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Background. Several trials have assessed the antihyperglycemic effects of sodium/glucose cotransporter-2 inhibitors (SGLT2i) in
patients with type 2 diabetes mellitus (T2DM). We conducted a quantitative analysis to assess the impact of SGLT2is on serum
uric acid (SUA) in patients with T2DM. Methods. Placebo-controlled trials published before 13 August 2021 were identified by
searching PubMed, Embase, Web of Science, and Scopus. The intervention group received SGLT2i as monotherapy or add-on
treatment, and the control group received a placebo that was replaced with SGLT2i. Clinical trials providing changes in SUA
were included. The mean change of SUA, glycated hemoglobin (HbAlc), fasting plasma glucose (FPG), and body weight were
calculated (PROSPERO CRD42021287019). Results. After screening of 1172 papers, 59 papers were included in the systematic
review. A total of 55 trials (122 groups) of 7 types of SGLT2i on patients with T2DM were eligible for meta-analysis. All
SGLT2is significantly decreased SUA levels compared with the placebo groups: empagliflozin mean difference (MD) = -40.98
pmol/L, 95% CI [-47.63, -34.32], dapagliflozin MD = —-35.17 yumol/L, 95% CI [-39.68, -30.66], canagliflozin MD = -36.27 ymol/
L, 95% CI [-41.62, —30.93], luseogliflozin MD = —-24.269 umol/L, 95% CI [-33.31, -15.22], tofogliflozin MD = —19.47 ymol/L,
95% CI [-27.40, —11.55], and ipragliflozin MD = —18.85 ymol/L, 95% CI [-27.20, —10.49]. SGLT2i also decreased FPG, body
weight, and HbAlc levels. SUA reduction persisted during long-term treatment with SGLT2i (except for empagliflozin), while
the SUA reduction was affected by the duration of diabetes. Conclusions. SGLT2i can be a valid therapeutic strategy for
patients with T2DM and comorbid hyperuricemia. Besides reducing FPG, body weight, and HbAlc, SGLT2i can significantly
decrease SUA levels compared to placebo (Total MD = —34.07 yumol/L, 95% CI [-37.00, -31.14]).

1. Introduction properties [2-4]. These oral glucose-lowering agents have

been shown to reduce the risk of cardiovascular and renal
Sodium/glucose cotransporter-2 inhibitors (SGLT2i) are one ~ complications in patients with T2DM [2, 3, 5-7] plus
of the main classes of medications that are used for the man-  several other salutary effects on autophagy pathways, neu-
agement of patients with type 2 diabetes (T2DM) [1]. They =~ romodulatory pathways, oxidative stress pathways, platelet
also have significant renoprotective and cardioprotective ~ function, blood pressure, and hepatic function [5, 8-12].
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Dapagliflozin, canagliflozin, ipragliflozin, empagliflozin,
sotagliflozin, tofogliflozin, ertugliflozin, and luseogliflozin
are some of the established SGLT2is. The action of
SGLT2is is independent of insulin; they reduce the renal
glucose reabsorption mediated by the SGLT2 expressed
along the proximal tubules [6]. Several randomized
controlled trials (RCTs) with placebo-controlled groups
studied the efficacy of SGLT2is in patients with and with-
out T2DM. The change in serum uric acid (SUA) is one of
the parameters which is directly or indirectly assessed in
RCTs [13-72]. Increased SUA (hyperuricemia) is an
important risk factor for cardiovascular and renal compli-
cations of T2DM [73, 74]. Hence, lowering SUA levels
with SGLT2is could be a valid therapeutic strategy in this
cohort of patients [9-12]. Di Zhao et al. [75] evaluated the
effect of empagliflozin on SUA levels through a meta-
analysis of clinical trials published before December
2017. They found that empagliflozin reduced serum uric
acid levels and other cardiometabolic risk factors such as
glycated hemoglobin (HbAlc), fasting plasma glucose
(FPG), systolic and diastolic blood pressures, and body
weight. Di Zhao and his team did not review other
SGLT2is. A meta-analysis by Xin et al. [76] showed that
SGLT2is could benefit patients with T2DM with increased
SUA levels. However, this manuscript reviewed studies
published before August 2017. Several recently published
RCTs on the effects of SGLT2is on SUA need to be eval-
uated in a new meta-analysis. Moreover, limiting RCTs to
placebo-controlled ones may help to identify urate-
lowering properties that can be solely attributed to
SGLT2i. The present study was aimed at finding any
changes in SUA levels in individuals on SGLT2i based
on randomized, placebo-controlled trials.

2. Materials and Methods

The current systematic review and meta-analysis were con-
ducted according to the recommendations of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA) [77]. This review was registered in
PROSPERO (registration number: CRD42021287019).

2.1. Data Sources and Searches. The electronic databases of
PubMed, Embase, Scopus, and Web of Science were
searched to identify eligible clinical trials using relevant
search terms to “Sodium-glucose cotransporter-2 inhibitors
(SGLT2i)” and “ uric acid” by A.A. and M.R;; complete
search strategy is available in Table S1. We identified
articles published up to May 5, 2021, without restrictions
on language and year of publication. In addition, we
updated the article on August 13, 2021. Two authors (A.A.
and M.R)) did a further manual search of the references
lists of all selected papers, previous similar reviews, and
pooled analysis studies to look for possible missing papers.

2.2. Study Selection. The two investigators (A.A. and M.R)
selected the studies according to the following criteria: (1)
population: subjects (regardless of their disease) using any
kind of SGLT2i; (2) intervention: SGLT2is monotherapy or
as an add-on to other antidiabetic medications; (3) compar-
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ison: SGLT2is were replaced with placebo; (4) outcome:
serum uric acid changes; (5) design: clinical trials; and (6)
follow-up duration: at least 4 weeks. We excluded from our
meta-analysis studies that were not conducted on patients
with T2DM. The conference abstracts and pooled analysis
studies were carefully assessed for possible duplicate data.
Furthermore, several studies assessed serum uric acid at
different time points. We chose the time point that was
closer to 24 weeks.

2.3. Data Extraction and Quality Assessment. The two inves-
tigators (A.A. and M.R.) independently extracted the follow-
ing data: first author, year of publication, type of study
population, number of participants, demographic data,
intervention (type of SGLT2i and dose regimen), follow-up
duration, duration of diabetes, baseline estimated glomerular
filtration rate (eGFR), and outcome (change in SUA, HbAlc,
body weight, and FPG from baseline). Moreover, these
authors assessed the quality of studies using the quality cri-
teria proposed by the Joanna Briggs Institute (JBI) checklist
[40]. If any disagreements existed, these were resolved
through discussion or referral to another investigator
(AH.S.). Checklist questions were answered by “yes,” “no,”
“unclear,” or “not/applicable.” Each “yes” answer takes 1
point. After adding up the scores, the studies were classified
into three groups based on their risk of bias: high risk of bias
(scores between 0 and 5), intermediate-risk (scores between
6 and 10), and low-risk groups (scores between 11 and 13).

2.4. Publication Bias and Statistical Analysis. Publication
bias was examined using funnel plots, Egger’s test and Begg’s
test. Mean differences (MD) and 95% confidence interval
(CI) in SUA levels were calculated using a random-effects
model to evaluate the effects of SGLT2is on SUA, HbAlc,
body weight, and FPG. Heterogeneity was calculated using
I?, with I* values >50% representing moderate heterogene-
ity. P-value less than 0.05 was considered as statistically
significant for the outcome and heterogeneity analyses.
Random-effect meta-regression analysis was done to assess
the effects of the patient’s duration of diabetes, treatment
period, and SGLT2i dosage on SUA level changes. Data
analysis was done using the Comprehensive Meta-Analysis
software (CMA) V.3.

3. Results

A total of 1920 papers were collected during the initial elec-
tronic search. Through a manual search, six papers were
identified. Among those papers, 754 were duplicates, so the
1172 remaining papers were assessed for eligibility criteria.
Finally, 59 trials met the inclusion criteria, and 55 trials were
included in the meta-analysis. The screening, assessing, and
analyzing steps are shown in Figure 1. Seven types of
SGLT2is were assessed, including canagliflozin, dapagliflo-
zin, empagliflozin, ipragliflozin, tofogliflozin, ertugliflozin,
and luseogliflozin. Descriptive characteristics of the 59
included trials (9 types of SGLT2is) are presented in Table 1.

3.1. Outcome. Of the 36,215 patients, 23,494 received differ-
ent SGLT2is in different dosages versus 12,721 patients who
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Figure 1: PRISMA flow diagram.

received placebo. The effect size, population, and heteroge-
neity of SGLT2is included in meta-analysis are shown in
Table 2. SGLT2is considerably decreased SUA levels com-
pared with placebo (Total MD, -34.07 umol/L, 95% CI
[-37.00, -31.14], empagliflozin MD, -40.98 yumol/L, 95% CI
[-47.63, -34.32], dapagliflozin MD, -35.17 ymol/L, 95% CI
[-39.68, -30.66], canagliflozin MD, —-36.27 ymol/L, 95% CI
[-41.62, —30.93], luseogliflozin MD, -24.269 ymol/L, 95%
CI [-33.31, -15.22], tofogliflozin MD, -19.47 ymol/L, 95%
CI [-27.40, —11.55], and ipragliflozin MD, -18.85 ymol/L,
95% CI [-27.20, —10.49]) (Figures S1-S3 and Figures 2-7).

Out of 122 comparisons between the different dosages of
SGLT2is and placebo, 21 comparisons showed that SGLT2is
did not significantly reduce the SUA. After the removal of

studies which were conducted only on patients with chronic
kidney disease (CKD) [22, 43, 68, 72], the MD of SUA
changes of dapagliflozin compared to placebo increased to
-36.29 umol/L (95% CI [-40.53, -32.05], I* = 69.3%), the
MD of SUA changes of canagliflozin compared to placebo
increased to -37.44 umol/L (95% CI [-42.90, -31.97], I* =
68.0%), and MD of SUA changes of empagliflozin compared
to placebo increased to -43.79 ymol/L (95% CI [-50.75,
-36.83], I* = 85.9%).

3.1.1. Canagliflozin. Ten clinical trials evaluated the effect of
canagliflozin (range of 50 mg to 600 mg) on SUA. Canagli-
flozin 300 mg reduced the SUA, FPG, body weight, and
HbA1c more than canagliflozin 100 mg (Table 2). Moreover,
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0
o ' . Relative g8
Study name Statistics for each study Week Difference in means and 95% CI weight 2 Il \\
Canagliflozin 100 mg  Difference Standard Lower  Upper 4 / \
inmeans error  Variance limit limit ~ Z-value p-value ] / °
Rosenstock (100) 2012 -39/260 8/903 79/258 -56/709 —21/811 —4/410 <0/001 12 11/18 E 6 IQ o
Qiu (50 BID) 2014 —-39/750 8/005 64/087 —55/440 -24/060 —4/965 <0/001 18 12/42 'g 7 \
Ji (100) 2014 —=29/790 6/407 41/050 -42/347 —17/233 -4/650 <0/001 18 —— 14/93 'g 8 / % \o
Wilding (100) 2013 —-30/690 9/509 90/420 -49/327 -12/053 -3/227  0/001 26 1041 Z 10 // o \\
Yale (100) 2014 —12/140  13/359  178/470 -38/324 14/044 -0/909  0/363 26 6/76 7 \
Bode (100) 2013 —41/480 5/416 29/333 -52/095 —30/865 —-7/659 <0/001 26 16/64 12 /
Rodbard (100) 2016 -16/250 8/730 76/209 -33/360  0/860 —1/861 0/063 26 11/41 //
Stenlof (100) 2013 —48/830 5/643 31/844 -59/890 -37/770 -8/653 <0/001 26 16/24 14 L
—34/479 4/123 16/998 —42/560 —26/398 —8/363 <0/001 < =
-100 -80 —60 —40 =20
-100/00 —50/00 0/00 50/00 100/00 Difference in means
@
) ' . Relative 0
Study name Statistics for each study Week Difference in means and 95% CI weight 71\
Canagliflozin 300 mg ~ Difference Standard Lower  Upper ¢ 2 / \
inmeans  error Variance limit limit  Z-value p-value 4 7 \
Sha (300) 2014 —46/300  13/156 173/091 -72/086 -20/514 -3/519 <0/001 12 —_—— 5/60 § ;{ o \
Rosenstock (300) 2012 —35/690  8/437  71/177 —52/226 —19/154 —4/230 <0/001 12 - 11/80 .:’ 6 , o\
Ji (300) 2014 —34/860 6/079  36/953 -46/774 -22/946 -5/735 <0/001 18 —— 18/79 g 8 7 o
Qiu (150 BID) 2014 —35/620  11/783 138/849 -58/715 —12/525 -3/023 0/003 18 —— 6/80 g / o \
Wilding (300) 2013 —34/290 9/014  81/260 -51/958 —16/622 -3/804 <0/001 26 —il— 10/64 3 10 // \\
Yale (300) 2014 —-19/690  14/414 207/761 -47/941 8/561 -1/366 0/172 26 4175 12 / o \
Bode (300) 2013 —45/110 5/581 31/148 -56/049 -34/171 -8/083 <0/001 26 20/89 / o \
Stenlof (300) 2013 —52/620 5/617  31/548 —63/629 —41/611 -9/368 <0/001 26 20/73 14 ,/ o\
-40/692  3/296  10/861 —47/151 -34/232 ~12/347 <0/001 S =
—100 -80 —60 —40 -20 0
-100/00 -50/00 0/00 50/00 100/00

Difference in means
(®)

FIGURE 2: Mean difference and 95% confidence intervals for changes in serum uric acid level for canagliflozin compared to placebo ((a)

canagliflozin 100 mg; and (b) canagliflozin 300 mg).

Study name Statistics for each study Week Difference in means & 95% CI Weight (random) 0
Dapagliflozin 2.5 mg Difference  Standard Lower  Upper Relative 1|\
inmeans  eror  Variance limit  limit  Z-value p-value weight 2 AR
List (2/5) 2009 -51/740  8/759  76/722 -68/907 -34/573 -5/907 <0001 12 12/91 - /’ ‘\
5
Ferrannini P (2/5) 2010 -27/400  8/208 6/369  -43/487 ~11/313 -3/338  0/001 24 —.— 13/59 £ 4 , \
Ferrannini E (2/5) 2010 -47/600  8/135  66/186 -31/655 -5/851 <0/001 24 13/68 T / \
Bailey (2/5) 2010 ~26/700  5/939  35/267 -15/061 -4/496  <0/001 24 —— 16/63 2 s / LA
Wilding (2/5) 2012 ~15M460  6/703  44/926 -2/323 2037 o0/021 24 —m— 15/58 E ! ©
Strojek (2/5) 2011 -22/600  6/401  40/973 -10/054 -3/531 <0/001 24 - 15/99 8 ! o ‘\
Bailey (2/5) 2012 -36/280  9/866  97/344 -16/942  -3/677 <0/001 24 11/61 oy \
-31/502  4/888  23/892 -22/012 -6/463  <0/001 > 10 /o
N =
~100/00 ~50/00 0/00 50/00 100/00 100 -80 -60 -40 -20 0 20
Difference in means
(a)
Study name Statistics for each study Week Difference in means & 95% CI ight (random
Dapaglilozin 5 mg Difference  Standard Lower  Upper Relative
inmeans  error  Variance limit limit  Z-value p-value weight 0
List (5) 2009 ~57/100  8/974  80/539 -74/689 —-39/S11 -6/363 <0/001 12 ! E 72 RS
Schumm (2/5BID) 2015 —46/400  7/130  50/839 —-60/375 -32/425 ~-6/508 <0/001 16 8/33 o’ N
Araki (5) 2017 -5/950  6/914  47/809 -19/502  7/602 —4/861  0/389 16 8/48 2o Bo
; ~30/900  6/725  45/232 -44/082 -17/718 -4/594 <0/001 24 n 8/61 L 10 °cs %
Rosenstock (5) 2012 1w 5 ,
; -38/700 8/276 68/491  -54/920 -22/480 -4/676  <0/001 24 7157 E
Ferrannini P (5) 2010 5
§ . S31/500  8/198  67/207 -47/568 -15/432 -3/842  <0/001 24 — 7/62 T ’
Ferrannini E (5) 2010 - 5 ’
~32/100  5/938  35/266 —43/739 -20/461 -5/405 <0/001 24 s Kl ,
Bailey (5) 2010 J— g
Wilding (5) 2012 ~16/650  6/726 45240 -29/833  -3/467 -2/475  0/013 24 8/61 Z 20 ’
reing 27030 7179 SI/541 41431 13289 -3/811  <0/001 24 —— 8/30 , ©
Strojek (5) 2011 —44/000  5/093  25/934 -53/981 -34/019 -8/640 <0/001 24 - 972 ’
Henry (5) 2012 -38/660  10/057  101/137 -58/371 -18/949 -3/844  <0/001 24 T 6/47 ,
Bailey (5) 2012 ~39/850 8/455 71488 -56/422 -23/278 —4/713  <0/001 24 — 7145 30
Jii(5) 2014 ~30/330  21/070  443/941 ~71/626  10/96 ~-1/439  0/150 104 — 2156 e
Kohan (5) 2014 -33/595 3/815 14/552  —41/071 -26/118 -8/807  <0/001 L = ~100 -80 -60 —40 -20 0 20
~100/00 ~50/00 0/00 50/00 100/00 Difference in means
Study name Statistics for each study Week Difference in means & 95% CI Weight (random)
Dapagliflozin 10mg ~ Difference  Standard Lower  Upper Relative
in means error  Variance  limit limit  Z-value p-value weight
Weber 1 (10) 2016 ~23/790  8/839  78/129 -41/114  -6/466 -2/691  0/007 12 —a— 5/26
Weber 2 (10) 2016 23670 7/230 521269 -37/840  -9/500 -3/274  0/001 12 — 5/84 o
List (10) 2009 —48/770  8/420  70/898 65273 -32/267 -5/792 <0/001 12 —— 5/41 M
Schumm (10) 2015 -56/510  7/527  56/649 ~71/262 —41/758 -7/508 <0/001 16 ——— 5/73 2N
Schumm (5BID) 2015 —47/590  7/689  59/128 -62/661 -32/519 —6/189 <0/001 16 —m— 5/67 q/ \
i (10) 2014 ~22/600  §/840  78/138 -39/925  -5/275 -2/557  0/011 24 — 5/26 5 /o \
5 | = \
Rosenstock (10) 2012 SIS0 G 37y 49ATS 25522 -6/I36 <001 24 623 o q oy 0 °
Ferrannini P (10) 2010 ~39/800  8/061 64979 =55/599 -24/001  —4/937 <0/001 24 4 5/54 5 0070 o A
FerranniniE(10) 2010 ~37/500 71919 62/703  =53/020 21980  —4/736 <0/00L 24 - 5/59 £ /0 @\
Bolind ' ‘10 o012 ~61/900 7792 60714 77172 —46/628  -7/944  <0/001 24 —m— 5/63 Rl / \
°I‘“ er (10) _43/400 60009 36/111 551178 -31/622  -7/222 <0001 24 . 6/27 z // \
Bailey (10) 2010 _18/440  6/879  47/314 -31/922  -4/958  -2/681  0/007 24 —— 5/96 kd ’ \
Wilding (10) 2012 _46/390 3/849  14/816 —53/934 -38/846 -12/052 <0/001 24 L 3 694 / o
Jabbour (10) 2014 ~27/360 6/843  46/825 —40/772 —13/948  -3/998 <0001 24 —.— 5/97 15 / \\
Strojek (10) 2014 ~1/000 61462 41/756  -13/665 ~11/665 -0/155  0/877 24 —— 6/11 7 \
Pollock (10) 2019 —42/800 5/091 25/916 —52/778 -32/822  -8/407 <0/001 24 +i— 6/57 / \
Henry (10) 2012 ~24/900  14/430  208/222 —53/182  3/382 -1/726  0/084 24 3/51 o \
Fioretto (10) 2018 C13/680  19/0290  362/114 —50/977  23/617  -0/719  0/472 104 2/52 20
Kohan (10) 2014 -35/284 3701 13/701 -42/538 -28/029 -9/532  <0/001 > ~100 80 ~60 —40 20 0 20
~100/00 ~50/00 0/00 50/00 100/00 Difference in means

FIGURE 3: Mean difference and 95% confidence intervals for changes in serum uric acid level for dapagliflozin compared to placebo ((a)
dapagliflozin 2.5 mg; (b) dapagliflozin 5mg; and (c) dapagliflozin 10 mg).
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Study name Statistics for each study Week Difference in means and 95% CI. Weight (random)
Empaglicin 10mg Cmens o v i o Zvhe poke prors ‘ N
Heise (10) 2013 107/070 679/522 -4/107  <0/001 4 2159 / \\0
Nishimura (10) 2015 211321 Svos ot 4 —— 47 ,’0 \
Kario (10) 2019 WSl I sl 2sa oo 12 — sia7 / \
Tikkanen (10) 2015 now o woss w1 - 79 [-X¢) \ O
Kadowaki (10) 2014 e 7 s e om0 1 —m— a0 w0 ©0o 8/, © \
Ros (102015 W o ums 05 <000 16 —a— 3 o \
s (5BID) 2015 w0 w o oo w16 . oss / ofp \
Roden (102013 sl som w19y sase <opo 24 —-— o7 3 4 N
] ’ \
Shimiza (10) 2020 Q03 TSI 06 678 ool 24 —— a8 : ; ° \
Haring (10) 2013 QS0 ss: 2ddes 49 <oN0l 24 —.— 102 Z , \
Kovacs (10) 2015 520 eols2 30s 55 ool 24 —-— a6l 2 / \
Soficland (10) 2017 1420750 w63 onm 21 —— 575 ’ \
Zinman (102015 se0 s om0l . e / \
Rosenstock (10) 2014 350000 831279 335 <00l 52 —.— 6l61 4 N
Barnetttal, (CKD2) (2014) (10) 271000 LB S0 -39l an13 002 2 — . s167 o /’ \\
Rosenstock (10) 2015 6000 Sa67 a0isss st 06 oA 78 e / \
aOMSSSO® 250 -S0G6L 0609 035 <00l “
16000 80100 000 s0100 16000 =
100 0 0 0 20 o 2 W
Difference i means
(@
Study name Satstis fo each study Meek Diffsence in means and 95% CI MWeight (randon
Empsgifoin 25 mg e o aiae o e Zvhe poale o
Heise(25)2013 70 dees ez -eAR 2w 267 0003 4 e 2157 )
Nishimura (25) 2015 SSHION0 8356 3942 -9N977 22025 36 0002 4 —1— 424 /N o
Mordi (25) 2020 G0 asiss0 1230413 w00 6 _ 2153 PSRN
Tikkanen (25) 2015 “3090 —s9rs26 s om0 12 - 7149 / \
Kadowaki (25) 2014 c2/000 om0 <onol 12 - a1 &° &° P
Ross (25) 2015 ~56/000 w0016 —.— 636 b o AN
Ross (12/5 BID) 2015 651000 841595 <0001 16 - — 6130 7 d Q
Roden (25) 2015 -48/000 -64/065 <0/001 24 —— 6175 . 7/ N
Kahl (25) 2020 161580 & ous2 24 —_— an2s g 4 N
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FIGURE 4: Mean difference and 95% confidence intervals for changes in serum uric acid level for empagliflozin compared to placebo ((a)

empagliflozin 10 mg; and (b) empagliflozin 25 mg).
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F1GURE 5: Mean difference and 95% confidence intervals for changes in serum uric acid level for ipragliflozin (range of 12.5 mg to 300 mg)

compared to placebo.

Study name Statistics for each study Week
Tofogliflozin Difference Standard Lower  Upper

in means error Variance limit limit Z-value p-value
Terauchi (20) 2017 14/870- 6/582 431327 27/771- 11969~ 2/259- 0/024 16
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FIGURE 6:
compared to placebo.

the results of metaregression, shown in Table 3, demon-
strated that the amount of SUA change was not significantly
correlated with dosage and weeks of treatment. However,
SUA change was positively correlated with the duration of

+
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Mean difference and 95% confidence intervals for changes in serum uric acid level for tofogliflozin (range of 10 mg to 40 mg)

diabetes (Coefficient=1.581 [0.148, 3.014]; P=0.03)
(Table 3). Figure S4 shows the scatter plots of
metaregression by week, SGLT2i dosage, and duration of
diabetes covariates. Figures S7, S10, and S13 show the
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Study name Statistics for each study Week
Luseogliflozin Difference  Standard Lower  Upper

Seino (0/5) (12) 2014
Seino (2/5) (12) 2014a
Seino (5) (12) 2014a
Seino (1) (24) 2014
Seino (2/5) (12) 2014b
Seino (5) (12) 2014b
Seino (10) (12) 2014
Seino (2/5) (24) 2014
Haneda (2/5) 2016

in means
-15.470
—27.360
-23.790
—41.040
—38.060
-19.030
-30.930
—28.550

4.780
—24.269

error
8.319
8.287
8.287
8.383
8.345
8.422
8.272
6.627
7.683
4.616

Variance  limit

69.207
68.669
68.669
70.270
69.631
70.932
68.420
43.916
58.729
21.304

limit ~ Z-value
-31.775  0.835 -1.860
-43.602 -11.118
—40.032 -7.548 -2.871
—57.470 -24.610 -4.896
—54.415 -21.705 -4.561
—35.537 -2.523 -2.260
—47.142 -14.718 -3.739
—41.538 -15.562 -4.308
—10.260 -19.780  0.621
—33.316 -15.223 -5.258

-3.302

p-value
0.063
<0.001
0.004
<0.001
<0.001
0.024
<0.001
<0.001
0.535
<0.001

—-120.00

Difference in means and 95% CI

’ #++++++

—60.00 0.00
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Standard error
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FIGURE 7: Mean difference and 95% confidence intervals for changes in serum uric acid level for luseogliflozin (range of 0.5 mg to 10 mg)

compared to placebo.

TaBLE 3: The results of metaregression analysis on the effects of SGLT2i on SUA reduction based on duration of diabetes, treatment
duration, and SGLT2i dosage.

Canagliflozin Dapagliflozin Empagliflozin
100 mg 300mg Total 2.5mg 5mg 10 mg Total 10 mg 25mg Total
Week
0.329 -0.524 0.026 -0.030 0.236 0.124 0.550 0.634 0.607
Coefficient  [-1.400,  [-1.674,  [-0.751, — [-0.587,  [-0.302,  [-0.255,  [0.068,  [0.089, [0.282,
2.059] 0.625] 0.805] 0.523] 0.776] 0.505] 1.03] 1.179] 0.931]
P-value 0.709 0.371 0.946 — 0.913 0.389 0.520 0.025 0.022 <0.001
Dosage
-0.013 -0.606 -0.278
Coefhicient — — [-0.046, — — — [-2.055, — — [-0.788,
0.018] 0.842] 0.232]
P-value — — 0.411 — — — 0.411 — — 0.285
Duration of diabetes
2.061 1.286 1.581 1.746 2.109 2.076 1.906
Coefficient  [-0.359,  [-0.691, [0.148, [0.503, [1.254, [0.889, [1.218, — - -
4.481] 3.264] 3.014] 2.990] 2.964] 3.263] 2.594]
P-value 0.095 0.202 0.03 0.005 <0.001 <0.001 <0.001 — — —

forest plot of HbAlc, FPG, and body weight changes,
respectively.

3.1.2. Dapagliflozin. Eighteen clinical trials with a total of 41
comparisons examined the effect of dapagliflozin (range of
1 mg to 50 mg) on SUA levels. The pooled effects of different
doses of dapagliflozin on SUA, HbAlc, and FPG are
reported in Table 2. MD of HbAlc, body weight, and FPG
changes was lower in dapagliflozin studies than other types
of SGLT2i. Furthermore, the results of random-effects
meta-regression indicated that the amount of SUA change
does not correlate with dosage or weeks of treatment, but
SUA change was positively correlated with the duration of
diabetes (Coefficient =1.906 [1.218, 2.594]; P <0.001)
(Table 3). Figure S5 shows the scatter plots of
metaregression by week, dosage, and duration of
diabetes covariates. Figures S8, S11, and S14 show the
forest plot of HbAlc, FPG, and body weight changes,
respectively. Moreover, one study was removed because
it was conducted on prediabetic patients. The findings
showed that dapagliflozin reduced SUA levels
(MD =-62 +47 pmol/L) [45].

3.1.3. Empagliflozin. Seventeen trials assessed the effect of
empagliflozin (range of 5mg to 100 mg) on SUA. Empagli-
flozin had the highest rate of SUA reduction (MD = -40.98
; CI [-47.63, -34.32]; I* = 84.9%). Empagliflozin effects on
SUA, HbA1lc, body weight, and FPG are shown in Table 2.
Scatter plots of metaregression by the week of treatment
and dosage covariates are shown in Figure S6. Figures S9,
S12, and S15 show the forest plot of HbAlc, FPG, and
body weight changes, respectively. We removed the Zanchi
et al. study from the meta-analysis. They employed
nondiabetic patients to measure the effect of empagliflozin
10mg; the results also showed a reduction in SUA
(MD =-97 £ 36 umol/L) [70].

3.1.4. Other SGLT2i. The effects of other SGLT2is on SUA,
HbAlc, body weight, and FPG are also reported in
Table 2. Three studies assessed ipragliflozin (range of
12.5mg to 300 mg), two studies assessed tofogliflozin (range
of 10mg to 40 mg), and four studies assessed luseogliflozin
(range of 0.5mg to 10 mg) effects on SUA levels. Four stud-
ies were removed from the meta-analysis because they did
not assess patients with T2DM. A recent study in 2020
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assessed the effects of 12 weeks of treatment with licogliflo-
zin on 123 obese patients. MD of SUA change in different
doses was between -65.1 and -74.4 ymol/L [69]. Van Raalte
et al. in 2019 assessed a 24-week treatment with sotagliflozin
200 mg or 400 mg on 955 type 1 diabetes patients compared
with 479 patients in the placebo group; MD of SUA was
calculated —32.71 + 38.95 ymol/L [63].

3.2. Publication Bias. Regarding Egger’s test, canagliflozin
100mg, canagliflozin 300mg, empagliflozin 10mg, and
empagliflozin 25 mg had publication bias (P — value < 0.05
). However, Begg’s test did not show any publication bias,
except for canagliflozin (total).

4. Discussion

The current meta-analysis of 55 placebo-controlled trials
analyzed the data of 23,494 patients who received SGLT2is
compared with 12,721 patients who received a placebo.
The mean difference of SUA changes was about
-34.07 ymol/L (95% CI [-37.00, -31.14], I* = 78.8%) among
T2DM patients. Empagliflozin showed more potential in
SUA reduction than other SGLT2is, while ipragliflozin had
the least SUA changes.

There are six meta-analyses on this topic, two of which
focused specifically on SUA change. Wu et al. assessed the
impact of SGLT2i as an add-on treatment to insulin therapy
compared to the control group in patients with T2DM, which
received a placebo in addition to insulin. They calculated MD
of SUA change -26.16 umol/L (95% CI [-42.14, -10.17], I*
=80%) through assessment of 5 comparisons [78]. Yumo
Zhao et al. specifically focused on SUA changes of 62 trials,
which compared the effects of SGLT2is with placebo or active
control or standard care. Overall MD of SUA changes was
-37.73 umol/L (CI [-40.51, -34.95], I2 = 73.5%) [79].

Dapagliflozin was studied more than the other SGLT?2is.
In accordance with our study, a previous meta-analysis on
4454 patients showed that dapagliflozin can significantly
reduce SUA; the weighted mean difference (WMD) of SUA
changes was about -41.50 ymol/L (95% CI [-47.22, -35.79];
I>=50%), while it was about -35.17 ymol/L (95% CI
[-39.68, -30.66], I> =73.9%) in our study [80]. The effects
of dapagliflozin on SUA were also assessed by Zhang et al.
on 5302 patients, with results being similar to those of our
study (WMD -36.17 umol/L; 95% CI: -40.99, -31.36; I* = 64
%) [81]. Both studies compared dapagliflozin with a placebo.

In agreement with us, Xin et al. assessed SUA changes
obtained with 5 types of SGLT2i compared with placebo or
control or standard care. All SGLT2is significantly decreased
SUA levels compared with placebo; canagliflozin WMD -
37.02umol/L  (95% CI [-38.41, -35.63]), dapagliflozin
WMD -38.05 ymol/L (95% CI [-44.47, -31.62]), empagliflo-
zin WMD -42.07 ymol/L (95% CI [-46.27, -37.86]), tofogli-
flozin WMD -18.97 umol/L (95% CI [-28.79, -9.16]), and
ipragliflozin WMD -19.75 ymol/L (95% CI [-28.17, -11.34])
[76]. Furthermore, Yumo Zhao et al. performed a metare-
gression and concluded that only the effect of dapagliflozin
depended on the administration dosage. In addition, the
metaregression of Yumo Zhao et al. showed that the reduc-
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tion of SUA could be persistent with long-term, 104-week
administration of SGLT2is [79]. Conversely, our study
showed no relationship between SUA reduction and dura-
tion (except for empagliflozin) and dosage of SGLT2i. How-
ever, our data showed that SUA was reduced more in the
canagliflozin and dapagliflozin groups, with a more
pronounced reduction observed in patients with a longer
duration of diabetes. Perhaps, longer duration of diabetes
may alter the expression of SGLT2, glucose transporter 9
(GLUT?9), or related unknown pathways in the kidney, thus
favouring uric acid excretion. Di Zhao et al. specifically
reviewed the effect of empagliflozin on some cardiometa-
bolic risk factors [75]. In accordance with our review, they
showed that empagliflozin could significantly reduce SUA
level, HbAlc, and FPG. However, there are some differences:
the mean change of HbAlc and FPG, unlike SUA, was
higher in their study. The differences may be due to the
mean treatment period, the number of patients, and differ-
ent analysis tools.

Increased SUA causes inflammation in adipocytes as
well as endothelial dysfunction, which reduces nitric oxide
bioavailability and leads to insulin resistance. Moreover, uric
acid impairs glucose uptake in skeletal muscle, which
reduces insulin-stimulated glucose uptake [82]. Insulin resis-
tance leads to hyperinsulinemia, which elevates SUA
through lowering renal uric acid excretion [83, 84].

SGLT2is could significantly decrease SUA through
several mechanisms. GLUT9 protein is expressed in two
subtypes, namely, GLUT9a and GLUT9D, localized in the
apical and basolateral membrane of the proximal tubule,
respectively. GLUT9 subtypes regulate uric acid transporta-
tion and concentration [85]. Chino et al. revealed that the
urinary excretion rate of uric acid strongly correlated with
the urinary glucose excretion, demonstrating the relation
between SUA and glycosuria [86]. Raised glucose concen-
tration resulting from SGLT2i administration could also
disturb the reabsorption of uric acid in the proximal
tubule through GLUT9b [87]. After removing the studies
that were conducted on CKD patients, the SUA reduction
was increased, which is consistent with the proposed
model for uricosuric effects of SGLT2i by Chino et al.
[86]. Hence, SGLT2i induce more pronounced glycosuria
in the presence of higher eGFR values. Moreover, part of
the SUA reduction can be explained by the body weight
loss induced by SGLT2is. Previous studies showed a strong
positive correlation between body mass index and SUA
levels [88-91]. Body weight loss is recommended for the
management of gout [92, 93]. A possible explanation is
that insulin resistance increases the reabsorption of
organic anions like urate [94].

4.1. Limitations and Strengths. Our study has some limita-
tions. First, due to the paucity of available studies, we could
not perform a meta-analysis for ertugliflozin and sotagliflo-
zin. Second, some studies did not report the standard devia-
tion or related data to calculate it. Third, trials with CKD
patients, whose plasma UA level may be increased because
of disease deterioration, could interfere with the results.
Fourth, some studies had some dropouts, but they reported
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baseline data of all patients. Fifth, the baseline SUA level and
follow-up period were different across the studies. Sixth,
some of the administered doses of SGLT2i were not within
the approved dose range for the T2DM treatment. Finally,
the heterogeneity of SUA data was moderate or high
except for canagliflozin (300mg) and tofogliflozin. The
comparison with active control groups and paucity of
available studies were the other limitations of previous
meta-analyses.

4.2. Conclusion. All SGLT2i analyzed in the meta-analysis
can reduce SUA in patients with T2DM (MD = -34.076;
CI [-37.006, -31.146]). The ability to reduce SUA is one of
the advantages of SGLT2is over other antidiabetic medica-
tions, particularly in patients with T2DM and comorbid
hyperuricemia. Moreover, the urate-lowering properties
exerted by SGLT2i may partly explain their well-
established renoprotective and cardioprotective actions.
More placebo-controlled studies are warranted for luseogli-
flozin, licogliflozin, sotagliflozin, and ertugliflozin to clarify
their effects on SUA.
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canagliflozin studies to determine the drug efficacy in serum
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flozin studies to determine the drug efficacy in serum uric
acid reduction. Figure S3: meta-analysis of all empagliflozin
studies to determine the drug efficacy in serum uric acid
reduction. Figure S4: scatterplots of metaregression on cana-
gliflozin variables (weeks of treatment, drug dosage, and
duration of diabetes). Figure S5: scatterplots of metaregres-
sion on dapagliflozin variables (weeks of treatment, drug
dosage, and duration of diabetes). Figure S6: scatterplots of
metaregression on empagliflozin variables (weeks of treat-
ment, drug dosage, and duration of diabetes). Figure S7:
meta-analysis of all canagliflozin studies to determine the
drug effects on HbAlc. Figure S8: meta-analysis of all dapa-
gliflozin studies to determine the drug effects on HbAlc.
Figure S9: meta-analysis of all empagliflozin studies to deter-
mine the drug effects on HbAlc. Figure S10: meta-analysis
of all canagliflozin studies to determine the drug effects on
FPG. Figure S11: meta-analysis of all dapagliflozin studies
to determine the drug effects on FPG. Figure S12: meta-
analysis of all empagliflozin studies to determine the drug
effects on FPG. Figure S13: meta-analysis of all canagliflozin
studies to determine the drug effects on body weight. Figure
S14: meta-analysis of all dapagliflozin studies to determine
the drug effects on body weight. Figure S15: meta-analysis
of all empagliflozin studies to determine the drug effects on
body weight. (Supplementary Materials)
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