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Abstract

Non-alcoholic fatty liver disease (NAFLD), the most common
cause of liver disease, affects approximately 75 to 100 million
Americans. Patients with concurrent NAFLD and type 2 dia-
betes mellitus have a higher risk of progressing to advanced
fibrosis and non-alcoholic steatohepatitis compared to non-
diabetics. Lifestyle modifications, including weight loss, remain
the mainstay of treatment for NAFLD, as there are no med-
ications currently indicated for this disease state. Anti-diabetic
pharmacologic therapies aimed at improving insulin sensitivity
and decreasing insulin production have been studied to
determine their potential role in slowing the progression of
NAFLD. In this review, we focus on the evidence surrounding
anti-diabetic medications and their ability to improve disease
progression in patients with NAFLD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), the most common
cause of liver disease, affects approximately 75 to 100 million
Americans.1,2 The hepatic injury resulting from NAFLD ranges

from intrahepatic accumulation of fat (steatosis or non-alcoholic
fatty liver) to necrotic inflammation (non-alcoholic steatohepa-
titis; NASH).3 Although NAFLD rarely progresses to advanced
disease, approximately 20% of patients with NASH will
develop progressive fibrosis, cirrhosis, and hepatocellular car-
cinoma (HCC).3,4 Due to advances in the treatment of hepatitis
C virus and the rising rate of obesity, NASH is predicted to
become the leading indication for liver transplantation in the
United States within the next 5 to 15 years.5

The pathogenesis of NAFLD is a multifactorial and complex
process. The intrahepatic regulation of free fatty acid uptake,
synthesis, degradation, and secretion is altered, which leads
to accumulation of triglycerides in the hepatocytes. These
changes in morphology cause the liver to be susceptible to
injury from inflammatory responses which aid in the progres-
sion of the disease. Additionally, there is a strong association
between NAFLD and insulin resistance. Studies have demon-
strated a decrease in whole body insulin sensitivity, as well as
increased insulin resistance in hepatic and adipose tissues.6

This diminished response to insulin within adipocytes leads to
increased free fatty acids flux to the liver, whichmay contribute
to hepatic steatosis.6

There is a strong relationship between NAFLD and the
components of metabolic syndrome, including type 2 diabe-
tes mellitus (T2DM).7 Up to 70% of patients with T2DM may
have concurrent NAFLD and studies have demonstrated that
these patients are at higher risk of progression to NASH and
advanced fibrosis.8–10 Moreover, NAFLD increases cardiovas-
cular disease risk independent of traditional risk factors.11

Recent recommendations for diabetic patients include
increased screening and early interventions for NASH.12 Life-
style changes, including weight loss, remain the mainstay of
treatment for NAFLD, as there are no medications currently
approved by the United States Food and Drug Administration
(FDA) for this disease.13,14 Drug therapies would ideally
decrease the disease activity score and delay the progression
of fibrosis. Current treatment options target the mechanisms
leading to NAFLD development and progression. Therefore,
diabetes medications aimed at improving insulin sensitivity
and decreasing insulin production have been extensively
studied to evaluate their ability to slow the progression of
NAFLD. Various studies have focused on the use of anti-diabetic
therapies with different mechanisms of action (Fig. 1) for
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NAFLD, including metformin, thiazolidinediones (TZDs), glucagon-
like peptide 1 receptor (GLP-1r) agonists, dipeptidyl pepti-
dase 4 (DPP-4) inhibitors, and sodium/glucose cotransporter
2 (SGLT2) inhibitors. In this review, we focus on the evidence
surrounding these agents and their ability to improve disease
progression in patients with NAFLD.

Metformin

Due to its ability to ameliorate hyperglycemia by improving
peripheral sensitivity to insulin, reducing gastrointestinal
glucose absorption and hepatic glucose production, metformin
has been utilized as first-line therapy for the treatment of
T2DM for several decades. As insulin resistance appears to
have a strong role in the pathogenesis of NAFLD, therapeutic
options to enhance insulin sensitivity in this patient population
have been of interest to researchers. Several studies have
assessed the potential role of metformin to alter the progres-
sion of NAFLD.

In 2004, Nair et al.15 conducted an open label study in
patients with histologically-confirmed NAFLD, in which patients
were given metformin (20 mg/kg, maximum of 2 g) for 48
weeks. During the treatment period, laboratory parameters
including alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase, serum bilirubin,
international normalized ratio, gamma glutamyl transferase,
and blood glucose levels were assessed at 12-week intervals.
Fifteen patients (age 51±12 years; six females) completed
1 year of treatment, and 10 underwent a post-treatment biopsy.
The authors noted improvements in ALTand AST, and in insulin
sensitivity. However, no additional improvement in insulin sen-
sitivity was seen after 3 months and aminotransferases grad-
ually increased to pre-treatment levels. Among patients with
post-treatment biopsy, three (33%), showed improvement in
steatosis and only one (10%) showed improvement in fibro-
sis.15 A study by Haukeland et al.16 yielded similar results in a
randomized placebo-controlled trial of 48 patients with biopsy-
proven NAFLD. Patients were treated with either metformin (n
= 24) or placebo (n = 24) for 6 months. There were no sig-
nificant differences between groups for liver steatosis, which
was assessed either histologically or by computed tomography
(CT). The metformin group experienced reductions in serum
lipid and glucose levels, therefore the authors suggested that
metformin may still benefit patients with NAFLD.16

Additionally, the use of metformin in combination with
lifestyle modifications versus lifestyle changes alone has been
studied by various authors. Ugyn et al.17 assessed the ability
of metformin to attenuate the necrotizing inflammatory
process of NAFLD by comparing sonographic and histological
parameters in 36 patients who utilized dietary modifications

versus those who received metformin 850 mg twice daily in
addition to dietary modifications for 6 months. Although there
was some improvement in necroinflammatory activity in the
metformin group, it was not statistically significant and, more
importantly, there was no difference in fibrosis between the
two groups.17 Similarly, a small randomized placebo-controlled
trial including 19 patients compared metformin plus dietary
changes and exercise to diet and exercise alone in non-diabetic
patients with insulin resistance and NAFLD.18 There was no
significant difference in histopathology between groups on
follow-up liver biopsy at 12 months. Therefore, due to the
lack of evidence demonstrating significant histological improve-
ment, metformin is not currently recommended for the treat-
ment of liver disease in patients with NAFLD.13,14

Thiazolidinediones (TZDs)

TZDs activate peroxisome proliferator-activated receptor g,
which improves insulin sensitivity in the liver, muscle and
adipose tissue.19 TZDs also increase adiponectin levels, which
counter the effects of tumor necrosis factor-a and promote
oxidation of fatty acids. This oxidation coupled with decreased
lipogenesis decrease gluconeogenesis.19

The TZDs, including rosiglitazone and pioglitazone, have
been well studied for the treatment of NASH. Ratziu et al.20

conducted the FLIRT trial, which compared 12 months of rosi-
glitazone (titrated to 8mg/day) to placebo in 63 NASH patients.
Normalization of ALT by the end of treatment was higher in the
rosiglitazone group versus placebo (38% vs. 7%, respectively;
p= 0.005), but these levels returned to baseline 4months after
the end of treatment. More patients treated with rosiglitazone
had greater than 30% reduction in steatosis compared to
placebo (47% vs. 16%, respectively; p = 0.014), but there
were no significant improvements in other histological param-
eters.20 A 2-year extension study of the FLIRT trial was con-
ducted to determine if prolonged rosiglitazone treatment
improved histological response. This study, however, found no
additional improvement in steatosis after 12 months of therapy
and no effects on inflammation and liver injury.21

A randomized placebo-controlled trial comparing 6months of
a hypocaloric diet plus pioglitazone (titrated to 45 mg/day) to a
hypocaloric diet plus placebo was conducted in 55 patients with
biopsy-proven NASH and either pre-diabetes or T2DM. When
compared to the placebo arm, patients treated with diet plus
pioglitazone had decreased hepatic fat content, improved insulin
sensitivity, and normalization of liver aminotransferase levels.
While the pioglitazone group experienced improvements in
inflammation, ballooning necrosis, and steatosis compared to
placebo, there was no significant difference in reduction of
fibrosis between the groups.22 The PIVENS trial was a large
double-blind, placebo-controlled trial that compared the effects
of pioglitazone to vitamin E in NASH patients without diabetes.23

The 247 patients included were randomized to one of the three
following groups for 96 weeks of treatment: pioglitazone 30mg/
day; vitamin E 800 IU/day; or placebo. The primary outcome
was a composite endpoint which included improvement in the
NAFLD activity score (NAS), improvement in hepatocellular bal-
looning, and no increase in fibrosis. More patients receiving pio-
glitazone compared to placebo achieved the primary composite
endpoint (34% vs. 19%; p= 0.004), but the difference between
these two groups did not reach the pre-specified 0.025 level of
significance. Although pioglitazone did not significantly reduce fib-
rosis, resolution of NASH was found in 47% of patients treated
with pioglitazone compared to 21% with placebo (p = 0.001).

Fig. 1. Site of action of anti-diabetic medications in NASH/NAFLD.
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Similarly, a recent meta-analysis reviewing 8 randomized con-
trolled trials found that pioglitazone is associated with resolu-
tion of NASH (odds ratio; OR: 3.22, 95% confidence interval;
CI: 2.17–4.79; p < 0.001). This study also found that pio-
glitazone improves fibrosis of any stage (OR: 1.66, 95% CI:
1.12–2.47; p = 0.01), including advanced fibrosis, with
similar results in patients without diabetes.24

Based on the histological improvements seen with pioglita-
zone therapy, the American Association for the Study of Liver
Diseases (AASLD) and European Association for the Study of
Liver (EASL) guidelines recommend that this medication can be
considered for use in patients with biopsy-proven NASH.13,14

However, use of pioglitazone is limited by the lack of sufficient
data evaluating the long-term efficacy and safety in this patient
population. Long-term effects are still debatable, largely due to
different intervention strategies, reporting methods, and histo-
logical scoring.25 The side effect profile of pioglitazone remains
a significant concern and may limit its use. TZDs are known to
cause weight gain, sodium and water retention, and osteopo-
rosis and bone fractures, especially in post-menopausal
women. Additionally, these medications have been associated
with an increased risk of cardiovascular events.26

Glucagon-like peptide 1 (GLP-1) receptor (GLP-1r)
agonists

GLP-1 is a naturally occurring gastrointestinal hormone
secreted by the enteroendocrine L cells of the distal small
intestine and proximal colon that binds to GLP-1r expressed in
various organs, including the liver.27,28 Its primary function is
to regulate blood glucose in systemic and splanchnic vessels
via stimulation of glucose-dependent insulin secretion and
inhibition of glucagon secretion.29,30 In addition to insulin reg-
ulation, GLP-1r agonists approximately double the gastric
emptying time and enhance early satiety, thus leading to
weight loss in a majority of treated patients.31,32 GLP-1r ago-
nists have also been found to reverse hepatic steatosis in mice
by suppressing key regulatory genes in hepatocytes that are
associated with NASH.33 Due to its degradation by dipeptidyl
peptidase-4, GLP-1 has a short half-life. Synthetic GLP-1r ago-
nists were first tested in 2001 and approved for treatment of
T2DM in the United States in April 2005.34,35 Current FDA
approved GLP-1r agonists include exenatide, liraglutide, exe-
natide extended-release, albiglutide, and lixisenatide.

Armstrong and colleagues36 performed a meta-analysis of
six, 26-week, phase III, randomized controlled trials encom-
passing the LEAD program to evaluate the effect of liraglutide
on liver parameters compared to active placebo in patients
with T2DM. Of the 4442 patients analyzed, 50.8%had baseline
ALT abnormality. Liraglutide 1.8 mg/day led to significant
reductions in ALT compared to placebo (p = 0.003). Although
differences in hepatic steatosis on CT imaging were not stat-
istically significant, a sub-study found that liraglutide 1.8 mg/
day trended towards improving hepatic steatosis when com-
pared to placebo. However, both effects were lost after adjust-
ing for weight reduction and hemoglobin A1C (HbA1C), which
suggests that liraglutide’s hepatic effects correlate to changes
in weight and glycemic control.36 To further evaluate the safety
and efficacy of liraglutide treatment in patients with NASH, the
authors of the LEAN study conducted a double-blinded,
randomized, placebo-controlled phase 2 trial at four medical
centers in the United Kingdom. Overweight NASH patients with
and without diabetes were treated with 48 weeks of liraglutide
1.8 mg/day or placebo. The primary endpoint was resolution of

steatohepatitis without worsening of fibrosis from baseline.
Nine of 23 (39%) patients in the liraglutide group achieved the
primary outcome compared to 2 of 22 (9%) in the placebo group
(p = 0.019). In addition, 9% of patients in the liraglutide group
had progression of fibrosis compared to 36% of patients in the
placebo group (p = 0.04).37

The effects of exenatide on hepatic biomarkers were also
studied in 217 patients with T2DM. Patients from three placebo-
controlled trials were enrolled into one open-label extension
trial. Patients received exenatide 5 to 10 mcg twice daily in
addition to metformin and/or sulfonylureas for at least 3 years.
In patients with elevated ALT at baseline, ALT and AST levels
improved by week 156, with 41% of patients achieving normal-
ization of ALTafter 3 years of treatment. Of these patients with
elevated ALT at baseline, the 25% with the greatest weight
reduction also experienced the largest decrease in ALTand AST.
The remaining 75% had similar ALT reductions independent
of weight loss or change in HbA1C.38 Garcia et al.39 conducted
an observational, pilot study that compared treatment with exe-
natide, liraglutide, or other anti-diabetic agents for 6 months
on laboratory and ultrasonographic markers of NAFLD in
T2DM patients. All 58 patients included in the study were
on metformin and 57.8% had NAFLD at baseline. There was
ultrasonographic improvement in 80% of the patients receiv-
ing exenatide compared to 33% with liraglutide, 33.3% with
gliclazide, 37.5% with pioglitazone, and 45.5% with sitagliptin
(p = 0.28).39 Shao et al.40 further evaluated 12-weeks exena-
tide for the treatment of NAFLD in 60 obese patients with ele-
vated liver enzymes and T2DM. Subjects were randomized to
exenatide (titrated to 10mcg twice daily) plus insulin glargine or
the intensive insulin therapy group (insulin aspart plus insulin
glargine). Exenatide treatment led to a significant decrease in
weight and hepatic biomarkers compared to the intensive insulin
group (p < 0.001). Similar to previous findings, the decrease in
ALTand ASTcorrelated with the degree of weight loss. Exenatide
also resulted in a higher reversal rate of fatty liver (93.3%) in
comparison to the intensive insulin group (66.7%) (p< 0.01).40

The remaining GLP-1r agonists have only recently been
approved and therefore limited data is available regarding their
effects on NAFLD. A retrospective study evaluated the efficacy
and safety of dulaglutide 0.75 mg weekly for 12 weeks in 15
NAFLD patients with T2DM refractory to dietary interventions.
There was a significant decrease from baseline in trans-
aminases and liver stiffness, in addition to body weight and
HbA1C.41 However, additional placebo-controlled or head to
head trials are required to investigate these newer agents.

Dipeptidyl peptidase-4 (DPP-4) inhibitors

DPP-4 is an enzyme that breaks down bioactive peptides,
including glucose-dependent insulinotropic polypeptide (GIP)
and GLP-1, and renders them inactive; therefore, its inhibition
increases insulin secretion and suppresses glucagon release
from the pancreas. DPP-4 inhibitors were developed after the
identification of the therapeutic effects of GLP-1, in order to
delay its quick inactivation in plasma and thereby increase the
incretin effect. Four DPP-4 inhibitors (sitagliptin, saxagliptin,
linagliptin, and alogliptin) are currently available in the United
States and many other countries. Vildagliptin is available in
several countries but not in the United States. In patients with
NAFLD, the hepatic expression of DPP-4 is increased signifi-
cantly, when compared to normal subjects.42 Serum DPP-4
activity and hepatic DPP-4 expression are correlated with
NAFLD grading.43
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Most of the studies evaluating DPP-4 inhibitors in NAFLD
have utilized sitagliptin due to its widespread use and because it
was the earliest DPP-4 inhibitor available on the market. Earlier
trials evaluated the effect of DPP-4 inhibitors on liver enzymes
in patients with T2DM and NAFLD. Initially, Iwasaki et al.44

found that 4 months of treatment with sitagliptin 50 mg/day
in 30 NAFLD patients was associated with significant decreases
in AST, ALTand g-GTP levels, in addition to improvement in the
parameters of diabetes. In an open-label, single arm observa-
tional pilot study of 15 patients conducted by Yilmaz et al.45,
treatment with sitagliptin for 1 year was associated with signifi-
cant reduction in NASH scores and a trend towards improved
hepatic steatosis. Significant reductions in AST and ALT levels
and body mass index were also observed.45 Two retrospective
reviews of patients with T2DM and liver dysfunction also
showed that treatment with DPP-4 inhibitors was associated
with improvements in liver enzymes. Although both studies
included different types of chronic liver injury, the majority of
these patients had NAFLD.46 In contrast, a study conducted by
Fukuhara and colleagues47 in 44 patients with biopsy-proven
NAFLD followed for 12 months demonstrated that liver trans-
aminases did not change significantly during treatment with
sitagliptin despite a reduction in HbA1C levels. Similarly, no
significant changes in liver enzymes were observed with sita-
gliptin treatment during 48 weeks of follow-up in a case-control
study conducted by Arase and colleagues.48

More recently, two randomized, double-blinded, placebo-
controlled studies evaluated the effect of sitagliptin on histologic
and non-histologic parameters of NASH. Cui and colleagues49

included 50 NAFLD patients with pre-diabetes or early stages of
diabetes randomized to sitagliptin 100 mg/day versus placebo
and followed for 24 weeks. There was not a statistically signifi-
cant difference between the two groups in liver fat reduction,
asmeasured bymagnetic resonance imaging (MRI)-based bio-
marker of proton density-fat fraction (MRI-PDFF) in several
liver segments (mean difference between the two groups:
−1.3%; p = 0.4). End-of-treatment MRI-PDFF was also not
different between the two groups, when compared to baseline
[sitagliptin (18.1% to 16.9%; p = 0.27); placebo (16.6% to
14.0%; p = 0.07)]. Other biomarkers, such as changes in ALT,
AST, low-density lipoprotein, insulin resistance asmeasured by
homeostasis model, and MRE-derived liver stiffness, were not
different between groups.49 In another trial conducted by
Joy et al.,50 12 patients with biopsy-proven NASH were
randomized to sitagliptin 100 mg/day (n = 6) versus placebo
(n = 6) and followed for 24 weeks. At the end of the trial
period, there was no difference between the groups in reduc-
tion of liver fibrosis score, as measured on liver biopsy. Also,
secondary histologic outcomes of NAS or the individual com-
ponents of NAS (hepatocyte ballooning, lobular inflammation,
and steatosis) did not differ between the two groups. However,
sitagliptin use was associated with improved HbA1C and a
trend towards improved triglyceride and adiponectin levels.
No significant changes in liver enzymes or other biomarkers
were found.50

Other DPP-4 inhibitors studied include alogliptin, which
showed a decrease in NASH, ferritin, insulin, type 4 collagen
7S (NAFIC) score in a single arm, multi-center, non-randomized
study of NAFLD patients with T2DM followed for 12 months.51

In another double-blind, placebo-controlled trial of 44 patients
with T2DM on a stable metformin regimen, the use of
vildagliptin was associated with a 27% decrease in mean
fasting liver triglyceride levels and improvements in ALT

regardless of any changes in body weight. No changes in
peripheral insulin sensitivity were observed.52

In summary, current evidence suggests that DPP-4 inhib-
itors do not improve histologic features of NAFLD/NASH.
However, DPP-4 inhibitors appear to be well-tolerated in this
patient population, improve glycemic control as measured
through HbA1C, and may improve liver enzymes as demon-
strated in some of the studies. Further randomized, placebo-
controlled trials of larger sample size over longer follow-up
periods are needed to assess the role of DPP-4 inhibitors in
patients with T2DM and NAFLD.

Sodium/glucose cotransporter-2 (SGLT2) inhibitors

The SGLT2 transporters are expressed in proximal renal
tubules and are responsible for a majority of glucose reabsorp-
tion from the tubular lumen. The gliflozins represent a newer
class of oral anti-diabetic drugs that inhibit SGLT2, thereby
promoting urinary glucose excretion. These medications have
been shown to reduce body weight and blood pressure with a
low risk of hypoglycemia. The reduction of glucose without
impacting insulin secretion allows these medications to be used
alone or in combination with other agents that may cause
hypoglycemia, such as insulin and sulfonylureas.

The benefits of SGLT2 inhibitors in the prevention or
reversal of NAFLD have been demonstrated in animal and
human studies. Ipragliflozin is an SGLT2 inhibitor currently
available in Japan, but not in the United States. This agent
improved hepatic steatosis and prevented hepatic triglyceride
accumulation and fibrosis in mice models. The human studies
in patients with T2DM demonstrated that treatment with
SGLT2 inhibitors led to a decrease in serum ALT levels.53–55

Studies evaluating the efficacy of SGLT2 inhibitors in NAFLD
patients are limited. Seko et al.56 conducted a retrospective
study comparing 24-weeks of treatment with ipragliflozin 50
mg or canagliflozin 300 mg to sitagliptin in T2DM patients with
biopsy-proven NAFLD. Both groups had significant improve-
ments in serum AST and ALT levels from baseline. The SGLT2
inhibitor group also experienced significant weight loss com-
pared to the DPP-4 inhibitor group.56 Ohki et al.57 conducted a
retrospective review of Japanese NAFLD patients with T2DM
who had abnormal ALT levels despite treatment with GLP-1r
agonists or DPP-4 inhibitors. When ipragliflozin was added as
second-line treatment, there was a significant decrease in
ALT (62 to 38 IU/L; p < 0.01), with 58.3% of patients achiev-
ing normalization of ALT levels. The addition of an SGLT2 inhib-
itor also improved the fibrosis-4 index, from 1.75 to 1.39
(p = 0.04).57 A 21-patient investigation by Takase et al.58

showed that steatosis, measured by the fatty liver index,
improved after 16 weeks of ipragliflozin therapy. Patients also
had reductions in fat mass, visceral adipose tissue, and sub-
cutaneous adipose tissue, but there was no correlation in these
changes with fatty liver index.58

Data evaluating the long-term safety and tolerability of this
drug class are lacking, due to their recent introduction to the
market, with dapagliflozin receiving the earliest FDA approval
in 2013. In 2015, the FDA released a warning cautioning
prescribers to screen for urinary tract infections in patients on
SGLT2 inhibitors. The warning was based on 19 reported cases
of urosepsis or pyelonephritis requiring hospitalization, with
some patients also requiring hemodialysis. In a pooled safety
analysis of 12 randomized, placebo-controlled trials, Johnson
and colleagues59 found an increased risk of urinary tract infec-
tions with dapagliflozin compared to placebo. A similar
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increase was observed among patients treated with empagli-
flozin and canagliflozin.60–62 Additional trials need to be con-
ducted evaluating the histological effects of SGLT2 inhibitors to
determine their role in the treatment of NAFLD. Similar to the
other agents being investigated, long-term safety and efficacy
data should also be considered in this patient population.

Farnesoid X receptor (FXR) agonist

FXR is a bile acid nuclear receptor that plays a role in lipoprotein
and glucose metabolism, hepatic regeneration, and regulating
hepatic inflammation.63 Mouse models deficient in FXR have
increasingly developed NASH and HCC.64,65 Studies in humans
have also found decreased FXR expression in patients with
NAFLD.66 Obeticholic acid (OCA) is an FXR receptor agonist
that is a semi-synthetic variant of the natural bile acid cheno-
deoxycholic acid.67 Although this agent is not approved for the
treatment of T2DM, it has been studied in patients with T2DM
and NAFLD.

A randomized, double-blind, placebo-controlled, phase 2 trial
was conducted in NAFLD patients with T2DM over 6 weeks to
evaluate OCA effects on insulin resistance and hepatic steatosis.
When given a low-dose insulin infusion, insulin sensitivity
increased by 28% in patients treated with OCA 25 mg and
20.1% in those treated with OCA 50 mg compared to a 5.5%
decrease in the placebo group. The OCA 25 mg group also
experienced a significant decrease in markers of liver fibrosis.68

Based on these results, a phase 2, randomized, double-blind,
placebo-controlled investigation called the FLINT trial explored
the effect of 72-week OCA therapy in 283 biopsy-proven NAFLD
patients. The primary outcome was improvement in liver histol-
ogy, defined as a decrease in NAS by at least 2 points without
worsening of fibrosis. Remarkably, 45.4% of patients in the OCA
group experienced histological improvement compared to
21.1% in the placebo group (p = 0.0002). The mean change
in NAS was greater in the OCA arm compared to placebo (−1.7
vs. −0.7; p < 0.0001). Despite these improvements, there was
no significant difference in the resolution of definite NASH (22%
in the OCA group vs. 13% in the placebo group; p = 0.08). OCA
also significantly decreased ALTand AST levels during treatment
when compared to placebo, but there was no significant differ-
ence in levels at 24 weeks after treatment discontinuation.69

Another remarkable result from this trial which was overlooked

was the different histological responses to OCA between diabetic
and non-diabetic patients. Liver histology for diabetic patients
improved in 53% of the OCA group and 19% for placebo (OR:
4.6, 95% CI: 2.0–10.6; p = 0.0003), while for non-diabetic
patients liver histology improved in 37% of patients in the
OCA group compared to 23% with placebo (OR: 2.0, 95% CI:
0.8–4.7; p = 0.12).70 These results suggest that OCA may only
provide beneficial effects on NAFLD in patients with T2DM.

Conclusions

Due to the obesity epidemic in the United States, end-stage
liver disease due to NASH is predicted to become the leading
indication for liver transplantation over the next decade. Com-
pared to non-diabetics, NAFLD patients with concomitant T2DM
are at increased risk of progression to advanced fibrosis and
NASH. While lifestyle modifications remain the mainstay of
treatment for NAFLD and T2DM, patients often have difficulty
achieving and sustaining adequate weight loss. Due to various
shared pathogenic mechanisms leading to the development of
NAFLD and T2DM, anti-diabetic agents are potential treatment
options for the management of both disease states. Based on
the current literature, TZD and GLP-1r agonists are the only
anti-hyperglycemics with histological improvement of NASH
(Table 1). However, the addition of SGLT2 inhibitors may
improve liver enzymes and promote weight loss. Continued
research and additional randomized controlled trials are
warranted in this evolving landscape to develop newer
agents to prevent disease progression and/or result in reso-
lution of NASH. Additionally, these studies should focus on
evaluating the long-term efficacy and safety of these thera-
peutic agents in NASH patients.
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