepatic steatosis, there is evidence to
support a causative role. Insulin resistance can lead to hepatic
steatosis through enhanced lipolysis in the peripheral adipose tis-
sue and decreased oxidation of free fatty acids (FFAs) in skeletal
muscle and the liver [33,34]. In obese NAFLD, adipose tissue derived
FFA are the largest contributor to hepatic steatosis [34]. One could
hypothesize that a similar mechanism leads to hepatic steatosis in
lean NAFLD in some patients. Hypertriglyceridemia can be a sur-
rogate for insulin resistance, and in lean adults has been shown to
correlate with NAFLD development and severity after controlling
for confounders, such as BMI and other components of the meta-
bolic syndrome [35,36].

6.3. Cytokines and adipokines

Cytokines and adipokines play an important role in the patho-
genesis of NAFLD, but their involvement in the development of lean
NAFLD is yet to be determined. In obese NAFLD, several studies
have found reduced adiponectin levels, increased leptin levels and
elevated levels of pro-inflammatory markers (i.e. tumor necrosis
factor alpha (TNF-a) interleukin (IL)-6, IL-1 and IL-8) in adult pa-
tients compared to healthy controls [48,49]. Altered cytokine and
adipokine levels are thought to up-regulate de novo lipogenesis and
contribute to a pro-inflammatory state. Lower levels of adiponectin
were found in patients with lean NAFLD compared to healthy
controls, but were not different from obese patients with NAFLD
[32]. However, levels of IL-6, TNF-a and leptin were not consider-
ably different between lean NAFLD and healthy controls. Moreover,
in one study comparing patients with lean NAFLD to patients with
obese NAFLD, the leptin and adiponectin levels were similar be-
tween both groups and within the normal range [48,50]. The role
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that cytokines and adipokines may play in lean NAFLD has yet to be
illustrated.

6.4. Environmental factors

Environmental factors, such as dietary intake, play an important
role in the pathogenesis of NAFLD [28]. Consumption of fructose-
sweetened beverages and soft drinks have been linked to NAFLD.
Several studies have shown that when patients with NAFLD and no
risk factors for metabolic syndrome are compared to healthy
matched controls, soft drink/sugar sweetened beverage consump-
tion is associated with hepatic steatosis, independent of metabolic
risk factors [28,51]. In one study comparing 31 patients with lean
NAFLD to 30 healthy controls, soft drink consumption was the only
independent variable to predict NAFLD, controlling for age, sex, BMI
and total caloric intake [28]. Cholesterol intake may play a role in
the pathogenesis of lean NAFLD as well, through increased de novo
lipogenesis via activation of sterol regulatory element binding
protein 1c (SREBP1c). Studies have found increased dietary
cholesterol and decreased omega-3 polyunsaturated fatty acids
(PUFAs) intake in patients with lean NAFLD compared to their obese
NAFLD counterparts, however, these results have not been
compared against lean healthy controls [52,53].

7. Histological features

From a histology perspective, lean NAFLD is identical, in terms of
possible findings, to NAFLD occurring in the context of obesity
[54](Kleiner et al. Hepatology 2005). Steatosis involving more than
5% of hepatocytes is considered abnormal, and in the context of
NASH possible findings include the presence of ballooning degen-
eration, lobular or portal inflammation and fibrosis. To date, the
histological studies on the severity of lean NAFLD have yielded
somewhat conflicting results, which are summarized in Table 3. The
prevalence of NASH in non-obese patients with NAFLD is high and
ranges from 43 to 53% [15,35,58]. The limited data in terms of
histological disease progression suggest that non-obese patients
with NAFLD are less likely to progress to advanced fibrosis within a
mean interval of approximately 2.5 years [35].

Currently, there are no dedicated pediatric studies available on
the histological features of pediatric lean NAFLD. One study, whose
main purpose was to study hepatic siderosis in the context of
NAFLD, did not find a difference in liver histology between normal
weight (defined as BMI <85th percentile for gender and age),
overweight and obese patients using the non-alcoholic steatohe-
patitis Clinical Research Network (NASH CRN) criteria [22].

8. Approach to screening

Patients with NAFLD are typically asymptomatic or may have
vague, non-specific symptoms, such as abdominal pain. In the
context of obesity, NAFLD is either an incidental finding (e.g. evi-
dence of steatosis on an abdominal ultrasound obtained to inves-
tigate the cause of abdominal pain), or is determined through
screening of at risk patients (e.g. obesity and type 2 diabetes

mellitus who are screened for liver disease through serum
aminotransferase levels) [55,60]. Practitioners need to have a high
level of suspicion to identify patients at risk of lean NAFLD.
Measuring waist circumference in patients undergoing routine
physical examinations is a cheap and practical approach to identi-
fying patients with abdominal obesity, and hence, screen for risk of
lean NAFLD. In children and young adults, waist circumference and
waist to height ratios not only provide better estimates of adiposity,
but they correlate with serum aminotransferase levels as well [56].
The presence of metabolic dysregulation (insulin resistance, dysli-
pidemia) and obstructive sleep apnea should also raise suspicion
for the presence of lean NAFLD [57].

When patients are deemed to be at risk of lean NAFLD, serum
alanine aminotransferase (ALT) levels can be measured as a first
step, similarly to the screening approach recommended for obese
patients with suspected NAFLD [55,60]. While evidence of
abnormal ALT levels in those at risk of lean NAFLD would be highly
suggestive of this condition given its aforementioned prevalence,
work up to exclude other liver diseases (e.g. alcoholic liver disease,
infectious hepatitis, autoimmune hepatitis, etc.) will have to be
undertaken as well. The limited data on the diagnostic accuracy of
imaging modalities such as ultrasonography for the determination
of hepatic steatosis in lean patients preclude the formulation of
formal recommendations regarding its use. Other imaging tools,
such as MRI, are too costly to consider using in this context. It
should be noted that there are currently no studies on the cost-
effectiveness of screening patients for lean NAFLD and for per-
forming subsequent testing in those who screen positive.

9. Prognosis

There have been limited studies on the outcome of patients with
metabolically obese, lean NAFLD. When compared to lean subjects
without hepatic steatosis, non-obese patients with fatty liver are at
increased risk of developing type 2 diabetes mellitus in the
following decade [58]. In addition, their metabolic risk may be
similar to that of obese subjects with NAFLD, as shown in a recent
study from Italy that revealed a similar prevalence of carotid plaque
formation in those with lean versus obese NAFLD. That was despite
that fact that those with lean NAFLD had decreased prevalence of all
the components of metabolic syndrome [41]. This is a concerning
finding as cardiovascular disease is the leading cause of mortality in
patients with NAFLD that occurs in the context of obesity, and
suggests that those with metabolically obese, lean NAFLD may be at
increased risk of cardiovascular mortality as well.

The available data on liver disease progression and overall liver-
related morbidity and mortality are limited and contradictory. Liver
disease progression, particularly development of advanced fibrosis,
was found to be less rapid in a non-obese, multiethnic NAFLD
cohort from the United States compared to their obese counterparts
[35]. In addition, severe outcomes such as liver failure, hepatocel-
lular carcinoma and overall mortality were lower in those with
non-obese versus obese NAFLD [35]. A recent retrospective cohort
study of patients with lean NAFLD with a mean follow-up of 19.9
years found no increased mortality, but an increased risk of more

Table 3

Comparisons of histological injury between lean and non-lean subjects with fatty liver disease.
Study Leanness definition n; mean age Steatosis® NASH prevalence® Fibrosis®
Leung et al. [35] USA BMI< 25 kg/m? 397 (23% lean); 51 (+11) years | severity No difference Less prevalent, | severity
Dela Cruz et al. [74] USA BMI< 25 kg/m? 1090 (11.5% lean); 46 (+13) years | severity No difference | severity

Alam et al. [57] Bangladesh
Margariti et al. [15] Greece

BMi< 25 kg/m?
BMI <25 kg/m?

465 (26% lean); 41 (+10) years
56 (14% lean); 47 (+14) years

No difference
No difference

No difference
No difference

No difference
No difference

2 The results refer to findings in lean subjects.
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severe liver disease [59]. In contrast, another recent report sug-
gested that subjects with lean NAFLD had lower cumulative sur-
vival rates than their lean counterparts over an 11-year follow up
[55]. There are currently no available studies on prognosis and
natural history of pediatric lean NAFLD. Additional studies are
warranted to assess the prognosis and natural history of lean
NAFLD in adults and children.

10. Treatment

No guidelines currently exist for the treatment of lean NAFLD.
The American Association for the Study of Liver Diseases currently
recommends weight loss, in the form of hypocaloric diet alone or
along with increased physical activity for the improvement of
NAFLD that occurs in the context of obesity [60,61]. In randomized
controlled trials on lifestyle interventions for NAFLD, the histolog-
ical improvement in NAFLD has been proportional to the weight
lost [36,62]. In lean NAFLD patients, weight loss does not represent
a feasible strategy to control insulin resistance and metabolic
derangement, but physical activity and dietary lifestyle in-
terventions aimed at improving insulin resistance (e.g. decreased
consumption of sugar-sweetened beverages, increased consump-
tion of w-3 fatty acids, etc.) may be appropriate. While there is
inconclusive evidence for whether exercise improves NAFLD
independently of weight loss, the available data suggests that aer-
obic exercise may improve hepatic and visceral adipose tissue
independently of weight loss [63—67].

Dietary considerations, including decreased fructose consump-
tion, caffeine and a Mediterranean diet have been shown to be
beneficial in NAFLD patients. However, these interventions have
not been investigated in patients in lean NAFLD. While the pro-
tective effects of caffeine have not been specifically studied in lean
NAFLD, one study has shown caffeine to be protective against he-
patic fibrosis in patients with NAFLD. Dietary interventions have
not been studied in children and will warrant further investigation.

While many different pharmacologic interventions have been
investigated for the treatment of NAFLD, there are fewer pharma-
cologic options for lean NAFLD. Liraglutide, a glucagon-like pep-
tide-1 (GLP-1) analog indicated for Type 2 diabetes, has been
shown to improve biopsy-proven non-alcoholic steatohepatitis in
non-obese patients [68]. The preliminary data suggests that lir-
aglutide may be beneficial in the treatment of lean NAFLD, but
requires further evaluation in larger trials and in pediatric patients.
At present, there is insufficient evidence to recommend a specific
regimen for the improvement of lean NAFLD or to support one
intervention over another.

11. Strengths and weaknesses

Our review is the first to summarize the available literature on
adult and pediatric lean NAFLD. This review may have benefited
from a more systematic search strategy, independent review and
extraction by two reviewers independently and quality assessment
of individual studies. However, given the limited literature on lean
NAFLD in adult and pediatric populations, the authors decided a
narrative review approach was more appropriate.

12. Conclusion

The literature on patients with metabolically obese, lean NAFLD
is limited. NAFLD is present in obese and non-obese individuals of
all ethnicities and ages and it is important to consider NAFLD in
lean individuals. There is data to suggest that individuals with lean
NAFLD may have an increased risk of developing type 2 diabetes
compared to their lean counterparts and may experience similar

metabolic risks as subjects with obese NAFLD. The lack body
composition data and use of BMI in lean NAFLD presents a signif-
icant limitation as the use of BMI may fail to identify visceral
adiposity and requires different cutoffs for different ethnicities.
Wiaist circumference is a superior clinical measure to BMI to detect
visceral adiposity, but is less frequently reported. While there is no
treatment guideline for lean NAFLD, NAFLD interventions include
lifestyle modifications, such as weight loss, physical activity and
dietary intervention.
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