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Evaluation of a Short-term Therapy of Sodium-glucose Co-transporter 2 Inhibitors in Obese Patients
with Type 2 Diabetes

Naoki HIROTA, Tomoko NAKAGAMI, Junko OYA, Chisato ISAGO,
Moritoshi KURITA, Yuki TANAKA, Yukiko HASEGAWA, Arata ITO,
Reika TSUZURA, Naoshi YOSHIDA and Yasuko UCHIGATA

Diabetes Center, Tokyo Women’s Medical University School of Medicine

Aim: To investigate the 6-month efficacy and safety of sodium-glucose co-transporter 2 inhibitors (SGLT2i) in
obese patients with type 2 diabetes (T2DM) in Japan.

Methods: We retrospectively collected data from patients with T2DM with a body mass index (BMI) =25
kg/m® undergoing antidiabetic treatment at the Diabetes Center, Tokyo Women's Medical University Hospital,
from April to October 2015. We selected 34 patients with SGLT2i added-on (S group), and 31 age-, BMI-, sex-, du-
ration of diabetes-, HbAlc-propencity score matched patients who continued their treatment without SGLT2i (C
group).

Result: After 6 months, the body weight (BW), BMI, and HbAlc decreased, and the hematocrit increased sig-
nificantly in the S group compared to the C group. Sixty percent of patients in the S group showed a decrease in
HbAlc and 90 % of them showed a decrease in BW. In the S group, patients who showed decreased HbAlc (n=
23) had significantly higher baseline HbAlc, alanine transaminase (ALT), and aspartate transaminase (AST) lev-
els than those without a decrease in HbAlc (n=11).

Conclusion: The 6-month evaluation revealed the potential of SGLT2i add-on therapy as a new treatment op-

tion for obese patients with T2DM, especially in those with visceral obesity with worse glycemic control.

Key Words: type 2 diabetes, obesity, sodium-glucose co-transporter 2 inhibitor
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BRI IR D FLAR &b LT 2 DSk R i 720
DL SAET Y. F 72, BIHE TR 0720 Ol 2
Y hu—)VEEEIZ HbALc7 %R & SNB5 G,
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1. R

20154E 4 A5 5 2015 4F 10 A2, Y4BgT SGLT2i
=G 7 E 1 PLE (body mass index :
BMI 25 kg/m* Pl 1) @ 2 BUBEJR 55 F 3 @ consecu-
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i, HbAlc, low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol (HDL-

C), Z=hErrd RN (triglyceride : TG), uric acid
(UA), hematocrit (Ht), blood urea nitorogen
(BUN), creatinine (Cr), eGFR, aspirate trans-
aminase (AST), alanine aminotransferase (ALT),
y-glutamytransferse (y-GTP), #FEHNE, AHHFL
L7

6 70 H Mo Z b 1E, SGLT2i #5- (b L < 1381%%)
FHIGAR DRAAE D SF 5 (H L) 6 »HE D
MAEMEAZBE7-b0L L, 6 »AROELEIE, 6
PHEOZbEZIXG (Bi%) FIEREOME THl - 72
fi& L7-. HbAlc, fhHE, BMI, FREfE FFbie,
Ht, eGFR, MJEIZOWTIZ60H B oL E%L
SGLT2i # 5-#F & g G- R BNICHE L, &I
SGLT2i ¥ 5-#F & 4 5-HE D 2 FERH T L 7.

7o, mimE (BEEHEELSH S L < I 140/90
mmHg Pl EY) 2B 5 M, & LDL-C I (i
e w5 b L < 1Z LDL-C 140 mg/dl 2L |)
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I A BF SGLT2i 6 5- 8 o v CHLE S5 RE & FE L%
o, & LDL-C &8 SGLT2i #5-# o T LDL-
C Ut & IFB Rt D ] T17 - 72
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FT=F1%, WE (%), EHMEOD L EREIE Y
fifi = fEH#ER 7= (standard deviation : SD), 1E#MEIC
Z LVl A IR el (58 1 i Ze 5 NS
55 3 W5 TR L7z, Mz L7z 2 B o FIfED
1T Student's-t test, H U fiE @ F 8 12 Mann-
Whitney U test & H\ 7z, JEIER AT DB 5 01 L
7= 2 B [ @ #= @ ¥ € 12 Wilcoxon signed-rank test
2V, M7 L7z 2 BEH O #G O HEIZ 1 Fisher's
exact test 47\, WHI#RE T p<005 2 HEED D
L7

# RF W f# BT X R software (version 31.2 5 R
Foundation for Statistical Computing) % F\»CT47 -
7z.
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Table 1 Comparison of the clinical characteristics between the SGLT2i treatment group and the control group

SGLT2i treatment Group Control Group p values
Number 34 31
Age (years) 50+9 5012 0.641Y
Men, number (%) 20 (58.8) 19 (63.3) 0.7142
Body weight (kg) 88.8 (76.2, 105.0) 89.2 (73,58, 106.2) 0.968%
BMI (kg/m?) 34.3 (315, 38.7) 346 (30.6, 40.3) 0.935?
Duration of diabetes (years) 11.50 (3.00, 50.00) 16.00 (11.50, 18.00) 0.324%
HbAlc (%) 8.1 (74, 89) 79 (7.2, 88) 0.284%
LDL-C (mg/dL) 111 (102, 124) 102 (97, 119) 0.268%
HDL-C (mg/dL) 45 (41, 56) 52 (46, 61) 0.077%
Triglyceride (mg/dL) 167 (111, 257) 131 (101, 182) 0.048%
AST (IU/L) 23 (17, 31) 26 (20, 32) 0.540%
ALT (IU/L) 30 (18, 39) 32 (21,5, 51) 0.453?
UA (mg/dL) 4 (46, 6.1) 5.7 (5.1, 6.5) 0.1442
Ht (%) 42 (40, 46) 41 (39.8, 45.2) 0.389%
eGFR (mL/min/1.73 m?) 783 (67.9, 924) 73.7 (60.9, 93.9) 0.341%
Systolic blood pressure (mmHg) 136 (127, 151) 145 (133, 165) 0.048%
Diastolic blood pressure (mmHg) 83 (74, 90) 81 (75, 85) 0.7462
Glucose lowering drug, number (%)
Sulfonylureas 4 (37.8) 10 (32.3) 0.799%
Metformin 21 (56.8) 16 (51.6) 0.808%
Thiazolidinedione 3(35.1) 7 (22.6) 0.296%
Dipeptidyl peptidase-4 inhibitor 1(29.7) 8 (25.8) 0.790%
alpha-glucosidase inhibitor 4 (10.8) 2 (6.5) 06813
Glinide 3@&1) 1(3.2) 0.620%
GLP-1 receptor agonist 0(27.0) 10 (32.3) 0.790%
Insulin 17 (50.0) 20 (64.5) 0.317%
Total insulin doses (Unit/day) 33.8+24.8 40.1 £264 0.464%
Antihypertensive drug number 19 (59.9) 9(32.1) 0.077%
Antihyperlipidemic drug number 20 (58.8) 12 (42.9) 0.307%

Data are presented as median (interquartile range), means * standard deviations or numbers (percentages).

1) Student’s test, 2) Mann-Whitney U test, 3) Fisher’s exact test.

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspar-

tate aminotransferase; ALT, alanine aminotransferase; UA, uric acid; Ht, hematocrit; GFR, glomerular filtration rate; SGLT,

sodium-glucose co-transporter; HbAlc, glycated hemoglobin Alc; GLP, glucagon-like peptide.
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Pe bt 6 0 H BRI 72 e G- STz, &
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Table 212, SGLT2i $5-faRs (b L < I13BI%EH
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MAEDOZALFIZ OV THILE (25 BEHEXE) T
RL, MAEMOZEILEE SGLT2i 58 & e 58
THHELEREEZR L. SGLT2 %58 Tld 6 7
H @ HbAlc (p<0.003), A& (p<0.001), BMI
(p<0.001), ALT (p<0.05), Y~ (p<0.05)
FAZICIT L, HDL-C (p<0.05) & Ht (p<0.001)
AR LA L Twiz, —7, SGLT2i IE#5-# Tl
WIENOBREMLBIE L6 AR CTHERZILE
RO o7,

SGLT2i % 5-H L 5T 6 P H M OLLEZE
3% &, HbAle (p<0.05), fKE (p<0.001),
BMI (p<0.001), Ht (p<0.001) & 2 B CTH &=
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Table 2 Six-month effects of SGLTZ2 inhibitors on biomarkers, body weight, body mass index, and blood pressure

SGLT2i treatment group (n=34) Control group (n=31) Comparison

bthween 2
roups,
oM u  Changente gy ou Changere e’
HbAlc (%) 8.1 (74, 89) 75 (7.00,870) 096 (0.88,1.01) 79 (7.2, 839) 7(71,89) 1.02 (1.00, 1.07) 0.003
Body weight (kg) 88.8 (76.2, 105.0) 87.0 (69.4, 102.8) 0.97 (0.94, 0.99) 89 2 (73.58,106.2) 87. 50 (7370, 106.0) 0.99 (0.97, 1.01)  <0.001
BMI (kg/m? 34.3 (315, 38.7) 31.8 (27.6, 36.9) 0.97 (0.95, 0.99) 34.6 (30.6, 40.3) 336 (31.3,404) 099 (098, 1.01) <0.001
LDL-C (mg/dL) 111 (102, 124) 110 (79, 128)  0.93 (0.82, 1.13) 102 97, 119) 109 (99, 117) 1.01 (0.90, 1.14) 0.080
HDL-C (mg/dL) 45 (41, 56) 53 (44, 65) 1.05 (1.00, 1.17) 52 (46, 61) 53 (45, 61) 1.06 (0.94, 1.10) 0.260
Triglyceride (mg/dL) 167 (111, 257) 134 (101, 186) 0.89 (0.68, 1.28) 131 (101, 182) 136 (90, 183) 0.95 (0.84, 1.16) 0.366
AST (IU/L) 23 (17, 31) 19 (17, 30) 095 (0.77, 1.10) 26 (20, 32) 22 (17, 28) 092 (0.80, 1.11) 0.903
ALT (IU/L) 30 (18, 39) 24 (18, 36) 092 (0.70, 1L.11) ~ 32 (21, 51) 27 (18, 34) 0.96 (0.72, 1.08) 0.628
UA (g/dL) 54 (46, 6.1) 53 (43,59 100 (091, 1.06) 57 (5.1, 65) 540 438, 6.8) 0.96 (0.92, 1.05) 0.835
Ht (%) 42 (40, 46) 44 (42, 48) 1.04 (1.00, 1.07) 41 (39, 45) 40 (39, 44) 099 (097, 1.01) <0.001
eGFR (mL/min/1.73 m?) 783 (67.9, 924) 782 (69.2, 92.7) 0.98 (0.93, 1.08) 73.7 (60.9, 93.9) 76.2 (62.8, 98.0)  1.04 (0.97, 1.08) 0.127
SBP (mmHg) 138 (127, 151) 136 (125, 146)  0.97 (0.87, 1.10) 145 (133, 165) 40 (133, 154) 100 (0.87, 1.05) 0.860
DBP (mmHg) 83 (74, 90) 83 (70, 88) 097 (090, 1.02) 81 (75, 85) 77 (70, 83) 0.94 (0.87, 1.05) 0.647

T, Mann-Whitney U test, comparison of change rate between SGLTZ2i treatment group vs control groups.

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; DBP, diastolic blood pressure; UA, uric acid; Ht, hematocrit; GFR, glomerular filtration rate;
HbAlc, glycated hemoglobin Alc; SBP, systolic blood pressure; SGLT, sodium-glucose co-transporter; IQR, interquartile range.

k7. P 5- 3 OS2 B T GLP-1 2 A R /EH)
2. SGLT2iE5DIMELSTICHEEI> FO— FAHERD O, AEEIRP 7.
WICRIFTEE SGLT2i & 5- % o TRy il e A3 e 3% L 72 5 @

SGLT2i % 5-12C HbAlc 258 LI T X /2%
1341k 588 % (20/34), HbAlc A3 L7228
TE L7813 88 % (3/34), HbAlc HEAL~A
25 CHREIGIN L 7213431k 265 % (9/34), HbAlc
ASEAL~AE TR L 728138k 59 % (2/34),
Td o 7z. SGLT2i % 5-1if BMI 5l © 3 # T HbAlc
PEREZ R LA EE T o7 (167 % vs
40.0 % vs 43.3 %, p=0.375).

3. SGLT2i 5 DIE % 5 VIZ LDL-C {EIC R IF
CR-A

SGLT2i ¥ 5 (B1%5) Bk A PRI 31
%wafﬁﬁﬁ&k@ﬁﬁ?tthmsmmm
P58 L RGBT L (750% [9/12] vs
73.7 %[14/17], p=1.000), # LDL-C &B:6l 34 4412
B D 60H%OLDLC L E D LFEH SGLT2i
Pe ik L IR G BECEE RO LD o7z (619% [13/
22] vs 364 % [4/12], p=0.266).

4. SGLT2i /aEDFEZMEICESE LU 7=HF DIRES

Table 3 12 SGLT2i % 5- 12 & % HbAlc dk 3% #f &
TR O P Gowi B R R A 2 7R L 72,

SGLT2i #5-12 & % HbAlc t Bt Tl Ik 35 B
AR THIZRMER O AST, ALT, TG YA HICHE
HTH o7 SHPSNCHEEZRDZHDIE%R L,

SGLT2i #5-ui A I &, 2 L 2o 7281
WL THEIZEME (145 vs 129 mmHg, p<0.05) T
H o7z, SGLT2i %580 TE LDL-C 238 L7
1% SGLT2i $¢5-17 HDL-C 23 =2l (53 vs 43
mg/dL, p<005) TTGH»AHEIZHEM (121 vs 234
mg/dL, p<005) Tdh 7.

5. BEER

SGLT2i ¥ 5-#E TIXEIEM & L T oI X %
Mo 7ehs, REGEGYRE 2 4 2 80, WREFR %2 %%
LYTWA 23537z, FoHoai ok & ErEo Bk
JR2fgE L7 & A SGLT2i i fkhedk 5- 23] g &
o7z, F 72 SGLT2 #5-blhitk 2~3 MHEE TH
BROBRATUAHE L 72 A 2 S\ 7278, I SeE
TREZIT - TROBBISDTRECTH - 72, FERGHET
26 P AMOBBRTHERRZRO R o7z

z =
Q@ﬁ&ﬁ,ﬁﬁﬁ?ﬁﬂﬁiﬁﬁﬁﬁﬁ%y
Vol PR o BEG A 2 BUBE IR IS B W TRE

ﬁ@%@ﬁ(%% SGLT2i # LEEH 6 2 HHEHOD
RRA T OZbE 2 A LR, EELFERS
%<, I GREE TR GHE TIE HbAle &R E
DEBERUELRD. THEGHETII6HOERE
TS > b — U AdaE§ 2 & LI, IbEa >
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Table 3 Comparison of parameters between HbAlc improved and non-improved group in 34
patients with type 2 diabetes treated with SGLT2i

HbAlc Improved Group HbAlc non-improved Group p-values ™

Number 23

Age (years old) 52+9
Duration (years) 11+7
HbAlc (%) 84 (79, 9.9)
BMI (kg/m?) 34.2 (315, 36.30)
eGFR (mL/min/1.73 m? 79.7 (70.5, 96.6)
Ht (%) 44.0 (41.1, 46.6)
AST (IU/L) 24 (22, 37)
ALT (IU/L) 35 (27, 57)
Cr (mg/dl) 0.7 (0.6, 0.8)
UA (g/dL) 54 (4.7, 5.9)
LDL-C (mg/dL) 111 (107, 123)
HDL-C (mg/dL) 45 (41, 53)
Triglyceride (mg/dL) 180 (114, 281)
Systolic blood pressure (mmHg) 136 (128, 148)
Diastolic blood pressure (mmHg) 83 (78, 90)
GLP-1RA (%) 20 (59)

11
48+9 02149
10+7 0.424Y
74 (6.9, 8.3) 0.043%
36.5 (33.2, 39.2) 0.906%
76.3 (66.0, 81.3) 0.183%
41.1 (39.2, 42.9) 0.0812
19 (17, 21) 0.028%
18 (16, 24) 0.006%
0.8 (0.6, 0.9) 0.754%
54 (4.3, 6.3 0.935%
110 (97, 130) 0.290%
51 (41, 66) 0.100%
121 (88, 234) 0.492%
138 (127, 157) 04922
86 (68, 89) 0.580%
9 (26) 1.000%

Data are presented as median (interquartile range), means *+ standard deviations or numbers (percentages).

1) Student’s test, 2) Mann-Whitney U test, 3) Fisher’s exact test.
BMI, body mass index; Cr, creatinine; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipo-
protein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; UA, uric acid; Ht, he-

matocrit; GFR, glomerular filtration rate; HbAlc, glycated hemoglobin Alc; SGLT, sodium-glucose co-trans-

porter; GLP, glucagon-like peptide.

b T — VA L 72 9 El oo BB TR E R % 520
Too F - ENENIENERE D E B 2 #H T
SGLT2i 25E %) Td 5 W EEMEA VR S 7z,
ARIFZETIZNLGEGEE 1 LU o> 2 BUBE R B E 12 B v
T, BAFORERFEIHEHIC SGLT2 % L5 &
HbAlc 16 2 HHT06 %K T L7 SGLT2i &
N = MR Tl 5 6 2* H H ¢ HbAlc 12 05 %
DIETAME SN TEY, BBLZRAMKOKET
Hotz. iz, 5M 6 »HEOPS T, AHIZ -18kg,
BMI 1 - 25 kg/m* DZALASA H 7z, HbAlc e
BEZZIFTATAL E, HbAle Sk L7223 % D1F
(29% (20 44) THRERDIFD Sz BIETIR
BT B IR IFIE O v T 92 70 UBE B T 18 % +5
ORI MAERE THIZA ~ A VWL THhRES
WMMEEs I EPREGRETH -2, AWFZETIE
BEAFE OFEITMBE T 3R & 13 7 5 SGLT2i O R %
MERBLI-E vz A, EWNEZMHREBRTIEHN -20kg
LA ORR L) RE AT IRO N, %5
H BMI 28 25 kg/m* 2 W 2 725513 8 IR & 2 fk
KD (—289kg) HALN TV A TIZE
W B = AHBRBR D X 9 2 BIZ AR O BMI LX)V (2
L BRERDIREDENIBD Rh o7z, T,
FEIN 4 ZAHERTld e 4 X Y IEIE W BMI O % %

MHRIZLTHBY, FH BMI25+5 kg/m? & 41 2 I
WEHEDPVETH 72D LT, F e DOWFETITN
REBEDOBMI % 25 kg/m*LLEEREL /22 &2 &

) H YLt C 34.3 kg/m” & 5 EE AR SR A L -t
LHEEW) Loz B,

AW TlE HbAle B FASIFLBERE L D D
B 517 HbAle, AST, ALT, TG ASEfliz R L7,
JIE DA o P BN DG TR L2 AR FHI C & 5 72 it 2 0 STk
RO T — & 6 O T D 5 7%, SGLT2i 12
T HbAIc KT % 3k LR 3\ OIX s IRRE & FE 255
WZ EAUREE N MR TG i & PR RG34
BIL, SGLT2i IZ& ) TGHIZMA T 5. T v MC
SGLT2i Th A4 7F 70V v O¥5 %247 - 7205
Tl&, SGLT2i E a5 # & N etk o 2 A
TS X D R EOBADEF SR, 20720,
SGLT2i 258 @ HbAlc 2B S 5 X = A A
WA T, TG E - 2 BHETIE, LY KRELN
gl ik P 2 51 &2 2 L HbAlc 252 L 72" g
23 5. PREICO W CRBBERRRAE T TG ©
KX HDL-C ® EADEOH LN, IV AT H—
), LDL-C DHELRZALIZED SITwian?, At
Fecidafk e LT3 LDL-C O E X % 205 7225,
—3#8® LDL-C 25¢k 3 L 724 1 < 1& #% 5- i HDL-C
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ASEAE, $e 550 TG 2SMEAECTH - 72. $25-01 TG MK
ECH o722 EICDVTIE, BRI X DI T
DIEWIFALDTCHEC X B TG DI TAEZ LN 5.
F 72, 501 HDL-C Bl IZ 2 W TIE I 2 # e 1%
ANHTH % 9 2, HDL-C DEFEIZ DOV TIIIAHTH
D, GHOESLDBEADPLETHS.

AR, G DERE R B E SN $ A, R
MAFEHE & HICRETH D, 4, A1 DR
D 2 BUBE PR B % %F Q12 SGLT2i 2 % 5 L 7= #%
. HbAlc L fAHE & D ICHHELRRLEDIZEHED 6
HTHo7z LaL, Ihbsohiciz, FEUED
YRR LBV, S, RS EE
DATENVER Z MR R o 72 R D 5 DTl
upbBbn", SHERRE AT BIZT 0
Pihd b, —J)i T, HbAlc \3eew 4 1R E )5
L7213 265 %AFFE L7z, SGLT2i 1% o ML 015 E)
EMOK T 2%HBEL 7 VA IV 05l a s ?7:
DT T Y O WSCEEN ML 2 FA S & 7206
WY, NSO D ERR BT 5L
5.

T ML VA R B OB DL RIS E L, BRI
M/NMAEREE - RIMEFREWHEO) R 7 kb, B
PRI T IERE R R L LT, BRI R RO
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