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Nonalcoholic Fatty Liver Disease and Obesity
Arka De1, Ajay Duseja2

A b s t r ac t
The ability of the body to store energy in adipose tissue for utilization during exigency has helped us cope with periodic food shortages through
much of human history. The easy availability of calorie-dense food and a sedentary lifestyle has, however, resulted in this becoming a bane with
adverse health consequences. Both obesity and nonalcoholic fatty liver disease (NAFLD) are lifestyle diseases that have emerged as substantial
public health problems globally and in India. Obesity is an important risk factor for NAFLD and its severe form of nonalcoholic steatohepatitis
(NASH). Weight loss is the only proven beneficial intervention in NAFLD/NASH. This provides a unique opportunity for managing NASH in obese
patients. Lifestyle interventions including dietary modifications and exercise should be the primary modality for weight loss and have shown
to be feasible and effective in obese patients with NASH. Although not yet indicated for the management of NASH per se, anti-obesity drugs
and bariatric procedures may be considered in selected patients if otherwise indicated and may lead to indirect hepatic benefits secondary
to weight loss.
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I n t r o d u c t i o n
For much of human history, food supplies have been scarce and
often intermittent. Adipose tissue acts as a storehouse of excess
energy in the form of triglycerides which can be broken down
to free fatty acids when required with the release of the stored
energy. This ability to store energy that is not immediately required
and reuse it in times of food shortage was an essential survival
strategy in human evolution. The easy availability of food coupled
with sedentary lifestyles and physical inactivity in modern times
has resulted in this unique evolutionary strategy becoming a bane
with adverse health-related outcomes.1
Obesity may be considered to be a state of excessive adipose
tissue deposition which is often accompanied by chronic, low-grade
inflammation.1 Nonalcoholic fatty liver disease (NAFLD) refers to
the excessive accumulation of fat in the hepatocytes (>5%) in the
absence of significant alcohol intake or other cause of hepatic
steatosis.2 Both these lifestyle diseases have become significant
public health problems in the 21st century.1,3 There is an intrinsic
link between obesity and NAFLD. Not only is obesity one of the
commonest risk factors for NAFLD, but obese patients are also more
likely to have nonalcoholic steatohepatitis (NASH) which is usually
considered to be the progressive form of NAFLD and has a higher
propensity to progress to NASH-related cirrhosis and NASH-related
hepatocellular carcinoma (HCC).4–6 Furthermore, NAFLD patients
who continue to gain weight have a higher risk for progression of
fibrosis.7 Moreover, reduction in body weight is the only definitively
proven intervention in NAFLD.2

N o n a lco h o l i c F at t y L i v e r D i s e a s e o r
M e ta b o l i c D ys f u n c t i o n - a s s o c iat e d F at t y
Liver Disease
One of the caveats in the study of NAFLD is that there are no positive
biomarkers for diagnosing NAFLD which remains a diagnosis
of exclusion. To circumvent this problem, a team of experts has
recently proposed the new term metabolic dysfunction-associated
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fatty liver disease (MAFLD) to describe the condition of hepatic
steatosis in the presence of metabolic risk factors.8 This definition
recognizes the intrinsic link between metabolic risk factors like
obesity and NAFLD. It also acknowledges that multiple etiologies
of the fatty liver may be present in the same patient. For instance,
an obese patient with fatty liver may also be consuming significant
amounts of alcohol. This would have precluded the diagnosis
of NAFLD. Thus, using the new nomenclature, the patient may
be considered to have both MAFLD and alcoholic liver disease.
However, several problems need to be sorted out before this new
nomenclature is ready for prime time. Most importantly, NAFLD is
an umbrella term that refers to a histological spectrum ranging from
nonalcoholic fatty liver (NAFL) to NASH, cirrhosis, and HCC. Nonalcoholic fatty liver is usually considered to be relatively innocuous
while NASH is considered to be the progressive form of the disease.
The new nomenclature of MAFLD does not incorporate this
spectrum and all patients with NAFLD may not even have associated
metabolic risk factors. Hence, the change in nomenclature looks
premature and may even be potentially misleading and confusing
for the hepatologists and other specialties.9 Hence, in this article,
we will be using the term NAFLD rather than MAFLD. Furthermore,
in this review, we will explore the epidemiological relationship of
obesity and NAFLD, the pathomechanistic links between the two
conditions, and discuss the approach to diagnosis and management
of these patients.
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E p i d e mi o lo g y o f O b e s i t y a n d  N o n a lco h o l i c F at t y L i v e r D i s e a s e : T wo
P a r a l l e l E p i d e mi c s
Increased urbanization, sedentary lifestyle, and easy access to
calorie-dense food underlie the parallel upsurge in obesity and
NAFLD in recent times.10 Obesity was declared to be a global
epidemic in 2005 by the World Health Organization. Worldwide,
it is estimated that there are 650 million obese individuals with
an additional 1.9 billion overweight individuals.11 In 2014, the
global age-standardized prevalence of obesity among adults
was estimated to be 10.8% in males and 14.9% in females.12 The
prevalence of obesity has nearly tripled over the past four decades.
Trends suggest that by 2030, almost two in five individuals will
be overweight or obese.13 A substantial proportion of this recent
upward trend is accounted for by Asian countries like India and
China where historically, obesity was uncommon.14 In 1975, there
were only 4 lakh obese individuals in India compared with 9.8
crore individuals with obesity in 2014.15 The Indian Council of
Medical Research estimates that the prevalence of generalized and
abdominal obesity in Indian adults varies from 11.8 to 31.3% and
18.7 to 36.1%, respectively, with a higher prevalence in urban areas.15
A recent meta-analysis including 86 studies with more than 85
lakh patients from 22 countries gives us important insights into the
global epidemiology of NAFLD.5 Almost a quarter of the world’s
population may have underlying NAFLD with the prevalence being
highest in Middle Eastern and South American countries and lowest
in Africa. Approximately 50% of patients with NAFLD are obese.5
Indeed, there is a correlation between the geographic prevalence
of NAFLD and established obesity parameters.14 Among obese
patients, the prevalence of NAFLD ranges from 60 to 95%, and up
to one-third of these patients may have underlying NASH.16
The prevalence of NAFLD in India ranges from 9 to 53% with
a rural–urban divide.17,18 An Indian position paper on NAFLD
estimated that there are at least 25 million patients with NAFLD
in the country with a potential risk for significant liver disease.17
Some data suggest that Indian patients with NAFLD are less likely to
have morbid obesity compared with Western NAFLD patients.19–21
However, generalized overweight or obesity based on body mass
index (BMI) and central obesity has been reported in 88 and 80% of
patients with NAFLD, respectively.19 Early observations suggested
that liver histology findings are relatively innocuous in Indian NAFLD
patients with mild–moderate degrees of inflammation and fibrosis.
However, this has been questioned by recent data showing the
presence of histological NASH in >60% of patients of biopsy-proven
NAFLD with advanced fibrosis in 35% of patients.22

P at h o p hys i o lo g i c L i n k b e t w e e n O b e s i t y
a n d  N o n a lco h o l i c F at t y L i v e r D i s e a s e
The current understanding of NAFLD pathogenesis involves a multihit hypothesis with a complex interplay of genetic predilection
(e.g., PNPLA3 I148M and the TM6SF2 E167K variants), imbalance of
calorie intake and expenditure, insulin resistance, dysfunctional and
expanded visceral adipose tissue, altered adipokine levels (decreased
adiponectin, increased leptin), lipotoxicity of intrahepatic lipids,
changes in gut–microbiome, oxidative stress, and activation of
innate immunity which ultimately leads to inflammation, hepatocyte
apoptosis, and progressive fibrosis.23 Insulin resistance is the central
common link between obesity and NAFLD.

28

It is important to appreciate that the expanded adipose
tissue in obese patients is not metabolically inactive. Rather, it is
dysfunctional with excess release of proinflammatory adipokines
like leptin. Leptin receptors are expressed by many cells of the innate
immune system including macrophages and eosinophils. Activation
of these receptors leads to the release of proinflammatory cytokines
like IL-6 and TNF-α which further leads to the secretion of more
leptin, resulting in a vicious cycle. This is accompanied by a decrease
in adiponectin which results in decreased β-oxidation of fatty acids
and a worsening of insulin resistance.
Normal insulin-mediated suppression of peripheral lipolysis is
impaired in insulin resistance. Lipolysis in the expanded adipose
tissue increases the availability of free fatty acids for uptake in the
liver. Insulin resistance also increases the expression of hepatic fatty
acid translocase which promotes the uptake of free fatty acids by the
liver. Increased blood glucose and elevated insulin levels act via sterol
regulatory element-binding protein (SREBP-1c) and carbohydrate
responsive element-binding protein (ChREBP) to increase de novo
hepatic lipogenesis and inhibit fatty acid oxidation. Thus, there is
a net increase in intrahepatic fatty acids which are then esterified
to triglycerides. Very low-density lipoprotein (VLDL) is the main
route for the extrusion of triglycerides from the liver. Although
the secretion of triglycerides in VLDL is increased in NAFLD, this
cannot keep pace with the increased triglyceride formation. The
excess triglycerides accumulate in the hepatocytes as histologically
demonstrable steatosis. However, current evidence suggests that this
triglyceride may not be the true culprit behind NASH. Intrahepatic
triglyceride levels are similar between patients of NAFL and NASH.
Rather certain intermediates like ceramides, diacylglycerol, and
lysophosphatidylcholine which are produced during the metabolism
of increased hepatic fatty acids may account for the bulk of the
lipotoxicity.24 These intermediates promote insulin resistance by
activating protein kinase C, mammalian target of rapamycin (mTOR),
and nuclear factor kinase B (NF-κB), and inhibiting Akt.25
With excessive fat accumulation being the common
denominator in both obesity and NAFLD, it is easy to construe that
“fat” people have “fatty” livers. However, such a notion is a crude
oversimplification. It is now recognized that not all obese individuals
are metabolically unhealthy. 26 Similarly, not all lean individuals
are metabolically healthy and 10%–15% of patients with NAFLD
are lean.27 While obesity has been recognized as one of the most
important risk factors for NAFLD, the association between NAFLD
and metabolically healthy obesity needs further evaluation.28
The distribution of body fat may be predictive of metabolic
outcomes. Abdominal obesity often described as apple-shaped
or android obesity has been associated with poorer cardiovascular
outcomes as compared to pear-shaped or gynoid obesity where fat
mainly accumulates in the subcutaneous tissues around the hip and
thighs.1 Despite some evidence to the contrary, visceral adiposity
is associated with higher lipolysis and insulin resistance with
increased secretion of proinflammatory and fibrogenic mediators
when compared with subcutaneous adipose tissue and higher
predisposition to NAFLD (Fig. 1).1,29–31
The ectopic deposition of fat in the liver is explained by the
adipose tissue expandability hypothesis.32 This hypothesis states
that the adipose tissue has limited expandability to accumulate
new fat stores. Once the capacity of adipose tissue expansion
is exhausted, fat accumulates in ectopic sites like the liver and
muscles with resultant lipotoxicity and increased insulin resistance.
Subcutaneous adipose tissue appears to be the primary site
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Fig. 1: Current understanding of subcutaneous and visceral obesity in the pathogenesis of nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis

for this initial fat storage as evidenced by its expandability and
plasticity while visceral adipose tissue is associated with insulin
resistance and poor metabolic outcomes.33 On the contrary, some
evidence suggests that visceral adipose tissue is only a bystander
and subcutaneous adipose tissue may be the main regulator of
metabolic health. 34,35 Whatever may be the case, an inflamed,
expanded, and dysfunctional adipose tissue ultimately worsens
insulin resistance and predisposes to NAFLD.1

D iag n o s i s o f O b e s i t y
F at t y L i v e r D i s e a s e

a n d  N o n a lco h o l i c

In Indians, obesity is defined at a BMI ≥25 kg/m2, and those
with BMI between 23 kg/m2 and 25 kg/m2 are considered as
overweight (Table 1). 36 However, BMI can lead to overestimation
of obesity in individuals with a muscular physique. Furthermore,
it may not be adequately representative of abdominal obesity.
Waist circumference as a surrogate of abdominal obesity is a
better predictor of metabolic outcomes. 37 The cutoff for waist
circumference for defining obesity in Indian males and females
is ≥90 and ≥80 cm, respectively.36 In general, both BMI and waist
circumference should be routinely measured in all patients.17,37
Other methods for assessing adiposity include body impedance
analysis, densitometric studies, dual-energy X-ray absorptiometry,
and imaging using computed tomography (CT) or magnetic
resonance imaging (MRI). CT- or MRI-based assessment has the
added advantage of being able to distinguish between visceral
and subcutaneous adiposity. It can also simultaneously assess
for sarcopenia. However, these techniques are largely limited to
research settings and are not routinely required for the evaluation
of obesity.

Table 1: Cutoffs for defining overweight, obesity, and central obesity
in Indian patients
Body mass index (BMI)
Overweight
23–24.9 kg/m2
Obese
≥25 kg/m2
Class I
25–29.9 kg/m2
Class II
≥30 kg/m2
Waist circumference for central obesity
• Males
≥90 cm
• Females
≥80 cm

•
•
•
•

Nonalcoholic fatty liver disease is a diagnosis of exclusion.
Diagnosis requires the demonstration of hepatic steatosis in the
absence of significant alcohol intake and other etiologies of hepatic
steatosis.17 Fatty liver is usually detected on ultrasound although
this modality lacks sensitivity when the degree of hepatic steatosis
is <30% and it may be difficult to get a good window in obese
patients.38 CT- or MRI-based techniques have higher sensitivity for
hepatic steatosis, although they are rarely used for this purpose
in clinical practice. Nowadays, fatty liver is often detected and
graded based on the controlled attenuation parameter (CAP) that is
obtained during vibration controlled transient elastography (VCTE,
FibroScan).39 An individual patient data meta-analysis of >2,700
patients has suggested optimal cutoffs of 248, 268, and 280 dB/m
for detecting mild, moderate, and severe steatosis, respectively.39
Liver biopsy remains the gold standard for differentiating NASH
from simple steatosis.2,24 However, biopsies may not be feasible in all
patients in routine clinical practice and are directed toward patients
likely to have NASH with or without significant fibrosis. In general,
patients with obesity and metabolic syndrome are considered to
be at a higher risk of having NASH.17
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Fibrosis has now been shown to be the main determinant
of clinical and histological outcomes in NAFLD.40 Fibrosis can be
reliably estimated using noninvasive techniques. This includes
various proprietary [enhanced liver fibrosis (ELF) test, FibroTest,
FibroMeter] and nonproprietary [NAFLD fibrosis score (NFS), ASTplatelet ratio index (APRI), FIB-4] blood-based tests and elastographic
techniques. 41,42 Among the elastographic techniques, VCTE
(FibroScan) has been the most extensively validated test for detecting
and staging fibrosis.43,44 Suggested cutoffs for staging fibrosis are
F0–F1 (<7 kPa), ≥F2 (7–8.7 kPa), ≥F3 (8.7–10.3 kPa), and F4 (≥10.3
kPa).44 It may be difficult to obtain readings in obese individuals
using the standard M probe. The availability of the XL probe has
significantly improved the success rate with FibroScan in obese
patients.45,46 The XL probe uses a lower frequency of ultrasound
(2.5 MHz) when compared with the M probe (3.5 MHz). This allows
the XL probe to carry out measurements at a greater depth of 35–75
mm when compared with 25–65 mm with the M probe. However,
this lower frequency of ultrasound entails a lower velocity of the
shear wave which may get interpreted as a lower liver stiffness
measurement (LSM). Indeed, LSM values reported by the XL probe are
slightly lower than that using the M probe and there has been much
debate whether different cutoffs should be used for the XL probe.45
A recent prospective study of 496 patients with NAFLD suggested
that similar cutoffs can be used for the two probes provided they are
used according to the BMI (i.e., M probe for BMI <30 kg/m2 and XL
probe for BMI ≥30 kg/m2).46 The FibroScan device now incorporates
an algorithm asking the operator to switch to the XL probe if it detects
that the skin to liver capsule distance is >25 mm or if the entered BMI
of the patient is ≥30 kg/m2. Point shear wave elastography and 2-D
shear wave elastography allows localization of the region of interest
as they can be mounted on conventional ultrasound machines.47
Furthermore, the readings are not affected by obesity. Although the
cutoffs using these advanced elastographic techniques are expected
to parallel those using FibroScan, there is little available real-world
data in NAFLD.42,47 Blind extrapolation of cutoffs may not be clinically
prudent and further studies are warranted. Newsome et al. recently
derived the noninvasive FAST score for predicting the presence of
NASH with significant fibrosis (≥F2) and inflammation (NAFLD activity
score ≥4) on biopsy. This score incorporates AST and the FibroScanderived parameters of CAP and LSM and was externally validated in
multiple global cohorts.48
It is now recognized that 30–70% of cases of cryptogenic
cirrhosis may be attributable to NASH.17 Making the diagnosis
of NASH in patients who have progressed to cirrhosis is often
challenging. Evidence of NASH may be lacking on biopsy in these
patients as steatosis tends to disappear with advancing fibrosis. The
presence of two or more components of metabolic syndrome in the
absence of other etiologies of liver disease supports the diagnosis
of NASH in patients with cryptogenic cirrhosis. As weight loss is
common in cirrhosis, past history of being overweight or obese
should be considered as a risk factor while evaluating patients
with NASH cirrhosis.17

M a n ag e m e n t o f O b e s e P at i e n t w i t h
N o n a lco h o l i c F at t y L i v e r D i s e a s e /
N o n a lco h o l i c S t e ato h e pat i t i s
General Management
It is worthwhile to remember that the highest-burden of morbidity
and mortality from NAFLD is attributed to cardiovascular
complications.2,17 Statins are one of the most commonly prescribed
30

drugs for decreasing the risk of cardiovascular complications due to
improvement in atherogenic lipid profile. Despite initial concerns,
statins have now been shown to be safe even in the presence
of elevated transaminases. Improvement in insulin resistance
and a possible decreased risk of HCC has also been reported
with statins.49 Various other comorbidities are independently
associated with both NAFLD and obesity like diabetes mellitus,
dyslipidemia, polycystic ovarian disease, obstructive sleep apnea,
osteoporosis, and chronic kidney disease. A holistic approach is
thus of paramount importance. 2,17 Current evidence suggests
that adequate management of metabolic risk factors may have
additional hepatic benefits.

Weight Loss
Weight loss is the cornerstone in the management of NAFLD,
particularly in obese patients. There is a direct correlation between
the degree of weight loss and improvement in liver histology in
NAFLD. Overall, a reduction in weight of 3–5% may be sufficient for
improvement in steatosis while a decrease of >7–10% is required
for improvement in steatohepatitis and fibrosis.50,51

Lifestyle Interventions, Exercise, and Diet
The combination of physical activity and dietary interventions
in obese individuals results in a higher reduction in weight
when compared with dietary intervention alone.52 Exercise also
has a beneficial effect on NAFLD per se. In a large Korean study
involving almost 2.3 lakh participants, the exercise of at least
10 minutes duration on >5 days in a week was associated with
a significantly higher resolution of fatty liver on ultrasound at 5
years of follow-up. 53 Evolving evidence suggests that exercise
alone can lead to improvements in insulin resistance and possibly
NAFLD even without weight loss.54 Although the data in NAFLD
is limited, present evidence suggests that the magnitude of
improvement in steatosis does not correlate with the intensity of
exercise.55 An exercise schedule incorporating aerobic exercises
for 45–60 minutes, at least 5 days a week to achieve a target heart
rate of 60–70% of maximal heart rate is generally recommended.
In obese individuals, brisk walking may be an ideal initial exercise.
Duration should be tailored to the individual’s tolerance levels
and be gradually stepped up. Resistance training has been less
extensively evaluated in NAFLD. In a systematic review evaluating
12 studies including 13 aerobic and 4 resistance training protocols,
both aerobic and resistance exercises were found to improve
steatosis. Although there was no difference in the duration of
exercise required, resistance exercise was able to improve steatosis
with significantly lower energy consumption.56 This suggests that
resistance training may be particularly helpful in obese patients
with poor cardiorespiratory fitness and those who are unable to
tolerate or partake in aerobic exercises.
Benefits of exercise and increased energy expenditure risks
being nullified unless accompanied by a decrease in energy intake.
Calorie restriction should thus go hand-in-hand with exercise. A
diet hypocaloric by 25–30% or 500–1,000 kcal/day is generally
recommended. In general, carbohydrates should account for
50–60% of the calorie intake while 25–30% of the calories are
contributed by dietary fats with saturated fats being <10% of the
dietary fat intake. Extremely hypocaloric diets should be avoided as
they are difficult to sustain and may be associated with a paradoxical
worsening of liver enzymes.17
An association between sweetened beverages and hepatic
steatosis was shown in a cross-sectional analysis of the
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Framingham Heart Study cohort. 57 Increased severity of the liver
disease has been observed with high fructose intake, although
there is some evidence to the contrary.58 As such sugar-sweetened
beverages particularly those containing fructose should be
discouraged in these patients. Snacks in-between meals should
also be avoided. There is much recent interest in intermittent
fasting but its role in NAFLD needs further evaluation. Initial
studies showed improvement in liver biochemistry with the
use of omega-3-fatty acids. However, no benefit with regards
to histological endpoints of NASH was seen in three placebocontrolled, randomized controlled trials of omega-3-fatty acids
including ethyl-eicosapentaenoic, eicosapentaenoic acid, and
docosahexaenoic acids. 59–61
A lot of attention has recently been focused on the type of diet.
The Mediterranean diet is rich in mono and poly unsaturated fatty
acids, and aromatic compounds. It has been shown to decrease
cardiovascular disease, cancer, obesity, type 2 diabetes mellitus
(T2DM), and associated mortality.55 There is also some evidence
of the beneficial effects of the Mediterranean diet in NAFLD.
In two European studies from Spain and Greece, adherence to
the Mediterranean diet was associated with a decreased risk of
having NASH in patients with biopsy-proven NAFLD.62 Decreased
hepatic steatosis at 6 months was observed using ultrasound
in patients on a Mediterranean diet in a randomized controlled
trial comprising 98 Italian patients with NAFLD.62 Furthermore,
in a small cross-over study of 12 patients with biopsy-proven
NAFLD, 6-week Mediterranean diet was associated with decreased
insulin resistance and decreased hepatic steatosis on magnetic
resonance spectroscopy.63 Thus, some authorities recommend
the Mediterranean diet in NAFLD. Furthermore, prospective,
randomized trials with larger sample sizes and histological
endpoints are needed to draw firm conclusions in this regard. A high
protein diet has also been shown to be helpful in weight reduction
and maintenance in obese patients and is a reasonable option in
obese patients with NAFLD. Overall, calorie restriction appears
to be more important than the precise nature of the diet and its
constituent macronutrients.17 The dietary plan can be adapted
according to local cuisines and individual preferences.

Pharmacotherapy and Bariatric Procedures for Weight Loss
A combination of dietary modifications with exercise is the first
line of management for reducing weight. However, with lifestyle
interventions alone, weight reduction is difficult to attain and
even more difficult to sustain. With time, physiologic adaptations
decrease satiety, increase hunger, and limit energy expenditure,
thereby recreating a scenario that promotes weight gain. Indeed
only around 10% of patients can attain a weight loss of >10%
and only around 5% of them can sustain this over a period of 12
months.55 In patients who fail to control their weight with lifestyle
interventions, additional approaches may be used depending upon
the BMI. While deciding on these approaches, NAFLD should be
considered as a comorbidity.
Pharmacotherapy for obesity may be considered in those with
BMI ≥27 kg/m2.64 Among the drugs approved for obesity, there are
data on the use of liraglutide and orlistat in patients with NAFLD.
In the phase II LEAN trial, liraglutide, a glucagon-like-peptide-1
(GLP-1) receptor agonist, was associated with improved NASH
resolution and decrease the progression of fibrosis. Liraglutide
also led to a decrease in weight by 8 kg in responders and almost
4 kg in non-responders over a duration of 48 weeks. In comparison,
the reduction in weight in the placebo arm was a measly 0.6 kg.

Another point to note is that the dose of liraglutide that is approved
for obesity (3 mg) is higher than the dose that was evaluated in
the LEAN trial (1.8 mg).65 In a recent phase II study, semaglutide,
another GLP-1 receptor agonist, led to the resolution of NASH in
a significantly higher proportion of patients when compared with
placebo. The average weight loss in patients who received 0.4 mg of
semaglutide was 13% compared with only 1% in those who received
placebo.66 Orlistat is a pancreatic lipase inhibitor that decreases the
absorption of dietary triglycerides and can result in a weight loss of
>5% in approximately 40% of patients. Several studies have shown
improvement in transaminases with orlistat in NAFLD. However, in
a double-blind randomized controlled trial in 52 patients of NAFLD,
orlistat did not improve histological endpoints, although there was
a significant reduction in serum transaminases.67
Bariatric surgery has been shown to improve liver histology
in addition to improved survival and cardiovascular outcomes
and can be considered in otherwise eligible obese patients with
NAFLD (BMI >35 kg/m2).64 Various surgical techniques have been
reported in patients with obesity and NAFLD, including sleeve
gastrectomy, adjustable gastric banding, and Roux-en-Y gastric
bypass. In a recent systematic review and meta-analysis of 21 studies
including 2,374 patients, bariatric surgery led to an improvement
in steatosis, steatohepatitis, and fibrosis in almost 90, 60, and 30%
patients, respectively.68 However, in the absence of a randomized
controlled trial, bariatric surgery is still not recommended as the
primary treatment for patients with NAFLD/NASH.
Endoscopy for metabolic diseases is a rapidly evolving field.
Various endoscopic methods for weight loss have been described
among which intragastric bariatric balloons have received the
most attention. One of the problems with these balloons is that
they can be left in situ for only a limited amount of time (6–24
months depending upon manufacturer) and there is a possibility
of weight regain after removal of the balloon. This mandate
repeated procedures with additional costs. Furthermore, none of
the endoscopic techniques for weight loss have been evaluated in
NAFLD. Endoscopic duodenal mucosal resurfacing (DMR) has been
reported to improve the metabolic profile and hepatic indices in
patients with T2DM.69 Pending further data, these techniques
cannot be recommended for the treatment of NAFLD per se but
may indeed be beneficial by promoting weight loss.

Pharmacotherapy for Nonalcoholic Steatohepatitis
Therapeutic options for the treatment of NASH are limited. In
the landmark PIVENS trial, vitamin E decreased hepatic steatosis,
inflammation, and ballooning with an improvement in NAS
and NASH resolution in the PIVENS trial.70 Various other studies
including meta-analyzes have shown that vitamin E improves liver
biochemistry and histology including steatosis, inflammation,
and ballooning but not fibrosis in patients with NASH. Current
guidelines recommend vitamin E (800 IU/day) in non-diabetic
patients with biopsy-proven NASH.2 Concerns regarding increased
all-cause mortality have been disproved in a large meta-analysis
incorporating 57 studies.2
Pioglitazone, a peroxisome proliferator-activated receptorgamma (PPAR-γ) agonist, is the other drug that is recommended
by International guidelines in biopsy-proven patients with NASH
with or without diabetes. Although the primary endpoint of
“improvement in NAS by 2 points with at least 1-point improvement
in hepatocellular ballooning and 1-point improvement in either
the lobular inflammation or steatosis score, and no increase in
the fibrosis score” was not attained in the pioglitazone arm in the
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PIVENS trial, significantly more patients on pioglitazone achieved
resolution of NASH when compared with placebo.70 However,
pioglitazone may lead to weight gain which may be particularly
problematic in obese patients. An increased risk of osteoporosis
and prostate cancer has also been suggested.2
Saroglitazar is a dual PPAR-α/γ agonist with 1,000 times
higher affinity for PPAR-α when compared with PPAR-γ. In phase
II randomized controlled trial (EVIDENCES IV), saroglitazar (4
mg/day) significantly improved serum transaminases, hepatic
steatosis, insulin resistance, and dyslipidemia in NAFLD patients.71
In the multicentric, phase III, EVIDENCES II study, 102 patients with
biopsy-proven non-cirrhotic NASH were randomized in a 2:1 ratio
to receive either saroglitazar or placebo. Significantly more patients
on saroglitazar (52.3%) attained a decrease in NAS by more than two
points without worsening of fibrosis when compared with those
on placebo (23.5%; p = 0.04).72 Based on these data, saroglitazar
has recently been approved by the Drug Controller General of India
(DGCI) for use in patients with NASH and F1–3 fibrosis.

M a n ag e m e n t o f O b e s e P at i e n t w i t h
N o n a lco h o l i c S t e ato h e pat i t i s - r e l at e d
C i r r h o s i s o r h e pato c e l lu l a r c a r c i n o ma
Despite being obese, patients with NASH cirrhosis often have
sarcopenia.73 Calorie restriction of 500–1,000 kcal/day should
be accompanied by adequate protein intake (1.5 g/kg of body
weight) to achieve weight loss without compromising protein
stores.74 Earlier studies had suggested that exercise may lead
to worsening of portal pressures in cirrhotics. However, this has
been contradicted by more recent findings. In the SportDiet study,
which evaluated dietary interventions and exercises in patients
with compensated cirrhosis and obesity, a reduction in body
weight >5% was seen in 52% of patients. A reduction in hepatic
venous pressure gradient (HVPG) >10% was also observed in 42%
of patients without worsening of CTP or model for end-stage liver
disease (MELD) scores.75 Overall, lifestyle interventions should be
individualized to target a weight loss of 5–10% in obese cirrhotics.74
There is little experience with anti-obesity drugs in cirrhosis and as
such, they should be avoided. Extreme vigilance is warranted with
bariatric surgery in patients with cirrhosis as the mortality ranges
from 1–2.5% in compensated cirrhosis to 16.3% in decompensated
cirrhosis.68 If deemed necessary laparoscopic sleeve gastrectomy
may be a safer option but should be attempted only in CTP A
compensated cirrhotics.76 Endoscopic placement of intragastric
balloons may be a reasonable option in these patients as was
demonstrated in a small Indian study.77
Non-alcoholic steatohepatitis-specif ic therapies like
pioglitazone, vitamin E, or saroglitazar are not recommended
in those with underlying cirrhosis. Recent retrospective data
suggest that vitamin E and metformin may reduce the risk of
decompensation with increased transplant-free survival, and
metformin may also decrease the risk of HCC risk.78,79 However, in
the absence of prospective trials, this cannot be recommended in
routine clinical practice.
Management of complications of portal hypertension and
HCC should be along the same lines as followed in other cirrhotics.
Patients with decompensated cirrhosis and MELD score >15 should
be considered for a liver transplant. Overall, post-transplant graft
and patient survival in NASH are excellent and comparable to that in
other etiologies.80 In obese patients, particular care should be taken
to adequately evaluate cardiorespiratory fitness before proceeding
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for transplant. A meta-analysis of 13 studies suggested that BMI
does not affect survival in a patient undergoing liver transplant.81
Nonetheless, most transplant centers avoid transplants in morbidly
obese patients and advise weight loss before proceeding with the
transplant.

Future pharmacotherapies for Nonalcoholic
Steatohepatitis
Several new drugs for NASH are in the pipeline. We have already
alluded to the GLP-1 receptor agonists, liraglutide, and semaglutide,
which may have added beneficial effects with respect to weight loss.
The biggest interest currently is with obeticholic acid, a farnesoid X
receptor agonist. An interim analysis of phase III REGENERATE study
in NASH patients with stage 2 or 3 fibrosis 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) and 10 mg (17.6%, p = 0.045) of obeticholic
acid compared with placebo (11.9%). However, pruritus was seen
in nearly half of the patients on 25 mg of obeticholic acid with
treatment discontinuation in 13%.82 Obeticholic acid is also being
evaluated in compensated cirrhosis (REVERSE trial). Phase III trials
are currently underway in fibrotic NASH with cenicriviroc (AURORA
trial) and resmetirom (MAESTRO-NASH trial). Selonsertib did not
show any benefit in improving fibrosis in patients with NASH and
bridging fibrosis or compensated cirrhosis in phase III STELLAR
trials. 83 The results of the phase III RESOLVE-IT trial evaluating
elafibranor in NASH with F2 or F3 fibrosis were recently presented
at The Liver Meeting, AASLD 2020. Elafibranor did not attain the
primary endpoint of NASH resolution without worsening of fibrosis.
Several other drugs are being evaluated in phase I and phase II trials
including apical sodium-dependent bile acid transporter inhibitor
(volixibat), pan-caspase inhibitor (emricasan), selective PPAR-α
modulators (pemafibrate), non-bile acid FXR agonist (tropifexor),
FGF-21, and FGF-19 analogs.

C o n c lu s i o n
There is an intrinsic link between the two lifestyle diseases,
obesity, and NAFLD. Obese individuals not only have a higher risk
of NAFLD but are also at a higher risk of developing more severe
liver disease (NASH, NASH-related cirrhosis, and HCC). Control of
associated other metabolic risk factors and weight loss primarily
with lifestyle interventions continues to remain the cornerstone in
the management of both obesity and NASH. Anti-obesity drugs and
bariatric procedures are not recommended per se for the treatment
of NAFLD/NASH. Of the various drugs, vitamin E, pioglitazone, and
saroglitazar are well studied and are indicated in select patients with
NASH. Managing obese patients with NASH cirrhosis is a challenge
and requires individualized care.
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