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cotransporter 2 inhibitor (SGLT2i) and dipeptidyl peptidase 4

inhibitor (DPP4i) administrations in nonalcoholic fatty liver disease

(NAFLD) patients without type 2 diabetes mellitus. The purpose of

this study was to evaluate the efficacy of those drugs in such

patients. NAFLD patients without type 2 diabetes mellitus were

enrolled in this single center double�blind randomized prospective

study, and allocated to receive either dapagliflozin (SGLT2i) or

teneligliptin (DPP4i) for 12 weeks. Laboratory variables and body

compositions were assessed at the baseline and end of treatment.

The primary endpoint was alanine aminotransferase (ALT) reduc�

tion level at the end of treatment. Twenty�two eligible patients

(dapagliflozin group, n = 12; teneligliptin group, n = 10) were

analyzed. In both groups, the serum concentration of ALT was

significantly decreased after treatment (p<0.05). Multiple regres�

sion analysis results showed that decreased body weight of

patients with dapagliflozin administration was significantly

related to changes in total body water and body fat mass.

Administration of dapagliflozin or teneligliptin decreased the

serum concentration of ALT in NAFLD patients without type 2

diabetes mellitus. With dapagliflozin, body weight decreased,

which was related to changes in total body water and body fat

mass (UMIN000027304).

Key Words: nonalcoholic fatty liver disease, dapagliflozin, 

teneligliptin, alanine aminotransferase

IntroductionNonalcoholic fatty liver disease (NAFLD) is the most common
type of chronic liver disease and affects up to 25% of the

global population.(1,2) NAFLD encompasses a broad spectrum of
conditions, including nonalcoholic fatty liver (NAFL), nonalco-
holic steatohepatitis (NASH), liver cirrhosis, and hepatocellular
carcinoma.(3,4) Liver fibrosis progression has been reported to
contribute to mortality from cardiovascular and liver-related
disease in these patients.(5,6) A previous investigation showed
that a reduction in serum alanine aminotransferase (ALT) level of
greater than 30% in patients with NASH can prevent liver
histological progression including fibrosis,(7) and another found
that body weight loss greater than 10% through changes in diet
and lifestyle habits improved histology findings such as fibrosis in
NASH patients.(8) Although a pharmacological approach is often
necessary to treat NAFLD patients who fail to sufficiently reduce
their body weight, there are no approved pharmacotherapies for

these patients.(9)

Antidiabetic drugs are widely used for NAFLD patients with
type 2 diabetes mellitus (T2DM).(10) Those include dipeptidyl
peptidase-4 inhibitors (DPP4i), which have been approved for
treatment of T2DM, and shown to block DPP4 and prolong the
biological activity of incretin hormones, such as glucagon-like
peptide-1 (GLP1) and gastric inhibitory polypeptide (GIP),
leading to improvement in glucose tolerance.(11) In small clinical
trials of sitagliptin, a DPP4i used for treatment of NAFLD with
T2DM, reduction in plasma ALT levels was found in some,(12,13)

but not all.(14–17) In another study, the DPP4i vildagliptin was
shown to reduce plasma ALT levels in NAFLD patients without a
history of T2DM, though 75-g oral glucose tolerance test (OGTT)
findings were not used to distinguish those with T2DM.(18) It
has also been reported that treatment with a sodium-glucose
cotransporter 2 inhibitor (SGLT2i) can prevent reabsorption of
glucose in the kidneys and increase urinary excretion of
glucose,(19) and several members of this class of drug have been
approved for treatment of T2DM patients. Furthermore, several
recent reports have shown that SGLT2i drugs including
dapagliflozin, empagliflozin, canagliflozin, ipragliflozin, and
luseogliflozin have therapeutic efficacy for treatment of NAFLD
with T2DM.(20–31) Nearly all of those studies found that SGLT2i
use reduced plasma ALT level and body weight.

To date, no known studies have evaluated the effects of SGLT2i
or DPP4i therapy for NAFLD patients without T2DM. Here, we
evaluated the effects of dapagliflozin, an SGLT2 inhibitor, and
teneligliptin, a DPP4 inhibitor, in patients with NAFLD and
without T2DM. Each was administrated for 12 weeks and
therapeutic effects were evaluated based on serum biochemistry
parameters, body composition, blood pressure, and hand grip
strength.

Materials and Methods

Study design. This was a single center double-blind random-
ized prospective study. Dapagliflozin (5 mg) or teneligliptin
(20 mg) was administered once daily for 12 weeks, with no formal
sample size calculation performed.

The Shimane University Hospital clinical trial pharmacy team
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randomized patients into either dapagliflozin or teneligliptin
groups 1:1, stratified by gender, using computer-generated
numbers. Blinding and allocation concealment were maintained
by use of identical-looking bottles and capsules, in which
dapagliflozin or teneligliptin were compounded by the hospital
pharmacy. Physicians and all other study personnel were also
blinded to drug allocation. Unblinding of treatment allocation
was done only all study procedures were completed in all study
patients.

This clinical study was performed after obtaining approval from
the Ethics Committee of Shimane University Faculty of Medicine
(approval number: 2629) as well as written informed consent from
all participating patients. The protocol complied with the Declara-
tion of Helsinki, and applicable laws and requirements. The trial
was registered at the University Hospital Medical Information
Network under registration number UMIN000027304.

Patients and administration of drugs. Patients with
NAFLD and without T2DM were determined based on the
following criteria: (1) presence of hepatorenal contrast and
increased hepatic echogenicity in abdominal ultrasonography
findings obtained using a 3.5-MHz transducer (ARIETTA S70;
Hitachi, Ltd., Tokyo, Japan),(32) (2) daily alcohol consumption
lower than 20 g/day; (3) negative for Wilson’s disease, hemochro-
matosis, and drug-induced liver injury, as well as the presence of
hepatitis B surface antigen, and anti-HCV, antinuclear, and
antimitochondrial antibodies; (4) 75-g OGTT findings, with
plasma glucose (PG) concentrations measured at 0, 30, 60, 90,
and 120 min. T2DM, impaired glucose tolerance/impaired fasting
glucose (IGT/IFG), and normal glucose tolerance (NGT) were
defined in accordance with the WHO criteria.(33) The main inclu-
sion criteria were age ³20 years, NAFLD without T2DM, and
ALT ³31 and <200 IU/L, while the main exclusion criteria were
the presence of severe heart, liver, or kidney disease. Patients
were also screened for metabolic syndrome, dyslipidemia, and
hypertension. Metabolic syndrome was defined as previously
described,(34,35) with minor modifications. Specifically, subjects
with at least 3 of the following 5 clinical measurement conditions
were considered to have metabolic syndrome: (1) central obesity
(waist circumference ³85 cm in males, ³90 cm in females), (2)
elevated blood pressure (systolic blood pressure ³130 mmHg or
diastolic blood pressure ³85 mmHg) or taking an antihypertension
medication, (3) elevated fasting blood glucose level (³110 mg/dl)
or taking a hypoglycemia medication, (4) decreased high density
lipoprotein cholesterol (HDL-C) level (<40 mg/dl), and (5) hyper-
triglyceridemia (³150 mg/dl) or taking a lipid-lowering medica-
tion. After the baseline assessments, the patients were prescribed
once-daily dapagliflozin at 5 mg or teneligliptin at 20 mg for 12
weeks. No drugs were changed during the period at least 6 months
before this study until the end of the study period.

Determination of body composition, grip strength, and
blood pressure. Body composition measurements were per-
formed using an InBody720 analyzer (Biospace Inc., Tokyo,
Japan), which has recently been developed for determining body
composition in NAFLD patients.(27,36) The output values of the
InBody720 include total body water, protein, mineral, and body
fat mass, with the sum of these values used as body weight.
Hand grip strength and blood pressure was measured at the base-
line and week 12.

Blood biochemistry. Serum liver and metabolic variable
testing included AST, ALT, g-glutamyl transpeptidase (GGT),
ferritin, type IV collagen 7s, fibrosis-4 index, FPG, fasting insulin
(insulin), homeostasis model assessment parameter of insulin
resistance (HOMA-IR), glycated hemoglobin (HbA1c), HDL-C,
low density lipoprotein cholesterol (LDL-C), triglycerides, uric
acid, adiponectin, and leptin. In addition, laboratory tests were
performed for high sensitivity C-reactive protein (hsCRP), blood
urea nitrogen (BUN), creatine (Cr), estimated glomerular filtrated
rate (estimated GFR), hematocrit (HT), red blood cell count

(RBC), and hemoglobin (Hb). HOMA-IR was calculated using
the following formula: insulin (mU/ml) ´ FPG (mg/dl)/405.(37)

Fibrosis-4 index values were calculated as: [age (years) ´ AST
(U/L)]/[platelet count (109/L) ´ ALT (U/L)1/2].(38)

Statistical analysis. Baseline characteristics of the two
study groups were summarized using mean ± SD for continuous
variables. All statistical analyses were performed using the
BellCurve for Excel statistical analysis software package, ver.
2.14 (Social Survey Research Information Co., Ltd., Tokyo,
Japan). Comparisons between the groups were evaluated using the
Mann-Whitney’s U test for continuous variables and a chi-square
test for categorical variables. The Wilcoxon signed-rank test
was used to compare values obtained at baseline with those
obtained at week 12 for patients who completed the study.
Comparisons between the dapagliflozin and teneligliptin groups
were made using unpaired t tests. The Spearman’s correlation test
was used to evaluate correlations between change of body weight
with total body water, protein, mineral, and body fat mass
changes. The Multivariable regression analysis was performed
to assess the association between change in body weight with
total body water, protein, mineral, and body fat mass changes.
P<0.05 was considered to indicate statistical significance as
compared to the baseline value.

Results

General characteristics of patients. Between May 2017
and January 2018, we randomly assigned 26 NAFLD patients
without T2DM to receive dapagliflozin (n = 13) or teneligliptin
(n = 13) (Fig. 1). Of the 13 patients in the dapagliflozin group, 1
was excluded because of an ALT level <31 U/L, while 3 of 13 in
the teneligliptin group were excluded for a PG level >200 mg/dl at
120 min in 75g-OGTT results. Thus, 12 patients (8 males, 4
females) were included in the dapagliflozin group and 10 (7 males,
3 females) in the teneligliptin group, and their results were
analyzed. All patients included in the analyses successfully
completed the study protocol.

Table 1 shows baseline characteristics of the enrolled patients.
Among the various patient background factors and laboratory
results investigated, only aspartate aminotransferase (AST)
[42.3 ± 12.6 (median ± SD) vs 57.8 ± 11.4 mg/dl, p = 0.01],
GGT (46.0 ± 30.0 vs 90.5 ± 44.6 mg/dl, p<0.01), and hsCRP
(0.16 ± 0.12 vs 0.06 ± 0.04 mg/dl, p<0.01) were significantly
different between the dapagliflozin and teneligliptin groups.

Changes in liver tests. There was no significant difference
for degree of ALT reduction at post-treatment between the
dapagliflozin (–16.4 ± 15.1%) and teneligliptin (–20.2 ± 30.8%)
groups (Fig. 2). In the dapagliflozin group, AST and ALT levels
were decreased from the baseline values of 42.3 ± 1.6 U/L and
75.8 ± 40.7 U/L, respectively, to 37.3 ± 13.8 U/L (p<0.05) and
66.8 ± 49.1 U/L (p = 0.02), respectively, at post-treatment,
while those in the teneligliptin group were decreased from the
baseline values of 57.8 ± 11.4 U/L and 99.0 ± 34.1 U/L, respec-
tively, to 45.4 ± 15.5 U/L (p = 0.04) and 75.3 ± 33.0 U/L
(p<0.05), respectively after treatment (Table 2). Furthermore,
serum ferritin concentrations in both groups were significantly
decreased from the baseline values of 138.3 ± 62.9 ng/dl and
106.1 ± 49.8 ng/dl, respectively, to 102.3 ± 63.4 ng/dl (p = 0.02)
and 80.1 ± 45.9 ng/dl (p<0.01), respectively, at post-treatment.
There were no significant changes in serum concentrations of
GGT, type IV collagen 7s, or fibrosis-4 index in either group.
Additionally, evaluations of hepatic steatosis using abdominal
ultrasound revealed no clear changes in any of the enrolled
patients.

Changes in metabolic laboratory variables. In both the
dapagliflozin and teneligliptin groups, HbA1c was significantly
decreased from the baseline values of 5.90 ± 0.36% and 5.82 ±
0.23%, respectively, to 5.76 ± 0.24% (p = 0.02) and 5.66 ± 0.18%
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(p = 0.03), respectively, at post-treatment. In contrast, there were
no significant changes in FPG, insulin, or HOMA-IR, nor in
concentrations of HDL-C, LDL-C, or triglycerides at post-
treatment as compared with the baseline values in either group.
Serum uric acid concentrations in the two groups were signifi-
cantly decreased from 6.55 ± 1.17 mg/dl and 6.18 ± 1.17 mg/dl,
respectively, to 5.21 ± 0.79% (p<0.01) and 5.87 ± 1.17% (p = 0.02),
respectively, after treatment. In the dapagliflozin group alone,
serum adiponectin concentration was significantly increased from
5.76 ± 2.07 mg/ml to 6.18 ± 2.06 mg/ml (p = 0.02), while serum
leptin concentration in those patients was significantly decreased
from 31.98 ± 22.63 ng/dl to 25.09 ± 14.18 ng/dl (p = 0.04) at post-
treatment (Table 2).

Changes in other laboratory variables. There were no
significant changes in hsCRP, BUN, Cr, or estimated GFR in
either of the groups. In the dapagliflozin group, HT, RBC, and
Hb were significantly increased from the baseline values of
45.1 ± 3.0%, 493 ± 26 ´ 104/ml, and 14.9 ± 1.1 g/dl, respectively,
to 47.5 ± 2.8% (p<0.01), 518 ± 26 ´ 104/ml (p<0.01), and
15.6 ± 1.1 g/dl (p<0.01), respectively, at post-treatment. In the
teneligliptin group, RBC and Hb showed significant decreases
from 516 ± 66 ´ 104/ml and 15.5 ± 1.8 g/dl, respectively, to 500 ±
72 ´ 104/ml (p = 0.04), and 14.8 ± 1.9 g/dl (p = 0.01), respectively
(Table 2).

Changes in body compositions. In the dapagliflozin group,
body weight and BMI were significantly decreased after treatment
[body weight: 76.5 ± 20.7 kg at baseline to 75.2 ± 20.9 kg at
post-treatment, p = 0.02], while there were no significant changes
in waist circumference, body fat mass, percent body fat, or percent
skeletal muscle (Table 3). In the dapagliflozin group, significant
decreases were seen at post-treatment for total body water
(37.9 ± 11.0 to 37.2 ± 11.1 L, p = 0.02), protein (10.2 ± 3.1 to
10.0 ± 3.1 kg, p = 0.02), and mineral (3.48 ± 1.04 to 3.42 ± 1.03
kg, p = 0.01) levels, while there was no significant change in body
fat mass. There were no significant changes in body composition
factors seen in the teneligliptin group.

Correlations between changes in body weight and body
composition factors in dapagliflozin group. In the present
study, a significant decrease in body weight was found only in the
dapagliflozin group. In this regard, we investigated which body
composition factors were associated with decreased body weight
in those patients. Since the output values of the InBody720 include
total body water, protein, mineral, and body fat mass, with the sum
of these values used as body weight, those 4 factors were subjected
to the Spearman’s correlation test (Table 4). Change in body

weight was found to be positively correlated with changes in
total body water (r = 0.82, p<0.01), protein (r = 0.67, p = 0.02),
mineral (r = 0.63, p = 0.03), and body fat mass (r = 0.78, p<0.01)
levels. Furthermore, the multiple regression analysis showed
that changes in total body water (PRC = 1.11, p<0.01) and body
fat mass (PRC = 1.04, p<0.01) were significantly related to change
in body weight in the dapagliflozin group.

Changes in blood pressure and hand grip strength.
There were no significant changes in blood pressure in either
group. Right hand grip strength was significantly increased in the
dapagliflozin group from 35.8 ± 14.1 kg to 37.5 ± 13.2 kg
(p = 0.02) at post-treatment. In the teneligliptin group, there was
no significant change in hand grip strength seen at post-treatment
(Table 3).

Discussion

This single center double-blind randomized prospective study
was performed to investigate the efficacy of SGLT2i and DPP4i in
NAFLD patients without T2DM. Both dapagliflozin and teneli-
gliptin administrations led to a significantly decreased serum ALT
level when separately administered to NAFLD patients without
T2DM for 12 weeks. Multiple regression analysis results showed
that the decrease in body weight in patients with dapagliflozin
administration was significantly related to changes in total body
water and body fat mass.

The present results indicate that ALT reduction was accompa-
nied by a reduction in HbA1c level in both groups. Glucose mon-
itoring was performed using the FreeStyle Libre Flash continuous
glucose monitoring system (FSL-CGM, Abbot Diabetes Care, Al-
ameda, CA) for a total of 14 days, 7 days before and after starting
administration of the drug. The FSL-CGM system automatically
measures glucose every minute for up to 14 days, with clinical ac-
curacy of the numerical readings reported to be 11.4% as com-
pared to measurements obtained with a glucometer.(39) For the
present cohort, glucose monitoring with the FSL-CGM system
was successful in 10 patients in the dapagliflozin group and 8 in
the teneligliptin group. The percentage of time when glucose con-
centration was less than 70 mg/dl before (dapagliflozin group
1.7 ± 2.6%, teneligliptin group 7.1 ± 7.4%) and after (1.6 ± 2.2%,
3.8 ± 3.9%, respectively) administration of the respective drug did
not show a significant change, though the percentage of time when
glucose concentration exceeded 140 mg/dl showed a decrease
from 12.2 ± 8.1% to 6.7 ± 3.6% in the dapagliflozin group
(p = 0.02) and from 7.3 ± 6.3% to 3.9 ± 5.4% in the teneligliptin

Fig. 1. Patients flow and reasons for withdrawal from the study. ALT, alanine aminotransferase; PG, plasma glucose; OGTT, oral glucose tolerance test.
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group (p = 0.04). These results suggest that both dapagliflozin and
teneligliptin improve glucose metabolism and HbA1c levels
without causing hypoglycemia when given to NAFLD patients
without T2DM.

In the present cohort, administration of dapagliflozin or
teneligliptin decreased the ferritin concentration in serum along
with a reduction in ALT level. Some previous studies,(40,41) but not
all have found that the serum ferritin concentration in NAFLD
patients is positively correlated with increasing hepatic fibrosis.(42–44)

In another, results obtained with an experimental rat model of
chronic steatohepatitis demonstrated that iron increases hepato-
cyte apoptosis and contributes to development of fibrosis both
directly and indirectly via induction of TGF-b1 production by
hepatocytes and macrophage.(45) Although the mechanism
underlying elevation of serum ferritin in NAFLD is unknown,
administration of alogliptin, a DPP4i, has been reported to reduce
serum ferritin level and may prevent NAFLD progression in
patients with T2DM.(46)

Table 1. Baseline characteristics of enrolled patients

Values are expressed as the mean ± SD or number (%). BMI, body mass index; AST, asparete aminotransferase; ALT,
alanine aminotransferase; GGT, g�glutamyl transferase; FPG, fasting plasma glucose; HOMA�IR, homeostatic model
assement of insulin resistance; HbA1c, glycated hemoglobin; HDL�C, high density lipoprotein cholesterol; LDL�C, low
density lipoprotein cholesterol; hsCRP, high sensitivity C�reactive protein; BUN, blood urea nitrogen; Cr, creatine;
GFR, glomerular filtration rate; HT, hematocrit; RBC, red blood cell count; Hb, hemoglobin. †Calculation of estimated
GFR based on modification of diet in renal disease formula; estimated GFR (ml/min/1.73 m2) = 194 ´ serum creatinine
(mg/dl)–1.094 ´ age (years)–0.287 ´ (0.739, if female).

Dapagliflozin group Teneligliptin group p value

Gender (male:female) 8:4 7:3 0.87

Age (years) 51.6 ± 12.6 41.8 ± 16.5 0.12

Metabolic syndrome (%) 4 (33.3) 3 (30.0) 0.87

Hypertension (%) 9 (75) 5 (50.0) 0.22

Dyslipidemia (%) 4 (33.3) 3 (30.0) 0.87

NGT (%) 3 (25) 3 (30) 0.79

IGT/IFG (%) 9 (75) 7 (70) 0.79

Body weight (kg) 76.5 ± 20.7 78.9 ± 15.7 0.55

BMI (kg/m2) 27.9 ± 4.3 28.7 ± 4.4 0.62

Waist circumference (cm) 95.0 ± 10.7 94.9 ± 9.6 0.98

Total body water (L) 37.9 ± 11.0 37.4 ± 7.4 0.82

Protein (kg) 10.2 ± 3.1 10.1 ± 2.1 0.84

Mineral (kg) 3.48 ± 1.04 3.45 ± 0.70 0.72

Body fat mass (kg) 25.0 ± 8.2 28.0 ± 8.8 0.36

Percent body fat (%) 32.8 ± 7.2 35.2 ± 6.0 0.21

Skeletal muscle mass (kg) 28.7 ± 9.2 28.4 ± 6.3 0.84

Percent skeletal muscle (%) 37.3 ± 4.8 36.0 ± 3.8 0.29

Systolic blood pressure (mmHg) 126.1 ± 10.7 121.8 ± 10.4 0.37

Diastolic blood pressure (mmHg) 75.3 ± 7.9 73.6 ± 3.8 0.55

Right hand grip strength (kg) 35.0 ± 14.0 35.8 ± 16.7 0.90

Left hand grip strength (kg) 32.1 ± 13.9 32.9 ± 13.2 0.95

AST (U/L) 42.3 ± 12.6 57.8 ± 11.4 0.01

ALT (U/L) 75.8 ± 40.7 99.0 ± 34.1 0.06

GGT (U/L) 46.0 ± 30.0 90.5 ± 44.6 <0.01

Ferritin (ng/dl) 138.3 ± 62.9 106.1 ± 49.8 0.24

Type IV collagen 7s (ng/ml) 3.7 ± 0.6 4.6 ± 1.5 0.12

Fibrosis�4 index 1.10 ± 0.36 1.16 ± 0.30 0.82

FPG (mg/dl) 100.3 ± 6.8 95.3 ± 6.6 0.84

Insulin (mU/ml) 13.1 ± 6.0 18.6 ± 7.3 0.07

HOMA�IR 3.22 ± 1.40 4.44 ± 1.93 0.13

HbA1c (%) 5.9 ± 0.4 5.8 ± 0.2 0.59

HDL�C (mg/dl) 53.8 ± 9.5 47.8 ± 8.0 0.17

LDL�C (mg/dl) 144.3 ± 24.4 128.7 ± 33.8 0.18

Triglycerides (mg/dl) 146.8 ± 44.3 135.1 ± 72.8 0.17

Uric acid (mg/dl) 6.6 ± 1.2 6.2 ± 1.2 0.49

Adiponectin (mg/ml) 5.8 ± 2.1 5.5 ± 3.2 0.11

Leptin (ng/ml) 32.0 ± 22.6 30.2 ± 17.3 0.95

hsCRP (mg/dl) 0.06 ± 0.04 0.16 ± 0.12 <0.01

BUN (mg/dl) 14.4 ± 2.4 13.2 ± 5.1 0.15

Cr (mg/dl) 0.72 ± 0.18 0.67 ± 0.16 0.60

Estimated GFR† (ml/min/1.73 m2) 86.7 ± 20.4 100.1 ± 20.9 0.22

HT (%) 45.1 ± 3.0 46.3 ± 4.9 0.43

RBC (´104/ml) 493 ± 26 516 ± 66 0.55

Hb (g/dl) 14.9 ± 1.1 15.5 ± 1.8 0.25

Platelet count (´109/L) 246 ± 48 222 ± 62 0.39
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But another study found that serum ALT levels were not
reduced even when the ferritin level in NAFLD patients was
decreased by a phlebotomy.(47) Therefore, it will be necessary to
perform an additional investigation in the future to determine
whether a decreased level of ferritin is actually related to a
decrease in serum ALT level and improvement of hepatic fibrosis
in NAFLD patients.

Relationships of high serum uric acid with the risk of
NAFLD,(48,49) cardiovascular disease,(50) and chronic kidney
disease development have been reported.(51) SGLT2i admin-

istration lowers the serum uric acid concentration by increasing
renal uric acid elimination.(52) Sitagliptin, a DPP4i, was reported
to protect hepatic triglyceride accumulation by suppression of
uric acid production via an adenosine deaminase/xanthine
oxidase/uric acid-dependent pathway in an animal model.(53) In the
present study, administration of dapagliflozin or teneligliptin
lowered the serum uric acid level in NAFLD patients without
T2DM, and we speculated that this effect will contribute to not
only improve NAFLD, but also prevent cardiovascular and
chronic kidney diseases.

Results of multiple regression analysis for the dapagliflozin
group showed that changes in total body water and body fat mass
were significantly related with changes in body weight. We also
noted that the adiponectin concentration in serum was increased
and that of leptin was decreased by administration of dapa-
gliflozin. A previous meta-analysis showed that NAFLD patients
had lower levels of adiponectin in serum as compared with control
subjects and the results also indicated that hypoadiponectinemia
may play an important pathophysiological role in progression
from NAFL to NASH.(54) In a previous study, obese NAFLD
patients were reported to have lower adiponectin and higher leptin
concentrations as compared with lean controls,(55) while another
showed that serum leptin and leptin resistance were positively
correlated with hepatic steatosis in T2DM patients.(56) Further-
more, results of another meta-analysis investigation indicated that
SGLT2i treatment in T2DM patients might contribute to beneficial
effects toward metabolic homeostasis by decreasing leptin and
increasing adiponectin levels.(57) Findings obtained in the present
study suggest that administration of dapagliflozin to NAFLD
patients without T2DM had the same effects noted in that meta-
analysis report.

In the dapagliflozin group, skeletal muscle mass was signifi-

Table 2. Changes in laboratory variables after 12 weeks of treatment with dapagliflozin vs teneligliptin

Values are expressed as the mean ±  SD. *p<0.05 vs baseline; **p<0.01 vs baseline; ***p<0.05 vs teneligliptin; ****p<0.01 vs teneligliptin.

Dapagliflozin group (n = 12) Teneligliptin group (n = 10) Difference 
(95% CI)Baseline Post�treatment Baseline Post�treatment

Liver tests

AST (U/L) 42.3 (1.6) 37.3 (13.8)* 57.8 (11.4) 45.4 (15.5)* 7.4 (3.4, 18.2)

ALT (U/L) 75.8 (40.7) 66.8 (49.1)* 99.0 (34.1) 75.3 (33.0)* 14.7 (–7.1, 36.5)

GGT (U/L) 46.0 (30.0) 42.6 (35.5) 90.5 (44.6) 85.9 (63.9) 1.2 (–31.5, 33.8)

Ferritin (ng/dl) 138.3 (62.9) 102.3 (63.4)** 106.1 (49.8) 80.1 (45.9)** 10.0 (–10.8, 30.8)

Type IV collagen 7s (ng/ml) 3.7 (0.6) 3.7 (0.6) 4.6 (1.5) 4.5 (1.2) 0.1 (–0.6, 0.7)

Fibrosis�4 index 1.10 (0.36) 1.04 (0.31) 1.15 (0.30) 1.37 (1.33) 0.28 (–0.73, 1.28)

Metabolic laboratory variables

FPG (mg/dl) 100.3 (6.8) 100.0 (7.5) 95.3 (6.6) 98.5 (7.5) 3.4 (–2.0, 8.7)

Insulin (mU/ml) 13.1 (6.0) 11.0 (5.7) 18.6 (7.3) 19.9 (15.1) 3.4 (–4.4, 11.2)

HOMA�IR 3.22 (1.40) 2.70 (1.43) 4.44 (1.93) 5.02 (4.19) 1.09 (–1.10, 3.28)

HbA1c (%) 5.90 (0.36) 5.76 (0.24)* 5.82 (0.23) 5.66 (0.18)* 0.02 (–0.16, 0.19)

HDL�C (mg/dl) 53.8 (9.5) 54.3 (11.3) 47.8 (8.0) 46.2 (7.1) 3.1 (–0.6, 6.8)

LDL�C (mg/dl) 144.3 (24.4) 137.1 (27.5) 128.7 (33.8) 126.7 (33.1) 5.3 (–9.1, 19.6)

Triglycerides (mg/dl) 146.8 (44.3) 151.6 (84.6) 135.1 (72.8) 113.9 (62.1) 26.0 (–31.5, 83.5)

Uric acid (mg/dl) 6.55 (1.17) 5.21 (0.79)** 6.18 (1.17) 5.87 (1.17)* 1.03 (0.57, 1.49)****

Adiponectin (mg/ml) 5.76 (2.07) 6.18 (2.06)* 5.51 (3.18) 5.35 (3.00) 0.59 (0.10, 1.07)***

Leptin (ng/ml) 31.98 (22.63) 25.09 (14.18)* 30.20 (17.30) 31.46 (19.14) 8.15 (1.56, 14.7)***

Other laboratory variables

hsCRP (mg/dl) 0.06 (0.04) 0.16 (0.28) 0.16 (0.12) 0.12 (0.09) 0.14 (–0.04, 0.33)

BUN (mg/dl) 14.4 (2.4) 15.4 (3.8) 13.2 (5.1) 12.8 (2.8) 1.34 (–1.83, 4.51)

Cr (mg/dl) 0.71 (0.18) 0.69 (0.19) 0.67 (0.16) 0.67 (0.17) 0.00 (–0.04, 0.05)

Estimated GFR (ml/min/1.73 m2) 86.7 (20.4) 87.9 (20.5) 100.1 (20.9) 100.6 (20.4) 0.9 (–6.1, 7.9)

HT (%) 45.1 (3.0) 47.5 (2.8)** 46.3 (4.8) 44.8 (5.5) 3.9 (2.4, 5.4)****

RBC (´104/ml) 493 (26) 518 (26)** 516 (66) 500 (72)* 40 (25, 56)****

Hb (g/dl) 14.9 (1.1) 15.6 (1.1)** 15.5 (1.8) 14.8 (1.9)* 1.4 (0.9, 1.8)****

Platelet count (´109/L) 246 (48) 248 (50) 222 (62) 220 (76) 8.85 (–21.02, 38.72)

Fig. 2. Mean degree of ALT reduction. No significant difference was
observed for degree of ALT reduction after 12 weeks between the
dapagliflozin (–16.4 ± 15.1%) and teneligliptin (–20.2 ± 30.8%) groups.
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cantly decreased after 12 weeks as compared to the baseline,
whereas percent skeletal muscle did not change and hand grip
strength was significantly increased, which might indicate
improved skeletal muscle quality. Although the mechanism of
hand grip strength increase by SGLT2i treatment is unclear, a
previous study suggested that this effect is associated with not
only improved chronic inflammation and adipokine balance,
but also reduced interstitial edema and improved mitochondrial
function, microcirculation, and peripheral nerve function.(58)

SGLT2i has also been reported to suppress muscle atrophy in type
2 diabetic db/db mice.(59)

We also evaluated the safety profiles of dapagliflozin and
teneligliptin in terms of general laboratory variables including
hypoglycemia, but found no clinically significant changes in any
of those variables in the present cohort. We speculated that the
slight increase in hematocrit in the dapagliflozin group was not
only a result of decreased total body water, but also reflected an
increase in red blood cells, because no changes in BUN, Cr, or
estimated GFR were observed. As for the teneligliptin group,
while RBC and Hb were decreased, hematocrit did not change.
These findings suggest that neither dapagliflozin nor teneligliptin

had any negative effects on clinically relevant laboratory vari-
ables, though the patient groups were relatively small.

Limitations of this study include its single center design, short
treatment period, and low number of patients. Our results showing
ALT reduction less than 30% and body weight reduction less than
10% suggest that 12-week dapagliflozin or teneligliptin therapy
given to an NAFLD patient without T2DM may not be adequate to
improve hepatic histology including fibrosis.(7,8) Thus, we consider
that lifestyle intervention in addition to pharmacotherapy is
necessary to improve the histologic features of NAFLD patients
without T2DM. Additional large-scale multi-center studies are
needed to validate the efficacy of dapagliflozin and teneligliptin
for treatment of NAFLD patients without T2DM.

In conclusion, this single center double-blind randomized
prospective study showed that dapagliflozin and teneligliptin
administered separately for 12 weeks to NAFLD patients without
T2DM significantly decreased serum ALT levels. Nevertheless,
a longer-term larger study is needed to verify these results, and
confirm the efficacy of dapagliflozin or teneligliptin for treating
this patient population.
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