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Abstract: Sodium-glucose cotransporter 2 inhibitors (SGLT2i) and metformin are both widely ac-
cepted anti-hyperglycemic agents. However, there is still no systematic review evaluating the
cardiovascular benefits and risk of infections of SGLT2i versus metformin. To make that clear, we
designed this study. Public databases, including the Cochrane library database, PubMed, and Embase
were searched for randomized clinical trials (RCTs) fitting the inclusion criteria. Two reviewers ex-
tracted the data and appraised the study quality independently. Thirteen RCTs enrolling 4189 patients
were eligible for this analysis. Our results showed that compared with metformin, SGLT2i increased
the risk of genitourinary tract infections (p < 0.00001). Further subgroup analysis suggested that the
occurrence of urinary tract infections (UTI) was not statistically significant (p = 0.18), but the incidence
of reproductive tract infections (RTI) was significantly increased in patients in the SGLT2i group
compared with that in the metformin group (p < 0.00001). In addition, SGLT2i markedly decreased the
levels of cardiovascular risk factor, including body weight, blood pressure, and triglyceride level, and
significantly increased the HDL-cholesterol level (p < 0.00001) in patients versus that of metformin.
For type 2 diabetes patients with obesity, SGLT2i was associated with more significant reductions
in weight and blood pressure compared to metformin without an increased risk of genitourinary
infections, and the reduction in fasting plasma glucose was superior in the SGLT2i group; the decrease
in HbAlc was similar in both groups. Additionally, no significant publication bias was seen. Based
on these findings, SGLT2i provided the similar antihyperglycemic effects, additional cardiovascular
benefits, and a potential RTI risk compared with that of metformin. Our results indicate that SGLT2i
is a good choice for those patients with metformin intolerance or resistance.

Keywords: sodium-glucose cotransporter 2 inhibitors; genitourinary tract infections; cardiovascular
benefits; metformin; randomized controlled trials; meta-analysis

1. Introduction

Diabetes mellitus which acts as one of the most common chronic diseases has caused
a major public health crisis worldwide due to its high prevalence [1,2]. According to a
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recent cross-sectional study, type 2 diabetes mellitus (T2DM) accounts for the majority of
patients in China, and the increasing proportion of young patients leads to a high morbidity,
distinct from other chronic diseases and mortality [3]. Studies have found that the hazard
ratio for death due to cardiovascular disease in diabetic patients is increasing year by year,
and now cardiovascular disease has become the main cause of death in T2DM patients [4].
Reducing the incidence of cardiovascular disease (CVD) is so vital for T2DM patients that
the American Diabetes Association recommends a glucose-lowering drug which could
provide additional cardiovascular safety as a prerequisite [5]. At present, many guidelines
recommend sodium-glucose cotransporter 2 inhibitors (SGLT2i) as a priority for diabetics
with atherosclerotic cardiovascular disease (ASCVD).

SGT2i is an effective and widely used oral antidiabetic drug which can significantly
decrease hyperglycemia by increasing urinary glucose excretion, independent of the pan-
creatic f3 cell function [6-9]. SGLT2i has been widely used due to its unique advantage in
weight loss, renal protection, and cardiovascular benefits [10,11]. SGLT2i may be regarded
as the top option of pharmacotherapy that raises new healthcare decision-making both for
clinicians and policy makers. Nonetheless, large amounts of clinical trials worldwide are
concerned regarding the safety of SGLT2i in patients with T2DM, as they are potentially
causing urinary tract infections (UTI) and reproductive tract infections (RTI) [12-14]. In ad-
dition, sporadic skin and respiratory infections may also induce the aggravation of T2DM,
which affects the quality of life of the patients. So far, there are many articles reporting
the outcomes of cardiovascular and urinary systems of SGLT2i, however, most of them
analyzed the benefits of SGLT2i as an add-on treatment for metformin compared with
placebo [12,15-18]. Rare reports were available comparing the cardiovascular outcomes
and safety of SGLT2i monotherapy with the first-line antihyperglycemic drug, metformin.
Therefore, we sought to provide a comprehensive new estimate of the cardiovascular bene-
fits, risk of infection, and glycemic efficacy of SGLT2i in T2DM patients when compared
with metformin monotherapy. In view of the limited data on cardiovascular outcomes, we
performed an analysis of cardiovascular risk factors as a substitute for endpoint assessment,
including body weight, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides,
diastolic blood pressure, and systolic blood pressure [19]. It is expected to provide evidence
for doctors to choose whether SGLT2i or metformin will be preferred and it will be helpful
for healthcare decision-making in the future.

2. Materials and Methods
2.1. Data Sources and Searches

In this meta-analysis of intervention studies, we performed a systematic search of the
scientific literatures according to the PRISMA statement (PROSPERO registration number:
CRD42022359007). A systematic search was conducted in the Cochrane Library database,
Web of Science, Embase, PubMed, China National Knowledge Infrastructure (CNKI), and
Wanfang Database for scientific literatures by two independent investigators using the
same search strategy, collecting all randomized clinical trials (RCTs) on humans from
inception to March 1st, 2022, with no other restrictions. The relevant text words and
medical subject headings comprised terms relating to “Sodium-Glucose Transporter 2”
and all the idiographic drug names, metformin, and diabetes mellitus (search strategy is
provided in the Supplementary File S1). Furthermore, we also searched completed studies
with the drugs specified above in the www.clinicaltrials.gov register to identify possible
inclusion trials.

2.2. Study Selection

Two investigators independently assessed the articles by title and abstract, and studies
that satisfied the inclusion criteria were retrieved for a full-text assessment, with disagree-
ments resolved by mutual discussion.

Studies were included if the following inclusion criteria were met: (1) RCTs; (2) assess-
ing the effects of any SGLT2i compared with metformin agent in humans with diabetes
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mellitus; (3) reported at least one type of infections (genitourinary tract infections, UTISs,
RTIs, or other infection events); (4) reported at least one cardiometabolic or safety outcome
(body weight, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, diastolic
blood pressure, and systolic blood pressure level); and (5) reported blood glucose level, in-
cluding glycosylated hemoglobin (HbA1lc) or fasting plasma glucose (FPG). The maximum
non-overlapping data were extracted if different reports on the same trial provided data on
different outcomes. Likewise, there were multiple reports of a single study and the report
with longest follow-up was included.

Studies were excluded if they met any of the following exclusion criteria: (1) duplicate
reports; (2) non-clinical studies or randomized controlled trials; and (3) did not report the
interested outcomes (genitourinary tract infection events, effect on cardiovascular system
and lowering glucose, and safety outcomes).

2.3. Data Extraction and Quality Assessment

Prespecified data from each trial were performed independently by two investigators
using a standardized data collection form and disagreements were resolved by mutual
discussion. The following items were included: first author, year of journal article publi-
cation, clinical trial registration number, number of participants, intervention and dose,
study duration, gender distribution, baseline HbAlc and body weight, and other outcome
measures listed below. A greater quantity of data provided by the www.clinicaltrials.gov
register could be used to supplement missing data that were not reported sufficiently or not
published at all from the original text. The Cochrane risk-of-bias tool for the randomized
trials (Review Manager, version 5.2) was used to assess the methodological quality of the
included trial. The specific assessment items of Cochrane definitions included random
sequence generation (selection bias), allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of outcome assessors (detection
bias), incomplete outcome data (attrition bias), and selective outcome reporting (reporting
bias). Two of the investigators performed the quality assessment, and disagreements were
resolved by discussions. Funnel plots and the Egger statistical test were generated for
exploring the risk of publication bias across the studies.

2.4. Outcome Indicators

We grouped outcomes into four broad sets: (1) incidence of infection events; (2) effects
on cardiovascular risk factors; (3) efficacy on glycemic control; and (4) incidence of hypo-
glycemic adverse events. The primary outcome of interest was the incidence of infections,
including urinary or reproductive tract infection events and upper respiratory tract in-
fections. Cardiovascular risk factors enrolled in this analysis included body weight, total
cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, diastolic blood pressure, and
systolic blood pressure, and these indicators were analyzed by the change from baseline.
The value changes in FPG and HbAlc were used to assess the effect of SGLT2i in lowering
glucose.

2.5. Data Synthesis and Analysis

Statistical analyses were performed with RevMan 5.4 and Stata software, version
16.0 (StataCorp, College Station, TX, USA). For dichotomous variables, relative risk (RR)
with a 95% confidence interval (CI) was used to present the pooled results, and weighed
mean differences (WMD) with a 95% CI were calculated for the continuous variables. The
analyses were calculated with fixed-effect models when there was no significant extent of
heterogeneities. Conversely, random-effects models were used. When the heterogeneities
were inevitable, a prior subgroup analysis was conducted, including types of SGLT2i and
different doses of the drug, treatment periods (12 weeks, 24-26 weeks, and >52 weeks), and
obesity (mean BMI > 28 Kg/m?) or not. The gender subgroup analysis of genitourinary tract
infection events was performed for a different physiological structure of the genitourinary
tract between male and female. Statistical heterogeneity was assessed with the p-value of
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v2-based Q test (cutoff value p = 0.10) and the 12 statistic (a low likelihood: 0-25%; moderate
likelihood: 26-75%; and a high likelihood: 76-100%). Sensitivity analysis was performed
by omitting each study sequentially to evaluate the robustness of the results of the pooled
estimates. Two-tailed p values < 0.05 indicated statistically significant results.

3. Results
3.1. Search Results

Our research yielded 6498 potentially eligible studies, and 6398 articles were excluded
by scanning the titles and abstracts. Eighty-seven studies were excluded because of im-
proper article type or an inappropriate intervention or outcome measure, thus ultimately a
total of 13 fulfilling studies [20-32] were identified for the meta-analysis (Figure 1).

Records identified through
database searching on 9 records from
March 1st, 2022 ClinicalTrials. Gov
N= 6498 (https://clinicaltrials.gov/)

Records removed after duplicates
—— | exclusion and title/abstract selection

N= 6398
v
Full-text screened
N =100 Data duplication
> Articles excluded, with reasons
duplicate record 8
v
reported no outcomes of interest 63
Studies included in not RCT
quantitative synthesis Reviews/Protocols 7

(meta-analysis)
N=13

Dapagliflozin
Empagliflozin

Canagliflozin

N NOB o’

Ipragliflozin

Figure 1. Flowchart for identification and selection of included trials.

3.2. Study Characteristics

Our search identified four types of SGLT2i with available data, including four studies
of empagliflozin [20-23], five of dapagliflozin [24-28], two of canagliflozin [29,30], and two
of ipragliflozin [31,32]. The baseline characteristics of the enrolled patients and the drug
therapy information are illustrated in Table 1. A total of 4189 patients with T2DM were
included in our study, among which 2699 patients were included in the SGLT2i group and
1490 patients in the metformin group. Among the 4189 patients, 9.24% (387/4189) cases
had genitourinary tract infections, 5.67% (234/4127) cases had a UTI, 3.65% (140/3831)
cases had an RTI, and 3.60% (92/2559) cases had upper respiratory tract infections. Among
those patients, 57.13% (2393 /4189) had their BMI > 28 Kg/ m? [22,25,29,31]. In the study
conducted by Araki, E. et al. in 2015 [20], in which the patients underwent a background
treatment with sulfonylurea, and in the study conducted by Koshizaka, M. et al. [32] in
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2019, where patients underwent a background treatment with DPP-4i, both applied SGLT2i
and metformin for monotherapy. In the trial conducted by Pian Liu et al. in 2021 [27] and
Jinggian Xie et al. in 2020 [30], all participants received routine congestive heart failure
treatment.

Table 1. Basic characteristics of randomized controlled trials included in the meta-analysis.

Study .
. d Number of Male Age HbAlc Body Weight BMI
Study Interventions R\l;er:lt:;n Participants (N) (Years) (%) (Kg) (Kg/M)
. EMPA 10 mg 136 99 613+99  80+07 65.8 4122 246+ 38
A{;%'T(E)'lggéggfl EMPA 25 mg 5 137 9% 618+96 81408 67.0 + 137 252442
MET 1111 mg § 63 47 600+£102 79408 6824122 252436
EMPA 5 mg 81 46 590(37-78)* 79+08  828(51.9-1160)*  285(205388)*
Ferrannini, E.* 2013 [21] EMPA 10 mg ” 81 40 803076 80+08  768(455-1180)%  281(215-39.3)*
(NCT00789035) EMPA 25 mg 82 4 570(3079)* 78+08  812(49.1-130.0)* 283 (201-388)*
MET + 80 39 580(3473)* 81409  81.1(42.0-1260)*  28.6(18.7-40.6)*
EMPA 10 mg 169 97 5314107  86+12 83.8 +£19.8 303 £52
Hadjadj, S. 2016 [22] EMPA 25 mg o 164 83 5334107 89413 8314203 306 £59
(NCT01719003) MET 500 mg 168 86 5344109 87410 8274212 303 +£58
MET 1000 mg 164 92 5164108  86+1.1 83.7 %201 305+ 59
Ferrannini, E. 2013 [23] EMPA 10 mg 106 19 59 (30-76)* 79409 82.9 + 16.4 289 (20.3-39.2) *
err&%%bgﬁ 530) EMPA 25 mg 78 109 57 59 (35-79)* 8.0+ 0.9 84.6 + 18.1 28.1 (19.3-40.0) *
MET 56 28 58(35-73)* 82410 858+ 156 286 (22.4-39.3) *
Henry, RR. 2012 [24] DAPA 5mg 203 92 5234102 9.1+14 862 +21.1
(NCT00643851 DAPA 10 mg 24 219 105 5114115  91+13 8854193 NO
NCT00859898) MET 2000 mg 409 192 5234101  9.1+13 864 +19.7
DAPA 2.5 mg 59 29 550+£110 7.6 +07 90.0 £ 200 320 £ 5.0
DAPA 5mg 58 28 550+£120 80409 89.0 +17.0 320 + 5.0
List, ].F. 2009 [25] DAPA 10 mg » 47 25 540490 80408 86.0 +17.0 31.0 5.0
(NCT00263276) DAPA 20 mg 59 2 5504100 7.7 409 88.0 + 18.0 31.0 + 5.0
DAPA 50 mg 56 25 5304100  78+1.0 92.0 +19.0 32.0 + 4.0
MET 1500 mg 56 27 540+£90 76408 88.0 + 200 32,0 + 5.0
DAPA 5mg 11 8 559475 79409 775 +£18.1 277449
Ito, D. 2021 [26] MET 1000 mg 12 10 9 575496 79409 748 +87 267434
o DAPA 10 mg 58 31 666+84 81412 701 +7.8 247418
Pian Liu. 2021 [27] MET 1000 mg 26 59 32 663+93  85+11 68.6 7.7 241423
. DAPA 10 mg 30 19 494102  85+17 763 +13.6 279 +43
Weihua Zhang. 2019 [26] MET 1500 mg 12 30 20 441+108  83+14 754 +14.3 275+ 45
CANA 100 mg 237 105 5414107  88+12 902+ 186 324454
R"S‘g\‘fg’;ggégzgzl% (2] CANA 300 mg 2 238 125 559496 88412 93.0 + 199 326+ 58
MET 2000 mg 237 116 553+98 88412 921 + 201 33.0 £ 6.0
I CANA 100 mg 31 11 638486  91+17 733 +£103
Jinggian Xie. 2020 [30] MET (1000-1500 mg) 12 31 13 630+97  83+15 72,5+ 10.2 NO
IPRA 12.5 mg 70 39 539496 80408 86.0 +223 31.0 £59
IPRA 50 mg 67 34 5264107  8.1+08 90.7 + 208 322459
F 0“(S§CC3'TX1‘(\)'7%‘S)})3)[3” IPRA 150 mg 12 68 29 5424103 78407 833+ 216 309 + 6.3
IPRA 300 mg 68 37 5424107 79407 867 +19.6 30.7 + 5.0
MET 1500 mg 69 10 5314117 80409 8414218 298455
. IPRA 50 mg 18 31 5664119  80+07 73.1 + 142 27.6+42
Koshizaka, M. 2019 [32] MET 1124 mg? 12 50 28 557+122 81409 78.3 + 184 288453

EMPA, empagliflozin; DAPA, dapagliflozin; CANA, canagliflozin; IPRA, ipragliflozin; MET, metformin; BMI,
body mass index. Data are mean 4 SD (standard deviation) unless indicated otherwise. Ferrannini, E.*: Used
to distinguish two articles with the same first author name and publication year (references [21,23]). * Data are
median (minimum-maximum).t MET dose < 1000 mg or up to the maximum tolerated dose. § Data are mean
dose.

3.3. Methodological Quality

For random sequence generation, the specific method was clearly presented in seven
studies [20-22,24,26,29,32], but the remaining six referred to “random” without a detailed
method [23,25,27,28,30,31]. Six studies mentioned the specific allocation concealment
method [20-22,24,26,32]. The blinding of the participants and personnel was concretely pre-
sented in seven studies [20-22,24,25,29,31], and four studies were open-label [23,26,27,32].
Blinding was not mentioned in the 2019 Weihua Zhang et al. trial [28] nor the 2020 Jingqgian
Xie et al. trial [30]. Significantly, the control group (metformin) was open-label in Araki,
E. 2015 [20] and Ferrannini, E.* 2013 [21], and double-blinding was presented in the ex-
perimental groups. Six studies had an incomplete outcome data bias [22-25,29,31]; the
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remaining seven studies did not describe this bias [20,21,26-28,30,32]. None of included
studies mentioned the reporting bias. The results of the methodological quality are graphi-
cally displayed in Figure 2.

Araki, E. 2015

‘ ‘ Random sequence generation (selection bias)
@ | @ | Allocation concealment (selection bias)

Ferrannini, E.* 2013

~)
=~

Ferrannini, E. 2013

~)
=~

Fonseca, V. A. 2012

Hadjadj, S. 2016

Henry, R. R. 2012

Ito, D. 2021

~ @ O @ O @ | @ @ Binding of participants and personnel (performance bias)
-~ . ’ . ‘ ‘ . . Blinding of outcome assessment (detection bias)

v 00 e
v 000

Jinggian Xie. 2020

~ 9000

Koshizaka, M. 2019

List, J. F. 2009 | @ | @

Pian Liu. 2021 [ 2 | (2

Rosenstock, J. 2016 ‘ ‘

~ 90O e
. . . ‘ ' ‘ . . . . . . . Incomplete outcome data (attrition bias)
. . . . . . . . . . . . . Selective reporting (reporting bias)

Weihua Zhang. 2019 | ‘2 | ' ?

Figure 2. Figure for methodological quality of included trials [20-32]. Green symbol: low risk of bias;
Yellow symbol: unclear risk of bias; Red symbol: high risk of bias.
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3.4. Outcomes
3.4.1. Infection Incidence Risk
Genitourinary Tract Infections

Genitourinary tract infections, one of the most common adverse effects of SGLT?2i,
were reported in all of the included RCTs. Compared with metformin, SGLT2i increased the
risk of genitourinary tract infections (RR = 1.67, 95% CI = 1.35 to 2.07, p < 0.00001, 2 =27%,
Q test: p = 0.17) (Figure 3).

A further subgroup analysis of the different types of SGLT2i suggested that da-
pagliflozin was associated with a significant increase in the incidence of genitourinary tract
infections in comparison with that of metformin (dapagliflozin: RR =2.28, 95% CI = 1.63
to 3.18, p < 0.00001, I? = 0%, N = 5) (Figure 4A). Additionally, the different doses of
dapagliflozin all showed a significant increase in the incidence of genitourinary tract in-
fections in the SGLT2i group compared to those in the metformin group (dapagliflozin
5mg: RR =1.73,95% = 1.03 to 2.89, p = 0.04, I2=0%, N=3; dapagliflozin 10 mg: RR =2.37,
95% CI = 1.56 to 3.63, p < 0.0001, 12 = 20%, N = 4) (Figure 4A).

There was not any significant difference between empagliflozin and metformin (em-
paglifiozin: RR = 1.24, 95% CI = 0.87 to 1.75, p = 0.23, I> = 0%, N = 4) (Figure 4B). The
following subgroup analyses of the different doses of empagliflozin versus metformin
showed consistent results (empagliflozin 10 mg: RR = 1.27, 95% CI = 0.78 to 2.07, p = 0.34,
I2 = 0%, N = 4; empagliflozin 25 mg: RR = 1.22, 95% CI = 0.74 to 2.01, p = 0.43, I? = 0%,
N = 4) (Figure 4B).

In addition, the subgroup analysis of canagliflozin showed a significantly increased
risk of genitourinary tract infections (RR = 2.59, 95% CI = 1.19 to 5.64, p = 0.02, 12 = 23%,
N = 2) (Figure 4C). Ipragliflozin had a similar risk increase in genitourinary tract infections,
despite the moderate heterogeneity (RR = 0.86, 95% CI = 0.42 to 1.74, p = 0.67, I = 60%,
N = 2) (Figure 4D).

SGLT2 inhibitors ~ Metformin Risk Ratio Risk Ratio
—Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95%Cl  M-H.Fixed 95%Cl
Events of genitourinary tract infection

Araki, E. 2015 14 273 3 63 4.0% 1.08[0.32, 3.63] -
Ferrannini, E.* 2013 9 244 2 80 25% 1.48 [0.33, 6.69] N
Ferrannini, E. 2013 22 215 3 5 39% 1.910.59, 6.15] ===
Fonseca, V. A. 2012 32 273 7 69 91% 1.16 [0.53, 2.51] -
Hadjadj, S. 2016 46 339 40 341 32.6% 1.16[0.78, 1.72] -
Henry, R. R. 2012 82 422 33 409 27.4% 2.41[1.65, 3.52] -
Ito, D. 2021 1 1 0 10 04% 275[0.12,60.70]
Jinggian Xie. 2020 8 Kl 5 31 41% 1.60 [0.59, 4.35] | D
Koshizaka, M. 2019 0 49 4 49 37% 0.11[0.01,2.01]
List, J. F. 2009 37 279 6 56 82% 1.24[0.55, 2.79] il
Pian Liu. 2021 3 58 0 59 04% 7.12[0.38,134.83]
Rosenstock, J. 2016 23 475 3 237 33% 3.83[1.16, 12.61]
Weihua Zhang. 2019 4 30 0 30 04% 9.00([0.51,160.17]
Subtotal (95% CI) 2699 1490 100.0%  1.67[1.35,2.07] ]
Total events 281 106
Heterogeneity: Chi? = 16.40, df = 12 (p=0.17); 1> = 27%
Test for overall effect: Z = 4.66 (2 < 0.00001)

0.005 0.1 1 10 200
Favours [SGLT2 inhibitors]  Favours [Metformin]

Figure 3. Risk of genitourinary tract infections of SGLT2i compared with that of metformin [20-32].

Urinary Tract Infections (UTT)

All trials included in our meta-analysis reported the specific type of genitourinary
tract infections, including UTIs and RTIs, except for one research conducted by Jingqgian
Xie et al. in a 2020 trial, which only reported genitourinary tract infection events [30]. Our
analysis showed that the overall occurrence of UTIs was not statistically significant between
the SGLT2i and metformin group (RR =1.20, 95% CI = 0.92 to 1.58, p = 0.18, I2=0%, N = 12)
(Figure 5).
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A

SGLT2 inhibitors  Metformin

Events of genitourinary tract infection DAPA

Henry, R.R. 2012 82 422 33 409 74.4%
Ito, D. 2021 1 1 0 10  12%
List, J. F. 2009 37 279 6 56 222%
Pian Liu. 2021 3 58 [ 59 11%
Weihua Zhang. 2019 4 30 0 30 1.1%
Subtotal (95% Cl) 800 564 100.0%
Total events 127 39

Heterogeneity: Chi? = 3.71, df = 4 (p= 0.45); = 0%
Test for overall effect: Z = 4.83 (< 0.00001)

Events of genitourinary tract infection DAPA 5mg

Henry, R. R. 2012 30 203 16 204 77.7%
Ito, D. 2021 1 " 0 10 25%
List, J. F. 2009 6 58 3 28 19.7%
Subtotal (95% CI) 272 242 100.0%
Total events 37 19

Heterogeneity: Chi* = 0.93, df = 2 (p= 0.63); I = 0%
Test for overall effect: Z = 2.07 (= 0.04)

Events of genitourinary tract infection DAPA 10mg

Henry, R.R. 2012 52 219 17 205 64.3%
List, J. F. 2009 6 47 3 28 13.8%
Pian Liu. 2021 3 58 [ 59 1.8%
Weihua Zhang. 2019 6 47 6 56 20.1%
Subtotal (95% CI) 371 348 100.0%
Total events 67 26

Heterogeneity: Chi? = 3.74, df = 3 ( p=0.29); I = 20%
Test for overall effect: Z = 4.01 (P< 0.0001)

B

SGLT2 inhibitors  Metformin

Events of genitourinary tract infection EMPA

Araki, E. 2015 14 273 3 63 9.3%
Ferrannini, E.* 2013 9 244 2 80 57%
Ferrannini, E. 2013 22 215 3 56 91%
Hadjadj, S. 2016 46 339 40 341 759%
Subtotal (95% Cl) 1071 540 100.0%
Total events 9 48

1
Heterogeneity: Chi* = 0.74, df = 3 (P= 0.86); I = 0%
Test for overall effect: Z = 1.19 (P = 0.23)

Events of genitourinary tract infection EMPA 10mg

Araki, E. 2015 8 136 2 31 124%
Ferrannini, E.* 2013 4 81 1 40 51%
Ferrannini, E. 2013 9 106 1 28  6.0%
Hadjadj, S. 2016 24 172 20 171 76.5%
Subtotal (95% ClI) 495 270 100.0%
Total events 45 24

Heterogeneity: Chi? = 0.77, df = 3 ( p= 0.86); I* = 0%
Test for overall effect: Z = 0.95 (P= 0.34)

Events of genitourinary tract infection EMPA 25mg

Araki, E. 2015 6 137 1 32 62%
Ferrannini, E.* 2013 3 82 1 40 52%
Ferrannini, E. 2013 13 109 2 28 12.3%
Hadjadj, S. 2016 22 167 20 170 76.3%
Subtotal (95% Cl) 495 270 100.0%
Total events 44 24

Heterogeneity: Chi? = 0.32, df = 3 (P=0.96); = 0%
Test for overall effect: Z = 0.79 ( P= 0.43)

C

SGLT2 inhibitors  Metformin

Events of genitourinary tract infection CANA

Jinggian Xie. 2020 8 31 5 31 555%
Rosenstock, J. 2016 23 475 3 237 445%
Subtotal (95% ClI) 506 268 100.0%
Total events 31 8

Heterogeneity: Chi? = 1.30, df = 1 (2= 0.25); I? = 23%
Test for overall effect: Z = 2.39 (P=0.02)

D

SGLT2 inhibitors  Metformin

Events of genitourinary tract infection IPRA

Fonseca, V. A. 2012 32 273 4 69 71.3%
Koshizaka, M. 2019 0 49 4 49 28.7%
Subtotal (95% Cl) 322 118 100.0%
Total events 32 1

Heterogeneity: Chi* = 2.49, df = 1 (P=0.11); F = 60%
Test for overall effect: Z = 0.43 (7= 0.67)
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Figure 4. (A) Risk of genitourinary tract infections of DAPA and its different doses compared with met-
formin [24-28]. (B) Risk of genitourinary tract infections of EMPA and its different doses compared
with metformin [20-23]. (C) Risk of genitourinary tract infections of CANA compared with met-
formin [29,30]. (D) Risk of genitourinary tract infections of IPRA compared with metformin [31,32].
DAPA = dapagliflozin. EMPA = empagliflozin. CANA = canagliflozin. IPRA = ipragliflozin.
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Drug types and doses were further investigated and found that there was no significant
difference in the empagliflozin group compared to the metformin group, and both a low
dose (10 mg) and high dose (25 mg) of empagliflozin showed a similar result (empagliflozin:
RR = 0.94, 95% CI = 0.61 to 1.45, p = 0.79, I? = 0%, N = 4; empagliflozin 10 mg: RR = 0.85,
95% CI = 0.46 to 1.57, p = 0.61, 12 = 0%, N = 4; empagliflozin 25 mg: RR = 1.03, 95% CI = 0.56
to 1.89, p = 0.94, I = 0%, N = 4) (Figure 6). Dapagliflozin resulted in a higher risk of a UTI
compared to that of metformin (RR =1.67, 95% CI =1.11 to0 2.52, p = 0.01, I? = 0%, N = 5)
(Figure 6). As for the influence of the dose, 10 mg of dapagliflozin significantly increased
the risk of a UTI, but 5 mg of dapagliflozin had a similar risk of a UTI compared with that
of metformin (dapagliflozin 5 mg: RR =1.36, 95% CI = 0.72 t0 2.59, p = 0.34, 1?2 = 0%, N = 3;
dapagliflozin 10 mg: RR = 2.04, 95% CI =1.17 to 3.56, p = 0.01, 2 =0%, N = 4) (Figure 6).
Only two RCTs reported canagliflozin and two RCTs reported ipragliflozin, so sub-group
analyses were not performed.

As for UTlIs in different genders, a sex-specific subgroup was performed in five studies
with the available gender data. The results showed that no significant differences were
found in a UTI incidence in the SGLT2i versus the metformin group (Male: RR = 1.55,
95% CI =0.74 to 3.23, p = 0.24, I = 0%, N = 4; Female: RR = 1.15, 95% CI = 0.81 to 1.64,
p =044, 1> = 8%, N = 4) (Figure 7). A further subgroup analysis demonstrated that
empagliflozin had a similar risk of a UTI with metformin in males and females, and 10 mg
and 25 mg of empagliflozin also had similar risk of a UTI compared to metformin (Male
empagliflozin: RR = 1.46, 95% CI = 0.49 to 4.37, p = 0.49, 12 = 0%, N = 3; Male empagliflozin
10 mg: RR =1.09, 95% CI = 0.26 to 4.51, p = 0.90, 12 = 0%, N = 2; Male empagliflozin 25 mg:
RR =0.99,95% CI =0.31 to 3.21, p = 0.99, I? = 0%, N = 3; Female empagliflozin: RR = 0.89,
95% CI = 0.56 to 1.43, p = 0.63, I2 = 0%, N = 3; Female empagliflozin 10 mg: RR = 0.97,
95% CI = 0.50 to 1.88, p = 0.92, I? = 0%, N = 3; Female empagliflozin 25 mg: RR = 0.80,
95% CI = 0.42 to 1.53, p = 0.50, I? = 0%, N = 3) (Figure 7). Subgroup analysis of different
treatment periods showed no significant difference in a UTI incidence between the SGLT2i
and metformin group, no matter if the treatment was 12 weeks, 24-26 weeks, or >52 weeks
(12 weeks: RR =1.22, 95% CI = 0.69 to 2.14, p = 0.50, 12 = 0%, N = 5; 24-26 weeks: RR = 1.18,
95% CI = 0.86 to 1.63, p = 0.31, I> = 43%, N = 5; >52 weeks: RR = 1.41, 95% CI = 0.50 to 4.00,
p=0.52,12 = 0%, N = 2) (Figure 8A).

SGLT2 inhibitors  Metformin Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% Cl M-H. Fixed. 95% CI
Events of urinary tract infection

Araki, E. 2015 12 273 2 63 36% 1.38[0.32, 6.03] ]
Ferrannini, E.* 2013 4 244 2 80 33% 0.66 [0.12, 3.51] e
Ferrannini, E. 2013 11 215 2 5 35% 1.43[0.33, 6.28] = L=
Fonseca, V. A. 2012 21 273 5 69 88% 1.06 [0.42, 2.71] =
Hadjadj, S. 2016 27 339 31 341 33.9% 0.88 [0.53, 1.44]
Henry, R. R. 2012 40 422 24 409 26.8% 1.62 [0.99, 2.63] Bl
Ito, D. 2021 1 1 0 10 06% 275[0.12,60.70]
Koshizaka, M. 2019 0 49 4 49 49% 0.11[0.01, 2.01]
List, J. F. 2009 25 279 5 5 91% 1.00 [0.40, 2.51] i i
Pian Liu. 2021 3 58 0 59 05% 7.12[0.38, 134.83]
Rosenstock, J. 2016 8 475 3 237 44% 1.33[0.36, 4.97] = =
Weihua Zhang. 2019 4 30 0 30 05% 9.00[0.51,160.17]
Subtotal (95% CI) 2668 1459 100.0%  1.20[0.92, 1.58] *

Total events 156 78
Heterogeneity: Chi? = 9.98, df = 11 (P=0.53); 2= 0%
Test for overall effect: Z = 1.35 (= 0.18)
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Figure 5. Risk of urinary tract infections in patients with SGLT2i compared with that of
metformin [20-29,31,32].
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SGLT2 inhibitors  Metformin Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed. 95% Cl

Events of urinary tract infection EMPA
Araki, E. 2015 12 273 2 63 81% 1.38[0.32, 6.03] - 1
Ferrannini, E.* 2013 4 244 2 80 75% 0.66 [0.12, 3.51] - 1
Ferrannini, E. 2013 1 215 2 56 79% 1.43[0.33, 6.28] - 1
Hadjadj, S. 2016 27 339 31 341 T766% 0.88 [0.53, 1.44] t
Subtotal (95% Cl) 1071 540 100.0%  0.94[0.61, 1.45]
Total events 54 37

Heterogeneity: Chiz = 0.84, df = 3 (P=0.84); 12= 0%
Test for overall effect: Z = 0.26 (P=0.79)

Events of urinary tract infection EMPA 10mg

Araki, E. 2015 6 136 13 79%  1.37[0.17,10.96] - 1=
Ferrannini, E.* 2013 1 81 1 40 65% 0.49[0.03, 7.69]

Ferrannini, E. 2013 4 106 1 28 77% 1.06 [0.12, 9.08] - 1
Hadjadj, S. 2016 13 172 16 171 779% 0.81[0.40, 1.63] t

Subtotal (95% Cl) 495 270 100.0% 0.85 [0.46, 1.57]

Total events 24 19

Heterogeneity: Chi* = 0.41, df = 3 ( P= 0.94); 2= 0%
Test for overall effect: Z =0.51 (p=0.61)

Events of urinary tract infection EMPA 25mg

Araki, E. 2015 6 137 1 32 83% 140[0.17,11.24] -1
Ferrannini, E.* 2013 1 82 1 40  69% 0.49[0.03, 7.60]

Ferrannini, E. 2013 Ui 109 1 28 82% 1.80[0.23,14.02] S
Hadjadj, S. 2016 14 167 15 170 76.5% 0.95[0.47, 1.91]

Subtotal (35% Cl) 495 270 100.0% 1.03 [0.56, 1.89]

Total events 28 18

Heterogeneity: Chi = 0.70, df = 3 (7= 0.87); I>= 0%
Test for overall effect: Z = 0.08 (2= 0.94)

Events of urinary tract infection DAPA

Henry, R. R. 2012 40 422 24 409 T12% 1.62[0.99, 2.63] -l
Ito, D. 2021 1 1 0 10 15% 275[0.12,60.70]

List, J. F. 2009 25 279 5 56 24.3% 1.00 [0.40, 2.51] N
Pian Liu. 2021 3 58 0 59 14% 7.12]0.38,134.83]

Weihua Zhang. 2019 4 30 0 30 15% 9.00[0.51,160.17]

Subtotal (95% Cl) 800 564 100.0% 1.67 [1.11, 2.52] <&
Total events 73 29

Heterogeneity: Chi? = 3.55, df = 4 (= 0.47); 2= 0%
Test for overall effect: Z =2.46 (7= 0.01)

Events of urinary tract infection DAPA 5mg

Henry, R. R. 2012 16 203 12 204 788%  1.34[0.65 276] —1.—
Hto, D. 2021 1 1 0 10 34% 2.75[0.12,60.70]

List, J. F. 2009 5 58 2 28 178%  1.21[0.25, 5.84] f
Subtotal (95% CI) 272 242 1000% 136 [0.72, 2.59]

Total events 22 14

Heterogeneity: Chiz =0.22, df = 2 (P= 0.89); 1?= 0%
Test for overall effect: Z =0.95 (P=0.34)

Events of urinary tract infection DAPA 10mg

Henry, R. R. 2012 2 219 12 205 723%  1.87[0.96, 3.64] il
List, J. F. 2009 5 47 3 28 219% 0.99[0.26, 3.84] N
Pian Liu. 2021 3 58 0 59 29% 7.12[0.38, 134.83]
Weihua Zhang. 2019 4 30 0 30 29% 9.00[0.51,160.17]
Subtotal (85% Cl) 354 322 100.0%  2.04[1.17, 3.56] A
Total events 36 15
Heterogeneity: Chi = 2.87, df = 3 (2= 0.41); 2= 0%
Test for overall effect: Z =2.50 (P=0.01)
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Figure 6. Risk of urinary tract infections with different types and doses of SGLT2i compared with
that of metformin [20-28]. DAPA = dapagliflozin, EMPA = empagliflozin.

It was noted that the obesity population accounted for the most T2DM patients. In our
study, four trials enrolled the obese T2DM patients. Research indicates that obese people
are more likely than people of a normal weight to develop infections of various types [33].
Surprisingly, we found that SGLT2i did not result in a higher risk of a UTI compared to
the metformin in the obesity subgroup (RR = 0.96, 95% CI = 0.66 to 1.40, p = 0.84, I? = 0%,
N = 4) (Figure 8B).
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SGLT2 inhibitors ~ Metformin
r r Even Total Events T
Events of urinary tract infection Male
Araki, E. 2015 3 195 147
Ferrannini, E. 2013 4 106 0 28
Hadjadj, S. 2016 5 184 3 177
Henry, R. R. 2012 10 197 6 192
Subtotal (95% Cl) 682 444
Total events 22 10

Heterogeneity: Chi? = 0.55, df = 3 (P=0.91); I = 0%
Test for overall effect: Z = 1.17 (P=0.24)

Events of urinary tract infection Male EMPA

Araki, E. 2015 3 195 1 47
Ferrannini, E. 2013 4 106 0 28
Hadjadj, S. 2016 5 184 3 177
Subtotal (95% Cl) 485 252
Total events 12 4

Heterogeneity: Chi? = 0.52, df = 2 (P=0.77); I = 0%
Test for overall effect: Z = 0.68 (p= 0.49)

Events of urinary tract infection Male EMPA 10mg

Araki, E. 2015 2 99 1 47
Hadjadj, S. 2016 2 100 3 177
Subtotal (95% CI) 199 224
Total events 4 4

Heterogeneity: Chi? = 0.02, df = 1 (2= 0.89); I>= 0%
Test for overall effect: Z = 0.12 ( p=0.90)

Events of urinary tract infection Male EMPA 25mg

Araki, E. 2015 1 9 1 28
Ferrannini, E. 2013 4 57 0 14
Hadjadj, S. 2016 3 84 3 8
Subtotal (95% Cl) 237 125
Total events 8 4

Heterogeneity: Chi? = 1.38, df = 2 (2= 0.50); I>= 0%
Test for overall effect: Z = 0.01 (2= 0.99)

Events of urinary tract infection Female

Araki, E. 2015 9 78 1 16
Ferrannini, E. 2013 7 109 2 28
Hadjadj, S. 2016 22 155 28 164
Henry, R. R. 2012 30 225 18 217
Subtotal (95% Cl) 567 425
Total events 68 49

Heterogeneity: Chi? = 3.26, df = 3 (2= 0.35); I*= 8%
Test for overall effect: Z = 0.78 (P= 0.44)

Events of urinary tract infection Female EMPA

Araki, E. 2015 9 78 1 16
Ferrannini, E. 2013 7 109 2 28
Hadjadj, S. 2016 22 155 28 164
Subtotal (95% Cl) 342 208
Total events 38 31

Heterogeneity: Chi? = 0.58, df = 2 (P= 0.75); I? = 0%
Test for overall effect: Z = 0.48 (2= 0.63)

Events of urinary tract infection Female EMPA 10mg

Araki, E. 2015 4 37 0 8
Ferrannini, E. 2013 4 57 1 14
Hadjadj, S. 2016 1" 72 14 82
Subtotal (95% Cl) 166 104
Total events 19 15

Heterogeneity: Chi? = 0.34, df = 2 (7= 0.84); I* = 0%
Test for overall effect: Z = 0.09 (7= 0.92)

Events of urinary tract infection Female EMPA 25mg

Araki, E. 2015 5 41 1 8
Ferrannini, E. 2013 3 52 1 14
Hadjadj, S. 2016 1" 83 14 82
Subtotal (95% Cl) 176 104
Total events 19 16

Heterogeneity: Chi? = 0.04, df = 2 (P=0.98); I*= 0%
Test for overall effect: Z = 0.68 ( 2= 0.50)
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that of metformin in male and female patients [20,22-24]. EMPA = empagliflozin.
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Figure 7. Risk of urinary tract infections with different types and doses of SGLT2i compared with
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A

SGLT2 inhibitors ~ Metformin Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl -H, Fixed, 95% Cl

2.5.1 Events of urinary tract infection 12 week trials
Ferrannini, E.* 2013
Fonseca, V. A. 2012
Ito, D. 2021

List, J. F. 2009
Weihua Zhang. 2019
Subtotal (35% Cl)
Total events
Hetercgeneity: Chi? = 2.89, df =4 (P=0.58); I*= 0%
Test for overall effect: Z = 0.68 (7= 0.50)

2.5.2 Events of urinary tract infection 24-26 week trials
Hadjadj, S. 2016
Henry, R. R. 2012
Koshizaka, M. 2019
Pian Liu. 2021
Rosenstock, J. 2016
Subtotal (35% Cl)
Total events
Heterogeneity: Chi* = 7.02, df =4 (P=0.13); F = 43%
Test for overall effect: Z=1.01 (2= 0.31)

2.5.10 Events of urinary tract infection >=52 weeks trials
Araki, E. 2015
Ferrannini, E. 2013
Subtotal (35% Cl)
Total events
Heterogeneity: Chiz = 0.00, df =1 (P=0.97); P =0%
Test for overall effect: Z = 0.64 (P=0.52)
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SGLT2 inhibitors ~ Metformin Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl M-H. Fixed. 95% Cl

Events of urinary tract infection Obesity
Fonseca, V. A. 2012 21 273 5 69 156% 1.06 [0.42, 2.71] = %
Hadjadj, S. 2016 27 339 31 341 603%  0.88[0.53 144] —i—
List, J. F. 2009 25 279 5 56 16.3% 1.00 [0.40, 2.51] -1
Rosenstock, J. 2016 8 475 3 237 78% 1.33[0.36, 4.97] -
Subtotal (95% Cl) 1366 703 100.0%  0.96[0.66, 1.40] -
Total events 81 44

Heterogeneity: Chi? = 0.42, df = 3 (P=0.94); = 0%
Test for overall effect: Z=0.21 (7= 0.84)
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Figure 8. (A) Risk of urinary tract infections in patients with different treatment times of SGLT2i at
12 weeks, 24-26 weeks, and >52 weeks compared with that of metformin [20-29,31,32]. (B). Risk of
urinary tract infections with SGLT2i compared with of metformin in obesity patients [22,25,29,31].
Obesity = SGLT2i used in obese people.

Reproductive Tract Infections (RTI)

For another type of genitourinary tract infections, an RTI, we also performed the
corresponding analysis. The result showed that SGLT2i significantly increased the incidence
of an RTI compared with that of metformin (RR = 3.16, 95% CI = 2.04 to 4.89, p < 0.00001,
12 = 0%, N = 8) (Figure 9A), and the incidence of an RTI induced by empagliflozin was also
higher than that of metformin (RR = 2.09, 95% CI = 1.07 to 4.09, p = 0.03, 12 = 0%, N = 4)
(Figure 9B). However, different doses of empagliflozin did not increase the risk of an RTI
(empagliflozin 10 mg: RR = 2.28,95% CI = 0.94 to 5.52, p = 0.07, I? = 0%, N = 4; empagliflozin
25 mg: RR =1.43, 95% CI = 0.62 to 3.33, p = 0.41, I? = 18%, N = 4) (Figure 9B). The risk
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analysis of an RTI for dapagliflozin, canagliflozin, and ipragliflozin was not performed due
to the lack of included literature.

A SGLT2 inhibitors ~ Metformin Risk Ratio Risk Ratio

Events of reproductive tract infection
Araki, E. 2015 2 273 1 63 59% 0.46 [0.04, 5.01] —
Ferrannini, E.* 2013 5 244 0 80 27% 3.64[0.20, 65.05]
Ferrannini, E. 2013 1" 215 1 5 57% 287[0.38,2173] -1
Fonseca, V. A. 2012 1 273 2 69 116% 1.39[0.32, 6.13) -1
Hadjad, S. 2016 19 339 9 341 325% 212[0.97,4.63] —
Henry, R. R. 2012 42 422 9 409 331%  4.52[2.23,9.17) &
List, J. F. 2009 12 279 1 56 6.0% 241[0.32, 18.15] -1
Rosenstock, J. 2016 15 475 0 237 24% 15.50[0.93,257.93]
Subtotal (95% CI) 2520 1311 100.0%  3.16[2.04, 4.89] <&
Total events 117 23
Heterogeneity: Chi® = 6,98, df = 7 ( = 0.43); F = 0%
Test for overall effect: Z = 5.16 (< 0.00001)

0.005 04 1 10 200
Favours [SGLT2 inhibitors] Favours [Metformin]
B SGLT2 inhibitors  Metformin Risk Ratio Risk Ratio
¥ T 0, L i 0,

Events of reproductive tract infections EMPA
Araki, E. 2015 2 273 1 63 126% 0.46 [0.04, 5.01) - 1
Ferrannini, E.* 2013 5 244 0 80 58% 3.64[0.20,65.05]
Ferrannini, E. 2013 1 215 1 56 123% 287[0.38,21.73] — | 2
Hadjadj, S. 2016 19 339 9 341 694% 2.12[0.97, 4,63 il
Subtotal (95% Cl) 1071 540 100.0%  2.09 [1.07, 4.09] -
Total events 37 1
Heterogeneity: Chi? = 1.78, df = 3 (7= 0.62); I? = 0%
Test for overall effect: Z = 2.16 (P= 0.03)

Events of reproductive tract infections EMPA 10mg
Araki, E. 2015 2 136 0 31 11.1% 1.17[0.06,23.74]
Ferrannini, E.* 2013 3 81 0 40 92% 3.50[0.19,66.16]
Ferrannini, E. 2013 5 106 0 28 108% 2.98[0.17,52.36] e
Hadjadj, S. 2016 11 172 5 171 68.9% 2.19[0.78, 6.16] T
Subtotal (95% CI) 495 270 100.0%  2.28[0.94,5.52] N
Total events 21 5
Heterogeneity: Chi? = 0.31, df = 3 (P= 0.96); I* = 0%
Test for overall effect: Z = 1.83 (= 0.07)

Events of reproductive tract infections EMPA 25mg
Araki, E. 2015 0 137 1 32 280% 0.08[0.00, 1.91] L
Ferrannini, E.* 2013 2 82 0 40 77% 247[0.12,50.27] ¥
Ferrannini, E. 2013 6 109 1 28 184% 1.54[0.19,12.29)] - 1
Hadjadj, S. 2016 8 167 4 170 459% 2.04[062, 6.63] T
Subtotal (95% Cl) 495 270 100.0%  1.43[0.62, 3.33] -
Total events 16 6
Heterogeneity: Chi* = 3.65, df = 3 (7= 0.30); I’ = 18%
Test for overall effect: Z = 0.83 (P=0.41)

0.005 0.1 1 10 200

Favours [SGLT2 inhibitors] Favours [Metformin]

Figure 9. (A). Risk of reproductive tract infections in SGLT2i group compared with that of met-
formin [20-25,29,31]. (B). Risk of reproductive tract infections with EMPA and its different doses
compared with that of metformin [20-23]. EMPA = empagliflozin.

As for the sex-specific subgroup of RTlIs, the results found that SGLT2i led to a higher
incidence of an RTI for both male and female subgroups (Male: RR = 4.53, 95% CI = 1.77
to 11.61, p = 0.002, I? = 13%, N = 5; Female: RR = 2.85, 95% CI = 1.68 to 4.86, p = 0.0001,
I? =53%, N = 4, Figure 10A), which was in accordance with the aforementioned results
(Figure 9A). In addition, treatment with empagliflozin resulted in a higher risk of an RTI in
male patients (empagliflozin: RR = 4.28, 95% CI = 1.17 to 15.58, p = 0.03, 1?2 =54%, N = 3)

(Figure 10A).



Metabolites 2022, 12, 979 14 of 28

A SGLT2 inhibitors  Metformin Risk Ratio Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl

3.3.2 Events of reproductive tract infections Male

Araki, E. 2015 2 195 1 47 288% 0.48 [0.04, 5.20] L

Ferrannini, E. 2013 5 106 0 28 141% 298[0.17,52.36]

Hadjadj, S. 2016 9 184 0 177 9.1% 18.28[1.07, 311.76] - !
Henry, R. R. 2012 8 197 2 192 362% 3.90[0.84,18.12 T &
Rosenstock, J. 2016 7 230 0 116 11.9% 7.60[0.44, 131.88] *
Subtotal (95% Cl) 912 560 100.0% 4.53[1.77,11.61] .

Total events 31 3

Heterogeneity: Chi* = 4.58, df = 4 ( P= 0.33); P = 13%

Test for overall effect: Z = 3.15 (#=0.002)

3.3.3 Events of reproductive tract infections Male EMPA

Araki, E. 2015 2 195 147 554%  0.48[0.04,520] B R E—

Ferrannini, E. 2013 5 106 0 28 271% 2.98[0.17,52.36] '

Hadjadj, S. 2016 9 184 0 177 17.5% 18.28[1.07,311.76] —_—
Subtotal (95% Cl) 485 252 100.0% 4.28 [1.17, 15.58] ’

Total events 16 1

Heterogeneity: Chi* = 4.30, df =2 (P=0.12); P = 54%

Test for overall effect: Z = 2.20 ( P=0.03)

3.3.5 Events of reproductive tract infections Female

Ferrannini, E. 2013 6 109 128 88% 1.54[0.19,12.29] R

Hadjad), S. 2016 10 155 9 164 482%  1.18[0.49,2.82) —

Henry, R. R. 2012 34 225 7 217 393% 468212, 10.34 —

Rosenstock, J. 2016 8 245 0 121 37% 8.43[0.49, 144.86] »
Subtotal (95% Cl) 734 530 100.0%  2.85(1.68, 4.86] >

Total events 58 17

Heterogeneity: Chi* = 6.36, df = 3 (P=0.10); P = 53%

Test for overall effect: Z = 3.87 (2= 0.0001)

0.01 01 1 10 100

Favours [SGLT2 inhibitors] Favours [Metformin]
B SGLT2 inhibitors ~ Metformin Risk Ratio Risk Ratio
Study or Subgroup Events otal Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
3.4.1 Events of reproductive tract infections Obesity
Fonseca, V. A. 2012 1" 273 2 69 220% 1.39[0.32, 6.13] B L
Hadjadj, S. 2016 19 338 9 341 619% 212[0.97,4.63] ——
List, J. F. 2009 12 279 1 56 11.5% 2.41(0.32 18.15) -1
Rosenstack, J. 2016 15 475 0 237 46% 15.50[0.93, 257.93]
Subtotal (95% Cl) 1366 703 100.0%  2.61[1.39,4.89] A _d
Total events 57 12
Heterogeneity: Chi? = 2.51, df =3 (P=047), = 0%
Test for overall effect: Z=2.99 (P=0.003)
3.4.2 Events of reproductive tract infections 12 weeks trials
Ferrannini, E.* 2013 5 244 0 80 134%  3.64[0.20,65.05] -1 -
Fonseca, V. A. 2012 1" 273 2 69 569% 1.39[0.32,6.13] —
List, J. F. 2009 12 279 1 56 207% 2.41[0.32, 18.15] I .
Subtotal (95% Cl) 796 205 100.0%  1.99[0.67,5.97] -
Total events 28 3
Heterogeneity: Chi* = 0.43, df =2 (P= 0.81); F= 0%
Test for overall effect: Z=1.23 (p=0.22)
3.4.3 Events of reproductive tract infections 24-26 weeks trials
Hadjadj, S. 2016 19 339 9 341 478% 212[0.97,4.63] i
Henry, R. R. 2012 42 422 9 409 487% 4.52(2.23,9.17) —
Rosenstock, J. 2016 15 475 0 237 35% 15.50[0.93, 257.93] ]
Subtotal (95% CI) 1236 987 100.0%  3.77[2.26, 6.28] L 2
Total events 76 18
Heterogeneity: Chi* = 3.31, df = 2 (P= 0.19); P = 40%
Test for overall effect: Z = 5.08 (P < 0.00001)
3.4.4 Events of reproductive tract infections >=52 weeks trials
Araki, E. 2015 2 273 1 63 506% 0.46 [0.04, 5.01) — T
Ferrannini, E. 2013 11 215 1 56 494%  2.87[0.38,21.73) R L
Subtotal (95% Cl) 488 119 100.0%  1.65[0.38,7.14] —~al—
Total events 13 2
Heterogeneity: Chi* = 1.38, df = 1 (P=0.24); I = 28%
Test for overall effect: Z = 0.67 ( = 0.50)
0.005 0.1 1 10 200

Favours [SGLT2 inhibitors] Favours [Metformin]

Figure 10. (A). Risk of reproductive tract infections with different types and doses of SGLT2i com-
pared with that of metformin in male or female patients [20,22-24,29]. (B). Risk of reproductive tract
infections in SGLT2i group compared with that metformin in obesity patients and risk of reproductive
tract infections in patients with different treatment times of SGLT2i at 12 weeks or 24-26 weeks
compared with that metformin [20-25,29,31]. EMPA = empagliflozin.
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Furthermore, SGLI?2i elevated the incidence of an RTI in the obesity patients (RR = 2.61,
95% CI = 1.39 to 4.89, p = 0.003, I? = 0%, N = 4) (Figure 10B). Additionally, for the time with
SGLT2i therapy, the results revealed that SGLT2i treatment for 12 weeks showed a similar
incidence of an RTI with that of metformin, whereas a significant increase in the incidence of an
RTI in patients on SGLT2i treatment for 24-26 weeks were observed in contrast to the metformin
treatment (12 weeks: RR =1.99, 95% CI = 0.67 to 5.97, p = 0.22, 2 = 0%, N = 3; 24-26 weeks: RR
=3.77,95% CI = 2.26 to 6.28, p < 0.00001, I? = 40%, N = 3) (Figure 10B). Surprisingly, when using
SGLT2i for more than 52 weeks, the increase in the incidence of an RTI did not quite reach a
statistical significance (RR =1.65, 95% CI = 0.38 to 7.14, p = 0.50, I? = 28%, N = 2) (Figure 10B).

Non-Genitourinary Tract Infections

Four studies contributed to the risk of upper respiratory tract infections, and the result
indicated no significant difference between the SGLT2i and metformin monotherapy group
(RR = 0.80, 95% CI = 0.53 to 1.20, p = 0.28, I = 0%, N = 4) (Figure 11). In terms of skin
infections, the occurrence of cellulitis was reported by three studies: two cases received 25 mg
of empagliflozin, one case was with 5 mg of dapagliflozin, and one was with metformin.
Henry, R. R. et al. reported one case of gangrene in the dapagliflozin 5 mg group. One case
of herpes simplex was reported in the metformin group. Two cases of pulmonary infections
were reported in the dapagliflozin 10 mg group. Additionally, one case of lobar Pneumonia
was reported in the canagliflozin 100 mg group. Separate data describing the effects of SGLT2i
on the infection types mentioned above were too few to draw reliable conclusions.

SGLT2 inhibitor ~ Metformin Risk Ratio Risk Ratio
r Even Total Events Total Weight M-H. Fix % Cl M-H, Fix % Cl
Events of upper respiratory tract infection

Araki, E. 2015 13 273 4 63 136% 0.75[0.25, 2.22) =
Hadjadj, S. 2016 12 339 15 341 31.3% 0.80[0.38, 1.69) L R
Henry, R. R. 2012 16 422 18 409 383%  0.86[0.45,1.67] I E—
Rosenstock, J. 2016 8 475 6 237 16.8% 0.67 [0.23, 1.90] .
Subtotal (95% Cl) 1509 1050 100.0%  0.80[0.53, 1.20] —~ngliip—
Total events 49 43
Heterogeneity: Chi? = 0.18, df = 3 (p= 0.98); I?= 0%
Test for overall effect: Z = 1.09 (2= 0.28)

05 07 1 15 2
Favours [SGLT2 inhibitors] Favours [Metformin]
Figure 11. Risk of upper respiratory tract infections in SGLT2i group compared with that of met-
formin [20,22,24,29].

3.4.2. Effects on Cardiovascular Risk Factors

Obesity is one of the major causes of cardiovascular events [34]. Our meta-analysis
showed the SGLT2i significantly reduced body weight compared with that of metformin
(WMD = —1.35,95% CI = —1.40 to —1.30, p < 0.00001, N = 10) with a moderate heterogeneity
(I? = 46%, Q test: p = 0.05) (Figure 12A). Therefore, a subgroup analysis was performed and
found that dapagliflozin and empagliflozin notably reduced body weight compared with
that of metformin (empagliflozin: WMD = —1.47, 95% CI = —1.77 to —1.18, p < 0.00001,
12 = 80%, N = 4; dapagliflozin: WMD = —1.32,95% CI = —1.77 to —0.86, p < 0.00001, I? = 0%,
N = 2) (Figure 12B). Due to the high heterogeneity of the empagliflozin subgroup, a sen-
sitivity analysis was conducted and the result revealed that the source of heterogeneity
mainly came from the study of Araki, E. in 2015, in which sulfonylurea was added as
background therapy. The sensitivity analysis suggested that empagliflozin showed more
efficacy on the reduction in body weight than that of metformin with decreased hetero-
geneity (WMD = —1.23,95% CI = —1.55 to —0.90, p < 0.00001, I? = 52%, N = 3) (Figure 12B).
Additionally, SGLT2i displayed a more significant decrease in body weight than that of
metformin in obese T2DM patients (WMD = —1.35; 95% CI = —1.40 to —1.30; p < 0.00001,
I = 0%, N = 3) (Figure 12B). Additionally, SGLT2i was superior to metformin in weight
loss after treatment for both 12 and 24-26 weeks (12 weeks: WMD = —0.86, 95% CI = —1.33
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to —0.39, p = 0.0003, I? = 0%, N = 4; 24-26 weeks: WMD = —1.35,95% CI = —1.40 to —1.30,
p <0.00001, I = 0%, N = 4) (Figure 12B).

It is noted that hyperlipidemia is closely associated with cardiovascular disease [35].
SGLT?2i presented an inferior effect on lowering the total cholesterol level compared to
metformin with a high heterogeneity (WMD = 9.41, 95% CI= 4.90 to 13.92, p < 0.0001,
I = 60%, N = 5), and the sensitivity analysis showed the same result after removing the
study of Weihua Zhang in 2019, in which T2DM patients with metabolic syndrome were
included (WMD = 10.81, 95% CI = 6.19 to 15.44, p < 0.00001, I?> = 0%, N = 4) (Figure 13).
SGLT2i significantly increased HDL-cholesterol level compared to that of metformin with
a strong heterogeneity (WMD = 3.97, 95% CI = 2.89 to 5.05, p < 0.00001, I?> = 81%, N = 6).
Further sensitivity analysis showed that SGLT2i obviously upregulated the level of HDL-
cholesterol after removing the study of Araki, E. in 2015, in which sulfonylurea was used
as a background therapy with a reduced heterogeneity (WMD = 2.79, 95% CI = 1.58 to 4.00,
p < 0.00001, 12 = 46%, N = 5). Compared with metformin, SGLT2i manifested less influence
on LDL-cholesterol reduction, but significantly reduced the triglyceride level in contrast to
metformin monotherapy (LDL-cholesterol: WMD = 8.19, 95% CI = 5.03 to 11.35, p < 0.00001,
I = 0%, N = 5; triglyceride: WMD = —17.21, 95% CI = —27.72 to —6.70, p = 0.001, I? = 40%,
N = 6) (Figure 13).

Hypertension is an important risk factor of CVD [36]. Our results showed that there
was a significant reduction in diastolic blood pressure (DBP) in the SGLT2i group versus
the metformin group (WMD = —1.66, 95% CI = —2.19 to —1.13, p < 0.00001, I? = 35%,
N =10) (Figure 14A). Among different SGLT2i, empagliflozin and dapagliflozin showed
the stronger efficacy in lowering DBP than that of metformin with a moderate heterogeneity
(empagliflozin: WMD = —2.06, 95% CI = —2.97 to —1.16, p < 0.00001, I? = 34%, N = 3;
dapagliflozin: WMD = —1.93, 95% CI = —2.91 to —0.95, p = 0.0001, I?> = 55%, N = 4)
(Figure 14A). A subgroup analysis based on the dose of dapagliflozin was conducted, and
the results demonstrated that both 5 mg and 10 mg of dapagliflozin could significantly
decrease DBP (dapagliflozin5 mg: WMD= —2.10, 95% CI = —3.37 to —0.83, p = 0.001,
I = 51%, N = 3; dapagliflozin 10 mg: WMD = —2.03, 95% CI = —3.17 to —0.89, p = 0.0005,
12 = 30%, N = 3) (Figure 14A). Additionally, there was a similar effect in reducing DBP
between SGLT2i treatment for 12 weeks and metformin (WMD = —1.17, 95% CI = —2.74 to
0.40, p = 0.14, I = 46%, N = 4) (Figure 14A). Nonetheless, SGLT2i treatment for 24-26 weeks
distinctly reduced DBP compared with that of metformin (WMD = —1.55, 95% CI = —2.17
to —0.94, p < 0.00001, 12 =23%, N = 4) (Figure 14A). Four studies provided the DBP levels
in obesity patients and the results indicated that SGLT2i decreased DBP more remarkably
than metformin (WMD = —1.09, 95% CI = —1.78 to —0.41, p = 0.002, I? = 0%) (Figure 14A).

In consistent with the result of DBF, SGLT?2i significantly reduced systolic blood pressure
(SBP) compared with metformin (WMD = —2.92, 95% CI = —3.75 to —2.10, p < 0.00001, 2 = 20%,
N = 10) (Figure 14B). Likewise, the application of empagliflozin and dapagliflozin was more
effective in reducing SBP than metformin (dapagliflozin: WMD = —3.07, 95% CI = —4.63 to
—1.51, p = 0.0001, I? = 0%, N = 4; empagliflozin: WMD = —3.53, 95% CI = —4.97 to —2.09,
p <0.00001, I? = 63%, N = 3) (Figure 14B). Due to the non-negligible heterogeneity, a subgroup
analysis based on the dose of empagliflozin was performed and the result revealed that both
10 mg and 25 mg of empagliflozin significantly reduced SBP compared with that of metformin
(empagliflozin 10 mg: WMD = —3.39, 95% CI = —5.09 to —1.68, p < 0.0001, 2 =49%, N = 3;
empagliflozin 25 mg: WMD = —3.96, 95% CI = —5.66 to —2.26, p < 0.00001, I> = 59%, N = 3)
(Figure 14B). Considering the effect of various treatment periods of SGLT2i, we found that both
SGLT?2i treatment for 12 weeks and 24-26 weeks were associated with an obvious reduction in
SBP compared with metformin (12 weeks: WMD = —4.61, 95% CI = —7.06 to —2.16, p = 0.0002,
I? = 0%, N = 4; 24-26 weeks: WMD = —2.32, 95% CI = —3.26 to —1.38, p < 0.00001, I? = 0%,
N = 4) (Figure 14B). In addition, for obese T2DM patients, treatment with SGLT?2i significantly
decreased SBP in contrast with metformin (WMD = —2.50, 95% CI = —3.53 to —1.47, p < 0.00001,
I? = 0%, N = 4) (Figure 14B).
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A SGLT2 inhibitors Metformin Mean Difference Mean Difference
i 1V, Fixed, 95% CI 1V, Fixed. 95% C|
Body weight (Kg)
Araki, E. 2015 266 234 273 -01 238 63 0.6% -245[3.10,-1.80]

Ferrannini, E*2013  -2.06 234 244 -132 233 80 0.7% -0.74[-1.33,-0.15]
Ferrannini, E. 2013 241 391 168 -13 373 56 02% -1.11[225,0.03]

Fonseca,V.A.2012 -098 323 273 012 323 69 03% -1.10(-1.95-0.25] -
Hadjadj, S. 2016 239 029 298 -09 361 288 14% -1.49[4.91,-1.07] -

Henry, R.R. 2012 267 341 422 133 341 408 1.2% -1.34[-1.80,-0.88] -

Ito, D. 2021 -21 29 1 13 2 10 01% -0.80[2921.32] I
Jinggian Xie. 2020 -326 101 31 -147 1038 31 0.0% -1.79[6.89,3.31]

Koshizaka, M. 2019 =21 203 48 -049 223 50 0.3% -1.61[245,-0.77] —
Rosenstock, J. 2016 -3.25 049 472 -19 02 237 952% -1.35[-1.40,-1.30] !
Subtotal (95% ClI) 2240 1292 100.0% -1.35 [-1.40,-1.30]

Heterogeneity: Chi® = 16.69, df = 9 ( = 0.05); I* = 46%
Test for overall effect: Z = 53.29 ( < 0.00001)

-4 -2 0 2 4
Favours [SGLT2 inhibitors] Favours [Metformin]

B SGLT2 inhibitors Metformin Mean Difference Mean Difference
dy or I Mean D_Total Mean D _Total Weight |V, Fixed, 95% Cl IV, Fixed. 95% Cl
Body weight (Kg) EMPA

Araki, E. 2015 255 234 273 -01 238 63 20.2% -2.45[-3.10,-1.80] -

Ferrannini, E*2013 206 234 244 -132 233 80 24.6% -0.74[-1.33,-0.15] -

Ferrannini, E. 2013 241 391 168 -13 373 56 65% -1.11[2.25,0.03] ]

Hadjadj, S. 2016 239 029 298 -09 361 288 48.7% -149[-1.91,-1.07] -+

Subtotal (95% Cl) 983 487 100.0% -1.47 [-1.77,-1.18] *

Heterogeneity: Chi? = 15.02, df = 3 (2= 0.002); I = 80%
Test for overall effect: Z = 9.90 ( p< 0.00001)

Body weight (Kg) EMPA (after deleting Araki, E. 2015)

Ferrannini, E*2013  -2.06 234 244 -132 233 80 30.8% -0.74[-1.33,-0.15] -
Ferrannini, E.2013  -241 391 168 -13 373 56 82% -1.11[2.25,0.03] ]
Hadjadj, S. 2016 239 029 298 -09 361 288 61.0% -149[(1.91,-1.07] &+
Subtotal (95% Cl) 710 424 100.0% -1.23 [-1.55,-0.90] *

Heterogeneity: Chi® = 4.19, df = 2 (P=0.12); I = 52%
Test for overall effect: Z = 7.37 (£< 0.00001)

Body weight (Kg) DAPA
Henry, R.R. 2012 267 341 422 133 341 408 954% -1.34[-1.80,-0.88] '
Ito, D. 2021 2129 1 13 2 10 46% -0.80F292,1.32] 1
Subtotal (95% CI) 433 418 100.0% -1.32 [-1.77,-0.86] <

Heterogeneity: Chi? = 0.24, df = 1 (P=0.63); F = 0%
Test for overall effect: Z = 5.69 (P< 0.00001)

Body weight (Kg) Obesity
Fonseca,V.A.2012 -098 323 273 0.2 323 69 04% -1.10[1.95-0.25) -
Hadjadj, S. 2016 239 029 298 -09 361 288 1.5% -149[1.91,-1.07] —
Rosenstock, J. 2016 -325 049 472 -19 02 237 982% -1.35[-1.40,-1.30] !
Subtotal (95% Cl) 1043 594 100.0% -1.35 [-1.40,-1.30]

Heterogeneity: Chi? = 0.76, df = 2 (7= 0.68); = 0%
Test for overall effect: Z = 52.39 (£< 0.00001)

Body weight (Kg) 12 week trials

Ferannini, E£2013  -206 234 244 132 233 80 63.8% -0.74[-1.33,-0.15] &+
Fonseca,V.A.2012 -098 323 273 012 323 69 304% -1.10(-1.95-0.25] —a—

Ito, D. 2021 21 29 11 413 2 10 49% -080F292 132 —_—T
Jinggian Xie. 2020 -326 101 31 147 10.38 31 0.9% -1.79 16.89, 3.31]

Subtotal (95% Cl) 559 190 100.0% -0.86 [-1.33,-0.39] <

Heterogeneity: Chi? = 0.59, df = 3 (2= 0.90); F = 0%
Test for overall effect: Z = 3.59 ( P=0.0003)

Body weight (Kg) 24-26 week trials

Hadjadj, S. 2016 239 029 298 -09 361 288 1.4% -149(-1.91,-1.07) -
Henry, R.R. 2012 -267 341 422 133 341 408 12% -1.34[-1.80,-0.88] -
Koshizaka, M. 2019 -21 203 48 -049 223 50 04% -161[245-0.77] e
Rosenstock, J. 2016 -325 049 472 19 02 237 97.0% -1.35[-1.40,-1.30] !
Subtotal (95% CI) 1240 983 100.0% -1.35[-1.40,-1.30]

Heterogeneity: Chi? = 0.78, df = 3 (P=0.85); P = 0%
Test for overall effect: Z = 52.77 ( 2< 0.00001)

-4 -2 0 2 4
Favours [SGLT2 inhibitors] Favours [Metfromin]

Figure 12. (A). Weighted mean difference in change in body weight (Kg) from baseline from SGLT2i
compared with metformin [20-24,26,29-32]. (B). Weighted mean difference in change in body weight
(Kg) from baseline from types of SGLT2i compared with metformin. Weighted mean difference in
change in body weight (Kg) from baseline from SGLT2i used 12 weeks or 24-26 weeks compared
with metformin and weighted mean difference in change in body weight (Kg) from baseline from
SGLT?2i in obesity patients [20-24,26,29-32]. DAPA = dapagliflozin, EMPA = empagliflozin. 12 weeks
trials = SGLT2i used 12 weeks, 24-26 weeks trials = SGLT2i used 24-26 weeks. Obesity = SGLT2i used
in obese people.
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SGLT2 inhibitors Metformin Mean Difference Mean Difference
r Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% Cl

Total cholesterol (mg/dl)
Araki, E. 2015 805 2566 273 -22 254 63 418% 10.25[3.28,17.22) -+
Ferrannini, E. 2013 221 4804 168 -928 3441 56 152%  11.49[0.09,23.07] _'_
Ito, D. 2021 -48 149 1 -61 167 10 11.0%  1.30[-12.29,14.89] -
Koshizaka, M. 2019 196 18.15 48 1323 2342 43 27.0% 15.19[6.51, 23.87] -
Weihua Zhang. 2019 -25.52 37.71 30 -851 4144 30 51% -17.01[37.06,3.04] - 1
Subtotal (95% CI) 530 202 100.0% 9.41[4.90,13.92] *
Heterogeneity: Chi? = 9.92, df = 4 ( P=0.04); I = 60%
Test for overall effect: Z = 4.09 (< 0.0001)

Total cholesterol (mg/dl) (after deleting Weihua Zhang. 2019)
Araki, E. 2015 805 2566 273 -22 254 63 44.0% 10.25(3.28, 17.22] -+
Ferrannini, E. 2013 221 4804 168 -928 3441 56 160%  11.49[0.09,23.07] _'_
Ito, D. 2021 -48 149 1 -61 167 10 116%  1.30[-12.29, 14.89] -
Koshizaka, M. 2019 196 18.15 48 1323 2342 43 284% 15.19[6.51, 23.87) Nl
Subtotal (95% Cl) 500 172 100.0%  10.81[6.19, 15.44] *
Heterogeneity: Chi? =2.90, df = 3 (P=0.41); = 0%
Test for overall effect: Z = 4.58 ( P< 0.00001)

HDL-cholesterol (mg/dl)
Araki, E. 2015 625 933 273 25 873 63 199% 8.75[6.33,11.17] -
Ferrannini, E. 2013 676 867 168 541 889 56 16.3% 1.35[-1.32,4.02] r
Ito, D. 2021 08 6 1" 73 126 10 16% -6.50[-15.08,2.08] ]
Koshizaka, M. 2019 448 66 48 -0.08 65 50 17.3% 4.56[1.97,7.15) -
Rosenstock, J. 2016 685 979 453 39 1043 222 433% 2.95(1.31,4.59] o
Weihua Zhang. 2019 58 1873 30 271 156 30 15% 3.0915.63,11.81] I
Subtotal (95% CI) 983 431 100.0% 3.97 [2.89, 5.05] [
Heterogeneity: Chi? = 26.09, df = 5 (P< 0.0001); = 81%
Test for overall effect: Z = 7.21 ( P< 0.00001)

HDL-cholesterol (mg/dl) (after deleting Araki, E. 2015)
Ferrannini, E. 2013 676 867 168 541 889 56 204% 1.35[-1.32,4.02] r
Ito, D. 2021 08 6 1 73 126 10 20% -6.50[-15.08,2.08] ]
Koshizaka, M. 2019 448 656 48 -0.08 65 50 21.7% 4.56[1.97,7.15) -
Rosenstock, J. 2016 685 979 453 39 1043 222 540% 2.95[1.31,4.59] n
Weihua Zhang. 2019 58 1873 30 271 156 30 19% 3.09F563,11.81] 1T
Subtotal (95% Cl) 710 368 100.0% 2.79[1.58, 4.00] .
Heterogeneity: Chi?=7.46, df = 4 (P=0.11); I = 46%
Test for overall effect: Z = 4.53 ( P< 0.00001)

LDL-cholesterol (mg/dl)
Araki, E. 2015 46 2099 273 -02 2143 63 29.3% 4.80[-1.05, 10.65] l
Ferrannini, E. 2013 143 3551 168 -541 3286 56 9.7% 6.84 (3.30, 16.98] _'_
Ito, D. 2021 31 172 1 -91 133 10 58% 6.00 (7.09, 19.09] T
Koshizaka, M. 2019 138 1478 48 -1025 2397 48 158% 11.63 [3.66, 19.60] -
Rosenstock, J. 2016 939 3147 450 -06 3129 222 394% 9.99 [4.95, 15.03] *
Subtotal (95% Cl) 950 399 100.0% 8.19[5.03, 11.35] ¢
Heterogeneity: Chi* = 2.67, df = 4 (P= 0.61); 1= 0%
Test for overall effect: Z = 5.07 (P< 0.00001)

Triglycerides (mg/dl)
Araki, E. 2015 -1384 6884 273 1 6905 63 309% -14.84[3375,4.07] T
Ferrannini, E. 2013 -4168 29431 168 -7531 18783 56 25% 33.63[-32.71,99.97] |
Ito, D. 2021 -208 884 11 -158 417 10 32% -5.00[63.28,53.28]
Koshizaka, M. 2019 -9.35 99.66 48 -2447 12189 47 55% 15.12[29.70,59.94] |
Rosenstock, J. 2016 -16.66 101.58 454 152 101.55 223 41.7% -31.86[48.14,-15.58] —
Weihua Zhang. 2019 -39.87 54.48 30 3455 4856 30 162% -5.32[31.44,20.80] T
Subtotal (95% CI) 984 429 100.0% -17.21[-27.72,-6.70] >
Heterogeneity: Chi? = 8.39, df = 5 (P= 0.14); = 40%
Test for overall effect: Z = 3.21 (P= 0.001)
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Figure 13. Weighted mean difference in change in blood lipid (mg/dL) from baseline from SGLT2i
compared with metformin [20,23,26,28,29,32].

3.4.3. Efficacy on Glycemic Control

The antihyperglycemic effects were evaluated and the results showed that SGLT2i and
metformin had a similar effect on the reduction in HbAlc (WMD = 0.01, 95% CI = —0.02
t0 0.03, p =0.71, I?= 49%, N = 13) (Figure 15A). The subgroup analysis of empagliflozin
displayed a slightly poor HbAlc reduction versus metformin (WMD = 0.12, 95% CI = 0.02
to 0.21, p = 0.02, I? = 0%, N = 4) (Figure 15B). However, the doses subgroup analysis of
empagliflozin showed no statistical difference between the SGLT2i and metformin groups
(empagliflozin 10 mg: WMD = 0.12, 95% CI = —0.01 to 0.26, p = 0.07, I? = 0%, N = 4; em-
pagliflozin 25 mg: WMD = 0.09, 95% CI = —0.05 to 0.22, p = 0.20, I? = 0%, N = 4) (Figure 15B).
In addition, dapagliflozin showed the similar effect on lowering HbAlc compared with
metformin (WMD = —0.01, 95% CI = —0.04 to 0.02, p = 0.64, I? = 51%, N = 5) (Figure 15B).
A further dose subgroup analysis found that 10 mg of dapagliflozin significantly reduced
HbA1lc, and 5 mg of dapagliflozin did not show a significant difference (dapagliflozin
5mg: WMD = 0.02, 95% CI = —0.02 to 0.06, p = 0.41, I?2 =49%,N = 3; dapagliflozin 10 mg:
WMD = —0.12, 95% CI = —0.16 to —0.07, p < 0.00001, I? = 45%, N = 4) (Figure 15B).

Compared to metformin monotherapy, SGLT2i significantly decreased FPG (WMD = —4.36,
95% CI = —5.33 to —3.40, p < 0.00001, I = 39%, N = 12) (Figure 15C). The subgroup analysis
indicated that empagliflozin and dapagliflozin were more effective than metformin in the
reduction in FPG (empagliflozin: WMD = —4.52, 95% CI = —7.67 to —1.38, p = 0.005, 2 = 62%,
N = 4; dapagliflozin: WMD = —4.39, 95% CI = —5.42 to —3.36, p < 0.00001, 12 = 52%, N = 5)
(Figure 15D).



Metabolites 2022, 12,979

19 of 28

Met Mean Difference ™ erence
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Ferrannini, E. 2013 0.84 1508 168 2 1 56 ~2.84 [7.16, 1.43]
Hadjad). S. 2016 -23 11 ze9 o028 108 288 -2 .34,-0.82]
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Rosenstock, J. 2016 23 ©21 472 03 924 237 §12% -2.00 [3.44,0.56]
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Figure 14. (A). Weighted mean difference in change in diastolic blood pressure (mmHg) from baseline from
SGLT2i compared with metformin [20,22-26,28,29,31,32]. (B). Weighted mean difference in change in sys-
tolic blood pressure (mmHg) from baseline from SGLT2i compared with metformin [20,22-26,28,29,31,32].
DAPA = dapagliflozin, EMPA = empagliflozin. 12 weeks trials = SGLT2i used 12 weeks, 24-26 weeks
trials = SGLT2i used 24-26 weeks. Obesity = SGLI2i used in obese people.
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r n T 2 Fi

HbA1c(%)
Araki, E, 2015 -095 058 273 -097 063 63 2.9% 0.02[0.15,0.19] T
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Fonseca, V.A.2012 067 103 273 -072 102 69 12% 005[0.22,0.32] -1
Hadjadj, S. 2016 -133 103 333 -1.44 107 332 33% 0.11[0.05,0.27] —
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Rosenstock, J. 2016 —1.4 106 464 -13 106 230  3.0% —0.10[0.27,0.07) -
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B SGLTZ inhibitors Metformin Mean Difference Mean Difference
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HbA1c(%) EMPA
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Heterogeneity: Chi* = 2.73, df = 3 (7= 0.43); I = 0%
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itor Metformin Mean Difference Mean Difference
Fixeg95%Cl
FPG (mg/di) EMPA
Araki, E. 2015 2846 1993 273 207 1984 63 33.5% -7.76(-13.20,-2.32] ——
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Figure 15. (A). Weighted mean differences in change in HbAlc (%) from baseline between SGLT2i
and metformin [20-32]. (B). Weighted mean difference in change in HbAlc (%) from baseline from
different types and doses of SGLT2i compared with metformin [20-28]. (C). Weighted mean difference
in change in FPG (mg/dL) from baseline from SGLT2i compared with metformin [20-29,31,32].
(D). Weighted mean difference in change in FPG (mg/dL) from baseline from different types of
SGLT2i compared with metformin [20-28]. DAPA = dapagliflozin, EMPA = empagliflozin.
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3.4.4. Hypoglycemia Incidence Risk

Incidence of hypoglycemia was lower in SGLT2i groups compared with metformin,
which was assessed from the ten trials included (RR = 0.61, 95% CI = 0.41 to 0.90, p = 0.01,
I? = 0%) (Figure 16A). A further subgroup analysis showed that the risk of hypoglycemia in
the empagliflozin group was similar with that of metformin (RR = 0.54, 95% CI = 0.28 to 1.06,
p=0.07, 12 =31%, N = 4) (Figure 16B). SGLT2i also showed a similar effect as metformin in
the risk of hypoglycemia in obese people (RR = 0.84, 95% CI = 0.49 to 1.45, p = 0.53, I = 0%,
N = 4) (Figure 16B). As for the influence of the treatment period of SGLT2i, both 12 weeks
and 24-26 weeks of treatment of SGLT2i did not increase the incidence of hypoglycemia
compared with metformin (12 weeks: RR = 0.57, 95% CI = 0.27 to 1.20, p = 0.14, 2=0%, N =4;
24-26 weeks: RR = 0.71,95% CI = 0.39 to 1.29, p = 0.26, I? = 0%, N = 4) (Figure 16B).

3.4.5. Publication Bias

Funnel plot of genitourinary tract infection events indicated no obvious reporting bias
(Figure 17). Additionally, the Egger test also revealed no significant publication bias (p = 0.92).
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i -H, Fi % Cl M-H, Fixed, 95% C|
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Ferrannini, E. 2013 3 215 4 56 114% 0.20 [0.05, 0.85] =
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Hadjadj, S. 2016 3 339 2 341 36% 1.51[0.25, 8.97] = =
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Figure 16. (A). Risk of hypoglycemia in SGLT2i group compared with that of metformin [20-25,29-32].
(B) Risk of hypoglycemia between the two groups in different subgroups [20-25,29-32]. EMPA = em-
pagliflozin, 12 weeks trials = SGLT2i used 12 weeks, 2426 weeks trials = SGLT2i used 24-26 weeks.
Obesity = SGLT2i used in obese people.
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Figure 17. Funnel plot of genitourinary tract infection events.

4. Discussion

The prevalence of T2DM is increasing significantly in China, and oral glycemic agent
therapy is still the main treatment strategy for most T2DM patients [37,38]. However,
with a gradual loss of efficacy owing to the progressive loss of the 3-cell function and
the occurrence of metabolic comorbidities such as a gain in weight, CVD, and hypo-
glycemia, novel medications are being developed to improve the glycemic control and
delay complications [39,40]. Sodium-glucose cotransporter 2 (SGLT2) mediates approxi-
mately 80-90% of renal glucose reabsorption under normal physiologic conditions, and
SGLT?2i can reduce 30-50% of the filtered glucose load in T2DM patients by increasing
urinary glucose excretion [41]. However, the Food and Drug Administration (FDA) issued
safety warnings for UTIs which may represent a leading cause of sepsis and are potentially
life-threatening [42,43]. We conducted a meta-analysis to evaluate the benefit on the cardio-
vascular system and the potential risk of infection of SGLT2i in T2DM patients compared
to metformin. Our analysis revealed strong associations between SGLT2i and the risk of
genitourinary tract infections compared to metformin, and an RTI was the main cause of
the difference, while there was no significant association between SGLT2i and the risk of
UTI compared to metformin. This finding of our analysis is consistent with the results of
previous reports, despite different trial designs and interventions of included studies from
previous meta-analyses [44—46]. SGLT2i-induced increased glycosuria may predispose to
mycotic colonization and bacterial overgrowth in view of the mechanism of action of the
SGLT?2i, in which case the enhanced risk of genitourinary tract infections is inevitable [47].
However, diuresis induced by SGLT2i may reduce urethra pathogen loads, which may be
the reason for the non-obvious risk of a UTI [48,49].

Furthermore, the subgroup analysis of different types of SGLT2i indicated that em-
pagliflozin was not associated with an increased risk of genitourinary tract infections,
and a similar finding was observed in the risk of UTIs with empagliflozin. However, the
increased risk of an RTI from the empagliflozin treatment was observed. Further analysis
was conducted to separate the empagliflozin treatment into different dose groups, and we
found neither 10 mg of empagliflozin nor 25 mg of empagliflozin increased the risk of an
RTI compared to metformin. Dapagliflozin, the most commonly used SGLT2i in China,
significantly increased the risk of genitourinary tract infections compared to metformin,
potentially in a linearly dose-related mode. An animal study showed dapagliflozin has
a more prolonged urinary glucose excretion than other SGLT2i [50]. Due to the lack of
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reasonable biologic mechanisms to explain this phenomenon, further research is required
to decipher this finding. Canagliflozin was also associated with an increased risk of gen-
itourinary tract infections, whereas ipragliflozin did not and the conclusions should be
treated cautiously due to the small number of RCTs that reported this outcome.

It is uncertain whether there is a sex difference in the risk of UTIs and RTlIs associated
with SGLT2i compared to metformin because of the different physiological structure of the
urogenital tract. Our analysis revealed that SGLT2i was associated with a higher risk of
an RTI in the male and female population compared with metformin. The conclusions are
consistent with previous studies which reported that increased genital infections associated
with SGLT2i were common in females and males [51-53]. In view of various treatment
periods of SGLT2i, we conducted a further subgroup analysis using Revman software to
clarify the effect of the treatment period of SGLT2i on the infection incidence. We found that
SGLT?2i therapy for 12 weeks did not increase the risk of UTIs and RTIs, and the incidence
in an RTI was higher at 24 to 26 weeks than that of metformin, which was consistent
with the previous studies [54-56]. Interestingly, the subgroup analysis showed there was
no difference on the risk of RTIs and UTIs between SGLT2i and metformin at 52 weeks’
treatment. Due to the small number of articles included, more research is needed to confirm
the long-term safety of SGLT2i on UTIs and RTIs.

T2DM works as a serious chronic metabolic disease that is characterized by insulin
resistance (IR) and obesity, which accounts for 44% of diabetes cases [57,58]. Obesity is
associated with the worsening of IR, and there is a 7-fold increased risk in the individuals’
mortality in T2DM with obese individuals [59]. Our research indicated that obese T2DM
patients treated with SGLT2i suffered a higher risk of RTI compared to metformin monother-
apy. Recent studies have proved that obesity could alter immune cell function and glucose
metabolism, and these obesity-related mechanisms may contribute to the predisposition to
infections [60]. Therefore, weight loss supported the reduction in infection risk.

With the exception of the most common genitourinary tract infections, sporadic studies
have reported that SGLT2i was associated with skin and pulmonary infections [61-63].
Urticaria, pruritus, photosensitivity, and various rashes caused by SGLT2i may be driven by
a potential skin toxicity [61,62]. In addition, SGLT2i also led to an increased liquid glucose
concentration of the airway surface, which translated directly to an increased proliferation
of pathogenic bacteria and induced the occurrence of lung infections, for some SGLT2i
bound with the SGLT-1 receptors in the lungs, such as canagliflozin and ipragliflozin [63,64].
Hence, we conducted further research to determine whether SGLT2i increased the risk of
a potential extra-urogenital infection. Our research showed that SGLT2i treatment was
not significantly associated with an increased risk of upper respiratory tract infections in
contrast to metformin. However, due to the small number of RCTs that reported related
data, further research is required to broaden the progress of this field. Additionally, rare
studies focused on the influence of SGLT2i on the skin and other ectopic infections, therefore,
no pooled data were analyzed to clarify the effect of SGLT2i on the cutaneous infection in
our systematic review.

Due to the severe detriment and high mortality rate of diabetes-related cardiovascular
complications, antidiabetic agents should be prioritized in T2DM patients complicated
with cardiovascular disease, especially the drugs that could effectively improve cardio-
vascular outcomes [65-67]. Our findings strongly supported the use of SGLT2i in T2DM
patients were related with the decreased risk of cardiovascular disease, and SGLT2i showed
a potential beneficial effect on reducing cardiovascular risk factors when compared to
metformin monotherapy. T2DM patients treated with SGLT2i experienced a significant
body weight reduction, regardless of the type of SGLT?2i, the treatment duration, and the
baseline weight of the patients. The effect of SGLT2i on lowering body weight may be
due to the glycosuria-mediated effect of osmotic diuresis and caloric expenditure [68,69].
Furthermore, as for the regulation of the lipid metabolism, SGLT2i could significantly
enhance the level of HDL cholesterol and decrease triglyceride levels, which further lead to
the decrease in cardiovascular risk. This may be explained by the fact that SGLT2i improves
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IR and increases endogenous insulin secretion, which in turn increases the catabolism of
very low density lipoprotein (VLDL) cholesterol and chylomicrons, ultimately leading to
a reduction in triglycerides and an increase in HDL cholesterol [70]. Similarly, the ben-
eficial effect of SGLT2i on the modulation of blood pressure was also confirmed by our
meta-analysis, which was consistent with the previous reports [71,72]. Osmotic diuresis
caused by increasing urinary glucose excretion induced by SGLT?2i is likely to be the reason
for the antihypertensive effect [73]. To sum up, the previously described beneficial effect of
SGLT2i on improving the risk of cardiovascular outcomes was confirmed by our systematic
review [12,72].

From the view of the antihyperglycemic effect, our research suggested that SGLT2i
monotherapy, which was developed for the treatment of T2DM, showed a similar im-
provement of HbAlc with metformin. Moreover, we found that 10 mg of dapagliflozin
appeared to produce a slightly greater reduction in HbAlc than metformin for T2DM
patients. For another indicator that effectively reflects the antihyperglycemic efficacy, a
significant reduction in FPG in SGLT2i monotherapy was observed in comparison with
metformin. Considering the potential risk of hypoglycemia, which is considered as the
acute complication of diabetes and severely threatens the life of patients [74], we conducted
the analysis of adverse event about the incidence of hypoglycemia. Our research indicated
that SGLT2i displayed a low risk of hypoglycemia, which showed no significant difference
in each subgroup analysis compared with metformin.

Our meta-analysis firstly focused on the cardiovascular benefit and infection risk of
SGLT2i compared with metformin, which filled many gaps left by those of prior work.
In this analysis, we included more recent articles and focused on the comparison of the
most relevant infection events and potential efficacy, including the reduction in the car-
diovascular risk factor and improvement of glycemic control with the current first-line
antihyperglycemic agent, metformin. Furthermore, limitations also existed in our research.
First, the cardiovascular outcomes were not reported in the original trials, so the cardiovas-
cular benefits in our study were evaluated by the risk factors. Second, the wide confidence
intervals lead to a low level of certainty for some findings and need to be interpreted with
care. In addition, few high-quality articles which reported the influence of canagliflozin
and ipragliflozin were included, hence, more RCTs are needed to address the large evidence
gap on the efficacy and safety of these SGLT2i.

5. Conclusions

In summary, SGLT2i showed significant benefits in the reduction in cardiovascular risk
factors, such as body weight, blood pressure, triglycerides, and increasing HDL cholesterol
level, and had similar antihyperglycemic efficacy, including lowering blood glucose and
HbAlc without the significant elevation of UTIs compared with metformin monotherapy,
especially in obese T2DM patients. In short-term trials, SGLT2i provided the similar
antihyperglycemic effect with metformin and induced additional cardiovascular benefits
and the potential risk of an RTI. Additional long-term trials are needed to confirm the long-
term safety of SGLT2i, which is expected to be the first choice for patients with metformin
intolerance.
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