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Abstract

Aims Several trials have assessed the antihyperglycemic effects of sodium-glucose cotransporter 2 inhibitors (SGLT2Is)
in patients with type 2 diabetes mellitus (T2DM). We conducted a quantitative analysis to assess the effects of SGLT2Is on
renal risk factors in patients with abnormal glucose metabolism.

Materials and methods Randomized controlled trials (RCTs) were identified by searching the PubMed, Embase, Scopus, and
Web of Science databases published before September 30, 2022. The intervention group received SGLT2Is as monotherapy
or add-on treatment, and the control group received placebos, standard care, or active control. Risk of bias assessment was
performed using the Cochrane risk of bias assessment tool. Meta-analysis was performed on studies with abnormal glucose
metabolism populations and studies using the weighted mean differences (WMDs) as the measure of the effect size. Clinical
trials providing changes in serum uric acid (SUA) were included. The mean change of SUA, glycated hemoglobin (HbAlc),
body mass index (BMI), and estimated glomerular filtration rate (¢GFR) were calculated.

Results After a literature search and detailed evaluation, a total of 11 RCTs were included for quantitative analysis to analyze
the differences between the SGLT2I group and the control group. The results showed that SGLT2I significantly reduced
SUA (MD = —0.56, 95% Cl= —0.66 ~—0.46, I’=0%, P <0.00001), HbAlc (MD = —0.20, 95% CI= —0.26 ~—0.13, I*=0%,
P<0.00001), and BMI (MD = —1.19,95% CI= —1.84 ~ —0.55, P=0%,P= 0.0003). There was no significant difference in
the reduction of eGFR observed in the SGLT2I group (MD = —1.60, 95% CI= —3.82~0.63, >=13%, P=0.16).
Conclusions These results showed that the SGLT2I group caused greater reductions in SUA, HbAlc, and BMI but had no
effect on eGFR. These data suggested that SGLT2Is may have numerous potentially beneficial clinical effects in patients
with abnormal glucose metabolism. However, these results need to be consolidated by further studies.

Keywords Meta-analysis - Sodium-glucose cotransporter 2 inhibitors (SGLT2Is) - Type 2 diabetes - Uric acid - Diabetic nephropathy

Introduction

The global prevalence of diabetes mellitus is increasing rap-
idly, affecting human health and life span. Diabetic nephropa-
thy is one of the most common complications and the most
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common cause of end-stage renal disease. About 35%—40%
of people with diabetes will develop diabetic nephropathy [1].
Therefore, we should consider whether hypoglycemic therapy
can reduce the risk of diabetic nephropathy and improve its
prognosis. Studies have shown that SGLT2Is can reduce
blood glucose by inhibiting the reabsorption of sodium and
glucose in the proximal renal tubule and increasing the excre-
tion of urinary glucose [2]. In addition to the hypoglycemic
effect, the renal protective effect of SGLT2Is runs through
the whole process of diabetic nephropathy. The significant
renal protective features of SGLT2Is have led to their wide-
spread use as a monotherapy or add-on therapy to other hypo-
glycemic agents in clinical practice [3]. The change in renal
hemodynamics is one of the most important mechanisms of
renal protection by these drugs [4]. At the same time, some
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studies have shown that SGLT2Is can reduce the risk factors
of diabetic nephropathy, such as HbAlc, eGFR, body weight,
and SUA. These may be an intermediate role of SGLT2Is in
renal protection. Therefore, in this study, we aim to explore
this association through a systematic review of the existing
literature. In addition, we provide insight into the mecha-
nisms underlying this association.

Recently, a meta-analysis based on randomized, placebo-
controlled trials showed that SGLT2Is could reduce SUA,
fasting plasma glucose, and HbA1c in diabetic patients [5].
However, there is a lack of sufficient data to indicate the role
of SGLT2Is on renal risk factors. We need to provide more
data to prove it. In addition, some previous meta-analyses
have also evaluated the effect and safety of SGLT2Is on SUA
[6-9]. However, these manuscripts were all published before
2017. Several recently published RCTs of SGLT2Is on renal
risk factors need to be evaluated in new meta-analyses.
Therefore, we collected data from nearly 5 years of rand-
omized controlled trials and performed this meta-analysis to
evaluate the effects of SGLT2Is on renal risk factors, includ-
ing SUA, eGFR, HbAlc, and BMI in patients with abnormal
glucose metabolism.

Materials and methods
Data sources and searches

The electronic databases of PubMed, Embase, Web of Sci-
ence, and Scopus were searched to identify eligible RCTs
using relevant search terms described in Table S1. Our
search in all databases was restricted to the use of these
terms in the title, abstract, and keyword. We identified arti-
cles published up to September 30, 2022. Trials that were
published between 2018 and 2022 were manually searched.
An English language restriction was imposed. We did a
further manual search of the reference lists of all selected
papers, previous similar reviews, and pooled analysis studies
to look for possible missing papers.

Study selection

Studies meeting the following criteria were included according
to the PICOS scheme: (1) population, patients with abnormal
glucose metabolism; (2) intervention, SGLT2Is as monother-
apy or add-on treatment; (3) comparison, placebo, active con-
trol, or standard care; (4) primary outcomes, change in SUA
from baseline; secondary outcomes, changes in HbAlc, BMI,
and eGFR from baseline; (5) design, randomized controlled
trials. However, single-arm trials, trials with self-control and
historical controls, and crossover trials were excluded.
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Data extraction

The two investigators (Mengnan Li and Yunfeng Liu) inde-
pendently extracted the following data: first author, year
of publication, patient characteristics, comparison (pla-
cebo, active control, or standard care), intervention (type of
SGLT2Is and dose regimen), duration of SGLT2I treatment,
duration of diabetes, baseline SUA, BMI, HbAlc, eGFR,
and outcomes (changes in SUA, HbAlc, BMI, and eGFR
from baseline).

Quality assessment

Two independent reviewers (Mengnan Li and Yunfeng Liu)
evaluated the studies according to the inclusion and exclu-
sion criteria and assessed the risk of bias according to the
Cochrane risk of bias tool [10]. The following domains
were considered: random sequence generation, allocation
concealment, blinding of participants, blinding of outcome
assessment, incomplete outcome data, selective reporting,
and other bias. Disagreements were resolved in discussions.

Publication bias and statistical analysis

Publication bias was examined using funnel plot asymme-
try. The effect of SGLT2Is on renal function was evaluated
according to the changes in HbAlc, BMI, SUA, and eGFR.
All four outcomes were assessed as continuous variables. We
calculated pooled outcomes for the weighted mean differ-
ences (WMDs) and 95% confidence intervals (CIs) using a
random-effects model. Heterogeneity was assessed using the
P statistic. Values > 50% were viewed as indicative of moder-
ate-to-high heterogeneity [11]. We also carried out subgroup
and sensitivity analyses to explore the causes of heterogene-
ity. Random-effects meta-regression analyses were used to
evaluate the association between changes in some outcome
measures and baseline characteristics. We used Review Man-
ager version 5.3 (The Cochrane Collaboration, Copenhagen,
Denmark) and Stata/SE 16.0 (Stata Corp., College Station,
TX, USA) for all statistical analyses. The statistical level of
significance was set at a P-value <0.05.

Results

Study selection and characteristics

A total of 4490 articles were collected by searching the
various databases including PubMed (rn=289), Scopus

(n=987), Embase (n=1288), and Web of Science (n=1926)
databases. Of these, 1637 were duplicates, leaving 2853
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to be further evaluated. Most citations (n=1264) were
excluded due to unrelated trial design, article type, and non-
English language. The remaining 1589 articles were care-
fully checked. A total of 1050 records were excluded by
inspecting titles and abstracts. The remaining 539 articles
were carefully assessed for data extraction in full text, and an
additional 528 articles were excluded by reason of unrelated
topic (n=400), incomplete data (n=96), patients selection
(n=20), and uninterested outcomes (n=12). Finally, 11
studies met our criteria for systematic review, which was
followed up with a meta-analysis (Fig. 1). No additional
study was identified by manual search.

Characteristics of the included trials are summarized in
Table 1. The included trials (n=11) were RCTs from 2018
to 2022. A total of 489 patients were in the SGLT2I group,
and 492 were in the placebo group. Most trials used a placebo
(n=4) and standardized hypoglycemic therapy (n=5) as con-
trols. We also included two trials with valsartan (80 mg bid)
and liraglutide (0.9 mg qd) as controls respectively. Three
types of SGLT2Is were mentioned in the studies, most of the

trials were on dapagliflozin (n=35) and empagliflozin (n=4),
which, respectively, used 5-10 mg of dapagliflozin and
10 mg of empagliflozin. We also included one study on ipra-
gliflozin (5 mg qd) and one on dapagliflozin (5-10 mg qd)
and empagliflozin (10 ~25 mg qd) in combination treatment.
Participants were usually middle-aged. Two of these trials
involved patients with diabetic nephropathy and prediabetic
patients, respectively. The remaining experiments involved
patients with type 2 diabetes. The duration of intervention in
most trials was 12 or 24 weeks. The study by Hussain et al.
had the shortest time of intervention (4 weeks). However,
Hao et al. did not report the duration of the intervention. The
changes in SUA, HbAlc, BMI, and eGFR of each study are
reported in Table S2.

Quality assessment
For all of the included studies, a risk of bias assessment was

carried out using The Cochrane Collaboration risk of bias
tool (Fig. 2).

Fig.1 Flow diagram demon-
strating the study selection
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Fig.2 A Methodological qual-
ity graph. B Methodological
quality summary
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Effect of SGLT2Is on SUA

In this meta-analysis, 11 studies were a two-group analysis
between SGLT2Is and control groups to evaluate the asso-
ciation between SUA levels and SGLT2Is in a total of 981
patients. The results of the pooled analysis of 11 studies
showed that patients in the SGLT2I group had a greater reduc-
tion in SUA than those in the control group (MD = —0.56,
95% CI= —0.66~—0.46, I’=0%, P <0.00001). There was
little or no heterogeneity in the meta-analysis (I>=0%), sug-
gesting a consistent drug effect (Fig. 3).

A subgroup analysis was performed according to the dif-
ferent control groups and baseline characteristics (Fig. 4).
Compared with the placebo group (n=4), the SGLT2I group
reduced SUA concentration by 0.58 mg/dl more than the pla-
cebo group, and the difference was statistically significant
(95% CI= —0.93 ~-0.23, I’=51%, P=0.001). Similarly,
the SGLT2I group significantly reduced SUA concentra-
tion more than the active control group (n=7, including
metformin, insulin, and sulphonylureas) (MD = —0.59, 95%
CI= —0.82~-0.35, ’=0%, P <0.00001) (Fig. 4A).
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Fig.3 Forest plot of com-
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There were ten studies that reported treatment time. We  Effect of SGLT2Is on BMI

analyzed the indicator in the short-term (n="7; <12 weeks) and
long-term (n=3; 24 weeks) subgroups, separately. The MD
of reduction in SUA was greater in the short-term subgroup
(MD= —0.57,95% CI= —0.68 ~—0.46, I’=0%, P <0.00001)
than that in the long-term subgroup (MD = —0.44, 95%
Cl=-1.00~0.12, P=65%, P=0. 12), albeit not statistically
significant in the long-term subgroup (Fig. 4B).

Ten studies have reported the effects of one type of
SGLT2Is. We found that empagliflozin (n=4) reduced the
SUA more than dapagliflozin (n=>5) and ipragliflozin (n=1).
There were significant differences in the decrease of SUA
among different types (MD = —0.56, 95% CI= —0.68 ~—0.43,
PP=4%, P<0.00001) (Fig. 4C).

HbA Ic was reported in 11 studies. According to HbAlc,
we found that the MD of reduction in SUA was greater in
the lower HbA 1c subgroup (n=>5; HbAlc<8) (MD= —0.63,
95% Cl= —0.78 ~ —0.48, I* = 5%, P<0.00001) than that in the
higher HbA 1¢ subgroup (n=6; HbAlc> =8) (MD = —0.38,
95% Cl= —0.63~—0.13, ’=0%, P=0.003) (Fig. 4D).

Seven studies reported the duration of diabetes. We found
that the MD of reduction in SUA was greater in the short-
term subgroup (n=3; <5 years) than that in the long-term
subgroup (n=4;>5 years or 10 years). There were signifi-
cant differences in the decrease of SUA among different
duration of diabetes (MD = —0.63, 95% CI= —0.86 ~ —0.40,
?=0%, P<0.00001) (Fig. 4E).

Random-effects meta-regression was performed to assess
whether the reduction in SUA levels is dependent on the dura-
tion of diabetes, different types, the duration of SGLT2I treat-
ment, and glycated hemoglobin levels. The results demon-
strated that SUA change was not significantly correlated with
the duration of diabetes, different types, duration of SGLT2I
treatment, and glycated hemoglobin levels (Fig. S1) (Table 2).

No publication bias was found using the funnel plots
(Fig. S2). There was little or no heterogeneity in the meta-
analysis (I*=0%), suggesting a consistent drug effect.
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Five studies reported the effect of SGLT2Is on BMI. Com-
pared with the control group, SGLT2I significantly reduced
BMI (MD= —1.19, 95% Cl= —1.84~-0.55, I’=0%,
P =0.0003). Publication bias cannot be assessed due to the
small number of included studies. There was little or no
heterogeneity in the meta-analysis (I>=0%), suggesting a
consistent drug effect (Fig. 5).

Effect of SGLT2Is on eGFR

Six studies reported the effect of SGLT2Is on eGFR. There
was no significant difference in the reduction of eGFR
observed in the SGLT2I group compared with that in
the control group (MD = —1.60, 95% Cl= —3.82~0.63,
I’=13%, P=0.16) (Fig. 6). Considering the impact of
the variation in the follow-up period, we analyzed the
indicator in the short-term (n=4; <12 weeks) and long-
term (n=2;>24 weeks) subgroups, separately. In the
short-term subgroup, SGLT2Is could significantly reduce
eGFR (MD = —2.79, 95% Cl= —3.74 ~—1.84, I’=0%,
P <0.00001). In the long-term subgroup, SGLT2Is could
increase eGFR (MD=1.86, 95% CI= —-3.55~7.28,
I>=0%, P=0.50), but the results were not significant
(Fig. 7). Publication bias cannot be assessed due to the
small number of included studies. There was little or no
heterogeneity in the meta-analysis (I>=13%), suggesting
a consistent drug effect.

Effect of SGLT2Is on HbA1c

Eight studies reported the effect of SGLT2Is on HbAlc. There
was a significant difference in the reduction of HbAlc observed
in the SGLT?2I group compared with that in the control group in
seven studies (MD = —0.20, 95% CI= —0.26~—0.13, P=0%,
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Fig.4 A Subgroup analysis
based on different controls. B
Subgroup analysis based on
duration of SGLT2Is treatment.
C Subgroup analysis based on
different types of SGLT2Is. D
Subgroup analyses based on
glycated hemoglobin levels.

E Subgroup analysis based on
duration of diabetes
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Fig.4 (continued)
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P <0.00001) (Fig. 8). When we excluded one study at a time to
assess the stability of the results, there was a significant change
in the pooled MD or 95% CI when Nakaguchi et al.’s study was
excluded (Fig. S3). The MD of HbAlc changed from —0.03
(95% Cl=—0.34~0.28, ’=89%, P=0.85) to—0.20 (95%
Cl= -0.26~-0.13, ’=0%, P<0.00001). Nakaguchi
et al.’s study showed that the liraglutide group reduced SUA

concentration by 0.89 mg/dl more than the empagliflozin group
[12]. The result of the original study resulted in a lack of robust-
ness. Therefore, we removed this paper from the meta-analysis.

Finally, to assess the publication bias of the results in
the present meta-analysis, we constructed funnel plots using
Review Manager. The symmetry of the HbAlc funnel plot
shows that there was a low risk of publication bias (Fig. S4).

Table 2 The results of meta-regression analysis on the effects of SGLT2Is on SUA reduction based on treatment duration, duration of diabetes,

different types of SGLT2Is, and glycated hemoglobin levels

Duration of treatment Duration of diabetes

Different types of SGLT2Is Glycated hemoglobin levels

Coefficient P-value Coefficient

P-value

Coefficient P-value Coefficient P-value

SGLT2Is 0.129

[—0.282,0.540]

0.496 0.330

[-0.991,0.760]

0.105

—-0.051
[-0.315,0.213]

0.667 0.345

[-0.088,0.778]

0.105
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Fig.5 Forest plot of comparison of BMI reduction between SGLT2Is group and control group

Discussion

In this meta-analysis, we provide evidence that SGLT2I sig-
nificantly reduces SUA, HbA 1c, and BMI. While there were
no significant changes in eGFR after the use of SGLT2Is,
these results suggested the beneficial effects of SGLT2Is on
diabetic nephropathy risk factors. It is therefore vital to study
SGLT?2I protective effects against diabetic nephropathy in
patients with abnormal glucose metabolism.

SUA level is closely related to early renal disease in
T2DM patients, which can lead to the progression and
deterioration of renal disease in T2DM patients [13-15].
Many studies have shown that SUA can affect renal function
through a variety of mechanisms, including the induction of
inflammatory pathways [16], ischemia [17], or lower eGFR
[18]. The subsequent appearance of high blood uric acid
and low urinary uric acid excretion (UUAE) levels further
increases the risk of diabetic nephropathy [19]. There is con-
troversy in the current study as to whether the effect of SUA
on renal function decline depends on the baseline blood uric
acid level or the AUA [20, 21]. Allopurinol or febuxostat
is known to significantly reduce SUA, but further studies
have shown that these drugs did not result in a clinically

Experimental Control

Study or Subgroup Mean

SD Total Mean SD Total Weight IV, Random,95% Cl

meaningful improvement in kidney outcome [22, 23]. If the
glucose-lowering drugs themselves could lower SUA, then
we could avoid the use of additional drugs. SGLT2Is have
been found to significantly reduce SUA. This meta-analysis
reached a similar conclusion. The results of the present study
show that SUA levels decreased by 0.56 mg/dl more in the
SGLT?2I group than in the control group. The underlying
mechanism involves the renal SLC2A9 (GLUT9) trans-
porter, which transports uric acid and d-glucose. SGLT2Is
lead to increased urinary glucose excretion, accompanied by
increased uric acid exchange at the apical membrane of renal
tubular cells. This subsequently causes increased excretion
of uric acid and hypouricemia [24].

Subgroup analyses of baseline characteristics revealed
that SUA reduction decreased with higher HbA1c and longer
duration of disease or intervention. In a meta-analysis [5],
it was found that empagliflozin had the highest rate of SUA
reduction, which was consistent with our subgroup analysis
results. The meta-regression of Zhao et al. [9] showed that
the reduction of SUA was associated with the duration of
SGLT2I treatment. However, another meta-analysis showed
that the reduction of SUA was not related to the dose and
duration of SGLT2I treatment but was related to the duration
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Fig.6 Forest plot of comparison of eGFR changes between SGLT2Is group and control group

@ Springer



868

European Journal of Clinical Pharmacology (2023) 79:859-871

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
2101 <=12W
Huang, Y 2022 184 2797 60 171 2622 60 50% 013[957 883 S S
Okada, K 2021 -387 269 68 -096 291 63 708% -291([3.87,-195 3
Satirapoj, B 2019 13 1694 28 -2 1644 29 61%  070(7.97,937 L
Tanaka, M 2020 1.7 184 15 -3 1607 15 31% 4.70[7.66,17.06] =]
Subtotal (95% Cl) LA 167 85.0% -2.79[-3.74,-1.84] '
Heterogeneity: Tau®= 0.00; Chi*= 2.44, df= 3 (P = 0.49), F= 0%
Testfor overall effect: Z= 577 (P < 0.00001)
2.10.2>=24W
Nakaguchi, Hirotatsu 2020 -31 2255 31 15 1945 30 42% -1.60[-12.16,8.96] N
Shimizu, W 2020 02 1593 46 -33 1555 50 108%  310[3.21,941)
Subtotal (95% Cl) i 80 15.0%  1.86[-3.55,7.28] e
Heterogeneity. Tau®= 0.00; Chi*= 056, df=1 (P = 0.45), F=0%
Testfor overall effect: Z= 0,67 (P=0.50)
Total (95% Cl) 248 247 100.0% -1.60[-3.82, 0.63] .I

Heterogeneity. Tau®=1.59; Chi*= 576, df=5 (P=033); F=13%
Testfor overall efiect Z=1.40 (P=0.16)
Test for subaroun differences: Chi*= 2.76. df=1 (P=010). F=63.7%

Fig. 7 Subgroup analysis based on follow-up period

of diabetes [5]. In contrast, the decrease in SUA was not
associated with the duration of diabetes, duration of treat-
ment, and type of SGLT2Is in our study. The differences may
be due to the mean treatment period, the number of patients,
and different analysis tools. Several similar meta-analyses
have been published previously [6-8, 25]. Although they all
reached similar conclusions on the outcome of SUA, this
paper conducted subgroup analysis and regression analysis
from different perspectives rather than repeating the existing

20 40 0 10 20
Favours [experimental] Favours [control]

meta-analysis. In addition, this article mainly included RCT
studies in the past 5 years, which provided updated and more
comprehensive data support for the effect of SGLT2Is on
uric acid reduction.

Weight loss is essential for patients with type 2 diabe-
tes. In addition to the potential benefits of lowering blood
glucose levels, there are also some renal benefits. There is
evidence of the benefit of weight loss in reducing proteinuria
in overweight and obese patients [26]. And another study

Experimental Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl [V, Random, 95% CI
Hiruma, § 2021 04 071 1 04085 2 19% 000047047 i i
Huang, Y 2022 -258 128 60 199 12 60 22% -059[1.03-0.15) —F
Nakaguchi, Hirotatsu 2020 035 055 3 124 054 30 00%  0.89(0.62 1.16)
Okada, K 2021 027 022 68 -007 02 B3 846% -020[0.27-013 l
Ramirez-Rodriguez A M2020  -01 03 12 01 045 12 47% -0.20F051,0.11) =T
Satirapoj, B 2019 08 106 28 07138 29 11% -010[0.74,054 .
Shimizu, W 2020 022 095 46 -009 096 50 30% -0.13[051,0.29) = 1
Tanaka, M 2020 01 05 15 01 065 15 25%  0.00(042 042 & o
Total (95% Cl) 250 250 100.0% -0.20]-0.26,-0.13] {
Heterogeneity: Tau?= 0.00: Chi*= 4.75, df= 6 (P = 0.58): F= 0% 4 2 : 2 4

Testfor overall effect Z=5.82 (P <0.00001)

Favours [experimental] Favours [control]

Fig.8 Forest plot of comparison of HbA 1c¢ reduction between SGLT2Is group and control group
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noted that weight loss can lead to a reduction in blood pres-
sure [27]. Interestingly, weight loss also has the effect of
reducing uric acid. These results will reduce the incidence
of diabetic nephropathy complications. The results of this
meta-analysis indicated that compared with the control
group, SGLT2I significantly reduced BMI (MD = —1.19,
95% Cl= —1.84~-0.55, I’=0%, P <0.001), which is in
line with previous findings. The mechanism of weight loss
has been partially understood. First, the SGLT2I-mediated
increase in urine glucose can reduce fat mass [28], thereby
reducing chronic inflammation [29] and body weight. Sec-
ond, brown fat is known to fight obesity, and SGLT2Is can
induce the browning of white adipose tissue to reduce body
weight [30]. Third, the insulin-sparing effect of SGLT2Is
may also have contributed to weight loss in patients who
used insulin [31]. In addition, some studies have further
found that SGLT2Is have a better weight loss effect in
patients with normal renal function than in patients with
reduced renal function [32].

Studies have shown that hypoglycemic therapy signifi-
cantly reduces renal deterioration and macroalbuminuria
[33]. In this study, SGLT2I therapy was more effective than
the control group in the treatment of type 2 diabetes and was
more effective in improving glycated hemoglobin control,
indicating that SGLT2Is can effectively control glucose and
protect the kidney, which is consistent with the results of
previous studies. Of note, SGLT2I therapy should be used
with caution in patients with very high levels of HbAlc
and is contraindicated in patients with a history of diabetic
ketoacidosis [34]. In addition, it has been reported that in
patients with stage 2 or 3 diabetic nephropathy, the addi-
tion of SGLT2I significantly reduced HbAlc. However, no
reduction in HbAlc was observed in stage 4 patients with
chronic kidney disease. Therefore, the use of SGLT2Is is
contraindicated in patients with severe chronic kidney dis-
ease [35]. In addition, studies have shown that in patients
75 years and older treated with SGLT2Is, the reduction of
HbA1c is diminished and may increase the risk of decreased
blood volume, which may affect renal function. Therefore,
SGLT2Is should be used with caution in the elderly [34].

Interestingly, existing studies suggest that the effect of
SGLT2Is on eGFR may depend on the duration of treat-
ment. Early treatment decreases eGFR, which remains stable
or increases after long-term treatment [36, 37]. Consistent
with these findings, we found that within 12 weeks of treat-
ment, eGFR decreased more in SGLT2Is than in the con-
trol group. In contrast, after 24 weeks of treatment, there
was an increase in eGFR in the SGLT2I group, although
the result was not significant. These findings may suggest a
renal protective effect of SGLT2Is in the long run. Further-
more, although an acute, modest decrease in eGFR occurs
initially, it has been shown not to affect the progression of
kidney disease [38, 39]. The mechanism of early reduction

of eGFR by SGLT?2Is has been partially investigated. There
have been several studies showing that SGLT2Is activate
tubule-glomerular feedback and increase renal tubular back
pressure by increasing fluid and electrolyte delivery to the
macula densa. This results in a decrease in intraglomerular
pressure and eGFR [37, 40].

Limitation

Some limitations of this meta-analysis should be noted.
(1) We did not exclude patients with diabetic nephropathy.
Their uric acid levels may have been elevated as the dis-
ease progressed, which could have affected the results. (2)
We included a small number of studies with inconsistent
follow-up times and different background treatments. (3)
All the included original data were not accessed, and most
experiments did not emphasize the measurement methods of
each indicator. These factors may have a potential impact on
the results. (4) Because of the limited data in the included
literature, we were limited to performing subgroup analyses
on the basis of baseline. For example, we were unable to
perform subgroup analyses of doses, and there were few
types of SGLT2Is involved.

Conclusion

In conclusion, this meta-analysis provides evidence of the
effect of SGLT2Is on SUA, BMI, HbAlc, and eGFR. These
findings suggest a beneficial effect of SGLT2Is on renal risk
factors in patients with abnormal glucose metabolism.
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