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Abstract N\
Background: Many studies have shown the effects of SGLT2 inhibitors on type 2 diabetes, but the effects in patients with type 2 |
diabetes with chronic kidney disease remains unclear. This study aims to evaluate the effects of SGLT2 inhibitors on renal outcomes
in patients with type 2 diabetes mellitus with chronic kidney disease.

Methods: \We conducted systematic searches of PubMed, Embase, and Cochrane Central Register of Controlled Trials up to April
30, 2020 and included randomized controlled trials of SGLT2 inhibitors in adult type 2 diabetes mellitus (T2DM) patients with chronic
kidney disease (CKD) reporting estimated glomerular filtration rate (€GFR) and/or urine albumin/creatinine ratio (UACR) changes and/
or acute kidney injury or failure (AKI). Random effects models were adopted to measure the pooled outcomes.

Results: Nine studies with 8826 participants were included. SGLT2 inhibitors were not associated with a significant change in eGFR
(mean difference (MD), —0.75ml/minutes per 1.73 m?, 95% CI —1.61 to 0.10, P=.09) in type 2 diabetic patients with CKD. UACR
reduction after SGLT2 inhibitors was significant in type 2 diabetic patients with CKD (MD —24.27 mg/g, 95% Cl —44.46 to —4.09,
P=.02). SGLT2 inhibitors associated with AKI in the patients were significant (OR 0.80, 95% ClI [0.66 to 0.98], P=.03).

Conclusion: SGLT2 inhibitors had no significant effect on kidney function (€GFR measured) in the pooled analysis. And SGLT2
inhibitors effectively reduced UACR in T2DM with CKD. Besides, SGLT2 inhibitors could reduce the incidence of AKI.

Abbreviations: AKI| = acute kidney injury or failure, CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate,

T2DM = type 2 diabetes mellitus, UACR = urine albumin/creatinine ratio.
Keywords: chronic kidney disease, meta-analysis, renal outcomes, SGLT2 inhibitors, type 2 diabetes mellitus

1. Introduction

Diabetes mellitus (DM) have affected more than 415 million
adults worldwide. It is estimated that more than 640 million
adults will be affected by DM by 2040.!"! About 35% of type 2
diabetes mellitus (T2DM) develop into kidney disease.”! Diabetic
nephropathy has largely increased the incidence and prevalence
of the end stage renal disease (ESRD).**! However, current
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strategies in treating diabetic nephropathy including glycemic
control, blood pressure control, avoidance of nephrotoxic agents
and so on.’! Therefore, it is essential to develop effective
therapies to prevent progression of diabetic nephropathy.
Sodium-glucose co-transporter 2 (SGLT2) inhibitors are a new
class of antihyperglycemic drugs, which lower blood glucose by
blocking glucose reabsorption via inhibiting SGLT2 at the
proximal renal tubule. SGLT2 inhibitors are becoming more and
more popular because of their multiple benefits. In addition to
glycemic control, SGLT2 inhibitors can also lower body weight
and blood pressure and reduce relevant adverse cardiovascular
consequnces in T2DM patients with high cardiovascular risk.[*~!
SGLT2 inhibitors can protect the kidney. The complicated
mechanisms have not been illustrated clearly yet. One of the most
important mechanisms is that SGLT2 inhibitors block glucose
and sodium reabsorption in proximal tubule; and increase
sodium transport to the macula densa, thus activating tubulo-
glomerular feedback (TGF) and causing afferent arteriolar
vasoconstriction. In this way, SGLT2 inhibitors can relieve
long-term glomerular pressure, reduce albuminuria and slow
down the decline of renal function."®3! Luseoglifozin is a kind
of SGLT2 inhibitor, which inhibits the expression of hypoxia-
inducible factor (HIF-1) target gene and plays an important role
in hypoxia-induced tubulointerstitial fibrosis.'*! The increased
of Pin1 in diabeitic mice can lead to infammation and fibrosis of
several tissues, such as glomerular mesangial cells and podocyte,
while podocytes are normalized by canaglifozin. In addition,
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canaglifozin can also induce the activation of AMP-activated
kinase (AMPK) activation, which inhibits proliferation of
mesangial cell and plays an anti-infammatory role in hematopoi-
etic cells. ! More mechanisms need to be explored in the future.

Many clinical trials have reported kidney-related outcomes
after the use of SGLT2 inhibitors.!*:*'®17 At present, there is no
systematic review on whether SGLT2 inhibitors can preserve
renal function, reduce UACR, and decrease adverse effects in
patients with T2DM and CKD. Therefore, we conducted a meta-
analysis of this randomized controlled trials (RCTs) to determine
the effects of SGLT2 inhibitors on eGFR, UACR and AKI
compared to with placebo or other antidiabetic treatments in
patients with T2DM and CKD.

2. Materials and methods

This study is a systematic review and meta-analysis to assess the
role of SGLT2 inhibitors in patients with T2DM and CKD
compared to placebo or positive controls. It is conducted
and reported in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
Guidelines.!"®!

2.1. Study selection

Two reviewers (B.Y. and C.D.) independently screened the search
results and retrieved relevant studies for further evaluation. The
retrieved full-text articles were examined in parallel by 2
reviewers (B.Y. and C.D.) for inclusion according to predeter-
mined criteria. We included RCTs conducted on adult patients
with T2DM and CKD (defined as eGFR < 90 ml/minutes/1.73
m?) comparing SGLT2 inhibitors with placebo or other
antidiabetic drugs, and reporting changes in eGFR and/or UACR
and/or AKI. Only manuscripts published in English were
included. For multiple papers in the same study, only the first
report on renal outcomes was included. Abstracts, case reports,
letters, reviews and those not reporting outcomes of interest were
excluded. Disagreement was resolved through discussion and/or
consultation with the third reviewer (Z.H.).

2.2. Data extraction and validity assessment

The 2 reviewers (YBS and DCX) independently used standard
data extraction tools to record the following properties of each
study: study characteristics (author, year, study design, random-
ized method and follow-up duration), participant characteristics
(sample size, age, course of diabetes, baseline HbA1C levels,
baseline blood pressure, eGFR and UACR), therapeutic inter-
vention (type, dose and duration of SGLT2 inhibitor), control
group (placebo-controlled or active-controlled), outcomes of
interest (means and standard deviations (SDs) of changes in
eGFR, UACR in treatment and control groups)and odds ratio
(OR) in acute kidney injury or failure in treatment and control
groups).

2.3. Risk of bias assessment

The quality of the study was evaluated by 2 authors (YBS and
DCX) independently using the “Risk of bias” assessment tool
from the Cochrane Handbook for Systematic Reviews of
Interventions, version 5.1 (2011). The domains of assessment
included random sequence generation, allocation concealment,
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blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting and
other bias.

2.4. Statistical analysis

For dichotomous data such as AKI, OR with 95% confidence
intervals (CI) were adopted for assessment. For continuous data
such as eGFR and UACR, the MD and the 95% CI were
calculated. For studies in which SD was not directly reported, SD
was calculated from standard error (SE) or 95% CI, or Inter
Quartile Range (IQR). As clinical and statistical heterogeneity
were anticipated, we decided to use a prior random-effect model
in data synthesis.

Statistical heterogeneity was quantified using the Cochrane Q
test and I? statistic, where I? values >50% indicated substantial
heterogeneity. When significant heterogeneity was indicated, we
tried to determine the potential reasons. Subgroup analysis was
conducted based on baseline eGFR levels of patients. Test for
subgroup differences were carried out using RevMan 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration).

Statistical analyses were performed using the RevMan 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration). Statisti-
cal significance was set at P<.05 for all analyses.

2.5. Statement of ethics

All analyses were based on previous published studies, thus no
ethical approval and patient consent are required.

3. Results

3.1. Study characteristics

After initial literature search, 434 potentially relevant publica-
tions were identified in PubMed, Embase, and Cochrane Central
Register of Controlled Trials, Of which, 9 studies involving
17 trials, which met our inclusion criteria and were selected for
meta-analysis.'©!71?725! The flow chart was shown in Figure 1.
Efficacy and safety of SGLT2 inhibitors were compared with
placebo or other anti-diabetic agents. Of these, 1 trial included 3
different doses of SGLT2 inhibitors,*?! 3 trials contained 2
different doses of SGLT2 inhibitors!***?! and 4 trials contained
only 1 dose of SGLT2 inhibitor.!'®!”-!*25] One trial included
groups in different stages of CKD.**! We included these results in
pooled analysis and regarded them as different comparisons.
Basic characteristics of included trials and demographic data of
participants were presented in Table 1. Dapagliflozin, empagli-
flozin, canagliflozin and bexagliflozin were SGLT2 inhibitors
used as treatment drugs. Placebo was commonly used in 17 trials
as control group. All trials lasted for over 24 weeks. And 2 trials
lasted for over 2 years.!'®!7! All trials were multicenter studies.
The total number of participants was 8826, ranging from 40 to
4401 across different trials. The mean age of patients in all trials
was over 55. All patients were previously diagnosed with T2DM
and most of them received background anti-diabetic medications
except for intervention therapies.

3.2. The risk of bias

Using the criteria recommended in the Cochrane handbook 6, the
risk of bias in identified trials was assessed in 9 domains. For all
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Figure 1. The flow diagram.

evaluated items, most trials were rated as low risk. All trials were
RCTs, in which the process of random sequence generation, allocation
concealment, and blinding were described. Therefore, unclear risk was
determined in other bias in this study (shown in Fig. 2).

3.3. Clinical outcomes
3.3.1. Estimated glomerular filtration rate (eGFR). Most trials

reported changes of eGFR of participants from baseline to
endpoint and MD of the change + SD. Pooled analysis showed that
there was no significant changes of eGFR associated with SGLT2
inhibitors compared with placebo or other anti-diabetic medi-
cations (MD-0.75 ml/minutes/1.73 m?, 95% CI —1.61to 0.10,
P=.09, shown in Fig. 3) in T2DM with CKD. Heterogeneity was
substantial between studies (I*=83%, P<.00001). To further
investigate the possible influencing factors, we conducted a
subgroup analysis based on baseline eGFR of participants and
found that there was no significant difference in subgroup eGFR
(shown in Fig. 4). Besides, we included the studies, in which
canagliflozin had 2 doses of 100 mg and 300 mg, dapagliflozin had
3 doses of 2.5 mg, 5mg, and 10 mg, and empagliflozin had 10mg

and 25mg. In order to discover the effect of different doses of
SGLT?2 inhibitors on eGFR, we conducted subgroup analyses.
There were no significant changes of eGFR associated with
different doses of canagliflozin (shown in Fig. 5). A subgroup
analysis of dapagliflozin found that 5 mg of dapagliflozin had no
significant effect on eGFR, but 10 mg can cause eGFR to decrease
(shown in Fig. 6). A subgroup analysis of empagliflozin was not
performed because there was only 1 study of empagliflozin on
eGFR.100 mg canagliflozin, 2.5 mg and 5 mg dapagliflozin, 10 mg
empagliflozin were considered as low-dose SGLT2 inhibitors,
while 300 mg canagliflozin, 10 mg dapagliflozin, 25 mg empagli-
flozin were high-dose SGLT2 inhibitors. Therefore, we performed
subgroup analysis according to low doses and high doses and
found that low doses had no significant effect on eGFR. However,
high dose had the opposite effect (shown in Fig. 7).

3.4. Urine albumin/creatinine ratio (UACR)

Four studies reported changes of UACR of participants. Pooled
analysis showed that significant changes of UACR in patients
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Table 1
The basic characteristics of the enrolled studies.
Mean Mean
Durati- Mean Mean baseline baseline Mean
on of Mean  duration baseline blood eGFR baseline
Dose Control follow Sample age Of diabetes HbA!C pressure  (ml/min/ urine
Study (mg) group up size (years) (years) (%) (mmHg) 1.73m2) ACR(mg/g) Outcom-e
Canagliflozin
Takashima et al (2018)"® 100 mg  placebo 52 weeks 40 65.1 NR 7.5 139/79 56.3 149 eGFR, UACR
Yale et al (2014) 100mg  placebo 52 weeks 269  68.5 16.3 8 NR 39.4 256.8 eGFR, UACR
300mg
Bode et al (2013)%" 100mg  placebo 104 weeks 714  63.6 17 7.7 131.0/757 775 NR eGFR
300 mg
CREDENCE["®! 100mg  placebo 2.62years 4401 63 15.8 8.3 140.0/783  56.2 1074.3 AKI
Dapaglifiozin
Kohan et al (2014) 22 5mg placebo 104 weeks 252 67 16.9 835  1321/733 446 73 eGFR, UACR, AKI
10 mg
Wilding et al (2012)% 2.5mg  placebo 48 weeks 800  59.3 13.6 8.53  138.5/80.1 78.4 75.2 eGFR, UACR
5 mg
10 mg
Empagliflozin
Barnett et al (2015)124 10 mg placebo 52 weeks 290 626 NR 803  1353/769 716 NR eGFR
25 mg
25mg placebo 52 weeks 374 64.9 NR 7.96 133.7/76.7 44.9 NR eGFR
Wanner et al (2018)(""! 10 mg 25 mg placebo  3.1years 1819 67.1 NR 8.05  136.25/74.55 485 NR AKI
Bexagliflflozin
Allegretti et al (2019)%° 20 mg placebo 24 weeks 312 696 15.91 7.98 136.8/NR 4511 NR AKI

AK| = acute kidney injury or failure, eGFR = estimated glomerular filtration rate, UACR = urine albumin/creatinine ratio.

with T2DM and CKD after using SGLT2 inhibitors compared

ik seguance prasii psncic sy B with placebo or other anti-diabetic medications (MD —24.27 mg/
Allocation concealment (selection blas) I 20 2, 95% CI —44.46 to —4.09, P=.02, shown in Flg. 8)
Elinding of participants and personnel (performance bias) _:]
Blinding of outcome assessment (detection bias) _:I
incomplte outcome data (atrtion bizs) (NNNMEINEN | 3.5. Acute kidney injury or failure
o 'mmng(repex:b:: [ ] Four studies reported events of acute kidney injury or failure
e in TZDM a‘m'd CKD. Th'e incidence of patients who r'ecelve.:d
[ cownororves ——— P | SGLT2 inhibitors was slightly lower than that of patients in
control group (OR 0.80, 95% CI 0.65 to 0.98, P=.03, shown in
Figure 2. Risk of bias. Fig. 9).
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% Cl
Takashima et al. 2018 07 64 20 -34 45 20 4.3% 4.10[0.67, 7.53]
Yale etal. 2014 A -1.69 719 63 -1.12 7.32 63 6.3% -0.57[-3.10,1.96] i
Yaleetal 2014 B -3.62 6.91 73 112 732 63 6.7% -2.50[-4.90,-0.10) - |
Bode etal. 2013 A -27 107 177 -21 139 154 59%  -0.60[-3.30, 2.10) —t
Bode etal.2013 B -28 113 172 -21 139 154 57% -0.70[-3.47,2.07) B T
Kohan etal.2014 A -1.71 1.23 83 -2.38 1.01 84 13.8% 0.67 [0.33, 1.01) -
Kohanetal.2014 B -35 1.02 85 -238 1.01 84 138% -1.12[1.43,-0.81] -
Wilding etal.2012 A =22 11 1711 07 111 183 6.7% -1.30[3.71,1.11) S A
Wilding etal.2012 B -2 135 1711 -07 111 153 59% -1.30(-3.98,1.38) ————
Wilding etal.2012C <11 101 183 0.7 111 153 69% -0.40[-2.74,1.94]
Bamettetal 2014 A -204 99 88 071 97 87 54% -1.33[4.23,1.57) T
Barnettetal. 2014 B -247 117 89 -0.71 97 87 48% -1.76[4.93,1.41) I
Bamnettetal. 2014 C -28 82 165 -03 74 166 91% -250[4.18,-0.82) —
Barnettetal. 2014 D 1.4 6 8/ 411 58 25 47%  -0.30[-3.54, 2.94) e P
Total (95% CI) 1546 1446 100.0% -0.75[-1.61,0.10] <
Heterogeneity: Tau®= 1.36; Chi*= 76.64, df= 13 (P < 0.00001); I*= 83% = % 3 "

Test for overall effect: Z=1.72 (P = 0.09)

Favours [experimental] Favours [control]

Figure 3. Forest plot for the mean difference of the change in eGFR comparing SGLT2 inhibitors with placebo or other antiglycemic agents. Cl = confidence
interval, eGFR = estimated glomerular filtration rate, IV = inverse variance, SD = standard deviation, SGLT2 = sodium glucose cotransporter 2.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV, Random. 95% ClI
4.1.1 eGFR<60mImim/1.73m2
Takashima et al. 2018(19] 0.7 64 20 -34 45 20 43% 410[0.67,7.53]
Yale et al. 201 4A[20] {88 718 83 -1.12 7.32 63 6.3% -0.57[-3.10,1.96) P
Yale et al. 2014B[20] -3.62 6.91 73 112 7.32 63 6.7% -2.50[-4.90,-0.10] -
Kohan et al. 2014A[22] -1.71 123 83 -238 1.1 84 13.8% 0.67 [0.33,1.01) I
Kohan et al.2014B([22) -35 102 85 -238 1.01 84 138% -1.12[1.43,-0.81] -
Barnett et al.2014C[24) -28 82 165 -03 74 166 91% -2.50[-4.18,-0.82) T
Barnett et al.2014D[24) 1.4 6 2% -11 68 25 47% -0.30[-3.54,2.94) ——
Subtotal (95% Cl) 515 505 58.8%  .0.55[-1.75,0.65) L 4
Heterogeneity, Tau®=1.65; Chi*= 74,40, df= 6 (P < 0.00001); F= 92%
Test for overall effect: Z= 0.91 (P = 0.37)
4.1.2 eGFR60-90mI/min/1.73m2
Bode et al.2013A[21) -27 107 177 -21 139 154 59% -0.60[-3.30,2.10) S [
Bode et al.2013B[21] -28 11.3 172 -21 138 154 57% -0.70[-3.47,2.07) G
Wilding et al.2012A[23] 22 11 171 07 111 153 6.7% -1.30[3.71,1.11)] St [0
Wilding et al.2012B(23) -2 135 171 -07 111 153 59% -1.30[-3.98,1.38) O
Wilding et al.2012C[23] 1.1 101 163 -07 111 153 6.9% -040[-2.74,1.94) —_—
Barnett et al.2014A[24] -204 989 88 -071 497 87 54% -1.33[4.23,1.57) T [
Barnett et al.20148(24] -247 117 89 -071 97 87 48% -1.76[-4.93,1.41) —T
Subtotal (95% Cl) 1031 941  41.2%  -1.01[-2.02,0.01) <
Heterogeneity: Tau®= 0.00; Chi*= 0.76, df= 6 (P = 0.99); F= 0%
Test for overall effect: Z= 1.95 (P = 0.05)
Total (95% CI) 1546 1446 100.0%  .0.75[-1.61,0.10) L 4
Heterogeneity; Tau®= 1,36; Chi*= 76,64, df=13 (P < 0.00001); IF= 83% _1=0 _?5 5 é 150

Test for overall effect: Z= 1.72 (P = 0.09)
Test for subaroun differences: Chi*= 0.32. df=1 (P=057). F=0%

Favours [experimental] Favours [control]

Figure 4. Subgroup analysis of the effect of SGLT2 inhibition on eGFR.

3.6. Sensitivity analysis and publication bias

Our analyses were robust in both the selection of models and the
statistical methods. The substitution of a random effects model
for a fixed model did not change our initial qualitative
interpretation of the pooled treatment effect of SGLT2 inhibitors
on renal function, UACR and AKI. Nine studies were inadequate
to detect publication bias.

4. Discussion

In this systematic review and meta-analysis, we found that
SGLT2 inhibitors had no significant effect on eGFR in type 2
diabetic patients with CKD. Subgroup analysis suggested that

there was no significant change in SGLT2 inhibitors with
different eGFR levels, though some studies found that dipping of
eGFR in shorter trials and preservation of eGFR in trials of longer
duration. UACR reduction after SGLT2 inhibitors was statisti-
cally significant in type 2 diabetic patients with CKD. Incidence of
acute kidney injury or failure was indicated to be lower in
patients receiving SGLT2 inhibitors in our study.

In our meta-analysis, we identified SGLT2 inhibitors had no
statistically significant effect on e GFR in type 2 diabetic patients
with CKD. And heterogeneous source was not eGFR via our
subgroup analysis. Although it was found that high-dose
SGLT?2 inhibitors had an effect on eGFR, fewer studies were
included in our article. Hence, more and longer researches of

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV, Random. 95% CI
5.1.1 The effect of 100mg of canaglifiozin on eGFR
Takashima et al. 2018(19] 0.7 64 20 -34 45 20 16.2% 410[0.67,7.53] —p—
Yale et al. 201 4A[20] -1.69 719 63 -112 732 63 21.4% -0.57[3.10,1.96) . TR
Bode et al.2013A[21) -2.7 107 177  -21 139 154 203% -0.60[-3.30,2.10] —
Subtotal (95% Cl) 260 237 57.9%  0.77[-1.99,3.53) -
Heterogeneity: Tau®= 3.78; Chi*= 5,55, df= 2 (P = 0.06); F= 64%
Test for overall effect: Z= 0.55 (P = 0.58)
5.1.2 The effect of 300mg canaglifiozin on eGFR
Yale et al. 2014B(20] -3.62 6.91 73 112 732 63 222% -2.50(-4.80,-0.10) —
Bode et al.2013B[21] -28 113 172 -21 139 154 199% -0.70[-3.47,2.07) —
Subtotal (95% CI) 245 217 421%  -1.73[-3.54,0.09] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.93, df=1 (P=0.34), F= 0%
Test for overall effect: Z= 1.86 (P = 0.06)
Total (95% ClI) 505 454 100.0% -0.27[-2.17,1.62]

Heterogeneity: Tau®= 2.71; Chi*= 9.60, df= 4 (P = 0.05), F= 58%
Test for overall effect: Z=0.28 (P = 0.78)
Testfor subaroun differences: Chi*= 2.20. df=1 (P=0.14). F= 54.5%

40 5 0 5 10
Favours [experimental] Favours [control]

Figure 5. Forest plot for the mean difference of the change in eGFR comparing 100mg canagliflozin with 300mg canagliflozin.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
6.1.1 The effect of 2.5mg and 5mg dapaglifiozin on eGFR
Kohan et al. 2014A[22) 1711 1.23 83 -238 1.01 84 29.0% 0.67 [0.33,1.01) o
Wilding et al.2012A[23) <22 11 1711 0.7 111 153 143% -1.30[3.71,1.11) S—
Wilding et al.2012B[23) -2 135 1711 -07 111 153 128% -1.30[-3.98,1.3§] —
Subtotal (95% CI) 425 390 56.1%  -0.20[-1.73,1.33) <

Heterogeneity: Tau®= 1.06; Chi*= 4.48, df= 2 (P=0.11); F= 55%
Test for overall effect: Z= 0.26 (P=0.79)

6.1.2 The effect of 10mg dapaglifiozin on eGFR

Kohan et al.2014B(22] 35 102 85 -238 1.01 84 291% -1.12[1.43,-0.81) =
Wilding etal.2012C[23]  -1.1 104 163 -0.7 111 153 147%  -0.40-2.74,1.94] ——
Subtotal (95% CI) 248 237 439% -1.11[-1.41,-0.80] [

Heterogeneity: Tau®= 0.00; Chi*= 0.36, df=1 (P = 0.55); F= 0%
Test for overall effect: Z= 7.16 (P < 0.00001)

Total (95% CI) 673 627 100.0% -0.54[1.81,0.73] ﬂ'
Heterogeneity: Tau™= 1.41; Chi*= 58.64, df= 4 (P < 0.00001); F = 93% - 3 F—
Test for overall effect Z=0.84 (P = 0.40) :

Testfor subaroun differences: Chi*=1.29. df=1 (P = 0.26). = 22.5% PRV DD Pt

Figure 6. Forest plot for the mean difference of the change in eGFR comparing 2.5mg, 5mg dapagliflozin with10mg dapaglifiozin.

Experimental Control Mean Difference Mean Difference
Study or Subqgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI V. Random. 95% CI

7.1.1 The effect of low doses of SGLT2 inhibitors on eGFR
Takashima et al. 2018[19] 07 64 20 -34 45 20 43% 4.10[0.67,7.53]

Yale et al. 20144(20) 169 718 63 -112 732 63 62% -0.57 3.10,1.96) —
Bode et al.2013A[21] .27 107 177 -21 139 154 58% -0.60[-3.30,2.10] e
Kohan et al. 2014A(22) 471 123 83 -238 101 84 137%  067(0.33,1.01) -
Wilding et al.20124[23) 2 1M 1711 -07 111 153  686% -1.303.71,1.11] —
Wilding et al.2012B(23] 441 101 163 -07 111 153 68% -0.40}2.74,1.94]

Bamnett et al.2014A(24) 204 99 88 -0.71 97 87 53% -1.33}4.23,1.57 —
Subtotal (95% CI) 765 714 488%  0.08[-0.95,1.11] <>

Heterogeneity: Tau®= 0.73; Chi*= 10.51, df= 6 (P = 0.10); IF= 43%
Test for overall effect: Z= 0.15 (P = 0.88)
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Figure 7. Forest plot for the mean difference of the change in eGFR comparing low-dose SGLT2 inhibitors with high-dose SGLT2 inhibitors.
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Figure 8. Forest plot for the mean difference of the change in urine albumin-creatinine ratio comparing SGLT2 inhibitors with placebo or other antiglycemic agents.
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Figure 9. Forest plot for meta-analysis of the association between SGLT2 inhibitors and acute renal injury or failure.

high-dose SGLT2 inhibitors on eGFR were needed. And we
noticed a phenomenon was that eGFR reduced in the short-term
studies and preserved in the longer-term studies in T2DM with
CKD, as has been reported in several clinical trials."72°! Like
EMPA-REG OUTCOME trial,l'”! eGFR decreased for a short
time from the baseline to week 4 in the empagliflozin groups.
However, during long-term administration, the eGFR remained
stable in the empagliflozin groups and declined steadily in the
placebo group. Eventually, eGFR increased after cessation the
drug in the empagliflozin groups. Similarly, in the CRE-
DENCE!"® study, during the first 3 weeks, there was a greater
reduction in eGFR in the canagliflozin group than in the placebo
group, subsequently, the decline in eGFR was lower in the
canagliflozin group. The phenomenon suggests that initial
reduction of eGFR is possibly caused by hemodynamic changes.
In our meta-analysis, albuminuria was improved in type 2
diabetic patients with CKD using SGLT2 inhibitors. Our
results, in accord with findings of previous meta-analysis,!*®!
demonstrated the role of SGLT2 inhibitors in slowing the
progression of albuminuria. However, we did not conduct the
subgroup analysis due to substantial heterogeneity of a few
results (I>=77%, P<.00001). More recently, results from
CREDENCEM"®! not only provided solid evidence that canagli-
flozin reduce the risk of doubling of serum creatinine level,
ESKD, eGFR <15ml/minutes/1.73m?, dialysis initiated or
kidney transplantation and so on, but also showed the decline
of UACR in patients with canagliflozin, regardless of their
baseline status of albuminuria.

Regarding acute kidney injury or failure of SGLT2 inhibitors in
T2DM with CKD, we found that the incidence was slightly lower
compared with control group which was also indicated in Cahn
trial.*”) In our meta-analysis, there were 2 groups in the EMPA-
REG OUTCOME trial'”! and we selected group with eGFR < 59
ml/minutes/1.73 m?. Only the outcomes in eGFR < 60ml/
minutes/1.73 m?* were found. Though the studies included were
small, this implied that SGLT2 inhibitors could decrease the
incidence rate of acute kidney injury or failure to some extent.

Despite rigorous methodology, our study has several limi-
tations. First, we included 9 studies of T2DM with CKD, which
might lead to insufficient powerd evaluation. Second, there were
only data on 4 kinds of SGLT2 inhibitors (canagliflozin,
dapagliflozin, empagliflozin, bexagliflflozin), not all drugs. Third,
our study used surrogate endpoints, including eGFR, UACR and
AKI, rather than hard endpoints, such as progression of
nephropathy or renal mortality.

In conclusion, SGLT2 inhibitors were not associated with
significant changes in eGFR in type 2 diabetic patients with CKD

in the integrated analysis. And SGLT2 inhibitors were associated
with UACR reduction in T2DM with CKD. In the meantime,
SGLT?2 inhibitors could reduce the incidence rate of acute kidney
injury or failure. Further studies are warranted for the renal
effects of SGLT2 inhibitors and delaying the progression of
T2DM with CKD.
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