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ABSTRACT
Aims/Introduction: Sodium–glucose cotransporter 2 inhibitors, as well as thiazolidines,
suppress nonalcoholic fatty liver disease (NAFLD); however, few comparative studies have
been reported. Dapagliflozin has shown non-inferiority compared with pioglitazone for
glycemic control, and superiority regarding weight reduction in patients with type 2 dia-
betes. We carried out a secondary analysis for the favorable effects of sodium–glucose
cotransporter inhibitors for NAFLD.
Materials and Methods: In this multicenter, open-label, prospective, randomized, par-
allel-group comparison trial, patients taking pioglitazone for ≥12 weeks were randomly
switched to dapagliflozin or continued pioglitazone for a further 24 weeks. The fatty liver
index (FLI), consisting of body mass index, triglycerides, waist circumference and c-glu-
tamyl transpeptidase, was used for the evaluation of NAFLD.
Results: A total of 53 participants with NAFLD (27 dapagliflozin; 26 pioglitazone) were
included in this analysis. FLI decreased significantly in the dapagliflozin group (48.7 – 23.4
to 42.1 – 23.9) compared with the pioglitazone group (49.0 – 26.1 to 51.1 – 25.8;
P < 0.01). Multiple linear regression analysis showed that the changes in FLI had a signifi-
cantly positive correlation with changes in glycated hemoglobin (P = 0.03) and insulin
level (P < 0.01) in the dapagliflozin group.
Conclusion: Dapagliflozin might be more beneficial than pioglitazone in patients with
NAFLD. Improvements in FLI would be closely related to glycemic control.

INTRODUCTION
Diabetes treatments aim to extend life expectancy and improve
patient quality of life by suppressing the onset and progression
of diabetic complications. Although macro- and microvascular
diseases are the main targets of prevention, non-alcoholic fatty
liver disease (NAFLD) is also a common and clinically signifi-
cant complication. NAFLD includes non-alcoholic fatty liver,
which refers to steatosis affecting hepatocytes, and non-alco-
holic steatohepatitis, mainly involving inflammation and

fibrosis, and might progress ultimately to cirrhosis and hepato-
cellular carcinoma1. In addition to various disorders, including
hypertension, dyslipidemia and metabolic syndrome, suggested
as related etiological factors of NAFLD, insulin resistance based
on hyperinsulinemia also requires appropriate therapeutic inter-
ventions2. Type 2 diabetes frequently coexists with NAFLD,
and is an independent risk factor for the development of cir-
rhosis and liver cancer3,4. The thiazolidine, pioglitazone (PIO),
has been shown to be a useful treatment for NAFLD in
patients with type 2 diabetes, and has been widely used to
improve insulin resistance and NAFLD5. Sodium–glucose
cotransporter 2 (SGLT2) inhibitors have also recently beenReceived 10 September 2020; revised 21 October 2020; accepted 30 October 2020
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reported to improve NAFLD5–8; however, their efficacy in
NAFLD has not been proven in large-scale, placebo-controlled
studies, and few comparative studies with other antidiabetic
drugs have been reported. We recently determined the non-in-
feriority of dapagliflozin (DAP) for glycemic control, and supe-
riority in terms of weight reduction compared with PIO in
patients with type 2 diabetes9; bodyweight was dramatically
reduced (-4.2 kg in 24 weeks) by switching from PIO to DAP.
In the current study, we aimed to compare the efficacies of
DAP and PIO in patients with NAFLD.

METHODS
Study overview
The present study was a secondary analysis of our original
multicenter, open-label, prospective, randomized, parallel-group
comparison trial9. All patients provided written informed con-
sent before enrollment. The detailed rationale and protocol of
the original trial have been described previously9, and are sum-
marized below. Eligible participants included patients with
type 2 diabetes mellitus, aged 20–80 years, 6.5–8.5% of glycated
hemoglobin (HbA1c), ≥23 kg/m2 of body mass index (BMI),
estimated glomerular filtration rate ≥45 mL/min/1.73 m2 and
treatment with PIO for >12 weeks undergoing outpatient treat-
ment at seven sites in Hokkaido, Japan. Patients continued with
PIO or were switched to DAP for 24 weeks.
Patients who were habitual drinkers were excluded from this

secondary analysis. The extent of fatty liver was estimated using
the fatty liver index (FLI), consisting of BMI, triglycerides (TG),
waist circumference (WC) and c-glutamyl transpeptidase (c-
GTP), using the following equation: FLI = {exp (0.953 9

log (TG) + 0.139 9 BMI + 0.718 9 log (c-GTP) + 0.053 9

WC - 15.745) / 1 + exp (0.953 9 log (TG) + 0.139 9 BMI +
0.718 9 log (c-GTP) + 0.053 9 WC - 15.745)} 9 10010. Par-
ticipants with an FLI <30 were excluded from the analysis,
because FLI <30 can be used to rule out hepatic steatosis.
The Fibrosis-4 (FIB-4) index, as a marker of hepatic fibrosis,
was derived as follows: FIB-4 = age 9 (aspartate aminotrans-
ferase [AST]) / (platelet count 9 [alanine aminotransferase
(ALT)]1/2)11

The present study was registered with the University Hospi-
tal Medical Information Network Center Clinical Trials Registry
(UMIN000022804), and the protocol was approved by the
institutional review board at Hokkaido University Hospital
Clinical Research and Medical Innovation Center (016-0042).
The study was carried out in accordance with the Declaration
of Helsinki and its amendments.

Statistical analysis
The results are expressed as the mean – standard deviation,
median (range) or number (%). Differences in baseline charac-
teristics between the two groups were evaluated using unpaired
t-tests or Mann–Whitney U-tests for continuous variables, and
v2-tests or Fisher’s exact tests for categorical variables. Correla-
tion coefficients and simple linear regression analyses were used

to test for associations between variables. Multivariate analyses
were carried out using multiple linear regression to identify fac-
tors independently associated with the outcomes. FLI compo-
nents and their related factors (bodyweight, TG, WC and c-
GTP) were excluded from the multiple linear regression analy-
sis. The results within each group were compared by paired-
sample t-tests or Wilcoxon’s signed-rank tests. Data were ana-
lyzed using JMP Pro v14.1.1 software (SAS Institute, Cary, NC,
USA), and values of P < 0.05 were considered statistically sig-
nificant.

RESULTS
Characteristics of the participants
A total of 71 patients were randomly assigned to the DAP
group (n = 36) or PIO group (n = 35). All participants had
completed the original randomized, controlled trial and their
baseline characteristics have been reported previously9. Five
patients in the DAP group and two patients in the PIO group
were excluded from the present analysis because of habitual
drinking, and four patients in the DAP group and seven
patients in the PIO group were excluded because their FLI was
<30. A total of 27 patients were finally included in the DAP
group and 26 in the PIO group (Figure 1). There was no sig-
nificant difference in baseline patient characteristics, including
lipid profiles and liver enzymes, between the two groups. How-
ever, bodyweight and plasma insulin levels after 24 weeks
decreased significantly more in the DAP group compared with
the PIO group (Table 1). Only one patient in the DAP group
had a decreased sulfonylurea dose during follow up, but the
change was not significant.

Changes in FLI and identification of independent predictors
FLI decreased significantly more in the DAP group
(58.3 – 18.3 to 48.8 – 19.5) compared with the PIO group
(58.4 – 20.6 to 61.2 – 20.8) after 24 weeks (P < 0.01;

DAP PIO

n = 36

(n = 5) Habitual drinking

Baseline FLI < 30

(n = 2)

(n = 7)(n = 4)

n = 31

n = 27

n = 35

n = 33

n = 26

Figure 1 | Flow chart of study participants in this analysis. DAP,
dapagliflozin; FLI, fatty liver index; PIO, pioglitazone.
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Figure 2). Changes in FLI in the DAP group were significantly
positively correlated with changes in HbA1c, insulin, homeosta-
sis model assessment as an index of insulin resistance and total
cholesterol, whereas changes in the PIO group were positively
correlated with changes in ALT and negatively correlated with
changes in high-density lipoprotein (HDL)-cholesterol
(Table 2). Furthermore, multiple linear regression analysis
showed that changes in HbA1c and insulin were significantly
positively correlated with changes in FLI in the DAP group
(Table 3), but the relationships with ALT and HDL in the PIO
group were no longer significant. The FIB-4 index was signifi-
cantly decreased in the DAP group (1.37 – 0.59 to 1.20 – 0.50)
compared with the PIO group (1.32 – 0.50 to 1.35 – 0.52;
P < 0.01; Figure 3). Furthermore, there were no predictors for
changes in the FIB-4 index. The change in the aspartate amino-
transferase : ALT ratio showed no difference between the
two groups (DAP, 1.09 – 0.33–1.09 – 0.35; PIO, 1.09 – 0.31–
1.14 – 0.32).

DISCUSSION
This secondary analysis of our previous randomized, controlled
trial showed that DAP ameliorated FLI, as a surrogate measure
for fatty liver, compared with PIO in patients with type 2 dia-
betes complicated by NAFLD. The change in FLI in patients
treated with DAP was significantly positively correlated with
changes in insulin and HbA1c, in accordance with previous
reports6,7. Elevated plasma glucose and insulin levels promote
fatty acid synthesis, and influence the development of hepatic
steatosis12. DAP is a rational treatment for improving hepatic
steatosis by improving glucose metabolism and reducing

hepatic lipogenesis, related to lower insulin levels. In addition
to improving glycemic control and hyperinsulinemia, SGLT2
inhibitors can also slow or even reverse the progression of
NAFLD as a result of their beneficial effects on insulin resis-
tance through weight loss, especially visceral fat13, associated

Table 1 | Clinical characteristics and variables in patients treated with dapagliflozin and pioglitazone

DAP (n = 27) PIO (n = 26) P

Age (years) 63.5 – 7.1 63.4 – 10.2 0.96
Male, n (%) 15 (55.6) 13 (50.0) 0.59

0W 24W 0W 24W
Bodyweight (kg) 75.1 – 15.8 70.9 – 16.0** 74.6 – 13.8 75.1 – 14.1 <0.01
WC (cm) 99.3 – 7.9 95.8 – 8.2** 101.5 – 8.6 102.4 – 10.0 0.02
FPG (mmol/L) 7.2 – 1.2 7.3 – 1.3 7.0 – 1.1 7.4 – 1.4 0.82
HbA1c (%) 6.8 – 0.6 7.0 – 0.8 6.9 – 0.7 7.1 – 0.8 0.58
Insulin (lIU/mL) 5.8 (3.6–7.0) 5.5 (4.0–6.9) 5.0 (3.3–6.6) 5.6 (4.1–8.5)* 0.02
TC (mg/dL) 175.5 (150.8–199.8) 182.0 (165.3–199.3) 168.5 (151.8–196.0) 175.5 (158.0–193.5) 0.78
LDL-C (mg/dL) 95.5 (82.8–104.0) 97.0 (83.3–12.0) 90.5 (78.5–112.3) 96.0 (81.8–106.3) 0.71
HDL-C (mg/dL) 56.0 (48.8–69.3) 54.0 (46.8–68.8) 54.5 (47.0–65.0) 55.0 (46.8–64.5) 0.53
TG (mg/dL) 108.0 (77.3–134.8) 104.5 (79.8–151.0) 94.5 (58.3–151.3) 103.0 (77.5–164.0) 0.72
AST (IU/L) 23.0 – 12.0 21.4 – 10.6 23.6 – 6.9 23.2 – 6.5 0.25
ALT (IU/L) 23.1 – 14.1 21.3 – 12.4 23.7 – 12.2 22.3 – 10.5 0.83
c-GTP (IU/L) 25.9 – 15.5 25.2 – 10.6 23.8 – 11.2 24.1 – 11.9 0.48

P-value: mean changes from baseline of the study (0W) to 24 weeks (end of the study; 24W) between the dapagliflozin (DAP) and pioglitazone
(PIO) groups, unpaired t-tests or Mann–Whitney U-tests. *P < 0.05 and **P < 0.01 between 0W to 24W, paired t-tests or Wilcoxon’s signed rank
test. c-GTP, c-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides; WC, waist
circumference.

100.0

##

**

80.0

60.0

40.0

20.0

0.0
0 W 24 W 24 W0 W

DAP PIO

Figure 2 | Changes in fatty liver index between 0 and 24 weeks. White
circles are the mean – standard deviation. **P < 0.01 between the
dapagliflozin (DAP) and pioglitazone (PIO) groups, unpaired t-tests;
##P < 0.01 between 0 and 24 weeks in each group, paired t-tests. 0W,
baseline of the study; 24W, 24 weeks (end of the study).
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with hepatic inflammation leading to exacerbation of
NAFLD14.
Furthermore, DAP improved the FIB-4 index, as a marker of

liver fibrosis. PIO was shown to improve fibrosis in a rodent
model and meta-analysis; however, the Pioglitazone, Vitamin E
or Placebo of Non-Alcoholic Steatohepatitis (PIVENS) trial,
which was the first to show a convincing histological benefit in
patients with non-alcoholic steatohepatitis, did not show any
improvement of fibrosis in patients treated with PIO15,16. In
contrast, SGLT2 inhibitors improved hepatic fibrosis in terms
of both pathological examination17 and surrogate markers8. The
mechanism of SGLT2 inhibitors, which improves liver fibrosis,
has not been fully elucidated. However, there is histological evi-
dence that treatment with SGLT2 inhibitors improves liver
fibrosis in mouse models of non-alcoholic steatohepatitis and
diabetes, which suggests that administration of SGLT2 inhibi-
tors prevents the progression of liver fibrosis by reducing
inflammation in the liver18. SGLT2 inhibitors have thus been
suggested to improve a wider range of NAFLD characteristics,
including fibrosis and inflammation.

Only one previous study has compared the efficacies of
SGLT2 inhibitors and PIO on NAFLD in patients with
type 2 diabetes19. In that report, ipragliflozin exerted similar
beneficial effects to PIO, based on the liver : spleen attenua-
tion ratio on computed tomography. The apparent discrep-
ancy between these and the current results might be caused
by differences in the study designs and evaluation methods.
The previous study started both medications additively at the
same time, whereas the present study switched from PIO to
DAP, and NAFLD in our participants was therefore likely to
have been improved to some extent by PIO before the start
of the study. Interestingly, the previous study reported that
the marked improvement in serum adiponectin levels pro-
duced by PIO ameliorated NAFLD19. Adiponectin decreases
hepatic and systematic insulin resistance, and attenuates liver
inflammation and fibrosis20. In the PIO group of this study,
improved FLI was associated with elevated HDL. Adiponectin
increases HDL cholesterol by promoting reverse transport of
cholesterol. The association of the changes in HDL and
NAFLD might suggest the involvement of adiponectin21. The
main mechanism underlying the amelioration of NAFLD by
SGLT2 inhibitors is probably due to lower circulating glucose
and insulin levels; however, adiponectin might also be
involved, given that bodyweight was reduced in the DAP
group, and SGLT2 inhibitors have been reported to increase
adiponectin levels22,23. Unfortunately, we did not have a
chance to measure adiponectin during this study, and the
relationship therefore was not investigated.

Table 2 | Relationships between changes in fatty liver index and
clinical parameters

DAP PIO

Correlation coefficient P Correlation coefficient P

DFPG 0.0586 0.74 0.1867 0.31
DHbA1c 0.3493 0.04 0.2569 0.16
DInsulin 0.4244 0.03 0.0379 0.85
DHOMA-IR 0.4237 0.03 0.0287 0.89
DTC 0.3590 0.04 0.0872 0.64
DHDL-C -0.1238 0.49 -0.3877 0.03
DLDL-C 0.1075 0.55 0.0541 0.77
DAST 0.0114 0.95 0.1510 0.41
DALT 0.1872 0.29 0.3647 0.04

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DAP,
dapagliflozin; PG, fasting plasma glucose; HbA1c, glycated hemoglobin;
HDL-C, high density lipoprotein-cholesterol; HOMA-IR, homeostasis
model assessment as an index of insulin resistance; LDL-C, low density
lipoprotein-cholesterol; PIO, pioglitazone; TC, total cholesterol.

Table 3 | Relationships between changes in fatty liver index and
clinical parameters in the dapagliflozin group according to multiple
linear regression analysis

Regression coefficients 95% CI P

DInsulin 1.31 0.38, 2.14 <0.01
DHbA1c 7.32 0.38, 4.26 0.03
DTC 0.02 -0.15, 0.19 0.86

Multiple linear regression was adjusted for age, sex, insulin, glycated
hemoglobin (HbA1c) and total cholesterol (TC). 95% CI, 95% confidence
interval.

0 W 24 W 24 W0 W

DAP PIO

2.0

3.0

#

*

1.0

0.0

Figure 3 | Changes in the Fibrosis 4 index between 0 and 24 weeks.
White circles are the mean – standard deviation. *P < 0.05 between
the dapagliflozin (DAP) and pioglitazone (PIO)groups, unpaired t-tests;
#P < 0.05 between 0 and 24 weeks in each group, paired t-tests. 0W,
baseline of the study; 24W, 24 weeks (end of the study).
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The present analysis had two main limitations. It was a sec-
ondary analysis and might therefore have lacked statistical
strength. However, approximately 75% of the participants from
the original randomized, controlled trial were included in this
analysis, and their backgrounds were matched. In addition,
NAFLD was evaluated indirectly by calculating FLI, and patho-
logical examination, as the standard method for measuring liver
steatosis and fibrosis, was not carried out. FLI is a value calcu-
lated by BMI, WC, TG, and c-GTP, and it was difficult to eval-
uate the relationship between FLI and these individual factors.
A further randomized, comparative trial of SGLT2 inhibitors
versus PIO, based on pathophysiological examination, is there-
fore required.
In conclusion, DAP might ameliorate NAFLD compared

with PIO, and improvements in FLI as a result of DAP treat-
ment might depend on glycemic control.
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