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To investigate the effect of antidiabetic agents on nonalcoholic fatty liver disease (NAFLD) in patients with type 2
diabetes mellitus (T2DM), 75 patients with T2DM and NAFLD under inadequate glycemic control by metformin
were randomized (1:1:1) to receive add-on liraglutide, sitagliptin, or insulin glargine in this 26-week trial. The

primary endpoint was the change in intrahepatic lipid (IHL) from baseline to week 26 as quantified by magnetic

resonance imaging—estimated proton density fat fraction (MRI-PDFF). Secondary endpoints included changes in

abdominal adiposity (subcutaneous adipose tissue [SAT] and visceral adipose tissue [VAT]), glycated hemoglobin,
and body weight from baseline to week 26. We analysed data from intent-to-treat population. MRI-PDFF, VAT, and

weight decreased significantly with liraglutide (15.4% + 5.6% to 12.5% * 6.4%, P < 0.001; 171.4 + 27.8 to 150.5
30.8, P = 0.003; 86.6 + 12.9 kg to 82.9 + 11.1 kg, P = 0.005, respectively) and sitagliptin (15.5% *+ 5.6% to 11.7%

+

+

5.0%, P = 0.001; 153.4 + 31.5 to 139.8 + 27.3, P = 0.027; 88.2 + 13.6 kg to 86.5 + 13.2 kg, P = 0.005, respectively).
No significant change in MRI-PDFF, VAT, or body weight was observed with insulin glargine. SAT decreased
significantly in the liraglutide group (239.9 + 69.0 to 211.3 + 76.1; P = 0.020) but not in the sitagliptin and insulin
glargine groups. Changes from baseline in MRI-PDFF, VAT, and body weight were significantly greater with lira-

glutide than insulin glargine but did not differ significantly between liraglutide and sitagliptin. Conclusion: Combined

with metformin, both liraglutide and sitagliptin, but not insulin glargine, reduced body weight, IHL, and VAT in

addition to improving glycemic control in patients with T2DM and NAFLD. (HepaTorocy 2019;69:2414-2426).

the liver to progressive inflammation and fibrosis,
resulting in nonalcoholic steatosis (NASH). NAFLD
onalcoholic fatty liver disease (NAFLD) affects 17% to 46% of adults worldwide, with prev-
encompasses a spectrum of liver disease, rang-  alence varying according to diagnostic method, age,
ing from excessive deposition of fat within sex, and ethnicity.’® NAFLD has a high prevalence
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with echo asymmetry and least-squares estimation; IHL, intrahepatic lipid; IL-6, interleukin-6; MRI, magnetic resonance imaging; MRI-PDFF,
magnetic resonance imaging—estimated proton density fat fraction; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis;
PPG, postprandial plasma glucose; PRL, prolactin; SAT; subcutaneous adipose tissue; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue.
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in patients with type 2 diabetes mellitus (T2DM),
varying among different populations.(l’2’5’6) It has
also been reported that T2DM was identified in 23%
of patients with NAFLD and 47% of patients with
NASH.®

According to clinical practice guidelines for
NAFLD management,(1’2’7) contemporary treatment
of NAFLD is aimed at weight loss through diet and
lifestyle modification. However, no pharmacothera-
pies are approved for the treatment of NAFLD, let
alone for patients with T2DM and NAFLD.

Metformin, recommended as the first-line therapy
for patients with T2DM worldwide,(g) does not show
a detectable histological effect on NAFLD.®” So far,
there is no evidence regarding the efficacy of add-on
oral agents in patients with T2DM with NAFLD
inadequately controlled on metformin monotherapy.

In a randomized, double-blind, placebo-controlled
trial conducted in patients with prediabetes or dia-
betes with NAFLD, sitagliptin showed no effect on
liver fat compared to placebo.’” In the Liraglutide
Efficacy and Action in NASH (LEAN) study, treat-
ment with liraglutide for 48 weeks induced a signifi-
cantly greater resolution of NASH and attenuated
the evolution to fibrosis compared with placebo in

26 patients with NASH, including 9 patients with
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T2DM.MY However, in two randomized stud-
ies, liraglutide treatment did not reduce liver fat in
patients with T2DM."?'¥ Only a few studies have
investigated the effect of basal insulin on liver fat in

NAFLD, and these studies have had controversial
results. 121415

Therefore, we designed this 26-week comparative
trial, aiming to evaluate the efficacy of intrahepatic
lipid (IHL), abdominal adiposity, and glycemic con-
trol; and the safety of subcutaneous liraglutide (1.8
mg/day), sitagliptin (100 mg/day), and insulin glargine
(initiated at 0.21 U/kg/day) as an add-on treatment to
metformin in patients with T2DM with NAFLD.

Patients and Methods
STUDY DESIGN

This 26-week, open-label, active-controlled, paral-
lel-group, multicenter trial was conducted at 10 centers
in China between August 2014 and December 2016.
This trial (Light-On; NCT02147925) conformed to
the Declaration of Helsinki and good clinical practice
guidelines, and the trial was approved by independent
ethics committees. All patients gave written informed
consent prior to trial-related activities.
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PATIENTS

Patients aged 30-75 years with T2DM and gly-
cated hemoglobin (HbA1c) levels between 6.5% and
10% (inclusive) were eligible for the study if they had
been treated with metformin monotherapy at a stable
dose of 21,500 mg/day for at least 3 months and were
clinically diagnosed with NAFLD.” Additional eligi-
bility criteria included a magnetic resonance imaging—
estimated proton density fat fraction (MRI-PDFF)
>10%, body mass index (BMI) between 20 and
35 kg/m? and history of stable body weight
(210% variation for at least 3 months).

Key exclusion criteria included a diagnosis of type
1 diabetes mellitus; treatment with any antidiabetic
agent other than metformin, or treatment with any
other drugs associated with hepatic steatosis, includ-
ing but not limited to glucocorticoids, tamoxifen,
amiodarone, or methotrexate, within 3 months of
screening; a history or current episode of pancreati-
tis or other pancreatic diseases; plasma alanine trans-
aminase level >2.5 times the upper limit of normal;
estimated glomerular filtration rate <60 mL/min/1.73
m% a diagnosis of congestive heart failure (New York
Heart Association Functional Classification III-1V);
any history of liver disease, including autoimmune
liver diseases or viral hepatitis; a weekly alcohol intake
of >14 units for women or >21 units for men; and
pregnancy or plans to become pregnant.

PROCEDURES

After a 2-week screening, eligible patients were ran-
domized 1:1:1 to receive either subcutaneous liraglutide

Randomization
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(Victoza; Novo Nordisk, Bagsvaerd, Denmark) 1.8 mg
once daily, oral sitagliptin (Januvia; Merck & Co., Inc.,
Kenilworth, NJ) 100 mg once daily, or subcutaneous
insulin glargine (Lantus; Sanofi, Bridgewater, NJ) at
bedtime plus metformin (Glucophage; Bristol-Myers
Squibb Company, NJ) for 26 weeks (Fig. 1).

A randomization list was generated using Statistical
Analysis System (SAS Institute, Inc., Cary, NC), and
patients were allocated using a secure Oracle-based
interactive web response system (Jiaxing Taimei Medical
Technology, Shanghai, China) in accordance with the
sequence from the randomization list. After appropriate
titrations, all dosages were sustained during the treat-
ment period. All patients received diabetes education,
which was routine clinical practice, including dietargl and
exercise suggestions according to China guidelines''® at
enrollment, with reinforcement throughout the study.

Liraglutide was initiated at 0.6 mg/day and then
increased by weekly forced titration to 1.8 mg/day or
the maximum tolerated dose (at least 1.2 mg/day).
Insulin glargine was started at 0.2 IU/kg/day and was
then titrated by 2 to 6 units each day to achieve fast-
ing plasma glucose (FPG) <7 mmol/L. Metformin
was administered at a constant dose.

ASSESSMENTS

At screening, all patients underwent a physical
examination, ultrasound of the liver, and fasting blood
sampling for biological measurements, including liver
enzymes, FPG, plasma lipids, HbAlc, and 2-hour
postprandial glucose (PPG; after a mixed-meal test,
162 kcal). All patients were tested for hepatitis B
(HBsAg) and C (anti-HCV).

& Liraglutide 1.8 mg + Met (n = 24)

Insulin Glargine 0.2 IU/kg/day + Met (n = 24)
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FIG. 1. Study design. Abbreviation: Met, metformin.



HEPATOLOGY, Vol. 69, No. 6, 2019

At baseline (2 weeks after screening), eligible
patients underwent abdominal magnetic resonance
imaging (MRI) (GE Discovery 750 3.0T MR) to
assess visceral adipose tissue (VAT) and subcutane-
ous adipose tissue (SAT) in participant centers. IHL
were assessed using MRI-PDFF, accurately measured
by MRI iterative decomposition of water and fat with
echo asymmetry and least-squares estimation (IDEAL
1Q) (GE Discovery 750 3.0T MR), as a surrogate bio-
marker owing to its practicality, reliability, and trans-
ferability.m'lg) Whole liver was covered during axial
IDEAL IQ_examination. The key protocol parame-
ters were as follows: acquisition matrix = 160 x 160,
echo time = 6, repetition time = 6 ms, flip angle = 3,
field of vision = 400 mm, slice thickness = 10 mm,
single breathhold with acquisition time = 19 seconds.
Square regions of interest (ROIs) of 25 mm x 25 mm
were manually placed on a single slice of the right
posterior segment, right anterior segment, and left
medial segment, respectively. Focal liver lesions, large
vessels, artifacts, and bile duct were avoided. Measured
fat fractions of the three ROIs were averaged to repre-
sent the fat fraction of the liver. In-line postprocessing
was automatically performed after IDEAL 1Q_scan-
ning, and quantitative fat fraction map was generated
in the image list. Images were then transferred to a
workstation (AW 4.6, GE Medical System) for the
measurement of hepatic fat. VAT and SAT were also
measured by MRI IDEAL IQ. VAT and SAT were
determined by measuring the mean areas of VAT and
SAT of a region from 4 cm above to 4 cm below the
fourth and fifth lumbar interspace. The images were
also postprocessed on a GE workstation 4.6 (AW4.6,
GE Medical System) with the Reformat software.

In addition to screening (week -2) and baseline
(week 0) visits, patients visited the study centers
at weeks 2, 4, 8, 12, 16, 20, and 26. At these visits,
adverse events (AEs) were documented, and doses of
liraglutide and insulin glargine were adjusted. After
26 weeks, treatment with the study drug (liraglutide,
sitagliptin, or insulin glargine) was stopped for 2 days
to avoid any acute drug effects on the collected data,
and a final evaluation with a physical examination,
fasting blood sampling for biological measurements,
abdominal MRI to assess VAT and SAT, and MRI
IDEAL IQ_to accurately measure liver fat index was
done.

Serum prolactin (PRL) was measured with radioim-
munoassay method (kits from Beijing North Institute
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of Biological Technology, China, and XH6080 from
Xi’an Nuclear Instrument Factory, China). Fasting
(FINS), adiponectin,
(IL-6) were measured centrally at the Beijing North
Institute of Biological Technology. Insulin resistance
was measured by the homeostasis model assessment
of insulin resistance (HOMA-IR) index: HOMA-IR
= FINS (pIU/mL) x FBG (mmol/L)/22.5. Hepatic
fibrosis was estimated at baseline and 26 weeks using
validated formulae: FIB 4 index (FIB-4) and NAFLD
fibrosis score (NFS).(l’Z’ZO’Zl)

To ensure standardization, the same procedural
instructions for MRI and IDEAL IQ_were provided
to all participating centers, and all scans were ana-
lyzed centrally by fully blinded specialists at the Third
Affiliated Hospital of Sun Yat-sen University (China).

insulin and interleukin-6

ENDPOINTS

The primary endpoint was the change in IHL from
baseline to week 26 (end of treatment). Secondary
endpoints included changes in abdominal adipos-
ity (SAT and VAT), glycemia (HbAlc, FPG, and
PPG), body weight, and BMI from baseline to week
26. Exploratory endpoints included changes in serum
markers of fibrosis, inflammation, and PRL from
baseline to week 26. Safety endpoints included hypo-
glycemic episodes, AEs, and serious AEs.

STATISTICAL ANALYSES

The intent-to-treat population included all ran-
domized patients, and the per-protocol population
included all eligible and treated patients without
protocol violations that could potentially affect effi-
cacy results. The safety population comprised all
patients who received 21 dose of a study drug. The
null hypothesis was that the treatment groups did not
differ from each other with respect to the primary
endpoint. 4 priori sample size calculations were based
on the ability to detect an 18.6%, 18.6%, and 13.7%
absolute clinical difference in liver fat before and after
the intervention of liraglutide, sitagliptin, and insulin
glargine, 1respec’cively.(22 With a deviation estimate of
5.5% obtained from a similar study,(zz)
that 22 patients in each group would be required, for a
total of 66 patients (« = 0.05, f = 0.15). To account for
a potential dropout rate of 10%, more than 74 patients
should be enrolled. All 2-sided tests were performed

we estimated
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at a 5% significance level. Continuous endpoints were
summarized by arithmetic means with SDs, and cat-
egorical endpoints were summarized by counts and
percentages.

Efficacy endpoints were based on the intent-to-
treat population, in which patients who did not have
an end-of-treatment evaluation (including MRI
IDEAL IQ_to accurately measure IHL, VAT, and
SAT) were included in the analysis and classified as
having no improvement. Efficacy endpoints analyses
were also repeated on the per-protocol population.
The primary and secondary endpoints (change from
baseline after 26 weeks of treatment) were com-
pared among three treatment groups using analysis of

TABLE 1. Baseline Characteristics of Trial Population

Liraglutide  Sitagliptin  Insulin glargine
Characteristic (n=24) (n=27) (n=24)
n (male/female) 17/7 21/6 14/10
Age (years) 43197 457 9.2 45.6+76
Duration of T2DM (years) 3.3+ 3.5 43+38 58+45
Weight (kg) 86.6 129 88.2+13.6 85.6+14.2
BMI (kg/mz) 301 +3.3 297 +£28 29.6+3.5
Waist (cm) 101.7 +79 102.8 +8.3 102.9 + 99
SBP (mm Hg) 1252+76 1249+107 126979
DBP (mm Hg) 781£73 82.3+76 83583
AST (mmol/L) 311 +11.7 34.4+169 33.2+174
ALT (mmol/L) 432+212 46.0+25.5 39.5+257
FPG (mmol/L) 86+28 84+25 89+22
PPG (mmol/L) 13.2£3.1 13.7+3.7 14.6 + 3.9
HbAlc 78% +1.4%  7.6% +09% 7.7% +0.9%
TC (mmol/L) 4409 49+12 4712
TG (mmol/L) 2311 2614 29+23
LDL-C (mmol/L) 27+08 31+0.7 2610
HDL-C (mmol/L) 11+£0.2 1.2+06 11+04
MRI-PDFF 154% +5.6% 15.5% +5.6% 14.9% +55%
SAT (cm?) 2399+690 2395+693 2127 +577
VAT (cmz) 171.4+£278 153.4+315 188.4 £ 74.7
FIB-4 0.7 9+ 0.31 0.98 +0.42 110+ 0.62
NFS -078+081 -1.55+078 -095+0.85

Values are presented as mean = SD.

Abbreviations: ALT, alanine transaminase; AST, aspartate
transaminase; BMI, body mass index; DBP, diastolic blood pres-
sure; FIB-4, FIB4 Index; FPG, fasting plasma glucose; HbAlc,
glycated haemoglobin Alc; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; MRI-
PDFF, magnetic resonance imaging—estimated proton density fat
fraction; NFS, NAFLD Fibrosis Score; PPG, postprandial
plasma glucose; SAT, subcutaneous adipose tissue; SBP, systolic
blood pressure; SD, standard deviation; T2DM, type 2 diabetes
mellitus; TC, total cholesterol; TG, triglyceride; VAT, visceral

adipose tissue.
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covariance (ANCOVA) with baseline values adjusted.
Exploratory endpoints were compared among three
treatment groups using analysis of variance (ANOVA).
The primary endpoint (change from baseline in IHL
after 26 weeks of treatment) was reanalyzed among
three treatment groups using ANCOVA adjusting
for change in body weight (Aweight) from baseline
to the end of 26 weeks of treatment. The characteris-
tics at baseline (Table 1) were compared among three
treatment groups using ANOVA. A paired # test was
used to compare the values between baseline and after
treatment. Across treatment groups, continuous vari-
ables of baseline indices among groups and changes
of values from baseline to endpoint were compared by
ANCOVA with baseline values adjusted, respectively.
Categorical variables (numbers of patients and AEs)
were compared by the chi-squared test. Spearman cor-
relation was conducted to analyze the association of
change of different variables. Multiple linear regres-
sion analysis was performed with the change of liver
fat index (AMRI-PDFF) as dependent variable and
AHDbA1c, Aweight, and the change of adipose tissue
index (ASAT and AVAT) as independent variables to
identify independent determinants of AMRI-PDFF.
Statistical analyses were performed using SPSS 23.0
software.

Results

Of the 105 patients screened between August 2014
and May 2016, 75 were randomly assigned to receive
a study drug (liraglutide, 24; sitagliptin, 27; and insulin
glargine, 24); these patients made up the intent-to-treat
population. The 65 patients who completed the study
(18, 26, and 21, respectively; Fig. 2) were included in
the per-protocol efficacy analyses. Six patients in the
liraglutide group withdrew from the study (four lost
to follow-up, one for protocol violations, and one for
AEs), one patient in the sitagliptin group was lost to
follow-up, and three patients in the insulin glargine
group withdrew for protocol violations.

In the intent-to-treat population, 69.3% of patients
were male, and the mean (+ SD) duration of T2DM
was 4.7 + 4.1 years. The baseline characteristics were
similar across treatment groups (Table 1). At ran-
domization, mean (+ SD) dosages of metformin were
similar across treatment groups (liraglutide, 1,608.7 +

210.9 mg; sitagliptin, 1,648.6 + 232.7 mg; and insulin
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FIG. 2. Patient disposition. Abbreviations: I'T'T, intent-to-treat; PP, per-protocol.

glargine, 1,673.9 + 243.5 mg) (P = 0.63). The mean
daily dosages were 1.7 + 0.3 mg and 21.7 + 9.5 IU at
the end of the study in the liraglutide group and in
the insulin glargine group, respectively.

The efficacy results presented here were based on
the intent-to-treat population; similar findings were
obtained from the per-protocol population (data not
shown).

EFFICACY ENDPOINTS
Primary Efficacy Endpoint

In the liraglutide and sitagliptin groups, MRI-
PDFF significantly decreased from baseline to week 26
(liraglutide, 15.4% * 5.6% to 12.5% * 6.4%, P < 0.001;
and sitagliptin, 15.5% + 5.6% to 11.7% =+ 5.0%,
P =0.001) (Table 2; Fig. 3A). Although this change

(AMRI-PDFF) was greater with liraglutide than
sitagliptin, it was not significantly different between
the two groups (-4.0 vs. -3.8; P = 0.911). In contrast,
MRI-PDFF did not change significantly from base-
line in the insulin glargine group. AMRI-PDFF in
the liraglutide group was significantly higher than in
the insulin glargine group (-4.0 vs. -0.8; P = 0.039),
and AMRI-PDFF in the sitagliptin group was also
significantly higher than in the insulin glargine group
(-3.8 vs. -0.8; P = 0.043).

After adjusting for Aweight, AMRI-PDFF in the
liraglutide group was significantly higher than in the
insulin glargine group (P = 0.042), and AMRI-PDFF
in the sitagliptin group was also significantly higher
than in the insulin glargine group (P = 0.027).
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FIG. 3. Changes of HbA1c, body weight, MRI-PDFF, SAT and VAT from baseline to end of treatment. Change from baseline to
the end of treatment in (A) HbAlc, body weight, and MRI-PDFF and (B) SAT and VAT. Abbreviations: A, change from baseline to
end of treatment; HbA1c, glycated hemoglobin; MRI-PDFF, magnetic resonance imaging—estimated proton density fat fraction; SAT,

subcutaneous adipose tissue; VAT, visceral adipose tissue.

Secondary Efficacy Endpoints

Significant changes from baseline to week 26 were
observed with liraglutide, except for lipid profile
(Table 2). Similar changes were also observed with
sitagliptin, except for FPG and lipid profile. In con-
trast, treatment with insulin glargine did not signifi-
cantly affect any secondary efficacy parameters, except
for HbA1c levels and total cholesterol (Table 2).

SAT decreased significantly in the liraglutide group
(239.9 £ 69.0 cm” to 211.3 +7 6.1 em’; P = 0.020)
but not in the sitagliptin and insulin glargine groups
(Table 2). ASAT (from baseline to week 26) was sig-
nificantly greater in the liraglutide group than in the
insulin glargine group (-28.6 + 44.2 vs. 18.6 + 27.8;
P = 0.003; Fig. 3B); however, no significant difference
was observed between the liraglutide and sitagliptin
groups or between the sitagliptin and insulin glargine
groups (Fig. 3B). VAT significantly decreased in the
liraglutide and sitagliptin groups (171.4 + 27.8 to
150.5 = 30.8, P = 0.003; and 153.4 + 31.5 to 139.8 =
27.3, P = 0.027, respectively; Table 2) but not in the
insulin glargine group. AVAT was significantly greater
in the liraglutide group than in the insulin glargine
group (-20.9 = 23.3 vs. 9.5 = 33.9; P = 0.020; Fig. 3B);
but no significant difference was found between the
liraglutide and sitagliptin groups or the sitagliptin and
insulin glargine groups.

HbA1c levels improved significantly in all three
treatment groups (liraglutide, 7.8% + 1.4% to 6.8% =+
1.7%, P < 0.001; sitagliptin, 7.6% = 0.9% to 6.6% =
1.1%, P = 0.016; and insulin glargine, 7.7% + 0.9% to

6.9% + 1.1%, P = 0.013; Table 2). However, AHbA1c
did not significantly differ across treatment groups
(Fig. 3A). Liraglutide treatment resulted in significant
improvement in FPG (8.6 + 2.8 mmol/L to 7.3 + 2.6
mmol/L; P = 0.001) and PPG (13.2 + 3.1 mmol/LL
to 11.1 + 3.2 mmol/L; P = 0.001), whereas sitagliptin
significantly improved PPG (13.7 + 3.7 mmol/L to
11.9 = 3.5 mmol/L; P = 0.005) but not FPG (8.4 +
2.5 mmol/L to 7.6 + 2.0 mmol/L; P = 0.305). APPG
significantly differed between the liraglutide and insu-
lin glargine groups (-2.2 = 2.5 mmol/L vs. -0. 3 *
3.2 mmol/L; P = 0.005) and between the sitagliptin
and insulin glargine groups (-1.8 + 2.9 mmol/L vs.
-0.3 = 3.2 mmol/L; P = 0.029), but no differences
were found between the liraglutide and sitagliptin
groups or the sitagliptin and insulin glargine groups.
AFPG did not significantly differ among the three
groups (Table 2).

In the liraglutide and sitagliptin groups, significant
decreases in body weight (liraglutide, 86.6 + 12.9 kg to
82.9 + 11.1 kg, P = 0.005; and sitagliptin, 88.2 + 13.6
kg to 86.5 + 13.2 kg, P = 0.005) and BMI (liraglutide,
30.1 + 3.3 kg/m”® to 28.9+ 2.9 kg/m?, P = 0.001; and
sitagliptin, 29.7 + 2.9 kg/m? to 29.2 + 2.9 kg/m?, P =
0.006) were observed (Table 2). Neither body weight
nor BMI showed a significant change with insulin
glargine treatment (85.6 + 14.2 kg to 84.4 + 14.6 kg,
P = 0.282; and 29.6 + 3.5 kg/m” to 29.1 + 3.8 kg/
m?, P = 0.254, respectively) (Table 2). The observed
Aweight was greater in the liraglutide group than in
the insulin glargine group (-3.6 + 4.9 kg vs.-1.2 + 4.2
kg; P = 0.042), whereas no significant difference was
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plU/mL to 220.15 + 131.07 pIU/mL, P = 0.039; and
143.14 + 95.55 pIU/mL to 213.19 + 179.65 pIU/mL,
P = 0.044, respectively) but not in the insulin glargine
group (Table 4). APRL did not significantly differ
across treatment groups. Serum adiponectin levels
increased significantly in the liraglutide group (10.81
+ 9.89 mg/mL to 17.77 + 5.36 mg/mL; P = 0-038)
but not in the sitagliptin and insulin glargine groups
(Table 4). AAdiponectin was significantly greater
in the liraglutide group than in the insulin glargine
group (P = 0.045); however, no significant difference
was observed between the liraglutide and sitagliptin
groups or between the sitagliptin and insulin glargine
groups. Serum IL-6 levels decreased significantly in
the liraglutide group (2.61 + 1.93 pg/mL to 1.39 =
1.30 pg/mL; P = 0.033) but not in the sitagliptin and
insulin glargine groups (Table 4). AIL-6 did not sig-
nificantly differ across treatment groups.

In intention-to-treat patients, negative correla-
tion was found between APRL and AMRI-PDFF
(r = -0.419; P = 0.001), and positive correlation was
found between AIL-6 and AMRI-PDFF (r = 0.662;
P = 0.001). No significant correlations were observed
between Aadiponectin and AMRI-PDFF, APRL and
ASAT or AVAT, AIL-6 and ASAT or AVAT, and
Aadiponectin and ASAT or AVAT.

SAFETY

The rate of AEs varied across treatment groups (lira-
glutide, 20.8%); sitagliptin, 3.7%; and insulin glargine,
12.5%; P = 0.073; Table 5). Among the 24 patients
treated with liraglutide, 4 reported nausea and vomit-
ing, and 1 reported headache. Among the 27 patients
treated with sitagliptin, 1 patient had an episode of
nonsevere hypoglycemia, but continued the treatment.

TABLE 5. Adverse Events During Weeks 0-26

Liraglutide  Sitagliptin  Insulin glargine
Adverse events (n=24) (n=27) (n=24)
Rate of adverse events* 5208%)"  1(3.7%)' 3 (12.5%)"
Gastrointestinal disorders
Nausea and vomiting 4.(16.7%) 0 (0%) 0 (0%)
Nonsevere hypoglycemia 0 (0%) 1(3.7%) 2 (8.3%)
Others
Headache 1(4.2%) 0 (0%) 0 (0%)
Toothache 0 (0%) 0 (0%) 1(4.2%)

*Comparison among groups.
'P=0.073.

YAN, YAO, ET AL.

Of the 24 patients treated with insulin glargine, 2 had
an episode of nonsevere hypoglycemia (neither discon-
tinued treatment), and 1 reported toothache.

Discussion

In this randomized comparative study, we evalu-
ated the efficacy of liraglutide, sitagliptin, or insulin
glargine in patients with T2DM and NAFLD who
experienced inadequate glycemic control with met-
formin alone. Combined with metformin, the three
second-line antidiabetic agents were able to improve
glycemic control but showed different effects on
IHL, SAT, VAT, and body weight. Our study pro-
vides evidence that, in combination with metformin,
both liraglutide and sitagliptin could improve IHL in
addition to glycemic control in patients with T2DM
and NAFLD, but similar reduction in IHL was not
observed with insulin glargine.

Results of this study are discordant with those from
two prior studies. 1?19 A study reported by Tang et
al.?? showed no significant reduction in liver fat
content with liraglutide treatment, whereas insulin
glargine reduced total liver fat. In contrast, our study
found that liraglutide treatment significantly reduced
liver fat content, and insulin glargine showed no sig-
nificant reduction in liver fat. Notably, in our study,
there was significant reduction in body weight in
the liraglutide group, but not in the insulin glargine
group, whereas AMRI-PDFF and Aweight were
positively related in all three groups. Similar correla-
tion was also reported in the Lira-NAFLD Study.*¥
This suggests weight loss plays an important role in
improvement of NAFLD. However, weight loss in
the insulin glargine group was not evident, and the
improvement in NAFLD was not associated with
weight loss from the results reported by Tang et al.
The shorter duration of the study by Tang et al. may
have been insufficient to observe the effects of liraglu-
tide on liver fat. In the study by Smits et al., 12 weeks
of treatment with liraglutide 1.8 mg/day or sitagliptin
100 mg/day did not reduce hepatic fat in patients
with T2DM, but it reports limited weight loss in both
arms.™¥ Therefore, we think that the limited weight
loss reported by Tang et al."? and Smits et al."¥ and
the difference in treatment length between the studies
(26 weeks vs. 12 weeks) may have contributed to the
inconsistent findings.
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It was reported that liraglutide improved NAFLD,
quantified in the LEAN study by liver biopsy in 9
patients with T2DM and 17 normoglycemic patients.(ll)
Results from two studies have also compared the effect
of liraglutide in a self-controlled design in 19 and 6
patients with T2DM, respectivel}/,(24’25) and proved
liraglutide could improve NAFLD. It should be noted
that these studies used liraglutide as initial therapy,
which was not recommended by most guidelines. In
contrast, metformin is the first-line antidiabetic agent
worldwide; however, when metformin monotherapy
fails to control glucose level as disease progresses, it is
necessary to choose a second-line antidiabetic agent.®)
In this regard, our study results provides the first evi-
dence for the add-on treatment option to metformin
for patients with T2DM and NAFLD.

Our study further compared the effects of met-
formin add-on second-line therapy on VAT and SAT
using MRI IDEAL IQ, which is a criterion method
for quantifying SAT and VAT. Intriguingly, both VAT
and SAT were significantly reduced in the liraglutide
group, whereas only VAT was significantly reduced in
the sitagliptin group. This dissimilarity indicated that
these two drugs might have different mechanisms on
adipose tissue. Liraglutide was found to contribute to
weight loss by inducing browning of white fat (ingui-
nal adipose tissue, a type of SAT) through activating
invariant natural killer T cells and inducing fibro-
blast growth factor 21, both in vivo and in vitro.>
Our previous research also demonstrated that exen-
din-4, another GLP-1 receptor agonist, could pro-
mote brown remodeling in white adipose tissue.*”
However, there is no report showing any effect of
sitagliptin on inducing browning of white fat thus
far. Usually SAT, rather than VAT, is the site where
browning of white fat happens.

In our study, it is a bit unexpected that metformin
add-on sitagliptin treatment reduced IHL, which was
not reported in other studies. "% The study by Cui |
et al. reported that sitagliptin treatment for 24 weeks
had no significant effect on liver fat measured by
MRI-PDFF compared with placebo control.'? The
inconsistency with our study might be due to the dif-
ferent study population (patients with NAFLD with
either prediabetes or controlled diabetes vs. patients
with NAFLD and uncontrolled T2DM treated with
metformin). Another probable explanation is the lack
of weight loss observed under sitagliptin in the study

by Cui J et al.
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It is generally accepted that a change in lifestyle
and diet would lead to weight loss, which would sub-
sequently improve liver fat. " There were significant
decreases in body weight in the liraglutide and sita-
gliptin groups, whereas a trend of body weight reduc-
tion (P = 0.282) was present in the insulin glargine
group. We could not completely exclude the potential
influence of lifestyle education on body weight change
and thus IHL change. Therefore, we reanalyzed the
change of IHL, adjusting for body weight change,
and still found significant reduction of IHL in both
the liraglutide and sitagliptin groups compared with
the insulin glargine group. Based on these results, we
could assume that improvement of liver fat is treat-
ment specific. But future additional studies are needed
to determine whether sitagliptin and liraglutide have
a direct effect in the reduction of IHL or whether the
reduction of liver fat content is associated with weight
loss.

In the present trial, significant improvements
in HbAlc were observed in all treatment groups.
Significant improvements in FPG and PPG were
observed with liraglutide, whereas sitagliptin treatment
significantly improved PPG only. These findings are
consistent with results from previous studies.'?®

Main adipokines and cytokines involved in the
pathogenesis of NAFLD include adiponectin, leptin,
tumor necrosis factor-a, and IL-6. The previous stud-
ies found that patients with NASH had lower adi-
ponectin levels compared with patients with NAFL,
and hypoadiponectinemia might play an import-
ant pathophysiological role in the progression from
NAFL to NASH.®? Our study found that serum
adiponectin levels increased significantly (liraglutide
group) or had an increasing trend (sitagliptin group);
in these two groups, the improvement of IHL was also
observed. It was also found that IL-6 was higher in
patients with NAFLD compared with non-NAFLD
controls.®? In our study, serum IL-6 levels decreased
significantly (liraglutide group) or had a decreas-
ing trend (sitagliptin group), and positive correlation
was found between AIL-6 and AMRI-PDFF. It was
reported very recently by Bi et al. that PRL could
improve hepatic steatosis through the CD36 path-
way.®V CD36 was one of the receptors for free fatty
acids (FFAs) that facilitated FFA uptake. The activa-
tion of signal transducer and activator of transcription
5 (STATS) could improve hepatic steatosis by inhibit-
ing CD36.%% Bi et al. found that PRL/PRL receptor
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improved hepatic steatosis by inhibiting STATS5/
CD36. In our study, serum PRL levels increased sig-
nificantly in the liraglutide and sitagliptin groups, and
negative correlation was found between APRL and
AMRI-PDFF.

The rate of AEs varied across treatment groups in
the current study, with the highest rate in the lira-
glutide group. AEs associated with liraglutide were
mostly gastrointestinal and mild to moderate in sever-
ity, a safety profile that is consistent with previous
reports. 1112233339 Gastrointestinal AEs are known
side effects of GLP-1RAs and are usually mild and
temporary, resolving without intervention after the
initial few weeks to months of treatment. Sitagliptin
was comparatively better tolerated, consistent with
the reported safety profile for dipeptidyl peptidase-4
inhibitors.">?® In the insulin glargine group, two
cases of nonsevere hypoglycemia were reported. This
is in line with previous studies, as hypoglycemia is a
common AE associated with insulin use.!#

This study has several strengths. We used a ran-
domized, active-controlled, parallel-study design and
evaluated the effects of the most commonly used
antidiabetic agents (representing three different drug
classes), using an advanced method (MRI IDEAL
IQ) as a surrogate for liver fat index. T2DM com-
plicated with NAFLD is commonly seen in clini-
cal practice, and there is potential synergistic effect
between these two diseases. But lack of evidence
results in a dilemma in decision making in choosing
proper pharmacotherapy for such a common situation.
Our study demonstrates clinical significance because
it provides evidence on often-used regimens for
T2DM with NAFLD. However, the study also has
certain limitations that must be acknowledged. First,
the lack of a placebo control was a weakness of our
study, and the open-label trial design may have intro-
duced bias. Second, our study lacks individual assess-
ment of dietary changes. Additionally, MRI rather
than liver biopsy as the reference standard to mea-
sure IHL was used. In general, histological data is the
golden standard for liver disease research, and MRI is
recommended by guidelines to be adopted in clinical
trials for its noninvasive advantage and high-quality
diagnostic performance. >

Overall, the results of this study showed that sec-
ond-line add-on treatment with both liraglutide and
sitagliptin improved IHL in patients with T2DM
and NAFLD under inadequate glycemic control by
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metformin monotherapy. Liraglutide improved glyce-
mic profile to a greater degree than sitagliptin, albeit
with a higher rate of AEs. Our study provided evidence
of the effect of antidiabetic agents on NAFLD in
patients with T2DM. The results may guide the

pharmacotherapies for patients with T2DM and
NAFLD.
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