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Abstract

Background: We additionally administered selective inhibitor of so-
dium glucose co-transporter-2 (SGLT2) inhibitor to type 2 diabetic
patients on a-glucosidase inhibitor (a-GI) and/or thiazolidinedione
(TZD), to determine whether the multi-drug combination therapy
including SGLT2 inhibitor further improved the glycemic control in
Japanese patients with diabetes mellitus.

Methods: The subjects were divided into four groups. Group I was
administered an SGLT?2 inhibitor in addition to ongoing treatment us-
ing hypoglycemic agents other than a-GI and SGLT?2 inhibitor. Group
II was administered an SGLT2 inhibitor in addition to an a-GI. Group
IIT was administered an SGLT2 inhibitor in addition to a TZD. Group
IV was administered an SGLT2 inhibitor in addition to an a-GI and
TZD. The body weight and biochemical parameters were measured
before and 1, 2 and 3 years after the start of SGLT2 inhibitor treat-
ment.

Results: In patients receiving a-GI or TZD, additional administration
of an SGLT2 inhibitor resulted in a reduction of the body weight,
body mass index (BMI) and serum uric acid level, but had little ef-
fect on the glucose or lipid metabolism. On the other hand, additional
administration of SGLT2 inhibitor in patients receiving both o-GI
and TZD (three-drug combination therapy) resulted not only in a re-
duction of the body weight, BMI and serum uric acid, but also in
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improvement of the glucose and lipid metabolism, with a reduction
of the hemoglobin Alc level and increase of the serum high-density
lipoprotein cholesterol level.

Conclusion: The results suggest that three-drug combination therapy
with o-GI, TZD and SGLT2 inhibitor, each of which has different
mechanism of action, is beneficial for the treatment of type 2 diabetes
mellitus.
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Introduction

Concomitant therapy with multiple antidiabetic agents with
different mechanisms of action is often used in the treatment
of patients with type 2 diabetes mellitus showing insufficient
glycemic control with a single agent.

The a-glucosidase inhibitors (a-Gls) inhibit small-intes-
tinal a-glucosidase to reduce the rate of digestion of carbohy-
drates and suppress glucose transfer into the blood, resulting
in suppression of postprandial blood glucose elevation. The
a-Gls have the advantage that they are associated with a low
risk of hypoglycemia and little increase of the body weight [1,
2

Thiazolidinediones (TZDs) act as agonists of peroxisome
proliferator-activated receptor y (PPARY), which is a nuclear
transcription factor; activation of PPARY induces large adipo-
cytes to undergo apoptosis and preadipocytes to differentiate
into small adipocytes. These remodeling events decrease the
secretion of tumor necrosis factor-o. (TNF-a) due to increased
adiponectin secretion by small adipocytes and decreased num-
ber of large adipocytes, resulting in a reduction of insulin re-
sistance [3, 4].

Sodium glucose co-transporter-2 (SGLT2) is a transporter
expressed in the renal proximal tubules and is responsible for
the reabsorption of approximately 90% of the glucose filtered
by the glomeruli [5, 6]. SGLT2 inhibitors are thought to ex-
ert hypoglycemic effects by selectively inhibiting SGLT2 and
thereby promoting excretion of glucose in the urine [7]. In ad-
dition, SGLT2 inhibitors have been reported to have a hypo-
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glycemic effect, to reduce the body weight, to lower the blood
pressure and to improve lipid or uric acid metabolism [8]. Due
to these pleiotropic effects, SGLT?2 inhibitors have been shown
to significantly suppress heart failure and cardiovascular death
as compared to placebo in patients with high cardiovascular
risk [9].

That is, the three types of drugs, a-Gls, TZD and SGLT2
inhibitors have different mechanisms of action against hyper-
glycemia. In this study, we additionally administered one of
several SGLT2 inhibitors to patients who were receiving one
of two a-Gls and/or TZD, to investigate the effect of the multi-
drug combination regimens on the glycemic control in Japa-
nese patients with type 2 diabetes mellitus.

Materials and Methods

Study design

Patients participating in the study were explained the purpose
of the study by the physicians in charge, and their informed
consents were obtained before their participations. This clini-
cal study was officially registered as an open-label study (ID:
UMINO000021584). This study, which was conducted at Ak-
ishima Clinic (Nagoya, Japan), was approved by the institu-
tional review committee (approval number: 1-1). This study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration.

A total of 60 type 2 diabetic, Japanese patients (42 males
and 18 females) attending Akishima Clinic (Nagoya, Japan)
were enrolled in the study. The subjects had a hemoglobin Alc
(HbAlc) levels of 6.5% or more and were receiving treatment
with one or more antidiabetic drugs. Diet, physical activity
and lifestyle including alcohol consumption and smoking of
the subjects were unchanged during the study.

Used drugs were: one of two a-GIs: voglibose or miglitol
and/or TZD: pioglitazone. One of the five SGLT2 inhibitors
was used for the additional administration: luseogliflozin, da-
paglifiozin, tofogliflozin, empagliflozin or canagliflozin. The
SGLT?2 inhibitor was administered once a day daily before or
after breakfast for 3 years. The dose of each drug is summa-
rized in Table 1.

The patients were allocated to four groups: SGLT2 inhibi-
tor monotherapy treatment group (n = 14, eight males, six fe-
males), a-GIs + SGLT?2 inhibitor treatment group (n =17, 11
males, six females), TZD + SGLT2 inhibitor treatment group
(n =5, five males) and a-Gls + TZD + SGLT?2 inhibitor treat-
ment group (n = 24, 18 males, six females).

Measurement of the body weight, body mass index (BMI),
HbAlc, blood lipids and other biochemical parameters

The body weight was measured, and blood specimens were
collected before and 1, 2 and 3 years after the start of SGLT2
inhibitor treatment. Separated serum specimens for measure-
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Table 1. Dose Levels of Drugs

Name of drug Dose level (mg/day)
a-GI
Voglibose 0.9
Miglitol 150
TZD
Pioglitazone 30
SGLT?2 inhibitor
Luseogliflozin 2.5
Dapagliflozin 5
Tofogliflozin 20
Empagliflozin 10
Canagliflozin 100

a-Gl, a-glucosidase inhibitor; TZD, thiazolidinedione; SGLT2, sodium
glucose co-transporter-2.

ment of the blood biochemical parameters were stored frozen
at -80 °C until the measurements. The serum HbA lc, lipids,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), y-glutamyl transpeptidase (y-GTP) and uric acid were
measured, using an auto-analyzer (JCA-BMS8000 series,
JAOL, Tokyo, Japan), by Handa Medical Association Health
Center (Aichi, Japan). The HbAlc levels were measured
by an automated high-performance liquid chromatography
(HPLC) method (HLC-723GX, Tosoh Corporation, Tokyo,
Japan).

Statistical analysis

All the data are expressed as the mean + standard deviation
(SD). The comparison of pre- vs. post-treatment data was con-
ducted using one-way analysis of variance (ANOVA) (repeat-
ed measures) and Dunnett’s post hoc test.

Results

Group treated with antidiabetic agent(s) other than any of
a-Gls, TZD or SGLT?2 inhibitors

The body weight, BMI and serum uric acid level decreased at
1 or 2 years after the start of SGLT2 inhibitor treatment. The
effects persisted up to the end of 3-year study period. The se-
rum HbA 1c level was not changed throughout the study period
(Table 2).

o-GI treatment

The body weight and BMI were reduced at 1 year, and the ef-
fects persisted up to the end of the 3-year study period. The se-
rum HbA lc¢ level did not change throughout the study period.

www.jofem.org



J Endocrinol Metab. 2020;10(6):167-172

Kusunoki et al

"lossysajoyo uiejosdodi| Ayisusp-mo| ‘D-1QT ‘lossisejoyo uieoidodi|
Aususp-ybiy ‘O-1aH ‘esepndedsuel; |Awein|B-A ‘41 9-A ‘eselsjsueljouiwe suiuele |y ‘eselajsueijouiwe sjepedse ‘| QY 01V uigojfowsy ‘0L ygH ‘xepul ssew Apoq ‘|Ng ‘Z-Jeuod
-SUBJ)-00 8s00N|B WNIPOS ‘Z1719OS ‘euoipauIpljozely) ‘dZL “oygiyul 8sepisoon|B-n ‘|9-0 ejep ,81050g, "SA L0'0 > d«x ‘GO0 > d« "UOIEIABP pJepue)s F Uesw se passaidxa aie ejeq

79 F 801 YL F¥11 09 F #€1 ISFIII Ly FCI1 9¢ FCI1 It F 121 S8 F LSI ("Tp/Sw) SpLISOAISIIL
S0FOFT 8L0FH9'T ISOFLYT  THOFOST STOF89'T I0F99'1 TEOFILT  9TOFILI oner D-TAH/D-1d'1
9T F 6 «1€F 201 STF 68 STF68 Y€ FCIT 81 F Il STFPII 1€ F 601 (Ip/3w) O-1A'T
«L1F L9 «L1FL9 0T F S9 SIF79 61 FL9 ITFL 81 F 99 SIF19 (Ip/3w) D-1AH
1€ F8LI #%9€ F 881 0€ FLLI [EFILI S F 6l LE F 661 LEF L6T Ly F 981 ("Tp/Su) [0123S3[0D [I0,
' TFSP 0OTFLY «=+CTFOP I'IFIS CIFES 01 F6F FTF6Y STIF6S ("Tp/Sw) proe o1
8¢ F €€ TTFST €TFST 17 F8C Y FLS LT F8€ LT F9€ IS F99 (T/n) dLD-4
«S1FTT «€1 F 1 #xC1 F 0T 12F8C 0T ¥ 9¢ ¥T F S TIFHT L1 F6T (/) L1V
11 F ¢ «L F 1T #%9 F 0T SIF9C €1 F€C 6T F S€ 8FIC €I FHC (T/n) 1SV
+80F89 #x9'0F L9 #xL'0F L9 90FI'L YOFLY Y0FS9 TOFY9 1'0FL9 (%) 21VaH
#xCSTFTLT #+CSTFYLT  #xI'SFSLT €S FH'8T €9FSLT €9FO0LT v'LF €8T VLFT6T (zw/3Y) TN
wxCPIFISL sl VI FOSL  #«6SIFI9L  OVIFO6L 6'0TFST8 60CFOI8  9STFISS  LSTFLLS (33) wSrom Apog
9F ] TFS (s189K) smyrjjow sajoqeIp JO uoreInq
01 Ft§ 9FSS (s1eak) o3y

saedf € SIBIL T Iedf | lopRg Saedf ¢ [ 2V 4 aedf | 10Jog

dno m@ﬂwﬁaﬂw MMMMM% NNN Hu Hwé (sareudy () ‘sdpeur Ay ‘g = u) dnoa3 aoyquyur 7L IOS + AZL
09 F 971 9 FHEl 0L F 91 vSF 1€1 LSFIIT LT IY] €L F 8TI LY FTET ("Tp/Sur) 9pLIedATSLIL,
99°0 F6L°1 PSOFSLT LSOFE]T SSOFTSI 190F 91 ISOFTOT  TOO0FSLT  8SOFCLI onel D-TAH/D-1A1
1ZF€6 LIF 16 0T FT6 81 F €6 STF €6 91 F+6 ST F86 61 F ¥6 (Tp/3wr) O-1A'T
¥1F9¢ [AEZYS Y1 F S ITF¢S 91 ¥ 09 Y1 F29 STF09 €T T8¢ (Tp/3w) D-1AH
TTF 691 61 FS91 TTF 691 91 991 9€ FGLI 61 FELI LI FELL 0CTFILI ("Tp/3u) [0123SA[0YD [eI0],
TIFSY #+CTFSY I TFSY 60F0°S «STFLY b TFSY 4w €1FSH 61FES ("Ip/3w) proe o1
LTF9T STFLT L1FST €TTF 6T 6T F 9¢ €TTFPE TTFSE 0EF Tt (T/n) dLD-A
STFIE «P1 FLT 11F9C €I 1€ ST F4C SIFTT 81 F6T €I FYT (/) 11V
8F T 6F1¢ LF0T 81 F8T 8F T 907 907 ITF6C (1/n) LSV
01FCTL TIFTL O1FIL 60FEL I'TFSL LOFIL LOFTL LOFVL (%) 21VaH
#+8°€F 19T #xL EFT9T  #4L€FE€9T  LEF6LT #x '€ FTST «'€F9ST TEFLST vEF €9 (zw/3Y) NG
#+STIFOTL  +4STIFYTL #xSTIFVEL OCIFYLL  #4TTIFSLY  +0CIF889  QTIFTEY SEIFLOL (33) yySrom Apog
SFVI SFCI Amhwo\c SI[[aW $3)2qeIp JO uonein g
1T F€S TIFSS (s1eak) o3y

SIBIA € SIBIA 7 I8dA | 10J9g SIBIA ¢ SIBIA T T84 | 10J9g

(S9[eWIdY XIS ‘soewt [ ‘L] = U)
dnoa3 yusuneany 10)qIyul 7S + [D-0

(SorewIdy XIS ‘safew JY3I ‘pJ = u)
dnoa3 juduneary 10JIqIyul 7 ['THS [eUoBIPPY

sjusned sseuedep

‘oneqelq g adAL ur Joyqiyul Z1TOS Pue azL ‘19-0 Ui Adesay ] pauiquo o Aoeow3 °z alqel

169

www.jofem.org

| Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

Articles © The authors



Combination Therapy in Type 2 Diabetes

J Endocrinol Metab. 2020;10(6):167-172

Decrease of the serum ALT was observed at 2 years. Decrease
of the serum uric acid was observed at 1 and 2 years. The ad-
ditional SGLT?2 inhibitor treatment had no effects on the blood
lipid profile (Table 2).

TZD treatment

The additional SGLT2 inhibitor treatment had no effects on
the body weight, BMI, HbAlc, ALT, y-GTP and blood lipid
profile.

The serum uric acid level decreased at 1 and 2 years after
the start of the SGLT2 inhibitor treatment (Table 2).

a-GI + TZD treatment

Decreases of the body weight, BMI and HbAlc were ob-
served at 1 year after the start of the SGLT2 inhibitor treat-
ment, and the effects persisted up to the end of the 3-year
period. Decreases of the serum AST and ALT were observed
at 2 or 3 years after treatment, and elevation of the serum
high-density lipoprotein cholesterol (HDL-C) was observed
at 2 and 3 years. The total cholesterol and low-density lipo-
protein cholesterol (LDL-C) did not change throughout the
study period. Decrease of the serum uric acid was observed
at 1 and 3 years after the start of the SGLT2 inhibitor treat-
ment (Table 2).

Discussion

We additionally administered a selective inhibitor of SGLT2
for 3 years to type 2 diabetic, Japanese patients with stable
glycemic control under treatment with a-GI and/or TZD, to
determine if the additional SGLT2 inhibitor treatment further
improved the glycemic control.

In diabetic patients whose blood glucoses were controlled
by treatment with hypoglycemic agents other than o-GIs, TZD
and SGLT2 inhibitors, SGLT2 inhibitor decreased the body
weight, BMI and serum uric acid level, while there was no ef-
fect on the HbA1c level. SGLT?2 inhibitors have been reported
to reduce the body weight, BMI and serum uric acid level [8,
10]. The results of the present study suggest that the additional
administration of SGLT2 inhibitor has a beneficial effect on
the body weight, BMI and serum uric acid. It had little effect
on the HbAlc, however, suggesting that the treatment had no
beneficial effect on the glucose metabolism. In addition, the
treatment had no effect on the blood lipid profile.

In the group of ongoing treatment with a-GI, the body
weight, BMI and serum uric acid level were observed at the 2-
or 3-year; on the other hand, the HbA ¢ level was not reduced.
In this group, the addition of the SGLT?2 inhibitor could have a
beneficial effect on the body weight, BMI and serum uric acid,
although its additional effect on glucose metabolism was not
observed. Kashiwagi et al reported that additional administra-
tion of ipragliflozin, an SGLT2 inhibitor, for 52 weeks reduced
the HbAlc and body weight in type 2 diabetic patients show-
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ing insufficient glycemic control on treatment with a-GI (acar-
bose, voglibose or miglitol) [11]. In the present study however,
the HbA I ¢ did not decrease after the start of the SGLT?2 inhibi-
tor treatment. Although the reason for the difference remains
unknown, the effect of combination therapy with o-GI and
SGLT2 inhibitor in reducing the HbAlc may take place only
after the course of longer-term treatment. Furthermore, study
by Kashiwaga et al enrolled patients with insufficient glyce-
mic control; on the other hand, our study enrolled patients with
relatively good glycemic control.

In the group with ongoing TZD treatment, the serum uric
acid level decreased at the 1 or 2 years after the start of the
additional SGLT?2 inhibitor treatment, while the body weight,
BMI and HbAlc did not change. Some previous studies re-
ported that additional administration of an SGLT?2 inhibitor in
patients receiving a TZD was associated with a reduction of the
HbAc level [12-14]. Rosenstock et al reported that additional
administration of dapaglifiozin (5 or 10 mg/day), an SGLT2
inhibitor, for 4 weeks in patients receiving pioglitazone result-
ed in a reduction of the HbAlc level [12]. The reason for the
difference in the results between the present study and those
reported by Rosenstock et al and others remains unknown.
However, the patients enrolled in the study by Rosenstock et
al had insufficient glycemic control, with HbAlc levels of as
high as 8.34-8.40%, whereas the patients enrolled in our study
showed relatively stable glycemic control, with a mean HbAlc
level of as low as 6.7% prior to the start of the SGLT2 inhibitor
treatment. Nagata et al reported that once long-term SGLT2
inhibitor treatment nearly normalized the blood glucose lev-
els, no further decrease of the blood glucose levels was noted
thereafter [15]. Therefore, since our subjects showed relatively
low HbA lc levels, the additional administration of an SGLT2
inhibitor may have been less effective. In the future, it is nec-
essary to elucidate the relationship between the HbAlc levels
prior to the start of treatment with an SGLT2 inhibitor and the
efficacy of this class of drugs.

TZDs are known to cause fluid retention in the body,
thereby inducing edema and increasing the body weight [16].
In the present study, no increase of the body weight was ob-
served in the patients. Kovacs et al also reported that additional
treatment with empagliflozin for 24 or 76 weeks reduced the
body weight in patients receiving treatment with pioglitazone
[13, 14]. This is may be one of the beneficial effects of the
additional SGLT2 inhibitor treatment, and thus concomitant
treatment with TZD and SGLT2 inhibitor is considered to
be clinically beneficial in suppressing the body weight gain,
which is a risk factor for heart disease, associated with treat-
ment with TZD alone.

In the patients with ongoing a-GI plus TZD treatment, de-
creases of all of the body weight, BMI, serum uric acid and
HbA1c were observed at 1 year after the start of the additional
SGLT2 inhibitor treatment, and this effect persisted until the
end of the 3-year study period. In addition, the serum HDL-C
also increased at 2 years after the start of the SGLT2 inhibitor
treatment until the end of study period. Furthermore, the serum
AST and ALT, which are parameters of liver dysfunction, also
decreased at 1 and 2 years.

SGLT2 inhibitors improve liver dysfunction [17]. The
decreases in the serum AST and ALT observed in the present
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study could express the effects. In the aforementioned group,
the decreases in HbAlc, body weight, BMI, serum uric acid,
and serum ALT and AST, and the increase in serum HDL-C
could indicate the beneficial effects of additional administra-
tion of SGLT?2 inhibitor. The limitations of this study include
the patients who received pharmacotherapy other than a-Gls,
TZD and SGLT2 inhibitor for the treatment of diabetes mel-
litus, hyperlipidemia, or hypertension.

In conclusion, the results of this study showed that ad-
ditional administration of SGLT2 inhibitor in patients receiv-
ing o-GI resulted in a further decrease of the body weight,
BMI and serum uric acid level, but had little effect on the
glucose or lipid metabolism. SGLT2 inhibitor administered
to patients receiving TZD had no effects on the body weight,
BMI, HBAIc, blood lipids and liver dysfunction parameters.
On the other hand, additional administration of SGLT2 in-
hibitor to patients concurrently receiving both of a-GI and
TZD resulted in further decreases of all of the body weight,
BMI, serum uric acid level and HbA1c level, and the effects
remained sustained until the end of the 3-year study period.
In addition, increase in serum HDL-C and reduction in serum
AST and ALT, clearly indicating the beneficial effect of addi-
tional administration of an SGLT2 inhibitor. Our results sug-
gested that three-drug combination therapy with a-GI, TZD
and SGLT?2 inhibitor, all of which have different mechanisms
of action, is highly effective for the treatment of type 2 dia-
betes mellitus.
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