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Antidiabetic Drugs and Statins in Nonalcoholic Fatty
Liver Disease
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Nonalcoholic fatty liver disease (NAFLD) has become themost prevalent liver disease worldwide. Despite its high
prevalence and rising incidence, there are currently no specific targeted pharmacotherapies approved by the Food
and Drug Administration (FDA) for nonalcoholic steatohepatitis (NASH). Current therapies for patients with
NAFLD include lifestyle modification. Vitamin E and pioglitazone are recommended for those confirmed to
haveNASH.However, there are concerns about the long-term safety of both pioglitazone and vitamin E in higher
doses. Metformin is essential for managing the abnormal metabolic parameters in patients with NAFLD.
Glucagon-like peptide-1 analogue, sodium-dependent glucose cotransporter inhibitors, and peroxisome
proliferator-activated receptor agonists have shown benefits in improving metabolic parameters and reducing
hepatic lipid accumulation and inflammation. However, the role of these antidiabetic agents in specifically
reversingNASHneeds to be established. Indeed, statins have been underprescribed in patients withNASHowing
to fear of hepatotoxicity despite coronary artery disease being a common cause of death in patients with NAFLD.
Statins reduce the risk of cardiovascular morbidity andmortality in patients with NASH and dyslipidemia. How-
ever, their use specifically for treatment of NASH needs further evaluation. Optimizing the control of risk factors
remains the main strategy for treatment until targeted pharmacotherapies for NASH are available. ( J CLIN EXP

HEPATOL 2019;9:723–730)
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Over the years, a strong correlation has been estab-
lished between metabolic syndrome (MetS) and
nonalcoholic fatty liver disease (NAFLD), identi-

fying NAFLD as a hepatic manifestation of MetS.1,2 The
prevalence of NAFLD is found to be two and a half times
more in patients with MetS (27%) than without MetS
(11%).3 Studies have also reported an increased risk of
type 2 diabetes (T2D) and cardiovascular disease (CVD)
in patients with NAFLD.4 In patients with T2D and
CVD, the prevalence of NAFLD is 75% and 28%, respec-
tively.5,6 Besides, 28% of patients with NAFLD have
hyperlipidemia.7 The pathogenesis of NAFLD is a result
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of a series of liver insults, known as the ‘multiple-hit’ hy-
pothesis. These include insulin resistance, dietary sub-
strates (carbohydrates and fats), endocrine hormones,
gut microflora, and genetic factors.8 In view of the multiple
hits responsible for progression of NAFLD to nonalcoholic
steatohepatitis (NASH) and NASH-related fibrosis, preven-
tion and management pose a challenge to drug discovery
and development. One of the initial measures, which helps
modulate the metabolic parameters in NAFLD, is lifestyle
modification with diet and exercise.9 A weight reduction
of 7–9% has shown to reduce inflammation, and a 10%
weight reduction has shown to reduce fibrosis in patients
with NASH. However, the lack of success in its implemen-
tation and challenge with sustaining weight loss has lead
to the need for effective pharmacological agents. In the pre-
sent review, we have discussed the role of antidiabetic
agents and statins in the management of NASH.
METFORMIN

Originally derived from Galega officinalis, metformin has
been the first choice of treatment in patients with T2D.10

As an insulin sensitizer, metformin lowers blood glucose
levels by inhibiting hepatic gluconeogenesis, stimulating
muscle glucose uptake and decreasing intestinal glucose
absorption.11 Metformin induced AMPK (5' adenosine
monophosphate activated protein kinase), activation de-
creases fatty acid synthesis and increases fatty acid oxida-
tion. This contributes to reduction in hepatic fat and
improved insulin sensitivity in patients with NAFLD.12
vier B.V. All rights reserved.
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Figure 1 Direct and Indirect effects of GLP-1RA/DPP-4 i on NAFLD (Adapted andmodified fromDhir et al., 201823). GLP-1, glucagon-like peptide-1;
DPP-4, dipeptidyl peptidase-4; NAFLD, nonalcoholic fatty liver disease.
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In addition, metformin supplementation has shown to
reduce hypertension and hyperlipidemia in patients with
NAFLD, thereby reducing cardiovascular morbidity.13

Along with regulation of impaired fasting glucose, hy-
pertension, and dyslipidemia, patients with NAFLD need
weight management. Metformin aids in weight loss by
decreasing the appetite and sensitizing insulin. A study
on the ob/ob mice model of hepatic steatosis showed the
role of metformin in normalizing alanine aminotrans-
ferase (ALT) levels by decreasing the expression of tumor
necrosis factor a.14 In nondiabetic patients with NASH,
metformin supplementation significantly improved the
body mass index (BMI), insulin sensitivity, ALT levels,
and liver volume determined with ultrasonography. How-
ever, metformin plus lifestyle intervention did not improve
liver histology or aminotransferases, compared with life-
style intervention alone, independent of dose, treatment
duration, or diabetic state.15,16 Furthermore, in the
TONIC trial, involving 173 nondiabetic patients with
NASH diagnosed by liver biopsy, metformin
supplementation failed to reduce ALT levels and improve
liver histology compared with placebo.17 Some studies
have also demonstrated that long-term supplementation
of metformin may reduce the risk of liver cancer by 62%
in patients with T2D.18,19

Despite improvement in the metabolic parameters,
namely, insulin resistance, hypertension, dyslipidemia,
and BMI, European Association for the Study of the Liver
(EASL) guidelines do not recommend metformin for treat-
ment of NASH in view of lack of histological benefit.20
724 © 2019 Indian National Associa
INCRETIN-BASED THERAPIES: GLUCAGON-
LIKE PEPTIDE-1 RECEPTOR AGONISTS AND
DIPEPTIDYL PEPTIDASE-4 INHIBITORS

Incretins account for up to 70% of insulin response af-
ter oral intake of glucose. It is mediated by glucagon-
like peptide-1 (GLP-1) and glucose-dependent insulino-
tropic polypeptide (GIP) released from enteroendocrine
cells in the gastrointestinal tract after food ingestion.
They have a very short half-life as they are degraded
by dipeptidyl peptidase-4 (DPP-4). The half-life is pro-
longed using the DPP-4 inhibitor (DPP-4i), or the levels
are increased by using GLP-1 receptor agonists (GLP-
1RAs).21

Evidence from studies in mice suggests the presence of
hepatic GLP-1 resistance at the GLP-1 receptor level or
downstream. Reduced GLP-1R expression and DPP-4 up-
regulation have been reported in liver tissue of patients
with NAFLD. Bernsmeier et al22 showed that GLP-1 secre-
tion is deficient in patients with NAFLD and NASH. GIP
secretion is contrarily preserved. Insulin resistance accom-
panied by hyperglucagonemia is found to bemore severe in
patients with NASH. It therefore remains unclear whether
deficiency in GLP-1 secretion, hepatic GLP-1 resistance, or
both the components is involved. These pathophysiologic
findings provide evidence for the use of the GLP-1R
agonist for the treatment of NAFLD. Incretins have shown
to have beneficial effect indirectly by improvement in glyce-
mic control and by inducing weight loss. In addition, they
bind to the GLP-1R on hepatocytes to reduce insulin
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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resistance, lipotoxicity, and oxidative stress, as summarized
in Figure 1.23
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GLUCAGON-LIKE PEPTIDE-1 RECEPTOR
AGONIST

Several studies have hinted at a potential benefit of GLP-
1RA in NAFLD, but until recently evidence is inconclusive.
A meta-analysis of six, phase III, randomized controlled tri-
als encompassing the LEAD program was performed by
Armstrong et al24 to evaluate the effect of liraglutide on
liver parameters compared with active placebo in patients
with T2D. Of the 4442 patients analyzed, 50.8% had base-
line ALT abnormality. Liraglutide 1.8 mg/day led to signif-
icant reductions in ALT (p = 0.003) and hepatic steatosis
on CT imaging compared with placebo. However, both ef-
fects were lost after adjusting for weight reduction and gly-
cosylated hemoglobin (HbA1c); thus, effects were
attributable to changes in weight and glycemic control.
In the LEAN study, overweight patients with NASH and
diabetes and those with NASH and without diabetes
were treated with liraglutide 1.8 mg/day for 48 weeks or
placebo. A total of 39% patients in the liraglutide group
achieved resolution of steatohepatitis without worsening
of fibrosis as against 9% in the placebo group (p = 0.019).
In addition, fibrosis progressed in only 9% of patients in
the liraglutide group as compared with 36% of patients
in the placebo group (p = 0.04).25 In a prospective, single-
center study (LIRA–NAFLD), patients with uncontrolled
T2D (HbA1C > 7%) were treated with subcutaneous lira-
glutide 1.2 mg daily on background oral antidiabetic
drugs/insulin for 6 months. There was significant reduc-
tion in liver fat content in patients treated with liraglutide,
and the effect was mainly driven by body weight reduc-
tion.26 Eguchi et al reported a reduction in the BMI, visceral
fat accumulation, aminotransferases, and hyperglycemia
in 19 patients with biopsy-proven NASH treated with lira-
glutide for 24 weeks. There was also improvement in liver
histology in 6 of 10 patients who repeated liver biopsy after
96 weeks of liraglutide treatment.27

In a randomized trial, 30 obese adults with NAFLD were
randomized to a supervised program of energy restriction
plus moderate-intensity exercise to induce$5%weight loss
or liraglutide 3 mg daily for 26 weeks, followed by 26 weeks
with only advice to prevent weight regain. In the liraglutide
group, the participants were only advised to stop eating if
they developed satiety, but no specific dietary advice was
given. The participants in both groups had significant
(p < 0.01) and similar reductions in weight, liver fat frac-
tion, serum ALT, and caspase-cleaved cytokeratin 18 at
26 weeks. Six months after stopping both interventions,
these benefits were not sustained in the liraglutide group
despite advice on weight maintenance in contrast with
the preserved benefits of supervised lifestyle modification.
Journal of Clinical and Experimental Hepatology | November–December 201
The use of liraglutide for the treatment of NAFLD in over-
weight and obese adults should be combined with diet and
exercise, underscoring the importance of lifestyle modifica-
tion for the management of NAFLD.28

GLP-1RAs are usually well tolerated, except for a modest
increase in gastrointestinal symptoms of nausea and diar-
rhea. Current evidence does not support the concern of
an increased risk of pancreatitis. A meta-analysis showed
that the prevalence of pancreatitis and pancreatic cancer
in patients on GLP-1RA was not significantly different
from that observed in comparator arms.29,30 The GLP-
1RA has been studied in patients with NASH who are
obese with/without T2D. Benefits of GLP-1RAs outweigh
the risks in patients with NAFLD/NASH and diabetes or
those with NAFLD/NASH and without diabetes. Whether
the beneficial effects are just related to weight loss or they
have direct effects needs further elucidation.31 Although lir-
aglutide has not been further evaluated in phase 3 develop-
ment, semaglutide, another GLP-1 analogue is under phase
2B trial evaluating its efficacy versus placebo in 372 partic-
ipants with stage F2–F3 fibrosis and NAFLD activity score
(NAS) $4 with a score of at least 1 for each of the compo-
nents (steatosis, ballooning, and lobular inflammation).32
DIPEPTIDYL PEPTIDASE-4 INHIBITOR

The DPP-4i increases incretin effect by delaying quick inac-
tivation of GLP-1 in plasma. The hepatic expression of
DPP-4 is increased significantly in patients with NAFLD.
Most of the studies evaluating the DPP-4i in NAFLD
have used sitagliptin as it was the earliest molecule widely
used in the group. Iwasaki et al33 found that 4 months of
treatment with sitagliptin 50 mg/day in 30 patients with
NAFLD was associated with significant decrease in aspar-
tate transaminase (AST), ALT, and g-gamma glutamyl
transferase (GGT) levels, in addition to improvement in
the glycemic parameters. A study by Yilmaz et al34 showed
that treatment with sitagliptin for 1 year was associated
with significant reduction in NASH scores and a trend to-
wards improved hepatic steatosis. In contrast, in a study
conducted by Fukuhara et al35 in 44 patients with
biopsy-proven NAFLD, sitagliptin treatment showed no
significant change in liver transaminases despite a reduc-
tion in HbA1C levels.

In a study by Cui et al, 50 patients with NAFLD and pre-
diabetes or early stages of diabetes were randomized to si-
tagliptin 100 mg/day versus placebo and followed up for
24 weeks. Liver fat reduction was not statistically signifi-
cant as measured by the magnetic resonance imaging
(MRI)–based biomarker of proton density fat fraction
(PDFF) in several liver segments (p = 0.4).36

The DPP-4i is well tolerated and improves glycemic con-
trol; however, current evidence does not support its use in
NASH.
9 | Vol. 9 | No. 6 | 723–730 725
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SODIUM-DEPENDENT GLUCOSE
COTRANSPORTER INHIBITORS

Sodium-dependent glucose cotransporter-2 (SGLT2) is ex-
pressed in proximal renal tubules. They are responsible for
amajority of glucose reabsorption from the tubular lumen.
The sodium-dependent glucose cotransporter-2 inhibitor
(SGLT-2i) (gliflozins) inhibits SGLT2 and improves glyce-
mic control by promoting urinary glucose excretion. In
addition, it leads to weight loss and blood pressure reduc-
tion with a minimal risk of hypoglycemia.37

The adipose tissue serves as energy storage reservoirs
against calorie overload. Beyond its capacity, the excess cal-
orie accumulates in ectopic nonadipose tissues, such as the
liver, skeletal muscle, and pancreas. In these organs, lipo-
toxicity leads to their metabolic dysfunctions and histo-
pathologic changes. The SGLT-2i reduces de novo
lipogenesis by attenuating hyperglycemia and hyperinsuli-
nemia. It promotes fat accumulation in epididymal fat and
prevents ectopic fat accumulation in the liver by improving
insulin sensitivity in adipose tissue. The fibrosis of white
adipose tissue limits its lipid storage capacity via inhibiting
adipocyte hypertrophy, which leads to ectopic lipid accu-
mulation in the liver. SGLT-2i lead to the adipose expan-
sion without an increase in inflammation or fibrosis
referred to as “healthy adipose expansion.” In mice models
of fatty liver, canagliflozin has shown to alter glutathione
metabolism favorably to reduce oxidative stress in adipose
tissue. The postulated mechanism of action of the SGLT-2i
in NAFLD is summarized in Figure 2.38,39
Figure 2 Adapted and modified. Mechanism of action of SGLT-2 inhibitors i
nonalcoholic fatty liver disease; FFA, free fatty acids.

726 © 2019 Indian National Associa
The benefits of the SGLT-2i in the prevention of
NAFLD have been demonstrated in animals.38 Seko et al
conducted a retrospective study comparing 24 weeks of
treatment with ipragliflozin 50 mg or canagliflozin
300 mg with sitagliptin in patients with T2D and biopsy-
proven NAFLD. Both groups had significant improve-
ments in serum AST and ALT levels from baseline; howev-
er, weight loss was significant in the SGLT-2i group.39 A
retrospective review was conducted by Ohki et al in Japa-
nese patients with NAFLD and T2D who had abnormal
ALT levels despite treatment with the GLP-1RA or DPP-
4i. Addition of the SGLT-2i as a second-line treatment re-
sulted in significant decrease in ALT (62–38 IU/L;
p < 0.01), with 58.3% of patients achieving normalization
of ALT levels. It also improved the fibrosis-4 index, from
1.75 to 1.39 (p = 0.04).40

The E-LIFT trial with empagliflozin, a study from India,
enrolled 50 patients with T2D and NAFLD who were
randomly assigned into two groups for 20 weeks, the em-
pagliflozin group (standard treatment for T2D plus empa-
gliflozin 10 mg daily) and control group (standard
treatment without empagliflozin). Change in liver fat was
measured by MRI-PDFF. Patients on empagliflozin had
significant reduction in liver fat (mean MRI-PDFF differ-
ence, 4.0%; p < 0.0001) compared with the control group.41

Two investigator-initiated single-arm open-label studies
have used paired liver biopsies to evaluate the effect of the
SGLT-2i for the treatment of NASH in patients with T2D.
These pilot studies have shown improvement in scores of
steatosis, lobular inflammation, ballooning, and fibrosis
n NAFLD. SGLT2, sodium-dependent glucose cotransporter-2; NAFLD,

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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stage, thus serving as the impetus for larger, randomized,
double-blind, placebo-controlled studies on the SGLT-2i
for the treatment of NASH.42,43 In addition, the SGLT-2i
improves cardiometabolic parameters such as systolic
blood pressure, diastolic blood pressure, fasting blood
glucose, and high density lipoprotein (HDL) cholesterol.
Improvement in cardiac and renal outcomes is important
because CVD is the leading cause of mortality in patients
with NAFLD.44,45 Data evaluating the long-term safety
and tolerability of the SGLT-2i are lacking owing to their
recent introduction on the market. In 2015, the FDA
released warning cautioning prescribers to screen for uri-
nary tract infections in patients on SGLT-2i. In addition,
Fournier's gangrene (FG) is a newly identified safety
concern in patients receiving SGLT-2i. FG is a newly iden-
tified safety concern in patients receiving SGLT-2i.46
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PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTOR AGONIST

Peroxisome proliferator-activated receptor (PPAR) agonists
are ligand-activated nuclear receptors consisting of three
isoforms: PPARa, PPARd, andPPARg. Eachof these isoforms
differs from each other with respect to their action (Figure 3).
The PPARa agonist fenofibrate has beneficial effects in
reducing triglycerides and decreasing synthesis of apolipo-
proteins. In addition, its anti-inflammatory and antioxidant
actions help reduce necroinflammation, apoptosis, and
fibrosis. However, data regarding the effect of fenofibrate in
NASH are inconclusive.47
Figure 3 Mechanism of action of the PPAR agonist in NAFLD. PPAR, peroxi
ease; NF- kB, nuclear factor kappa-light-chain-enhancer of activated B cells
lipoprotein.

Journal of Clinical and Experimental Hepatology | November–December 201
Pioglitazone, a PPARg agonist, is recommended for pa-
tients with T2D. Pioglitazone improves insulin and
glucose parameters, increases lipid storage in subcutane-
ous adipose tissue, increases adiponectin, and reduces lip-
otoxicity in the liver.48 In the PIVENS trial, nondiabetic
patients with NASH were treated with 30 mg pioglitazone.
Compared with placebo, pioglitazone reduced liver inflam-
mation but not fibrosis.48 Owing to probability of relapse
of NASH after discontinuation, pioglitazone needs to be
continued for a longer period. Treatment with pioglita-
zone for >24 months and at a cumulative dose of
>28,000 mg (average daily dose of pioglitazone about
40 mg/day) has been linked to bladder cancer.49 The effi-
cacy of low-dose pioglitazone (7.5–15 mg) in NASH needs
further elucidation. In addition to risk of malignancy, pio-
glitazone has side effects such as weight gain, bone loss,
and peripheral edema.50

The coexistence of T2D and dyslipidemia has also led to
the development of dual PPAR agonists. The PPARa/g
agonist, saroglitazar, has shown to improve liver histopa-
thology and biochemistry in experimental NASH models.51

Currently, phase 3 randomized controlled trial (RCT) is
ongoing in India to assess the effect of saroglitazar versus
placebo for 52 weeks in biopsy-proven noncirrhotic NASH.
Saroglitazar, unlike pioglitazone, does not lead to weight
gain and peripheral edema.52

PPARd decreases hepatic gluconeogenesis and fatty acid
oxidation, improves insulin sensitivity, and inhibits activa-
tion of macrophages and Kupffer cells. The dual PPARa/
d agonist, elafibranor, has been shown to improve liver,
some proliferator-activated receptor; NAFLD, nonalcoholic fatty liver dis-
; VLDL, very low density lipoprotein; TG, triglyceride; HDL, high density
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Table 1 Summary of recommendations for statin treatment in
patients with NAFLD (Adapted and modified from Pastori
et al., 201556).
Long-term statin treatment and liver toxicity

1. As per the national lipid association (NLA), the risk for serious liver
injury from statins is quite rare.

2. LFT monitoring in asymptomatic individuals is not recommended.

Statins for the treatment of dyslipidemia in patients with nonalcoholic
fatty liver disease

1. Patients with NAFLD are at high risk of cardiovascular morbidity
and mortality.

2. Treatment of dyslipidemia plays a critical role in the overall man-
agement of NAFLD.

3. Patients with NAFLD and dyslipidemia are not at increased risk of
statin hepatotoxicity.

4. Statins reduce CVD morbidity and mortality in patients with
NAFLD/NASH by two-third times as compared with untreated
patients not on statins.

Statins for the treatment of nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis

1. Preliminary studies have shown that statins may possibly improve
hepatic histology in patients with underlying NAFLD; however, no
convincing histological data are available.

2. At present, statins are not recommended for treatment of NASH.

LFT, liver function test; NAFLD, nonalcoholic fatty liver disease; NASH,
nonalcoholic steatohepatitis; CVD, cardiovascular disease.
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 adipose tissue, and peripheral tissue insulin sensitivity and

reduce ALT levels in patients with MetS.53 In a phase 2b
randomized double-blind placebo-controlled trial in pa-
tients with biopsy-proven noncirrhotic NASH, 19% of
study participants with NAS>4 on elafibranor 120 mg/
day showed resolution of NASH as compared with 12%
Table 2 Anti diabetic drugs for management of NAFLD (Adapted

Class Metabolic effect

Biguanides YHepatic glucose output

DPP-4 inhibitors [Endogenous level of GLP-1

GLP-1 receptor agonists [Glucose-dependent insulin secretion
YGastric emptying and appetite

SGLT2 inhibitors YRenal glucose reabsorption

PPAR agonist PPARa: [ insulin sensitivity

PPARg: [ fatty acid uptake and adipose tissue l

Dual PPARa/g: [insulin sensitivity, [b-oxidation

Dual PPARa/d: [ insulin sensitivity, Y hepatic g

Pan-PPARa/b/g: [ insulin sensitivity, [ b-oxida

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium
ease; PPAR, peroxisome proliferator-activated receptor; NA, data not availab
Y - decrease; [ - increase; 4 equivalence; ? – Not known.
aDual PPAR agonists are currently in phase 3 clinical trials.
bThe pan-PPAR agonist is currently in phase 2b clinical trials.

728 © 2019 Indian National Associa
on placebo (p = 0.045). Currently, elafibranor 120 mg/day
is being evaluated in a phase 3 randomized clinical trial
for its effect on liver histology and mortality in patients
with NAS >4. Recently, a new-generation pan-PPAR
agonist, IVA 337, is found to activate all the three isoforms
of PPARa, PPARd, and PPARg. In addition to encouraging
results in preclinical and clinical studies, its safety profile
makes it a promising drug for NASH.54
STATINS

Statins reduce cholesterol biosynthesis by inhibiting 3-
hydroxy-3-methyl-glutaryl-coenzymeA (HMG-CoA) reduc-
tase. In addition, owing to their anti-inflammatory, antiox-
idant, and antifibrotic effects, theymay be beneficial for the
treatment of NASH.55 The subclasses of statins function
differently with respect to oral absorption, bioavailability,
liver extraction, protein binding, and HMG-CoA reductase
activity. Atorvastatin, lovastatin, simvastatin, and fluvasta-
tin are lipophilic in nature and are metabolized by the cyto-
chrome P450 system. On the other hand, pravastatin and
pitavastatin are hydrophilic and thus are minimally metab-
olized in the liver, whereas rosuvastatin has an intermediate
behavior. Studies have shown that the hydrophobic statins,
lovastatin and simvastatin, reach a higher concentration in
the liver compared with hydrophilic pravastatin. However,
the exact clinical relevance of these differences is uncer-
tain.56

Despite patients with T2D and NAFLD being at a
higher risk of CVD compared with patients with diabetes
alone, statins are underprescribed in NASH. This is mainly
because of the concern regarding their safety in patients
with deranged liver function tests (LFTs).56,57 A
and modified from Diana et al., 201659).

Drug Steatosis Inflammation Fibrosis

Metformin Y 4 4

Sitagliptin NA NA NA

Vildagliptin
Linagliptin

Liraglutide Y Y 4

Canagliflozin Y NA NA

Empagliflozin

Fenofibrate 4 Y ALT 4

ipogenesis Pioglitazone Y ALT 4/Y

Saroglitazar Y ?(Y)a ?(Y)a

luconeogenesis Elafibranor Y ?(Y)a ?(Y)a

tion IVA337 Y ?(Y)b ?(Y)b

-dependent glucose cotransporter-2; NAFLD, nonalcoholic fatty liver dis-
le.

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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comprehensive review of the safety and efficacy of statins in
patients with chronic liver disease, including patients with
NAFLD, concluded that statins were safe for the
management of dyslipidemia in patients with NASH.58

Statins have shown considerable improvement in liver
histology in in vivo NASH models. In 3 post hoc analyses
of RCT (n = 1,600, n = 1,123, and n = 8864) the use of ator-
vastatin had beneficial effect in NAFLD/NASH, in terms of
reduction in liver enzymes and normalization of liver echo-
genicity. In the study, the atorvastatin dose of up to 80mg/
day was deemed to be safe.56,57 In a 1-year pilot study
(n = 20), rosuvastatin monotherapy (10 mg/day) lead to
complete NASH resolution in biopsy-proven NASH in pa-
tients with MetS. In addition, the LFT normalized, and ul-
trasonography showed absence of steatosis at the end of
the study. The beneficial effect of rosuvastatin was attrib-
uted to the reduction in systemic inflammation.57,58In a
multicenter, prospective study involving 107 European
individuals, statins had a protective effect on NAS
(p < 0.001) and the fibrosis stage F2–F4 (p = 0.017). The
amelioration of NASH and histological lesions correlated
strongly with the dose of statins.56,57

The recommendations for use of statins in patients with
NAFLD are summarized in Table 1.56 The EASL/European
Association for the Study of Diabetes/European Associa-
tion for the Study of Obesity guidelines do not suggest
statin administration for the treatment of NAFLD/
NASH; however, they suggest statins can be safely pre-
scribed in NAFLD/NASH with dyslipidemia. Further
statin therapy is contraindicated for patients with decom-
pensated cirrhosis and acute liver failure.9,20

Apart from control of diabetes, antidiabetes drugs may
have variable effects on the resolution of NASH (Table 2).59

Optimal control of risk factors with lifestyle modification,
antidiabetic drugs, and statins will form an integral part of
themanagement of patients with NAFLD until specific tar-
geted therapies are available to prevent progression of
NASH and fibrosis.
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