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ARTICLE INFO ABSTRACT
Article history: Background: Nonalcoholic steatohepatitis (NASH) is an active form of nonalcoholic fatty liver disease.
Accepted 5 July 2017 Risk factors for NASH include type 2 diabetes mellitus (T2DM) and obesity. Sodium-glucose cotrans-

porter 2 (SGLT2) inhibitors used to treat T2DM prevent glucose reabsorption in the kidney and increase
glucose urinary excretion. Dapagliflozin is a potent, selective SGLT2 inhibitor that reduces hyperglycemia
in patients with T2DM and has been demonstrated to reduce some complications associated with NASH
in rodent models.

Objective: To assess the efficacy and safety profile of dapagliflozin for the treatment of NASH-associated
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sodium-glucose with T2DM.

cotransporter 2-inhibitor Methods: In this single-arm, nonrandomized, open-label study, 16 patients with percutaneous liver
dapagliflozin biopsy-confirmed NASH and T2DM were enrolled to be prescribed dapagliflozin 5 mg/d for 24 weeks. Of
open-label these, 11 patients were evaluable. Patients with chronic liver disease other than NASH were excluded.

Body composition, laboratory variables related to liver tests and metabolism, and glucose homeostasis
were assessed at baseline and periodically during the study. Changes from baseline were evaluated with
the Wilcoxon signed-rank test.
Results: Administration of dapagliflozin for 24 weeks was associated with significant decreases in body
mass index (P < 0.01), waist circumference (P < 0.01), and waist-to-hip ratio (P < 0.01). Changes in
body composition were driven by reductions in body fat mass (P < 0.01) and percent body fat (P < 0.01),
without changes in lean mass or total body water. Liver tests (ie, serum concentrations of aspartate
aminotransferase, alanine aminotransferase, ferritin, and type IV collagen 7S) also significantly improved
during the study. Insulin concentrations decreased (P < 0.01 by Week 24) in combination with significant
reductions in fasting plasma glucose (P < 0.01) and glycated hemoglobin (P < 0.01) levels and increases
in adiponectin (P < 0.01) levels from Week 4 onward.
Conclusions: Dapagliflozin was associated with improvements in body composition, most likely a
reduction in visceral fat, which occurred together with improvements in liver tests and metabolic
variables in patients with NASH-associated with T2DM.
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© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
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Introduction inflammation. In some patients, NASH may progress to cirrhosis
of the liver and hepatocellular carcinoma.! NAFLD significantly
Nonalcoholic steatohepatitis (NASH) is an active form of non- increases the risk of incident type 2 diabetes mellitus (T2DM) and

alcoholic fatty liver disease (NAFLD). NASH is characterized by metabolic syndrome.” Significant risk factors for NASH are T2DM
steatosis, liver fibrosis, ballooned hepatocytes, and lobular and obesity.>*
The preferred therapeutic approach is to encourage lifestyle
—_— o changes to reduce a patient’s weight by >7% through changes in
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Pharmacologic options include pioglitazone and metformin, both
of which are insulin-sensitizing agents® that are used to treat
T2DM.”*® Studies of these drugs have reported their effectiveness
in the treatment of NASH and its comorbidities.”®* However,
pioglitazone may promote weight gain, is not available in some
countries, and should not be used in patients with heart failure. A
network meta-analysis found some evidence for improvements in
histologic features of NASH with thiazolidinediones.® However, a
recent Cochrane review reported uncertainty about the effects of
pharmacotherapy on NAFLD and hepatic steatosis owing to low-
quality evidence.'® In general, alternative treatments of NASH
associated with T2DM are warranted.

Sodium-glucose co-transporter 2 (SGLT2) inhibitors prevent
the reabsorption of glucose in the kidney and increase urinary
excretion of glucose,!! and several members of this class have been
approved for the treatment of T2DM in human beings. Recent
studies revealed that SGLT2 inhibitors have therapeutic effects on
NASH in rodent models,'?~* raising the possibility that they may
be beneficial in treating NASH associated with T2DM. To date, no
studies have evaluated the effects of SGLT2 inhibitors for the
treatment of NASH associated with T2DM in human beings.

Dapagliflozin is a potent and selective SGLT2 inhibitor that has
been shown to reduce hyperglycemia in patients with T2DM."”
Dapagliflozin was also reported to reduce some of the complica-
tions associated with NASH in rodent models.'®!” Therefore, in the
present study, we evaluated the effects of dapagliflozin for the
treatment of NASH in patients with T2DM. Eligible patients were
administered dapagliflozin for 24 weeks, and its therapeutic
effects were evaluated by measuring serum biochemistry param-
eters and performing body composition tests.

Patients and Methods
Study design

The study was a prospective, open-label, uncontrolled pilot
study. No formal sample size calculation was undertaken; how-
ever, the number of patients was estimated to be 20.

Ethics

This clinical study was performed after obtaining approval from
the Ethics Committee of Shimane University School of Medicine, as
well as written informed consent from all participating patients.
This study complied with the Declaration of Helsinki and appli-
cable laws and requirements. The trial was registered at the
University Hospital Medical Information Network under the regis-
tration number UMINO00023574. All costs were covered by
patients because the study was carried out as part of standard
care in daily clinical practice under Japanese health insurance. This
was an investigator-initiated study; the sponsor only provided
funding for writing support.

Patients and administration of dapagliflozin

Patients were screened for metabolic syndrome, T2DM, NASH,
dyslipidemia, and hypertension, with all current medications
recorded. Metabolic syndrome was defined as described previ-
ously, with minor modifications.'®!° Specifically, participants hav-
ing at least 3 of the following 5 clinical measures were considered
to have metabolic syndrome: central obesity (waist circumference
>90 cm in men or >85 cm in women); elevated blood pressure,
defined as systolic blood pressure >130 mm Hg or diastolic blood
pressure >85 mm Hg, or taking an antihypertension medication;
elevated fasting blood glucose level >110 mg/dL or taking a

hypoglycemia medication; decreased HDL-C level <40 mg/dL;
and hypertriglyceridemia (>150 mg/dL) or taking a lipid-lowering
medication. T2DM was diagnosed as fasting plasma glucose (FPG)
>126 mg/dL and glycated hemoglobin (HbA1c) >6.5%.2° A percuta-
neous liver biopsy under ultrasound guidance was carried out for
patients who had alcohol consumption lower than 20 g/d and who
were negative for Wilson’s disease, hemochromatosis, hepatitis B,
and hepatitis C, as well as being negative for the presence of
antinuclear antibodies and antimitochondrial antibodies. Based on
standard clinicopathologic criteria,?!*?> patients were finally diag-
nosed as having NASH if they had steatosis, hepatocyte ballooning,
and lobular inflammation, with or without fibrosis in the biopsy.
After the baseline assessment, all patients were prescribed once-
daily dapagliflozin at a dose of 5 mg/d for 24 weeks.

Measurement of body composition

Body composition was measured at baseline and at Weeks 2, 4,
8, 12, 16, 20, and 24 by segmental multifrequency bioimpedance
analysis with an InBody720 (Biospace, Denver, Colorado).>®> Waist
circumference was measured at the middistance between the
bottom of the rib cage and the top of the iliac crest using inelastic
tape.

Serum biochemistry

We analyzed the following serum liver tests and metabolic
variables: aspartate transaminase (AST), alanine transaminase
(ALT), FPG, insulin, HbAlc, HDL-C, LDL-C, and triglycerides. In
addition, the following laboratory tests were performed: type IV
collagen 7S (T4C7S), ferritin, and adiponectin, as well as the NAFIC
score and Fibrosis-4 index, y-glutamyl transpeptidase, and high
sensitivity C-reactive protein. The NAFIC score is useful for pre-
dicting steatohepatitis in nonalcoholic fatty liver disease and is
calculated from the levels of ferritin, fasting insulin, and
T4C7S.24?° The Fibrosis-4 index is calculated as: (age [years] x
AST [U/L]) / (platelet count [10%/L] x ALT [U/L]).2°

Statistical analysis

Data are expressed as the median (interquartile range). The
Wilcoxon signed-rank test was used to compare the values
obtained at baseline with those obtained at Week 24 in patients
who completed the study. P < 0.05 was considered to indicate
statistical significance of changes versus baseline.

Results
Patients

Sixteen patients (9 men and 7 women) with a median age of 58
years were enrolled during the study period. Five patients dis-
continued or were excluded from the final analyses for the
following reasons: 1 patient reported severe hunger and another
patient reported epigastric discomfort, both after 4 weeks of
treatment with dapagliflozin; 1 patient was excluded after Week
12 owing to poor compliance (it was determined during the
consultation that the drug was being taken approximately once
every 3 days); 1 patient received glimepiride before starting this
study and continued administration during the study (the glime-
piride dose was reduced from 1 to 0.5 mg at the patient’s request
in Week 16, yet this patient was excluded from the study to avoid
possible confounding effects of the change in glimepiride dose on
laboratory variables); and 1 patient was confirmed to have colon
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Enrolled
16 patients (9 men, 7 women)

Discontinued, n = 5%

I: severe hunger

II: epigastric discomfort

11l: poor compliance

IV: to avoid possible confounding effect
V: colon cancer

Completed
11 patients (6 men, 5 women)

*Please see the main text for full details.

Figure 1. Patient flow and reasons for withdrawal from the study. ‘See the main
text for full details.

cancer after Week 20. Therefore, 11 patients (6 men and 5 women)
aged 46 to 78 years (median, 53 years) completed the study
(Figure 1).

The characteristics of these 11 patients are summarized in
Table 1. All patients had received nutrition and exercise guidance
for >6 months before enrollment, but these lifestyle interventions
were insufficient in terms of reducing the patients’ body weight
(producing neither the targeted >7% reduction in body weight nor
a decrease in ALT value).

Concomitant diseases and medications

Metabolic syndrome was diagnosed in 8 patients and hyper-
tension was diagnosed in 7 patients (Table I). Dyslipidemia
including abnormal HDL-C, LDL-C, and triglyceride concentrations
was diagnosed in 7 patients (Table I).

Of 7 patients diagnosed with hypertension, 4 had been pre-
scribed antihypertension drugs (Table I). Of 7 patients who were
diagnosed with dyslipidemia, 5 had been prescribed antidyslipi-
demia drugs (Table I). In addition, 9 patients were taking a
dipeptidyl peptidase-4 (DPP4) inhibitor, 1 patient was taking a
sulfonylurea, and 3 patients were taking metformin (Table I). All
patients reported that the type and dose of these drugs had not
changed for >6 months before enrollment.

Table I
Characteristics of individual patients.

Case* Age Sex Metabolic Hypertension Dyslipidemia Concomitant drugs

syndrome

B 55 M + + + DPP4i, bezafibrate,
ezetimibe

C 78 M+ + - DPP4i, Ca blocker,
ARB

E 67 F + + + DPP4i, oGl, SU, BG,
statin

F 76 F + + - DPP4i, ARB, a-
tocopherol

G 50 F - - + Statin, EPA, DHA,
a-tocopherol

H 50 M + - + a-Tocopherol

I 68 F - - - DPP4i, EPA

] 47 M + + + DPP4i, BG,
ezetimibe, ARB,
a-tocopherol

M 52 F + - + DPP4i, BG, oGl,
ezetimibe

N 46 M - + - DPP4i, a-
tocopherol

P 47 M + + + DPP4i, Ca blocker

oGl = a-glucosidase inhibitor; ARB = angiotensin II receptor blocker; BG = bigua-
nide; Ca= calcium; DHA = docosahexaenoic acid; DPP4i = dipeptidyl peptidase-4
inhibitor; EPA = eicosapentaenoic acid; SU = sulfonylurea.

* Cases A, D, K, L, and O were excluded for the reasons described in the Results
section.

Body composition

Table II shows the body composition at baseline and at each
visit after starting dapagliflozin. The median baseline body weight
was 79.6 kg (interquartile range, 63.3-94.2 kg) and the median
body mass index (BMI) was 31.0 (range, 27.0-32.5). BMI exceeded
25 in 9 out of 11 patients. The median waist circumference and
waist-to-hip ratio were 101.4 cm (range, 97.6-108.5 cm) and 1.02
(range, 0.96-1.05), respectively. The median body fat mass, skeletal
muscle mass, and total body water were 28.3 kg (range, 25.7-35.4
kg), 24.6 kg (range, 21.1-36.3 kg) and 32.7 L (range, 28.8-47.8 L),
respectively.

As indicated in Table II, BMI and body weight had decreased
significantly by Week 2 of treatment, and both of these continued
to decrease during the study, with median values of 27.3 (range,
24.8-31.3) and 75.8 kg (range, 59.8-82.3 kg) at Week 24 (both
P values < 0.01). The waist-to-hip ratio significantly decreased
from 1.02 (range, 0.96-1.05) at baseline to 1.00 (range, 0.92-1.04)
at Week 24 (P < 0.01). Waist circumference decreased signifi-
cantly from 101.4 cm (range, 97.6-108.5 cm) at baseline to 94.2 cm
(range, 89.9-104.5 cm) at Week 24 (P < 0.01) (Table II). Body fat
mass decreased significantly from 28.3 kg (range, 25.7-35.4 kg) at
baseline to 22.2 kg (range, 18.8-31.4 kg) at Week 24 (P < 0.01)
(Table II) as did the percentage of body fat (from 42.4% [range,
33.0%-44.5%]) to 38.2% [range, 27.2%-41.0%]; P < 0.01). The
percentage of skeletal muscle mass significantly increased from
30.9% (range, 30.2%-37.2%) at baseline to 34.1% (range, 31.9%-
40.4%) at Week 24 (P < 0.01) (Table II). There were no significant
changes in total body water or lean mass.

Appendicular skeletal muscle (ASM) mass relative to body
weight increased significantly from 23.3% (range, 27.7%-28.1%) at
baseline to 25.5% (range, 24.3%-30.2%) at Week 24 (P < 0.05).
There was no change in the skeletal muscle mass index.

Liver tests

Table III shows the liver tests at baseline and their changes
during the study. Serum AST, ALT, and y-glutamyl transpeptidase
concentrations decreased progressively during the study from
baseline values of 52 U/L (range, 43-55 U/L), 59 U/L (range,
48-69 U/L), and 64 U/L (range, 47-94 U/L), respectively, to values
of 26 U/L (range, 24-38 U/L), 30 (range, 20-37 U/L), and 33 U/L
(range, 24-67 U/L), respectively, at Week 24 (all P values < 0.01
vs baseline) (Table III). These changes occurred together with
significant reductions in serum ferritin, insulin, and T4C7S concen-
trations (Figure 2). The NAFIC score decreased significantly from 3.0
(range, 1.5-3.0) to 2.0 (range, 0-2.5) (P < 0.05). Serum adiponec-
tin concentrations increased significantly from 5.40 uyg/mL (range,
4.60-8.85 pg/mL) at baseline to 7.0 pg/mL (range, 5.6-11.8 pug/mL)
at Week 24 (P < 0.01) (Table III). High sensitivity C-reactive
protein concentrations decreased during the study, although not
significantly.

In terms of the evaluation of hepatic steatosis using abdominal
ultrasound, distinct improvement was found in hepatorenal con-
trast, deep attenuation, or unclear vessels in 8 out of 11 patients,
although no clear change was observed in 3 out of 11 patients.

Metabolic laboratory variables

Table III also shows the baseline values and changes in
metabolic laboratory variables. As expected from the mechanism
of action of dapagliflozin, FPG decreased from 147 mg/dL (range,
132-176 mg/dL) at baseline to 119 mg/dL (range, 107-150 mg/dL)
at Week 24 (P < 0.01). Likewise, HbA1c decreased significantly
from 7.4% (range, 6.9%-83%) to 6.7% (range, 5.95%-7.3%)
(P < 0.01). Serum glucagon concentrations did not change



Table II
Effects of dapagliflozin on body composition-related variables (n = 11).

91l

Week 0 (baseline) Week 2 Week 4 Week 8 Week 12 Week 16 Week 20 Week 24
Median (interquartile range)

Body weight (kg) 79.6 (63.3-94.2) 78.3 (62.7-93.2) 78.5 (62.8-92.8) 78.8 (61.7-88.3) 79.7 (60.8-85.3) 79.6 (59.8-82.9)" 77.5 (60.4-81.7)" 75.8 (59.8-82.3)
BMI 31.0 (27.0-32.5) 30.3 (26.9-32.2)" 29.9 (27.2-32.1) 29.0 (26.8-31.7)" 28.1 (26.2-31.7)" 274 (25.6-31.8)" 276 (25.3-31.3)" 273 (24.8-31.3)"
Waist circumference (cm) 101.4 (97.6-108.5) 102.6 (96.2-108.0) 103.2 (97.9-107.7) 99.5 (96.6-106.6) 96.9 (95.2-107.7)' 94.8 (92.3-106.8)" 95.5 (91.2-105.3)" 94.2 (89.9-104.5)"
Waist-to-hip ratio 1.02 (0.96-1.05) 1.02 (0.96-1.04) 1.01 (0.96-1.05) 1.00 (0.95-1.04) 0.99 (0.94-1.04) 1.00 (0.94-1.03) " 1.00 (0.93-1.03) 1.00 (0.92-1.04)"
Total body water (1) 32.7 (28.8-47.8) 32.7 (28.3-46.3) 33.0 (29.0-45.2) 32.9 (28.2-45.0) 33.7 (28.5-44.2) 34.1 (28.2-43.8) 33.1 (28.3-44.3) 33.9 (28.4-43.5)
Body fat mass (kg) 28.3 (25.7-35.4) 29.6 (24.9-34.5) 30.1 (25.9-34.4) 27.3 (24.9-33.0) 26.0 (23.2-32.9) 25.0 (21.3-32.5) 24.7 (19.6-32.3) 22.2 (18.8-314)
Percent body fat (%) 42.4 (33.0-44.5) 40.0 (33.2-44.0) 412 (32.9-43.9) 39.5 (31.5-42.1) 39.9 (30.5-41.8) 38.2 (30.0-41.3)" 38.6 (30.1-41.7) 38.2 (27.2-41.0)
Lean mass (kg) 45 0 (39.2-65.0) 44 3 (38.5-62.7) 44.6 (39.3-61.5) 44,5 (38.4-61.3) 45 6 (38.8-60.0) 461 (38.4-59.7) 44.7 (38.5-60.1) 45.8 (38.7-59.2)
Protein (kg) 7 (7.7-12.7) 6 (7.6-12.3) 8.7 (7.7-12.1) 8.6 (7.6-12.1) 7 (7.6-11.9) 9 (7.6-11.8) 8.6 (7.5-11.8) 8.8 (7.6-11.7)
Soft lean mass (kg) 41 9 (36.9-61.4) 41 9 (36.3-59.4) 42.2 (37.1-57.9) 421 (36.2-57.9) 43 0 (36.6-56.6) 43 6 (36.3-56.3) 42.3 (36.2-56.6) 43.3 (36.5-55.9)
Skeletal muscle mass (kg) 24.6 (21.1-36.3) 24.0 (20.7-34.9) 241 (21.1-34.4) 241 (20.9-34.6) 244 (21.1-33.7) 24.9 (20.9-33.6) 24.0 (20.7-33.6) 24.7 (20.9-33.3)
Percent skeletal muscle (%) 30.9 (30.2-37.2) 324 (30.2-37.3) 32.9 (30.4-37.3) 324 (314-373) 33.6 (31.6-37.8) 341 (31.7-38.2) 340 (31.3-37.9)’ 341 (31.9-40.4) "
ASM (%) 23.3 (22.7-28.1) 25.5 (24.3-30.2)"
SMI (kg/m?2) 7.61 (6.36-9.12) 7.70 (6.19-8.56)

ASM = appendicular skeletal muscle mass/body weight; BMI = body mass index; SMI = skeletal muscle mass index.

" P < 0.05 (Wilcoxon signed-rank test).
" P < 0.01 (Wilcoxon signed-rank test).
Table III
Effects of dapagliflozin on liver tests and metabolic laboratory variables (n = 11).
Week 0 (baseline) Week 2 Week 4 Week 8 Week 12 Week 16 Week 20 Week 24
Median (interquartile range)

AST (U/L) 52 (43-55) 50 (48-60) 48 (41-53) 39 (32-42)" 41 (30-42)" 33 (23-38)" 32 (22-35)" (24-38)”
ALT (U/L) 59 (48-69) 65 (49-76) 55 (47-73) 47 (36-50) 40 (27-45)" 30 (26-40)" 34 (23-39)" 0 (20-37)
y-GTP (U/L) 64 (47-94) 57 (37-86)" 49 (36-81) " 50 (30-69) 4 (30-69)" 38 (23-65)" 35 (24-67)" (24—67)“
Fibrosis-4 index 1.83 (1.35-2.49) 1.99 (1.13-2.52) 2.01 (1.25-2.90) 1.94 (1.13-2.34) 1. 68 (1.06-2.18) 1.73 (112-1.95)" 1.87 (1.06-1.99) 1.59 (1.29-2.37)
Adiponectin (ug/mL) 5.40 (4.60-8.85) 5.90 (4.85-10.15)" 6.60 (4.80-10.15) " 7.00 (5.60-11.80)
hsCRP (mg/dL) 0.26 (0.11-0.53) 0.14 (0.08-0.26) " 0.13 (0.07-0.40) 0.15 (0.06-0.48) 0.12 (0.09-0.24) 0.20 (0.09-0.29) 0.12 (0.05-0.32)
FPG (mg/dL) 147 (132-176) 138 (121-153) 126 (121-155)" 124 (115-153)" 128 (114-159)" 120 (106-148)° 117 (109-156) 119 (107-150)’
HbA1lc (%) 7.4 (6.9-8.3) 6.9 (6.5-7.95)" 0 (6.25-7.55) 7 (6.15-7.4) 8 (6.15-7.4) " 6.5 (6.0-7.25)" 7 (5.95-7.3)"
Glucagon (pg/mL) 184 (166-198) 168 (157-181) 172 (158-181) 175 (181-198)
HDL-C (mg/dL) 52 (46-58) 52 (46-55) 51 (46-58) 2 (43-58) 49 (45-63) 55 (48-62)° 58 (52-67)" 55 (49-64)
LDL-C (mg/dL) 116 (106-124) 104 (97-123) 109 (91-127) 118 (94-129) 115 (106-120) 107 (96-119) 119 (108-131) 116 (106-126)
Triglycerides (mg/dL) 118 (111-162) 123 (97-157) 108 (80-145) 99 (90-141) 96 (86-116) 7 (79-128) 95 (80-136) 8 (84-154)

AST = aspartate aminotransferase; ALT = alanine aminotransferase; FPG = fasting plasma glucose; y-GTP = y-glutamyltranspeptidase; HbAlc = glycated hemoglobin; hsCRP = high sensitivity C-reactive protein.

" P < 0.05 (Wilcoxon signed-rank test).
" P < 0.01 (Wilcoxon signed-rank test).
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Figure 2. Changes in NAFIC-related variables. Box-and-whisker plots are shown
for (A) serum ferritin, (B) insulin, and (C) type IV collagen 7S in 11 patients treated
with dapagliflozin for 24 weeks. Data are expressed as the median with inter-
quartile range and maximum values. Outliers are indicated by x, and were defined
as values exceeding the 75th percentile plus 1.5 times the interquartile
range. P < 0.05 and “P < 0.01 versus baseline (Wilcoxon signed-rank test).
T4C7S = type IV collagen 7S.

significantly from baseline to Week 24, although serum HDL-C
concentrations significantly increased from 52 mg/dL (range,
46-58 mg/dL) to 55 mg/dL (range, 49-64 mg/dL) (P = 0.04), there
were no notable changes in LDL-C or triglyceride concentrations.

Other laboratory variables
As indicated in Table IV, there were no significant changes in

general laboratory variables from baseline to Week 24, except for
hematocrit.

Blood pressure

Systolic blood pressure decreased from 126 mm Hg (range,
122-134 mm Hg) at baseline to 120 mm Hg (range, 114-122 mm
Hg) at Week 24. Diastolic blood pressure decreased from 84 mm
Hg (range, 79-88 mm Hg) at baseline to 70 mm Hg (range, 68-79
mm Hg) at Week 24.

Discussion

In this study, we showed that the administration of dapagli-
flozin, a potent and selective SGLT2 inhibitor, was associated with
improvements in liver tests and metabolic laboratory variables in
patients with NASH and T2DM over the course of 24 weeks. These
patients experienced significant reductions in body weight and
BMI, which were driven by marked reductions in body fat (total fat
mass and percent body fat). Although the percent skeletal muscle
mass increased, the actual skeletal muscle mass remained
unchanged. Moreover, there were no marked changes in total
body water, protein, or soft lean mass during the treatment period.

There were significant decreases in median values of waist
circumference and waist-to-hip ratio, which are also suggestive of
reduced visceral fat mass. This is important because higher waist
circumferences and waist-to-hip ratios caused by visceral fat mass
have been strongly associated with an increased risk factor for
metabolic and cardiovascular disease in adults.?” Because of the
deleterious relationship between visceral fat distribution, hepatic
insulin resistance, and adiponectin,’® we also measured serum
adiponectin levels. We found a significant increase in adiponectin,
which may be related to the reduction in visceral fat mass in these
patients.

The hepatic effects of dapagliflozin were assessed in terms of
the changes in liver enzymes, serum ferritin, insulin, and T4C7S.
All of these variables showed significant improvements during the
24-week study. We also calculated the NAFIC score and Fibrosis-4
index.?*~2° The NAFIC score can assist in the diagnosis of NASH by
using the levels of ferritin, fasting insulin, and T4C7S. The Fibrosis-
4 index is a useful parameter when excluding the diagnosis of
NASH in patients with advanced fibrosis and takes into consid-
eration ALT, AST, and platelet counts.>® We observed a significant
reduction in the NAFIC score from baseline to Week 24 owing to
the significant reductions in ferritin, insulin, and T4C7S over time.
The Fibrosis-4 index was significantly lower at Weeks 12 and 16,
but not at Week 24, compared with baseline.

Serum ferritin concentration is an independent predictor of
hepatic iron overload, which is associated with NASH and
advanced hepatic fibrosis.? Elevation of serum ferritin levels is
associated with the severity of fibrosis in NAFLD.>° In addition,
serum ferritin levels are closely associated with insulin resistance
and can be considered a marker for metabolic syndrome.’'
Although the mechanism underlying the elevation of serum
ferritin in NASH is unknown,*? the serum ferritin concentration
started to decrease in the present study before changes in ALT
were observed, which suggests that the reduction in ferritin
concentration may have contributed to the improvement in
hepatic inflammation. A previous study found that serum ALT
levels did not decrease even if the ferritin level in patients with
nonalcoholic fatty liver disease was decreased by phlebotomy>?;
therefore, it is necessary to examine whether the decrease in
ferritin level actually relates to the decrease in serum ALT level in
patients with nonalcoholic steatohepatitis. Hyperinsulinemia and
increased insulin resistance could have important roles in the
pathogenesis of NASH in both Western and Asian countries.>*”
Hyperinsulinemia in patients with NASH is attributable to
increased insulin secretion, which compensates for reduced



Week 8 Week 12 Week 16 Week 20 Week 24
Median (interquartile range)

Week 4

Week 2

Week 0 (baseline)

General laboratory variables.

Table IV
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. ks insulin sensitivity and is not a consequence of decreased hepatic
Ag:, A ,\aag Qo extraction of insulin, which occurs in all forms of chronic liver
23Ts82%99 |8 di t the st f ad d fibrosi irrhosis.>**> In thi
sirIenild|g isease at the stage of advance rosis or cirrhosis. n this
% g 3 ; NS E 5 a QEJ study, fasting insulin and fasting plasma glucose decreased
2Inpsgnoy |2 together with adiponectin. These results suggest that dapagliflozin
“IScTIERR | 5 improves insulin resistance by decreasing visceral fat mass.

'—8“ The serum insulin concentrations were significantly lower at
7 é Weeks 8, 16, and 24 than at baseline. Insulin resistance is a

-og _m~N@s| 8 common factor in NASH and T2DM, and the decrease in insulin
3% ®sy & = 3 51 s secretion coupled with improvements in glycemic control (ie, FPG
$RRRTRIIC £ and HbA1c) likely suggests that there was an improvement in
osceEsc2l J insulin resistance, which might have been partly mediated by the
SHe8¥Rugg | g reduction in visceral fat mass and increased adiponectin.

g It is also intriguing to note that there were reductions in

= systolic blood pressure and diastolic blood pressure during the
fes ~caa % study. The underlying mechanism is unclear; however, it might
@LT % SI gq % a A = involve changes in body composition or metabolic variables. It is

— | . .

Sa2m 1 3' RSB = notable that the changes in blood pressure were not accompanied
Ni § g % 3232 E 3 by significant changes in total body water. The improvement in
FEIFSPQugam é" blood pressure may be particularly relevant to patients with

g hypertension.

& The percentage of skeletal muscle mass increased in this study.

I PN 3 A recent Asian study reported that sarcopenia is an independent
~x 5 298| A risk factor for NASH and significant fibrosis.*® The authors defined
5Fe3oRe8q | § ! s O ;

G d L i E'Iw E o ,c\'n 2 g sarcopenia based on the ASM/body weight (ASM%) value. Patients
8 3 E TLIES g with NASH showed a significantly lower ASM% compared with
U I Ry those without NAFLD. In this study, the ASM¥% values for NASH
Bon OO0 ™ I ’
§S-e Yr-ono g patients increased following dapagliflozin treatment. This suggests
S that dapagliflozin may improve sarcopenia and fibrosis in NASH
e~ | E patients.
’QE & E 235 E g 2 A recent retrospective study compared the efficacies of admin-
AT IBT A | E istration of an SGLT2 inhibitor or a DPP4 inhibitor for 24 weeks in
ad=3LeIgd % Japanese patients with T2DM and biopsy-confirmed NAFLD.*’
SR288820Y | & Although serum AST and ALT levels improved significantly in both
¥oS - aom : groups, the reductions in these levels were greater in the SGLT2
5 inhibitor group than in the DPP4 inhibitor group. The SGLT2
o~ PR é" inhibitor group experienced a greater increase in HDL-C, a greater
23852353 duction in FPG, and ter reduction in BMI, but Il
el rsge | 8 reduction in , and a greater reduction in , but a smaller
2 ?';_ & 9; C—f u,f ot E I decrease in the estimated glomerular filtration rate, compared
sF2SRIZER § with the DPP4 inhibitor group. A significant reduction in body fat
23238 S Is2l e was also observed in the SGLT2 inhibitor group, although body
yoe oo é composition was not assessed in the DPP4 inhibitor group. The
k= results of that study are consistent with ours, and indicate that

SR | & administration of an SGLT2 inhibitor is associated with clinically
S N I relevant improvements in liver tests and body composition in
O8N 382UIS |3 . .
wsIT ISR T L5 patients with NAFLD or NASH.

NN D - QN : . :
=3 ',:I 5 Y9 g The safety profile of dapagliflozin was evaluated in terms of
MOnIIRTNS %" general laboratory variables, but there were no clinically signifi-
ISTILTQ g cant changes in any of these variables in our cohort during the
= study. We think that the slight increase in hematocrit was not a
TT result of dehydration, but rather reflective of an increase in red

Sen omoN|E blood cells, because no changes in blood urea nitrogen, creatinine,

?gé’f e} $ ] fl QI §I 2 or estimated glomerular filtration rate were observed. Further-
| — | o ~ = . .
Lo R Tanoa | & more, there were no changes in total body water during the stud
o =“Yommom | £ S 9 ’ g y g y.
SL%E%E%%%E g P x Thus, dehydration was likely not a complication in the present
S3a8o%uhgza | & g § E study. These findings suggest that dapagliflozin did not have any
2 § < untoward effects on clinically relevant laboratory variables in this
Yy 2P small group of selected patients.
&< §D‘5 g § The limitations of this study include the open-label design,
E g §§ short treatment period, and the small number of patients. Fur-
~ = 5 = . . .
= 5= 232 thermore, liver biopsies were not performed. Further large-scale,
- E = 5Eus randomized, controlled studies are needed to validate the efficacy
% éi?ggg S E gs° of dapagliflozin in the treatment of NASH and T2DM.
EgR > £ 35@; g -‘ﬁ ) l a In this small, open-label, uncontrolled study, dapagliflozin
SE2 E:’.: ;'-é 22¢ |z § . improved the body composition of patients with NASH associated
a3 with T2DM by reducing body fat, most likely visceral fat mass, and
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was associated with improvements in liver tests and metabolism.
Longer-term, larger studies are needed to verify these results and
enable the use of dapagliflozin to treat NASH associated with
T2DM.

Acknowledgments

Hiroshi Tobita was involved in all aspects of the study. Shuichi
Sato and Tatsuya Miyake contributed to the data interpretation.
Shunji Ishihara and Yoshikazu Kinoshita contributed to the study
design. The authors thank James Graham, PhD, and Nicholas D.
Smith, PhD (Edanz Medical Writing), for providing editorial
support.

Conflicts of Interest

Dapagliflozin was developed by AstraZeneca, who provided
funding for publication fees and development of the manuscript,
but did not play any other role in the study design; collection,
analysis, and interpretation of data; writing of the manuscript; or
the decision to submit the manuscript for publication. HT and YK
have received honoraria from AstraZeneca K.K. Funding to pay for
editorial support and the Open Access publication charges for this
article were provided by AstraZeneca K.K. and Ono Pharmaceutical
Co, Ltd. The authors have indicated that they have no other
conflicts of interest regarding the content of this article.

References

1. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from steatosis to cirrhosis.
Hepatology. 2006;43:599-112.

2. Ballestri S, Zona S, Targher G, et al. Nonalcoholic fatty liver disease is associated
with an almost twofold increased risk of incident type 2 diabetes and metabolic
syndrome. Evidence from a systematic review and meta-analysis. J Gastro-
enterol Hepatol. 2016;31:936-44.

3. Lonardo A, Bellentani S, Argo CK, et al. Non-alcoholic Fatty Liver Disease Study
Group. Epidemiological modifiers of non-alcoholic fatty liver disease: Focus on
high-risk groups. Dig Liver Dis. 2015;47:997-1006.

4. Ballestri S, Nascimbeni F, Romagnoli D, et al. Type 2 diabetes in non-alcoholic
fatty liver disease and hepatitis C virus infection-liver: the "musketeer" in the
spotlight. Int J Mol Sci. 2016;17:355.

5. Watanabe S, Hashimoto E, Ikejima K, et al. Evidence-based clinical practice
guidelines for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis.
Hepatol Res. 2015;45:363-77.

6. Shankar SS, Shankar RR, Railkar RA, Beals CR, Steinberg HO, Kelley DE. Early
clinical detection of pharmacologic response in insulin action in a nondiabetic
insulin-resistant population. Curr Ther Res Clin Exp. 2015;77:83-9.

7. Hajiaghamohammadi AA, Ziaee A, Oveisi S, Masroor H. Effects of metformin,
pioglitazone, and silymarin treatment on non-alcoholic fatty liver disease: a
randomized controlled pilot study. Hepat Mon. 2012;12:e6099.

8. Shyangdan D, Clar C, Ghouri N, et al. Insulin sensitisers in the treatment of non-
alcoholic fatty liver disease: a systematic review. Health Technol Assess. 2011;15:
1-110.

9. Singh S, Khera R, Allen AM, et al. Comparative effectiveness of pharmacological
interventions for nonalcoholic steatohepatitis: A systematic Review and Net-
work Meta-analysis. Hepatology. 2015;62:1417-32.

10. Lombardi R, Onali S, Thorburn D, et al. Pharmacological interventions for non-
alcohol related fatty liver disease (NAFLD): an attempted network meta-
analysis. Cochrane Database Syst Rev. 2017;3 CD011640.

11. Kalra S. Sodium glucose co-transporter-2 (SGLT2) inhibitors: a review of their
basic and clinical pharmacology. Diabetes Ther. 2014;5:355-66.

12. Honda Y, Imajo K, Kato T, et al. The selective SGLT2 inhibitor ipragliflozin has a
therapeutic effect on nonalcoholic steatohepatitis in mice. PLOS ONE. 2016;11:
e0146337.

13. Jojima T, Tomotsune T, lijima T, Akimoto K, Suzuki K, Aso Y. Empagliflozin (an
SGLT2 inhibitor), alone or in combination with linagliptin (a DPP-4 inhibitor),
prevents steatohepatitis in a novel mouse model of non-alcoholic steatohepa-
titis and diabetes. Diabetol Metab Syndr. 2016;8:45.

14. Qiang S, Nakatsu Y, Seno Y, et al. Treatment with the SGLT2 inhibitor luseogli-
flozin improves nonalcoholic steatohepatitis in a rodent model with diabetes
mellitus. Diabetol Metab Syndr. 2015;7:104.

15. Shah NK, Deeb WE, Choksi R, Epstein BJ. Dapagliflozin: a novel sodium-glucose
cotransporter type 2 inhibitor for the treatment of type 2 diabetes mellitus.
Pharmacotherapy. 2012;32:80-94.

16. Terami N, Ogawa D, Tachibana H, et al. Long-term treatment with the sodium
glucose cotransporter 2 inhibitor, dapagliflozin, ameliorates glucose homeo-
stasis and diabetic nephropathy in db/db mice. PLOS ONE. 2014;9:e100777.

17. Chiba Y, Yamada T, Tsukita S, et al. Dapagliflozin, a sodium-glucose co-trans-
porter 2 inhibitor, acutely reduces energy expenditure in BAT via neural signals
in mice. PLOS ONE. 2016;11:e0150756.

18. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a
joint interim statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Athero-
sclerosis Society; and International Association for the Study of Obesity.
Circulation. 2009;120:1640-5.

19. Honda T, Chen S, Yonemoto K, et al. Sedentary bout durations and metabolic
syndrome among working adults: a prospective cohort study. BMC Public
Health. 2016;16:888.

20. Committee of the Japan Diabetes Society on the Diagnostic Criteria of Diabetes
Mellitus:Seino Y, Nanjo K, Tajima N, et al. Report of the Committee on the
Classification and Diagnostic Criteria of Diabetes Mellitus. J Diabetes Investig.
2010;1:212-28.

21. Bugianesi E, Rosso C, Cortez-Pinto H. How to diagnose NAFLD in 2016. ] Hepatol.
2016;65:643-4.

22. Brunt EM. Nonalcoholic Fatty Liver Disease: Pros and Cons of Histologic
Systems of Evaluation. Int ] Mol Sci. 2016;17:E97 pii.

23. Pirlich M, Schiitz T, Spachos T, et al. Bioelectrical impedance analysis is a useful
bedside technique to assess malnutrition in cirrhotic patients with and without
ascites. Hepatology. 2000;32:1208-15.

24. Sumida Y, Yoneda M, Hyogo H, et al. A simple clinical scoring system using
ferritin, fasting insulin, and type IV collagen 7S for predicting steatohepatitis in
nonalcoholic fatty liver disease. J Gastroenterol. 2011;46:257-68.

25. Fields DA, Goran MI. Body composition techniques and the four-compartment
model in children. J Appl Physiol. (1985). 2000;89:613-20.

26. Kriemler S, Puder ], Zahner L, Roth R, Braun-Fahrldnder C, Bedogni G. Cross-
validation of bioelectrical impedance analysis for the assessment of body
composition in a representative sample of 6- to 13-year-old children. Eur |
Clin Nutr. 2009;63:619-26.

27. Bugianesi E, Gentilcore E, Manini R, et al. A randomized controlled trial of
metformin versus vitamin E or prescriptive diet in nonalcoholic fatty liver
disease. Am J Gastroenterol. 2005;100:1082-90.

28. Coker RH, Williams RH, Yeo SE, et al. Visceral fat and adiponectin: associations
with insulin resistance are tissue-specific in women. Metab Syndr Relat Disord.
2009;7:61-7.

29. Kowdley KV, Belt P, Wilson LA, et al. Serum ferritin is an independent predictor
of histologic severity and advanced fibrosis in patients with nonalcoholic fatty
liver disease. Hepatology. 2012;55:77-85.

30. Bugianesi E, Manzini P, D'Antico S, et al. Relative contribution of iron burden,
HFE mutations, and insulin resistance to fibrosis in nonalcoholic fatty liver.
Hepatology. 2004;39:179-87.

31. Jehn M, Clark JM, Guallar E. Serum ferritin and risk of the metabolic syndrome
in US. adults. Diabetes Care. 2004;27:2422-8.

32. Hoki T, Miyanishi K, Tanaka S, et al. Increased duodenal iron absorption
through up-regulation of divalent metal transporter 1 from enhancement of
iron regulatory protein 1 activity in patients with nonalcoholic steatohepatitis.
Hepatology. 2015;62:751-61.

33. Adams LA, Crawford DH, Stuart K, et al. The impact of phlebotomy in
nonalcoholic fatty liver disease: A prospective, randomized, controlled trial.
Hepatology. 2015;61:1555-64.

34. Chitturi S, Abeygunasekera S, Farrell GC, et al. NASH and insulin resistance:
Insulin hypersecretion and specific association with the insulin resistance
syndrome. Hepatology. 2002;35:373-9.

35. Pagano G, Pacini G, Musso G, et al. Nonalcoholic steatohepatitis, insulin
resistance, and metabolic syndrome: Further evidence for an etiologic associ-
ation. Hepatology. 2002;35:367-72.

36. Marchesini G, Bugianesi E, Forlani G, et al. Nonalcoholic fatty liver, steatohepa-
titis, and the metabolic syndrome. Hepatology. 2003;37:917-23.

37. Ono M, Saibara T. Clinical features of nonalcoholic steatohepatitis in Japan:
Evidence from the literature. ] Gastroenterol. 2006;41:725-32.

38. Koo BK, Kim D, Joo SK, et al. Sarcopenia is an independent risk factor for non-
alcoholic steatohepatitis and significant fibrosis. | Hepatol. 2017;66:123-31.

39. Seko Y, Sumida Y, Tanaka S, et al. Effect of sodium-glucose cotransporter
2 inhibitor on liver function tests in NAFLD patients with type 2 diabetes in
Japan. Hepatol Res. 2016. http://dx.doi.org/10.1111/hepr.12834.


http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref1
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref1
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref2
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref2
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref2
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref2
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref3
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref3
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref3
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref4
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref4
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref4
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref5
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref5
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref5
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref6
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref6
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref6
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref7
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref7
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref7
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref8
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref8
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref8
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref9
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref9
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref9
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref10
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref10
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref10
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref11
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref11
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref12
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref12
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref12
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref13
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref13
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref13
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref13
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref14
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref14
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref14
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref15
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref15
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref15
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref16
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref16
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref16
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref17
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref17
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref17
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref18
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref19
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref19
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref19
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref20
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref20
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref20
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref20
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref21
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref21
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref22
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref22
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref23
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref23
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref23
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref24
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref24
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref24
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref25
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref25
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref26
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref26
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref26
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref26
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref27
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref27
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref27
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref28
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref28
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref28
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref29
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref29
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref29
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref30
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref30
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref30
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref31
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref31
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref32
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref32
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref32
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref32
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref33
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref33
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref33
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref34
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref34
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref34
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref35
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref35
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref35
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref36
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref36
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref37
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref37
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref38
http://refhub.elsevier.com/S0011-393X(17)30006-1/sbref38
http://dx.doi.org/10.1111/hepr.12834
http://dx.doi.org/10.1111/hepr.12834
http://dx.doi.org/10.1111/hepr.12834

	Effects of Dapagliflozin on Body Composition and Liver Tests in Patients with Nonalcoholic Steatohepatitis Associated...
	Introduction
	Patients and Methods
	Study design
	Ethics
	Patients and administration of dapagliflozin
	Measurement of body composition
	Serum biochemistry
	Statistical analysis

	Results
	Patients
	Concomitant diseases and medications
	Body composition
	Liver tests
	Metabolic laboratory variables
	Other laboratory variables
	Blood pressure

	Discussion
	Acknowledgments
	References




