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Abstract

Chronic kidney disease commonly develops in patients with type 2 diabetes mellitus (T2DM) and is the

most common cause of end-stage renal disease and related cardiovascular complications. Meanwhile,

despite the current standard of care that includes optimized glucose control and the use of single-agent

blockade of the renin-angiotensin-aldosterone system (RAAS), patients with T2DM remain at increased

risk for premature death and complications due to cardiorenal causes. Recent studies using sodium-

glucose cotransporter 2 (SGLT2) inhibitors have shown not only glucose lowering effects, but also a

reduction in blood pressure, weight loss, and lower cardiovascular risk. Regarding renal outcomes, the

use of SGLT?2 inhibitors slows the progression of kidney disease compared to placebo when added to

standard care. However, concern has been raised that currently available SGLT2 inhibitors in Korea may

also be associated with improved renal outcomes during long-term treatment. As a result, we aimed to
evaluate the effect of long-term SGLT?2 inhibitor treatment on renal function in patients with T2DM

using meta-analysis.

Keywords: Chronic kidney disease; Diabetes mellitus, type 2; Meta-analysis; Sodium-glucose

cotransporter 2 inhibitor
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Table 1. The framework of PICO in developing the focused question

Population (P)

Interventions (I)
Comparators (C)

Outcomes (O)

Study design (S)

Target

Patients with type 2 diabetes, whose diabetes is not controlled by lifestyle modification and

hypoglycemic drugs

SGLT?2 inhibitors (including dapagliflozin and empagliflozin)

Placebo

eGFR, HbAlc, body weight, systolic/diastolic blood pressure and changes, and side effects
(hypoglycemia, genital infection, urinary tract infection, acute kidney injury, diabetic

ketoacidosis, dehydration)

Randomized placebo-control study conducted for 52 weeks or more (excluded reviews, case

series, single arm studies)

All doctors who manage patients with type 2 diabetes mellitus

PICO, population, intervention, comparator, outcomes; SGLT2, sodium-glucose cotransporter 2; eGFR, estimated glomerular

filtration rate.
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SGLT2i Placebo Mean Difference Mean Difference
A Study or Subgroup mean SD_Total Mean SD_Total Weight IV, Random, 95% CI WV, Random, 95% CI
21412 weeks
Baenett AH etal 2014(1) 425 161129 162 448 116737 164 121% -230(536,076] T
BaenettAHetal 2014(2) 6815028 1015366 177 701 74627 86 193% -1.95[412,022) 7
Wanner C etal, 2016(1) 4869974 22.57387 1133 518 1417321 5§58 24.4% -3.10F4.£6,-134] S
Wanner Cetal, 2016(2) 8189985 1297767 3369 828 8182009 1674 442% -080(1.49,-031] Rl
Subtotal (95% C1) 4841 2482 100.0% -1.81(-3.03,-0.58] >
Heterogeneity: Taw"= 0.79; Chi*= 6.41, df= 3 (P = 0.09); F'= 53%
Testfor overall effect: Z= 2.89 (P = 0.004)
21,224 weeks
BaenettAH et al. 2014(1) 425 07281 164 45 120708 164 157% -250[4.8,-0.02 ——
BaenetiAHetal 2014() 68.50876 9387496 178 71 7038 87 204% -2.41[443,-039 e
Wanner Cetal, 2016(1) 4939982 19.03366 1133 508 1689762 5§58 21.6% -1.40(332,052 S
Wanner Cetal, 2016() 819503 1221773 3318 823 1217497 1647 424% -0.35(1.7,037] &
Subtotal (95% CI) 4793 2456 100.0% -1.33[-252,-0.15] >
Heterogenelty: Taw = 0.73; Chi*= 6.12, df= 3 (P = 0.11); F'= 51%
Testfor overall effect Z= 221 (P = 0.03)
21.352 weeks
BaenettAH et al. 2014(1) 432 128903 162 448 120708 164 166% -1.60F441,121] |
BaenettAHetal 2014(2) 60.43030 9.430548 264 712 03283 86 252% -1.76[404,052) —
Wanner Cetal, 2016(1) ~ 49.85064 2331575 1088 503 2302173 530 227%  -0.450235,195] T
Wanner Cetal, 2016(2) 8195019 3214505 3230 ©1.8 31.90087 1501 355%  0.15(1.77,207] =
Subtotal (95% CI) 4744 2371 1000%  -0.76[1.90,0.38] <

Heterogeneity. Tau= 0.00; Chi*= 2.01, df= 3 (P = 0.57); F= 0%
Testfor overall effect Z=1.30 (P = 0.19)

21.4104 weeks
Kovase CS etal. 2015 8585 2273663 336 855 201 165 136%  035[356,4.26) I
Wanner Cetal, 2016(1)  49.04611 2120545 900 488 2085665 435 27.1%  0.25(215,265] T
Wanner Cetal, 2016(2) 8130064 11.24367 2610 789 1093252 1328 593%  240[1.38,3.2] g
Subtotal (95% CI) 4046 1928 100.0%  1.54[-0.08,3.15] -
Heterogenelty: Taw?= 1.01; Chi"= 3.68, df= 2 (P = 0.16); P'= 46%
Testfor overall effect Z= 1.7 (P = 0.06)

2415156 weeks

Wanner Cetal, 2016(1) ~ 4969085 17.33062 601 472 1689194 285 138%  249(0.9,489] —
Wanner Cetal, 2016(2) ~ 80.25045 1195048 1785 777 1157928 838 862%  255[159,351) !
Subtotal (95% CI) 2387 1123 100.0%  2.54[1:55,343]

Heterogeneity. Tau® = 0.00; Ch* = 0.00, df= 1 (P = 0.96); F= 0%
Testfor overall effect Z= 5.59 (P < 0.00001)

216208 weeks
WannerCetal, 2016(1) ~ 49.4705 8.748253 261 464 1067708 114 132%  307(078,536] I
Wanner C etal, 2016(2) 807 6120017 776 766 7.310267 334 868%  4.10(3.21,499) t
Subtotal (95% CI) 1037 448 1000%  3.96[3.3,4.80]

Heterogeneity: Tau= 0.00; Chi*= 0.67, df= 1 (P = 0.41); F= 0%
Testfor overall effect Z= 9.32 (P < 0.00001)

—
10

5 5
Testfor subaroun differences: ChF=103.01. df= 5 (P < 0.00001). F= 85.1% e

Placebo

fu be
28112W

Kaku Ketal. 2017 413 18076 884 -07 12571 439 472%  -060(227,1.07) —
Kohan DE etal. 2014 378 10228 149 04 02 70 528% -4.18[4.35-401] L

Subtotal (95% C1) 1033 509 100.0% 249[599,101] — -
Heterogenity. Tau® = 6.04; Chi*=17.39,df=1 (P < 0.0001); F= 94%

Testfor overall eflect Z=1.39 (P= 0.16)

28224W

Haering H et al. 2015 189 1206 441 19 104 225 143%  0.01[1.72,1.74]
Kaku K etal. 2017 0949 16423 745 -08 1108 341 148% -0.15(1.81,152)
Kohan DE etal. 2014 3581 14693 138 05 092 62 248% -308[342,-275]
Kovasc CS etal. 2015 <2756 15009 333 -05 125 165 97% -226[4.75,024]
Merker L etal. 2015 0792 12127 430 1 112 207 131% -1.79(3.70,012)
Wiviott 8D et al, 2019 32 2784 8273 -1 92519 8223 232% -220}283,-157

Subtotal (95% CI) 10361
Heterogeneity. Tau= 1.00; Chi*= 26.76, df= 5 (P < 0.0001); F=81%
Testfor overall eflect Z= 3.47 (P = 0.0005)

9223 1000% -1.75[-274,-0.76]

2835W

Baenett AH etal. 2014(1) 28 82 187 -03 74 187 111% -250F4.08,-0.92]

BaenettAHetal. 2014(2)  -2.254 10807 195 -0.71 97 95 63% -154(4.01,093

Kaku K etal. 2017 0406 5454 506 -05 30199 228 205%  0.09(0.49,068]

Kohan DE etal. 2014 3261 15428 127 -258 116 49 220% -0.68[1.10,-0.26]

Roden Metal. 2015 1568 125 671 06 97 228 112%  0.97[0.61,254]

RosenstockJetal 2015 -5231 12727 324 -63 13 170 66%  1.07[1.33,3.46)

Wiviott SD et al, 2019 <36 1367 7978 -22 90592 7884 224% -1.40F176,-1.04] -
Subtotal (95% CI) 10078 8841 100.0%  -0.64[1.36,0.08] &>

Heterogeneity: Tau®= 0.57; Chi*= 31.52, df= 6 (P < 0.0001); F= 81%
Testfor overall effect Z=1.74 (P = 0.08)

284104W

Haering H etal. 2015 01063 13519 441 01 134 225 72% 001212213 — 1
Kaku Ketal 2017 -1.606 10.501 381 -25 58095 135 11.8% 0.89[-0.55,2.33]

Kohan DE etal. 2014 -2.704 1.4268 90 -2.38 1.01 42 240% -0.32[0.75,010]

Kovasc CS etal. 2015 06 15518 333 43 128 165 54% -37016.27,-113)

Merker L etal 2015 2651 12392 431 42 137 206 68% -155(3.76,0.66]

Roden Metal. 2015 235 12682 448 06 97 228 96% 1.75(0.03, 3.47]

RosenstockJ etal. 2015 -5.231 12727 324 B3 13 170 6.0% 1.07 [1.33,3.46]

Wilding JP etal, 2014 -0.292 10807 3095 14 10891 102 62% -169[4.03064] E—
Wiviott SD et al, 2019 -41 13265 7513 -42 17453 7316 231% 0.10 [-0.40, 0.60] =1
Subtotal (95% CI) 10356 8589 100.0% -0.13[0.79,0.54] >
Heterogeneity: Tau?= 0.43; Chi*= 19,85, df= 8 (P = 0.01); F= 60%

Testfor overall effect Z=0.37 (P=0.71)

285156W

Kaku Ketal. 2017 -25 98995 98 -25 71414 51 11.3% 000(277,277] 1 =
Wiviott D et al, 2019 -6 85856 7088 -76 84132 6300 887% 1.60(1.32,1.88]

Subtotal (95% CI) 7196 6851 100.0%  1.42[042,2.41] ;
Heterogeneity: Tau®= 0.27, Chi*= 127, df=1 (P = 0.26), F= 21%

Testfor overall effect Z= 2.80 (P = 0.005)

2.8.6 208W

Kaku Ketal. 2017 -2.166 1286 90 -1.7 49477 17 293%  -0.47 [4.01,3.08) e E—
Wiviott SD etal, 2019 -82 23806 6050 -10.5 11624 5770 707%  230(1.63,297] -
Subtotal (95% C1) 6140 5787 1000%  149[0.98,3.96] e

Heterogeneity: Tau*= 2.13; Chi*= 2.25, df=1 (P = 0.13); F= 56%
Testfor overall eflect Z=1.18 (P = 0.24)

4 2 z 4
Testfor subaroun differences: ChF = 24.35. df= & (P = 0.0002). F= 79.5% Favours{Fiacebo] FavoursiSclr2)

Fig. 1. Effect of sodium-glucose cotransporter 2 inhibitors (SGLT2i) on (A) estimated glomerular filtration rate

(eGFR), and (B) change in eGFR from baseline.

SD, standard deviation; IV, inverse variance; CI, confidence interval.
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““Eo-(low evidence) " 0. & B 7}EkSIc).

3, OlS(E2))

2752 AAFAA #(primary outcome) 2 AR
o} 2h-&-(mlL/min/1.73 m?)& 417gst3laL, Ho 2085714
HiE ARES o s mEeRtAS AAsTt 127
o 2470l A= FARe] ARl BE-o] izl Hls) ut
k1125 -1.81, 95% confidence interval (CI) -3.03 to
-0.58; 245~ -1.33, 95% CI -2.52 to -0.15), 5252} 1045~
o A= tizw 2 2R 7 A aL(525=: -0.76, 95% CI-1.90
to 0.38; 1045~ 1.54, 95% CI-0.08 to 3.15), 15652} 208
FollM = v} fFofebA =UTH1565: 2.54, 95%
CI 1.65 to 3.43; 2085 3.96, 95% CI 3.13 to 4.80) (Fig.
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1A). AFFAo]7-E-2] W3l (mean change of eGFR, mlL/
min/1.73 m*)= 1565014 FAlo] th2atwe} o) 6H)
ETH156 1.42, 95% C1 0.42 to 2.41) (Fig. 1B).

A A T wdalE S 37] (A Al 28 30~59
mL/min/1.73 m’) tdATS w2 A W, 1259}
2477 M= SARES] Ao o] Tzl Bls) Wk
3L(125%: -2.90, 95% CI -4.43 to -1.37: 245~ -1.81, 95%
CI -3.33 to -0.29) 15672} 2080l A= Aol A
of Bhgo] izl Hal =2 A HATHI567: 2.49,
95% CI 0.09 to 4.89; 2085 3.07, 95% CI 0.78 to 5.36)
(Fig. 2A). AFA|A T-&-2] W8} 20854 izt ke SA)
ol A fefngl ang XS BATH208F: 2.00, 95%
CI 1.72t0 2.28) (Fig. 2B).

AA Al A Dl s A5, g WS v)ws)
e, 10457 SAelA G4 Mshk= -0.62%
(95% CI -0.75 to -0.48), AT Ws= -2.03 (95% CI
-2.60 to -1.46) , =71 ¥t Wshk= -3.33 mm Hg (95%
CI -4.44 to -2.22), o]&t7] &t Hsk= ~1.27 mm Hg
(95% CI1-2.07 to 047N = &, AlF, et djz= tiy]
SARAIA Frefu gk 7HaE BAATh(Fig. 3). odelAl A2
& it FAplA 713 SGLT2 AA 2|5 AR

A SGLT2i cebo Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Rand 95%Cl
324120
Baenett AH et al. 2014(1) 425 161120 162 448 116737 164 250% -230[5.36,076] =S
Wanner C et al, 2016(1) 4869974 2257387 1133 518 1417321 558 750% -3.10[-4.86,-1.34] ——

Subtotal (95% Cl) 1295 722 1000% -2.90[443,-1.37] -
Heterogeneity: Tau*= 0.00; Chi*= 0.20, df= 1 (P = 0.66); F= 0%

Testfor overall effect 7= 372 (P = 0.0002)

32224W

Baenett AH et al. 2014(1) 425 97281 164 45 129708 164 375% -250(4.98,-002) —
Wanner Cetal, 2016(1) ~ 49.39982 19.03366 1133 508 1889762 558 625%  -140(3.32,052 —
Subtotal (95% CI) 1207 722 100.0% -1.81[-333,-029] -
Heterogeneity: Tau*= 0.00; Chi*= 0.47, df=1 (P = 0.49); F= 0%

Test for overall effect: Z= 2.34 (P = 0.02)

3235W

BaenettAH et al. 2014(1) 432 128903 162 448 129708 164 422% -1.60[4.41,121] —
Wanner C etal, 2016(1)  49.85064 2331675 1088 503 2302173 530 57.8%  -0.45[-2.85,1.95] ——
Subtotal (95% C1) 1250 694 100.0% -0.94[-276,0.89] -

Heterogeneity. Tau*= 0.00; Chi*= 037, df=1 (P = 0.54), F= 0%
Testfor overall eflect Z=1.00 (P = 0.31)

32.4104W
Wanner C etal, 2016(1) ~ 49.04611 2120545 900 488 2085665 435 1000%  0.25[-215,265]
Subtotal (95% C1) 900 435 100.0%  0.25[-215,265]

Heterogeneity: Not applicable
Test for overall effect Z=0.20 (P = 0.84)

325156W
Wanner C etal, 2016(1) ~ 49.69085 17.33062 601 47.2 1686194 285 100.0%  2.49[0.09,489)
Subtotal (95% CI) 601 285 100.0%  249[0.09,4.89)
Heterogeneity: Not applicable

Test for overal effect Z= 2.03 (P = 0.04)

-
~—
-

3.2.6 208W
Wanner Cetal, 2016(1) 494705 9749253 261 464 1067708 114 1000%  3.07(0.78,536]
Subtotal (95% CI) 261 114 1000%  3.07[0.78,5.36]

Heterogeneity: Not applicable
Test for overal effect Z= 2.63 (P = 0.009)

B T S Y

4 2 2 4
Testfor subaroun differences: Chi*= 27.89. df= 5 (P < 0.0001). F=82.1% Favours[Placebo] Favours[SGLT2]]

2 Bk b oot i G Lo IR | (S K = i g )

o (Fig. 1) 53] iPd214 3k 37] $kAjel| A= SGLT2 ¢
AA ARG 22716l ARl B ZHA7F o A et
(Fig. 3). sHAI9F 21 o)k 541 #2717k 53 2o+ )
7} ot Rkl Aol ke 7S BT tidRbEelA
O] 5 Ao o] B|HE A=A of ol "JJEHH" &
7] witel]l SGLT2 AAA] ARSA] 27160l 21755
YB35k o] Fol i A7]Ao]a A|&2{Q1 R E o]
g q3jr},

2085 #Hz 717t et FAl A A @AY (risk ratio
(RRJ 0.98, 95% CI 0.90 to 1.07), 8274 (RR 0.99,
95% C1 0.89 to 1.09)°] 9132 57114 eatont, A7
A ZAARR 3.34, 95% CI 2.44 to 4.57)3} T F=(RR
1.16, 95% CI 1.01 to 1.34)> &Ju]JA 71kt i
FAAEARR 0.71, 95% CI 0.57 to 0.89), Bx=HAAI=
2H2(RR 2.22, 95% CI 1.16 to 4.26)2] ¥HAe- BAIX o=

Frelolsigont BRI UR Mol ehgd el 8l

SGLT2I Placebo Mean Difference Mean Difference
r Subgre n Total_Mean Total Weight IV, Ran % CI IV, Random, 95% CI

341 12week

Baenett AH et al. 2014(1) -29 11557393 162 05 86040983 164 27.0% -340[561,-119 —=———

Wanner C etal, 2016(1) 02897352 17.823345 1133 32 10341591 558 730% -280}4.25,-1.55 —i—

Subtotal (95% CI) 1295 722 100.0% -3.04[4.19,-1.88] -
Heterogeneity: Tau? = 0.00; Ch*= 0.14, df= 1 (P= 0.71); F= 0%
Testfor overall effect: Z= 5.17 (P < 0.00001)

34.2 24week
Baenett AH et al. 2014(1) -22 92804283 162 05 93430571 164 197% -270(4.72,-0.68] —
Mosenzon O et al, 2019(2) 04 36658 576 24 50594 617 59.0% -2.00(250,-1.50] -

Wanner Cetal 2016(1) 14506434 18.525637 1088 1.7 18423971 530 213% -0.25[217,167) —
Subtotal (95% CI) 1826 1311 100.0% 1.7 [-2.83,0.70] -

Heterogeney: Tau?= 0.44; Ch*= 3,59, df=2 (P= 0.17); = 44%
Testfor overall effect Z= 3.24 (P = 0.001)

3.3 52week
Baenett AH etal. 2014(1) -28 82 187 -03 74 187 263% -2504.08,-092) —_——
Mosenzon O et al, 2019(2) 15 47494 544 25 61097 576 532% -1.001.64,-0.36] -
Wanner C et al, 2016(1) 1450643 18526637 1088 17 18423971 530 205% -025(217,167) ——
Subtotal (95% C1) 1819 1203 100.0% -1.24[2.28,-0.20] -

Heterogeneity: Tau? = 0.43; Ch*= 3.85, df= 2 (P = 0.15); F= 48%
Testfor overall eflect Z= 2.3 (P = 0.02)

31.4104W
Mosenzon O etal, 2019(2) 02 22601 493 -02 34923 523 1000%  0.40(0.04,076] !
Subtotal (95% C1) 493 523 100.0%  0.40[0.04,0.76]

Heterogeneity: Not applicable

Testfor overall effect Z= 2.18 (P = 0.03)

34.5156W
Mosenzon O et al, 2019(2) 46 21684 454 18 66337 472 1000%  020043,083] t
Subtotal (95% CI) 454 472 1000%  020[043,083]

Heterogeneity: Not applicable

Testlor overal efect 2= 0.62 (P = 0.53)

34,6 208W

Mosenzon O etal, 2019(2) -2 19881 382 -4 20115 391 1000%  2.00(1.72,228] ,
Subtotal (95% CI) 382 391 100.0%  2.00[1.72,2.28]

Heterogeneity: Not applicable

Testfor overall effect Z= 13.90 (P < 0.00001)

-4 -2 2 4
Testfor subaroun differences: Chi*= 155.55. df= 5 (P < 0.00001). = 96.8% Favours[Placebo] Favours[SGLT2]]

Fig. 2. Results for patients with estimated glomerular filtration rate (eGFR) below 60 mL/min/1.73 m®. Effect of

sodium-glucose cotransporter 2 inhibitors (SGLT2i) on (A) eGFR, and (B) change of eGFR from baseline.

SD, standard deviation; IV, inverse variance; CI, confidence interval.
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SGLT? XAt AR IS 7HAM B3t

A S6LT2 Placebo

Mean Difference Mean Difference
dy or Sul Tot ht nd % ndom, 95% CI
2215W
Baenett AH et al. 2014(1) 031 07131 118 011 06723 123 128% -0.42[0.60,-0.24]
Baenett AH etal. 2014(2) 032 2699551 227 002 08949 66 63% -0.34 n 75,0, n7l
Bailey CJ etal. 2013 072041 063386 202 008 16402 74  69% -0.80[1.18,-0.4
Haering H etal. 2015 075102 2346172 441 0 15 225 90% -075H n ﬂlﬁ]
Kaku K etal. 2017 045 4395452 483 005 43908 482 42%  -0.40[0.95,0.5] T
Kohan DE etal. 2014 034 016 30 -0.06 018 13 147%
Merker L etal. 2015 075071 1025812 420 -0.1 1438749 207 11.3%
Roden Metal. 2015 070018 2849385 671 000 0754983 228 10.7%
RosenstockJetal 2015 -0.66325 1824279 228 -0.01 0531507 113 104%
Wilding JP et al, 2014 091866 0879242 509 -047 07612 157 139%
Subtotal (95% Cl) 3419 1688 100.0% -0.54[-0.67,-041]

Heterogeneity: Tau®= 0.03; Ch*= 20,63, df= 8 (P = 0.0005); = 70%
Testfor overall effect Z=8.10 (P < 0.00001)

222104W
Bailey CJ etal. 2013 063571 0670086 140 002 05674 28 152% -0.66[0.89,-0.42]

Haering H et al. 2015 -07 1456006 213 01 087178 76 131% -0.80[1.08,-052]

Kaku K etal. 2017 045936 6.376544 845 -0.05 4118252 424 47% -0.41[0.99,07]

Kohan DE etal. 2014 095444 1589732 18 -067 082 4 15% -028137, nsvl —
Kovasc CSetal 2015 -0.72235 1200479 149 -0.05 0668132 31 118%

Merker L etal. 2015 069516 2225796 248 0.1 083666 70 10.4%

Roden Metal. 2015 066097 2671054 372 013 0697424 76 11.4%

RosenstockJetal 2015  -0.54641 1449939 237 001 1.058301 112 135%

Wilding JP et al, 2014 075614 0770037 390 -043 0887 107 18.4%

Subtotal (95% CI) 2622 928 100.0% -0.62[-0.75,-048]

Heterogeneity: Tau*= 0.02; ChP= 14.37, df= 8 (P = 0.07); F'= 44%

Testfor overall effect: Z= 8.68 (P < 0.00001)

223156W
Kaku K etal. 2017 04248 5894165 625 0 3464102 300 1000%  -0.42[1.03,0.18]
Subtotal (95% CI) 625 300 100.0%  -042[1.03,0.18]
Heterogeneity: Not applicable

Testfor overall effect Z=1.37 (P = 0.17)

224208W
Kaku K etal. 2017 01572 290927 100 015 1.897367 40 1000%  -0.31[1.13,051] —
Subtotal (95% CI) 100 40 100.0% -0.31[1.13,051] —

Heterogeneity: Not applicable
Testfor overall effect Z= 0.74 (P = 0.46)

‘ W ﬁ .Wu ot |1,

T
Testfor subaroun diflerences: Chi*= 1.18. df= 3 (P = 0.76), F= 0% e

C SGLTZi Placebo
tudy or Sub D D

Mean Difference

2451 52W
Baenett AH et al 2014(1) 59 117496 112 05 113 126 38% -540[834,-2.46] I
BaenetlAHetal 2014(2) -44162162 104320679 148 18 133 65 25% -622}9.86,-257]

Haering Hetal. 2015 2000205 764680406 238 08 65 89 117% -371(0530,-203] S
KakuKetal. 2017 46541754 109417026 958 01 11 483 229% -475[596,-355] &
KohanDEetal. 2014 -1.3867665 173218628 167 41 141 85 21% -549(9.47,-150]

Kovasc CS etal. 2015 44038840077 175 1 85 50 44% -244[518,030] —
Merker L etal. 2015 4267148 943427120 277 02 73 84 90% -4070598,-215] i
Roden Metal. 2015 41185366 498470008 410 -02 36 81 3090% -302(484.-300] -
WhdngUPatal 004 -ASTO2664 100507 SI3 5 133 ST 4TS -AU7ESIA-041 e
Subtotal (95% Cl) 1220 100.0% -4.14[4.71,-357) *

Heterogeneity: Tau*= 0.00; Chi*= 5,98, df=8 (P = 0.65); P u%
Testfor overall effect Z=14.12 (P « 0.00001)

2152104W
Baley CJ etal. 2013 03 137 260 15 1162 72 04% -1.80(3339,2079) ¢
Haering H etal. 2015 44 103 214 -28 96 76 119%  -1.60[4.16,0.95] T

Kaku K etal. 2017 45 124 858 01 12 426 274% -440[524,-356]

Kohan DE etal. 2014 14 173 168 41 141 84  62% -550(9.49,-151]

Kovasc CS etal. 2015 -28 116 333 03 116 165 145% -290[506,-0.74]

Merker L etal. 2015 49 9 248 06 67 70 164% -430(623,-237)

Roden M et al. 2015 31 106 370 -28 104 B4 107% -030(307.247) —

Rosenstock etal. 2015 33 133 324 01 13 170 127% -3.40[583,-0.97]

Subtotal (95% CI) 2175 127 100.0% 3.33[444,222)

Heterogenelty. Tau= 0.98; Chi*= 12,68, df=7 (P= 0.08); F'= 45%
Testfor overall effect 2= 589(P<DDWD|)

LI

2453 156W
Kaku K etal. 2017 56 102 576 -04 09 270 1000% -550(695,-4.05]
Subtotal (95% CI) 576 270 1000% -550(6.95,4.05]

Heterogenelty: Not applicable
Testfor overall effect Z= 7.46 (P < 0.00001)

2154208W
Kaku K etal. 2017 42 108 285 25 103 131 1000% -6.70[8.86,-4.54] t
Subtotal (95% CI) 25 131 100.0% 6.70(8.86, 4.54)

Heterogeneity: Not applicable
Testfor overall effect Z= 6.07 (P < 0.00001)

0 5 10
Testfor suboroun difierences: Chi*= 10.58. df= 3 (= 0.01). F= 71.6% et

SGLT2i Placebo Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean  SD Total Weight IV, Random,95% Cl IV, Random, 95% C1
2121 50W
BaeneftAH etal. 2014(1) -22984615 324622339 195 -044 275 95 88% -186}257,-1.14) o
Baenett AH etal. 2014(2) 47 23586 118 0 258 123 -
Bailey CJ etal. 2013 24621701 289110683 341 002 295 105
Haering H etal. 2015 27 219241115 241 -03 189 89
Kaku Ketal. 2017 -2 2491649 437582347 958 08 44 483
Kohan DE etal. 2014 46 443223695 128 11 428 51
Kovasc CGetal 2015 -1 552023« 278479237 173 12 212 50
Merker L etal. 2015 01975 562924655 280 -0.8 369 85
Roden Metal. 2015 20615385 246560172 416 -075 18 81
RosenstockJetal. 2015 -2.2469027 053369917 226 -0.01 053 114
Wilding JP et al, 2014 11764047 341349877 508 082 343 157
Subtotal (95% CI) 3585 1433

Heterogeneity: Tau®= 0.38; Chi*= 75.09, df =10 (P < 0.00001); F= 87%
Testfor overall effect Z= 8.45 (P < 0.00001)

2122104W
Bailey CJ etal. 2013 153 371 264 136 356 73
Haering H etal 2015 281 31 214 12 351 77
Kaku K etal. 2017 245 568 716 -09 572 363
Kohan DE etal. 2014 076 506 92 263 512 42
Kovasc CS etal. 2015 068 39 333 05 385 165
Merker L etal. 2015 284 449 251 08 586 70
Roden M etal. 2015 184 355 371 08 32 64
RosenstockJ etal. 2015 21 636 324 07 1043 170
Wilding JP et al, 2014 118 421 405 183 409 108
Subtotal (95% C1) 2970 132

Heterogeneity: Tau* = 0.46; Chi*= 23.04, of= 8 (P = 0.003); F'= 65%
Testfor overall effect Z=7.02 (P < 0.00001)

2123156W
Kaku Ketal. 2017 25 545 661 -1.4 535 318 1000% -1.10(1.82,-038 !
Subtotal (95% C1) 661 318 100.0% -1.10[-1.82,-0.38]

Heterogeneity: Not applicable
Testfor overall effect Z= 2.99 (P = 0.003)

2424 208W
Kaku K etal. 2017 21 582 272 17 557 124 1000%  -0.40[1.60,080] t
Subtotal (95% CI) 272 124 100.0%  -0.40[-1.60,0.80]

Heterogeneity: Not applicable

Testfor overall effect Z= 0.65 (P = 0.51)

4 2
Favours[SGLT2i] Favours(Placebo]

Testfor subaroun differences: Chi*= 8.58. df= 3 (P = 0.04). F= 65.0%

SGLT2i Placebo Mean Difference Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Random,95% Cl IV, Random, 95% CI
2431520
Baenett AH et al. 2014(1) 24 61113 121 05 68 126 83% -190F351,-029)
BaenettAHetal. 2014(2) 18108108 560853855 148 11 52 65 88% -201[446,-1.36] -
Haering H etal. 2015 18476987 546035091 238 -1 47 89 138% -0.850204,035 7
Kaku Ketal. 2017 -1.7033403 109406736 958 -02 11 483 137% -1.50(270,-030) —
Kohan DE etal. 2014 09121657 105817804 167 -05 96 85 34% -0.41}301,218 — T
Kovase CS etal. 2015 1916 513349112 175 05 49 50 88% -242(397,-086 —
Merker L etal. 2015 -2533574 580056534 277 -15 46 B84 137% -1.03(224,047) —
Roden M etal. 2015 41807561 21510201 410 -05 45 81 183% -0.69(1.69,031) —
Wilding JP etal, 2014 -28157057 7.48176567 508 13 7.6 157 11.2% -1.52(287,-0.16) —
Subtotal (95% CI) 3004 1220 100.0% -1.40[1.89,.0.91]

Heterogeneity. Tau*= 0.08; Ch= 9.34, df=8 (P = 0.31);
Testfor overall effect Z = 5,60 (P < 0.00001)

2132 104w
Balley CJ etal. 2013 -1 831 260 1 67 72 02% 00018481848
Haering H etal. 2015 31 67 214 22 7 76 119% -090(271,091] e

Kaku K etal. 2017 25 104 858 0 103 426 179% -250(370,-1.30) e

Kohan DE etal. 2014 09 106 168 05 95 84 72% -0.40£300,220) o
Kovase CS etal. 2015 A7 65 333 02 64 165 17.0% -190[310,-070] ——

Merker Latal. 2015 27 56 248 16 42 70 179% -1.10(231,011] -7

Roden M etal. 2015 2 730 22 64 64 126% 1004072272 T

RosenstockJ etal. 2015 22 89 324 -03 78 170 144% -1.90(342,-038 I

Subtotal (95% CI) 2175 127 1000% 1.27(2.07,047] -

Heterogeneity. Tau*= 0.56; Chi

1288, df=7 (= 0.08); F= 46%
Test for overall eflect Z= 310 (P = 0.002)

2433156W
Kaku Ketal 2017 29 85 576 16 82 270 1000% 1.3

- ps
Subtotal (95% CI) 576 270 100.0% ua[zso owl

Heterogeneity Not applicable
Test for overal eflect Z= 212 (P = 0.03)

2434 208W
Kaku Ketal. 2017 -24 6 285 -09 57 131 1000% -1.50(270, n:n)
Subtotal (95% CI) 285 131 1000% -1.50(:2.70,-0.30}
Heterogeneity. Not applicable

Testfor overall effect Z= 2.45 (P = 0.01)

4 2 2 4
Favours(SGLT2i] Favours[Placebo]

Testfor suborouo diflerences: Chi*= 0.13. df= 3 (P= 0.99). F= 0%

Fig. 3. Effect of sodium-glucose cotransporter 2 inhibitors (SGLT2i) on change in (A) HbAlc, (B) body weight, (C)

systolic blood pressure, and (D) diastolic blood pressure.

SD, standard deviation; IV, inverse variance; CI, confidence interval.
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s6LT2i Placebo Risk Ratio Risk Ratio
A Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Baenatt AH et al. 2014(1) 52 187 53 187 58% 0.98(0.71,1.38] ——
Baenett AH et al. 2014(2) 48 185 23 95 35% 1.02[0.66, 1.57) 1
Bailey CJ st al. 2013 19 409 8 137 11% 0.80(0.36,1.78] —
Haering H etal. 2015 99 a4 40 225 56% 1.26[0.91,1.76) T
Kohan DE etal. 2014 kal 168 43 84 76% 0.83(0.63,1.09) T
Kovasc CS etal. 2015 8 333 7 165 0.7% 057[0.21,1.53] [
Merker L etal. 2015 25 431 8 206 1.2% 1.49(0.69, 3.25) -
Roden M etal. 2015 6 670 2 220 03% 1.030.21,5.04]
RosenstockJ etal. 2015 "7 324 60 170 87% 1.02(0.80,1.31] N
Wanner C et al, 2016(1) 391 1212 233 607 186% 0.84[0.74,0.96] =
‘Wanner C et al, 2016(2) 912 3473 4917 1726 22.3% 1.09(0.98,1.20]
Wilding JP etal, 2014 383 810 122 197 192% 1.03(091,1.17) T
‘Wiviott SD et al, 2019 61 8574 73 8569 5.4% 0.84[0.60,1.17) I
Total (95% C1) 17027 12507 100.0%  0.98[0.90,1.07) <
Total events
Heterogenaiy: Tau*= 0.01; Chire 17.25,df= 12 (= 0.14) = 30% s
LA U A L) Favours[SGLT2i] Favours{Placebo]

SGLT2i Placebo Risk Ratio Risk Ratio
C Study or Subgroup Events Total Events Total Weight M.H,Random.95% Cl M-H, Random, 95% CI
Baenett AH et al. 2014(1) 5 187 2187 32% 250(0.49,12.72) —
Baenett AH et al. 2014(2) 12 195 B 95 T4% 0.97 [0.38,2.52) -
Bailey CJ etal. 2013 53 409 70137 97% 2.54[1.18,5.45) e
Haering H et al. 2015 23 4 2 225 39% 5.87 [1.40, 24.66] —
Kohan DE et al. 2014 15 188 3 84 52% 2.50[0.74,8.40) S
Kovasc CS etal. 2015 24 333 5 165 7.4% 2.38(0.92,6.12) —
Merker L etal. 2015 38 43 1206 23% 18.16[251,13137
Roden M etal. 2015 29 670 4 229 66% 2.48(0.88,6.97) .
Rosenstock.J etal. 2015 21 324 3170 53% 367[1.11,1214) —
wanner C etal, 2016(1) 64 1212 10 607 11.4% 3.21[1.66,6.20] o
Wanner C et al, 2016(2) 234 3473 32 1726 177% 363(252,5.23) .
Wilding JP etal, 2014 70 610 6 197 9.0% 3.77[1.66,8.54] e
Wiviott SD et al, 2019 76 8574 9 8569 10.9% 8.44[4.23,16.83) -
Total (95% C1) 17027 12597 100.0% 3.34[2.44,4.57] *
Total events 64 a0
Heterogeneity: Tau*= 0.11; Chi*=19.17, df= 12 (P = 0.08); F= 37% o o 5 0
Test for overall effect Z= 7.57 (P < 0.00001) FavoursiSGLT2I] Favours{Placebo]
E SGLT2i Placebo Risk Ratio Risk Ratio

Kohan DE et al. 2014 o 168 1 84 05% 0.17(0.01,4.07]

Wanner C et al, 2016 45 4687 37 2333 26.1% 0.610.39,0.93] -

Wilding JP et al, 2014 15 610 4 197 a1% 1.21(0.41,361] —

Wiviott SD et al, 2019 94 8574 127 8569 69.4% 0.74[0.57, 0.96) -

Total (95% C1) 14039 11183 100.0% 0.71[0.57,0.89] *

Total events

Fatarogenaity: Taur= 0.00; O = 2.32, df= 3 (b = 0.51%; = 0%

Testfor overall effect Z= 3.03 (P = 0.002) oo0s

01 10
Favours[SGLT2i] Favours{Placebo]

00

B

SGLT2i Placebo Risk Ratio Risk Ratio

Baenett AH etal. 2014(1) 31 187 29 187 44% 1.07[0.67,1.70]
Baenett AH et al. 2014(2) 23 195 15 95 27% 0.75[0.41,1.36]
Bailey CJ etal. 2013 41 409 11 137 24% 1.25(0.66,2.36]

Haering H etal. 2015 73 441 3% 225 69% 1.03(0.72,1.49]

Kohan DE etal. 2014 18 188 12 84 21% 0.75(0.38,1.48]

Kovasc CS etal. 2015 74333 44 185 85% 0.83(0.60,1.15]

Merker L etal. 2015 53 431 28 206 51% 0.90(0.59,1.39]

Roden M etal. 2015 61 670 25 229 48% 0.83[0.54,1.30]

RosenstockJ etal. 2015 43 324 15 170 3% 1.50 0.86,2.63] -
Wanner C etal, 2016 842 4686 423 2333 432% 0.99[0.89,1.10] -+
Wilding JP etal, 2014 72 610 11 197 25% 21101.14,3.91]
Wiviott SD etal, 2019 127 8569 133 8574 14.2% 0.96[0.75,1.22] —r

Total (95% CI) 17023 12602 100.0% 0.99[0.89,1.09] >

Total events 1458

Heterogeneity: Tau?= 0.00; Chi*= 1214, df= 11 (P 035) F=9% O SMo SR
Tostfor overall affact: 2= 0.22 (P = 0.82) Favours(SGLT2i] Favours{Placebo]

SGLT2i Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H,Random, 95% Cl M-H, Random, 95% CI
Baenett AH et al. 2014(1) 7187 5 187 18% 1.40(0.45,4.33] ]

Baenett AH etal. 2014(2) 1195 105 03% 0.49(0.03,7.70] ——
Bailey CJ etal. 2013 5 409 2137 07% 0.84[0.16,4.27 I

Haering H et al. 2015 3 44 1225 04% 1530161463 s ma——
Kohan DE etal. 2014 19 168 5 84 22% 1.90[0.74,4.81] I

Kovasc CSetal. 2015 2 333 0 165 02% 2.49(012,51.47] |

Merker L etal. 2015 34 0 206 02% 3.35[0.17,54.63 I

Roden M etal. 2015 1 670 1229 05% 3.76(0.49, 28.96] ]

Wanner C etal, 2016 239 4687 115 2333 422% 1.03[0.83,1.28) *

Wilding JP etal, 2014 14 810 2197 09% 2.26[0.52, 9.86] —

Wiviott D et al, 2018 213 8574 175 B569 508% 1.22[1.00,1.48) o

Total (95% CI) 16705 12427 100.0% 1.16[1.01,1.34) ]

Total events

Heterogeneity. Tau®= 0.00; Ch\= 5 85,df=10 (P 083’) F=0% 002 01 10 20
R i et et FavoursISGLT2]) Favours[Placeba]

SGLT2i Placebo Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M.H,Random,95% Cl M.H, Random, 95% CI
Wanner C etal, 2016 4 4685 12333 88% 1.990.22,17.81) —
Wiviott SD etal, 2019 27 8574 12 8569 91.2% 225[1.14,4.44) -

Total (95% C1) 13259 10902 100.0% 2.22[1.16,4.26] ->

Total events 31

Heterogeneity: Tau®= 0.00; Chi*= 0.01, df= 1 (P 092);F=0% o o " 100

Testfor overall effect Z= 2.42 (P = 0.02) Favours[SGLT21] Favours[Placebo]

Fig. 4. Effect of sodium-glucose cotransporter 2 inhibitors (SGLT2i) on (A) hypoglycemia, (B) urinary tract
infection, (C) genital infection, (D) volume depletion, (E) acute kidney injury, and (F) diabetic ketoacidosis.

M-H, Mantel-Haenszel; CI, confidence interval.
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Guideline

SGLT2 AMIK|2t AlEY |5 7iM S0t

shaA SGLT2 AAE AHEE As Aalgth(weak

recommendation, low evidence).

71}

A28 T FAplA HEXER] o]F F7} W¥Eka
o7 Melel 4= o= AQASAIES SGLT2 A4 <
Fd7detAlet FAAZE o, AAEA =
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Supplementary Fig. 1. Study quality and risk of bias assessment. The risk of bias for each randomized controlled trial
was classified as adequate (low risk of bias, green color), unclear (unclear risk of bias, yellow color), or inadequate

(high risk of bias, red color) using the Cochrane Risk of Bias Tool.
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SGLT2i Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

4.2.1 24W

Haering H et al. 2015 -1.89 1206 441 -19 101 225 38.4% 0.01[1.72,1.74]
Kaku Ketal 2017 -0.949 16423 745 -0.8 11.08 341 41.0% -015[1.81,1.52]
Kovasc CSetal. 2015 -2.786 15.009 333 -0.5 128 165 20.6%  -2.26[-4.75, 0.24]
Subtotal (95% CI) 1519 731 100.0% -0.52[-1.72,0.68]

Heterogeneity: Tauf=0.19; Chi*=2.40, df= 2 (P=0.30), F=17%
Testfor overall effect Z=0.85{P=0.39)

4.2.2 52W

Kaku Ketal 2017 -0.406 5454 586 -D5 30199 223 86.3% 0.09[-0.43, 0.63]
Roden M et al. 2015 1.569 125 67 0.6 97 228 13.7% 0.97 [0.61, 2.54]
Subtotal (95% CI) 1267 456 100.0%  0.21[-0.38, 0.80]

Heterogeneity: Tau®=0.02, Chi*=1.04, df=1 (P =0.31); F= 4%
Testfor overall effect Z=0.71 (P =0.48)

4.2.3104W

Haering H etal. 2015 010683 13519 441 0.1 131 225 240% 0.01[-2.12,2.13] I
Kaku K etal. 2017 -1.606 10501 381 -24 58095 135 28.3% 0.89 [-0.55, 2.33] T
Kovasc CS etal. 2015 06 16518 333 43 128 165 21.2% -370[6.27,-113] ——————

Roden M et al. 2015 2.35 12682 448 0.6 97 228 26.5% 1.76[0.03, 3.47] [
Subtotal (95% CI) 1603 753 100.0%  -0.07 [-2.03,1.90]

Heterogeneity: Tau®=3.01; Chi*=12.74, df= 3 (P = 0.005); F= 76%
Testfor overall effect Z=0.07 (P = 0.95)
4.2.4 156W

-‘-
Kaku K etal 2017 -2.5 9.8995 98 -25 71414 51 100.0% 000277, 2.77] i
Subtotal (95% CI) 98 51 100.0% 0.00 [-2.77,2.77]

Heterogeneity: Not applicahle
Testfor overall effect Z=0.00{P=1.00)

4.2.5208W

Kaku K etal. 2017 -2.166  12.86 90 -1.7 4.9477 17 100.0%  -0.47 [-4.01, 3.08] l
Subtotal (95% CI) 90 17 100.0% -0.47 [-4.01, 3.08]

Heterogeneity: Mot applicable
Testfor overall effect Z=0.26 (P =0.80)

1 1
4 2 0 2 4
Favours [Placebo] Favours [SGLT2i]

Test for suboroun differences: Chif=1.27. df=4 (P=0.87). F=0%

Supplementary Fig. 2. Results of Asian dominant studies. Effect of sodium-glucose cotransporter 2 inhibitors
(SGLT2i) on change of estimated glomerular filtration rate.

SD, standard deviation; IV, inverse variance; CI, confidence interval.
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