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1 | INTRODUCTION

homeostatic model assessment (HOMA)-resistance, and increased HDL-cholesterol
levels. Metformin significantly reduced HbAlc and LDL-cholesterol levels and
increased HOMA-beta. There were no severe adverse events. The use of ipragliflozin
or metformin in combination with dipeptidyl peptidase-4 inhibitors, widely used in
Japan, may have beneficial effects in ameliorating multiple cardiovascular risk factors.
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dipeptidyl peptidase-4 inhibitors (DPP-4is) as the first choice in
Japan.2 DPP-4is have been widely used in East Asia, where patients

Visceral fat accumulation has been shown to correlate with metabolic with T2D are characterized primarily by beta-cell dysfunction, less

abnormalities.! While metformin is established as the first-choice obese, and have higher insulin sensitivity compared with Caucasians.®

medication for patients with type 2 diabetes (T2D) in the United Indeed, DPP-4is reportedly show greater glucose-lowering effects

States and Europe, 60% of patients on oral antidiabetic drugs receive among East Asians.*
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For Japanese patients initially treated with DPP-4is who failed to
achieve optimal glycaemic control, metformin is a candidate as the
second-line medication. A combination of metformin and DPP-4i
reportedly reduces body weight> Sodium-dependent glucose
transporter-2 inhibitors (SGLT2is) decrease blood glucose level in a
non-insulin-dependent manner, and reportedly reduce body weight.®
Randomized clinical trials have suggested that SGLT2is may have an
effect of reducing cardiovascular events.” However, it is still unclear
how SGLT2is improve metabolic dysfunction. In previous studies,
SGLT2is have been administered as the second-line drug to patients
already receiving metformin. The pathophysiology and common treat-
ment regimen for T2D in Japanese patients differs from previous
studies; therefore, the present study was designed to address these
nuances in the treatment of Japanese patients.

To clarify the second-line antidiabetes drug that is preferable for
Japanese patients with T2D after DPP-4i, this study investigated the
effect of ipragliflozin, a novel SGLT2i, on visceral fat accumulation, as
measured by computed tomography (CT), compared with the effect of

metformin as the second drug for patients already receiving sitagliptin.

2 | METHODS

This was a prospective, multicentre, open-label, blinded-endpoint, ran-
domized controlled study. The design has been described previously.®
The protocol was approved by the responsible ethics committees and
was conducted in full compliance with the Declaration of Helsinki.
Participants provided written informed consent and were enrolled
from September 2014 to September 2016. The study was registered
at http://www.umin.ac.jp/ctr/ (UMIN-ID: UMIN 000015170).

Eligible participants were diagnosed with T2D, were aged
20-75 years old, had received DPP-4i (sitagliptin 50 mg daily) for
212 weeks, and had current HbAlc > 7.0% and < 10.0% and body
mass index (BMI) > 22.0 kg/m2.? The exclusion criteria are described
in the Appendix S1 (see the supporting information for this article).

Participants were randomly assigned to the ipragliflozin or metfor-
min group in a 1:1 allocation. Patients in the ipragliflozin group
received oral ipragliflozin 50 mg daily. Patients in the metformin group
were initially administered 500 mg of metformin daily, and then
1000 mg daily after 2 to 4 weeks. For the patients with an inadequate
glucose-lowering effect observed in the metformin group, the dose of
metformin was increased to 1500 mg daily at 12 weeks. During the
study period, diet, exercise therapy, and other drugs did not change,
as orally verified by the physicians.

The primary outcome was any change in the visceral fat area in
24 weeks between the two groups. CT imaging was performed before
study drug administration and after 24 weeks. Two radiologists, who
were masked to patients' clinical information and treatment assign-
ment, centrally evaluated the CT images. Secondary outcomes
included changes in HbA1c, body weight and BMI, waist circumfer-
ence, fasting plasma glucose and insulin levels, homeostatic model
assessment (HOMA)-beta, HOMA-R, total cholesterol, LDL-choles-

terol, fasting triglycerides, and HDL-cholesterol, blood pressure,
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FIGURE 1 Change from baseline in visceral fat area, subcutaneous

fat area (upper right), body weight, HbA1c, fasting insulin level, and
adiponectin after 24 weeks of treatment. Coloured columns show
mean values and black bars show 95% confidence intervals

adiponectin, high sensitivity C-reactive protein (hs-CRP), subcutane-
ous and total fat area. Safety was assessed by recording all adverse
events that were observed during the study.

In the primary analysis, the least-square mean difference in any
change in the visceral fat area in 24 weeks between the two groups
and its 95% confidence intervals (Cl) were estimated using ANCOVA
adjusted for age, baseline waist circumference, HbAlc, and baseline
visceral fat area. All P-values are two-sided. P < 0.05 was considered

statistically significant.

3 | RESULTS

The enrolment process is presented in Figure S1. Participant charac-
teristics were balanced between the groups (Table S1). In the metfor-
min group, five (10.4%) patients continued with 500 mg daily dose
while for 24 (49.0%) and 19 (38.8%) patients the daily dose increased
to 1000 and 1500 mg, respectively. The average dosage of metformin
was 1124 mg.

3.1 | Body composition

Figures 1 and S2 and Tables 1 and S2 show the primary and second-

ary outcome results. The reduction in visceral fat area in the
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TABLE 1 Primary and secondary outcomes at 24 weeks

Ipragliflozin n = 48

Metformin n = 50

Difference between groups

Change from baseline (%)

Body composition

Visceral fat area -12.06 -3.65
Subcutaneous fat area -7.03 2.15
Total fat area -7.98 0.37
Body weight -2.88 -0.74
BMI -2.88 -0.74
Waist circumference -2.85 -0.37
Glycaemic control
HbAlc -8.70 -12.73
Fasting plasma glucose -12.22 -14.15
Fasting insulin level® -20.73 0.85
HOMA-beta® 9.05 26.04
HOMA-R® -25.25 0.00
Blood lipid panels
Total cholesterol 1.65 -5.94
Triglyceride® -14.46 0.86
LDL-cholesterol 3.06 -7.57
HDL-cholesterol 8.74 1.51
Other assessments
Systolic blood pressure -2.98 -2.19
Diastolic blood pressure -2.93 0.61
Adiponectin 8.33 2.20
hs-CRP? -10.18 -18.75

Change from baseline (%)

Change from baseline (%) 95% Cl P-value
-8.40 -16.43, -3.38 0.040
-9.18 —-15.34, -3.03 0.004
-8.35 -13.98, -2.72 0.004
-2.15 -3.31,-0.98 0.0004
-2.15 -3.31, -0.98 0.0004
-2.48 -3.92,-1.03 0.001

4.03 0.79,7.27 0.015
1.93 -4.47,8.33 0.551

-18.56 —34.20, —2.80 0.018

-22.51 -37.79,-2.18 0.029

-17.08 -32.86,-1.91 0.024

7.60 3.07,12.12 0.001

-11.49 —-24.92,4.23 0.165

10.63 2.81, 18.44 0.008
7.22 2.10,12.34 0.006
-0.79 -4.99, 341 0.710
-3.54 -8.88, 1.81 0.192
6.13 -1.22,13.47 0.101
7.48 —17.89, 34.62 0.590

Note: Changes at 24 weeks from baseline are shown as means unless otherwise indicated.

Abbreviations: BMI, body mass index; Cl, confidence interval; HOMA, homeostatic model assessment; hs-CRP, high sensitivity C-reactive protein.
®The data were not normally distributed and had outliers; non-parametric analysis (Wilcoxon rank sum test and group difference confidence interval by
Hodges-Lehmann estimator) was performed. Changes from baseline are shown as median.

ipragliflozin group was significantly greater than in the metformin
group [-12.06% vs. —3.65%; group difference (95% Cl) -8.40%,
(—16.4 to —3.38), P = 0.040] (Figure 1). The reduction in total and sub-
cutaneous fat areas, body weight, BMI, and waist circumference were
significantly greater in the ipragliflozin group than in the metformin

group (Figure 1, Table 1).

3.2 | Glycaemic control

Both drugs reduced HbA1c and fasting plasma glucose levels. The rela-
tive reduction in HbA1c level was greater in the metformin group than
in the ipragliflozin group at 24 weeks (-12.73% vs. -8.70%, P = 0.015)
(Figure 1). By contrast, the relative reduction in fasting insulin level in
the ipragliflozin group was significantly greater than in the metformin
group, in which there was an increase at 24 weeks (—20.73%
vs. 0.85%, P = 0.018) (Figure 1). The increase in HOMA-beta was signif-
icantly greater in the metformin group than in the ipragliflozin group
(26.04% vs. 9.05%, P=0.029). The decrease in HOMA-R was

significantly greater in the ipragliflozin group than in the metformin
group, in which there was no change (—25.25% vs. 0.00%, P = 0.024).

3.3 | Blood lipid panels

Metformin significantly reduced total and LDL-cholesterol levels com-
pared with ipragliflozin, in which there was an increase (—5.94%
vs. 1.65%, P =0.001; —7.57% vs. 3.06%, P = 0.008, respectively) at
24 weeks. By contrast, the reduction in triglycerides was significantly
greater in the ipragliflozin group compared with the metformin group,
in which there was an increase (-12.72 vs. 11.69, P = 0.006) at
8 weeks. The increase in HDL-cholesterol was significantly greater in
the ipragliflozin group than in the metformin group (8.74% vs. 1.51%,
P = 0.006) at 24 weeks (Figure S2).

3.4 | Other assessments

Changes in adiponectin, hs-CRP and blood pressure were similar

between the two groups (Figure S3).



94 | WILEY

KOSHIZAKA ET AL.

3.5 | Adverse events

Ipragliflozin showed significantly less gastrointestinal disturbances
and more thirst and frequent urination compared with metformin.

There were no severe adverse events (Table S3).

4 | DISCUSSION

Compared with metformin, ipragliflozin significantly reduced the
visceral fat area when used as a secondary agent in combination
with DPP-4i. Ipragliflozin also reduced body weight, BMI, subcuta-
neous fat area, waist circumference, fasting insulin, and HOMA-R
and triglyceride levels, and increased HDL-cholesterol levels. By
contrast, metformin significantly reduced HbAlc and LDL-
cholesterol levels and significantly increased HOMA-beta com-
pared with ipragliflozin. Although HbA1lc decreased less in the
ipragliflozin group compared with the metformin group, the
decrease in visceral fat in the ipragliflozin group was greater than
that in the metformin group.

Visceral fat accumulation is associated with insulin resistance and
various metabolic complications.? In this study, in which evaluation
was based on blinded CT image measurement, administration of
ipragliflozin resulted in reduced visceral fat area, even in combination
with a DPP-4i, an insulin secretagogue; by contrast, metformin com-
bined with a DPP-4i did not affect visceral fat area. Metformin primar-
ily affects the liver, prevents gluconeogenesis, and does not reduce
total glucose amount in the body. Therefore, its effect on fat mass
reduction was insufficient. Ipragliflozin reduces glucose re-absorption
in the proximal renal tubules, and the subsequent reductions in glu-
cose availability require an alternative fuel source. SGLT2is reportedly
increase fatty acid oxidation, fat utilization, browning, and lipolysis in
white adipose tissue.® This mechanism might have mediated the vis-
ceral fat reduction observed in this study.

Waist circumference percentage reductions were smaller than
those in the visceral fat area. This could indicate that waist circumfer-
ence, which was used as a surrogate measure of central adiposity,
underestimates visceral fat. The visceral fat reduction in the
ipragliflozin group could be partially a result of the water reduction in
adipose tissue. However, the slight reduction in blood pressure by
ipragliflozin may indicate that a dehydration effect of ipragliflozin was
not particularly strong. In the present study, the visceral fat area was
measured by use of CT, which has been reported to be highly corre-
lated with total visceral adipose tissue mass with significance.?

This study showed that ipragliflozin simultaneously reduced vis-
ceral fat and fasting insulin in association with elevation of
adiponectin levels from the baseline. Fat loss increases adiponectin,*?
which regulates glucose levels and fatty acid breakdown and reverses
insulin resistance.® In the ipragliflozin group, adiponectin levels
increased from baseline, a result which may have been associated
with reduced fasting insulin levels and reduced HOMA-R, a marker of
insulin resistance in the present study.

The extent to which HbA1c levels were reduced was greater in

the metformin versus ipragliflozin group at 24 weeks. The

combination of sitagliptin and metformin reportedly augments GLP-1
secretion,’* which might have contributed to this result. Moreover,
metformin increased HOMA-beta, a marker of pancreatic insulin
secretion, suggesting that the combination of metformin with DPP-4i
is suitable for Japanese patients with low insulin secretion and with-
out excess visceral fat.

Clustering of multiple risk factors can remarkably increase the
risk of atherosclerotic cardiovascular disease (ASCVD), even when
the involved risk factors have mild individual impacts. Therefore, it is
important to manage lipids and fasting glucose levels to efficiently
prevent ASCVD. In the present study, both drugs had positive
effects on improving dyslipidaemia. Ipragliflozin was associated with
increased HDL-cholesterol and decreased triglyceride levels. It is
assumed that a decrease in visceral adiposity leads to a reduction of
free fatty acid influx into the liver, which results in lower production
of very low-density lipoprotein (VLDL) triglyceride.r> Moreover,
increased insulin sensitivity may improve lipoprotein lipase
activity,® facilitating VLDL-triacylglycerol hydrolysis and HDL matu-
ration.?” However, ipragliflozin increased LDL-cholesterol. Previous
studies have shown that SGLT2is increase LDL-cholesterol levels.”*®
In fasting conditions, SGLT2 inhibition switches from carbohydrate
to fat oxidation and stimulates ketone body production and hepatic
cholesterol synthesis. These metabolic alterations result in lower
LDL receptor expression and moderate increases in LDL-cholesterol
levels.'? By contrast, metformin lowered LDL-cholesterol levels,
through increased recycling of LDL receptors via reduced
arachidonic acid in the liver.2° The decrease in LDL-cholesterol was
observed in parallel with a decrease in total cholesterol. There were
no significant differences in changes in blood pressure between the
two groups.

This study has a few limitations. First, it was an open-label trial;
however, evaluators of the primary outcome were blinded to the clini-
cal information. Second, the study population was small and limited to
Japanese patients, which may affect the generalizability of the find-
ings. Finally, the study period was limited to 24 weeks.

In conclusion, both drugs showed beneficial effects in ameliorating
multiple cardiovascular risk factors. Ipragliflozin was superior in terms
of reduced visceral fat, improved hyperinsulinaemia, and low HDL-
cholesterol. Metformin showed advantage in terms of improved
hyperglycaemia and high LDL-cholesterol. Metformin is used globally
as the first-line medication for T2D. To the best of our knowledge,
the present study is the first to compare metformin and ipragliflozin
as a secondary drug with a DPP-4i. The study results may provide a
rationale for alternative treatment strategies for T2D, especially in
Japanese patients.

CONFLICT OF INTEREST

K.Y. received research grants from Astellas Pharma Inc. and MSD
K.K. (Tokyo, Japan). He also received a lecture fee from Astellas
Pharma Inc. and Sumitomo Dainippon Pharma (Tokyo, Japan). No con-
flicts of interest are declared for the other authors.



KOSHIZAKA ET AL.

WILEY_L %%

AUTHOR CONTRIBUTIONS

All authors made significant contributions to the study. K.Y. designed
the original concept. MK and Kl wrote the manuscript and managed
the project. K.Y. and K.N. reviewed and edited the manuscript. K.I.,
MK, T.I., KK, and M.T. wrote the protocol. K., MK, R, Y.M,,
KS., D.U, SN, MY, HY, AK, S.O, KK, JO, N.H,, HT, FS, EO,
TI, M.S,, S.I,, K.l., Y.B. recruited the patients and carried out physical
examinations, including taking blood samples. T.H. and R.S. evaluated
C.T. slices. S.T., K.N., and Y.S. performed the statistical analyses. All
authors read the final manuscript and provided approval for the pub-
lication of the manuscript. K.Y. is the guarantor of this work and, as
such, had full access to all the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of the data
analysis.

ORCID

Ryoichi Ishibashi

Kengo Nagashima

https://orcid.org/0000-0003-2535-5396
https://orcid.org/0000-0003-4529-9045

Koutaro Yokote = https://orcid.org/0000-0003-3033-4813

REFERENCES

1. Okauchi Y, Nishizawa H, Funahashi T, et al. Reduction of visceral fat
is associated with decrease in the number of metabolic risk factors in
Japanese men. Diabetes Care. 2007;30:2392-2394.

2. Seino Y, Kuwata H, Yabe D. Incretin-based drugs for type 2 diabetes:
focus on east Asian perspectives. J Diabetes Investig. 2016;7:102-109.

3. Sone H, Yoshimura Y, Ito H, Ohashi Y, Yamada N, Japan Diabetes
Complications Study Group. Energy intake and obesity in Japanese
patients with type 2 diabetes. Lancet. 2004;363:248-249.

4. Davis TME, Mulder H, Lokhnygina Y, et al. Effect of race on the
glycaemic response to sitagliptin: insights from the trial evaluating
cardiovascular outcomes with sitagliptin (TECOS). Diabetes Obes
Metab. 2018;20:1427-1434.

5. Velija-Asimi Z, lzetbegovic S, Karamehic J, et al. The effects of
dipeptidyl peptidase-4 inhibitors in treatment of obese patients with
type 2 diabetes. Med Arch. 2013;67:365-367.

6. Bolinder J, Ljunggren O, Johansson L, et al. Dapagliflozin maintains
glycaemic control while reducing weight and body fat mass over
2 years in patients with type 2 diabetes mellitus inadequately con-
trolled on metformin. Diabetes Obes Metab. 2014;16:159-169.

7. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med. 2015;373:
2117-2128.

8. Koshizaka M, Ishikawa K, Ishikawa T, et al. Efficacy and safety of
ipragliflozin and metformin for visceral fat reduction in patients with
type 2 diabetes receiving treatment with dipeptidyl peptidase-4 inhib-
itors in Japan: a study protocol for a prospective, multicentre,
blinded-endpoint phase IV randomised controlled trial (PRIME-V
study). BMJ Open. 2017;7:€015766.

9. Koshizaka M, Lopes RD, Newby LK, et al. Obesity, diabetes, and acute
coronary syndrome: differences between Asians and whites.
Am J Med. 2017;130:1170-1176.

10. Xu L, Ota T. Emerging roles of SGLT2 inhibitors in obesity and insulin
resistance: focus on fat browning and macrophage polarization. Adi-
pocyte. 2018;7:121-128.

11. Faron A, Luetkens JA, Schmeel FC, et al. Quantification of fat and skeletal
muscle tissue at abdominal computed tomography: associations between
single-slice measurements and total compartment volumes. Abdom Radiol
(NY). 2019;29. https://doi.org/10.1007/s00261-019-01912-9

12. Malin SK, Bena J, Abood B, et al. Attenuated improvements in
adiponectin and fat loss characterize type 2 diabetes non-remission
status following bariatric surgery. Diabetes Obes Metab. 2014;16:
1230-1238.

13. Oh DK, Ciaraldi T, Henry RR. Adiponectin in health and disease.
Diabetes Obes Metab. 2007;9:282-289.

14. Solis-Herrera C, Triplitt C, Garduno-Garcia Jde J, Adams J,
DeFronzo RA, Cersosimo E. Mechanisms of glucose lowering of
dipeptidyl peptidase-4 inhibitor sitagliptin when used alone or with
metformin in type 2 diabetes: a double-tracer study. Diabetes Care.
2013;36:2756-2762.

15. Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic
lipolysis in human obesity. J Clin Invest. 2004;113:1582-1588.

16. Hanyu O, Miida T, Kosuge K, et al. Preheparin lipoprotein lipase mass
is a practical marker of insulin resistance in ambulatory type 2 diabetic
patients treated with oral hypoglycemic agents. Clin Chim Acta. 2007;
384:118-123.

17. Patsch JR, Gotto AM Jr, Olivercrona T, et al. Formation of high den-
sity lipoprotein2-like particles during lipolysis of very low density lipo-
proteins in vitro. Proc Natl Acad Sci U S A. 1978;75:4519-4523.

18. Bode B, Stenlof K, Harris S, et al. Long-term efficacy and safety of
canagliflozin over 104 weeks in patients aged 55-80 years with type
2 diabetes. Diabetes Obes Metab. 2015;17:294-303.

19. Briand F, Mayoux E, Brousseau E, et al. Empagliflozin, via switching
metabolism toward lipid utilization, moderately increases LDL choles-
terol levels through reduced LDL catabolism. Diabetes. 2016;65:2032-
2038.

20. Xu T, Brandmaier S, Messias AC, et al. Effects of metformin on
metabolite profiles and LDL cholesterol in patients with type 2 diabe-
tes. Diabetes Care. 2015;38:1858-1867.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Koshizaka M, Ishikawa K, Ishibashi R,
et al. Comparing the effects of ipragliflozin versus metformin
on visceral fat reduction and metabolic dysfunction in
Japanese patients with type 2 diabetes treated with sitagliptin:
A prospective, multicentre, open-label, blinded-endpoint,
randomized controlled study (PRIME-V study). Diabetes Obes
Metab. 2019;21:1990-1995. https://doi.org/10.1111/dom.
13750



https://orcid.org/0000-0003-2535-5396
https://orcid.org/0000-0003-2535-5396
https://orcid.org/0000-0003-4529-9045
https://orcid.org/0000-0003-4529-9045
https://orcid.org/0000-0003-3033-4813
https://orcid.org/0000-0003-3033-4813
https://doi.org/10.1007/s00261-019-01912-9
https://doi.org/10.1111/dom.13750
https://doi.org/10.1111/dom.13750

	Comparing the effects of ipragliflozin versus metformin on visceral fat reduction and metabolic dysfunction in Japanese pat...
	1  INTRODUCTION
	2  METHODS
	3  RESULTS
	3.1  Body composition
	3.2  Glycaemic control
	3.3  Blood lipid panels
	3.4  Other assessments
	3.5  Adverse events

	4  DISCUSSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


