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Nonalcoholic fatty liver disease (NAFLD) is one of the most common liver diseases. In the absence of
treatment, NAFLD can damage the liver tissue and even have extra-hepatic complications. No therapeutic
regimen has ever been approved for the treatment of this disease. A variety of clinical trials have been
conducted in the field of NAFLD. Reviewing these trials is necessary to provide the most effective treat-
ments. In this article, we aimed to review randomized controlled trials that evaluate the effects of phar-
macological agents on NAFLD adults without other illness.

� 2019 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.
Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most
common liver disease with prevalence of 25.24% in the world-
wide [1]. NAFLD includes a range of liver disorders from simple
steatosis to nonalcoholic steatohepatitis (NASH). NASH can pro-
gress to cirrhosis and hepatocellular carcinoma that this has
made NAFLD to the second cause of liver transplantation in Uni-
ted States [2]. Furthermore, NAFLD can increase the risk of extra-
hepatic diseases including type 2 diabetes mellitus, cardiovascu-
lar disease, and chronic kidney disease [3]. NASH is characterized
by hepatic inflammation and hepatocellular damage, with or
without fibrosis [4]. Liver biopsy is gold standard for definitive
diagnosis of NASH. In quantifying hepatic fat content, advanced
magnetic resonance imaging (MRI) techniques are better than
liver histology [5]. Despite the high prevalence and unfavourable
prognosis, there is currently no approved pharmacological ther-
apy for NAFLD; therefore, an accurate review of NAFLD clinical
trials is necessary. In this article, we reviewed randomized con-
trolled trials that evaluate the effects of pharmacological agents
on NAFLD adults without other illness and reported the most
effective treatments for these patients.
Conventional approaches in NAFLD treatment

� Weight Loss

Weight loss at a rate of 0.5–1 kg per week is primarily recom-
mended for overweight or obese NAFLD patients [6]. Weight
reduction can improve elevated liver enzymes, hepatic histology,
insulin resistance, and quality of life in patients with NAFLD [7–
12]. Losing weight is possible through diet modification and
increasing physical activity levels. Pharmacological treatments
can be used for lose weight in those who fail to achieve target
weight loss by lifestyle modification alone [6]. Fast weight loss
due to worsening liver disease is not suggested at all [13]. If
patients do not respond to pharmacological treatments, bariatric
surgery is performed for weight loss [6]. In some patients undergo-
ing bariatric surgery, after operation, liver fibrosis may worsen, for
this reason liver function should be monitored regularly in follow-
up [14].
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� Pharmacological Therapies

Pharmacological treatments studied in NAFLD trials are divided
into two categories: Monotherapy and combination therapy. For
more effective treatment of NAFLD, combination therapies were
introduced. Some of these therapies routinely used to treat NAFLD.
These treatments are targeting the mechanisms involved in caus-
ing NAFLD. The summary of these treatments has been shown in
Table 1.

Vitamin E

Oxidative stress plays an important role in the pathogenesis of
NAFLD [15]. Vitamin E is a fat-soluble vitamin that has high antiox-
idant capacity. Nutritional assessment of NAFLD patients indicated
Table 1
Summary of agents studied in NAFLD.

Agent Benefits Adverse effects

Vitamin E Improvement of serum aminotranferases and liver
histology except of fibrosis

Increase in all-
mortality at a
800 IU/day

Pioglitazone Improvement of serum aminotransferases,
glycaemic control, and liver histology; increase in
HDL

Weight gain

Rosiglitazone Normalization of ALT; improvement of insulin
sensitivity and steatosis in liver biopsy

Weight gain; d
hemoglobin; in
LDL

Metformin Decrease in BMI, leptin, HbA1c, triglycerides, LDL,
ALT, and ALP; increase in adiponectin and HDL;
positive vascular effect

Negative effect
health in long-

UDCA Decrease in aminotransferases, FPG, HbA1c, insulin
resistance, serum marker of fibrosis, and lobular
inflammation in liver biopsy

–

Obeticholic
acid

Improvement of liver histology and hepatic
steatosis as assessed by MRI-PDFF; decrease in
aminotransferases, total bilirubin, and BMI

Increase in ALP
resistance; wo
lipid profile; p

Colesevelam – Increase in live
assessed by M
MRS

Simvastatin – –
Probucol Decrease in ALT –

Ezetimibe Decrease in fibrosis and ballooning score in liver
biopsy

Increase in Hb
hepatic long-c
acids

Fenofibrate – –

Pentoxyfylline Improvement of liver histology except of
hepatocellular ballooning

–

Losartan – –
Telmisartan Improvement of liver histology except of

hepatocellular ballooning
–

Elafibranor Improvement of liver enzymes, glucose profile,
systemic inflammation, and liver histology without
fibrosis worsening

Mild and rever
in serum creat

Orlistat Decrease in FPG, aminotransferases, hepatic
steatosis as assessed by ultrasound

–

Rifaximin Decrease in insulin resistance, aminotransferases,
systemic inflammation, serummarker of apoptosis,
and NAFLD-liver fat score

–

NAFLD, nonalcoholic fatty liver disease; HDL, high density lipoprotein; ALT, alanine am
globin A1c; ALP, alkaline phosphatase; FPG, fasting plasma glucose; UDCA, ursodeoxyc
magnetic resonance imaging-proton density fat fraction; MRS, magnetic resonance spec
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inadequate vitamin E intake in them [16]. In the PIVENS trial, tak-
ing 800 IU/day of vitamin E for 2 years in non-diabetic patients
with NASH could significantly improve liver histology with the
exception of fibrosis score compared to placebo; also this treat-
ment could decrease serum aminotransferases levels, but not
bilirubin, stronger than placebo. A rapid reduction in alanine
aminotransferase (ALT) and aspartate aminotransferase levels
(AST) was observed in the first 6 months of treatment and then
remained stable. In this study, changes in anthropometric mea-
surements, lipid profile, insulin resistance and quality of life did
not differ between the two groups [17]. This improvement in liver
histology and ALT levels was independent of weight loss; therefore,
vitamin E can be beneficial even for those who cannot lose weight
[18]. It has been seen that high doses of vitamin E (400 IU/day<) is
associated with increased all-cause mortality [19]; so in order to
Comments

cause
dose of

Suitable for patients who cannot lose weight; 400 IU/day is
recommended; adding orlistat to vitamin E plus diet has no
advantage over vitamin E plus diet alone; adding spironolactone
to vitamin E can be more effective than vitamin E alone in
improving insulin resistance and NAFLD- liver fat score
Recommended only for diabetic patients with NAFLD

ecrease in
crease in

Recommended only for diabetic patients with NAFLD; adding
metformin or losartan to this drug has no advantage over
rosiglitazone alone

on bone
term use

In normalization of aminotransferases, it is more effective than
vitamin E or diet

It is similar to vitamin E in symptomatic improvement and
decrease in ALT, NAFLD fibrosis score, and tolerability;
combination therapy with UDCA plus vitamin E can be more
effective than UDCA alone in reducing AST and NAS in liver
biopsy

and insulin
rsening of
ruritus

–

r fat as
RI-PDFF and

–

–
Its effect has only been evaluated on serum aminotransferases
levels

A1c and
hain fatty

It is ineffective in reducing liver fibrosis as assessed by MRE

Combination therapy with fenofibrate plus pentoxyfylline can be
more effective than fenofibrate alone in reducing
aminotransferases, insulin resistance, FPG, serum marker of
fibrosis, liver stiffness as assessed by fibro-scan, and systemic
inflammation
There is a conflict between studies on results of liver histology
evaluation
The study did not have enough sample size
Placebo-controlled trial is warranted

sible increase
inine

–

Suitable for patients who cannot lose weight through lifestyle
modification; liver biopsy or advanced MRI conduction is
necessary
liver biopsy or advanced MRI conduction is necessary

inotransferase; LDL, low density lipoprotein; BMI, Body mass index; HbA1c, hemo-
holic acid; AST; aspartate aminotransferase; NAS, NAFLD activity score; MRI-PDFF,
troscopy; MRE, magnetic resonance elastography
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avoid this concern, vitamin E is recommended at a dose of 400 IU/-
day for non-diabetic patients with NASH [6]. Further studies are
needed to suggest this treatment for other NAFLD patients.

Thiazolidinediones

Insulin resistance has the most important role in the develop-
ment of hepatic steatosis [20]. Thiazolidinediones, including piogli-
tazone and rosiglitazone, are insulin sensitizers. In non-diabetic
NASH patients treated with standard diet (reduce 500 kcal/day)
and exercise plus pioglitazone (30 mg/day) or placebo for
12 months, pioglitazone was superior to placebo in reduction of
ALT, gamma-glutamyltransferase (GGT), and ferritin levels, but
not in the change of bilirubin and albumin; also in comparison
with placebo, pioglitazone could significantly improve hemoglobin
A1c (HbA1c) and C-peptide levels, but no difference was observed
in insulin resistance and adipokines levels between the groups.
This treatment improved liver histology including hepatocellular
injury, Mallory-Denk bodies, and fibrosis; however the change in
steatosis, lobular inflammation, and portal inflammation was the
same in both groups at the end of trial. In this study, pioglitazone
did not play a role in improving lipid profile. The only reported
adverse event was weight gain with pioglitazone, although the
change in body mass index (BMI) and waist to hip ratio (WHR)
was similar to placebo [21]. In the PIVENS trial, 2 years of taking
pioglitazone at a dose of 30 mg/day could decrease liver enzymes,
but not bilirubin levels, compared to placebo. In improvement of
steatosis and lobular inflammation, pioglitazone was superior to
placebo, but the change of hepatocellular ballooning did not differ
between these. Pioglitazone was not effective than placebo in
improving quality of life and lipid profile except in increasing
high-density lipoprotein (HDL). This medication also decreased
insulin resistance that this change was not significant compared
to placebo. An increase in the anthropometric measurements,
exception of waist circumference, observed in pioglitazone group
more than placebo group [17].

Rosiglitazone is another member of thiazolidinediones. Con-
sumption of rosiglitazone at a dose of 8 mg/day for 12 months (ini-
tiation with 4 mg/day and increasing to 8 mg/day after 30 days) in
non-diabetic NASH patient, could normalize ALT levels and
increase insulin sensitivity and adiponectin levels compared to pla-
cebo. Also, rosiglitazone was more effective than placebo in the
improvement of steatosis, but not other liver histological features.
In this study, rosiglitazone failed to significantly change in triglyc-
erides, HDL, leptin, and HbA1c levels over placebo. The adverse
events of rosiglitazone were weight gain, hemoglobin reduction,
and rising total cholesterol and low-density lipoprotein (LDL)
levels, which were considerable compared to placebo [22]. Con-
tinue treatment with rosiglitazone in this dose for another 2 years
had not additional advantage over the first year and could only
maintain insulin sensitivity and ALT levels [23].

Thiazolidinedions could not ameliorate lipid profile; conse-
quently, it cannot have any cardiovascular protection effect. The
administration of thiazolidinediones is associated with many
adverse events. To achieve therapeutic goals, these medications
should be taken for a long time. Discontinuance of these agents
causes recurrence of the disease [24]. For the reasons mentioned,
thiazolidinediones is only saved for diabetic patients with NASH
and it is not recommended for other NAFLD patients.

Metformin

Metformin is another insulin sensitizer. In biopsy-proven
NAFLD patients, 6 months treatment with 500 mg/day metformin
(in body weight >90 kg, initiation with 500 mg/day and increasing
every week to reach 2500 mg/day or 3000 mg/day) indicated sig-
Please cite this article as: S. Ahadi, A. Gharekhani and A. Shiva, Treatments of no
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nificant reduction in body weight, BMI, total cholesterol, LDL as
well as leptin and improving glycaemic control compared to pla-
cebo; but changes in HDL, triglycerides, insulin resistance, adipo-
nectin, aminotransferases levels, and biochemical marker of
inflammation were not statistically significant between the two
groups. Change in hepatic histology and liver steatosis as assessed
by computed tomography (CT) were the same in both groups [25].
Generally, the only benefit of this treatment in NAFLD patients is
reducing body weight, BMI, and risk of cardiovascular events. Tak-
ing metformin at a dose of 850–1700 mg/day for 4 months had
beneficial vascular effect and could significantly reduce fast plasma
glucose (FPG), triglycerides, ALT, and alkaline phosphatase (ALP) as
well as increase HDL and adiponectin levels in NAFLD patients;
however, none of these changes were observed with placebo
except FPG lowering. In this study, metformin was not effective
in changing systolic and diastolic blood pressure, total cholesterol,
LDL, AST levels, insulin resistance, and systemic inflammation. No
information is available on the effect of this treatment on hepatic
steatosis [26]. Consumption of metformin with this dose for an
additional 8 months was only able to maintain positive vascular
effect and elevated level of adiponectin and could significantly
decrease insulin resistance compared to baseline [27]. In compar-
ison with vitamin E or prescriptive diet, treatment of NAFLD
patients with 2 g/day metformin for 12 months was able to nor-
malize serum aminotransferases levels in comparisonwith 800 IU/-
day vitamin E or weight-reducing diet. In this trial, metformin also
reduced liver fat, necroinflammation, and fibrosis from baseline in
liver biopsy [28].

It has been shown metformin can reduce bone metabolism
markers; therefore, it may have a negative effect on bone health
[29,30]. Therefore, it should be considered when consuming for
long-term. Although metformin cannot improve liver histology
compared to placebo, it can contribute to the protection of NAFLD
patients from cardiovascular events and its use is recommended.

Ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) reduced the secretion of choles-
terol from the liver and also reduces fraction reabsorption of
cholesterol by intestines. UDCA intake at a dose of 10 mg/kg/day
(divided into twice daily) for 3 months in NAFLD patients could
significantly reduced aminotransferases levels, while the placebo
was incapable of decline them. In this study, UDCA was not effec-
tive in modifying BMI and liver steatosis as assessed by CT [31].
Also, in NAFLD patients who received standard diet (1200 kcal/day),
1200 mg/day UDCA could decrease aminotransferases, FPG, total
cholesterol levels, BMI, and hepatic steatosis as assessed by ultra-
sound in the course of 6 weeks; in comparison with placebo only
changes in FPG and total cholesterol levels were statically signifi-
cant [32]. In patients with NASH receiving 13–15 mg/kg/day UDCA
for 2 years, changes of body weight, BMI, and liver biochemistry
including hepatic enzymes, bilirubin, albumin levels, and pro-
thrombin time as well as liver histology were not statically signif-
icant compared to placebo recipients [33]. Despite this therapeutic
regimen, taking 23–28 mg/kg/day UDCA in three divided dose for
18 months, in patients with NASH, could significantly improve lob-
ular inflammation and reduce GGT levels compared to placebo;
however, the change in the levels of other liver enzymes, bilirubin,
albumin, triglycerides, total cholesterol, FPG, iron as well as other
features of liver histology did not differ between the groups at
the end of intervention [34]. UDCA intake at a dose of 28–35 mg/
kg/day (divided into three times daily) for 12 months could signif-
icantly normalize ALT level and reduce insulin resistance and
serum fibrosis marker and also improve glycaemic control in NASH
patients compared to placebo. UDCA in this dose was safe and well
tolerated by patients [35]. Comparison of UDCA (300 mg twice
nalcoholic fatty liver disease in adults who have no other illness: A Review
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daily for 13 months) and vitamin E (400 mg twice daily for
13 months) in NAFLD patients indicated that UDCA had no advan-
tage over vitamin E in symptomatic improvement, reduction of
ALT, NAFLD fibrosis score as calculated by formula, and tolerability
[36].
Obeticholic acid

The farnesoid X receptor (FXR) is a member of nuclear receptors
superfamily. Activation of this receptor by bile acids regulates the
expression of genes involved in lipid and glucose homeostasis [37].
Obeticholic acid is a synthetic variant of the natural bile acid chen-
odeoxycholic acid, which acts by activating the FXR. Taking
25 mg/day of oral obeticholic acid for 18 months could signifi-
cantly improve aminotransferases, total bilirubin levels, body
weight, BMI, hepatic steatosis as assessed by a novel MRI tech-
nique, the-proton-density-fat-fraction (PDFF), and liver histology
except portal inflammation in NASH patients compared with pla-
cebo; however, further studies are needed to clarify long-term ben-
efits and safety of this medication. This treatment was not more
effective than placebo in altering triglycerides and albumin levels,
prothrombin time, glycaemic control, waist circumference, WHR,
blood pressure as well as quality of life. ALP, other components
of the lipid profile, insulin resistance were worse in obeticholic
acid recipients than the placebo group. In this trial, 23% of patients
in obeticholic acid group developed pruritus, while this figure was
6% in placebo group [38,39].
Colesevelam

Bile acid sequestrants can interrupt enterohepatic circulation of
bile acids and increase conversion of hepatic cholesterol to bile
acids. These agents increase plasma glucagon-like-peptide-1 levels,
which stimulates pancreatic beta cells to release insulin [40]. Cole-
sevelam is a bile acid sequestrant. In patients with NAFLD, another
bile acid sequestrant, colestimide, was effective in reducing liver
fat on CT imaging method [41]. Despite this finding, treatment
with 3.75 g/day colesevelam for 6 months increased liver fat as
assessed by MRI-PDFF as well as magnetic resonance spectroscopy
(MRS) without any effect on liver histology in NASH patients [42].
Statins

Toxic lipids contribute to inflammation and insulin resistance in
hepatocytes [43]. Lipid lowering drugs could affect NAFLD by
reducing toxic lipids. Statins are lipid lowering drugs that inhibit
3-hydroxy-3-methyglutaryl-coenzyme A reductase. In the case of
statins, randomized controlled trials are limited. A pilot study com-
paring simvastatin effects with placebo in NASH patient has indi-
cated that reception of simvastatin 40 mg once daily for
12 months cannot be effective in decreasing BMI, liver enzymes,
total cholesterol, LDL, and triglycerides levels and also cannot
improve liver histology [44]. Therefore, monotherapy with simvas-
tatin does not appear to be effective in treating NASH.
Probucol

Probucol is an anti-hyperlipidemic drug with strong antioxidant
properties. Probucol effects have only been studied on serum
aminotransferases levels. Compared to placebo, taking 500 mg/day
of probucol for 6 months was able to reduce serum ALT levels in
patients with NASH. Probucol also was effective in reducing AST
levels in these patients, although this change was not statistically
significant in comparison with placebo [45].
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Ezetimibe

Ezetimibe is a cholesterol absorption inhibitor. In NAFLD
patients, taking ezetimibe at a dose of 10 mg/day for 6 months
could improve hepatic fibrosis and ballooning score. However, eze-
timibe had higher proportion of adverse events including elevation
in HbA1c and hepatic long-chain fatty acids [46]. In another trial,
this treatment had no advantage over placebo in reducing liver
fat as measured by MRI-PDFF, serum aminotransferases levels as
well as improving liver histology and liver stiffness as assessed
by magnetic resonance elastography (MRE) in patients with NASH
[47].

Fenofibrate

In NAFLD patients, 200 mg/day fenofibrate for 8 weeks could
not affect insulin sensitivity and intrahepatic triglyceride content
measured by using MRS compared to placebo [48].

Pentoxyfylline

Several studies have confirmed the anti-inflammatory, antioxi-
dant, and antifibrogenic effects of pentoxyfylline [49–53]. In
patients with NASH, taking 400 mg pentoxyfylline (PTX) three
times a day for 12 months could improve liver histology including
steatosis, lobular inflammation, and NAFLD activity score (NAS)
compared to placebo, but it was not able to be effective than pla-
cebo in improvement of hepatocellular ballooning; also the reduc-
tion of fibrosis was significant in comparison with placebo, but the
number of patients with improvement was equal in both groups
[54]. However, another study rejected these benefits of PTX [55].
Improvement in liver histology probably relates to the reduction
of lipid oxidation by PTX [56]. These studies failed to demonstrate
the superiority of PTX over placebo in changing aminotransferases,
adipokines, inflammatory biomarkers as well as triglycerides
levels, body weight, insulin resistance, and measurement of hepa-
tocyte apoptosis [54,55]. The most important benefit of this regi-
men in patients with NASH is improving liver histology.

Angiotensin II receptor blockers

Angiotensin II plays a major role in the pathogenesis of hepatic
fibrosis, insulin resistance, and also tissue iron deposition [57–59].
Losartan is an angiotensin II receptor blocker. Consumption of
losartan at a dose of 50 mg once daily for 2 years in patients with
NASH could not improve fibrosis in liver biopsy compared to pla-
cebo; of course this study failed to recruit an adequate sample size
to prove the anti-fibrotic effect of losartan [60]. In another trial,
taking 40–80 mg/day telmisartan plus lifestyle modification for
12 months could significantly improve all liver histology features
in patients with NASH. However, in lifestyle modification group
only hepatocyte ballooning improved, but fibrosis worsened [61].

Elafibranor

Elafibranor is an agonist of peroxisome proliferator-activated
receptor (PPAR)-alpha and gamma. PPAR are nuclear receptors that
play an important role in regulation of metabolic homeostasis,
immune-inflammation, and differentiation. PPAR-gamma agonists
like pioglitazone have many side effects. In a multicenter trial,
elafibranor significantly improved liver histology without fibrosis
worsening, liver enzyme, glucose profile, and markers of systemic
inflammation compared to placebo. In this trial, elafibranor was
administered to NASH patients at a dose of 120 mg/day for
13 months. The only adverse event that occurred in treatment
nalcoholic fatty liver disease in adults who have no other illness: A Review
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group more than placebo group was a mild, reversible increase in
serum creatinine [62].

Orlistat

Orlistat is a gastrointestinal lipase inhibitor used to treat obe-
sity. In NAFLD patients, taking 120 mg of orlistat three times a
day plus weight loss program (a diet containing 104.5 kJ/day and
physical activity including 40 min of walking at a rate of
5–6 km/h) for 6 months could significantly reduce FPG, total
cholesterol, and GGT levels; but in the placebo group, these
changes was not considerable. Anthropometric measurements as
well as ALT and AST levels decrease in both groups. Reduction of
ALT level in orlistat group is two times higher than in the placebo
group and occurs more quickly. The reduction in liver steatosis
assessed by ultrasound was significant only in orlistat group. In
this trial, orlistat had no effect on triglycerides and insulin resis-
tance [63]. Its effect on liver histology is unknown. Orlistat is only
suitable for patients who have not been able to reduce their body
weight by lifestyle modification and is never recommended as a
primary treatment for NAFLD [6].

Rifaximin

Gut microbiota plays an important role in the pathogenesis of
NAFLD. Rifaximin is a nonabsorable antibiotic that acts against a
broad spectrum of gut microbiota. In NASH patients, treatment
with 1100 mg/day rifaximin for 6 months could significantly
reduce insulin resistance, serum aminotranferases, endotoxin,
proinflammatory cytokines, cytokeratin-18, and NAFLD-liver fat
score from baseline; but no significant changes in lipid profile
and BMI. At the end of trial, no changes in these variables were
observed among placebo recipients [64].

Rosiglitazone plus metormin and rosiglitazone plus losartan

Forty-eight weeks of combination therapy with rosiglitazone
(4 mg twice daily) plus metformin (500 mg twice daily) or rosigli-
tazone (4 mg twice daily) plus losartan (50 mg once daily) did not
have any benefit on rosiglitazone (4 mg twice daily) alone in
improving liver histology and serum aminotransferases in patients
with NASH. Adding metformin could not prevent rosiglitazone
weight gain [65].

Ursodeoxycholic acid plus vitamin E

In a clinical trial, NASH patients with elevated aminotrans-
ferases levels randomly assigned to one of the UDCA/vitamin E
(12 mg/kg/day UDCA and 400 IU vitamin E twice a day for 2 years)
or UDCA/placebo or Placebo/placebo groups. In UDCA plus vitamin
E recipients, there was a significant reduction in ALT and AST levels
as well as NAS in liver biopsy after the course of treatment. In
UDCA/placebo group only ALT levels decreased. In placebo/placebo
group no improvement occurred [66]. These results show that
combination therapy with UDCA and vitamin E can be more effec-
tive than monotherapy with UDCA for the recovery of NASH.

Fenofibrate plus pentoxifylline

Taking 300 mg/day fenofibrate plus 1200 mg/day pentoxifylline
for 6 months could significantly reduce serum aminotransferases,
insulin resistance, FPG, direct and indirect biomarker of liver fibro-
sis, liver stiffness as assessed by fibro-scan, and proinflammatory
cytokine compared to 300 mg/day fenofibrate alone. In this trial,
lipid profile improved in both group and combination therapy
did not have any benefits over fenofibrate alone in this case [67].
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Orlistat plus vitamin E plus diet

In one clinical trial, it was shown that the addition of orlistat
(120 mg three times a day) to vitamin E (800 IU/day) plus diet
(1400 Kcal/day) for 9 months could not enhance weight loss or
improve serum aminotransferases, liver histology, and insulin sen-
sitivity compared vitamin E plus diet alone [68].
Spironolactone plus vitamin E

The rennin-angiotensin-aldosterone system plays an important
role in the pathogenesis of insulin resistance and NAFLD [69,70]. In
NAFLD patients, treatment with spironolactone (25 mg/day) plus
vitamin E (400 IU/day) for 8 weeks could significantly reduce insu-
lin resistance and NAFLD liver fat score as calculated by formula
compared to vitamin E (400 IU/day) alone. At the end of trial,
ALT-to-platelet ratio index, an index of fibrosis did not change
[71,72].
Novel approaches in NAFLD treatment

New agents with strong experimental evidence are recently
being studied in patients with NAFLD, and may provide a new
approach in NAFLD treatment. The summary of these agents has
been shown in Table 2.
Caspase inhibitor (GS-9450)

Apoptosis can lead to inflammation and fibrosis in liver disease.
Caspases are a family of protease enzymes playing an essential role
in apoptosis. GS-9450 is a selective caspase inhibitor that reduces
hepatocyte apoptosis. In NASH patients, taking 40 mg/day GS-9450
for 4 weeks was able to reduce serum ALT levels from baseline
compared to placebo. In this phase 2 trial, serum AST and caspase
3-cleaved cytokeratin-18 fragments levels also decreased in the
treatment group, although these reductions were no statistically
significant. No serious adverse events were reported during study
[73].
Phosphodiesterase-4 inhibitor (ASP9831)

Cyclic adenosine monophosphate is a second messenger that
mediates numerous signaling pathways resulting in suppression
or inhibition inflammatory mediator release. Intracellular levels
of cyclic adenosine monophosphate are modulated by phosphodi-
esterases [74]. ASP9831 is a phosphodiesterase-4 inhibitor that
showed potent anti-inflammatory and antifibrotic effect in preclin-
ical studies. In phase 2 trial, neither ASP9831 nor placebo could
change serum aminotransferases, adiponectin, cytokeratin-18
levels, and systemic inflammation in NASH patients. In this trial
ASP9831 was administrated at a dose of 50 mg or 100 mg twice
daily for 3 months. Adverse events were mild and ASP9831 recip-
ients experienced gastrointestinal disorders more than placebo
group [75].
Anti-CD3 antibody (OKT3 monoclonal Antibody)

Anti-CD3 antibody regulates T cells and improves insulin resis-
tance and liver damage in preclinical studies [76]. OKT3 mono-
clonal antibody is an anti-CD3 antibody. In a phase 2a trial, oral
administration of OKT3 was well tolerated by patients with NASH.
OKT3 was administered at a dose of 0.2 mg or 1 mg or 5 mg/day.
After 30 days, immune-modulatory effects of OKT3 were observed
in 1 mg and 5 mg/day OKT3 groups. In comparison with placebo,
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Table 2
Summary of new agent that are recently being studied in patients with NAFLD.

Agent Action Trial
phase

Dose Benefits Adverse effects

GS-9450 Caspase inhibition 2 [73] 1, 5, 10 or 40 mg once
daily-oral

Decrease in ALT in 40 mg once daily group Mild

ASP9831 Phosphodiesterase-
4 inhibition

2 [75] 50 or 100 mg twice
daily-oral

– Mild; gastrointestinal disorders was
reported with ASP9831 more than placebo

OKT3 Anti-CD3 antibody 2a [77] 0.2, 1 or 5 mg/day-oral Decrease in AST and FPG in all OKT3 groups;
improvement of oral glucose tolerance test
in 5 mg/day; immune-modulatory effects in
1 mg and 5 mg/day OKT3 groups

Mild; gastrointestinal disorders was
reported with OKT3 more than placebo

Liraglutide glucagon-like
peptide 1 analogue

2
[78,79]

1.8 mg/day-oral Decrease in BMI, LDL, leptin, ALT, hepatic de
novo lipogenesis, and insulin resistance;
improvement of liver histology; increase in
adiponectin

Mild to moderate; gastrointestinal disorders
was reported with liraglutide more than
placebo

Oltipraz Liver X recptor
alpha inhibition

2 [81] 30 or 60 mg twice
daily-oral

Decrease in BMI and liver fat as assessed by
MRS in 60 mg twice daily group

Mild

Cenicriviroc C–C chemokine
receptor type 2 and
5 antagonist

2b [85] 150 mg once daily-oral Improvement of systemic inflammation and
fibrosis in liver biopsy

Mild to moderate; grade 4 uric acid elevation
and asymptomatic grade 3 amylase
elevations was reported with cenicriviroc
more than placebo; grade 2 arrhythmia as a
serious adverse event was reported

NGM282 Fibroblast growth
factor 19 analogue

2 [88] 3 or 6 mg once daily-
subcutaneous

Decrease in liver fat as assessed by MRI-
PDFF

Mild; injection site reaction and
gastrointestinal disorders was reported with
NGM282 more than placebo

GS-0976 Acetyl-coenzyme A
carboxylase
inhibition

2 [89] 5 or 20 mg/day-oral Improvement of liver biochemistry;
Decrease in liver fat as assessed by MRI-
PDFF and serum marker of fibrosis
(ineffective on fibrosis as assessed by MRE)

Mild; asymptomatic hypertriglyceridemia
was reported wit GS-0976 more than
placebo

Pegbelfermin PEGylated
fibroblast growth
factor 21 analogue

2a [91] 10 mg once daily or
20 mg once weekly-
oral

Decrease in liver fat as assessed by MRI-
PDFF

Mild; diarrhea and nausea was reported with
pegbelfermin more than placebo

RO5093151 HSD11B1
inhibition

1b [93] 200 mg twice daily-
oral

Decrease in liver fat as assessed by MRS Mild; nervous system disorders was
reported with RO5093151 more than
placebo

ALT, alanine aminotransferase; FPG, fasting plasma glucose; BMI, body mass index; LDL, low density lipoprotein; MRI-PDFF, magnetic resonance imaging-proton density fat
fraction; MRE, magnetic resonance elastography; MRS, magnetic resonance spectroscopy.
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AST and FPG decreased in all OKT3 groups. Oral glucose tolerance
test significantly improved only in 5 mg/day OKT recipients [77].
Liraglutide

Liraglutide is a long-acting glucagon-like peptide 1 analogue. In
a multicenter phase 2 trial, 1.8 mg /day liraglutide was able to
reduce BMI, HbA1c, ALT, LDL, leptin, and adiponectin levels in
NASH patients compared to placebo at a quarterly interval. In com-
parison with placebo, this treatment could significantly increase
hepatic and adipose tissue insulin sensitivity and decrease hepatic
de novo lipogenesis as well as improve liver histology [78,79]. In
this trial, liraglutide was well tolerated by NASH patients; how-
ever, gastrointestinal disorders, as an adverse event, was more fre-
quently in liraglutide group than placebo group [79].
Oltipraz

Liver X receptor alpha play an important role in regulating the
expression of genes involved in lipid production [80]. Oltipraz
has a potent antisteatotic effect by inhibiting the activity of liver
X receptor alpha. In a multicenter phase 2 trial, oltipraz was
administered to NAFLD patients at a dose of 30 mg or 60 mg twice
daily for 6 months. At the end of the study, high-dose group
showed significant decrease in liver content as measured by MRS
as well as BMI in comparison with placebo recipients. There was
no significant difference between study groups in changes of insu-
lin resistance, liver enzymes, lipid profile, and cytokines from
baseline. In this trial, the incidence of adverse events was similar
in treatment groups and placebo group [81].
Please cite this article as: S. Ahadi, A. Gharekhani and A. Shiva, Treatments of no
article, Arab Journal of Gastroenterology, https://doi.org/10.1016/j.ajg.2019.11
Cenicriviroc

Cenicriviroc is a dual antagonist of C–C chemokine receptor
type 2 and 5. Blockade of these receptors may have anti-
inflammatory and antifibrotic properties [82–84].In a phase 2b
trial that was conducted in NASH patients with liver fibrosis, ceni-
criviroc could improve fibrosis without worsening of steatohepati-
tis and reduce systemic inflammation compared to placebo.
Cenicriviroc was administered at a dose of 150 mg once daily for
2 years in this study. The safety and tolerability of cenicriviroc
was similar to placebo [85].

Fibroblast growth factor 19 analogue (NGM282)

Fibroblast growth factor 19 is a hormone that regulates bile acid
synthesis and glucose metabolism [86,87]. NGM282 is an analogue
of this hormone. In a phase 2 study, patients with NASH were ran-
domly assigned to receive 3 mg or 6 mg subcutaneous NGM282 or
placebo once daily for 3 months. At the end of trial, NGM282 recip-
ients showed a significant reduction in liver fat content as assessed
by MRI-PDFF compared to placebo recipients. In this trial, adverse
events were mild and injection site reactions, diarrhea, abdominal
pain, and nausea occurred more frequently in NGM282 groups
than placebo group [88].

Acetyl-coenzyme a carboxylase inhibitor (GS-0976)

Acetyl-coenzyme A carboxylase is a lipogenic hepatic enzyme.
The effect of GS-0976, an inhibitor of this enzyme, was evaluated
in patients with NASH. In a phase 2 study, GS-0976 was adminis-
tered at a dose of 5 mg or 20 mg/day for 3 months. At the end of
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trial, only patients receiving 20 mg/day GS-0976 showed a signifi-
cant decrease in hepatic steatosis as assessed by MRI-PDFF, plasma
biomarker of fibrosis, and live biochemistry compared to placebo.
MRE results did not differ between trial groups. GS-0976 was well
tolerated, although increase serum triglycerides was reported in
treatment groups [89].

Pegbelfermin

Fibroblast growth factor 21 is a pleiotropic hormone-like pro-
tein that plays an essential role in regulation of energy metabolism
[87,90]. Pegbelfermin is a PEGylated human fibroblast growth fac-
tor 21 analogue. In a phase 2a trial, this agent was well tolerated
and significantly reduced liver fat content as assessed by MRI-
PDFF compared to placebo in patients with NASH. Pegbelfermin
was administered at a dose of 10 mg once daily or 20 mg once
week for 4 months. Adverse events that occurred during the study
were mild and the most common events were diarrhea and nausea
[91].

HSD11B1 inhibitor (RO5093151)

Cortisol plays an important role in the pathogenesis of meta-
bolic syndrome [92]. HSD11B1 or cortisone reductase enzyme
reduces cortisone to the active hormone cortisol. RO5093151 is a
HSD11B1 inhibitor. In a multicenter phase 1b trial, treatment with
RO5093151 at a dose of 200 mg twice daily for 3 months could sig-
nificantly decrease mean liver fat content as assessed by MRS com-
pared with placebo in NAFLD subjects. Nervous system disorders,
as an adverse event, occurred more frequently in RO5093151
group than placebo group [93].

Conclusion

In addition to environmental factors, genetic also plays an
important role in the development of NAFLD [94–96]. Interpatient
variability in NAFLD prognosis limits the conclusion about effective
pharmacotherapy. In adults with NAFLD, weight loss remains the
first line of treatment. Weight loss concurrent with pharmacologi-
cal treatments improves NAFLD more effective. The most effective
NAFLD pharmacological therapies are those that improve liver his-
tology and hepatic steatosis as assessed by advanced MRI tech-
niques. However, the beneficial effects of these treatments
should be balanced with the potential adverse events. In NAFLD
patients, the risk of cardiovascular diseases is high. Cardiovascular
diseases remain the main cause of death among these patients.
Treatments that improve lipid profile and have positive vascular
effects can be effective in reducing cardiovascular diseases risk.
New agents currently in trial can provide the basis for targeted
pharmacotherapy in NAFLD.
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