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Outcomes in Patients with Type

2 Diabetes: A Systematic Review
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Controlled Trials
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Nam Hoon Kim?

This study was conducted to investigate the effects of sodium-glucose cotransporter 2 (SGLT2)
inhibitors on individual renal outcomes in patients with type 2 diabetes. We searched MEDLINE,
Embase, and the Cochrane Central Register of Controlled Trials from inception to September 2017

to identify randomized controlled trials comparing SGLT2 inhibitors with placebo or antidiabetic

drugs and reporting any renal outcomes in patients with type 2 diabetes. Additionally, we identified

4 articles which were published after the predefined period to include relevant data. A meta-analysis
was performed to calculate weighted mean differences (WMDs) and relative risks (RRs) with 95%
confidence intervals (CIs) for each renal outcome. We included 48 studies involving 58,165 patients in
the analysis. SGLT2 inhibitors significantly lowered urine albumin-to-creatinine ratio (UACR) (WMD,
—14.64mg/g; 95% Cl, —25.15 to —4.12; P=0.006) compared with controls. The UACR-lowering effects
of SGLT2 inhibitors were greater with a higher baseline UACR. Overall changes in estimated glomerular
filtration rate (eGFR) were comparable between two groups (WMD, 0.19 mL/min/1.73m?; 95%Cl,
—0.44t0 0.82; P=0.552). However, SGLT2 inhibitors significantly slowed eGFR decline in patients
with a higher baseline eGFR and a longer duration of treatment. Compared with controls, SGLT2
inhibitors significantly reduced the risk of microalbuminuria (RR, 0.69; 95% Cl, 0.49 to 0.97; P=0.032),
macroalbuminuria (RR, 0.49; 95%Cl, 0.33 t0 0.73; P < 0.001), and worsening nephropathy (RR, 0.73;
95%Cl, 0.58 to 0.93; P=0.012). In addition, the risk of end-stage renal disease was significantly lower
in SGLT2 inhibitors than in controls (RR, 0.70; 95%Cl, 0.57 to 0.87; P=0.001). In conclusion, SGLT2
inhibitors had beneficial renal effects by lowering the risk of albuminuria development or progression
and reducing the risk of end-stage renal disease compared with placebo or other antidiabetic drugs.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a novel class of antidiabetic agents which lower blood
glucose levels mainly by reducing glucose reabsorption in the renal proximal tubule, leading to an increase in uri-
nary glucose and sodium excretion!=. As a result of increased glycosuria and natriuresis, the beneficial effects of
SGLT?2 inhibitors extend beyond glycemic control to reducing intraglomerular hypertension, promoting plasma
volume contraction, lowering blood pressure (BP), reducing body weight, and decreasing uric acid levels*’. Given
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their intrarenal and extrarenal effects, SGLT2 inhibitors have been suggested to confer renoprotection in patients
with type 2 diabetes.

Several studies have reported beneficial effects of SGLT2 inhibitors on the kidney®'°. In large clinical trials,
empagliflozin and canagliflozin similarly reduced the risk of progression of albuminuria and the composite of
sustained decrease in renal function, renal replacement therapy (RRT), or renal death compared with placebo®®.
Recently, dapagliflozin also reduced the composite renal outcome of 40% decrease in estimated glomerular filtra-
tion rate (eGFR), end-stage renal disease (ESRD), or renal death compared with placebo’!. However, these studies
were performed in patients with an established cardiovascular disease or high cardiovascular risk>!"!2. Therefore,
it is difficult to conclude that the beneficial renal effects of SGLT2 inhibitors extend to overall patients, especially
with low cardiovascular risk. Furthermore, individual renal outcomes of these studies have been inconsistent.
In the Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME) trial, empagliflozin significantly lowered the risk of initiation of RRT but did not affect new-onset
microalbuminuria®. In the Canagliflozin Cardiovascular Assessment Study (CANVAS) Program, canagliflozin
significantly reduced the risk of new-onset microalbuminuria and 40% decrease in eGFR with no difference
in the need for RRT*". In both studies®’, renal outcomes were secondary endpoints and the number of events
indicating ESRD was not sufficient to provide conclusive information. Moreover, the Dapagliflozin Effect on
Cardiovascular Events-Thrombolysis in Myocardial Infarction 58 (DECLARE-TIMI 58) trial did not reported
individual renal outcomes''. Consequently, the renoprotective effects of SGLT2 inhibitors need to be elucidated
by more convincing evidence.

Concerns have also been raised over the adverse renal events in patients with SGLT2 inhibitor treatment
because these agents are associated with a decrease in intravascular volume and an acute decline in eGFR!*-1°,
Canagliflozin and dapagliflozin have increased the risk of acute kidney injury in patients who have predispos-
ing factors including hypoglycemia, chronic kidney disease (CKD), heart failure, and potentially nephrotoxic
drugs'®1718,

In this regard, we conducted this systematic review and meta-analysis of randomized controlled trials (RCTs)
to investigate the effects of SGLT2 inhibitors on individual renal outcomes compared with placebo or other anti-
diabetic drugs in patients with type 2 diabetes.

Methods

Study design. This systematic review and meta-analysis was performed based on a prespecified protocol
developed by the authors (Supplementary Appendix 1), and the results were reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Supplementary Appendix 2)".

Data sources and search strategy. We searched MEDLINE, Embase, and the Cochrane Central Register
of Controlled Trials to identify RCTs of SGLT2 inhibitors with full-text articles published from inception to
September 2017, regardless of language and publication status. The search terms used for SGLT2 inhibitors were
SGLT?2 inhibitor or SGLT-2 inhibitor or canagliflozin or dapagliflozin or empagliflozin or ertugliflozin or ipragli-
flozin or luseogliflozin or remogliflozin or sergliflozin or tofogliflozin (Supplementary Appendix 3). In addition,
we identified 4 articles'"?*-2? which were published after the predefined period to include all relevant data.

Study selection. The RCTs comparing SGLT2 inhibitors with placebo or other antidiabetic drugs with > 12
weeks of study duration in type 2 diabetes were included. We eliminated duplicate publications of original RCT
and screened titles and abstracts. Among them, we selected RCTs that reported at least one of the following
renal outcomes: changes in urine albumin-to-creatinine ratio (UACR) or eGFR, and incident microalbuminuria,
macroalbuminuria, doubling of serum creatinine, renal failure, ESRD, RRT, dialysis, or kidney transplantation.
The selection criteria for renal outcomes have been reported elsewhere?. Pooled analyses or secondary analyses
were included when they provided additional information about renal outcomes beyond that found in original
RCT articles. We included two publications of canagliflozin trials?>** which were reported after the prespecified
analysis considering the effect size and weight of these studies.

Data extraction. Two authors (J.H.B. and E.P.) independently extracted data according to the prespecified
protocol. The procedure of extracting data from publications have been reported elsewhere?. Briefly, the renal
outcomes of interests were changes in UACR and eGFR, incident microalbuminuria (UACR >30 mg/g) and mac-
roalbuminuria (UACR >300 mg/g), worsening nephropathy (defined as development of microalbuminuria or
macroalbuminuria from normoalbuminuria, or progression from microalbuminuria to macroalbuminuria), and
the development of ESRD. We extracted mean changes from baseline and their standard deviations for contin-
uous variables in the intervention (SGLT?2 inhibitors) and control (placebo or other antidiabetic drugs) groups
and used them as the summary measures. The number of patients reporting each renal outcome was extracted for
dichotomous variables. We also collected information about the first author, publication year, number and mean
age of randomized participants, study duration, intervention and comparison treatment, background therapy for
glycemic control, baseline UACR and eGFR, and the history of cardiovascular disease, heart failure, and CKD
(eGFR <60 mL/min/1.73 m?).

Quality assessment. We used the Cochrane Risk of Bias Tool to assess quality and risk of bias for included
studies®. Two authors (J.H.B. and E.P.) independently reviewed each RCT and classified the risk of bias as ade-
quate (low risk of bias), unclear (unclear risk of bias), or inadequate (high risk of bias) based on six aspects of
trials: sequence generation, allocation concealment, blinding of participants and personnel, incomplete outcome
data, selective reporting, and other sources of bias**. Any disagreements were resolved by consensus among the
authors (J.H.B.,, N.H.K,, and S.H.).
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Studies included in meta-analysis (n = 48)

Figure 1. Study screening and selection process.

Data synthesis and analysis. We calculated weighted mean differences (WMDs) with 95% confidence
intervals (ClIs) to assess effect size for continuous variables including UACR and eGFR. We also calculated the
relative risks (RRs) with 95% ClIs to estimate effect size for dichotomous variables including microalbuminuria,
macroalbuminuria, worsening nephropathy, and ESRD. In the meta-analysis, we used a random effects model to
combine estimators. We also considered a fixed effect model additionally for exploration of the discrepancy in
results. The I? statistic, 72 statistic, and Cochran’s Q test were used to assess statistical heterogeneity among the
studies®. We regarded the I? statistic of 0% to 40%, 30% to 60%, 50% to 90%, and 75% to 100% as not significant,
moderate, substantial, and considerable heterogeneity, respectively?. To detect reporting bias, such as publication
bias, asymmetry in the funnel plot was evaluated for renal outcomes®”?%. We performed a subgroup analysis of
eGFR based on baseline eGFR (<60, 60-90, and >90 mL/min/1.73 m?) and study duration (<26, 26-52, and >52
weeks), and sensitivity analyses of microalbuminuria, macroalbuminuria, worsening nephropathy, and ESRD by
considering only canagliflozin, dapagliflozin, and empagliflozin for SGLT2 inhibitors. Additionally, prespecified
meta-regression was conducted for changes in UACR according to baseline UACR and for changes in eGFR
according to baseline eGFR and study duration, respectively. Some outliers were eliminated by diagnostic meas-
ures®. All statistical analyses were performed using R version 3.1.0 (R Foundation for Statistical Computing,
Vienna, Austria). P values of < 0.05 and <0.10 were regarded as statistically significant for treatment effects and
test for heterogeneity, respectively.

Results

Characteristics of included studies.  The study screening and selection process is shown in Fig. 1. Of 2,421
records retrieved through the database search, 48 studies were included in the systematic review and meta-analy-
sis. Two of the 48 studies”*° were pooled analyses of five RCTs*'~** and another five RCTs!>*¢-. The characteristics
of the included studies and their participants are described in Supplementary Table 1. The total number of par-
ticipants was 58,165 (34,661 in the SGLT2 inhibitor group and 23,504 in the control group). The number of par-
ticipants in each study ranged from 114 to 10,142. Three studies had a duration of 187 to 296 weeks®*?*?, whereas
the remaining studies had a duration ranging from 12 to 104 weeks. The baseline eGFR of the participants was
>55 (or 60) mL/min/1.73 m? in 24 studies*®3#->°, >30 mL/min/1.73 m? in 14 studjes®”*1>20-22:30.32-3460-63 />3 m[/
min/1.73 m? and in 1 study?'. In one study, 74 of 741 participants had an eGFR of >15 and <30 mL/min/1.73 m?
at baseline®.
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Experimental Control Mean difference
Study Treatment Control Total Mean SD Total Mean SD MD 95%-Cl W(fixed) W(random)
Inagaki 2014 cana placebo 84 -105 808 74 63 374 —-— -420 [-23.47, 15.07] 84% 10.7%
Weber 2016 dapa placebo 225 -23.0 150.0 224 24 1970 : -2540 [-57.80; 7.00] 3.0% 6.5%
Bailey 2015 dapa placebo 70 281 1716 75 -82 751 e s — 36.30 [ -7.34; 7994] 16% 4.3%
Kohan 2014 dapa placebo 85 -117 1486 84 697 801 —— i -81.40 [-117.34;-4546] 2.4% 57%
Wilding 2014 empa placebo 137 -50 1021 102 -16 170.0 : -3.40 [-4056; 33.76] 2.3% 5.4%
Softeland 2017 empa placebo 219 -28.2 2412 108 219 1417 —_— -50.10 [-91.75; -8.45] 1.8% 4.6%
Lu 2016 ipra placebo 87 49 1532 83 331 2829 1 -28.20 [-97.05; 4065] 0.7% 2.0%
Kashiwagi 2015 ipra placebo 118 -23.7 2291 46 43 626 -28.00 [-73.12; 17.12] 15% 41%
Heerspink 2017 cana glimepiride 968 18 674 482 115 784 - -9.70 [-17.89; -1.51] 46.5% 15.2%
Cefalu2013 cana glimepiride 696 -50 579 332 7.0 153.0 —g#» -12.00 [-29.01; 5.01] 10.8% 11.6%
Nauck 2011 dapa dlipizide 406 -19.0 133.0 408 -0.8 1434 — -18.20 [-37.20; 0.80] 8.6% 10.8%
DeFronzo 2015 (a) empa linagliptin 243 264 3257 57 -08 602 i 27.20 [-16.63; 71.03] 16% 4.3%
DeFronzo 2015 (b) empal linagliptin  linagliptin 245 41 690 56 -08 602 S -3.30 [-21.28; 1468] 96% 11.2%
Lewin 2015 (a) empa linagliptin - 224 -1.3 499 58 351 2856 \ -36.40 [-110.19; 37.39] 0.6% 1.8%
Lewin 2015 (b) empal linagliptin linagliptin 232 25 728 58 351 2856 : -32.60 [-106.70; 41.50] 0.6% 1.8%
Fixed effect model 4039 2247 - -11.72 [-17.30; -6.13] 100% -
Random effects model < -14.64 [-25.15; -4.12] - 100%
Heterogeneity: squared=53.1%, tau-squared=172.4, p=0.0081 !
Test for overall effect (fixed effect): p<0.0001 i
Test for overall effect (random effects): p=0.0064 | ‘ ! | |

-100  -50 0 50 100

Figure 2. Weighted mean differences in changes in urine albumin-to-creatinine ratio from baseline (mg/g) for
sodium-glucose cotransporter 2 inhibitors versus placebo or other antidiabetic drugs. CI, confidence interval;
MD, mean difference; SD, standard deviation; W, weight.
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Figure 3. Meta-regression of changes in urine albumin-to-creatinine ratio (UACR) and estimated glomerular
filtration rate (eGFR) for sodium-glucose cotransporter 2 inhibitors versus placebo or other antidiabetic drugs.
(A) Changes in UACR according to baseline UACR. (B) Changes in eGFR according to baseline eGFR. (C)
Changes in eGFR according to treatment duration.

Assessment of study quality and risk of bias. The risk of bias assessment is summarized in
Supplementary Fig. 1. Forty-four of the 48 studies reported adequate random sequence generation and adequate
allocation concealment. Three studies did not describe the method of sequence generation and allocation con-
cealment!>%%4 All 48 studies described adequate blinding of participants and personnel. Moreover, 14 studies
reported incomplete outcome data due to losses to follow-up!>3042:46:48-51,58.60-626465_Qpe study had the possibility
of selective reporting in the dapagliflozin 5 mg group®.

Changes in UACR and eGFR. SGLT?2 inhibitors significantly lowered the UACR compared with controls
(WMD, —14.64 mg/g; 95% CI, —25.15 to —4.12; P=0.006) (Fig. 2). The test for heterogeneity showed moderate
heterogeneity across the studies (I*=53.1%; P=0.008). In the meta-regression, the UACR-lowering effects of
SGLT2 inhibitors tended to be greater with higher levels of baseline UACR (P=0.081) (Fig. 3A). The changes
in eGFR were not significantly different between SGLT2 inhibitors and controls (WMD, 0.19 mL/min/1.73 m%
95% CI, —0.44 to 0.82; P=0.552) (Fig. 4A,B). The test for heterogeneity for this showed substantial heterogene-
ity across the studies (> =79.6%; P < 0.001). There was a large discrepancy noted in estimated treatment effects
between fixed effect and random effects models, depending on weights given to two large trials**?2. However,
SGLT2 inhibitors significantly slowed the decline in eGFR in patients with >52 weeks of treatment duration com-
pared with controls (Fig. 4B). In the meta-regression, the decline in eGFR were slower in patients with a higher
baseline eGFR (P=0.116) (Fig. 3B) and a longer duration of follow-up (P=0.038) (Fig. 3C).

Development or progression of albuminuria. SGLT2 inhibitors significantly lower the risk of devel-
oping microalbuminuria compared with controls (RR, 0.69; 95% CI, 0.49 to 0.97; P=0.032) (Fig. 5A). The ben-
eficial effects on microalbuminuria were primarily driven by one large trial with canagliflozin®’. The test for
heterogeneity showed considerable heterogeneity across the studies (I*=94.7%; P < 0.001). SGLT2 inhibitors
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A sty egfr_baseline  Treatment  Control Mean difference MD  95%-Cl Wifixed) Wirandom) B sty follow Treatment  Control Mean difference MD  95%-Cl Wifixed) W(random)
Baseline egfr 0~60 0-26weeks
Yale 2014 395 cana placebo 420 860,020 02% 14% 42015 18 cana placebo — 020 [174,214)  11% 30%
Bamett 2014 537 empa placebo — 190 (324056  23% 36% Rodbard 2016 % cana placebo — 300 [638 038 04% 19%
Kohan 2014 447 dapa placebo — 410 (392, 172)  05% 23% Weber 2016 12 dapa placebo —H 080 [303 143 08% 28%
Perkovic 2019 562 cana placebo 152 (103 201] 173% 2% 12014 2 dapa placebo —- 010 (273293 05% 23%
Fixed effect model - 101 [055; 146 203% & Heerspink 2016 12 dapa placebo — 270 [532,-008)  06% 25%
Random effects model ———— 1.02 [3.69; 1.55] - 14% Softeland 2017 2 empa placebo — 040 [1.94 274]  08% 27%
Heterogeneity: ksquared=0.9%, tursquared=5.404, p<0.0001 Hating 2014 2 empa placebo — -180 [380, 020]  10% 30%
Haring 2013 2 empa placebo —F 000 [183 183 12% 31%
Baseline egfr 60~90 Kovacs 2014 2 empa placebo — 230 [492,032] 06% 25%
Weber 2016 859 dapa placebo 080 [303 143  08% 28% Roden 2013 (a) 24 empa placebo +i- 100 (103303  10% 30%
Stroek 2014 812 dapa placebo 010 309289  05% 22% Tikkanen 2015 12 empa placebo —4 110 [246,026)  23% 36%
Wilding 2014 796 dapa placebo 230 [513 053] 05% 23% 42016 2 ipra placebo 840 [517,2197]  00% 02%
Bolinder 2014 843 dapa placebo 110 [-225; 4.45] 04% 19% Kashiwagi 2015 24 ipra placebo — -1.30 [-3.40; 0.80) 0.9% 29%
Heerspink 2016 841 dapa placebo 270 [5.32,-0.08] 06% 25% 24 tofo placebo 130 [-5.55 02% 15%
Wiing 2013 894 cana placebo 180 (508 148]  0.4% 20% Rosenstock 2016 % caa  meforn  ——— 440 747, 04% 21%
Forst 2014 8.1 cana placebo 050 [249; 349]  05% 22% Roden 2013 (b) 2 empa  sitagiptin - 280 (054 08% 28%
Bailey 2015 858 dapa placebo 210 (273693 02% 12% Hadjad) 2016 2 empa  metiormin — 140 [3 1 31%
Kaku 2014 853 tofo placebo -1.30 [-555; 2.95) 02% 15% Fixed effect model - 0.73 [1 13.9% -
Kovacs 2015 857 empa placebo 370 (731,009  03% 18% Random effects model - 078 [1.56: 428%
Haring 2014 892 empa placebo 180 [380,020] 10% 30% Heterogeneiy: bsquared=46%, tau-squared-1.146, p-0.0202
Haring 2013 871 empa placebo 000 183 183 12% 31%
Kovacs 2014 857 empa placebo -2.30 [-4.92; 0.32] 06% 25% 26-52weeks
Roden 2013 (a) 872 empa placebo 100 [103 303  10% 30% Wikding 2013 52 cana placebo —t 180 [508; 148)  04% 20%
Tikkanen 2015 84 empa placebo 110 [246, 026  23% 36% Yale 2014 52 cana placebo  ———— 420 [860,020] 02% 14%
Rosenstock 2015 84 empa placebo 110 [1.29; 349 07% 26% Forst 2014 52 cana placebo S 050 [-249; 349) 05% 22%
Stenlof 2014 87 cana placebo 210 (036 456]  07% 26% Steniof 2014 52 cana placebo 210 (036 456] 07% 26%
Kashiwagi 2015 61 ipra placebo 130 340, 080] 0. 29% Strojek 2014 8 dapa placebo — 010 [309, 289  05% 22%
Perkovic 2018 765 cana placebo 210 (182 238] 540% 42% Bamett 2014 52 empa placebo —— 190 [324,-056 23% 36%
Schemthaner 2013 889 na tagiptin 020 [264; 224 07% 6 Schemthaner 2013 52 cana  sitagiptin — 020 [264;224) 07% 26%
Defronzo 2015 (b) 887  empallinagiptin inagiptin 100 (254 454]  03% 18% Cefalu 2013 52 cana  gimepiride —— 280 (109, 451  14% 32%
Ridderstrale 2014 8 empa  gimepiride 350 [220; 480] 24% 36% Nauck 2011 52 dapa gipizide 490 [268712] 08% 28%
Roden 2013 (b) 876 empa  sitagiptin 280 (054 506 08% 28% Defronzo 2015 (a) 52 empa lnagiptin 220 [137:577) 03% 18%
Lewin 2015 (a) 89 empa giptin 110 [191: 411]  05% 22% DeFronzo 2015 (b) 52 empabnaghpn knagipin 100 (254 454  03% 18%
Lewin 2015 (b) 802 empalnagiptin inagiptin 170 [125 465  05% 22% Lewin 2015 () 52 mpa linagiptin 110 (191 411 05% 22%
Rosenstock 2016 87 cana  metiormin 440 (747,133 04% 21% Lewin 2015 (b) 52 empalinagiptn.inagiptn 170 (125 465 05% 22%
Fixed effect model 159 [1.35; 183] 725% - Fixed effect model 066 [001; 134]  9.1% -
Random effects model -0.04 [-0.91; 0.82) - 66.0% Random effects model 0.76 [-0.62; 2.14] - 30.56%
Hotorogeneity: ksquared=79.6%, taursquared=3.294, p<0.0001 Hotorogeneity: Fsquared=12.9%, tau-squared=4.386, p<0.0001
Baseline egfr 90~ over than 52weeks
Ji 2015 943 cana placebo 020 [-1.74; 214) 1.1% 30% Perkovic 2018 (mean)188 cana placebo B 210 [1.82; 238 42%
Ji2014 929 dapa placebo 010 [-273; 293] 05% 23% Perkovic 2019 (median) 136.24 cana placebo 152 [1.03; 201 42%
Rodbard 2016 905 cana placebo -3.00 [-6.38; 0.38) 0.4% 19% Wilding 2014 104 dapa placebo =t 230 [-5.13; 053] 23%
Lu2016 1492 ibra placebo sspsm2ian  0o% 02% Boinder 2014 102 dapa placebo e 110 (225 4.45) 19%
Softeland 2017 25 empa placebo 040 (194, 274]  08% 27% Bailey 2015 102 dapa placebo 210 273 693 12%
Leiter 2015 % cana  gimepiride 330 (0795 o or 25% Kohan 2014 104 dapa placebo — 110 (392 172 23%
DeFronzo 2015 (a) 90.1 empa linagliptin 220 [137, 577) 03% 18% Kovacs 2015 7% empa placebo p—— -370 [-7.31,-0.09) 18%
Nauck 2011 901 dapa gipizide 490 (268712 08% 28% Rosenstock 2015 78 empa placebo —i— 110 [129; 349 26%
Hadjadj 2016 923 empa metformin 140 [-329; 0.49) 12% 31% Leiter 2015 104 cana glimepiride et 330 [0.79; 581] 25%
Cefalu 2013 %0 cana  glimepiride — 280 (109; 451]  14% 32% Ridderstrale 2014 104 empa  gimepiide —— 350 [220; 480 36%
Fixed effect model - 1.26 [0.50; 2.02] 72% - Fixed effect model . 1.93 [1.70; 2.17] -
Random effects model -— 1.22 [0.35; 2.78] - 236% Random effects model -> 1.41 [0.57; 2.24] - 26.7%
Heterogeneity: bsquared=13%, taursquared=4.229, p=0.0001 Heterogeneiy: bsquared=71.5%, tursquared=0.7663, p<0.0001
Fixed effect model 145 [1.24; 1.65] 100% - Fixed effect model 145 [1.24; 1.65] 100% -
Random effects model > 0.19 [044; 0.82] - 100% Random effects model 019 [0.44; 0.82] - 100%
I T35 eareds 2431, pb 001 ity haquared=T9.6%, tau-squared=2.431, p<0.0001
Y-nknmmll-ﬂ-c'[ﬂx.d ‘effect): p<0. Test for overall effect (fixed effect): p<0.0001
Test for overall effect (random effects): ,-o mz ; ; ; : Test for overall effect (random effects): p=0.5522 ; . y i
0 5 0 5 10 0 5 o0 5 10
. . . . . . . . 2
Figure 4. Weighted mean differences in estimated glomerular filtration rate from baseline (mL/min/1.73 m?)
for sodium-glucose cotransporter 2 inhibitors versus placebo or other antidiabetic drugs. (A) According to
baseline estimated glomerular filtration rate. (B) According to treatment duration. CI, confidence interval; MD,
mean difference; SD, standard deviation; W, weight.
A B
Experimental  Control Risk Ratio xperimental  Control Risk Ratio
Study Treatment  Control Total Events Total Events RR  95%-Cl Wifixed) W(random)  Study Treatment ~ Control Total Events Total Events RR  95%Cl W(fixed) W(random)
Wilding 2014 dapa placebo 135 7 138 20 036 (016,082 03%  97% Wilding 2014 dapa placebo 186 1 189 7 015 [002,117] 02%  32%
Bamett 2014 empa placebo 217 23 144 26 059 035099 09%  150% Bamett 2014 empa  placebo 314 5 245 12 033 [0.12,091] 09%  107%
Wanner 2016 empa  placebo 2779 1430 1374 703 101 [094,107] 580%  232% Wanner 2016 empa  placebo 4091 459 2033 330 069 [061:079] 576%  39.4%
Perkovic 2018 s placebo 4012 860 2995 1075 060 [055,064] 398%  231% Perkovic 2018 cana Jaceto 5334 233 3939 403 043 [037,050] 40.7%  387%
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Figure 5. Relative risks of microalbuminuria, macroalbuminuria, worsening nephropathy, and end-stage
renal disease for sodium-glucose cotransporter 2 inhibitors versus placebo or other antidiabetic drugs. (A)
Microalbuminuria. (B) Macroalbuminuria. (C) Worsening nephropathy. (D) End-stage renal disease. CI,
confidence interval; RR, relative risk; W, weight.

significantly lowered the risk of developing macroalbuminuria compared with controls (RR, 0.49; 95% CI, 0.33 to
0.73; P< 0.001) (Fig. 5B). There was substantial heterogeneity across the studies for this (I>=75.9%; P < 0.001).

In addition, SGLT2 inhibitors significantly lowered the risk of worsening nephropathy compared with controls
(RR, 0.73; 95% CI, 0.58 to 0.93; P=0.012) (Fig. 5C). There was considerable heterogeneity across the studies
(I*=95.5%; P < 0.001). In subgroup analyses, canagliflozin reduced both the risk of microalbuminuria and mac-
roalbuminuria. On the other hand, dapagliflozin and empagliflozin reduce the risk of microalbuminuria and
macroalbuminuria, respectively (Supplementary Fig. 2A-C).
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Development of ESRD. SGLT?2 inhibitors significantly reduced the risk of ESRD compared with controls
(RR, 0.70; 95% CI, 0.57 to 0.87; P=0.001) (Fig. 5D). The number of events was 151 of 15,212 and 194 of 10,694
participants in the SGLT?2 inhibitor and control groups, respectively. Heterogeneity was regarded as not signifi-
cant across the studies (I>=0.1%; P=0.433).

Assessment of funnel plot asymmetry. In the changes in UACR and eGFR, the funnel plots did not
show any notable asymmetry apart from a few outlying values (Supplementary Fig. 3A,B). Although it was hard
to determine asymmetry of the plots for in incident microalbuminuria, incident macroalbuminuria, and worsen-
ing nephropathy (Supplementary Fig. 4A-C) due to the small number of studies, the funnel plot still appeared to
be quite symmetric in the development of ESRD (Supplementary Fig. 4D).

Discussion

This systematic review and meta-analysis found that SGLT2 inhibitors were associated with a significantly lower
risk of development or progression of albuminuria compared with placebo or other antidiabetic drugs in patients
with type 2 diabetes. The UACR-lowering effects of SGLT2 inhibitors were associated with a higher baseline
UACR. The overall changes in eGFR were not different between two groups. However, SGLT2 inhibitors slowed
the decline in eGFR in patients with a higher baseline eGFR and a longer duration of treatment. In addition,
SGLT?2 inhibitor significantly reduced the risk of ESRD compared with controls.

Considering the direct action of SGLT?2 inhibitors on the renal tubules and their favorable effects on BP, body
weight, and heart failure, these agents have been suggested theoretically to improve renal outcomes in patients
with type 2 diabetes™®. The large clinical trials already showed improvement in the composite renal outcomes
with SGLT2 inhibitors®*!!. However, these studies were conducted in patients with an average age of 60 years, a
long diabetes duration of about 10 years, and an established cardiovascular disease or high cardiovascular risk. In
the present study, we demonstrated that SGLT2 inhibitors had the renoprotective effects by reducing the risk of
albuminuria and ESRD in patients with a wide range of cardiovascular risk.

SGLT?2 inhibitors may reduce albuminuria by several mechanisms including a decrease in glomerular hyper-
filtration®’, improvement in tubulointerstitial fibrosis®, systemic BP reduction®, changes in plasma volume
expansion’’, and a decrease in uric acid levels”!. In patients with type 2 diabetes and either microalbuminuria
or macroalbuminuria, empagliflozin reduced the UACR independent of changes in hemoglobin Alc (HbA,),
BP, and body weight”. Dapagliflozin also reduced the UACR for over 2 years of treatment in patients with type 2
diabetes and stage 3 CKD regardless of changes in HbA, BP, eGFR, and uric acid”. These findings suggest that
SGLT?2 inhibitors reduce albuminuria through their direct effects on the kidney. In diabetic mice, SGLT2 inhibi-
tors reduced albuminuria by ameliorating intraglomerular hypertension and tubulointerstitial fibrosis’*>’#, which
are the two key contributors to renal damage in diabetic kidney disease (DKD). In line with these findings, our
meta-analysis showed that albuminuria-lowering effects of SGLT2 inhibitors were higher on macroalbuminuria
than on microalbuminuria. It could be partly explained by the greater UACR reduction in patients with a higher
baseline UACR after SGLT2 inhibitor treatment. Therefore, SGLT2 inhibitors may have beneficial effects on albu-
minuria in the later stage rather than the early stage of DKD, which needs to be evaluated in further studies.

The overall changes in eGFR showed no difference between SGLT2 inhibitors and controls. In the
subgroup-analysis and meta-regression, we found that changes in renal function were affected by baseline eGFR
and duration of treatment. The changes in renal function after SGLT2 inhibitor treatment were characterized by
arapid decline in eGFR within the first 4-5 weeks, followed by progressive recovery over time'>*>*°. In addition,
the decrease in eGFR was reversible within 2 weeks after drug discontinuation®. These findings indicate that
the changes in eGFR with SGLT2 inhibitor treatment were a consequence of the drug’s hemodynamic effects.
In patients with type 1 diabetes, empagliflozin attenuated renal hyperfiltration accompanied by a decrease in
eGEFR through affecting tubuloglomerular feedback®”. Reduction in renal hyperfiltration may be beneficial against
progressive decline in renal function because intraglomerular hyperfiltration increases the risk of development
and progression of DKD”>~”7. Besides intrarenal effects, SGLT2 inhibitors may affect eGFR by reducing BP and
body weight. In two recent trials, dapagliflozin and empagliflozin similarly maintained BP and weight reduction
despite a decline in renal function, whereas HbA, . reduction was decreased’®”, suggesting that they may slow the
progressive decline in renal function independent of their glucose-lowering effects®.

Finally, SGLT2 inhibitors significantly reduced the risk of ESRD compared with placebo or other antidiabetic
drugs. The direction of treatment effects of dapagliflozin was different from those of canagliflozin and empag-
liflozin but it did not change the overall treatment effect. Considering their beneficial effects on albuminuria,
progressive eGFR decline, and glomerular hyperfiltration®*, SGLT2 inhibitors have been expected to improve hard
renal outcomes. In the Canagliflozin and Renal Endpoints in Diabetes with Established Nephropathy Clinical
Evaluation (CREDENCE) trial, which evaluated the primary composite renal outcome, canagliflozin showed
30% risk reduction of the composite of ESRD, doubling of serum creatinine, or renal or cardiovascular death, and
32% of risk reduction of ESRD compared with placebo in patients with type 2 diabetes and albuminuric CKD?.
All the patients in this study were receiving angiotensin-converting-enzyme inhibitor or angiotensin-receptor
blocker?. Interestingly, the magnitude of renal benefit of SGLT2 inhibitors was greater in patients with less severe
kidney disease at baseline in a meta-analysis of cardiovascular outcome trials®. Therefore, further investigation
is required to determine whether the risk reduction of ESRD is a class effect of SGLT2 inhibitors in patients with
or without CKD.

Our study has some limitations. First, most of the studies included in our meta-analysis were originally
designed to investigate glucose-lowering effects and safety of SGLT2 inhibitors. Therefore, the analysis of
renal outcomes should be interpreted cautiously. Second, 14 of 48 studies reported incomplete outcome data
due to losses to follow-up, suggesting the possibility of attrition bias. Third, we could not evaluate the renal
effects of SGLT2 inhibitors stratified by cardiovascular risk of included studies because they provided missing
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or inconsistent data. Recently, another meta-analysis showed that SGLT2 inhibitors reduced the risk of the com-
posite of worsening of renal function, ESRD, or renal death similarly in patients with or without atherosclerotic
cardiovascular disease®.

In conclusion, our meta-analysis demonstrated that SGLT2 inhibitors had beneficial effects on the kidney by

lowering the risk of albuminuria development or progression and reducing the risk of ESRD compared with pla-
cebo or other antidiabetic drugs in patients with type 2 diabetes. In addition, the renoprotective effects of SGLT2
inhibitors were greater in patients with a higher UACR and GFR, and a long duration of treatment.
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