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Obesity is defined as the excessive accumulation of fat in the
adipose tissue throughout the body. It represents a complex
and multifactorial disease with multiple adverse effects on
human health.1 Obesity is ranked as the second most com-
monpreventable risk factor for overall death, after smoking.2

When comparing the all-cause mortality between patients
with normal body weight and those with obesity, the hazard
ratio for severe obesity was 1.29.3 Due to the significant rise
in its incidence and prevalence, obesity is now regarded as
“the single greatest threat to public health for the United
States of America (USA).”1 Themost recent statistics from the
Center for Disease Control and Prevention (CDC) reveal an
increase in obesity prevalencewithin the past 18 years, from
30.5% in 1999 to 2000 to 42.4% in 2017 to 2018,4,5 and
according to the direst projections, 50% of the United States
population will have obesity by 2030.6 This, by no doubt,
would translate into a remarkable rise in obesity-related
comorbidities which include diabetes mellitus (DM),

hypertension, cardiovascular diseases, and nonalcoholic fat-
ty liver disease (NAFLD), among others.7 Consequently, evi-
dencehas shown that obesity increases the riskof developing
liver diseases, particularly NAFLD (relative risk [RR] 4.6 [95%
confidence interval or CI 2.5–11.0]), cirrhosis (RR 4.1 [95% CI
1.4–11.4]) and hepatocellular carcinoma (RR 1.89 [95% CI
1.5–2.4]).7 It also plays a significant role in determining the
prognosis of other liver diseases, like viral hepatitis, as it
diminishes the response to treatment by hindering the
fibrosis improvement.8

Nonalcoholic Liver Disease

The hepatic manifestation of metabolic syndrome presents
in the form of NAFLD, which is the leading cause of chronic
liver disease in the United States.9 Based on multiple epide-
miological studies, the prevalence rate of NAFLD in United
States and North America is 21 to 24.7%,10 while the annual
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Abstract With the recent urbanization and globalization, the adult obesity rate has been increasing,
whichwas paralleledwith a dramatic surge in the incidence and prevalence of nonalcoholic
fatty liver disease (NAFLD). NAFLD poses a growing threat to human health as it represents
the most common cause of chronic liver disease in developed countries. It encompasses a
wide spectrum of conditions starting from a build-up of fat in hepatocytes (steatosis), to
developing inflammation (steatohepatitis), and reachingup to cirrhosis. It is also associated
with higher rates of cardiovascular mortalities. Therefore, proper timely treatment is
essential and weight loss remains the cornerstone in the treatment of obesity-related liver
diseases. When diet, exercise, and lifestyle changes are not successful, the current
recommendation for weight loss includes antiobesitymedications andbariatric endoscopic
and surgical interventions. These interventions have shown to result in significant weight
loss and improve liver steatosis andfibrosis. In the current literature review,wehighlight the
expected outcomes and side effects of the currently existing options to have a weight-
centric NAFLD approach.
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incidence is 2.2 to 3.2%.11 This prevalence is even higher
among people with obesity (up to 90%)12 and type 2 DM
(T2DM) (59.67%).13 It encompasses a wide clinical and
histological spectrum ranging from mild hepatic steatosis
to the more severe forms of nonalcoholic steatohepatitis
(NASH), leading to hepatic fibrosis, cirrhosis, and hepatocel-
lular carcinoma. The exclusion of other liver disease causes,
such as excessive alcohol intake, is essential for diagnosis.14

NAFLD pathogenesis follows a series of liver insults, known
as the “multi-hit hypothesis.”14 In genetically predisposed
subjects, insulin resistancemarks the beginning of the chain,
activating B-oxidation and adipose tissue lipolysis, which
results in free radical injury to the hepatic cells. It promotes
the production of proinflammatory cytokines with a wors-
ening cycle of inflammation, necrosis, and fibrosis.14

The diagnosis of NAFLD necessitates the presence of proof
for the excessive accumulation of fatty acids in the hepato-
cytes, by either imaging or direct visualization under mi-
croscopy.15 However, some “noninvasive” scoring systems
have been developed.15 The National Institutes of Health’s
NASH Committee16 formulated aNAFLD severity score called
NAFLD Activity Score (NAS). The NAS is a numerical grading
system, calculated according to the severity level of each of
three defining histological features. These include: (1) sever-
ity of steatosis (0–3), (2) hepatocellular ballooning (0–2), and
(3) lobular inflammation (0–3).16 The final score represents
the sum of each element, ranging from 0 to 8. A reduction in
the NAS marks a refinement in the histological features
toward the resolution.16Another noninvasive scoring system
for liver fibrosis is the nonalcoholic fatty liver diseasefibrosis
score (NFS), which utilizes routinely measured clinical and
biochemical laboratory findings.17 However, the low sensi-
tivity and specificity of NFS in diagnosing NAFLD fibrosis
necessitates further diagnostic modalities. Imaging tests are
considered acceptable forms of noninvasive testing with
relatively higher detection accuracy. Imaging modalities,
such as ultrasound-based transient elastography (USTE)
and magnetic resonance (MR) elastography, can detect the
level of liver stiffness.18,19 A meta-analysis of seven studies
conducted to measure USTE accuracy revealed the presence
of a direct relationship between the NAFLD stage on biopsy
and the USTE sensitivity and specificity levels.18On the other
hand, MR elastography can be used to both diagnose and
grade NAFLD.19 According to another meta-analysis, the
sensitivity and specificity of MRE reach up to 82.3 and
86.9%, respectively.20 Despite the impracticality and inva-
siveness, puncture liver biopsy remains the gold standard
diagnostic test for NAFLD, with the highest sensitivity and
specificity amongst all.21

With the increased detection rate of NAFLD, manage-
ment practices are focused on preventing the development
of steatohepatitis (NASH) and hepatic fibrosis and reducing
the risk of any NAFLD-associated cardiovascular comorbid-
ities. According to a population-based cohort study,22

NAFLD acts as an independent risk factor for cardiovascular
mortality, mandating further cardiovascular risk control in
these patients.22 Interestingly, Ampuero et al23 also fol-
lowed metabolically healthy patients with NAFLD for

15 years and observed that those with a significant level
of hepatic fibrosis were at a higher risk of developing
metabolic conditions such as T2DM (HR¼2.95, p¼0.019)
and hypertension (HR¼2.39, p¼0.028). They had four-
times higher incidence rate than those with mild fibrosis.23

Therefore, early initiation of NAFLD treatment reduces the
risk of worsening hepatic inflammation with better overall
health outcomes. Given the fact that obesity and metabolic
syndrome are regarded as the main key players in the
development of NAFLD, efforts toward weight reduction
and improving the metabolic profile highlight the most
beneficial interventions and remain the cornerstone of
NAFLD treatment.24 The suggested therapeutic approach
begins with lifestyle modification (diet and exercise), and if
sufficient and sustained weight loss is not achieved, second-
level therapies (e.g., antiobesity medications, bariatric en-
doscopic and surgical procedures) may be used to enhance
the overall effect.25 Strong evidence suggested that a 5 to
10% loss of the initial body weight led to a recovery in the
histological findings of NAFLD.26 In this review study, we
aim to shed light on the feasibility and sustainability of
various obesity management approaches and their conse-
quence on related liver diseases.

Management of Obesity in Patients with
NAFLD

Lifestyle Modifications (Cornerstone of Treatment)
The cornerstone of NAFLDmanagement is weight loss.27 This
requires adopting an energy restrictive lifestyle that includes
a decrease in oral caloric intake and an increase in the body’s
energy expenditure. According tomultiple randomized-con-
trolled trials (RCTs),27–34weight loss in NAFLD patients led to
an improvement in hepatic triglyceride contents (deter-
mined using anMR) and in NAS (determined by liver biopsy)
with an accompanied reduction in cardiovascular risk factors
such as insulin resistance and the level of serum lipid.27–34

According to Musso et al,35 a weight loss of � 7% led to
significant positive outcomes in histological findings and
cardiometabolic profile.35 Patients with biopsy-proven stea-
tohepatitis (NASH) should aim for a higher percentage of
weight loss than patients with steatosis (NAFLD); it is
recommended that in NASH the weight loss goal should be
close to 10%.35

Current guidelines endorse that to achieve weight loss,
an energy deficit is essential. Limiting dietary energy
intake below that required for energy balance can be
achieved through a reduction of daily calories to 1,200 to
1,500 for women, and 1,500 to 1,800 for men (kilocalorie
levels are usually adjusted for the individual’s body weight
and physical activity levels); or estimation of individual
daily energy requirements and prescription of an energy
deficit of 500 or 750 kcal/d.25 As a proof, Vilar-Gomez et al
conducted a prospective study over 52 weeks on 293
subjects. These subjects were encouraged to adopt a healthy
lifestyle to reduce their body weight.36 By the end of the
study, 30% had lost � 5% of their weight. While comparing
body weight loss with improvement in NASH-related
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histological parameters, weight loss was found to be an
independent factor (Odds ratio¼1.1–2.0; p<0.01). Twenty-
five per cent of these subjects achieved NASH resolution,
47% had a reduction in NAS score, and 19% had complete
fibrosis regression.36 Despite the ongoing controversies, the
macronutrient composition of the diet does not influence
the total body weight loss (TBWL) in large population
studies, signifying the low-calorie and diet-adherence re-
main the key factors for successful weight loss.37 Mean-
while, the main obstacle in lifestyle modifications is
putting the patient in a negative energy balance to achieve
an ideal weight and sustain it. Thus, finding an alternative
therapeutic approach independent of weight loss will be
favored.

Some of the recently published studies have highlighted
the potential plausible effect of the macronutrient composi-
tion of the Mediterranean Diet (MedDiet) in resolving
NAFLD, independent of accompanying weight loss.38 The
MedDiet is a well-known dietary pattern in the Mediterra-
nean countries and is mainly characterized by a high intake
of plant-based and fiber-rich foods, like vegetables, fruits,
whole grains and nuts, along with a moderate intake of
protein-rich leanmeats like poultry and fish.39 Also, it is rich
in monounsaturated fatty acids mainly from olive and olive
oil and low in red meat consumption.39 A promising cross-
over study was conducted by Ryan et al40 to examine the
effect of MedDiet, when compared with low fat-high carbo-
hydrate diet (LF-HCD), on NAFLD regression. After random-
izing and matching both groups, all potential confounders
such as physical activity, abdominal obesity, mean serum
glucose, and insulin sensitivity were excluded. Despite the
lack of significant difference in weight loss between the two
dietary groups (p¼0.1), the changes in NAFLD and insulin
sensitivity were significant. The mean reduction of liver fat
was 39�4% in theMedDiet groupwhen comparedwith only
7�2% in the LF-HCD (p¼0.03). Moreover, circulating insulin
concentration declined significantly in MedDiet (p¼0.003),
suggesting an enhancement in insulin sensitivity.40 Further,
an interesting study with a larger cohort of participants
(n¼94) is currently being conducted aiming to examine
the sustainability of thesemetabolic changes after 12months
follow-up.38

Along with the prescription for a reduced-calorie diet, a
comprehensive lifestyle intervention program should advo-
cate of increasing aerobic physical activity for� 150min per
week (such as brisk walking for � 30min/d most days of the
week), and a goal of>10,000 steps per day. Higher levels of
physical activity, approximately 200 to 300minutes per
week, are recommended tomaintainweight loss orminimize
weight regain for long term (> 1 year).41 Diet and physical
activity recommendations can be in combination with a
hospital/university or commercial behavioral programs;
these are usually comprehensive lifestyle interventions
that provide structured behavior strategies to facilitate ad-
herence to diet and activity recommendations. These strate-
gies include regular self-monitoring of food intake, body
weight, physical activity, and food cravings. These same
behaviors are recommended to maintain lost weight, with

the addition of frequent (i.e., weekly or more frequent)
monitoring of body weight.42

Intense lifestyle interventions vary in outcomes and on
average, most weight loss attempts with diet and exercise
result in 30% of the patients losingmore than 5% TBWL in 6 to
12 months.43 The reasons for the variability of response are
attributed to many causes from diet adherence to metabolic
adaptations that thwart weight loss attempts.44–46 Thus, it is
essential to escalate obesity care via utilizing second-level
therapies to achieve significant weight loss and to prevent
weight regain (►Fig. 1).25 In this white paper endorsed by
nine academic societies,25 the recommendation is to com-
plement the cornerstone therapy of diet and exercise with
antiobesity medications, bariatric endoscopy, and surgery to
all the patientswith obesity or obesity-related comorbidities
who do not achieve successful weight loss with lifestyle
alone.

Antiobesity Medications
Antiobesity medications (AOMs) approved by the Food and
DrugAdministration (FDA) forweight lossmightbeconsidered
as thenext line of treatment for obesityor obesity-related liver
diseases. The FDA adopts a figure of at least 5% difference in
meanweight loss ofmedication, comparedwith placebo, to be
approved for the long-term use in patients with a body mass
index (BMI)>30kg/m2, or those with a BMI>27kg/m2 and
have one ormore obesity-related comorbidities such as T2DM,
hypertension, and dyslipidemia.47 The current AOMs ap-
proved for long-term use include phentermine/topiramate,
orlistat, liraglutide, and bupropion/naltrexone reviewed in
detail elsewhere.25 These medications achieved 6 to 11%
TBWL over 12 months in conjunction with lifestyle modifica-
tions.47 In theory, all the AOMs should result in NAFLD
improvement based purely on their weight loss effect, howev-
er, only liraglutide and orlistat have been formally studied in
liver disease (►Table 1).

Fig. 1 Practice Guide on Obesity and Weight Management, Educa-
tion, and Resources (POWER) for representing the continuous man-
agement of obesity. Introducing four main stages of obesity care and
the need to introduce second-level therapies.25
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GLP-1 Analogs
GLP-1 is an endogenously produced, gut-derived incretin
hormone. It augments insulin secretion by β-cells and
reduces glucagon release. It also reduces gastric emptying
and food intake. GLP-1 analogs, e.g., Liraglutide, have been
initially FDA-approved in 2005 for the treatment of T2DM.48

In 2015, a large double-blinded RCT (n¼3731) was con-
ducted to study the efficacy of 3.0mg liraglutide on weight
loss, compared with placebo. The liraglutide group achieved
ameanweight loss of 8.4�7.3 kg comparedwith 2.8�6.5 kg
only (p<0.001) in the placebo group. 63.2% of the candidates
in the liraglutide group lost more than 5% of their body
weight as compared with 27.1% in the placebo group
(p<0.001).49 Following multiple similar RCTs, liraglutide
was approved by the FDA in December 2014 for weight
loss.50 In addition, another 48-week double-blinded RCT
called “LEAN” trial51 was conducted to objectively measure
the effect of 3.0mg liraglutide on NASH. The study showed
that 39% (nine out of 23) patients on liraglutide versus 9%
(two out of 22) patients on placebo had complete resolution
of NASH without worsening of fibrosis based on the end-of-
treatment liver biopsy and histological findings.51 Addition-
ally, 19 (83%) of liraglutide group versus 10 (45%) had
improvement in steatosis with a significant difference be-
tween the groups (p¼0.009). The level of improvement in
fibrosis was not significant (p¼0.46); however, the worsen-
ing in fibrosis was more prominent (p¼0.04) in the placebo
group (36%) compared with the liraglutide (9%).51 GLP-1
analogs demonstrated potency in enhancing insulin sensi-
tivity and reducing body weight; thus, improving the overall
outcome in patients with NAFLD and NASH.

Recently, in a double-blinded RCT conducted over
72 weeks, a similar long-acting GLP-1 receptor agonist,
0.4mg of semaglutide, showed a significant reduction in
mean body weight of 13% in the treatment groups versus 1%
in placebo. The improvement of NASHwas 59% of patients in
the treatment group versus 17% in the placebo group
(p<0.001).52However, the amelioration in the fibrosis stage
was not significant between both groups as it was 43% in the
treatment group and 33% in the placebo group (p¼0.48).52

Thesefindings promote liraglutide—or other GLP-1 analogs—
as an attractive medication(s) to consider in patients with
NASH.

Orlistat (Xenical)
Gastric and pancreatic lipases are secreted into the alimen-
tary tracts and play important roles in the digestion of
dietary fat. These enzymes hydrolyze triglycerides into
absorbable free fatty acid chains and a monoglyceride. Orli-
stat acts locally by reversibly inhibiting gastric and pancre-
atic lipases through forming covalent bonds with the serine
residues of the lipase active sites rendering them inactive.
The recommended dosage of orlistat (120mg capsule TID)
reduces dietary fat absorption by around 30% and improves
insulin resistance.53 According to a systematic review,54

orlistat is effective for improving serum lipid profiles, in-
cluding total cholesterol, LDL, and HDL cholesterols, in
patients with obesity and with/without diabetes.54 Multiple

studies55–58 have investigated the effect of orlistat use and
dietary modifications on NAFLD, and all of them reported
improvement in the liver enzymes (aspartate aminotrans-
ferase [ALT] and alanine aminotransferase [AST]) and liver fat
content based on liver histopathology.55–58 Patients who
used orlistat for at least 24 weeks had improvement of their
hepatic profile (biopsy and enzymes) with 5 to 10% weight
loss, in all five studies. Interestingly, an RCT conducted over
24 weeks, assessed the efficacy of orlistat in the treatment of
NAFLD on 52 subjects. Both groups had a similar amount of
significant weight loss with no differences between groups
(p¼0.5). However, an almost twofold reduction in the serum
levels of ALT and AST occurred in the orlistat group. In
addition, reversal of fatty liver by ultrasound was observed
in the orlistat group with no significant difference in
the degree of steatosis and fibrosis between both groups.59

On the contrary, Harrison et al,56 conducted a 36-week
double-blinded RCT to assess the efficacy 120mg TID orlistat
to treatNASHon 41patients. All participantswere instructed
to have their level of physical activities without recommend-
ing a specific type of exercise. The outcomes of this study
were: (1) an overall mean weight loss of 8.3% (p<0.001) and
(2) reduction in serum ALT from a mean of 108�95 IU/L to
53�41 IU/L (p<0.001) and AST from 64�39 IU/L to 36�17
IU/L (p<0.001) when compared with baseline. However, no
statistically significant difference inweight losswas detected
between both groups (p¼0.85). Harrison et al concluded that
orlistat improvement in NAFLD is weight loss dependent.56

Phentermine/Topiramate Extended Release (Qsymia)
Phentermine is a noradrenergic drug that was speculated to
suppress appetite by acting centrally in the nervous system
to enhance norepinephrine (NE) release and reuptake. It has
been approved in the United States to treat obesity since
1959with the therapeutic dosage ranging from15 to 37.5mg
per day.60 It does not have any serotonergic or dopaminergic
activities, therefore, it possesses a lesser risk for addiction as
compared with amphetamines.61 On the other hand, Top-
iramate is a fructose derivative which acts as a neurostabil-
izer by modifying the sodium and calcium voltage-gated
channels. It has been used as an antiepileptic in 1996 and for
migraine prophylaxis in 2004.62 Topiramate was found to
induce weight loss as a side effect. Further studies were
performed to evaluate the efficacy of these medications in
reducing body weight.63 The proposed theory behind this
effect was the increase in energy expenditure, promoting
satiation, and suppressing appetite.64

Phentermine/topiramate extended release is a combina-
tion that has been approved by the FDA in 2012 for weight
loss.65 These twomedications combined reduce appetite and
enhance satiation.66 Two large RCTs, the EQUIP and the
CONQUER trials were conducted to study the efficacy of
phentermine/topiramate extended release on weight loss
with large sample sizes of 1,267 and 2,487, respectively.65

According to the EQUIP study, 25.5, 13.0, and 5.9% for the
placebo group participants were able to achieve a weight
reduction of 5, 10, and 15%, respectively. However, 59.1, 27.7,
and 12.4% of the candidates who received 3.75/23mg of
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phentermine/topiramate extended release attain these tar-
gets. A higher dosage of 15/92mg was associated with larger
figures up to 83.5, 67.7, and 48.1%, respectively (between
groups, p<0.001).67 Currently, there are no available studies
in PUBMED that investigate the direct efficacy of
phentermine/topiramate extended release on NAFLD or
NASH. However, indirect effects on the course of NAFLD
are rather speculated, given their efficacy in weight loss.
Further RCT studies are required to objectively establish the
relationship between phentermine/topiramate extended re-
lease and NAFLD.

Bupropion/Naltrexone Sustained Release (Contrave)
Bupropion/Naltrexone sustained release is a combination of
two drugs, Bupropion and Naltrexone. Bupropion is a cen-
trally acting drug that inhibits the reuptake of dopamine and
NE, which will stimulate the proopiomelanocortin (POMC)
release in the arcuate nucleus of the hypothalamus; it acts as
a precursor of the two subunits, α-melanocyte-stimulating
hormone (α-MSH) and β-endorphin (opioid).68 The α-MSH
subunit has an appetite suppressing effect when activating
melanocortin-4 receptors (MC4R) leading to reduced food
intake and therefore weight loss. However, this weight loss
does not exceed 5% of the total body weight even on long-
term use.69 The suggested limitation in the efficacy of weight
loss is due to the autoinhibitory feedback on μ-opioid
receptors of the POMC neurons by the action of the β-
endorphins subunit. Primarily, bupropion has been used to
treat patients with depression or for smoking cessation with
a daily dosage of 300mg.69,70 In contrast, naltrexone is an
opioid receptor antagonist acting mainly on μ-type opioid
receptors. It is primarily used to treat the dependence on
alcohol and opioids. As a side effect, it diminishes the
appetite by blocking the autoinhibitory effect of β-endor-
phins on the POMC neurons. Thus, the unsuppressed action
of α-MSH on the MC4R results in weight loss.69

In September 2014, bupropion/naltrexone sustained re-
lease was approved by the FDA for weight loss in adult
patients with obesity (BMI � 30 kg/m2) with/without
comorbidities or in overweight patients (BMI � 27 kg/m2)
with weight-related comorbidities.71,72 Contrave Obesity
Research I (COR-I) multicentric randomized trial was per-
formed on 1,682 participants to study the efficacy of
bupropion/naltrexone sustained release on weight loss
over a period of 56 weeks. In patients taking bupropion
(360mg) naltrexone (32mg) sustained release daily had an
overall �8.1% change in their body weight upon the com-
pletion of the study when compared with the placebo group
(p<0.0001).73 A study74 of 781 subjects to measure the
effect of the medication on liver enzymes revealed the pres-
enceofapositive linear correlationbetween the level ofweight
loss and reduction inALT (r¼0.396, p<0.001).74 These results
suggest the presence of positive outcomes when using
bupropion/naltrexone sustained release to treat obesity and
obesity-related liver diseases (NAFLD). Bajaj et al75 confirmed
these findings in a post-hoc analysis of four RCTs, demonstrat-
ing a significant improvement in the ALT and fibrosis index
(p<0.0001).75 However, bupropion/naltrexone sustained

release has not been studied prospectively in biopsy-proven
NAFLD or NASH and such studies are needed.

Procedural Interventions
As previously stated, lifestyle changes still mark the back-
bone of nonalcoholic steatosis and hepatitis management,
mainly targeting a sustained long-term weight loss. The
threshold for obtaining a meaningful improvement in the
liver profile is set as 7 to 10% TBWL. However, only 30% of
patients on lifestyle changes accomplish this goal,43 which
they rarely maintain for an adequate duration to allow full
recovery of the liver.76 Consequently, more advanced inva-
sive approaches are needed, especially in those with initial
failure of NAFLD amelioration. Bariatric endoscopic and
surgical procedures have significantly higher levels of sus-
tainable weight loss when compared with lifestyle modifi-
cations only.77 Preliminary data shows promising results in
reversing hepatic steatosis, steatohepatitis, and regression of
fibrosis in 30% of patients.78

Bariatric Endoscopic Interventions
Recently, endoscopic bariatric therapy (EBT) has emerged as
an alternative to the more invasive and traditional bariatric
surgeries. It is performed using a flexible gastrointestinal
endoscopic tube inserted into the oral opening reaching the
upper gastrointestinal tract.79 EBT proves to be efficient in
reducing body weight and serves as a safe alternative for
those failing lifestyle and pharmacological measures espe-
cially with mild-to-moderate obesity (BMI range 30–40
kg/m2) without comorbidities.80 EBTs are reviewed in detail
elsewhere.79 Theoretically, EBTs might be one of the safest,
least invasive, andmost efficient procedures to treat patients
with NAFLD (►Table 2). In this section, we will briefly cover
the most useful and validated studies available in the litera-
ture on the effect of these procedures on NAFLD.

Endoscopic Intragastric Balloon
Intragastric balloon (IGB) is a space-occupying endoscopic
procedure that results in weight loss through reducing the
preprandial sense of hunger, increasing the intrameal satia-
tion, and delaying gastric emptying to enhance postprandial
satiety, thus, endorsing weight loss.81 The balloons are
inserted in the stomach, and then filled with either air or a
normal saline solution. Usually, normal saline-containing
balloons provide better outcomes as they produce both,
volume and weight effects inside the stomach, which will
further affect the satiety and satiation in those patients.82On
August 5, 2015, FDA approved the use of BioEnterics Intra-
gastric Balloon (Orbera) for weight loss.83,84 Recently, in
March 2021, Apollo Endosurgery received a Breakthrough
Device Designation from the U.S. FDA for the use of Orbera in
treating patients with BMI between 30 and 40kg/m2 and
noncirrhotic NASH with liver fibrosis.85

Bazerbachi et al86 evaluated the effect of the single fluid-
filled IGB on themetabolic and histologic features of NASH in
21 NAFLD patients. Following 6 months of IGB, the mean
initial TBWL was 11.7%.86 Eighteen of 20 patients (90%) had
significant improvement in their NAS with a median of 3
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points reduction. Interestingly, liver fibrosis was improved
by 1.17 stages in 15% of participants, while MR elastography
revealed an improvement of 1.5 stages in 50% of patients.
Their overall conclusion is that 50% of NAFLD patients
achieved the FDA-approved level of impactful amelioration
of NASH and regression in liver fibrosis.86 These positive
outcomes reveal a promising long-standing intervention for
patients with mild-to-moderate obesity. A thorough meta-
analysis87 included 10 published studies on the impact of
Orbera IGBs on NAFLD resolution, revealed a mean reduc-
tion in the participants’ body weight of 11.9 kg, with a
significant (p¼0.03) histological improvement in NAS with
a mean score of 2�0.75 versus 4�2.25 in the control sham
group, after 6 months of follow-up.87 Also, Chandan et al88

conducted a systematic review to evaluate the efficacy of
Orbera IGB on NAFLD. The review included nine studies and
shows that 79.2% of patients had improvement in steatosis
while 83.5% improved in NAS score. All these promising
data suggest a great future for the use of IGB in treating
patients with NASH and NAFLD. While other IGBs may be
beneficial for these conditions, further studies are needed.
The effect of the other IGBs in weight loss is reviewed
elsewhere.79

IGBs are like any other procedural interventions, carry
their own risks of complications and adverse events. Accord-
ing to a pooled study conducted by Abu Dayyeh et al89 of a
manual review for 67 studies with 8,500 implantations, the
most common adverse events of IGBs were abdominal pain
(33.7%), nausea (29%), GERD (18.3%), erosion (12%), early

removal (7.5%), and others (ulceration, migration, and small
bowel obstruction) (3.7%).89

Endoscopic Sleeve Gastroplasty
Endoscopic sleeve gastroplasty (ESG) is an incisionless,
minimally invasive bariatric endoscopy procedure that is
done through inserting a suturing device attached to the
endoscope to remodel the greater curvature.90 This reduces
the gastric capacity and alters digestive physiology by induc-
ing satiation.91 The efficacy of this procedure in achieving
substantialweight loss has beenwell-studied.92A systematic
review and a meta-analysis of eight observational studies
with 1,859 participants revealed a pooled %TBWL of 14.9,
16.4, 16.8, and 20%, after 6, 12, 18, and 24 months, respec-
tively.93 Therefore, ESG has a strong potential to improve
NAFLD and steatohepatitis. Hajifathalian et al94 also studied
liver steatosis on 118 patients who underwent ESG and
showed a mean weight loss of 14.6 and 15.5% in 6 months
and 2 years, respectively. Surprisingly, 83% of patients had a
TBWL of � 7% at 2 years postoperatively and found a
substantial regression in NAS scores (p¼0.034) with 20%
of patients improving the risk for liver fibrosis from F3-F4 to
F0-F2 (p¼0.02).94 Several clinical trials are on-going to study
the effect of ESG on NAFLD and NASH.

Regarding the most common adverse events following
ESG, a thorough and comprehensive meta-analysis con-
ducted by Hedjoudje et al95 showed promising findings. In
nine large sample studies, the pooled incidence of severe
post-ESG adverse event rate was 2.2%. The incidence of pain

Table 2 Comparison between different weight-reducing bariatric endoscopic interventions based on %TBWL, NAS, and NFS
improvement and the incidence rate of adverse events

Endoscopic
intervention

Procedure Mean %TBWL NAS improvement NFS improvement Adverse Event (%)

Endoscopic
intragastric
balloon

Introducing an emp-
ty balloon into the
stomach through an
upper endoscopy.
Then, the balloon is
inflated with air or
saline to reduce the
stomach volume.
This will result in
early satiety and
weight loss.85

�11.7� 7.7%
after 6 mo.66

90% had �3 points
improvement in
their NAS.66

�1.17 stages im-
provement in 15%
of participants in
NFS.66

Abdominal pain
(33.7%)
Nausea (29%)
GERD (18.3%)
Erosion (12%)
Early removal (7.5%)
Others (ulceration,
migration and small
bowel obstruction)
(3.7%).89

Endoscopic
sleeve
gastroplasty

A minimally invasive
bariatric procedure
that is done through
endoscopically
inserting a suturing
device to remodel
the greater curvature
of the stomach.67

�14.9% after
6 mo.69

�4.0 points per
year using Hepatic
steatosis index
(HSI).70

20% had significant
improvement in
NFS (from F3-F4 or
indeterminate to
F0-F2).70

�0.3 points annu-
ally following the
procedure.70

Overall incidence of
adverse events is 2.2%.
Pain and nausea re-
quiring hospitalization
(1.08%).
Upper GI bleeding
(0.56%).
Perigastric leak or col-
lection (0.48%).
Pulmonary embolism
(0.06%).
Pneumoperitoneum
(0.06%).

Abbreviations: NAS, nonalcoholic fatty liver disease activity score; NFS, nonalcoholic fatty liver disease fibrosis score; TBWL, total body weight loss.
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and nausea required hospitalization (1.08%), upper GI bleed-
ing (0.56%), perigastric leak or collection (0.48%), pulmonary
embolism and pneumoperitoneum (0.06%). These results
reinforce the safety of ESG in minimizing adverse events
while achieving a significant weight loss along with notice-
able improvement in obesity-related liver diseases.95

Endoscopic Duodenal Mucosal Resurfacing
Duodenum has been considered a targeted organ for weight
loss. Favorable metabolic outcomes have been noticed when
altering, excluding, or bypassing the duodenal exposure to
intraluminal nutrients.96 Some human and animal studies
have suggested that the duodenal surface plays a pivotal role
in glucose hemostasis.97,98 Endoscopic duodenal mucosal
resurfacing (DMR) is considered a minimally invasive proce-
dure. The duodenal mucosa is separated from the submucosal
layers by injecting normal saline, followed by circumferential
hypothermal ablationof themucosal layer.99Adirect relation-
shipwas observedbetween the length of the ablatedduodenal
segment and the improvement in metabolic profile.100 To
further study the efficacy of DMR, de Oliveira et al101 con-
ducted ameta-analysis embracing variousmetabolic variables
(HbA1C, fasting plasma glucose, weight loss, liver enzymes,
and hepatic steatosis). After 3 months of DMR, HbA1C levels
have significantly dropped by 1.72% in 52 patients (p¼0.02).
Whereas for weight loss, the mean weight reduction is 3.1 kg
(p<0.001). In terms of hepatic improvement, liver enzymes
(ALT) and MRI-evident hepatic steatosis were significantly
reduced (p<0.001).101 These findings support the effective-
ness of the DMR procedure in NAFLD resolution. Despite the

lack of 5 to 7% mean of TBWL, hepatic improvement was still
evident. Thismight suggestanalternativemechanisminwhich
the duodenal mucosa and secreted incretin hormones play a
role in the development of NAFLD. A study with a longer
follow-up duration is required to evaluate the long-term
metabolic effects of DMR procedures. Besides, this procedure
should be compared with other endoscopic procedures to
further validate its efficacy and study its feasibility in treating
NAFLD. A further ongoing clinical trial is being conducted to
study the safety and effectiveness of DMR in the treatment of
T2DM.102

Bariatric Surgical Intervention
The effect of bariatric and metabolic surgeries in accomplish-
ing sustainably significant weight loss and improvement in
obesity-related comorbidities, including T2DM, HTN, and
NAFLD, among others, has been well-studied. The popularity
of these procedures has increased and reached up to 252,000
bariatricproceduresperformed in theUnitedStates in2018.103

These procedures are indicated for severe obesity, patients
with a BMI of � 40kg/m2 or a BMI of � 35kg/m2 associated
with obesity-related comorbidities.104 Bariatric procedures
have proven to enhance body metabolism independent of
weight loss, therefore, leading to an improvement in blood
glycemic and pressure control.105 As NAFLD has been closely
related to obesity and insulin resistance, further studies in-
cluding the direct influence of these procedures on NAFLD
patients who failed other therapeutic modalities may include
satisfactory results (►Table 3). In 2020, a long-term prospec-
tive study published by Lassailly et al106 revealed that bariatric

Table 3 Comparison between different weight-reducing bariatric surgical interventions based on %TBWL, NAS, and NFS
improvement and the incidence rate of adverse events

Surgical
intervention

Procedure Mean %TBWL NAS improve-
ment

NFS improvement Adverse event (%)

Sleeve
gastrectomy

A restrictive bariatric
procedure that
involves resection of
two-thirds of the
stomach’s greater cur-
vature and gastric
fundus creating a long
tubular gastric conduit
running along the
lesser curvature.76

�31.7% after
6 mo.84

�2.3 NAS score
improvement.81

Significant reduc-
tion in NFS of
�0.7.81

Nutritional deficien-
cies (7.4–30.5%).
Nondysplastic Bar-
rett’s esophagus
(15.16%)
Choledocholithiasis
(5.15%)
Cholecystectomy
(3%).87

Roux-en-Y
gastric
bypass

A reconstructive pro-
cedure performed by
connecting a limb of
the small intestine to a
small gastric pouch
forming a shape of “Y.”
Bypassing a portion of
the large stomach
pouch and proximal
small intestine reduces
the amount of
nutrients and calories
being absorbed.77

�34.6% after
6 mo.84

Improvement or
complete reso-
lution of steato-
sis, steatohepa-
titis by 91 and
60%, respective-
ly.78

�2.8 NAS score
improvement.79

31% improvement
in NFS78

�1.0 reduction in
NFS score.79

Cholelithiasis
(32–42%)
Nutritional deficien-
cies (30–35%)
Dumping syndrome
(13%)
Gastro-gastric fistula
(1–2%)
Small bowel obstruc-
tion (1.5–5%).88

Abbreviations: NAS, nonalcoholic fatty liver disease activity score; NFS, nonalcoholic fatty liver disease fibrosis score; TBWL, total body weight loss.
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surgery-induced resolution in 84% of patients with NASH
without worsening of fibrosis (p<0.001) and the regression
of fibrosis occurred in 70% of patients (p<0.001) at 5-years
follow-up.106 This novel study uncovers some hidden benefits
of bariatric procedures in reducing liver-relatedmortalities.106

However, the safety and risks of these procedures should be
weighed against the benefits in improving NASH levels before
considering them as first-line therapy. Additionally, further
broad cohort studies to evaluate survival rates following
bariatric procedure should be considered.106

Sleeve Gastrectomy
Sleeve gastrectomy (SG) is a restrictive bariatric procedure
that involves a resection of two-thirds of the stomach’s greater
curvature and gastric fundus creating a long tubular gastric
conduit running along the lesser curvature.107 This results in
increased satiation and a reduction in appetite by diminishing
the gastric capacity, therefore, facilitating body weight loss. In
2018, SG continued to be the most common bariatric proce-
dure performed in the United States, almost encompassing
61%.103 Its significant effect onweight loss has been extensive-
ly studied in multiple meta-analyses,78,108,109 and the
expected %TWL is 23.4% over a year.110Moreover, the amelio-
rating effect on NAFLD and liver profile overall has been
studied. A systematic review and a meta-analysis conducted
byBaldwinet al108comparedRoux-en-YGastricBypass (RYGB)
and SG, with their impacts on liver histology, NAS, and NFS.
The patients who underwent SG experienced a significant
reduction inNASof�2.3 (p<0.00001)withoutanydifferences
when compared with RYGB. Regarding NFS reduction, both
procedures resulted in statistically significant difference
(p<0.00001) with a mean postoperative NFS reduction of
�0.9, when comparing each type of procedure individually,
LSGresulted inamean reductionof�0.7 (p¼0.07)whileRYGB
had �1.0 reduction.108 According to a prospective study
conducted on 94 patients with obesity by Salman et al,111

SG resulted in a statistically significant weight loss with a
marked reduction of BMI from 44.54�5.45kg/m2 to
34.23�2.66kg/m2 (p<0.001) in 12months after the surgery.
Additionally, the NAS score significantly decreased from
5.2�1.96 to2.63�1.55 in1year (p<0.001).111Thesefindings
support the utility of SG as part of a treatment regimen for
obesity complicated with NAFLD.

Roux-en-Y Gastric Bypass
RYGB is a surgical intervention with a combined restrictive
and malabsorptive effects. It is considered to be a gastroin-
testinal reconstructive procedure performed by connecting a
limb of the small intestine to a small gastric pouch forming a
shape of the letter “Y.”112 Bypassing a portion of the large
stomach pouch and proximal small intestine reduces the
amount of nutrients and calories being absorbed, therefore,
creating a caloric deficit that will lead toweight loss.112RYGB
represents the second most commonly performed bariatric
procedure in the United States for the year 2018, after SG
comprising 17% (42,945/252,000).103 The expected %TBWL is
30.9% over a year.110 Multiple meta-analyses have been per-
formed to understand its effect on NAFLD.78,108 Fakhry et al78

conducted a meta-analysis on 21 RCT studies (12/21 were for
RYGB) of 2,374 patients investigating the impact of RYGB on
NAFLD and comparing it to other types of procedures. They
noticed that ahighernumberofRYGBpatientshada regression
inNAFLD comparedwith other surgeries. Precisely, the pooled
portion of RYGB candidates who had improvement or com-
plete resolution of steatosis, steatohepatitis, and fibrosis were
91, 60, and 31%, respectively.78Another previouslymentioned
meta-analysis, Baldwinet al,108 revealed that in only sevenout
of 20 studies had reported the NAS outcome pre- and postop-
eratively. Following RYGB surgery, a significant reduction in
NAS andNFS of�2.8 (p<0.00001) and�1.0 (p<0.00001)was
accomplished, respectively. However, the head-to-head com-
parison in NAS between RYGB and SG yielded an insignificant
difference, while favoring RYGB results. Overall, their analysis
concluded that both RYGB and SG had a positive impact on the
liver profile, with failed superiority between the two types of
procedures.108

Acute Liver Decompensation following Bariatric Surgery
As the main indication of bariatric procedures is severe
obesity, with or without comorbidities, the coincidence of
NAFLD in these patients should be considered. In fact, this
indicates the presence of various degrees of liver impairment
in those undergoing surgery, warranting prompt, and cau-
tious preoperative surveillance. Surgery is contraindicated in
specific liver conditions such as acute liver failure, viral and
alcoholic hepatitis.113 Regarding the prevalence of NAFLD in
patients scheduled for bariatric surgery, a prospective cross-
sectional study114 conducted on 184 patients revealed that
84% of them had a degree of NAFLD (22% steatosis; 30.8%
mild steatohepatitis; and 32% moderate–severe steatohepa-
titis). Praveenraj et al115 demonstrated almost similar find-
ings when studying 134 patients, 65.7% had NAFLD (26.1%
steatosis; 33.6% steatohepatitis; and 31.3% hepatic fibro-
sis).115 It is noticeable that most patients in both studies
have an advanced level of the disease, possessing a higher
risk for liver-related mortality. Following bariatric surgery,
there is evidence that NAFLD might worsen in up to 12% of
patients and might get to fibrosis.116

Furthermore, patients undergoing malabsorptive-domi-
nant bariatric surgeries are at risk of developing acute
hepatic impairment.117 Consequently, rapidly progressive
liver damage might arise following bariatric surgery as a
result of drastic weight loss and subsequent protein mal-
nourishment prompting excessive lipolysis, which increases
liver metabolism of long-chain fatty acids from visceral
adipose tissue.118 Therefore, thorough preoperative evalua-
tion, weighing the risks (short- and long-term complica-
tions) and benefits (weight reduction and comorbidity
resolution) in each patient individually, along with proper
counseling on the lifelong follow-up commitment are vital
steps before considering such invasive surgeries.

Conclusion

NAFLD is the most common chronic liver disease in the
developed world, and it is associated with several metabolic
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comorbidities. Prompt intervention upon diagnosis is crucial
to reduce the progression of the disease into an advanced
stage. As weight loss is the mainstay in treating NAFLD, this
opens the door for a wide variety of possible therapeutic
approaches that can be tailored based on the patient’s char-
acteristics. This includes diet, exercise, antiobesity medica-
tions, and endoscopic and surgical bariatric procedures
(►Fig. 2). Medications and bariatric interventions provide
more sustainable weight loss, which has been evident to
have some improvement in the NAFLD activity score and
fibrosis. The exact efficacy of these interventions needs to be
further evaluated in standardized andwell-designed random-
ized-controlled clinical trials.

Main Concepts and Learning Points

• Most of the available interventions that lead to� 5 to 10%
weight loss result in substantial improvement in nonal-
coholic fatty liver disease activity (NAFLD) scores (NAS)
andNAFLDfibrosis scores (NFS) and even lead to complete
NAFLD resolution.

• Antiobesity medications, especially liraglutide, semaglu-
tide, and orlistat, improve NAS and NFS scores.

• Bariatric endoscopy and surgery achieved the highest and
most sustainable weight loss and resulted in significant
improvement in NAS and fibrosis scores.

• Bariatric endoscopy and surgery provide higher odds for
NAFLD resolution.
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