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Nonalcoholic fatty liver disease (NAFLD) is a major cause of chronic liver disease globally and in India. The
already high burden of NAFLD in India is expected to further increase in the future in parallel with the ongoing
epidemics of obesity and type 2 diabetes mellitus. Given the high prevalence of NAFLD in the community, it is
crucial to identify those at risk of progressive liver disease to streamline referral and guide proper management.
Existing guidelines on NAFLD by various international societies fail to capture the entire landscape of NAFLD in
India and are often difficult to incorporate in clinical practice due to fundamental differences in sociocultural
aspects and health infrastructure available in India. A lot of progress has been made in the field of NAFLD in
the 7 years since the initial position paper by the Indian National Association for the Study of Liver on NAFLD
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DUSEJA ET AL

in 2015. Further, the ongoing debate on the nomenclature of NAFLD is creating undue confusion among clinical

practitioners. The ensuing comprehensive review provides consensus-based, guidance statements on the nomen-

clature, diagnosis, and treatment of NAFLD that are practically implementable in the Indian setting. (J CuN

Exp HepaToL 2023;13:273-302)

onalcoholic fatty liver disease (NAFLD) has

| \ | emerged as a major public health problem glob-
ally.l’z It is predominantly related to over-
weight/obesity and metabolic risk factors
secondary to sedentary lifestyle and high calorie consump-
tion.” Globally and in Asia, around 25-29% of the general
population has NAFLD."” In India, the prevalence of
NAFLD in the general population varies from 9 to 53%
with geographical and rural-urban differences in the prev-
alence.® '’ A recent meta-analysis of studies published
from India reported a NAFLD prevalence of 38.6% in
adults and 35.4% in children.'" The prevalence is reported
to be higher in high-risk groups like those with metabolic
syndrome (MetS) and its individual components.”* '* In
a multicentric study conducted in 101 Indian cities, the
prevalence of NAFLD among patients with type 2
diabetes mellitus (T2DM) was reported to be 56.5%."”
Overall, the pooled prevalence of NAFLD among high-
risk Indian adults who are obese or overweight or have
T2DM has been estimated to be 52.8%."" Nonalcoholic
steatohepatitis (NASH) is a severe form of NAFLD which
in addition to hepatic steatosis is associated with hepatic
inflammation and fibrosis and has the higher propensity
to progress on to cirrhosis of the liver and hepatocellular
carcinoma (HCC).'®'” Recent data from India
suggest that NAFLD is responsible for significant number
of patients with advanced fibrosis or cirrhosis and HCC,
and the incidence has been steadily increasing over the

18,19
years.

other

NEED FOR THE GUIDANCE DOCUMENT

Management guidelines for patients with NAFLD are
available from various international scientific societies.
However, many of those strategies may not be applicable
to Indian patients with NAFLD having altogether different
socioeconomic and cultural issues.”” >’ For instance, the
dietary habits of Indians including staple dietary
constituents and cooking media are quite different from
Western individuals. As such, recognition of patients
who have progressed on to NASH and/or significant/
advanced fibrosis or patients with NAFLD who are likely
to have progressive disease is an important step in
reducing the liver disease burden in any country
including India.»** Liver biopsy is seldom carried out in
day-to-day practice in India due to lack of facilities and
poor patient acceptance. Simple and practical diagnostic
tools at the primary and secondary healthcare levels and

clear guidelines for referral of patients to tertiary health-
care levels are required to improve the management of pa-
tients with NAFLD in a resource-constrained setting like
India and optimize utilization of services of subspecialists
like hepatologists and gastroenterologists who are mainly
available in urban and tertiary centers. Of note, many of
the proprietary noninvasive tests for detection of fibrosis
are neither available in India nor have they been validated
in Indian patients. As of now, India is the only country
where a specific pharmacotherapy has been approved by
a national regulatory agency [the drug controller general
of India (DCGI)] for the management of NASH as dis-
cussed later.

The last position paper by Indian National Association
for Study of the Liver (INASL) on NAFLD was published in
2015, and since then, a lot of progress has occurred in the
diagnosis and treatment of patients with NAFLD
including the approval of saroglitazar by DCGIL*’ A group
of experts recently also suggested a change in the nomen-
clature from NAFLD to metabolic dysfunction-associated
fatty liver disease (MAFLD).”® Despite the astoundingly
high burden of NAFLD in India, only a fraction will ever
develop clinically significant liver disease. Thus, risk strat-
ification and guidance on referral using noninvasive tests is
the need of the hour for optimal utilization of limited
health resources in the country. INASL-NAFLD Taskforce
on NAFLD thus decided to come out with a comprehen-
sive new guidance document on NAFLD predominantly
focusing on the nomenclature, spectrum, diagnosis, and
treatment of patients with NAFLD.

PREPARATION OF THE GUIDANCE
DOCUMENT

A core committee of 11 INASL-NAFLD task force members
was initially constituted which unanimously agreed upon
an “INASL-NAFLD Working Party” of 31 members con-
sisting of researchers from across the country working in
the area of NAFLD. Members of the working party were
divided into seven groups. Each group headed by a captain
and 4-5 other members. Each group was given research
questions pertaining to a specific research area. The litera-
ture was reviewed by the respective groups, and the answers
to the questions were prepared as per the GRADE system.
The level of evidence and grade of recommendations are
depicted in Table 1. Because of the ongoing COVID-19
pandemic, multiple meetings were held virtually
(December 2020 to April 2021) with each group presenting
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its consensus statements and supporting literature in 1-3
sessions. These presentations were made to the entire
group of (31 members), which then ratified the statements
after detailed discussions.

The purpose of this guidance paper is to provide a short
and concise guidance document to the practicing hepatol-
ogists, gastroenterologists, and physicians.

NOMENCLATURE AND SPECTRUM
NAFLD vs. MAFLD

Recently, a group of experts suggested the change in name
from NAFLD to MAFLD.”® The reasons given for this
change included: the name “NAFLD” is heterogeneous, is
based on negative criteria, or is a diagnosis of exclusion,
metabolic risk factors which are so commonly associated
with this disease are not mentioned in the name, the
word “non” in the “nonalcoholic” trivializes the impor-
tance of this clinical condition and the word “alcohol” in
“nonalcoholic” is stigmatizing for the patients.”

Based on the available literature, the members of the
working party suggested that the proposed change in
nomenclature from NAFLD to MAFLD is more of eminence
rather than evidence based. NAFLD is a heterogeneous dis-
ease with multifactorial pathogenesis, and mere name
change would not make it homogenous.27 Moreover, there

is no accepted definition of “metabolic dysfunction,” which
is included in the new suggested name of MAFLD. Further,
besides NAFLD, there are so many diseases that have prefix
of “non” like non-Hodgkin's lymphoma, noncirrhotic por-
tal fibrosis, noncommunicable diseases, and so on, and the
prefix “non” does not trivialize these diseases.”® Similarly,
the word “nonalcoholic” in NAFLD does not seem to be
stigmatizing. In fact, patients may feel happier when they
learn that their liver disease is not related to alcohol. Signif-
icant progress has been made in last 2 decades in the
biomarker and drug development for NAFLD, and the
change in nomenclature may have a negative impact on
these efforts. The working party agreed that based on the
reasons suggested by some of the experts, there was no
compelling need for this change in nomenclature. In fact,
the members felt that the change in nomenclature may
create confusion not only among the hepatologists but
also among physicians and nonhepatologists who manage
these patients or do research in the area of NAFLD.”’ How-
ever, the working party suggested the need for a wider
consensus and collection of more evidence on this subject
(see section on future research).

Lean vs. Obese NAFLD

Global, Asian and Indian data suggest that around 10-20%
of patients with NAFLD may have normal body mass index

Table 1 Level of Evidence and Grade of Recommendations (Adapted From GRADE System).

Level of evidence™

Confidence in the evidence

High or |
randomized trials with high quality.

Moderate or Il

Low or Il

Data derived from meta-analyses or systematic reviews or from (multiple)

Data derived from a single RCT or multiple nonrandomized studies.

Small studies, retrospective observational studies, registries.

Further research is unlikely to
change our confidence in the
estimate of benefit and risk.

Further research (if performed)
is likely to have an impact on our
confidence in the estimate of
benefit and risk and may change
the estimate.

Any estimate of effect is
uncertain.

Recommendations — Grade”

Wording associated with the
grade of recommendation

Strong

“must”, “‘should”, or “‘INASL
recommends”

Factors influencing the strength of the recommendation included the quality of the evidence, presumed patient-

important outcomes, and cost

Weak

“‘can”, “‘may”, or “INASL
suggests”

Variability in preferences and values, or more uncertainty. Recommendation is made with less certainty,

higher cost or resource consumption

INASL: Indian National Association for Study of the Liver; MRI-PDFF: magnetic resonance imaging derived proton density fat fraction; RCT: randomised

controlled trial.

dLevel was graded down if there was a poor quality, strong bias or inconsistency between studies; Level was graded up if there was a large effect size.
PRecommendations reached by consensus of the ‘Working Party’ and included the quality of evidence, presumed patient important outcomes and

costs.
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as per the population-specific cut-offs (<23 kg/m? for In-
dians) and are labeled as “Lean NAFLD.”®'**"?%"% Ap
in-house meta-analysis of 17 Indian studies revealed that
the pooled proportion of lean individuals among patients
with NAFLD is 16.97% (95% CI: 13.6-20.6%), and the
pooled prevalence of lean NAFLD in the general commu-
nity is 6.5% (95% CI: 5.1-8.2%),'1>1%:27,35737,39,41749

In comparison to obese NAFLD, lean patients with
NAFLD have been shown to have milder liver histology.
Even though the data are conflicting, long-term outcome
may be better in lean NAFLD than in obese NAFLD. But
all-cause mortality/cardiovascular mortality has been
shown to be higher in patients with lean NAFLD in com-
parison to lean non-NAFLD subjects. Even though, the
pathogenesis, histological severity, and outcome of pa-
tients with lean NAFLD have been reported to be different
from those with obese-NAFLD, most of the data on pa-
tients with lean NAFLD also suggest the role of visceral ad-
ipose tissue (VAT) and insulin resistance.’””%*0 >
Central obesity that is measured clinically by waist
circumference has been shown to correlate well with VAT
and with the risk and severity of NAFLD and extra-
hepatic diseases like cardiovascular disease (CVD).”” On
the other hand, BMI has its own limitations. Indeed, a
muscular individual with high fat-free mass would still
have a high BMI despite acceptable body fat percentage.
Further, BMI is not being a good marker for the evaluation
of VAT or central obesity.s*s6 Although other modalities
like bioimpedance analysis and dual-energy X-ray absorpti-
ometry are more accurate for assessment of adiposity, they
are not widely available and cannot be advocated in routine
clinical practice. Based on the available data, working party
suggested including a normal waist circumference (a
marker of central obesity and VAT) in addition to normal
BMI in the definition of “Lean NAFLD.” Population-spe-
cific cut-offs for waist circumference (90 cm and 80 cm
for Indian males and females, respectively) should be
used to define central obesity with waist circumference
measured at the midpoint between the lower margin of
the last palpable rib and the top of the iliac crest using a
stretch-resistant tape”” (Appendix 2).

Spectrum of NAFLD

NAFLD is considered a spectrum ranging from nonalco-
holic fatty liver (NAFL), nonalcoholic steatohepatitis
(NASH), NASH with fibrosis, NASH-cirrhosis, and
NASH-HCC."” Traditionally, NASH has been considered
to be the progressive form of NAFLD. However, current ev-
idence suggests a dynamic cycling between NAFL and
NASH in the early stages of the disease. None the less, pro-
gression of fibrosis is possibly faster in those with NASH.
The presence of underlying fibrosis is the key determinant
of both histologic and clinical outcomes. Progression of

DUSEJA ET AL

fibrosis is slow in the vast majority of the patients although
there may be rapid progression of fibrosis in around 20-
30% patients.'”

Indian data suggest that NAFLD is not only an impor-
tant cause of unexplained rise in hepatic transaminases but
an important cause of cryptogenic cirrhosis and non-HBV,
non-HCV HCC, and is becoming an important indication
for liver transplantation in this country. 185863 11y addition
to increasing the risk of HCC in patients with NASH
cirrhosis, NAFLD is emerging as an important cause of
HCC in patients advanced
fibrosis.'®¢*%

Most patients with NAFLD are either detected inciden-
tally or present with nonspecific symptoms unless the dis-
ease has progressed to cirrhosis or HCC. In the absence of
other etiologies, the diagnosis of NAFL is easy and can be
made noninvasively with the help of an ultrasound (USG)
abdomen or other imaging modalities showing evidence of
hepatic steatosis.'®'” The diagnosis of NASH in addition
requires documentation of specific histology (lobular
inflammation, hepatocyte ballooning) and/or hepatic
fibrosis of which hepatic fibrosis can be predicted noninva-
sively.”® Even though the diagnosis of cirrhosis (compen-
sated or decompensated) can be made noninvasively
based on blood tests, elastography, and imaging, the spe-

without cirrhosis or

cific etiological diagnosis of NASH-cirrhosis again requires
liver histology and absence of other etiologies. As per the
recommendations of the international societies, the diag-
nosis of NASH cirrhosis requires the present or past histo-
logical evidence of steatohepatitis in the absence of other
etiologies.zo In clinical practice, however, the acceptance
rate of liver biopsy in patients with NAFLD is not very
high in India and may be done predominantly as part of
clinical trials."”®” Moreover, hepatic steatosis tends to
decrease with increasing hepatic fibrosis/cirrhosis.*”
Hence, diagnosis of NASH-cirrhosis may have to be
made in many patients without present or past histological
evidence of steatohepatitis. Since, NAFLD is closely associ-
ated with metabolic risk factors, commonest being obesity
or central obesity, the diagnosis of NASH-cirrhosis or
NASH-HCC can be made in the absence of other etiologies
and the presence of obesity or central obesity in addition to
another MetS risk factor. Since the metabolic profile tends
to change with the onset of cirrhosis (body weight, blood
pressure and lipids decrease and glucose intolerance in-
creases), the history of these metabolic risk factors may
be equally important in making the diagnosis of NASH-
cirrhosis or NASH-HCC.”

In addition to causing significant liver disease, NAFLD
has been found to be associated with various extra-hepatic
diseases.’” In fact, the risk of chronic kidney disease (CKD),
and fatal and nonfatal CVD have been shown to increase in
patients with NAFLD independent of the presence of

276 © 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Incidental detection
of elevated
transaminases

Patients with obesity, type
2 diabetes mellitus or
metabolic syndrome

L Screen for "fatty liver" using ultrasound abdomen

Incidental
Hepatic steatosis evident on ultrasound < deteclsit\:zg'%fn (Eily
ultrasound
-Rule out other causes of hepatic steatosis or elevated
transaminases including (but not limited to) alcohol and
chronic viral hepatitis to corroborate diagnosis of NAFLD
- Non-invasive assesment of hepatic fibrosis using FIB-4 or
APRI scores at primary and secondary health care levels
4
\ 4 Intermediate/ high risk of significant fibrosis
Low risk of significant fibrosis
- FIB-4 >1
-FIB-4 <1 - APRI >0.45
- APRI <0.45 - Discordance between APRI and FIB-4
A

- Can be followed up and managed with lifestyle
interventions at primary or secondary care level
- Optimise medical management of metabolic
ico-morbidities like diabetes mellitus,
hypertension and dyslipidemia; if inadequate
control refer to tertiary care level

- No need for NASH specific pharmacotherapy

Refer to
tertiary care centre for
transient elastography

A 4 A\ 4 A4
LSM <8.2 kPa LSM: 8.2-13.6 kPa LSM >13.6 kPa
A 4 A

- Repeat non-invasive assesment after a v
reasonable period of 3-6 months - Lifestyle interventions and optimisation of
- If discordance between non-invasive medical management of metabolic co-
scores and LSM persists, consider liver morbidities in all patients

biopsy on an individualised basis

- Manage in lines of cirrhosis

- Lifestyle interventions and optimisation of
medical management of metabolic co-
morbidities in all patients

- Lifestyle interventions and optimisation

- Consider NASH specific pharmacotherapy
- Offer patient choice of enrolment in clinical

- NASH specific pharmacotherapy is NOT
recommended

of medical management of metabolic co- trials
morbidities in all patients

- Offer patient choice of enrolment in
clinical trials

Figure 1 Risk stratification and management algorithm in nonalcohoalic fatty liver disease.

risk factors.”%””

metabolic Even though there is
suggestion to screen patients with NAFLD (especially
those with NASH, NASH with significant fibrosis and
metabolic risk factors especially type 2 DM) for both
CKD and CVD, there is a lack of consensus on the
modalities to be used for screening in these patients.””

NAFLD has also been associated with other extra-hepatic

conditions including osteopenia and osteoporosis,
obstructive sleep apnea, hypothyroidism, and polycystic
ovarian syndrome.79 % In addition to HCC, NAFLD has
been shown to increase the risk (1.5-2 times) of long-
term development of various extra-hepatic malignancies
including carcinoma colon, gastric cancer, carcinoma

. . 85
pancreas, uterine, and breast carcinoma.
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Because of the high prevalence of NAFLD in the general
population, NAFLD may co-exist with other liver diseases
and can increase the severity of fibrosis, risk of cirrhosis
and HCC in patients with chronic hepatitis B (CHB),
chronic hepatitis C (CHC), and alcohol-associated liver dis-
ease (ALD).86-88 Indian data suggest that dual etiology
fatty liver disease or steatohepatitis (DAFLD/DASH)
comprising of alcohol and metabolic risk factors is not
uncommon in clinical practice and increases the severity
of liver disease.”””” Hence, in addition to the treatment
of basic disease, these patients should be given special
attention toward the control of metabolic risk factors
(contributing to NAFLD).

Consensus Statements

o INASL suggests that in the absence of a compelling evi-
dence, nonalcoholic liver disease (NAFLD) may be
continued as the preferred terminology instead of meta-
bolic dysfunction-associated fatty liver disease (MAFLD)
(LI, Weak).

e INASL suggests that in addition to normal BMI, the
absence of central obesity (assessed by waist circumfer-
ence) may be taken into account while defining “lean
NAFELD” (I1I, Weak).

e INASL suggests that the diagnosis of NASH-cirrhosis
and NASH-HCC can be made in the absence of other eti-
ologies of liver disease and in the presence or history of
obesity or central obesity and presence or history of
another metabolic risk factor (III, Weak).

e Presence of hepatic steatosis (NAFLD) in patients with
CHB and CHC augments the risk of hepatic fibrosis,
cirrhosis, and hepatocellular carcinoma (I).

e Presence of metabolic risk factors in patients with
alcohol-associated liver disease (ALD) increases the
severity of ALD (II).

e INASL suggests that patients with NASH with or
without advanced fibrosis and those with concomitant
type 2 DM may be evaluated for impairment in renal
functions (I, Weak).

e INASL recommends that patients with NASH with or
without advanced fibrosis and those with concomitant
type 2 DM should be evaluated for the presence of
CVD (II, Strong).

e NAFLD is associated with an increased risk of extra-
hepatic cancers such as colon, stomach, pancreas, uter-
ine, and breast (II).

DIAGNOSIS

Even though most patients with NAFLD are detected
incidentally on USG abdomen done for dyspepsia or
asymptomatic rise in transaminases, there are recommen-
dations to suggest screening for NAFLD in patients with
type 2 diabetes mellitus, obesity, or MetS*"*® (Figure 1).

DUSEJA ET AL

The diagnosis of NAFLD requires the documentation of
hepatic steatosis of variable severity on imaging or histol-
ogy and exclusion of secondary causes of hepatic steatosis
(Appendix 1). Testing for these alternate causes of steatosis
should be tailored according to the clinical scenario. How-
ever, at the very least, history of significant alcohol intake
and screening for chronic viral hepatitis [Hepatitis B sur-
face antigen (HBsAg)and Hepatitis C antibody (anti-
HCV)] should be done in all patients. In Indian patients,
significant alcohol intake is defined as consumption of
>20 gm per day in both males and females.”” Up to one
third of the patients with NAFLD may have autoimmune
markers like antinuclear antibodies and anti-smooth mus-
cle antibody as an epiphenomenon. This should be inter-
preted as per the clinical scenario and the need for
further investigations to rule out autoimmune hepatitis
(including liver biopsy) should be taken accordingly. The
diagnosis of NAFL can be made only by the presence of he-
patic steatosis. The diagnosis of NASH in addition requires
the additional presence of hepatic inflammation with or
without hepatic fibrosis.

Noninvasive Assessment

Noninvasive tests (NITs) have come a long way for the
assessment of hepatic fibrosis but still have limited role
in the assessment of hepatic inflammation in NASH.*"7!
In patients with NAFLD, liver histology still remains the
gold standard to assess all the three components of hepatic
steatosis, inflammation, and fibrosis.””> However, liver bi-
opsy is an invasive procedure, is not free of complications,
and is not the preferred modality by most patients. 17,59,79

Assessment of Hepatic Steatosis

USG abdomen remains the easiest and simplest method to
detect the presence and grade the severity of hepatic steato-
sis. Even though limited by its accuracy in patients with
less than 30% of hepatic steatosis and those with severe
obesity and overall subjective interpretation, USG remains
the most preferred tool to diagnose hepatic steatosis in
clinical practice.””*"”* Hepatic steatosis is usually graded
as mild, moderate, and severe or grade 1-3 based on the
presence of hepatic steatosis, blurring of intra-hepatic ves-
sels, and posterior attenuation seen as blurring of the dia-
phragm (Table 2). With the increasing availability of
vibration controlled transient elastography [VCTE, Fibro-
Scan®™] across the country, more clinicians are relying on
controlled attenuation parameter (CAP) for the presence
and grading of hepatic steatosis. In contrast to USG which
is subjective, CAP has the advantage of being more objec-
tive for the assessment of hepatic steatosis. Based on the
studies showing a sensitivity of >90%, the European Asso-
ciation for the Study of the Liver (EASL) has recently rec-
ommended a CAP cut-off of >275 dB/m for the detection
of hepatic steatosis.”® Population-specific cut-offs from

278 © 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 2 Grades of Fatty Liver on USG.

Grade of fatty liver
Grade 1 (Mild)

USG findings
Increased echogenicity of the liver in
comparison to spleen and right
kidney.

Grade 2 (Moderate)
Grade 3 (Severe)

Blurring of intravascular structures

Deep attenuation of ultrasound
signal; diaphragm cannot be readily
discerned from posterior surface of
liver

USG, ultrasound.

India to grade hepatic steatosis on CAP are almost the
same as from other parts of the world (Table 3).”> """ As
such, CAP is excellent for the detection of steatosis but

its accuracy for grading the severity of steatosis is
comparatively limited.'”" "> Even though more accurate
than USG and CAP, magnetic resonance - proton
density fat fraction (MR-PDFF) is not recommended for
routine detection of hepatic steatosis because of the cost,
limited availability, and inconvenience of the
procedure.'” Hepatic steatosis can also be inferred on
CT scan when the attenuation of the liver is lower than
that of the spleen. This can be quantified using the liver
attenuation index (LAI) which refers to the difference in
attenuation between liver and spleen on noncontrast CT.
LAI < —10 HU is highly specific for moderate to severe mac-
rovesicular steatosis, while a LAI > +5 HU suggests the
absence of significant steatosis.'”° Although LAI has
been used for the assessment of steatosis in living donors
for liver transplantation, CT scan for detecting steatosis

Table 3 Controlled Attenuation Parameter (CAP) Cut-Offs for Detecting and Assessing Severity of Steatosis on FibroScan in

Published Meta-Analysis and Indian Studies.

Study Study details

CAP cut-offs

Karlas et al., 2017

Individual patient data meta-analysis of 2735 including 547 patients with SO: <248 dB/m

NAFLD S1: 248 to <268 dB/m
S2: 268 to <280 dB/m

S3: =280 dB/m

Petroff et al., 20215° Individual patient data meta-analysis of 2346 including 1277 patients with S0: <297 dB/m
NAFLD S1: 297 to <317 dB/m
S2:317 to <333 dB/m

S3: =333 dB/m

Rout et al., 2019%° Prospectively maintained database of 462 Indian patients including 89 S0: <263 dB/m
patients with NAFLD who underwent liver biopsy and CAP estimation S1: 263 to <324 dB/m

Shalimar et al., 2020%*

biopsy

Kuchay et al., 2021%°

Prospective study of 219 Indian adults with NAFLD [100 nonobese (45.7%)
and 119 (54.3%) obese, respectively] with CAP values who underwent liver

S2: 324 to <348 dB/m
S3: =348 dB/m

Nonobese

S0: <275 dB/m

S1: 27510 <319 dB/m
S2: 319 to <337 dB/m
S3: =337 dB/m
Obese

S0: <285 dB/m

S1: 285 to <340 dB/m
S2: 340 to <355 dB/m
S3: =355 dB/m

Analysis of 137 Indian adults to assess the diagnostic performance of CAP S0: <262 dB/m

for detecting steatosis with MRI-PDFF as the reference standard S1: 262 to <295 dB/m

Garg et al., 2017%°
Indian patients

S2: 295 to <324 dB/m
S3: =324 dB/m

Assessed the utility of CAP for detecting steatosis in 76 morbidly obese S0: <323 dB/m

S1: 323 to <336 dB/m
S§2: 336 to <357 dB/m
S3: =357 dB/m

CAP, controlled attenuation parameter; NAFLD, non-alcoholic fatty liver disease.
In the absence of consensus cut-offs, the European Association for the Study of the Liver (EASL) guidelines recommends CAP>275 dB/m for detecting
steatosis as it is associated with a high sensitivity and positive predictive value (>90%) for detecting steatosis in NAFLD (59).
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Table 4 Cut-Offs of FAST Score for Detecting NASH With SFibrosis (NASH + NAS =4 + F = 2) in Patients With NAFLD.
Study Study details

Rule-out cut-off Gray zone Rule-in cut-off

Newsome et al., 2020~ Multicentric study comprising of a derivation cohort of 350 patients in =0.35 0.3510 0.67 =0.67
England followed by validation in multiple international cohorts
De et al.%° Validation of FAST score in 60 Indian patients with biopsy proven NAFLD ~ =0.55  0.55-0.78 =0.78

with derivation of optimal cut-offs validated using internal bootstrapping

FAST, FibroScan-AST; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NAS, NAFLD activity score.

Table 5 Commonly Used Cut-Offs of Noninvasive Scores for Detecting Advanced Fibrosis.®

Noninvasive score Rule-out cut-off Gray zone Rule-in cut-off
APRI 0.5 0.5t02.0 2.0

FIB-4 <1.3 1.3t02.67 >2.67

NFS <-1.455 —1.455 to 0.675 =0.676

APRI, AST platelet ratio index; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.

cannot be recommended routinely in day-to-day clinical
practice because of the entailed radiation risk and cost.

Assessment of Hepatic Inflammation

As mentioned earlier, there is an unmet need for good
noninvasive markers to detect hepatic inflammation in pa-
tients with NAFLD. Serum liver enzymes [aspartate and
alanine transaminases (AST, ALT)] do not correlate well
with the hepatic inflammation and are not recommended
to diagnose or exclude histological NASH.'’”'%"
Cytokeratin-18 (CK 18) a marker of apoptosis which has
been shown to be useful for the diagnosis of NASH is
limited by its inaccessibility.w) Recently, FibroScan-AST
(FAST) score (a score based on median liver stiffness on
transient elastography, CAP and AST) has been used to
identify patients with a histological NAFLD activity score
(NAS) = 4 and significant fibrosis (F = 2) and has been
validated in Indian patients (Table 4)."'%'"* Similarly, a
combination of magnetic resonance elastography (MRE)
and fibrosis-4 (FIB-4) called MEFIB score has been sug-
gested for the noninvasive diagnosis of NASH but requires
validation in Indian population.'"’

Assessment of Hepatic Fibrosis

Like all chronic liver diseases, hepatic fibrosis is the most
important parameter for prognosis, treatment, and
outcome in patients with NAFLD. NITs to assess hepatic
fibrosis include blood-based tests or the use of various
types of elastography.”"''* A number of blood parameters
either used alone or in combination have been evaluated
for the assessment of hepatic fibrosis in patients with
NAFLD.'"® Simple nonpatented parameters include
platelet count, AST/ALT ratio, or more specific scores
that have been validated across different populations like
AST to platelet ratio index (APRI), Fibrosis-4 (FIB-4
comprising of AST, ALT, age, and platelets), NAFLD

fibrosis scores (NFS comprising of BMI, AST, ALT, Albu-
min, and presence of insulin resistance and diabetes),
and BARD score (BMI, Age, AST/ALT ratio, and presence
of diabetes) (Appendix 3). The advantages of these scores
include their free availability and the ease of using them
at the bedside on mobile phones or laptops. As shown in
Table 5, these cut-offs are commonly being used for
ruling-in or ruling-out advanced fibrosis with a rule-in
cut-off which has high specificity and a rule-out cut-off
which has high sensitivity with an intervening gray zone.
Of all the bedside blood-based tests, FIB-4 has been shown
to be the most accurate.''®""” The data on the applicability
and cut-offs of these nonpatented, noninvasive scores in
Indian patients with NAFLD are scanty and mainly
involve APRI and FIB-4''®'""). In addition, a lot of
patented tests like Fibrotest, Fibrometer, Hepascore,
enhanced liver fibrosis (ELF) panel, and so on, with higher
sensitivity and specificity are commercially available but
are limited by their availability and cost.

Other than the blood-based tests, liver elastography has
evolved over the years and is an accurate tool for the nonin-
vasive assessment of hepatic fibrosis. The new-generation
USG machines with added facility of shear wave elastogra-
phy are helpful in the simultaneous assessment of hepatic
fibrosis. But, of all the forms of elastography, maximum

Table 6 Liver Stiffness Measurement Cut-Offs on Vibration-

Controlled Transient Elastography.’*®
Significant fibrosis (F2) unlikely <6.0 kPa
=F2 =8.2 kPa
~F3 =9.7 kPa
F4 =13.6 kPa

LSM =20 might suggest clinically significant portal hypertension, partic-
ularly in those patients with platelet count <150 x 10°/L.
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data in patients with NAFLD are available with VCTE (Fi-
broscan®™) with disease-specific cut-offs available for
NAFLD  (Table  6).°%!0%!1161207123 " Recent  data
suggest that similar cut-offs may be used in nonobese
and obese individuals with correct probe selection. M
and XL probes should be selected as per the automatic
probe selection tool in the FibroScan machine if the probe
to liver capsule distance displayed in real time is < 25 mm
and 25-35 mm, respectively. Data are still evolving for
other forms of ultrasound elastography like 2D shear
wave elastography (2D-SWE) or point SWE.'**!%!%°
Even though most accurate and also having the advantage
of assessing larger area of the liver, MR elastography (MRE)
is limited by its cost and availability. 126,127

Risk Stratification Based on NonInvasive Assessment

The biggest advantage of NITs is their ability to rule-in or
rule-out significant fibrosis (=F2 fibrosis), advanced
fibrosis (F3-4 fibrosis), and cirrhosis (F4 fibrosis). Because
of the huge burden of NAFLD globally and in India, this
stratification is very important in deciding the referral of
patients from primary and secondary healthcare levels to
tertiary care level. Patients in whom significant fibrosis or
advanced fibrosis/NASH can be confidently ruled out
can be managed at the primary and secondary health
care levels. In contrast, those patients predicted to have sig-
nificant/advanced fibrosis/NASH on noninvasive assess-
ment need to be referred to tertiary care level for further
evaluation and treatment (Figure 1).”%°>'*® The patients
falling in the gray zone or with discordant results at pri-
mary and secondary healthcare levels would also need a
referral to tertiary care centers (Figure 1).

Stratification of patients with NAFLD at primary and
secondary healthcare levels can be done with simple scores
like APRI and FIB-4. If required, further evaluation at the
tertiary healthcare level can be done with elastography or
liver biopsy (Figure 1).°° The National Programme for Pre-
vention and Control of Cancer, Diabetes, Cardiovascular
Diseases and Stroke (NPCDCS) in India has recently inte-
grated NAFLD into this national program and also sug-
gests similar stratification and referral of patients to
tertiary care centers.'””

Risk stratification in most Western guidelines is based
on the exclusion of advanced fibrosis by noninvasive
tests.®>'1° Ruling-in or ruling-out advanced fibrosis is
important when it comes to inclusion in clinical trials
and for liver-related morbidity or mortality, but significant
fibrosis is equally important when it comes to overall mor-
tality in patients with NAFLD in comparison to general
population. Moreover, majority of guidelines would favor
use of pharmacotherapy in patients with significant
fibrosis. It was thus felt by the members of the task force
that significant fibrosis (=F2) is more suited as an entry
point into a referral pathway rather than advanced fibrosis
(=F3) (Figure 1). Indeed, the time to development of

advanced liver disease is 22-26 years in F0-1, 9.3 years in
F2 and 2.3 years in F3. Further, there is a progressive in-
crease in mortality with the increasing stages of fibrosis,
with stage F2 having an intermediate hazard ratio of 1.36
between FO-F1 (0.88) and F3 (2.54) and F4 (5.19)."°
Thus, in the setting of primary care, using a cut-off for
advanced fibrosis for referral would result in the exclusion
of patients with significant fibrosis who are at risk of devel-
oping clinically significant liver disease, CVD and may
potentially benefit from consultation at a tertiary center
with addition of pharmacotherapeutic agent in addition
to lifestyle interventions (Figure 1).

Many Western guidelines suggest the use of certain
patented NITs (ELF, Fibrotest, Fibrometer) for the step-
wise approach in stratification of liver disease in patients
with NAFLD. These patented tests are however limited
by their cost and availability; hence, nonpatented tests
are more relevant in the Indian setting. As mentioned
earlier, most of the data for the nonpatented, noninvasive
scores from India are for APRI and FIB-4. Even though
FIB-4 may not be accurate at the extremes of the age,
both these tests are simple and easily available, and INASL
recommends using these tests at the primary healthcare
level (Figure 1). The available Indian data suggest that
APRI <0.45 or FIB-4<1 can rule out significant fibrosis
with very high sensitivity.1 11910 a recent study of 129 In-
dian patients with biopsy-proven NAFLD, NFS demon-
strated a poor discriminatory ability for detecting the
presence of either significant or advanced fibrosis on his-
tology.131 At the tertiary care level, INASL suggests using
transient elastography as the next step for confirming
the degree of hepatic fibrosis (Figure 1). Over the years,
transient elastography has become widely available in India
especially at the tertiary care levels; is noninvasive; relatively
cheap with reasonable accuracy. Even though the data are
scant, the validation of transient elastography in Indian
patients with NAFLD suggests similar cut-offs as in West-
ern patients.”>'*’ Based on a systematic review and indi-
vidual participant meta-analysis of biopsy-proven
NAFLD patients, an expert panel review by the American
College of Gastroenterology has recently endorsed cut-
offs of <6.0 kPa and =8.2 kPa on VCTE for ruling-out
and ruling-in significant fibrosis, resl:>ectively.”6’134 Liver
biopsy is an invasive procedure and may be associated
with complications. A large real-life data from India
suggest poor acceptability of liver biopsy in patients with
NAFLD (19); hence, INASL suggests using it only in spe-
cific clinical situations (detailed in the section on liver bi-

opsy) (Figure 1).

Diagnosis of NASH-Related Cirrhosis and HCC

The modalities used for the diagnosis of cirrhosis and HCC
in patients with NASH are same as for other modalities.

NASH has emerged as the most important cause for cryp-
togenic cirrhosis/HCC. Ideally, the diagnosis of NASH
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cirrhosis would require a histological documentation of
NASH either in the past or at present but is usually diffi-
cult due to reluctance of liver biopsy and reduction of he-
patic fat with increasing hepatic fibrosis. Hence, a
noninvasive diagnosis of NASH cirrhosis/NASH HCC
can be made by excluding other etiologies and the presence
or history of metabolic risk factors. Since, patients identi-
fied for the first time at the stage of cirrhosis/HCC may
have lost the MeS components after the development of
liver disease (body weight, blood pressure, and lipids
decrease) or some may develop hepatogenous diabetes
due to cirrhosis which in true sense is not component of
MeS, the history of these MetS risk factors may be equally
important in making the diagnosis of NASH-cirrhosis/
HCC.”

An LSM cut-oft of =13.6 kPa suggests the presence of
cirrhosis, while LSM =20 kPa might suggest clinically sig-
nificant portal hypertension, particularly in patients with
platelet count <150 x 10°/L."'° As in other etiologies,
most patients with NASH-HCC have underlying cirrhosis
and those with NASH-cirrhosis should be screened every
6 months for HCC using USG abdomen with or without
alphafetoprotein (AFP). However, USG is often suboptimal
in obese patients with poor quality of imaged liver due to
attenuation of the USG beam by subcutaneous fat. It is
now being increasingly recognized that in comparison to
other etiologies, more patients with NASH have HCC
without cirrhosis.'®"*>!*° However, screening all noncir-
rhotic patients with NAFLD for HCC is unlikely to be
cost-effective, given the extremely high prevalence of
NAFLD in the community.

Consensus Statements

e INASL recommends using USG (abdomen) or
controlled parameter (CAP) on transient elastography
as the noninvasive tests for the detection of hepatic stea-
tosis (I, Strong).

e INASL recommends that serum transaminases should
not be used for differentiating NAFL from NASH (II,
Strong).

e INASL recommends using APRI, FIB-4 as the initial
screening tools for the assessment of hepatic fibrosis at
the primary and secondary healthcare levels (II, Strong).

o INASL suggests that patients with high or intermediate
results of APRI and FIB-4 or those with discordant re-
sults may be referred to tertiary health care levels (III,
Weak).

o INASL recommends using VCTE at tertiary care levels to
corroborate the results of APRI and FIB-4 (I, Strong).

e INASL suggests that an LSM cut-off of =8.2 kPa and
=13.6 kPa may be used for detecting the presence of sig-
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nificant fibrosis and cirrhosis, respectively, in clinical
practice (II, Weak).

Liver Biopsy in the Diagnosis of NAFLD/NASH

Liver biopsy is still considered as the gold standard for the
diagnosis of NASH. In clinical situations, where noninva-
sive assessment is inconclusive, liver biopsy remains the
only reliable modality for differentiating NAFL from
NASH. It is also helpful in evaluating patients with
competing etiologies for hepatic steatosis and raised trans-
aminases and remains a short-term treatment end-point
for most clinical trials.”” However, liver biopsy is an inva-
sive procedure and is not free from complications and
may not be required routinely for the clinical management
of all patients with NAFLD (Figure 1).

Evaluation of Hepatic Histology in NAFLD/NASH

The diagnosis of NAFLD by definition requires the pres-
ence of hepatic steatosis in 5% or more of hepatocytes. His-
tologically, the diagnosis of NASH can be made by a semi-
quantitative grading using a combination of steatosis,
lobular and portal inflammation, and hepatocyte
ballooning. In contrast to viral and autoimmune hepatitis,
inflammatory activity in NASH has predominantly zone 3
localization. Fibrosis stage assessment can be done accord-
ing to progressive involvement of the lobules.'”” The
scoring systems provided by NASH Clinical Research
Network (CRN) as the NAFLD activity score (NAS) and
SAF score (steatosis, activity, and fibrosis) proposed by
the Fatty Liver Inhibition of Progression (FLIP) algorithm
are the two most commonly used scoring systems in clin-
ical trials (Appendix 4-6).""7""*" Subtle histological
differences exist between adults and pediatric NAFLD/
NASH, children having more of portal disease (zone 1) in
contrast to centri-zonal (zone 3) disease seen in adults
1215 (Details in the section on NAFLD in children and
adolescents).

Correlation of noninvasive tests with liver histology:
Noninvasive serum-based tests such as APRI, BARD score,
NFS, and FIB-4 have been found to correlate with NASH
and significant fibrosis and adverse clinical outcomes in
follow-up studies.118,144-149 CAP assessed using VCTE
and MRI-PDFF has been reliably shown to diagnose hepat-
ic steatosis.”””"*! The CAP cut-offs described for various
grades of hepatic steatosis vary across studies. Possible fac-
tors affecting these include etiology, body mass index, dia-
betes, aspartate aminotransferase level, and gender of the
pa,tient.%’w"gg’150’152’154 FAST score identifies patients
accurately with a NAS =4 and significant fibrosis (F = 2)
with AUROC of 0.79.''"'? Overall, noninvasive
modalities provide useful information similar to that
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provided by a liver biopsy with the added benefit of ease
and safety to repeat the assessment if required.

Limitations of liver biopsy: Even though considered as the
gold standard for the diagnosis of NAFLD and NASH, liver
biopsy is an imperfect tool due to sampling variability and
a small but significant risk of complications, including
pain, bleeding, and death.”'*>'*® Moreover, it is difficult
and impractical to repeat liver biopsy for monitoring the
progression of the disease. Apart from patient-related is-
sues, other limitations include the limited expertise avail-
able to interpret the liver histology, interobserver, and
intraobserver variability and requirement of a referral to
a tertiary care center.'””'®

Moreover, in clinical practice, the acceptance rate of liver
biopsy in patients with NAFLD is not very high, and the
diagnosis of NAFLD and significant/advanced fibrosis
can be made in majority of patients based on noninvasive
assessment with avoidance of liver biopsy. 1967 However, in
clinical situations where noninvasive assessment is incon-
clusive or falls in the gray zone or where patients may
have confounding etiologies, a liver biopsy may still be
required for the definite diagnosis of NAFLD/NASH
(Figure 1).

Consensus Statements

o Liver biopsy remains the gold standard for the diagnosis
of NASH ().

e Liver biopsy is not routinely required for the manage-
ment of NAFLD in day-to-day clinical practice (III,
Weak).

e INASL recommends using noninvasive tests for the
assessment of hepatic steatosis and fibrosis in clinical
practice (I, Strong).

o Liver biopsy should be considered in patients where the
noninvasive assessment for hepatic fibrosis is discordant
(L, Strong).

e Liver biopsy should be considered in NAFLD patients in
whom other competing etiologies of hepatic steatosis/
liver disease cannot be ruled out (I, Strong).

TREATMENT

Being a lifestyle disease, the treatment of patients with
NAFLD revolves around controlling the risk factors with
lifestyle modifications or medications if required.Z[)’21’23’159
Pharmacological therapy for the treatment of liver disease
in NAFLD is still evolving with only a few drugs recom-
mended by various societies with many drugs still being
in phase II or III clinical trials. 160

Control of Risk Factors

The major risk factors for NAFLD include overweight or
obesity, type 2 diabetes mellitus (T2DM), hypertension,
and dyslipidemia. Of these, overweight or obesity is the

most common risk factor present in up to 90% of patients
with NAFLD in India.'” Around 50% of Indian patients
with NAFLD have MetS, with central obesity being the
most common component.” "

Weight Reduction — Lifestyle Interventions

Lifestyle interventions including dietary calorie restriction
and exercise constitute the central pillar of NAFLD man-
agement.161 105 There is a dose-response relationship
between the magnitude of weight loss and the degree of
histological improvement in NAFLD with weight loss of
3-5%, =7% and =10% being associated with
improvement in steatosis, steatohepatitis, and fibrosis,
respectively.l(’z’166 As such, a weight loss target of 7-10%
is recommended in overweight or obese patients with
NAFLD.”**"?* With respect to diet, daily caloric restriction
by 30% or 500-1000 kcal appears to be more important
than the type of diet per se. Although some evidence sug-
gests that a Mediterranean diet may have some
benefit,'*”'*® this is difficult to recommend and practice
for Indian patients who should be counseled to cut
down on both carbohydrates and fats in their staple diet.
A healthy diet sourced from locally available food products
that are suited to local culinary tastes is more likely to be
adhered to on a long term, which is crucial for sustainable
benefits. Intermittent fasting may be a promising
approach, but further data need to be generated in NAFLD
before it can be recommended routinely.]69 It should also
be noted that there is substantial heterogeneity in the
various approaches of intermittent fasting that have been
employed in studies [e.g., alternate day fasting, 5:2 fasting
(severely reduced caloric intake for 2 days followed by 5
days of normal consumption), daily intermittent fasting
of 18 h], and there is a need to standardize approaches
to intermittent fasting. 169,170

Exercise usually consists of moderate-intensity aerobic
exercises, such as brisk walking, jogging, running, swim-
ming, or cycling for 30-45 min/day at least 5 days in a
week (at least 200 min per week) to achieve a target heart
rate of 60-70% of maximal heart rate.'”" Resistance exer-
cises can supplement aerobic exercises and may be particu-
larly useful for patients who cannot otherwise do aerobic
exercises.'”?"'”> Further, there is evidence that exercise
may improve insulin resistance and hepatic steatosis even
without weight loss.'”*'7¢ This is reassuring for patients
with lean NAFLD who have normal BML Key lifestyle in-
terventions for NAFLD are summarized in Table 7.

Patients with cirrhosis should be encouraged to exercise
as per their limits of tolerance. One of the vexing issues in
NAFLD-cirrhosis is that while many of these patients are
overweight or obese, they have underlying muscle loss (sar-
copenia) with the muscles being partially replaced by fat
deposition (myosteatosis).'”” As such, diet in patients
with cirrhosis should be individualized and restriction of
carbohydrates should be supplemented with adequate
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Table 7 Lifestyle Interventions in Patients With NAFLD.

Weight - There is a dose-response relationship between the
loss magnitude of weight loss and the degree of histological

improvement in NAFLD.

Targeting a weight loss of 7-10% is recommended in

overweight or obese patients with NAFLD.

Diet

A healthy diet protects against not only NAFLD but
numerous noncommunicable diseases including diabetes
mellitus, hypertension, obesity, cardiovascular disease
and stroke.

- In overweight or obese patients with NAFLD, daily calorie
intake should be restricted by 30% or 500-1000 kcal by
cutting down on carbohydrates and fats in the staple diet.
In lean individuals, energy intake (calories) should be
balanced with energy expenditure.

Total fat should not exceed 30% of total energy intake.
Intake of saturated fats should be <10% of total energy
intake, and intake of trans-fats <1% of total energy intake,
with a shift in fat consumption away from saturated fats
and trans-fats to unsaturated fats

Limit intake of free sugars to less than 10% of total energy
intake; a further reduction to less than 5% of total energy
intake may have additional health benefits. Fructose and
sweetened beverages should be curtailed

- There is some evidence of the benefit of >2 cups of

caffeinated coffee per day in NAFLD. However, the stan-
dard Indian habit of sweetening and coloring their coffee
with sugar and milk or cream may be counterproductive
and more evidence is required.

- Overall, calorie restriction appears to be more important
than the specific type of diet per se. Although there is
some evidence suggesting that a Mediterranean diet may
have some benefit, this may be difficult to incorporate in
daily life for the average Indian patients. Indeed, a healthy
diet consisting of the standard constituents of the local
staple diet is more likely to be adhered to in the long term.

Exercise - INASL recommends moderate intensity aerobic or resis-
tance exercises 30-45 min/day at least 5 days in a week
(at least 200 min per week) in all patients with NAFLD ir-
respective of body weight

Moderate intensity aerobic exercises include brisk
walking, jogging, running, swimming, cycling etc.
Resistance exercises can supplement aerobic exercises
and may be particularly useful for patients with who cannot
otherwise partake in aerobic exercises like patients with
arthritis, morbid obesity, poor cardiorespiratory fitness etc
The role of yoga in NAFLD is under explored. Asanas that
involve physical exertion and the maintenance of certain
body postures (akin to isometric resistance exercises)
may certainly be beneficial although this needs to be
further studied

NAFLD, non-alcoholic fatty liver disease.

amounts of protein (1.5 g/day). Protein restriction is not

required even in patients with history of hepatic encepha-

lopathy although it may be prudent to replace meat pro-
S . . 178,179

tein with plant, dairy, or fish proteins.

Weight Reduction — Pharmacological Interventions

Even though weight reduction by lifestyle interventions is
effective in improving NAFLD/NASH, only a proportion

DUSEJA ET AL

attain this target weight loss with life-style interventions
alone, and only a minority of them are able to sustain
this weight loss over meaningful periods.'”" Several drugs
are available for weight loss (orlistat, liraglutide,
phentermine-topiramate combination, and naltrexone-
bupropion), but none of these drugs targeting weight
loss are recommended for NAFLD,?%*1232, 171,180

Weight Reduction- Bariatric Surgery and Endoscopic
Bariatric and Metabolic Therapy (EBMT)

The general indications for bariatric surgery for obesity in
the West are BMI =40 kg/m® or a BMI between 35 and
39.9 kg/m* with one or more obesity-related comorbid-
ities.'"®" Endoscopic bariatric metabolic therapy (EBMT)
is usually indicated in patients who do not fit the BMI
criteria for surgery, are not fit for surgery, who fail to
lose weight or are not able to maintain weight loss on life-
style interventions. The guidelines by the Obesity and
Metabolic Surgery Society of India however state that bar-
iatric/metabolic surgery should be considered in the
following situations: BMI =35 kg/m” or BMI =30 kg/
m? in the presence of two or more obesity-related comor-
bidities or as a nonprimary treatment option for BMI
=27.5 kg/m* with uncontrolled T2DM despite optimum
medical mamagement.182 Various bariatric surgery and
EBMT procedure done for obesity are shown in
Appendices 7 and 8.

In spite of the efficacy of these procedures for weight
reduction, both bariatric surgery and EBMT are not recom-
mended as a primary treatment for patients with NAFLD/
NASH; the primary reasons being the associated morbidity
and mortality and absence of randomized clinical tri-
als.'®'”? However, if the patient otherwise requires
bariatric surgery or EBMT for his/her obesity and or
associated comorbidities, then the presence of
noncirrhotic NAFLD/NASH is not a contraindication
and may help in NASH resolution and fibrosis
regression.184 Caution and risk assessment needs to be
exercised in those with compensated cirrhosis prior to sur-
gery or if cirrhosis is detected during bariatric surgery. 194-
96 There is limited experience with intragastric balloon
placement in patients with morbid obesity and
decompensated cirrhosis before liver transplantation.'””
In a small number of patients, use of intragastric balloon
in cirrhotic patients with obesity prior to living donor liver
transplantation showed it to be an effective modality in a
select group of patients to improve their graft to recipient
weight ratio."””

Pharmacological
CoMorbidities

Timely diagnosis and appropriate management of meta-
bolic comorbidities like T2DM, hypertension and dyslipi-
demia are the mainstay of the holistic management of
NAFLD. Statins, even though not found to be useful in

Management  of Metabolic
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improving the liver histology, if indicated, are safe even in
the presence of elevated transaminases.'”® However, it is
prudent to be cautious in patients with cirrhosis, particu-
larly in those with decompensated disease. Given the close
link between T2DM and NAFLD, it is not surprising that
several anti-diabetic drugs have been evaluated in
NAFLD."””?% Pioglitazone, which is recommended by
various society guidelines in patients with biopsy-proven
NASH is discussed in detail below. Metformin improves
liver biochemistry but not liver histolo(‘cg,y.zm’m2 There is
much excitement with glucagon-like peptide-1 (GLP-1) an-
alogs, with two molecules, Liraglutide and Semaglutide
which have beneficial effects on the resolution of NASH
in phase 2 clinical trials.?0%2%4 Preliminary data with the
use of sodium-glucose cotransporter-2 (SGLT-2) inhibi-
tors in NASH are also promising and need further evalua-
tion.”” ?% An added advantage of both GLP-1 analogs
and SGLT-2 inhibitors is the associated reduction in
body weight, which may have further putative benefits in
NAFLD. However, as of now, barring pioglitazone, none
of the anti-diabetic agents are recommended as NASH-spe-
cific pharmacotherapy.””*»** As such, in patients with
NAFLD, T2 DM and other metabolic comorbidities should
be managed along similar lines as in the general popula-
tion.

Consensus Statements

o INASL recommends weight loss (7-10% of baseline)
induced by diet and exercise as the primary treatment
in overweight/obese patients with NAFLD for the
improvement in hepatic steatosis, inflammation, and
fibrosis (I, Strong).

o INASL recommends daily calorie restriction by 30% or
500-1000 kcal to achieve the target weight loss (I,
Strong).

e INASL recommends moderate intensity aerobic or resis-
tance exercises 30-45 min/day at least 5 days in a week
(at least 200 min per week) in all patients with NAFLD
irrespective of body weight (I, Strong).

e In the absence of randomized clinical trials, bariatric sur-
gery cannot be recommended as a primary treatment for
NAFLD/NASH (II, Strong).

e Bariatric surgery, if otherwise indicated in obese pa-
tients, can be done in the presence of noncirrhotic
NAFLD/NASH and may help in NASH resolution and
fibrosis regression (I, Strong).

e Bariatric surgery should be done with caution in pa-
tients with compensated NASH cirrhosis and should
be avoided in decompensated NASH cirrhosis even if it
is otherwise indicated (II, Strong).

e In the absence of randomized clinical trials, bariatric
endoscopic therapy cannot be currently recommended
as a primary treatment for NAFLD/NASH (ITI, Weak).

e INASL suggests managing type 2 diabetes mellitus, hy-
pertension, and dyslipidemia in NAFLD patients as
per the standard recommendations applicable to non-
NAFLD patients (III, Weak).

e Statins if indicated can be used safely in patients with
NAFLD even in the presence of elevated transaminases
(I, Strong).

Pharmacologic Treatment for NAFLD/NASH

Who Needs Pharmacological Treatment in NAFLD/
NASH?

The histology-based studies on the natural history of
NAFLD have clearly shown faster disease progression in
those with NASH in comparison to NAFL.””” Current evi-
dence also suggests that the key determinant of histologi-
cal and clinical outcomes in NAFLD is the degree of
underlying hepatic fibrosis.'®?%7 21 Hence,
pharmacotherapy in patients with NAFLD is directed
toward patients with biopsy-proven NASH with or without
hepatic fibrosis.

Even though liver biopsy is still the gold standard for
the diagnosis of NASH/fibrosis, it has its own limitations,
including sampling error and a small but definite risk of
complications, as discussed previously in the section on
liver biopsy. Because of these limitations, liver biopsy is
not a feasible option in the vast majority of patients in
routine clinical practice and the decision to treat patients
with pharmacotherapy may have to be taken based on
the noninvasive assessment.

As mentioned previously, NITs have reasonably good
performance for the diagnosis of hepatic steatosis and
fibrosis. Therefore, INASL suggests that in the absence of
liver biopsy, an individualized decision may be taken to
treat such patients with NASH-specific pharmacotherapy
if they have significant fibrosis without cirrhosis on nonin-
vasive assessment (Figure 1) (see section on noninvasive
assessment for the definition of significant fibrosis and
cirrhosis).

In addition, noninvasive tools have reasonable correla-
tion with liver histology and response in ALT, hepatic stea-
tosis, and fibrosis can also be used in monitoring the

216
treatment response.

Choice of Drugs

Current drugs: Of the various drugs used in the treatment
of patients with NASH, only vitamin E, pioglitazone, and
saroglitazar are currently recommended by either scientific
societies or a regulatory agency.””*"*’ Vitamin E has anti-
oxidant properties, pioglitazone is a peroxisome prolifera-
tor activated receptor (PPAR) v agonist, and saroglitazar is
a dual PPAR «/v agonist, and these drugs target different
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pathways involved in the pathogenesis of NASH.”'”*'” In

the landmark PIVENS trial, 247 patients with biopsy-
proven NASH without DM were randomized to either
pioglitazone (30 mg/day), vitamin E (800 IU/day), or
placebo for 96 weeks.””" Compared to placebo, vitamin E
significantly decreased hepatic steatosis, lobular inflamma-
tion, and ballooning with an improvement in NAS.**°
Multiple other studies including meta-analyses have also
shown that vitamin E improves biochemistry and liver his-
tology including steatosis, inflammation, and ballooning
but not fibrosis in adult and pediatric patients with
NASH.””'*** In the PIVENS trial, patients on
pioglitazone did not achieve the primary end-point of
“improvement in NAS by 2 points with at least 1-point
improvement inhepatocellular ballooning and 1-point
improvement in either the lobular inflammation or steato-
sis score, and no increase in the fibrosis score.” However,
significantly more patients in the pioglitazone group at-
tained a resolution of NASH as compared to placebo,
and pioglitazone was also associated with a decrease in
steatosis and lobular inflammation. No improvement in
fibrosis was observed with either Vitamin E or pioglita-
zone.””’ In a randomized, placebo-controlled, double-
blind phase IV study of patients with NASH with prediabe-
tes or type 2 diabetes (n = 101), therapy with pioglitazone
for 18 months was associated with a significantly greater
proportion of patients attaining a = two-point reduction
in NAS without worsening of fibrosis. Resolution of

DUSEJA ET AL

NASH was also significantly more frequent in the pioglita-
zone arm.””* However, since pioglitazone has not been
evaluated in pediatric NASH, it is not recommended in
this population.

In a phase II randomized-controlled trial (EVIDENCES
IV), saroglitazar (4 mg/day) significantly improved serum
transaminases, hepatic steatosis, insulin resistance, and
dyslipidemia in NAFLD pa.tients.225 In the multicentric,
EVIDENCES 1II study from India, 102 patients with
biopsy-proven noncirrhotic NASH were randomized in a
2:1 ratio to receive either saroglitazar or placebo for 52
weeks. Significantly more patients in the saroglitazar
group (52.3%) attained the primary end-point of decrease
in NAS by = 2 points without worsening of fibrosis as
compared to those in the placebo group (23.5%; p =
0.04).””° Based on these data and other real-life data, saro-
glitazar in a dose of 4 mg/day was approved by the Drug
Controller General of India (DGCI) for use in patients
with NASH and F1-3 fibrosis in March 2020.%7**%

Landmark studies showing the dose, duration, side-ef-
fects, and limitations of these three drugs are shown in
Tables 8 and 9.

How to choose a drug?: In addition to the efficacy and
safety of the drugs, other factors that may help in choosing
a drug for patients with NASH with or without significant
fibrosis include age and gender of the patient, presence or
absence of diabetes mellitus, and dyslipidemia. There is a

Table 8 Dose, Duration and Benefit of NASH-Specific Pharmacotherapy.

Drug Phase Il Dose
study

Clinical effect

Level of evidence for Suggested minimum
clinical benefit duration

Vitamin E* PIVENS 800 IU/day” in two

divided doses

Decrease in ALT

| 2 years

- Decrease in hepatic steatosis, lobular inflam-

mation, ballooning and NAS

No effect on fibrosis

Decrease in ALT

PioglitazonePIVENS 30 mg/day

inflammation

No effect on fibrosis

SaroglitazarEVIDENCES 4 mg/day
Il

Decrease in ALT

No effect on body weight

| 2 years

Improved insulin resistance
Decrease in hepatic steatosis and lobular

Increased resolution of NASH

Body weight may increase

1} 1 year

Improved insulin resistance
Decrease in triglycerides with improved lipopro-

tein particle composition and size and reduced

lipotoxic lipid species

- Decrease in hepatic steatosis

Decrease in NAS

No significant effect on body weight

ALT, alanine aminotransferase; NAS, NAFLD activity score; NASH, non-alcoholic steatohepatitis.
@Dose conversion in vitamin E (a-tocopherol): to convert from IU to mg, divide by 1.5.
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Table 9 Choosing NASH Pharmacotherapy.

Drug

Factors to consider

Vitamin E

Pioglitazone

Saroglitazar

- Widely available, low cost

Recommended by various international societies in biopsy-proven
NASH in patients without diabetes

Debatable effect on fibrosis

Adverse effects on long term use include increased risk of prostate
cancer and hemorrhagic stroke; no increased risk of all-cause
mortality

- Recommended by various international societies in biopsy-proven
NASH

Can be used in patients with or without diabetes mellitus
Debatable effect on fibrosis

Adverse effects include propensity to weight gain, osteoporosis (in
females). Increased risk of bladder carcinoma has been suggested
but most of the evidence is to the contrary

- Approved by DCGI for use in NASH with F1-F3 fibrosis and NAFLD with
co-morbidities (obesity, diabetes mellitus, dyslipidemia or metabolic
syndrome)

- Although approved for use in patients with or without diabetic dysli-
pidemia, the majority of the published literature is in patients with
diabetic dyslipidemia

- Only phase Il study (EVIDENCES IV) available as a full paper.

Debatable effect on fibrosis

- Cost of drug needs to be considered

- Available only in India

DCGl, drug controller general of India; NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.

possible increased risk of prostate cancer with long-term
use of vitamin E. Pioglitazone has been associated with
osteoporosis particularly in postmenopausal females.
Table 9 lists some of the factors that should be considered
while choosing a drug for NASH pharmacotherapy.

Future drugs: Based on encouraging phase I data, various
drugs like farnesoid X receptor (F x R) agonist, obeticholic
acid (OCA) (REGENERATE trial in NASH with F2-3
fibrosis and REVERSE trial in NASH patients with
compensated cirrhosis), chemokine 2 and 5 inhibitor, thy-
roid hormone receptor beta agonist, resmetirom
(MAESTRO-NASH in NASH with F1-F3 fibrosis) sema-
glutide (GLP-1 agonist), synthetic fatty acid/bile acid con-
jugate, aramchol (ARMOR in NASH with F2-3 fibrosis),
and lanfibranor (NATiV3 in NASH with F2-F3 fibrosis)
are being evaluated in phase III studies.'°””*” An interim
analysis of the REGENERATE study at 18 months showed
that the primary outcome of =1 stage improvement in
fibrosis without worsening of NASH was significantly
more common in patients treated with 25 mg (23.1%,
p = 0.0002) of obeticholic acid as compared to placebo
(11.9%). However, almost half of the patients who received
25 mg of OCA complained of pruritus, while 13% patients
discontinued treatment.””” Besides, elevated LDL was also
seen in 17% of patients receiving 10 mg and 25 mg of obe-

ticholic acid. This side-effect of OCA appears to be a class
effect of F x R agonists and responds well to statins.?>%*!
Pending further evidence, INASL suggests not using obeti-
cholic acid as pharmacotherapy for treating NASH.

NASH pharmacotherapy in patients with cirrhosis:
Recent retrospective, single-center data on patients with
biopsy-proven NASH and bridging fibrosis or cirrhosis
have shown the efficacy of vitamin E and metformin in
lowering the risk of HCC, hepatic decompensation, trans-
plant, and death.”*>**’ However, in the absence of prospec-
tive RCTs, these drugs are still not recommended for the
treatment of NASH-cirrhosis. Results of OCA and other
future drugs in patients with cirrhosis are still awaited.

End-points of pharmacological treatment: Being a meta-
bolic and lifestyle disease, it is reasonable to presume that
prolonged treatment would be required for patients with
NASH. In this context, the pharmacological treatment
with the available drugs would not be a viable option for
long-term therapy and lifestyle modifications would
continue to remain the backbone of treatment. Based on
the duration of treatment in the registration trials, INASL
suggests treatment duration of 2 years for vitamin E or pio-
glitazone, and 1 year for Saroglitazar (Table 8).>*%?*>%¢
Assessing response to treatment is another vexing clinical
problem in these patients. Evidence suggests that
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reduction in the liver fat fraction by MR-PDFF may be used
as a surrogate marker for predicting histological improve-
ment.””* However, MR-PDFF is largely confined to
research settings and is not suitable for routine clinical
use. A secondary data analysis of the phase 2 FLINT trial
showed that decrease in serum ALT by 17 U/L at 24 weeks
of therapy was significantly associated with histological
response of improvement in NAS=2 without worsening
of fibrosis.?'® Hence, INASL suggests that serum ALT
may be used for monitoring patients on NASH-specific
pharmacotherapy. Depending upon the availability, CAP
and LSM on transient elastography can also be used on
an individual basis for monitoring these patients while
on treatment.”>>*27?3%

Consensus Statements

e Pharmacotherapy should be considered in patients with
liver biopsy-proven NASH with or without hepatic
fibrosis (F1-F3) (I, Strong).

o The choice of drugs for NASH pharmacotherapy should
be individualized on the basis of age, gender and the
presence/absence of diabetes/dyslipidemia (III, Weak).

o INASL recommends vitamin E as pharmacotherapy for
NASH with or without hepatic fibrosis (F1-F3) in
nondiabetic adult and pediatric patients (I, Strong).

e INASL recommends pioglitazone as pharmacotherapy
for NASH with or without hepatic fibrosis (F1-F3) in
both diabetic and nondiabetic adult patients (I, Strong).

e INASL recommends saroglitazar as pharmacotherapy
for NASH with or without hepatic fibrosis (F1-F3) in
both diabetic and nondiabetic adult patients (III, Weak).

o In patients in whom liver biopsy is not available, NASH-
specific pharmacotherapy can be used in noncirrhotic
patients found to have significant fibrosis on noninva-
sive assessment (III, Weak).

e Pending further evidence, INASL suggests not using
obeticholic acid as pharmacotherapy for NASH (III,
Weak).

e Pending further evidence, INASL suggests not using
NASH-specific pharmacotherapy in patients with
NASH cirrhosis (III, Weak).

LIVER TRANSPLANTATION

Over the years, NASH has become an important indication
for liver transplantation both for end-stage liver disease
and HCC. Recent data from India also suggest rising
numbers of patients undergoing liver transplantation for
NASH cirrhosis and HCC.?*® The indications and outcome
of liver transplantation in NASH largely remains the same
as for other indications.””” However, special attention is
required for the associated metabolic comorbidities that
may affect the selection, and operative and postoperative
course in patients with NASH undergoing liver transplan-
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tation. Even though patients with NASH cirrhosis and
NASH-HCC are more likely to be associated with meta-
bolic risk factors, the assessment, work-up, and evaluation
for these metabolic comorbidities like obesity, diabetes
mellitus, hypertension, and dyslipidemia would remain
the same as done in other etiologies of liver disease under-
going liver transplantation.

Detailed management of obesity in patients with de-
compensated cirrhosis listed for transplantation is beyond
the scope of these consensus guidelines and can be read in
the recent INASL consensus on nutrition in liver dis-
ease.”® A single report from India on the use of intragas-
tric balloon in cirrhotic patients with obesity prior to
liver transplantation showed it to be an effective modality
in a select group of patients specially to improve their graft
to recipient weight ratio in the setting of living donor liver
transplantation.'”” Morbidity and mortality in patients
with cirrhosis undergoing bariatric surgery is higher than
patients without cirrhosis, with a further increase in pa-
tients with decompensated cirrhosis and should be
avoided in this clinical situation unless it is being sched-
uled during or after liver transplantation.'®'>*%%% pa.
tients with NASH-cirrhosis and HCC are also at a higher
risk of having cardiovascular (CVD) and CKD but the
assessment and evaluation for associated CVD and CKD
in these patients would be the same as for other etiologies.
Even though patients with NASH-cirrhosis and HCC may
be complicated more often with the post-operative occur-
rence of CVD and CKD, the overall outcome of liver trans-
plantation in these patients is the same as for other
etiologies.2;%7’24()

The choice of immunosuppression in NASH patients is
also the same as for other etiologies except that corticoste-
roids may be tapered early after transplantation to reduce
the risk of metabolic complications. However, of all the
immunosuppressive agents, mycophenolate mofetil may
be the preferred drug because of the lowest risk of meta-
bolic complications.”*'

Recurrent NAFLD/NASH after liver transplantation in
patients undergoing transplant for NASH is common
and may in fact be universal.?*’ De novo occurrence of
NAFLD/NASH in patients undergoing liver transplanta-
tion for other indications is also a major issue.”*” The rea-
sons for both recurrent and de novo NAFLD/NASH are
multifactorial but are predominantly related to the post-
transplant metabolic syndrome (PTMS) due to lifestyle
and dietary changes and immunosuppressive drugs.“‘?”244
The treatment of both recurrent and de novo NAFLD/
NASH is adherence to lifestyle interventions and control
of metabolic risk factors.””> None of the drugs (vitamin
E, pioglitazone, saroglitazar) which are recommended for
treatment in NASH prior to liver transplant have been eval-
uated in the postliver transplant patients; hence, they are
not recommended in this population.
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Consensus Statements

e INASL recommends that screening and assessment for
co-morbidities in NASH transplant recipients should
be done in the same manner as for other etiologies (II,
Strong).

e INASL suggests that obesity in decompensated NASH
cirrhosis be managed with lifestyle interventions with
avoidance of bariatric surgery (II, Strong).

e INASL suggests that the algorithm for cardiovascular
(CV) risk assessment be determined by local expertise
as there is insufficient evidence to recommend a specific
CV risk algorithm for NASH patients undergoing LT
evaluation (II, Weak).

o INASL recommends appropriate screening and manage-
ment of renal dysfunction before and after liver trans-
plantation (I, Strong).

o The postliver transplant survival in patients with NASH-
related cirrhosis is similar to that in other etiologies ().

e INASL suggests that corticosteroids should be tapered
early after liver transplant (depending on center experi-
ence) in patients with NASH undergoing liver
transplantation (II, Weak).

e INASL suggests mycophenolate as the safest immuno-
suppressant in patients with NASH undergoing liver
transplantation (I, Weak).

e Postliver transplant recurrent or de novo NAFLD/NASH
should be managed with lifestyle interventions without
any specific drugs till further data are available for the
use of pharmacotherapy in this setting (I, Strong).

NAFLD in Children and Adolescents

With the rise in obesity among children, it is not surprising
that NAFLD, which was once considered to be a disease of
adults, is being increasingly recognized in children and ad-
olescents. Indeed, a recent meta-analysis that included
eight studies and almost 2900 children reported a pooled
NAFLD prevalence of 12.4% and 63.4% among nonobese
and obese Indian children, respectively.11 However, a
detailed discussion of pediatric NAFLD is beyond the
scope of the current guidance document, and it will only
be discussed in brief.

Most children are asymptomatic and are diagnosed inci-
dentally. It is important to consider genetic causes of fatty
liver including defects of fatty acid or carnitine meta-
bolism, peroxisomal disorders, lysosomal storage disor-
ders, and Wolman's disease, particularly in children who
are nonobese or very young.zo The role of USG for
screening of NAFLD in children remains debated given
its low sensitivity for milder degrees of steatosis.”*® While
the North American Society for Pediatric Gastroenter-
ology, Hepatology and Nutrition (NASPGHAN) guidelines
advocate against the use of USG, the European Society for

Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) guidelines identify USG as an inexpensive
screening tool for detecting steatosis.”*”*** Most of the
guidelines of international expert societies recommend
screening with ALT in obese children above 9 years of
age and overweight children with family history of NAFLD
or other risk factors. Search for other etiologies is recom-
mended particularly in those with ALT levels more than
twice of the upper limit of normal.”%**¢ 2% Although
liver biopsy remains the gold standard for diagnosis, it is
not feasible in most cases. As in adults, liver biopsy in
clinical practice is mainly restricted to children in whom
there is a diagnostic confusion.””**” There are subtle dif-
ferences in the histology of NAFLD observed in children
compared to adults. In a nutshell, NAFLD in adults shows
a zone 3 centered injury, while in children, there is a pre-
ponderance of zone 1 centered steatosis, inflammation,
and fibrosis.”*’ This is possibly related because the SONIC
hedgehog pathway is relatively preserved in the portal re-
gions in children.”" Further, hepatocyte ballooning is
often absent in children with NASH.

Lifestyle modifications is the mainstay of management
of pediatric NAFLD and weight reduction has been shown
to improve liver biochemical parameters and possibly histol-
ogy although the evidence is less robust than in
adules. 202! Among pharmacotherapeutic agents, met-
formin, and vitamin E were compared in the multicentric
TONIC trial in children. Vitamin E but not metformin
was associated with a significant improvement in NAS
and NASH resolution (daily dosing of 800 IU of vitamin
E (58 patients), 1000 mg of metformin (57 patients), or pla-
cebo (58 patients) for 96 weeks).””” However, it should be
noted that the long-term safety of vitamin E in children is
unknown. A detailed discussion of anticipated risks and
benefits with the parents should be done if vitamin E is
used for the treatment of NASH in children on an individ-
ualized basis, as recommended in the AASLD guidelines.ZU

EPILOGUE

NAFLD has emerged as a major health problem in India,
and recognizing its importance, the government of India
has taken the bold initiative of integrating NAFLD into
the National Programme for Prevention and Control of
Cancer, Diabetes, Cardiovascular Diseases and Stroke
(NPCDCS), an endeavor toward addressing India's non-
communicable diseases. In view of the burgeoning
pandemic, the need for an updated guidance for manage-
ment of NAFLD in Indians was the need of the hour.
With this purpose, INASL decided to initiate steps to
formulate this guidance on the nomenclature, diagnosis,
and treatment of NAFLD. These recommendations pro-
vide an evidence-based approach to different important
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and contentious issues related to NAFLD including
nomenclature, diagnosis, and management of NAFLD in
Indians. These recommendations are based on a compre-
hensive review and analyses of global and Indian literature
on NAFLD and the opinion of experts with years of expe-
rience in managing NAFLD patients. These recommenda-
tions are not intended to be a substitute for clinical
judgment but are intended to provide general guidance
to physicians and healthcare providers for managing
NAFLD patients. However, merely publishing these guide-
lines for the management of NAFLD patients cannot be
the be-all and end-all in the management of NAFLD. It's
essential that we should initiate programs not only to
implement guidance-based care by standardizing care but
also to educate the masses and prevent NAFLD.

SUGGESTIONS FOR FUTURE RESEARCH

In spite of all the progress made in the field of NAFLD, the
following areas require more research to address many un-
met needs in NAFLD.

e The controversy of NAFLD nomenclature should be
resolved by a global democratic process taking into ac-
count all the stakeholders. An attempt has recently
been made by EASL and AASLD by starting the Global
NAFLD Nomenclature Development effort involving
multiple hepatology and gastroenterology societies, pa-
tients and patient advocacy organizations, regulators,
and industry representatives. There was a consensus
conference in the first week of July, 2022 in Chicago,
USA, and three rounds of voting. As of now, nomencla-
ture of NAFLD is being followed. Another survey is
planned; the outcome of which would be communicated
at the Annual Liver Meeting of AASLD in November,
2022. However, even if the new name is proposed in
the next survey, the new name will only be taken forward
if there are reassurances from stakeholders including
FDA/EMA and industry partners that it will not nega-
tively impact the drug/biomarker development.

e The incorporation of the additional criteria of normal
waist circumference in addition to BMI for defining lean
NAFLD will lead to exclusion of patients with normal
BMI but increased waist circumference from the category
of lean NAFLD. The clinical impact of such a change in
definition needs to be evaluated in future studies.

e More research is needed for the noninvasive diagnosis of
NASH, specifically to improve the accuracy of noninva-
sive tests for hepatic fibrosis. Appropriate cut-offs for
nonproprietary, easy to use, blood-based scores like
APRI and FIB-4 should be derived and validated in the
Indian population.

e Upper limit of normal for AST and ALT needs to be
derived in Indian males and females.
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o Better algorithms need to be developed to manage pa-
tients at the primary and secondary health care levels.

o Lifestyle interventions as the treatment for NAFLD need
to be emphasized.

e Efficacy of future drugs in NASH should be evaluated
based on noninvasive assessment.

e Preventive strategies to improve the lifestyle need to be
implemented in the early years of life as a public health

policy.

CREDIT AUTHORSHIP CONTRIBUTION
STATEMENT

Ajay Duseja: conceptualization, supervision methodology,
data curation, writing of original draft; SP Singh: concep-
tualization, supervision, methodology, data curation,
writing, critical revision; Arka De: data curation, writing,
visualization, critical revision; Kaushal Madan: data cura-
tion, writing, critical revision; PN Rao: data curation,
writing, critical revision; Akash Shukla: data curation,
writing, critical revision; GC Choudhuri: data curation,
writing, critical revision; Sanjiv Saigal: data curation,
writing, critical revision; Shalimar: data curation, writing,
critical revision; Anil Arora: data curation, writing, critical
revision; Anil C Anand: data curation, writing, critical revi-
sion; Ashim Das: data curation, writing, critical revision;
Ashish Kumar: data curation, writing, critical revision;
CE Eapen: data curation, writing, critical revision; Krishna-
das Devadas: data curation, writing, critical revision; KT
Shenoy: data curation, writing, critical revision; Manas
Panigrahi: data curation, writing, critical revision; Manav
Wadhawan: data curation, writing, critical revision; Man-
ish Rathi: data curation, writing, critical revision; Manoj
Kumar: data curation, writing, critical revision; Narendra
S Choudhary: data curation, writing, critical revision;
Neeraj Saraf: data curation, writing, critical revision; Pree-
tam Nath: data curation, writing, critical revision; Sanjib
Kar: data curation, writing, critical revision; Seema Alam:
data curation, writing, critical revision; Samir Shah: data
curation, writing, critical revision; Sandeep Nijhawan:
data curation, writing, critical revision; Subrat K Acharya:
data curation, writing, critical revision; Vinayak Aggarwal:
data curation, writing, critical revision; Vivek A Saraswat:
data curation, writing, critical revision; Yogesh K Chawla:
data curation, writing, critical revision.

CONFLICTS OF INTEREST

The authors have none to declare.

ACKNOWLEDGEMENTS
Dr Reddy's Laboratories for their Technical Support.

290 © 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

FUNDING

None.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Lazarus JV, Mark HE, Anstee QM, et al. Advancing the global pub-
lic health agenda for NAFLD: a consensus statement. Nat Rev
Gastroenterol  Hepatol. 2021. https://doi.org/10.1038/
s41575-021-00523-4. [Epub ahead of print].

Younossi ZM. Non-alcoholic fatty liver disease - a global public
health perspective. J Hepatol. 2019 Mar;70:531-544. https://
doi.org/10.1016/j.jhep.2018.10.033.

Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease:
causes, diagnosis, cardiometabolic consequences, and treat-
ment strategies. Lancet Diabetes Endocrinol. 2019;7:313-324.
https://doi.org/10.1016/S2213-8587(18)30154-2.

. Younossi Z, Anstee QM, Marietti M, et al. Global burden of NAFLD

and NASH: trends, predictions, risk factors and prevention. Nat
Rev Gastroenterol Hepatol. 2018;15:11-20. https://doi.org/
10.1038/nrgastro.2017.109.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M.
Global epidemiology of nonalcoholic fatty liver disease-Meta-
analytic assessment of prevalence, incidence, and outcomes.
Hepatology. 2016;64:73-84. https://doi.org/10.1002/hep.
28431.

Li J, Zou B, Yeo YH, et al. Prevalence, incidence, and outcome of
non-alcoholic fatty liver disease in Asia, 1999-2019: a systematic
review and meta-analysis. Lancet Gastroenterol Hepatol.
2019;4:389-398. https://doi.org/10.1016/S2468-1253(19)
30039-1.

Mitra S, De A, Chowdhury A. Epidemiology of non-alcoholic and
alcoholic fatty liver diseases. Transl Gastroenterol Hepatol.
2020;5:16. https://doi.org/10.21037/tgh.2019.09.08.

De A, Duseja A. Nonalcoholic fatty liver disease: Indian perspec-
tive. Clin Liver Dis (Hoboken). 2021;18:158-163. https://doi.
org/10.1002/cld.1141.

. Mahajan R, Duseja A, Kumar R, et al. A community-based study to

determine the prevalence of nonalcoholic fatty liver disease
(NAFLD) and its metabolic risk factors in urban and rural commu-
nities of north India. J Gastroenterol Hepatol. 2019;34:310.
Chalmers J, Ban L, Leena KB, et al. Cohort profile: the Trivandrum
non-alcoholic fatty liver disease (NAFLD) cohort. BMJ Open.
2019;9e027244 https://doi.org/10.1136/bmjopen-2018-
027244,

Shalimar, Anshuman Elhence A, Bhavik Bansal B, et al. Preva-
lence of non-alcoholic fatty liver disease in India: a systematic re-
view and meta-analysis. J Clin Exp Hepatol. 2021 https://doi.org/
10.1016/j.jceh.2021.11.010. Epub ahead of print.

Kalra S, Vithalani M, Gulati G, et al. Study of prevalence of nonal-
coholic fatty liver disease (NAFLD) in type 2 diabetes patients in
India (SPRINT). J Assoc Phys India. 2013;61:448-453.

Goyal A, Arora H, Arora S. Prevalence of fatty liver in metabolic syn-
drome. J Fam Med Prim Care. 2020;9:3246-3250. https://doi.
org/10.4103/jfmpc.jfmpc_1108_19.

Srinivas M, Srinivasan V, Mohan MB, Varghese J, Venkataraman J.
A study of gender-wise risk association between fatty liver and
metabolic syndrome components (Asia-Pacific criteria) in a South
Indian urban cohort. Indian J Gastroenterol. 2015;34:38-42.
https://doi.org/10.1007/s12664-014-0525-4.

Bhargav VY, Jain M, Alen T, et al. Clusters and components of
metabolic syndrome (MeS) as a predictor of fatty liver. A cross
sectional study. J Diabetol. 2021;12:434-441. https://doi.org/
10.4103/jod.jod_17_21.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ekstedt M, Nasr P, Kechagias S. Natural history of NAFLD/NASH.
Curr Hepat Rep. 2017;16:391-397. https://doi.org/10.1007/
§11901-017-0378-2.

De A, Duseja A. Natural history of simple steatosis or nonalco-
holic fatty liver. J Clin Exp Hepatol. 2020;10:255-262. https://
doi.org/10.1016/j.jceh.2019.09.005.

Tohra S, Duseja A, Taneja S, et al. Experience with changing etiol-
ogy and non-transplant curative treatment modalities for hepato-
cellular carcinoma in a reallife setting -a retrospective
descriptive analysis. J Clin Exp Hepatol. 2021;11(6):682-690.
https://doi.org/10.1016/j.jceh.2021.02.002.

Duseja A, Singh SP, Mehta M, et al. Clinicopathological profile
and outcome of a large cohort of patients with nonalcoholic fatty
liver disease from South Asia: interim results of the Indian con-
sortium on nonalcoholic fatty liver disease (ICON-D). Metab Syndr
Relat Disord. 2022;20:166-173. https://doi.org/10.1089/met.
2021.0104.

Thakur JS, Kathirvel S, Paika R, et al. World NCD Federation guide-
lines for prevention, surveillance and management of noncommu-
nicable diseases at primary and secondary health-care for low
resource settings. Int J Non-Commun Dis. 2020;5:5S43-S46.
Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and man-
agement of nonalcoholic fatty liver disease: practice guidance
from the American Association for the study of liver diseases.
Hepatology. 2018;67:328-357. https://doi.org/10.1002/hep.
29367.

European association for the study of the liver (EASL); European
association for the study of diabetes (EASD); European associa-
tion for the study of obesity (EASO). EASL-EASD-EASO clinical
practice guidelines for the management of non-alcoholic fatty liver
disease. J Hepatol. 2016;64:1388-1402. https://doi.org/10.
1016/j.jhep.2015.11.004.

Wong VW, Chan WK, Chitturi S, et al. Asia-pacific working party on
non-alcoholic fatty liver disease guidelines 2017-Part 1: defini-
tion, risk factors and assessment. J Gastroenterol Hepatol.
2018;33:70-85. https://doi.org/10.1111/jgh.13857.

Chitturi S, Wong VW, Chan WK, et al. The Asia-Pacific working
party on non-alcoholic fatty liver disease guidelines 2017-Part
2: management and special groups. J Gastroenterol Hepatol.
2018;33:86-98. https://doi.org/10.1111/jgh.13856.

Duseja A, Singh SP, Saraswat VA, et al. Non-alcoholic fatty liver
disease and metabolic syndrome-position paper of the Indian na-
tional association for the study of the liver, endocrine society of
India, Indian College of cardiology and Indian society of gastroen-
terology. J Clin Exp Hepatol. 2015;5:51-68. https://doi.org/10.
1016/j.jceh.2015.02.006.

Eslam M, Newsome PN, Sarin SK, et al. A new definition for meta-
bolic dysfunction-associated fatty liver disease: an international
expert consensus statement. J Hepatol. 2020;73:202-209.
https://doi.org/10.1016/j.jhep.2020.03.039.

De A, Ahmad N, Mehta M, Singh P, Duseja A. NAFLD vs MAFLD - it
is not the name but the disease that decides the outcome in fatty
liver. J Hepatol. 2021;76:475-477. https://doi.org/10.1016/].
jhep.2021.09.002.

Singh SP, Anirvan P, Reddy KR, et al. Non-alcoholic fatty liver dis-
ease: not time for an obituary just yet. J Hepatol. 2021;74:972-
974. https://doi.org/10.1016/j.jhep.2020.10.015.

Duseja A, Taneja S. Changing nomenclature from nonalcoholic
fatty liver disease to metabolic dysfunction-associated fatty liver
disease - not only premature but also confusing. J Clin Exp Hepa-
tol. 2021;11:278-279. https://doi.org/10.1016/j.jceh.2020.
08.002.

Young S, Tariq R, Provenza J, et al. Prevalence and profile of nonal-
coholic fatty liver disease in lean adults: systematic review and

Journal of Clinical and Experimental Hepatology | March-April 2023 | Vol. 13 | No. 2 | 273-302 291

ic Fatty Liver

isease

Non-Alcohol



https://doi.org/10.1038/s41575-021-00523-4<?A3B2 show $46#?>
https://doi.org/10.1038/s41575-021-00523-4<?A3B2 show $46#?>
https://doi.org/10.1016/j.jhep.2018.10.033
https://doi.org/10.1016/j.jhep.2018.10.033
https://doi.org/10.1016/S2213-8587(18)30154-2
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/S2468-1253(19)30039-1
https://doi.org/10.1016/S2468-1253(19)30039-1
https://doi.org/10.21037/tgh.2019.09.08
https://doi.org/10.1002/cld.1141
https://doi.org/10.1002/cld.1141
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref9
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref9
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref9
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref9
https://doi.org/10.1136/bmjopen-2018-027244
https://doi.org/10.1136/bmjopen-2018-027244
https://doi.org/10.1016/j.jceh.2021.11.010
https://doi.org/10.1016/j.jceh.2021.11.010
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref12
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref12
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref12
https://doi.org/10.4103/jfmpc.jfmpc_1108_19
https://doi.org/10.4103/jfmpc.jfmpc_1108_19
https://doi.org/10.1007/s12664-014-0525-4
https://doi.org/10.4103/jod.jod_17_21
https://doi.org/10.4103/jod.jod_17_21
https://doi.org/10.1007/s11901-017-0378-2
https://doi.org/10.1007/s11901-017-0378-2
https://doi.org/10.1016/j.jceh.2019.09.005
https://doi.org/10.1016/j.jceh.2019.09.005
https://doi.org/10.1016/j.jceh.2021.02.002
https://doi.org/10.1089/met.2021.0104
https://doi.org/10.1089/met.2021.0104
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref20
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref20
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref20
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref20
https://doi.org/10.1002/hep.29367
https://doi.org/10.1002/hep.29367
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1111/jgh.13857
https://doi.org/10.1111/jgh.13856
https://doi.org/10.1016/j.jceh.2015.02.006
https://doi.org/10.1016/j.jceh.2015.02.006
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.jhep.2021.09.002
https://doi.org/10.1016/j.jhep.2021.09.002
https://doi.org/10.1016/j.jhep.2020.10.015
https://doi.org/10.1016/j.jceh.2020.08.002
https://doi.org/10.1016/j.jceh.2020.08.002

D4 1|0Y0d|y-UoN

J9A1] Al

INASL GUIDANCE PAPER ON NAFLD

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

292

meta-analysis. Hepatol Commun. 2020;4:953-972. https://doi.
org/10.1002/hep4.1519.

Lu FB, Zheng KI, Rios RS, Targher G, Byrne CD, Zheng MH. Global
epidemiology of lean non-alcoholic fatty liver disease: a system-
atic review and meta-analysis. J Gastroenterol Hepatol.
2020;35:2041-2050. https://doi.org/10.1111/jgh.15156.

Ye Q, Zou B, Yeo YH, et al. Global prevalence, incidence, and out-
comes of non-obese or lean non-alcoholic fatty liver disease: a
systematic review and meta-analysis. Lancet Gastroenterol Hepa-
tol. 2020;5:739-752. https://doi.org/10.1016/S2468-
1253(20)30077-7.

Shah P, Rathi P, Mandot A, Pal A, Ahire D. Study and comparison
of metabolic profile of lean and obese subjects with non-alcoholic
fatty liver disease. J Assoc Phys India. 2020;68:51-54.

Uchil D, Pipalia D, Chawla M, Patel R, Maniar S, Narayani Juneja A.
Non-alcoholic fatty liver disease (NAFLD)-the hepatic component of
metabolic syndrome. J Assoc Phys India. 2009;57:201-204.
Amarapurkar D, Kamani P, Patel N, et al. Prevalence of non-
alcoholic fatty liver disease: population-based study. Ann Hepatol.
2007;6:161-163.

Kumar R, Rastogi A, Sharma MK, et al. Clinicopathological char-
acteristics and metabolic profiles of non-alcoholic fatty liver dis-
ease in Indian patients with normal body mass index: do they
differ from obese or overweight non-alcoholic fatty liver disease?
Indian J Endocrinol Metab. 2013;17:665-671. https://doi.org/
10.4103/2230-8210.113758.

Agarwal AK, Jain V, Singla S, et al. Prevalence of non-alcoholic
fatty liver disease and its correlation with coronary risk factors
in patients with type 2 diabetes. J Assoc Phys India.
2011;59:351-354.

Nigam P, Bhatt SP, Misra A, Vaidya M, Dasgupta J, Chadha DS.
Non-alcoholic fatty liver disease is closely associated with sub-
clinical inflammation: a case-control study on Asian Indians in
North India. PLoS One. 2013;8e49286 https://doi.org/10.
1371 /journal.pone.0049286.

Duseja A, Das A, Das R, et al. The clinicopathological profile of In-
dian patients with nonalcoholic fatty liver disease (NAFLD) is
different from that in the West. Dig Dis Sci. 2007;52:2368-
2374. https://doi.org/10.1007/s10620-006-9136-y.

Madan K, Batra Y, Gupta SD, et al. Non-alcoholic fatty liver dis-
ease may not be a severe disease at presentation among Asian
Indians. World J Gastroenterol. 2006;12:3400-3405. https://
doi.org/10.3748/wjg.v12.i21.3400.

Sinha N, Mukhopadhyay S, Sau M. Metabolic syndrome is not un-
common among lean non-alcoholic fatty liver disease patients as
compared with those with obesity. Indian J Gastroenterol.
2020;39:75-83. https://doi.org/10.1007/s12664-020-
01020-3.

Singh SP, Kar SK, Panigrahi MK, et al. Profile of patients with inci-
dentally detected nonalcoholic fatty liver disease (IDNAFLD) in
coastal eastern India. Trop Gastroenterol. 2013;34:144-152.
https://doi.org/10.7869/tg.118.

Das K, Das K, Mukherjee PS, et al. Nonobese population in a
developing country has a high prevalence of nonalcoholic fatty
liver and significant liver disease. Hepatology. 2010;51:1593—
1602. https://doi.org/10.1002/hep.23567.

Choudhary NS, Saraf N, Saigal S, et al. Nonalcoholic fatty liver in
lean individuals: clinicobiochemical correlates of histopathology
in 157 liver biopsies from healthy liver donors. J Clin Exp Hepatol.
2021;11:544-549. https://doi.org/10.1016/j.jceh.2021.01.
004.

Duseja A, Najmy S, Sachdev S, et al. High prevalence of non-
alcoholic fatty liver disease among healthy male blood donors
of urban India. JGH Open. 2019;3:133-139. https://doi.org/
10.1002/jgh3.12117.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

DUSEJA ET AL

Singh SP, Misra B, Kar SK, et al. Nonalcoholic fatty liver disease
(NAFLD) without insulin resistance: is it different? Clin Res Hepa-
tol Gastroenterol. 2015;39:482-488. https://doi.org/10.1016/
j.clinre.2014.08.014.

Bajaj S, Nigam P, Luthra A, et al. A case-control study on insulin
resistance, metabolic co-variates & prediction score in non-
alcoholic fatty liver disease. Indian J Med Res. 2009;129:285-
292.

Vendhan R, Amutha A, Anjana RM, Unnikrishnan R, Deepa M,
Mohan V. Comparison of characteristics between nonobese and
overweight/obese subjects with nonalcoholic fatty liver disease
in a South Indian population. Diabetes TechnolTher.
2014;16:48-55. https://doi.org/10.1089/dia.2013.0165.
Bhat G, Baba CS, Pandey A, Kumari N, Choudhuri G. Insulin resis-
tance and metabolic syndrome in nonobese Indian patients with
non-alcoholic  fatty liver disease. Trop Gastroenterol.
2013;34:18-24. https://doi.org/10.7869/1g.2012.86.
Choudhary NS, Duseja A, Kalra N, Das A, Dhiman RK, Chawla YK.
Correlation of adipose tissue with liver histology in Asian Indian
patients with nonalcoholic fatty liver disease (NAFLD). Ann Hepa-
tol. 2012;11:478-486.

Albhaisi S, Chowdhury A, Sanyal AJ. Non-alcoholic fatty liver dis-
ease in lean individuals. JHEP Rep. 2019;1:329-341. https://
doi.org/10.1016/].jhepr.2019.08.002.

Lazar MV, Eapen M, Nair HR, Siyad |, Gopalakrishna R. Correlation
between insulin resistance and liver histology in patients with
nonalcoholic steatohepatitis with and without obesity. Indian J
Gastroenterol.  2020;39:42-49.  https://doi.org/10.1007/
5$12664-020-01024-z.

Ross R, Neeland lJ, Yamashita S, et al. Waist circumference as a
vital sign in clinical practice: a consensus statement from the IAS
and ICCR working group on visceral obesity. Nat Rev Endocrinol.
2020;16:177-189. https://doi.org/10.1038/s41574-019-
0310-7.

Bosomworth NJ. Normal-weight central obesity: unique hazard of
the toxic waist. Can Fam Physician. 2019;65:399-408.
Gopinath S, Ganesh BA, Manoj K, Rubiya. Comparision between
body mass index and abdominal obesity for the screening for dia-
betes in healthy individuals. Indian J Endocrinol Metab.
2012;16:5441-S442. https://doi.org/10.4103/2230-8210.
104124.

Sun'Y, Liu B, Snetselaar LG, et al. Association of normal-weight
central obesity with all-cause and cause-specific mortality among
postmenopausal women. JAMA Netw Open. 2019;2e197337
https://doi.org/10.1001/jamanetworkopen.2019.7337.

Misra A, Misra R, Wijesuriya M, Banerjee D. The metabolic syn-
drome in South Asians: continuing escalation & possible solu-
tions. Indian J Med Res. 2007;125:345-354.

Duseja A, Sharma B, Kumar A, et al. Nonalcoholic fatty liver in a
developing country is responsible for significant liver disease.
Hepatology. 2010;52:2248-2249. https://doi.org/10.1002/
hep.23838.

Duseja A, Nanda M, Das A, Das R, Bhansali A, Chawla Y. Preva-
lence of obesity, diabetes mellitus and hyperlipidaemia in pa-
tients with cryptogenic liver cirrhosis. Trop Gastroenterol.
2004;25:15-17.

David D, Raghavendran A, Goel A, et al. Risk factors for non-
alcoholic fatty liver disease are common in patients with non-B
non-C hepatocellular carcinoma in India. Indian J Gastroenterol.
2017;36:373-379. https://doi.org/10.1007/s12664-017-
0785-x.

Nayak NC, Jain D, Vasdev N, Gulwani H, Saigal S, Soin A. Etiologic
types of end-stage chronic liver disease in adults: analysis of prev-
alence and their temporal changes from a study on native liver

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.


https://doi.org/10.1002/hep4.1519
https://doi.org/10.1002/hep4.1519
https://doi.org/10.1111/jgh.15156
https://doi.org/10.1016/S2468-1253(20)30077-7
https://doi.org/10.1016/S2468-1253(20)30077-7
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref33
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref33
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref33
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref34
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref34
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref34
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref35
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref35
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref35
https://doi.org/10.4103/2230-8210.113758
https://doi.org/10.4103/2230-8210.113758
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref37
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref37
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref37
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref37
https://doi.org/10.1371/journal.pone.0049286
https://doi.org/10.1371/journal.pone.0049286
https://doi.org/10.1007/s10620-006-<?thyc=10?>9136-y<?thyc?>
https://doi.org/10.3748/wjg.v12.i21.3400
https://doi.org/10.3748/wjg.v12.i21.3400
https://doi.org/10.1007/s12664-020-01020-3
https://doi.org/10.1007/s12664-020-01020-3
https://doi.org/10.7869/tg.118
https://doi.org/10.1002/hep.23567
https://doi.org/10.1016/j.jceh.2021.01.004
https://doi.org/10.1016/j.jceh.2021.01.004
https://doi.org/10.1002/jgh3.12117
https://doi.org/10.1002/jgh3.12117
https://doi.org/10.1016/j.clinre.2014.08.014
https://doi.org/10.1016/j.clinre.2014.08.014
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref47
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref47
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref47
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref47
https://doi.org/10.1089/dia.2013.0165
https://doi.org/10.7869/tg.2012.86
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref50
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref50
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref50
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref50
https://doi.org/10.1016/j.jhepr.2019.08.002
https://doi.org/10.1016/j.jhepr.2019.08.002
https://doi.org/10.1007/s12664-020-<?thyc=10?>01024-z<?thyc?>
https://doi.org/10.1007/s12664-020-<?thyc=10?>01024-z<?thyc?>
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1038/s41574-019-0310-7
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref54
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref54
https://doi.org/10.4103/2230-8210.104124
https://doi.org/10.4103/2230-8210.104124
https://doi.org/10.1001/jamanetworkopen.2019.7337
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref57
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref57
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref57
https://doi.org/10.1002/hep.23838
https://doi.org/10.1002/hep.23838
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref59
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref59
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref59
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref59
https://doi.org/10.1007/s12664-017-<?thyc=10?>0785-x<?thyc?>
https://doi.org/10.1007/s12664-017-<?thyc=10?>0785-x<?thyc?>

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

explants. Eur J Gastroenterol Hepatol. 2012;24:1199-1208.
https://doi.org/10.1097/MEG.0b013e3283564 3f1.

Jain M, Venkataraman J, Varghese J, Vij M, Reddy MS, Rela M.
Explant liver evaluation decodes the mystery of cryptogenic
cirrhosis. JGH Open. 2019;4:39-43. https://doi.org/10.1002/
jgh3.12200.

Nayak NC, Vasdev N, Saigal S, Soin AS. End-stage nonalcoholic
fatty liver disease: evaluation of pathomorphologic features and
relationship to cryptogenic cirrhosis from study of explant livers
in a living donor liver transplant program. Hum Pathol.
2010;41:425-430. https://doi.org/10.1016/j.humpath.2009.
06.021.

Dhamija E, Paul SB, Kedia S. Non-alcoholic fatty liver disease
associated with hepatocellular carcinoma: an increasing concern.
Indian J Med Res. 2019;149:9-17. https://doi.org/10.4103/
ijmr.lJMR_1456_17.

Huang DQ, El-Serag HB, Loomba R. Global epidemiology of
NAFLD-related HCC: trends, predictions, risk factors and preven-
tion. Nat Rev Gastroenterol Hepatol. 2021;18:223-238.
https://doi.org/10.1038/s41575-020-00381-6.

European Association for the Study of the Liver. Electronic
address: easloffice@easloffice.eu; Clinical Practice Guideline
Panel; Chair:; EASL Governing Board representative:; Panel mem-
bers:. EASL Clinical Practice Guidelines on non-invasive tests for
evaluation of liver disease severity and prognosis - 2021 update.
J Hepatol. 2021;75:659-689. https://doi.org/10.1016/j.jhep.
2021.05.025.

Rinella ME, Lominadze Z, Loomba R, et al. Practice patterns in
NAFLD and NASH: real life differs from published guidelines.
Therap Adv Gastroenterol. 2016;9:4-12. https://doi.org/10.
1177/1756283X15611581.

van der Poorten D, Samer CF, Ramezani-Moghadam M, et al. He-
patic fat loss in advanced nonalcoholic steatohepatitis: are alter-
ations in  serum adiponectin the cause? Hepatology.
2013;57:2180-2188. https://doi.org/10.1002/hep.26072.
Tariq R, Axley P, Singal AK. Extra-hepatic manifestations of nonal-
coholic fatty liver disease: a review. J Clin Exp Hepatol.
2020;10:81-87. https://doi.org/10.1016/j.jceh.2019.07.
008.

Oni ET, Agatston AS, Blaha MJ, et al. A systematic review: burden
and severity of subclinical cardiovascular disease among those
with nonalcoholic fatty liver; should we care? Atherosclerosis.
2013;230:258-267. https://doi.org/10.1016/j.atheroscle-
rosis.2013.07.052.

Byrne CD, Targher G. NAFLD as a driver of chronic kidney disease.
J Hepatol. 2020;72:785-801. https://doi.org/10.1016/j.jhep.
2020.01.013.

Targher G, Day CP, Bonora E. Risk of cardiovascular disease in pa-
tients with nonalcoholic fatty liver disease. N Engl J Med.
2010;363:1341-1350. https://doi.org/10.1056/
NEJMra0912063.

Vanjiappan S, Hamide A, Ananthakrishnan R, Periyasamy SG,
Mehalingam V. Nonalcoholic fatty liver disease in patients with
type 2 diabetes mellitus and its association with cardiovascular
disease. Diabetes MetabSyndr. 2018;12:479-482. https://doi.
org/10.1016/j.dsx.2018.01.001.

Narayan J, Das HS, Nath P, et al. Endothelial dysfunction, a
marker of atherosclerosis, is independent of metabolic syndrome
in NAFLD patients. Int J Hepatol. 2020;20201825142 https://
doi.org/10.1155/2020/1825142.

Saluja M, Kumar K, Swami YK, Meena SR, Goyal S. Association
between non- alcoholic fatty liver disease and left ventricular dia-

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

stolic dysfunction in patients of type 2 diabetes. J Assoc Phys In-
dia. 2019;67:20-24.

Guleria A, Duseja A, Kalra N, et al. Patients with non-alcoholic fatty
liver disease (NAFLD) have an increased risk of atherosclerosis
and cardiovascular disease. Trop Gastroenterol. 2013;34:74—
82. https://doi.org/10.7869/tg.2012.101.

Nampoothiri RV, Duseja A, Rathi M, et al. Renal dysfunction in pa-
tients WithNonalcoholic fatty liver disease is related to the pres-
ence of diabetes mellitus and severity of liver disease. J Clin
Exp Hepatol. 2019;9:22-28. https://doi.org/10.1016/j.jceh.
2017.12.005.

Choudhary NS, Duseja A. Screening of cardiovascular disease in
nonalcoholic fatty liver disease: whom and how? J Clin Exp Hepa-
tol. 2019;9:506-514. https://doi.org/10.1016/j.jceh.2019.
02.005.

Chakraborty S, Ganie MA, Masoodi |, Jana M, Shalimar Gupta N,
Sofi NY. Fibroscan as a non-invasive predictor of hepatic steatosis
in women with polycystic ovary syndrome. Indian J Med Res.
2020;151:333-341. https://doi.org/10.4103/ijmr.IJMR_610_
18.

Harsha Varma S, Tirupati S, Pradeep TVS, Sarathi V, Kumar D. In-
sulin resistance and hyperandrogenemia independently predict
nonalcoholic fatty liver disease in women with polycystic ovary
syndrome. Diabetes  MetabSyndr. 2019;13:1065-1069.
https://doi.org/10.1016/j.dsx.2018.12.020.

Agrawal S, Duseja A, Aggarwal A, et al. Obstructive sleep apneais an
important predictor of hepatic fibrosis in patients with nonalcoholic
fatty liver disease inatertiary care center. Hepatol Int. 2015;9:283—~
291. https://doi.org/10.1007/s12072-015-9615-3.

Bhatt SP, Guleria R, Vikram NK, Gupta AK. Non-alcoholic fatty liver
disease is an independent risk factor for inflammation in obstruc-
tive sleep apnea syndrome in obese Asian Indians. Sleep Breath.
2019;23:171-178. https://doi.org/10.1007/s11325-018-
1678-7.

Grewal H, Joshi S, Sharma R, Mittal P, Goel A. Non-alcoholic fatty
liver disease in patients with hypothyroidism presenting at a rural
tertiary care centre in north India. Trop Doct. 2021;51:181-184.
https://doi.org/10.1177/0049475520945058.

De A, Joshy A, Bhagat N, et al. Higher prevalence of metabolic
bone disease (MBD) but similar fracture risk in non-alcoholic fatty
liver disease (NAFLD) compared to chronic viral hepatitis. J Clin
Exp Hepatol. 2022;12:S70-S71. https://doi.org/10.1016/j.
jceh.2022.07.174.

Mantovani A, Petracca G, Beatrice G, et al. Non-alcoholic fatty
liver disease and increased risk of incident extrahepatic cancers:
a meta-analysis of observational cohort studies. Gut. 2021
https://doi.org/10.1136/gutjnl-2021-324191 [Epub ahead of
print].

Kumar R, Boon-Bee Goh G. Chronic hepatitis B and fatty liver: is-
sues in clinical management. Clin Res Hepatol Gastroenterol.
2016;40:755-759. https://doi.org/10.1016/j.clinre.2015.12.
011.

Sanyal AJ. Review article: non-alcoholic fatty liver disease and
hepatitis C—risk factors and clinical implications. Aliment Pharma-
col Ther. 2005;22:48-51. https://doi.org/10.1111/j.1365-
2036.2005.02596.x.

Lonardo A, Adinolfi LE, Restivo L, et al. Pathogenesis and signifi-
cance of hepatitis C virus steatosis: an update on survival strat-
egy of a successful pathogen. World J Gastroenterol. 2014 Jun
21;20:7089-7103. https://doi.org/10.3748/wjg.v20.i23.
7089.

Mehta M, Satsangi S, Duseja A, Taneja S, Dhiman RK, Chawla Y.
Can alcoholic liver disease and nonalcoholic fatty liver disease

Journal of Clinical and Experimental Hepatology | March-April 2023 | Vol. 13 | No. 2 | 273-302 293

tty Liver

Disease

Non-Alcoholic Fa



https://doi.org/10.1097/MEG.0b013e32835643f1
https://doi.org/10.1002/jgh3.12200
https://doi.org/10.1002/jgh3.12200
https://doi.org/10.1016/j.humpath.2009.06.021
https://doi.org/10.1016/j.humpath.2009.06.021
https://doi.org/10.4103/ijmr.IJMR_1456_17
https://doi.org/10.4103/ijmr.IJMR_1456_17
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1177/1756283X15611581
https://doi.org/10.1177/1756283X15611581
https://doi.org/10.1002/hep.26072
https://doi.org/10.1016/j.jceh.2019.07.008
https://doi.org/10.1016/j.jceh.2019.07.008
https://doi.org/10.1016/j.atherosclerosis.2013.07.052
https://doi.org/10.1016/j.atherosclerosis.2013.07.052
https://doi.org/10.1016/j.jhep.2020.01.013
https://doi.org/10.1016/j.jhep.2020.01.013
https://doi.org/10.1056/NEJMra0912063
https://doi.org/10.1056/NEJMra0912063
https://doi.org/10.1016/j.dsx.2018.01.001
https://doi.org/10.1016/j.dsx.2018.01.001
https://doi.org/10.1155/2020/1825142
https://doi.org/10.1155/2020/1825142
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref75
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref75
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref75
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref75
https://doi.org/10.7869/tg.2012.101
https://doi.org/10.1016/j.jceh.2017.12.005
https://doi.org/10.1016/j.jceh.2017.12.005
https://doi.org/10.1016/j.jceh.2019.02.005
https://doi.org/10.1016/j.jceh.2019.02.005
https://doi.org/10.4103/ijmr.IJMR_610_18
https://doi.org/10.4103/ijmr.IJMR_610_18
https://doi.org/10.1016/j.dsx.2018.12.020
https://doi.org/10.1007/s12072-015-9615-3
https://doi.org/10.1007/s11325-018-1678-7
https://doi.org/10.1007/s11325-018-1678-7
https://doi.org/10.1177/0049475520945058
https://doi.org/10.1016/j.jceh.2022.07.174
https://doi.org/10.1016/j.jceh.2022.07.174
https://doi.org/10.1136/gutjnl-2021-324191
https://doi.org/10.1016/j.clinre.2015.12.011
https://doi.org/10.1016/j.clinre.2015.12.011
https://doi.org/10.1111/j.1365-2036.2005.02596.x
https://doi.org/10.1111/j.1365-2036.2005.02596.x
https://doi.org/10.3748/wjg.v20.i23.7089
https://doi.org/10.3748/wjg.v20.i23.7089

D4 1|0Y0d|y-UoN

aspasiq

J9A1] Al

INASL GUIDANCE PAPER ON NAFLD

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

294

Co-exist? J Clin Exp Hepatol. 2017;7:121-126. https://doi.org/
10.1016/j.jceh.2017.01.112.

Duseja A, De A, Taneja S, et al. Impact of metabolic risk factors on
the severity and outcome of patients with alcohol-associated
acute-on-chronic liver failure. Liver Int. 2021;41:150-157.
https://doi.org/10.1111/liv.14671.

Wong VW, Adams LA, de Lédinghen V, Wong GL, Sookoian S.
Noninvasive biomarkers in NAFLD and NASH - current progress
and future promise. Nat Rev Gastroenterol Hepatol.
2018;15:461-478. https://doi.org/10.1038/s41575-018-
0014-9.

Gunn NT, Shiffman ML. The use of liver biopsy in nonalcoholic
fatty liver disease: when to biopsy and in whom. Clin Liver Dis.
2018;22:109-119.  https://doi.org/10.1016/j.cld.2017.08.
006.

Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD.
American association for the study of liver diseases. Liver biopsy.
Hepatology. 2009;49:1017-1044. https://doi.org/10.1002/
hep.22742.

Saadeh S, Younossi ZM, Remer EM, et al. The utility of radiolog-
ical imaging in nonalcoholic fatty liver disease. Gastroenterology.
2002;123:745-750. https://doi.org/10.1053/gast.2002.
35354.

Karlas T, Petroff D, Sasso M, et al. Individual patient data meta-
analysis of controlled attenuation parameter (CAP) technology
for assessing steatosis. J Hepatol. 2017;66:1022-1030.
https://doi.org/10.1016/j.jhep.2016.12.022.

de Lédinghen V, Vergniol J, Foucher J, Merrouche W, le Bail B.
Non-invasive diagnosis of liver steatosis using controlled attenu-
ation parameter (CAP) and transient elastography. Liver Int.
2012;32:911-918. https://doi.org/10.1111/j.1478-3231.
2012.02820.x.

Rout G, Kedia S, Nayak B, et al. Controlled attenuation parameter
for assessment of hepatic steatosis in Indian patients. J Clin Exp
Hepatol. 2019;9:13-21. https://doi.org/10.1016/j.jceh.2018.
02.010.

Shalimar Kumar R, Rout G, Kumar R, Yadav R, Das P, et al. Body
mass index-based controlled attenuation parameter cut-offs for
assessment of hepatic steatosis in non-alcoholic fatty liver dis-
ease. Indian J Gastroenterol. 2020;39:32-41. https://doi.org/
10.1007/s12664-019-00991-2.

Paul J, Venugopal RV, Peter L, Shetty KNK, Shetti MP. Measure-
ment of controlled attenuation parameter: a surrogate marker of
hepatic steatosis in patients of nonalcoholic fatty liver disease
on lifestyle modification - a prospective follow-up study. Arq Gas-
troenterol. 2018;55:7-13. https://doi.org/10.1590/S0004-
2803.201800000-07.

Kuchay MS, Choudhary NS, Sharma D, et al. Diagnostic accuracy
and optimal cut-off of controlled attenuation parameter for the
detection of hepatic steatosis in Indian population. J Clin ExpHe-
patol. 2021;12(3):893-898. https://doi.org/10.1016/j.jceh.
2021.10.003.

Siddiqui MS, Vuppalanchi R, Van Natta ML, et al. Vibration-
controlled transient elastography to assess fibrosis and steatosis
in patients with nonalcoholic fatty liver disease. Clin Gastroenterol
Hepatol. 2019;17:156-163.e2. https://doi.org/10.1016/j.cgh.
2018.04.043.

Eddowes PJ, Sasso M, Allison M, et al. Accuracy of FibroScan
controlled attenuation parameter and liver stiffness measure-
ment in assessing steatosis and fibrosis in patients WithNonalco-
holic fatty liver disease. Gastroenterology. 2019;156(6):1717—-
1730. https://doi.org/10.1053/j.gastro0.2019.01.042.

Petroff D, Blank V, Newsome PN, et al. Assessment of hepatic
steatosis by controlled attenuation parameter using the M and
XL probes: an individual patient data meta-analysis. Lancet Gas-

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

DUSEJA ET AL

troenterol Hepatol. 2021;6:185-198.
1016/S2468-1253(20)30357-5.

Garg H, Aggarwal S, Shalimar Yadav R, et al. Utility of transient
elastography (fibroscan) and impact of bariatric surgery on nonal-
coholic fatty liver disease (NAFLD) in morbidly obese patients.
Surg Obes Relat Dis. 2018;14:81-91. https://doi.org/10.
1016/j.so0ard.2017.09.005.

Makhija N, Vikram NK, Kaur G, Sharma R, Srivastava DN,
Madhusudhan KS. Role of magnetic resonance imaging in the
monitoring of patients with nonalcoholic fatty liver disease: com-
parison with ultrasonography, lipid profile, and body mass index.
J Clin Exp Hepatol. 2020;10:139-149. https://doi.org/10.
1016/j.jceh.2019.09.002.

Limanond P, Raman SS, Lassman C, et al. Macrovesicular hepat-
ic steatosis in living related liver donors: correlation between CT
and histologic findings. Radiology. 2004;230:276-280.
Fracanzani AL, Valenti L, Bugianesi E, et al. Risk of severe liver
disease in nonalcoholic fatty liver disease with normal amino-
transferase levels: a role for insulin resistance and diabetes. Hep-
atology. 2008;48:792-798. https://doi.org/10.1002/hep.
22429,

Mofrad P, Contos MJ, Haque M, et al. Clinical and histologic spec-
trum of nonalcoholic fatty liver disease associated with normal
ALT values. Hepatology. 2003;37:1286-1292. https://doi.org/
10.1053/jhep.2003.50229.

Lee J, Vali Y, Boursier J, et al. Accuracy of cytokeratin 18 (M30 and
M65) in detecting non-alcoholic steatohepatitis and fibrosis: a sys-
tematic review and meta-analysis. PLoS One. 2020;15e0238717
https://doi.org/10.1371/journal.pone.0238717.

Newsome PN, Sasso M, Deeks JJ, et al. FibroScan-AST (FAST)
score for the non-invasive identification of patients with non-
alcoholic steatohepatitis with significant activity and fibrosis: a
prospective derivation and global validation study. Lancet Gastro-
enterol Hepatol. 2020;5:362-373. https://doi.org/10.1016/
S2468-1253(19)30383-8.

Anand A, Elhence A, Vaishnav M, et al. FibroScan-aspartate
aminotransferase score in an Asian cohort of non-alcoholic fatty
liver disease and its utility in predicting histological resolution
with bariatric surgery. J Gastroenterol Hepatol. 2021;36:1309-
1316. https://doi.org/10.1111/jgh.15358.

De A, Keisham A, Mishra S, et al. FibroScan-AST (FAST) score for
nonalcoholic steatohepatitis — validation in an Indian cohort. J Clin
Exp Hepatol. 2021;12(2):440-447. https://doi.org/10.1016/j.
jceh.2021.06.008.

Jung J, Loomba RR, Imajo K, et al. MRE combined with FIB-4 (ME-
FIB) index in detection of candidates for pharmacological treat-
ment of NASH-related fibrosis. Gut. 2021;70:1946-1953.
https://doi.org/10.1136/gutjnl-2020-322976.

Berzigotti A. Non-invasive evaluation of portal hypertension using
ultrasound elastography. J Hepatol. 2017;67(2):399-411.
https://doi.org/10.1016/j.jhep.2017.02.003.

Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment
of liver disease in patients WithNonalcoholic fatty liver disease.
Gastroenterology. 2019;156:1264-1281.e4. https://doi.org/
10.1053/j.gastro.2018.12.036.

Younossi ZM, Noureddin M, Bernstein D, et al. Role of noninva-
sive tests in clinical gastroenterology practices to identify pa-
tients WithNonalcoholic steatohepatitis at high risk of adverse
outcomes: expert panel recommendations. Am J Gastroenterol.
2021;116:254-262. https://doi.org/10.14309/ajg.
0000000000001054.

Anstee QM, Lawitz EJ, Alkhouri N, et al. Noninvasive tests accu-
rately identify advanced fibrosis due to NASH: baseline data
from the STELLAR trials. Hepatology. 2019;70:1521-1530.
https://doi.org/10.1002/hep.30842.

https://doi.org/10.

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.


https://doi.org/10.1016/j.jceh.2017.01.112
https://doi.org/10.1016/j.jceh.2017.01.112
https://doi.org/10.1111/liv.14671
https://doi.org/10.1038/s41575-018-0014-9
https://doi.org/10.1038/s41575-018-0014-9
https://doi.org/10.1016/j.cld.2017.08.006
https://doi.org/10.1016/j.cld.2017.08.006
https://doi.org/10.1002/hep.22742
https://doi.org/10.1002/hep.22742
https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1016/j.jhep.2016.12.022
https://doi.org/10.1111/j.1478-3231.2012.02820.x
https://doi.org/10.1111/j.1478-3231.2012.02820.x
https://doi.org/10.1016/j.jceh.2018.02.010
https://doi.org/10.1016/j.jceh.2018.02.010
https://doi.org/10.1007/s12664-019-00991-2
https://doi.org/10.1007/s12664-019-00991-2
https://doi.org/10.1590/S0004-2803.201800000-07
https://doi.org/10.1590/S0004-2803.201800000-07
https://doi.org/10.1016/j.jceh.2021.10.003
https://doi.org/10.1016/j.jceh.2021.10.003
https://doi.org/10.1016/j.cgh.2018.04.043
https://doi.org/10.1016/j.cgh.2018.04.043
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1016/S2468-1253(20)30357-5
https://doi.org/10.1016/S2468-1253(20)30357-5
https://doi.org/10.1016/j.soard.2017.09.005
https://doi.org/10.1016/j.soard.2017.09.005
https://doi.org/10.1016/j.jceh.2019.09.002
https://doi.org/10.1016/j.jceh.2019.09.002
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref106
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref106
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref106
https://doi.org/10.1002/hep.22429
https://doi.org/10.1002/hep.22429
https://doi.org/10.1053/jhep.2003.50229
https://doi.org/10.1053/jhep.2003.50229
https://doi.org/10.1371/journal.pone.0238717
https://doi.org/10.1016/S2468-1253(19)30383-8
https://doi.org/10.1016/S2468-1253(19)30383-8
https://doi.org/10.1111/jgh.15358
https://doi.org/10.1016/j.jceh.2021.06.008
https://doi.org/10.1016/j.jceh.2021.06.008
https://doi.org/10.1136/gutjnl-2020-322976
https://doi.org/10.1016/j.jhep.2017.02.003
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.14309/ajg.0000000000001054
https://doi.org/10.14309/ajg.0000000000001054
https://doi.org/10.1002/hep.30842

118.

1109.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

Kolhe KM, Amarapurkar A, Parikh P, et al. Aspartate transaminase
to platelet ratio index (APRI) but not FIB-5 or FIB-4 is accurate in
ruling out significant fibrosis in patients with non-alcoholic fatty
liver disease (NAFLD) in an urban slum-dwelling population. BMJ
Open Gastroenterol. 2019;6e000288 https://doi.org/10.
1136/bmjgast-2019-000288.

Shah S, Dhami-Shah H, Kamble S, Shukla A. FIB-4 cut-off of 1.3
may be inappropriate in a primary care referral pathway for pa-
tients with non-alcoholic fatty liver disease. J Hepatol.
2020;73:216-217. https://doi.org/10.1016/j.jhep.2019.12.
025.

Friedrich-Rust M, Poynard T, Castera L. Critical comparison of
elastography methods to assess chronic liver disease. Nat Rev
Gastroenterol Hepatol. 2016;13:402-411. https://doi.org/10.
1038/nrgastro.2016.86.

Wong VW, Vergniol J, Wong GL, et al. Liver stiffness measurement
using XL probe in patients with nonalcoholic fatty liver disease.
Am J Gastroenterol. 2012;107:1862-1871. https://doi.org/
10.1038/4ajg.2012.331.

Wong VW, Vergniol J, Wong GL, et al. Diagnosis of fibrosis and
cirrhosis using liver stiffness measurement in nonalcoholic fatty
liver disease. Hepatology. 2010;51:454-462. https://doi.org/
10.1002/hep.23312.

Wong VW, Irles M, Wong GL, et al. Unified interpretation of liver
stiffness measurement by M and XL probes in non-alcoholic fatty
liver disease. Gut. 2019;68:2057-2064. https://doi.org/10.
1136/gutjnl-2018-317334.

Kuroda H, Fujiwara Y, Abe T, et al. Two-dimensional shear wave
elastography and ultrasound-guided attenuation parameter for
progressive  non-alcoholic  steatohepatitis. PLoS  One.
2021;16e0249493 https://doi.org/10.1371/journal.pone.
0249493.

Kapur S, Kalra N, Bhatia A, et al. Comparison of elastography
point quantification with transient elastography in patients with
chronic viral hepatitis and nonalcoholic fatty liver disease: a pilot
study. J Clin Exp Hepatol. 2021;11:21-29. https://doi.org/10.
1016/j.jceh.2020.06.005.

Park CC, Nguyen P, Hernandez C, et al. Magnetic resonance elas-
tography vs transient elastography in detection of fibrosis and
noninvasive measurement of steatosis in patients with biopsy-
proven nonalcoholic fatty liver disease. Gastroenterology.
2017;152:598-607.e2. https://doi.org/10.1053/j.gastro.
2016.10.026.

Selvaraj EA, Mdzes FE, Jayaswal ANA, et al. Diagnostic accuracy
of elastography and magnetic resonance imaging in patients
with NAFLD: a systematic review and meta-analysis. J Hepatol.
2021;75:770-785. https://doi.org/10.1016/j.jhep.2021.04.
044.

Srivastava A, Gailer R, Tanwar S, et al. Prospective evaluation of a
primary care referral pathway for patients with non-alcoholic fatty
liver disease. J Hepatol. 2019;71:371-378. https://doi.org/10.
1016/j.jhep.2019.03.033.

Directorate General of Health Services, MOHFW, Government of
India. Operational guidelines for integration of non-alcoholic fatty
liver disease (NAFLD) with NPCDCS. Available at: https://main.
mohfw.gov.in/newshighli ghts-42. Published 2021.

Hagstrom H, Nasr P, Ekstedt M, et al. Fibrosis stage but not NASH
predicts mortality and time to development of severe liver disease
in biopsy-proven NAFLD. J Hepatol. 2017;67:1265-1273.
https://doi.org/10.1016/j.jhep.2017.07.027.

Singh P, Mehta M, De A, Mitra S, Das A, Duseja A. Non-invasive
fibrosis scores - validation in Indian patients with biopsy-proven
non-alcoholic fatty liver disease (NAFLD). Hepatology Interna-
tional. 2022;16(S1):1-503. https://doi.org/10.1007/s12072-
022-10337-4.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Kumar R, Rastogi A, Sharma MK, et al. Liver stiffness measure-
ments in patients with different stages of nonalcoholic fatty liver
disease: diagnostic performance and clinicopathological correla-
tion. Dig Dis Sci. 2013;58:265-274. https://doi.org/10.1007/
$10620-012-2306-1.

Pathik P, Ravindra S, Ajay C, Prasad B, Jatin P, Prabha S. Fi-
broscan versus simple noninvasive screening tools in predict-
ing fibrosis in high-risk nonalcoholic fatty liver disease
patients  from Western India.  Ann Gastroenterol.
2015;28(2):281-286.

Hsu C, Caussy C, Imajo K, et al. Magnetic resonance vs transient
elastography analysis of patients with nonalcoholic fatty liver dis-
ease: a systematic review and pooled analysis of individual partic-
ipants. Clin Gastroenterol Hepatol. 2019;17:630-637.e8.
https://doi.org/10.1016/j.cgh.2018.05.059.

Orci LA, Sanduzzi-Zamparelli M, Caballol B, et al. Incidence of he-
patocellular carcinoma in patients with nonalcoholic fatty liver dis-
ease: a systematic review, meta-analysis, and meta-regression.
Clin Gastroenterol Hepatol. 2022;20:283-292.e10. https://
doi.org/10.1016/j.cgh.2021.05.002.

Anstee QM, Reeves HL, Kotsiliti E, Govaere O, Heikenwalder M.
From NASH to HCC: current concepts and future challenges.
Nat Rev Gastroenterol Hepatol. 2019;16:411-428. https://doi.
org/10.1038/s41575-019-0145-7.

Takahashi Y, Fukusato T. Histopathology of nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis. World J Gastroenterol.
2014;20:15539-15548. https://doi.org/10.3748/wjg.v20.
i42.15539.

Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of
a histological scoring system for nonalcoholic fatty liver disease.
Hepatology. 2005;41:1313-1321. https://doi.org/10.1002/
hep.20701.

Hjelkrem M, Stauch C, Shaw J, Harrison SA. Validation of the non-
alcoholic fatty liver disease activity score. Aliment Pharmacol
Ther. 2011;34:214-218. https://doi.org/10.1111/j.1365-
2036.2011.04695.x.

Hagstrom H, Nasr P, Ekstedt M, et al. SAF score and mortality in
NAFLD after up to 41 years of follow-up. Scand J Gastroenterol.
2017;52:87-91. https://doi.org/10.1080/00365521.2016.
1230779.

Bedossa P, Poitou C, Veyrie N, et al. Histopathological algorithm
and scoring system for evaluation of liver lesions in morbidly
obese patients. Hepatology. 2012;56:1751-1759. https://doi.
org/10.1002/hep.25889.

Kleiner DE, Makhlouf HR. Histology of nonalcoholic fatty liver dis-
ease and nonalcoholic steatohepatitis in adults and children. Clin
Liver Dis. 2016;20:293-312. https://doi.org/10.1016/j.cld.
2015.10.011.

Brunt EM. Histological assessment of nonalcoholic fatty liver dis-
ease in adults and children. Clin Liver Dis (Hoboken).
2012;1:108-111. https://doi.org/10.1002/cld.31.

Ruffillo G, Fassio E, Alvarez E, et al. Comparison of NAFLD fibrosis
score and BARD score in predicting fibrosis in nonalcoholic fatty
liver disease. J Hepatol. 2011;54:160-163. https://doi.org/
10.1016/j.jhep.2010.06.028.

Sun W, Cui H, Li N, et al. Comparison of FIB-4 index, NAFLD
fibrosis score and BARD score for prediction of advanced fibrosis
in adult patients with non-alcoholic fatty liver disease: a meta-
analysis study. Hepatol Res. 2016;46:862-870. https://doi.
org/10.1111/hepr.12647.

Lee J, Vali Y, Boursier J, et al. Prognostic accuracy of FIB-4, NAFLD
fibrosis score and APRI for NAFLD-related events: a systematic re-
view. Liver Int. 2021;41:261-270. https://doi.org/10.1111/liv.
14669.

Journal of Clinical and Experimental Hepatology | March-April 2023 | Vol. 13 | No. 2 | 273-302 295

tty Liver

Disease

Non-Alcoholic Fa



https://doi.org/10.1136/bmjgast-2019-000288
https://doi.org/10.1136/bmjgast-2019-000288
https://doi.org/10.1016/j.jhep.2019.12.025
https://doi.org/10.1016/j.jhep.2019.12.025
https://doi.org/10.1038/nrgastro.2016.86
https://doi.org/10.1038/nrgastro.2016.86
https://doi.org/10.1038/ajg.2012.331
https://doi.org/10.1038/ajg.2012.331
https://doi.org/10.1002/hep.23312
https://doi.org/10.1002/hep.23312
https://doi.org/10.1136/gutjnl-2018-317334
https://doi.org/10.1136/gutjnl-2018-317334
https://doi.org/10.1371/journal.pone.0249493
https://doi.org/10.1371/journal.pone.0249493
https://doi.org/10.1016/j.jceh.2020.06.005
https://doi.org/10.1016/j.jceh.2020.06.005
https://doi.org/10.1053/j.gastro.2016.10.026
https://doi.org/10.1053/j.gastro.2016.10.026
https://doi.org/10.1016/j.jhep.2021.04.044
https://doi.org/10.1016/j.jhep.2021.04.044
https://doi.org/10.1016/j.jhep.2019.03.033
https://doi.org/10.1016/j.jhep.2019.03.033
https://main.mohfw.gov.in/newshighli%20ghts-42
https://main.mohfw.gov.in/newshighli%20ghts-42
https://doi.org/10.1016/j.jhep.2017.07.027
https://doi.org/10.1007/s12072-022-10337-4
https://doi.org/10.1007/s12072-022-10337-4
https://doi.org/10.1007/s10620-012-2306-1
https://doi.org/10.1007/s10620-012-2306-1
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref133
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref133
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref133
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref133
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref133
https://doi.org/10.1016/j.cgh.2018.05.059
https://doi.org/10.1016/j.cgh.2021.05.002
https://doi.org/10.1016/j.cgh.2021.05.002
https://doi.org/10.1038/s41575-019-0145-7
https://doi.org/10.1038/s41575-019-0145-7
https://doi.org/10.3748/wjg.v20.i42.15539
https://doi.org/10.3748/wjg.v20.i42.15539
https://doi.org/10.1002/hep.20701
https://doi.org/10.1002/hep.20701
https://doi.org/10.1111/j.1365-2036.2011.04695.x
https://doi.org/10.1111/j.1365-2036.2011.04695.x
https://doi.org/10.1080/00365521.2016.1230779
https://doi.org/10.1080/00365521.2016.1230779
https://doi.org/10.1002/hep.25889
https://doi.org/10.1002/hep.25889
https://doi.org/10.1016/j.cld.2015.10.011
https://doi.org/10.1016/j.cld.2015.10.011
https://doi.org/10.1002/cld.31
https://doi.org/10.1016/j.jhep.2010.06.028
https://doi.org/10.1016/j.jhep.2010.06.028
https://doi.org/10.1111/hepr.12647
https://doi.org/10.1111/hepr.12647
https://doi.org/10.1111/liv.14669
https://doi.org/10.1111/liv.14669

D4 1|0Y0d|y-UoN

aspasiq

J9A1] Al

INASL GUIDANCE PAPER ON NAFLD

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

296

Kruger FC, Daniels CR, Kidd M, et al. APRI: a simple bedside
marker for advanced fibrosis that can avoid liver biopsy in patients
with NAFLD/NASH. S Afr Med J. 2011;101:477-480.
McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple
non-invasive fibrosis scoring systems can reliably exclude
advanced fibrosis in patients with non-alcoholic fatty liver dis-
ease. Gut. 2010;59:1265-1269. https://doi.org/10.1136/
gut.2010.216077.

Angulo P, Hui JM, Marchesini G, et al. The NAFLD fibrosis score: a
noninvasive system that identifies liver fibrosis in patients with
NAFLD. Hepatology. 2007;45:846-854. https://doi.org/10.
1002/hep.21496.

Ferraioli G. CAP for the detection of hepatic steatosis in clinical
practice. Lancet Gastroenterol Hepatol. 2021;6:151-152.
https://doi.org/10.1016/S2468-1253(20)30367-8.

Caussy C, Reeder SB, Sirlin CB, Loomba R. Noninvasive, quanti-
tative assessment of liver fat by MRI-PDFF as an endpoint in
NASH trials. Hepatology. 2018;68:763-772. https://doi.org/
10.1002/hep.29797.

de Lédinghen V, Wong GL, Vergniol J, et al. Controlled attenuation
parameter for the diagnosis of steatosis in non-alcoholic fatty liver
disease. J Gastroenterol Hepatol. 2016;31:848-855. https://
doi.org/10.1111/jgh.13219.

Chan WK, Nik Mustapha NR, Mahadeva S. Controlled attenuation
parameter for the detection and quantification of hepatic steato-
sis in nonalcoholic fatty liver disease. J Gastroenterol Hepatol.
2014;29:1470-1476. https://doi.org/10.1111/jgh.12557.

Pu K, WangY, Bai S, et al. Diagnostic accuracy of controlled atten-
uation parameter (CAP) as a non-invasive test for steatosis in sus-
pected non-alcoholic fatty liver disease: a systematic review and
meta-analysis. BMC Gastroenterol. 2019;19:51. https://doi.org/
10.1186/s12876-019-0961-9.

Ratziu V, Charlotte F, Heurtier A, et al. Sampling variability of liver
biopsy in nonalcoholic fatty liver disease. Gastroenterology.
2005;128:1898-1906. https://doi.org/10.1053/j.gastro.
2005.03.084.

Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med.
2001;344:495-500. https://doi.org/10.1056/
NEJM200102153440706.

Sumida Y, Nakajima A, Itoh Y. Limitations of liver biopsy and non-
invasive diagnostic tests for the diagnosis of nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis. World J Gastroenterol.
2014;20:475-485. https://doi.org/10.3748/wjg.v20.i2.475.
Davison BA, Harrison SA, Cotter G, et al. Suboptimal reliability of
liver biopsy evaluation has implications for randomized clinical tri-
als. J Hepatol. 2020;73:1322-1332. https://doi.org/10.1016/
j.jhep.2020.06.025.

Ando Y, Jou JH. Nonalcoholic fatty liver disease and recent guide-
line updates. Clin Liver Dis (Hoboken). 2021;17:23-28. https://
doi.org/10.1002/cld.1045.

Vuppalanchi R, Noureddin M, Alkhouri N, Sanyal AJ. Therapeutic
pipeline in nonalcoholic steatohepatitis. Nat Rev Gastroenterol
Hepatol. 2021;18:373-392. https://doi.org/10.1038/
s41575-020-00408y.

Keating SE, Hackett DA, George J, Johnson NA. Exercise and non-
alcoholic fatty liver disease: a systematic review and meta-anal-
ysis. J Hepatol. 2012;57:157-166. https://doi.org/10.1016/j.
jhep.2012.02.023.

Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, et al. Weight
loss through lifestyle modification significantly reduces features
of nonalcoholic steatohepatitis. Gastroenterology.
2015;149:367-378.e5. https://doi.org/10.1053/j.gastro.
2015.04.005.

Bhatt SP, Misra A, Nigam P. Nutrition and physical activity in Asian
Indians with non-alcoholic fatty liver: a case control study. Dia-

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

DUSEJA ET AL

betes MetabSyndr. 2019;13:1271-1274. https://doi.org/10.
1016/j.dsx.2019.01.054.

Bhat G, Baba CS, Pandey A, Kumari N, Choudhuri G. Life style
modification improves insulin resistance and liver histology in pa-
tients with non-alcoholic fatty liver disease. World J Hepatol.
2012;4:209-217. https://doi.org/10.4254/wjh.v4.i7.209.
Sreenivasa Baba C, Alexander G, Kalyani B, et al. Effect of exer-
cise and dietary modification on serum aminotransferase levels
in patients with nonalcoholic steatohepatitis. J Gastroenterol Hep-
atol. 2006;21:191-198. https://doi.org/10.1111/j.1440-
1746.2005.04233.x.

Glass LM, Dickson RC, Anderson JC, et al. Total body weight loss
of = 10 % is associated with improved hepatic fibrosis in patients
with nonalcoholic steatohepatitis. Dig Dis Sci. 2015;60:1024—
1030. https://doi.org/10.1007/s10620-014-3380-3.

Ryan MC, Itsiopoulos C, Thodis T, et al. The Mediterranean diet
improves hepatic steatosis and insulin sensitivity in individuals
with non-alcoholic fatty liver disease. J Hepatol. 2013;59:138—-
143. https://doi.org/10.1016/].jhep.2013.02.012.

Nigam P, Bhatt S, Misra A, et al. Effect of a 6-month intervention
with cooking oils containing a high concentration of monounsatu-
rated fatty acids (olive and canola oils) compared with control oil
in male Asian Indians with nonalcoholic fatty liver disease. Dia-
betes TechnolTher. 2014;16:255-261. https://doi.org/10.
1089/dia.2013.0178.

Memel ZN, Wang J, Corey KE. Intermittent fasting as a treatment
for nonalcoholic fatty liver disease: what is the evidence? Clin
Liver Dis (Hoboken). 2022;19:101-105. https://doi.org/10.
1002/cld.1172.

Patikorn C, Roubal K, Veettil SK, et al. Intermittent fasting and
obesity-related health outcomes: an umbrella review of meta-
analyses of randomized clinical trials. JAMA Netw Open.
2021;4e2139558 https://doi.org/10.1001/jamanetworkopen.
2021.39558.

Younossi ZM, Corey KE, Lim JK. AGA clinical practice update on
lifestyle modification using diet and exercise to achieve weight
loss in the management of nonalcoholic fatty liver disease: expert
review. Gastroenterology. 2021;160:912-918. https://doi.org/
10.1053/j.gastro.2020.11.051.

Sung KC, Ryu S, Lee JY, Kim JY, Wild SH, Byrne CD. Effect of ex-
ercise on the development of new fatty liver and the resolution of
existing fatty liver. J Hepatol. 2016;65:791-797. https://doi.
org/10.1016/j.jhep.2016.05.026.

Schweitzer GG, Klein S. Exercise and NAFLD: is it worth the effort?
Hepatology. 2017;66:1691-1694. https://doi.org/10.1002/
hep.29356.

Hashida R, Kawaguchi T, Bekki M, et al. Aerobic vs. resistance ex-
ercise in non-alcoholic fatty liver disease: a systematic review.
J Hepatol. 2017;66:142-152. https://doi.org/10.1016/j.jhep.
2016.08.023.

Nath P, Panigrahi MK, Sahu MK, et al. Effect of exercise on NAFLD
and its risk factors: comparison of moderate versus low intensity
exercise. J Clin Transl Hepatol. 2020;8:120-126. https://doi.
org/10.14218/JCTH.2019.00012.

Clamp LD, Hume DJ, Lambert EV, Kroff J. Enhanced insulin sensi-
tivity in successful, long-term weight loss maintainers compared
with matched controls with no weight loss history. Nutr Diabetes.
2017;7:e282. https://doi.org/10.1038/nutd.2017.31.

Carias S, Castellanos AL, Vilchez V, et al. Nonalcoholic steatohe-
patitis is strongly associated with sarcopenic obesity in patients
with  cirrhosis  undergoing liver transplant evaluation.
J Gastroenterol Hepatol. 2016;31:628-633. https://doi.org/
10.1111/jgh.13166.

Puri P, Dhiman RK, Taneja S, et al. Nutrition in chronic liver dis-
ease: consensus statement of the Indian national association

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.


http://refhub.elsevier.com/S0973-6883(22)00525-4/sref147
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref147
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref147
https://doi.org/10.1136/gut.2010.216077
https://doi.org/10.1136/gut.2010.216077
https://doi.org/10.1002/hep.21496
https://doi.org/10.1002/hep.21496
https://doi.org/10.1016/S2468-1253(20)30367-8
https://doi.org/10.1002/hep.29797
https://doi.org/10.1002/hep.29797
https://doi.org/10.1111/jgh.13219
https://doi.org/10.1111/jgh.13219
https://doi.org/10.1111/jgh.12557
https://doi.org/10.1186/s12876-019-0961-9
https://doi.org/10.1186/s12876-019-0961-9
https://doi.org/10.1053/j.gastro.2005.03.084
https://doi.org/10.1053/j.gastro.2005.03.084
https://doi.org/10.1056/NEJM200102153440706
https://doi.org/10.1056/NEJM200102153440706
https://doi.org/10.3748/wjg.v20.i2.475
https://doi.org/10.1016/j.jhep.2020.06.025
https://doi.org/10.1016/j.jhep.2020.06.025
https://doi.org/10.1002/cld.1045
https://doi.org/10.1002/cld.1045
https://doi.org/10.1038/s41575-020-<?thyc=10?>00408-y<?thyc?>
https://doi.org/10.1038/s41575-020-<?thyc=10?>00408-y<?thyc?>
https://doi.org/10.1016/j.jhep.2012.02.023
https://doi.org/10.1016/j.jhep.2012.02.023
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1016/j.dsx.2019.01.054
https://doi.org/10.1016/j.dsx.2019.01.054
https://doi.org/10.4254/wjh.v4.i7.209
https://doi.org/10.1111/j.1440-1746.2005.04233.x
https://doi.org/10.1111/j.1440-1746.2005.04233.x
https://doi.org/10.1007/s10620-014-3380-3
https://doi.org/10.1016/j.jhep.2013.02.012
https://doi.org/10.1089/dia.2013.0178
https://doi.org/10.1089/dia.2013.0178
https://doi.org/10.1002/cld.1172
https://doi.org/10.1002/cld.1172
https://doi.org/10.1001/jamanetworkopen.2021.39558
https://doi.org/10.1001/jamanetworkopen.2021.39558
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.1016/j.jhep.2016.05.026
https://doi.org/10.1016/j.jhep.2016.05.026
https://doi.org/10.1002/hep.29356
https://doi.org/10.1002/hep.29356
https://doi.org/10.1016/j.jhep.2016.08.023
https://doi.org/10.1016/j.jhep.2016.08.023
https://doi.org/10.14218/JCTH.2019.00012
https://doi.org/10.14218/JCTH.2019.00012
https://doi.org/10.1038/nutd.2017.31
https://doi.org/10.1111/jgh.13166
https://doi.org/10.1111/jgh.13166

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

for study of the liver. J Clin Exp Hepatol. 2021;11:97-143.
https://doi.org/10.1016/].jceh.2020.09.003.

European Association for the Study of the Liver. Electronic
address: easloffice@easloffice.eu; European Association for the
Study of the Liver. EASL Clinical Practice Guidelines on nutrition
in chronic liver disease. J Hepatol. 2019;70:172-193. https://
doi.org/10.1016/j.jhep.2018.06.024.

De A, Duseja A. Nonalcoholic fatty liver disease and obesity.
J Postgrad Med Educ Res. 2021;55:27-35. https://doi.org/10.
5005/jp-journals-10028-1430.

Mechanick JI, Apovian C, Brethauer S, et al. Clinical practice
guidelines for the perioperative nutrition, metabolic, and nonsur-
gical support of patients undergoing bariatric procedures - 2019
update: cosponsored by American association of clinical endocri-
nologists/American College of endocrinology, the obesity society,
American society for metabolic & bariatric surgery, obesity medi-
cine association, and American society of anesthesiologists.
Surg Obes Relat Dis. 2020;16:175-247. https://doi.org/10.
1016/j.s0ard.2019.10.025.

Bhasker AG, Prasad A, Raj PP, et al. OSSI (obesity and metabolic
surgery society of India) guidelines for patient and procedure se-
lection for bariatric and metabolic surgery. Obes Surg.
2020;30:2362-2368. https://doi.org/10.1007/s11695-020-
04497-1.

Klebanoff MJ, Corey KE, Chhatwal J, Kaplan LM, Chung RT, Hur C.
Bariatric surgery for nonalcoholic steatohepatitis: a clinical and
cost-effectiveness analysis. Hepatology. 2017;65:1156-1164.
https://doi.org/10.1002/hep.28958.

Lee Y, Doumouras AG, Yu J, et al. Complete resolution of nonalco-
holic fatty liver disease after bariatric surgery: a systematic review
and meta-analysis. Clin Gastroenterol Hepatol. 2019;17:1040—
1060.e11. https://doi.org/10.1016/j.cgh.2018.10.017.
Chang SH, Freeman NLB, Lee JA, et al. Early major complications
after bariatric surgery in the USA, 2003-2014: a systematic re-
view and meta-analysis. Obes Rev. 2018;19:529-537. https://
doi.org/10.1111/0br.12647.

Lee YM, Low HC, Lim LG, et al. Intragastric balloon significantly
improves nonalcoholic fatty liver disease activity score in obese
patients with nonalcoholic steatohepatitis: a pilot study. Gastro-
intest Endosc. 2012;76:756-760. https://doi.org/10.1016/].
gie.2012.05.023.

Forlano R, Ippolito AM, lacobellis A, et al. Effect of the BioEnterics
intragastric balloon on weight, insulin resistance, and liver steato-
sis in obese patients. Gastrointest Endosc. 2010;71:927-933.
https://doi.org/10.1016/j.gie.2009.06.036.

Nguyen V, Li J, Gan J, et al. Outcomes following Serial intragastric
balloon therapy for obesity and nonalcoholic fatty liver disease in

a single centre. Chin J  Gastroenterol Hepatol.
2017;20174697194 https://doi.org/10.1155/2017/
4697194,

Folini L, Veronelli A, Benetti A, et al. Liver steatosis (LS) evaluated
through chemical-shift magnetic resonance imaging liver en-
zymes in morbid obesity; effect of weight loss obtained with intra-
gastric balloon gastric banding. Acta Diabetol. 2014;51:361-
368. https://doi.org/10.1007/s00592-013-0516-4.
Bazerbachi F, Vargas EJ, Rizk M, et al. Intragastric balloon place-
ment induces significant metabolic and histologic improvement in
patients WithNonalcoholic steatohepatitis. Clin Gastroenterol
Hepatol. 2021;19:146-154.e4. https://doi.org/10.1016/j.
¢gh.2020.04.068.

Gollisch KS, Lindhorst A, Raddatz D. EndoBarrier gastrointestinal
liner in type 2 diabetic patients improves liver fibrosis as as-
sessed by liver elastography. Exp Clin Endocrinol Diabetes.
2017;125:116-121. https://doi.org/10.1055/s-0042-
118961.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

van Baar ACG, Beuers U, Wong K, et al. Endoscopic duodenal
mucosal resurfacing improves glycaemic and hepatic indices in
type 2 diabetes: 6-month multicentre results. JHEP Rep.
2019;1:429-437. https://doi.org/10.1016/j.jhepr.2019.10.
006.

Hajifathalian K, Mehta A, Ang B, et al. Improvement in insulin
resistance and estimated hepatic steatosis and fibrosis after
endoscopic  sleeve gastroplasty. Gastrointest  Endosc.
2021;93:1110-1118. https://doi.org/10.1016/j.gie.2020.08.
023.

Jan A, Narwaria M, Mahawar KK. A systematic review of bariatric
surgery in patients with liver cirrhosis. Obes Surg.
2015;25:1518-1526. https://doi.org/10.1007/s11695-015-
1727-2.

Mosko JD, Nguyen GC. Increased perioperative mortality following
bariatric surgery among patients with cirrhosis. Clin Gastroenterol
Hepatol. 2011;9:897-901. https://doi.org/10.1016/j.cgh.
2011.07.007.

Patton H, Heimbach J, McCullough A. AGA clinical practice update
on bariatric surgery in cirrhosis: expert review. Clin Gastroenterol
Hepatol. 2021;19:436-445. https://doi.org/10.1016/j.cgh.
2020.10.034.

Choudhary NS, Puri R, Saraf N, et al. Intragastric balloon as a
novel modality for weight loss in patients with cirrhosis and
morbid obesity awaiting liver transplantation. Indian J Gastroen-
terol. 2016;35:113-116. https://doi.org/10.1007/s12664-
016-0643-2.

Dongiovanni P, Petta S, Mannisto V, et al. Statin use and non-
alcoholic steatohepatitis in at risk individuals. J Hepatol.
2015;63:705-712. https://doi.org/10.1016/j.jhep.2015.05.
006.

Smati S, Canivet CM, Boursier J, Cariou B. Anti-diabetic drugs and
NASH: from current options to promising perspectives. Expert Opi-
ninvestig Drugs. 2021;30:813-825. https://doi.org/10.1080/
13543784.2021.1951701.

Kumar J, Memon RS, Shahid I, et al. Antidiabetic drugs and non-
alcoholic fatty liver disease: a systematic review, meta-analysis
and evidence map. Dig Liver Dis. 2021;53:44-51. https://doi.
org/10.1016/j.d1d.2020.08.021.

Said A, Akhter A. Meta-analysis of randomized controlled trials of
pharmacologic agents in non-alcoholic steatohepatitis. Ann Hep-
atol. 2017;16:538-547. https://doi.org/10.5604,/01.3001.
0010.0284.

Li Y, Liu L, Wang B, Wang J, Chen D. Metformin in non-alcoholic
fatty liver disease: a systematic review and meta-analysis. Bio-
med Rep. 2013;1:57-64. https://doi.org/10.3892/br.2012.
18.

Newsome PN, Buchholtz K, Cusi K, et al. A placebo-controlled trial
of subcutaneous semaglutide in nonalcoholic steatohepatitis.
N Engl J Med. 2021;384:1113-1124. https://doi.org/10.
1056/NEJM0a2028395.

Armstrong MJ, Gaunt P, Aithal GP, et al. Liraglutide safety and ef-
ficacy in patients with non-alcoholic steatohepatitis (LEAN): a mul-
ticentre, double-blind, randomised, placebo-controlled phase 2
study. Lancet. 2016;387:679-690. https://doi.org/10.1016/
S0140-6736(15)00803-X.

Kahl S, Gancheva S, StraBBburger K, et al. Empagliflozin effec-
tively lowers liver fat content in well-controlled type 2 diabetes:
a randomized, double-blind, phase 4, placebo-controlled trial.
Diabetes Care. 2020;43:298-305. https://doi.org/10.2337/
dc19-0641.

Sattar N, Fitchett D, Hantel S, George JT, Zinman B. Empagliflozin
is associated with improvements in liver enzymes potentially
consistent with reductions in liver fat: results from randomised tri-
als including the EMPA-REG OUTCOME® trial. Diabetologia.

Journal of Clinical and Experimental Hepatology | March-April 2023 | Vol. 13 | No. 2 | 273-302 297

tty Liver

Disease

Non-Alcoholic Fa


https://doi.org/10.1016/j.jceh.2020.09.003
https://doi.org/10.1016/j.jhep.2018.06.024
https://doi.org/10.1016/j.jhep.2018.06.024
https://doi.org/10.5005/jp-journals-10028-1430
https://doi.org/10.5005/jp-journals-10028-1430
https://doi.org/10.1016/j.soard.2019.10.025
https://doi.org/10.1016/j.soard.2019.10.025
https://doi.org/10.1007/s11695-020-04497-1
https://doi.org/10.1007/s11695-020-04497-1
https://doi.org/10.1002/hep.28958
https://doi.org/10.1016/j.cgh.2018.10.017
https://doi.org/10.1111/obr.12647
https://doi.org/10.1111/obr.12647
https://doi.org/10.1016/j.gie.2012.05.023
https://doi.org/10.1016/j.gie.2012.05.023
https://doi.org/10.1016/j.gie.2009.06.036
https://doi.org/10.1155/2017/4697194
https://doi.org/10.1155/2017/4697194
https://doi.org/10.1007/s00592-013-0516-4
https://doi.org/10.1016/j.cgh.2020.04.068
https://doi.org/10.1016/j.cgh.2020.04.068
https://doi.org/10.1055/s-0042-118961
https://doi.org/10.1055/s-0042-118961
https://doi.org/10.1016/j.jhepr.2019.10.006
https://doi.org/10.1016/j.jhepr.2019.10.006
https://doi.org/10.1016/j.gie.2020.08.023
https://doi.org/10.1016/j.gie.2020.08.023
https://doi.org/10.1007/s11695-015-1727-2
https://doi.org/10.1007/s11695-015-1727-2
https://doi.org/10.1016/j.cgh.2011.07.007
https://doi.org/10.1016/j.cgh.2011.07.007
https://doi.org/10.1016/j.cgh.2020.10.034
https://doi.org/10.1016/j.cgh.2020.10.034
https://doi.org/10.1007/s12664-016-0643-2
https://doi.org/10.1007/s12664-016-0643-2
https://doi.org/10.1016/j.jhep.2015.05.006
https://doi.org/10.1016/j.jhep.2015.05.006
https://doi.org/10.1080/13543784.2021.1951701
https://doi.org/10.1080/13543784.2021.1951701
https://doi.org/10.1016/j.dld.2020.08.021
https://doi.org/10.1016/j.dld.2020.08.021
https://doi.org/10.5604/01.3001.0010.0284
https://doi.org/10.5604/01.3001.0010.0284
https://doi.org/10.3892/br.2012.18
https://doi.org/10.3892/br.2012.18
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1016/S0140-6736(15)<?thyc=10?>00803-X<?thyc?>
https://doi.org/10.1016/S0140-6736(15)<?thyc=10?>00803-X<?thyc?>
https://doi.org/10.2337/dc19-0641
https://doi.org/10.2337/dc19-0641

D4 1|0Y0d|y-UoN

aspasiq

J9A1] Al

INASL GUIDANCE PAPER ON NAFLD

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

298

2018;61:2155-2163. https://doi.org/10.1007/s00125-018-
4702-3.

Kuchay MS, Krishan S, Mishra SK, et al. Effect of empagliflozin on
liver fat in patients with type 2 diabetes and nonalcoholic fatty liver
disease: a randomized controlled trial (E-LIFT trial). Diabetes Care.
2018;41:1801-1808. https://doi.org/10.2337/dc18-0165.
Scheen AJ. Beneficial effects of SGLT2 inhibitors on fatty liver in
type 2 diabetes: a common comorbidity associated with severe
complications. Diabetes Metab. 2019;45:213-223. https://
doi.org/10.1016/j.diabet.2019.01.008.

Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R.
Fibrosis progression in nonalcoholic fatty liver vs nonalcoholic
steatohepatitis: a systematic review and meta-analysis of
paired-biopsy studies. Clin Gastroenterol Hepatol.
2015;13:643-654.e1-9. https://doi.org/10.1016/j.cgh.2014.
04.014. quiz €39-40.

Ekstedt M, Franzén LE, Mathiesen UL, Kechagias S. Low clinical
relevance of the nonalcoholic fatty liver disease activity score
(NAS) in predicting fibrosis progression. Scand J Gastroenterol.
2012;47:108-115. https://doi.org/10.3109/00365521.
2011.634024.

Ekstedt M, Hagstrom H, Nasr P, et al. Fibrosis stage is the stron-
gest predictor for disease-specific mortality in NAFLD after up to
33 years of follow-up. Hepatology. 2015;61:1547-1554.
https://doi.org/10.1002/hep.27368.

Ekstedt M, Franzén LE, Mathiesen UL, et al. Long-term follow-up
of patients with NAFLD and elevated liver enzymes. Hepatology.
2006;44:865-873. https://doi.org/10.1002/hep.21327.
McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee QM.
Evidence of NAFLD progression from steatosis to fibrosing-
steatohepatitis using paired biopsies: implications for prognosis
and clinical management. J Hepatol. 2015;62:1148-1155.
https://doi.org/10.1016/j.jhep.2014.11.034.

Dulai PS, Singh S, Patel J, et al. Increased risk of mortality by
fibrosis stage in nonalcoholic fatty liver disease: systematic re-
view and meta-analysis. Hepatology. 2017;65:1557-1565.
https://doi.org/10.1002/hep.29085.

Wong VW, Wong GL, Choi PC, et al. Disease progression of non-
alcoholic fatty liver disease: a prospective study with paired liver
biopsies at 3 years. Gut. 2010;59:969-974. https://doi.org/10.
1136/gut.2009.205088.

Loomba R, Sanyal AJ, Kowdley KV, et al. Factors associated with
histologic response in adult patients with nonalcoholic steatohe-
patitis. Gastroenterology. 2019;156:88-95.e5. https://doi.org/
10.1053/j.gastro.2018.09.021.

Younossi ZM, Loomba R, Rinella ME, et al. Hepatology.
2018;68:361-371. https://doi.org/10.1002/hep.29724.
Choudhary NS, Kumar N, Duseja A. Peroxisome proliferator-
activated receptors and their agonists in nonalcoholic fatty liver
disease. J Clin Exp Hepatol. 2019;9:731-739. https://doi.org/
10.1016/j.jceh.2019.06.004.

Francque S, Szabo G, Abdelmalek MF, et al. Nonalcoholic steato-
hepatitis: the role of peroxisome proliferator-activated receptors.
Nat Rev Gastroenterol Hepatol. 2021;18:24-39. https://doi.org/
10.1038/s41575-020-00366-5.

Sanyal AJ, Chalasani N, Kowdley KV, et al. Pioglitazone, vitamin E,
or placebo for nonalcoholic steatohepatitis. N Engl J Med.
2010;362:1675-1685. https://doi.org/10.1056/NEJ-
Mo0a0907929.

Abdel-Maboud M, Menshawy A, Menshawy E, Emara A,
Alshandidy M, Eid M. The efficacy of vitamin E in reducing non-
alcoholic fatty liver disease: a systematic review, meta-analysis,
and meta-regression. Therap Adv Gastroenterol.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

DUSEJA ET AL

2020;131756284820974917
1756284820974917.
Vadarlis A, Antza C, Bakaloudi DR, et al. Systematic review with
meta-analysis: the effect of vitamin E supplementation in adult pa-
tients with non-alcoholic fatty liver disease. J Gastroenterol Hepa-
tol. 2021;36:311-319. https://doi.org/10.1111/jgh.15221.
Alkhouri N, Feldstein AE. The TONIC trial: a step forward in treating
pediatricnonalcoholic ~ fatty liver disease. Hepatology.
2012;55:1292-1295. https://doi.org/10.1002/hep.24767.
Cusi K, Orsak B, Bril F, et al. Long-term pioglitazone treatment for
patients WithNonalcoholic steatohepatitis and prediabetes or
type 2 diabetes mellitus: a randomized trial. Ann Intern Med.
2016;165:305-315. https://doi.org/10.7326/M15-1774.
Gawrieh S, Noureddin M, Loo N, et al. Saroglitazar, a PPAR-a/y
agonist, for treatment of NAFLD: a randomized controlled
double-blind phase 2 trial. Hepatology. 2021;74:1809-1824.
https://doi.org/10.1002/hep.31843.

Sarin S, Sharma M, Koradia P, et al. A prospective, multi-center,
double-blind, randomized trial of saroglitazar 4 mg versus placebo
in patients with non-alcoholic steatohepatitis (EVIDENCES 1I).
Hepatology International. 2020;14:S326.

Goyal O, Nohria S, Goyal P, et al. Saroglitazar in patients with non-
alcoholic fatty liver disease and diabetic dyslipidemia: a prospec-
tive, observational, real world study. Sci Rep. 2020;1021117
https://doi.org/10.1038/s41598-020-78342-x.

Kaul U, Parmar D, Manjunath K, et al. New dual peroxisome pro-
liferator activated receptor agonist-Saroglitazar in diabetic dyslipi-
demia and non-alcoholic fatty liver disease: integrated analysis of
the real world evidence. Cardiovasc Diabetol. 2019;18:80.
https://doi.org/10.1186/s12933-019-0884-3.

Albhaisi SAM, Sanyal AJ. New drugs for NASH. Liver Int.
2021;41:112-118. https://doi.org/10.1111/liv.14844.
Younossi ZM, Ratziu V, Loomba R, et al. Obeticholic acid for the
treatment of non-alcoholic steatohepatitis: interim analysis from
a multicentre, randomised, placebo-controlled phase 3 trial. Lan-
cet. 2019;394:2184-2196. https://doi.org/10.1016/S0140-
6736(19)33041-7.

Pockros PJ, Fuchs M, Freilich B, et al. CONTROL: a randomized
phase 2 study of obeticholic acid and atorvastatin on lipoproteins
in  nonalcoholic  steatohepatitis  patients.  Liver Int.
2019;39:2082-2093. https://doi.org/10.1111/liv.14209.
Vilar-Gomez E, Vuppalanchi R, Gawrieh S, et al. Vitamin E im-
proves transplant-free survival and hepatic decompensation
among patients WithNonalcoholic steatohepatitis and advanced
fibrosis. Hepatology. 2020;71:495-509. https://doi.org/10.
1002/hep.30368.

Vilar-Gomez E, Vuppalanchi R, Desai AP, et al. Long-term metfor-
min use may improve clinical outcomes in diabetic patients with
non-alcoholic steatohepatitis and bridging fibrosis or compen-
sated cirrhosis. Aliment Pharmacol Ther. 2019;50:317-328.
https://doi.org/10.1111/apt.15331.

Jayakumar S, Middleton MS, Lawitz EJ, et al. Longitudinal correla-
tions between MRE, MRI-PDFF, and liver histology in patients with
non-alcoholic steatohepatitis: analysis of data from a phase Il trial
of selonsertib. J Hepatol. 2019;70:133-141. https://doi.org/
10.1016/j.jhep.2018.09.024.

Liu SY, Wong VW, Wong SK, et al. A prospective 5-year study on
the use of transient elastography to monitor the improvement of
non-alcoholic fatty liver disease following bariatric surgery. Sci
Rep. 2021;11:5416. https://doi.org/10.1038/s41598-021-
83782-0.

Fonseca F, Kulkarni B, Hastak M, Kumaran V, Varma V, Kapoor S.
An overview of liver transplant pathology: data from a tertiary

https://doi.org/10.1177/

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.


https://doi.org/10.1007/s00125-018-4702-3
https://doi.org/10.1007/s00125-018-4702-3
https://doi.org/10.2337/dc18-0165
https://doi.org/10.1016/j.diabet.2019.01.008
https://doi.org/10.1016/j.diabet.2019.01.008
https://doi.org/10.1016/j.cgh.2014.04.014
https://doi.org/10.1016/j.cgh.2014.04.014
https://doi.org/10.3109/00365521.2011.634024
https://doi.org/10.3109/00365521.2011.634024
https://doi.org/10.1002/hep.27368
https://doi.org/10.1002/hep.21327
https://doi.org/10.1016/j.jhep.2014.11.034
https://doi.org/10.1002/hep.29085
https://doi.org/10.1136/gut.2009.205088
https://doi.org/10.1136/gut.2009.205088
https://doi.org/10.1053/j.gastro.2018.09.021
https://doi.org/10.1053/j.gastro.2018.09.021
https://doi.org/10.1002/hep.29724
https://doi.org/10.1016/j.jceh.2019.06.004
https://doi.org/10.1016/j.jceh.2019.06.004
https://doi.org/10.1038/s41575-020-00366-5
https://doi.org/10.1038/s41575-020-00366-5
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1177/1756284820974917
https://doi.org/10.1177/1756284820974917
https://doi.org/10.1111/jgh.15221
https://doi.org/10.1002/hep.24767
https://doi.org/10.7326/M15-1774
https://doi.org/10.1002/hep.31843
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref226
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref226
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref226
http://refhub.elsevier.com/S0973-6883(22)00525-4/sref226
https://doi.org/10.1038/s41598-020-<?thyc=10?>78342-x<?thyc?>
https://doi.org/10.1186/s12933-019-0884-3
https://doi.org/10.1111/liv.14844
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1016/S0140-6736(19)33041-7
https://doi.org/10.1111/liv.14209
https://doi.org/10.1002/hep.30368
https://doi.org/10.1002/hep.30368
https://doi.org/10.1111/apt.15331
https://doi.org/10.1016/j.jhep.2018.09.024
https://doi.org/10.1016/j.jhep.2018.09.024
https://doi.org/10.1038/s41598-021-83782-0
https://doi.org/10.1038/s41598-021-83782-0

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

referral centre in western India. Ann Hepatol. 2018;17:426-436.
https://doi.org/10.5604,/01.3001.0011.7387.

Haldar D, Kern B, Hodson J, et al. Outcomes of liver transplanta-
tion for non-alcoholic steatohepatitis: a European Liver Transplant
Registry study. J Hepatol. 2019;71:313-322. https://doi.org/
10.1016/j.jhep.2019.04.011.

Suraweera D, Dutson E, Saab S. Liver transplantation and bariat-
ric surgery: best approach. Clin Liver Dis. 2017;21:215-230.
https://doi.org/10.1016/j.cld.2016.12.001.

Diwan TS, Rice TC, Heimbach JK, Schauer DP. Liver transplanta-
tion and bariatric surgery: timing and outcomes. Liver Transplant.
2018;24:1280-1287. https://doi.org/10.1002/1t.25303.
Khullar V, Dolganiuc A, Firpi RJ. Pre-and-post transplant consider-
ations in patients with nonalcoholic fatty liver disease. World J
Transplant. 2014;4:81-92. https://doi.org/10.5500/wjt.v4.i2.
81.

D'Avola D, Cuervas-Mons V, Marti J, et al. Cardiovascular
morbidity and mortality after liver transplantation: the protective
role of mycophenolate mofetil. Liver Transplant. 2017;23:498—-
509. https://doi.org/10.1002/1t.24738.

Vallin M, Guillaud O, Boillot O, Hervieu V, Scoazec JY, Dumortier J.
Recurrent or de novo nonalcoholic fatty liver disease after liver
transplantation: natural history based on liver biopsy analysis.
Liver Transplant. 2014;20:1064-1071. https://doi.org/10.
1002/1t.23936.

Taneja S, Roy A. Nonalcoholic steatohepatitis recurrence after
liver transplant. Transl Gastroenterol Hepatol. 2020;5:24.
https://doi.org/10.21037/tgh.2019.10.12.

Galvin Z, Rajakumar R, Chen E, et al. Predictors of de novo nonal-
coholic fatty liver disease after liver transplantation and associ-
ated fibrosis. Liver Transplant. 2019;25:56-67. https://doi.
org/10.1002/1t.25338.

Germani G, Laryea M, Rubbia-Brandt L, et al. Management of
recurrent and de novo NAFLD/NASH after liver transplantation.
Transplantation. 2019;103:57-67. https://doi.org/10.1097/
TP.0000000000002485.

Hunter AK, Lin HC. Review of clinical guidelines in the diagnosis of
pediatric nonalcoholic fatty liver disease. Clin Liver Dis (Hoboken).
2021;18:40-44. https://doi.org/10.1002/cld.1094.

Vajro P, Lenta S, Socha P, et al. Diagnosis of nonalcoholic fatty
liver disease in children and adolescents: position paper of the
ESPGHAN Hepatology Committee. J Pediatr Gastroenterol Nutr.
2012;54:700-713. https://doi.org/10.1097/MPG.0b013e31
8252a13f.

Vos MB, Abrams SH, Barlow SE, et al. NASPGHAN clinical practice
guideline for the diagnosis and treatment of nonalcoholic fatty
liver disease in children: recommendations from the expert com-
mittee on NAFLD (ECON) and the North American society of pedi-
atric gastroenterology, hepatology and nutrition (NASPGHAN).
J Pediatr Gastroenterol Nutr. 2017;64:319-334. https://doi.
org/10.1097/MPG.0000000000001482.

Dezs6fi A, Baumann U, Dhawan A, et al. Liver biopsy in children:
position paper of the ESPGHAN Hepatology Committee.
J Pediatr Gastroenterol Nutr. 2015;60:408-420. https://doi.
org/10.1097/MPG.0000000000000632.

250. Swiderska-Syn M, Suzuki A, Guy CD, et al. Hedgehog pathway and
pediatricnonalcoholic ~ fatty liver disease.  Hepatology.
2013;57:1814-1825. https://doi.org/10.1002/hep.26230.

251. Xanthakos SA, Lavine JE, Yates KP, et al. Progression of fatty liver
disease in children receiving standard of care lifestyle advice.
Gastroenterology. 2020 Nov;159:1731-1751.e10. https://doi.
org/10.1053/j.gastro.2020.07.034.

252. Lavine JE, Schwimmer JB, Van Natta ML, et al. Effect of vitamin E
or metformin for treatment of nonalcoholic fatty liver disease in
children and adolescents: the TONIC randomized controlled trial.
JAMA. 2011 Apr 27;305:1659-1668. https://doi.org/10.1001/
jama.2011.520.

Appendix 1. Common Causes of Hepatic Steatosis.

Macrovesicular steatosis Microvesicular steatosis
- Nonalcoholic fatty liver disease - Reye's syndrome

- Excessive alcohol - Medications (valproate, anti-
HIV)

- Hepatitis C (genotype 3) - Acute fatty liver of pregnancy

- Wilsons Disease - HELLP syndrome

- Lipodystrophy - Inborn errors of metabolism

- Starvation

- Parenteral nutrition
- Abetalipoproteinemia

- Medications (methotrexate, ste-
roids)

Appendix 2. Metabolic Syndrome Risk Factors as er the
National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATP III) Criteria Modified
for Indians.

Abdominal Obesity Waist circumference >90 cm in
males and >80 cm in females
Impaired fasting glucose Fasting glucose =110 mg/dl or on

pharmacological treatment

Hypertension Blood pressure =130/85 mm of Hg
or on antihypertensives

Hypertriglyceridemia Serum triglycerides =150 mg/dl or
on pharmacological treatment that
lowers triglycerides

Decreased HDL Serum HDL <40 mg/dl in males and
<50 mg/dl in females

Metabolic syndrome is defined as the presence of three or more risk fac-
tors.
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Appendix 3. Commonly Used Non-proprietary Non-Invasive Scores for Discriminating Fibrosis in nonalcoholic
fatty liver disease (NAFLD).

Score Formula

FIB-4 (Age x AST)/(Platelet count x ALT?)

BARD score AST/ALT ratio =0.8: 2 points
BMI =28: 1 point
Presence of diabetes mellitus: 1 point
Total: 0-4 points

AST, aspartate amino transferase in U/L; ALT, alanine transferase; platelet count in 10°/L; age in years; BMI, body mass index in kg/m?; alouminin g/
dL; IFG, impaired fasting glucose.

Appendix 4. Nonalcoholic fatty liver disease (NAFLD) Activity Score (NAS) as per the nonalcoholic steatohepatitis
Clinical Research Network (NASH-CRN) System.

tologic Feature

= NAFLD activity score (NAS); range 0-8

NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic fatty liver disease; CRN, clinical research network.
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Appendix 5. Steatosis-Activity-Fibrosis (SAF) Score for nonalcoholic fatty liver disease (NAFLD).

Histologic Feature Score Definition

= Steatosis score (S 0-3)

= Activity score (A 0-4)

= Fibrosis score (F 0-4)

Appendix 6. Fatty liver inhibition of progression (FLIP) Algorithm Based on the Steatosis-Activity-Fibrosis (SAF)
Score for Diagnosis of nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH).

Steatosis Ballooning Lobular inflammation Diagnosis

0 —_—t+—> 0,1,2 —F—» 0,1,2 ——+—>» Not NAFLD

% O —|—»  NARL

0o —|—— 1 —f—>  NAFRL

/ > 2 | NARL

> o0 —*  NARL

1,23 ¥—Ft—> 1 ——|—> 1 —t>  NASH

T 2 —1— NASH

\ > o0 ——>  NAFL

2 —F—— 1 —f—>  NASH

T 2 ] NASH

SAF: steatosis-activity-fibrosis; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic
steatohepatitis
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Appendix 7. Bariatric Surgery Procedures for Obesity.

Main mechanism of weight loss Procedures Comments

Appendix 8. Endoscopic Bariatric and Metabolic Procedures.

Main mechanism of weight loss Procedures Comments

Malabsorption Duodenal mucosal resurfacing
Endobarrier
REVITA
Incision-less anastomosis system
Gastroduodnojejunal bypass sleeve
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