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Background: Elevated serum uric acid (SUA) is strongly associated with adverse
clinical outcomes. Sodium-glucose-cotransporter-2 (SGLT2) inhibitors not only
lower blood glucose levels but also reduce UA. However, comparative data on
the SUA-lowering effects among different SGLT2 inhibitors remain sparse,
hindering evidence-based drug selection. This study aimed to systematically
evaluate the effects of various SGLT2 inhibitors on SUA.

Methods: We searched the Cochrane Central Register of Controlled Trials (Ovid
SP), Embase (Ovid SP), PubMed, and ClinicalTrials.gov up to March 2024 for
randomized controlled trials (RCTs) evaluating SGLT2 inhibitors in patients with or
without type 2 diabetes mellitus (T2DM). The primary outcome was the change in
SUA levels compared with placebo. Data were analyzed using Review Manager 5.
4. Pooled mean differences (MDs) for continuous outcomes (SUA change) and
relative risk (RR) for dichotomous outcomes (gout incidence) were calculated.
Study quality was evaluated using the Cochrane Risk of Bias tool (RoB 2), and the
overall evidence quality was evaluated using the GRADE approach.

Results: A total of 51 RCTs were included in the meta-analysis. The SUA levels were
significantly lower in all SGLT2 inhibitors groups than in the placebo groups.
SGLT2 inhibitors have superior efficacy in lowering SUA levels compared with
placebo [MD = -32.14 pmol/L, 95% Cl (-35.96 to —28.31); P < 0.001]. Subgroup
analysis showed empagliflozin achieved the greatest reduction in SUA
[MD = -4561 pmol/L, 95% CI (-52.26 to -3897); P < 0.00001], while
sotagliflozin had the least effect [MD = -13.72 umol/L, 95% CI (-19.16 to —-8.29);
P < 0.00001]. The GRADE profiles indicated low-quality evidence for reduction in
SUA levels. However, there was no difference in the incidence of gout between the
two groups [RR = 0.96, 95% CI (0.77-1.21), P = 0.75].

Conclusion: SGLT2 inhibitors demonstrated greater SUA reduction than placebo,
highlighting their potential as multifactorial therapies in high-risk populations.

Systematic Review Registration:
#loginpage, identifier CRD42023458993.

https://www.crd.york.ac.uk/prospero/

sodium-glucose cotransporter-2 inhibitor, with and without T2DM, serum uric acid,
gout, meta-analysis
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1 Introduction

Serum uric acid (SUA), the end product of purine metabolism, is
primarily excreted through the kidney and digestive tract. Disruptions
in SUA metabolism can result in elevated blood levels (hyperuricemia),
a major risk factor for cardiovascular, kidney, and metabolic diseases (Li
B. et al., 2023; Yuan et al., 2024). For example, elevated SUA levels are
commonly detected in patients with type 2 diabetes mellitus (T2DM)
(Ito et al., 2011; Katsiki et al., 2013; Kodama et al., 2009), and elevated
SUA levels in the general population are associated with an increased
risk of developing new-onset diabetes (Lv et al., 2013). Elevated SUA
levels have been demonstrated to significantly increase the risk of
various metabolic complications, including stroke (Jiang et al., 2025),
diabetic retinopathy (Rivera-De-la-Par et al, 2024; Li et al, 2025),
diabetic peripheral neuropathy (Fayazi et al., 2022), peripheral arterial
disease (Tseng, 2004) and chronic kidney disease (CKD) (Pan et al.,
2023). Epidemiological studies have shown that the prevalence of
cardiovascular-kidney-metabolic diseases (CKM) in patients with
gout is at least twice that observed in individuals without gout (Zhu
et al, 2012). Therefore, early intervention and effective management of
SUA levels are important in high-risk populations, aiming to reduce
SUA to prevent or mitigate the development of associated metabolic
complications. However, RCTs in non-gout populations have failed to
demonstrate any clear CKM benefit from standard urate-lowering
therapy (Doherty et al, 2018; Mackenzie et al., 2020; Badve et al.,
2020; Doria et al,, 2020). Even febuxostat, a first-line urate-lowering
agent, has been issued an FDA issued warning for cardiovascular
mortality risk (U.S. FOOD and DRUG ADMINISTRATION, 2019).
This highlights the need to find therapeutic agents that not only lower
SUA levels effectively but also provide cardiovascular and renal
protection. Recently new methodologies in total metabolic
management have emerged leveraging stem cell therapy (with
physiologic therapies) in diabetes and its complications (Saha et al,
2023). This also suggests that when exploring new uric acid-lowering
treatment options, we should holistically consider their potential
benefits to enhance overall metabolic health.

Sodium—glucose cotransporter-2 (SGLT2) inhibitors are a new
type of antidiabetic agent that blocks glucose reabsorption in the
proximal renal tubules. They increase the amount of glucose
removed through the urine and lower serum glucose levels (U.S.
FOOD and DRUG ADMINISTRATION, 2021; Scheen, 2015). In
addition to their potent hypoglycemic effects, SGLT2 inhibitors
confer multiple metabolic benefits, including antihypertensive
properties (Chilton et al., 2017), weight reduction (Sargeant et al.,
2019), and enhanced cardiovascular and renal protection (Zelniker
et al,, 2019; Mentz et al., 2023; McDonagh et al.,, 2023; Lv et al,
2023). supporting their benefits,
SGLT2 inhibitors are now used not only in the treatment of

With growing evidence

T2DM but have also been integrated into several clinical
guidelines for treating cardiovascular diseases—particularly heart
failure—and CKD (Group KDIGOKCW, 2024; Author
Anonymous, 2024; Heidenreich et al., 2022). Notably, evidence
indicates that SGLT2 inhibitors also exert a UA-lowering effect
(Zhao et al., 2018; Ferrannini et al., 2013). This effect may stem from
several mechanisms: promoting UA excretion through diuretic
effects (Chino et al, 2014; Lytvyn et al, 2015), regulating renal
transporters to reduce UA reabsorption (Vallon, 2024; Dong et al.,
2023), and inhibiting purine synthesis via the pentose phosphate
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pathway while enhancing UA elimination (Packer, 2024). The role
of SGLT2 inhibitors in regulating SUA levels is critically important
for reducing the incidence of metabolic disorder-related diseases
(Packer, 2024). However, it remains unclear whether this reduction
is significant when evaluated systematically, whether these effects are
consistent across different SGLT2 inhibitors, and whether this effect
is relevant in patients without T2DM. Thus, this study aimed to
evaluate and compare the effects of different SGLT2 inhibitors on
SUA levels in patients with and without T2DM through a systematic
review and meta-analysis, and to provide comprehensive evidence
for related studies.

2 Methods

This systematic review and meta-analysis was performed in
accordance with the guidelines established by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Shamseer et al., 2015). This review was registered in
PROSPERO, and the registration number is CRD42023458993.

2.1 Literature search

We conducted a systematic literature search in the Cochrane
Central Register of Controlled Trials (via Ovid SP), Embase (via
Ovid SP), PubMed, Web of Science, and Clinical Trials, from
database inception to March 2024. The resulting literature was
evaluated for eligibility, and the relevant studies were included in
the review. Search terms included medical subject headings and
keywords related to “Sodium-Glucose Cotransporter-2 Inhibitors”,
“SGLT2
“Empagliflozin”, “Ipragliflozin”, “Luseogliflozin”, “Sotagliflozin”,

inhibitors”, “Canagliflozin”, “Dapagliflozin”,
“Sergliflozin”, “Remogliflozin”, “Tofogliflozin”, “Bexagliflozin”,

“Type 2 diabetes” and “randomized controlled trial”.

2.2 Study selection

Studies were selected based on the following criteria (Li B. et al.,
2023): Study type: publicly published randomized controlled trials
(RCTs) limited to the English language (Yuan et al, 2024);
Population: patients undergoing treatment with any kind of
SGLT2 inhibitor regardless of their underlying disease (Ito et al.,
2011); Intervention and Comparator: SGLT2 inhibitors versus
placebo, with no restrictions on treatment duration (Katsiki
et al, 2013); Outcome measures: reduction in SUA levels and
incidence of gout (Kodama et al, 2009); Exclusion criteria: 1)
reviews; 2) literature not available in full text; 3) studies with
insufficient data for extraction; 4) animal studies; 5) duplicate
publications; and 6) nonrandomized controlled trials (nRCTs).

2.3 Data extraction
In accordance with the established inclusion and exclusion

criteria, two reviewers (S.Y. and Q.H.) independently evaluated
the retrieved literature. Disagreement was resolved through
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discussion with a third reviewer (N.S.), and consensus was reached
for final decisions. The data extraction included methodological
quality; publication details (title, author, publication date, country,
and clinical trial registration code); patient characteristics (sex, age,
number of cases in each group, intervention measures, and duration
of treatment); outcome indicators of interest; and relevant outcome
data level at baseline and

measurement (Serum  urate

gout incidence).

2.4 Quality assessment

The risk of bias for each included RCT was assessed using the
Cochrane Risk of Bias tool version 2 (ROB 2) (Higgins et al., 2024).
The tool evaluates bias arising from the randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, selection of the reported result,
and overall risk of bias. Each criterion was rated as “High”,
“Low”, or “Some concerns” based on study specifics. The
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) tool was
evidence quality.

used to assess outcome

2.5 Statistical analyses

Statistical analysis was performed using RevMan 5.4 software.
The relative risk (RR) and 95% confidence interval (CI) were
calculated for dichotomous (gout incidence). Mean difference
(MD) and 95% CI were reported for continuous outcomes.
Heterogeneity was assessed using the x* test and I statistic. A
fixed-effects model was used if I* was <50%. Otherwise, a
random-effects model was utilized when I* was >50%. Due to
variability in the types of control across studies, a random-effects
model was adopted for conservative analysis. Statistical significance
was set at P < 0.05. Subgroup analyses were performed based on 1)
type of SGLT2 inhibitors and 2) patient populations (e.g., T2DM,
non-DM, TIDM). Publication bias was assessed using funnel plots.
Sensitivity analyses were conducted to ensure the stability of the
conclusions.

3 Results
3.1 Study search and trial characteristics

The initial search retrieved 1,235 studies, of which 957 were
unique after duplicate removal. After screening titles and
abstracts, 886 studies were excluded. Full-text assessment led
to the exclusion of an additional 20 studies due to issues related to
outcomes, study types, and outcome measures. Ultimately,
51 RCTs involving a total of 54,544 patients were included in
the meta-analysis (Anker et al., 2021; Kondo et al., 2023; Lee
MMY. et al.,, 2021; Ramirez-Rodriguez et al., 2020; Refardt et al.,
2020; Verma et al, 2022; Zanchi et al., 2022). The specific
literature search process is shown in Figure 1.

Baseline characteristics of the 51 included studies are
summarized in Table 1. The included studies assessed eight
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different ~ SGLT2
empagliflozin,

inhibitors:  canagliflozin,  dapagliflozin,

ipragliflozin, luseogliflozin, sotagliflozin,
tofogliflozin, and bexagliflozin. All included studies were placebo-
controlled RCTs. The distribution of patient enrollment across the
studies was as follows: 6 studies (n = 12,381) evaluated canagliflozin,
16 studies (n = 15,276) evaluated dapagliflozin, 16 studies (n =
21,904) evaluated empagliflozin, four studies (n = 573) evaluated
ipragliflozin, four studies (n = 734) evaluated luseogliflozin, two
studies (n = 2977) evaluated sotagliflozin, two studies (n = 382)
evaluated tofogliflozin, and 1 study (n = 317) evaluated bexagliflozin,
totaling 54,544 patients. The mean age of participants ranged from
31.80 to 76.00 years, and the proportion of males varied between
25.00% and 82.60%. The follow-up duration ranged from 4 days to
338 weeks. Seven studies included patients without T2DM (Anker
et al.,, 2021; Kondo et al., 2023; Lee MMY. et al., 2021; Ramirez-
Rodriguez et al., 2020; Refardt et al., 2020; Verma et al., 2022; Zanchi
et al, 2022), and the remainder included T2DM patients. Any
company or program did not sponsor eleven of the studies
included in the literature, whereas all the remaining studies
received sponsorship.

3.2 Assessment of the quality of the
included studies

All included studies were described as randomized. Detailed risk
of bias assessments are presented in Supplementary Table 1. Overall,
the risk of bias across the included literature was judged to be
predominantly low. For instance, regarding the randomization
domain, 43 studies were judged as ‘low risk’ and eight studies as
‘some concerns’. None were categorized as high risk. Missing
outcome data was the main factor contributing to potential bias
in these RCTs.

3.3 Meta-analyses of SUA changes

Data on SUA change from all fifty-one studies were pooled for
meta-analysis. Overall, SGLT2 inhibitors significantly reduced SUA
levels compared to placebo [MD = -32.14 umol/L, 95% CI
(=35.96 to —28.31); P < 0.001]. However, heterogeneity was high
(P =100%, P < 0.00001). Thus, a random-effect model was applied
(Figure 2). The evidence quality was rated as low, downgraded to
one level for inconsistency, one level for indirectness, and one level
for imprecision (Table 2).

In subgroup analyses of SGLT2 inhibitors, participants receiving
all types of SGLT2 inhibitors demonstrated statistically significant
reductions in SUA compared to the placebo group. Empagliflozin
had the most effect on SUA reduction [MD = —45.61 pumol/L, 95%
CI (-52.26 to —38.97); P < 0.00001], whereas sotagliflozin had the
least effect on SUA levels [MD = -13.72 pmol/L, 95% CI
(~19.16 to —8.29); P < 0.00001] (Supplementary Table 2).

Subgroup analyses by patient population, revealed significant
SUA reduction across all groups of SGLT2 inhibitors compared to
placebo. The patients without DM had the most effect on SUA
reduction [MD = -92.66 pumol/L, 95% CI (-114.86 to —70.45); P <
0.00001], and smallest in patients with TIDM [MD = —14.60 pumol/
L, 95% CI (-19.50 to —-9.70); P < 0.00001]. Patients with
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Records identified from:
Databases (n = 1,235):
Web of science (n = 279)
Pubmed(Medline) (n = 393)
Enbase (n = 563)
other sources (n = 0)

Records removed before screening:

Duplicate records (n = 278)

Records screened Records excluded
(n=957) (n = 886)
' Full-text articles excluded (n = 20)
\ — Non-RCT (n = 3)
Reports assessed for eligibility Study results without blood uric
(n=71) acid and gout (n = 11)
Uric acid measurements are urinary
uric acid (n = 6)
\

New studies included in review
(n=51)

FIGURE 1
Flow diagram for study identification and inclusion.

T2DM
(Supplementary Table 2).

showed an intermediate effect on SUA levels

3.4 Meta-analyses of gout incidence

Eight studies reported data on gout incidence, including trials on
empagliflozin (4 studies), dapagliflozin (2 studies), and canagliflozin
(2 studies), encompassing a total of 35,844 patients. There was no
statistical heterogeneity among the studies (I” = 8%, P = 0.37), and
effect sizes were analyzed via a fixed-effects model with pooled effect
sizes. The meta-analysis showed no significant difference in the
incidence of gout between SGLT2 inhibitors and placebo groups
[RR: 0.96, 95% CI: 0.77 to 1.21; P = 0.75]. The details can be seen
in Figure 3.

3.5 Assessment of publication bias

The funnel plots were constructed for both the SUA change
levels and gout incidence outcome to assess potential publication
bias. The observation reveals a symmetrical distribution of the
funnel plot, with the majority of studies located at the top, and
analysis using Egger’s test resulted in P = 0.79, which is greater than
0.05, suggesting a low risk of publication bias (Figure 4). Similarly,
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the funnel plot of the incidence of gout in patients showed

symmetry,
publication bias (Figure 5). According to the sensitivity analysis,

reasonable indicating no obvious evidence of
removing most individual studies did not significantly alter the
overall meta-analysis result for SUA reduction; therefore, the study

findings are considered robust.

4 Discussion

The interventions investigated were SGLT2 inhibitors for the
SUA reduction in this review. We found that SGLT2 inhibitors had
potential applications in the treatment of hyperuricemia and gout
(Otani et al, 2020; Tao et al, 2023). Beyond their clinically
recognized glucose-lowering effects, SGLT2 inhibitors have also
demonstrated the ability to reduce SUA levels (Wei et al., 2023).
This could be especially beneficial for patients with cardiovascular
disease or CKD, as elevated SUA levels are commonly observed in
these populations (Yuan et al., 2024). SGLT2 inhibitors could offer
additional therapeutic benefits for these populations by promoting
UA excretion. More importantly, the clinical evidence suggests that
the UA-lowering effect of SGLT2 inhibitors remains preserved
whether the patient is taking conventional traditional UA-
lowering drugs, such as allopurinol, febuxostat, or verinurad
(McDowell et al, 2022). adults with

Moreover, among
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TABLE 1 Baseline characteristics of the included studies (n = 51).

Author

Register

number/Trial

name

Study
type

No. of
patients(n)

Intervention

Mean age
(years)
(mean +
SD)

Males
VA

Mean
BMI
(kg/
m?)

Duration
of diabetes
(years)
(mean +
SD)

Mean
serum
urate level
at baseline
(umol/L)
(mean +
SD)

Length of
follow-up

Funding

Li et al. (2020) NCT01032629/ RCT 10142 5795 = Cana 100 mg and 63.20 + 8.30 65.00% 31.90 13.50 + 7.70 348.20 + 94.30 338 weeks Janssen Research and
NCT01989754 300 mg 5.90 Development
4347 PLA 63.40 + 8.20 63.00% 32.00 £ 13.70 + 7.80 349.80 £ 97.10
6.00
Ferreira et al. (2022) NCT01131676 RCT 7028 2347 Empa 10 mg 63.00 + 8.60 70.50% 30.60 + 30.60 + 5.20 351.65 + 1.78 206 weeks Boehringer Ingelheim
5.20
2344 Empa 25 mg 63.20 + 8.60 71.90% 30.60 + 30.60 + 5.30 354.62 + 1.78
5.30
2337 PLA 63.20 + 8.80 72.00% 30.70 + 30.70 + 5.20 357.60 + 1.78
5.20
Verma et al. (2022) NCT03057977 RCT 3730 1863 Empa 10 mg 67.20 + 10.80 76.50% NR NR NR 100 weeks Boehringer Ingelheim
1867 PLA 66.50 £ 11.20 75.60% NR NR NR
Anker et al. (2021) NCT03057951 RCT 5988 2997 Empa 10 mg 71.80 = 9.30 55.40% NR NR NR 52 weeks Boehringer Ingelheim
2991 PLA 71.90 £ 9.60 55.30% NR NR NR
Kondo et al. (2023) NCT03036124 RCT 4744 2373 Dapa 10 mg 66.20 + 11.00 76.20% NR NR NR 94 weeks AstraZeneca
2371 PLA 66.50 + 10.80 77.00% NR NR NR
NCT03619213 RCT 6263 3131 Dapa 10 mg 71.80 £ 9.60 56.40% NR NR NR 124 weeks AstraZeneca
3132 PLA 71.50 £ 9.50 55.80% NR NR NR
Strojek et al. (2011) NCT00680745 RCT 438 142 Dapa 5 mg 60.20 £ 9.73 50.00% 29.84 + 7.40 £ 5.70 303.90 + 79.80 24 weeks AstraZeneca
5.20
151 Dapa 10 mg 58.90 + 8.32 43.70% 29.75 + 7.20 £ 5.50 301.00 + 82.40
5.60
145 PLA 60.30 + 10.20 49.00% 29.74 + 7.40 £ 5.70 315.20 + 93.60
4.60
Rosenstock et al. NCT00642278 RCT 193 64 Cana 100 mg 51.70 + 8.00 56.00% NR 6.10 + 4.70 NR 12 weeks Janssen Research and
(2012a) Development, LLC
64 Cana 300 mg 52.30 £ 6.90 56.00% NR 5.90 £ 5.20 NR
65 PLA 53.30 + 7.80 48.00% NR 6.40 + 5.00 NR

(Continued on following page)
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Author Register Study No. of N Intervention Mean age Males Mean Duration Mean Length of Funding
number/Trial type  patients(n) (years) (%) BMI  of diabetes serum follow-up
name (mean + (years) urate level
SD) (mean + at baseline
SD) (umol/L)
(mean +
SD)
Rosenstock et al. NCT00683878 RCT 420 141 Dapa 5 mg 53.20 + 10.90 55.30% NR 5.64 £ 5.36 NR 24 weeks Bristol-Myers Squibb
(2012b) and AstraZeneca
140 Dapa 10 mg 53.80 + 10.40 42.10% NR 575 + 6.44 NR
139 PLA 53.50 + 11.40 51.10% NR 5.07 £ 5.05 NR
Bailey et al. (2013) NCT00528879 RCT 409 137 Dapa 5 mg 54.30 50.40% NR NR 323.00 + 88.00 102 weeks AstraZeneca
135 Dapa 10 mg 52.70 57.00% NR NR 323.00 + 80.00
137 PLA 53.70 55.50% NR NR 314.00 + 79.00
Bode et al. (2013) NCT01106651 RCT 714 241 Cana 100 mg 64.30 + 6.50 51.50% 3140 + 12.30 + 7.80 339.10 26 weeks Janssen Research and
440 Development, LLC
236 Cana 300 mg 63.40 + 6.00 54.70% 31.50 + 11.30 + 7.20 341.40
4.60
237 PLA 63.20 + 6.20 60.30% 31.80 + 11.40 + 7.30 343.40
4.80
Haring et al. (2013) NCT01159600 RCT 666 225 Empa 10 mg 57.00 + 9.20 50.00% 2830 + NR 314.00 + 127.00 24 weeks Boehringer Ingelheim
5.40
216 Empa 25 mg 57.40 + 9.30 53.00% 28.30 + NR 298.00 + 115.00
5.50
225 PLA 56.90 + 9.20 50.00% 27.90 + NR 307.00 + 110.00
4.90
Roden et al. (2013) NCT01177813 RCT 676 224 Empa 10 mg 56.20 + 11.60 63.00% 28.30 + NR 293.00 + 109.00 24 weeks Boehringer Ingelheim
5.50 and Eli Lilly
224 Empa 25 mg 53.80 + 11.60 65.00% 28.20 NR 297.00 + 124.00
5.50
228 PLA 54.90 £+ 10.90 54.00% 28.70 NR 307.00 + 133.00
6.20
Stenlof et al. (2013) NCT01081834 RCT 584 195 Cana 100 mg 55.10 + 10.80 41.50% 31.30 + 4.50 + 4.40 320.00 26 weeks Janssen Research and
6.60 Development, LLC
197 Cana 300 mg 55.30 + 10.20 45.20% 31.70 + 4.30 £ 4.70 326.30
6.00

(Continued on following page)
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Author Register Study No. of N Intervention Mean age Mean Duration Mean Length of Funding
number/Trial type  patients(n) (years) BMI of diabetes serum follow-up
name (mean + (years) urate level
SD) (mean + at baseline
SD) (umol/L)
(mean +
SD)
192 PLA 55.70 + 10.90 45.80% 31.80 4.20 £ 4.10 333.10
6.20
Wilding et al. NCT01106625 RCT 469 157 Cana 100 mg 57.40 + 10.50 48.40% 3330 + 9.00 + 5.70 322.30 52 weeks Janssen Research and
(2013a) 6.30 Development, LLC
156 Cana 300 mg 56.10 + 8.90 55.80% 33.20 + 9.40 + 6.40 340.10
6.30
156 PLA 56.80 + 8.30 48.70% 32.70 + 10.30 + 6.70 332.90
6.80
Wilding et al. NCT01117584 RCT 201 68 Ipra 50 mg 58.60 + 7.60 47.10% 31.10 + 6.00 + 5.30 NR 12 weeks Janssen Research and
(2013b) 4.90 Development, LLC
67 Ipra 100 mg 58.10 + 8.20 56.70% 31.80 + 5.70 + 4.80 NR
5.20
66 PLA 57.30 £ 8.60 54.50% 32.00 £ 5.70 £ 3.20 NR
4.80
Kadowaki et al. NCT01193218 RCT 437 109 Empa 10 mg 57.90 + 9.40 70.60% 2530 + NR 277.00 + 124.00 12 weeks Boehringer Ingelheim
(2014) 4.40
109 Empa 25 mg 57.20 £ 9.70 77.10% 2510 NR 277.00 £ 101.00
3.80
110 Empa 50 mg 56.60 + 10.30 77.30% 25.00 = NR 262.00 + 136.00
3.60
109 PLA 58.70 + 8.70 73.40% 25.60 + NR 271.00 + 127.00
3.40
Kashiwagi et al. NCT00621868 RCT 213 72 Ipra 50 mg 55.90 + 11.40 59.72% 25.80 + 6.60 + 6.80 NR 12 weeks Astellas Pharma
(2014) 3.50
72 Ipra 100 mg 56.00 + 10.40 68.00% 25.90 + 7.80 + 7.30 NR
3.80
69 PLA 55.20 + 9.70 71.00% 2510 + 6.30 + 5.50 NR
3.40
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Author Register Study No. of N Intervention Mean age Mean Duration Mean Length of Funding
number/Trial type  patients(n) (years) BMI of diabetes serum follow-up
name (mean + (years) urate level
SD) (mean + at baseline
SD) (umol/L)
(mean +
SD)
Qiu et al. (2014) NCT01340664 RCT 279 93 Cana 100 mg 58.60 + 8.90 43.00% 33.00 + 6.70 + 4.90 310.70 18 weeks Janssen Research and
7.00 Development, LLC
93 Cana 300 mg 56.70 = 10.30 | 47.30% 3230 + 7.30 + 6.00 323.80
6.80
93 PLA 57.00 + 9.30 49.50% 3230 + 7.00 + 6.40 322.80
5.70
Barnett et al. (2014) NCT01164501 RCT 738 98 Empa 10 mg (1) 63.20 + 8.50 61.20% NR NR 341.00 + 126.00 52 weeks Boehringer Ingelheim,
Eli Lilly
97  Empa25mg(l) = 6200 + 840 62.90% NR NR 337.00 + 159.00
95 PLA (1) 62.60 + 8.10 58.90% NR NR 339.00 + 125.00
187 Empa25mg(2) | 64.60 + 8.90 57.20% NR NR 419.00 + 158.00
187 PLA (2) 65.10 + 8.20 56.70% NR NR 439.00 + 153.00
37 Empa25mg(3) 6540 + 1020  56.80% NR NR 559.00 + 126.00
37 PLA (3) 6290 + 11.90 | 51.40% NR NR 583.00 + 162.00
Bolinder et al. (2012) NCT00855166 RCT 180 91 Dapa 10 mg 60.60 + 8.20 55.10% 3210 + 6.00 + 4.50 346.80 + 68.90 24 weeks No Funding
3.90
89 PLA 60.80 + 6.90 56.00% 3170 + 550 + 5.30 338.40 + 61.70
3.90
Eriksson et al. (2018) NCT02279407 RCT 84 21 Dapa 10 mg (1) 65.00 + 6.50 76.19% 3050 + 6.70 + 6.00 373.00 + 69.00 12 weeks AstraZeneca
2.80
21 PLA (1) 65.00 + 5.50 80.95% 30.30 + 6.50 + 4.20 365.00 + 75.00
3.10
22 Dapa 10 mg (2) 65.00 + 5.40 68.18% 30.50 + 8.50 + 4.50 344.00 + 78.00
2.80
20 PLA (2) 65.00 + 5.60 55.00% 33.0 + 6.30 + 5.10 370.00 + 83.00
4.10
Ji et al. (2014) NCT01095653 RCT 393 128 Dapa 5 mg 53.00 + 11.10 | 65.60% 25.17 + 115 + 230 309.40 + 71.4 24 weeks No Funding
329
133 Dapa 10 mg 51.20 + 9.89 64.70% 2576 + 1.67 + 2.80 297.50 + 77.35
343
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Register
number/Trial
name

Study
type

No. of
patients(n)

N

Intervention

Mean age
(years)
(mean +
SD)

Mean
BMI
(kg/
m?)

Duration
of diabetes
(years)
(mean +
SD)

Mean
serum
urate level
at baseline
(umol/L)
(mean +
SD)

Length of
follow-up

Funding

132 PLA 49.90 + 10.87 65.90% 2593 + 1.30 + 2.00 321.30 + 95.20
3.64
Kaku et al. (2014) Japic CTI-101349 RCT 171 57 Tofo 10 mg 58.60 + 9.80 66.70% 25.07 + 6.30 + 7.10 283.82 + 60.10 24 weeks No Funding
3.53
58 Tofo 20 mg 56.60 + 10.20 67.20% 24.99 + 6.40 + 5.10 298.95 + 70.80
4.55
56 PLA 56.80 + 9.90 66.10% 26.00 + 6.00 + 6.10 302.85 + 82.70
4.11
Kario et al. (2019) NCT03050229 RCT 131 68 Empa 10 mg 70.90 + 8.70 52.90% 26.10 + NR 321.30 + 89.25 12 weeks Boehringer Ingelheim
3.80 and Eli Lilly and
Company Diabetes
63 PLA 69.30 + 7.80 52.40% 26.00 + NR 321.30 + 89.25 Alliance
4.90
Kashiwagi et al. NCT01057628 RCT 129 62 Ipra 50 mg 60.60 + 9.40 67.70% 2530 + 7.53 £ 6.88 289.17 £ 65,45 16 weeks No Funding
(2015) 3.10
67 PLA 58.30 £ 10.50 71.60% 25.60 5.90 + 5.09 272.51 £ 73.18
3.90
Kohan et al. (2014) NCT00663260 RCT 252 83 Dapa 5 mg 66.00 + 8.90 66.30% 59.00 + 16.90 + 9.00 434.35 + 126.14 104 weeks No Funding
71.10
85 Dapa 10 mg 68.00 + 7.70 65.90% 54.00 + 18.20 + 10.10 424.23 + 101.74
63.50
84 PLA 67.00 + 8.60 63.10% 50.00 + 15.70 + 9.50 419.47 + 1543
59.50
Kovacs et al. (2015) NCT01210001 RCT 498 165 Empa 10 mg 54.70 + 9.90 50.30% 29.20 + NR 288.00 + 116.00 24 weeks Boehringer Ingelheim
5.60 and Eli Lilly and
Company
168 Empa 25 mg 54.20 + 8.90 50.60% 29.10 + NR 271.00 + 117.00
5.50
165 PLA 54.60 + 10.50 44.20% 29.30 + NR 275.00 + 113.00
5.40

(Continued on following page)

e 32 bue)

06£T55T'G2021eyd)/6855 0T


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1551390

TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

e 12 bue)

ABojodeweyd ul sianuol4

0T

[SSIRVIETM IS

Register St No. of N Intervention Mean age Mean Duration Mean Length of Funding
number/Trial type  patients(n) (years) BMI of diabetes serum follow-up
name (mean + (years) urate level
SD) (mean + at baseline
SD) (umol/L)
(mean +
SD)
Lee et al. (2021a) NCT03485092 RCT 105 52 Empa 10 mg 68.20 £ 11.70 65.40% 30.90 + NR 391.60 + 132.50 36 weeks Boehringer Ingelheim
5.90
53 PLA 69.20 + 10.60 81.10% 30.40 + NR 405.80 + 106.30
5.10
Lee et al. (2021b) NCT02459353 RCT 84 41 Dapa 10 mg 59.70 + 8.00 41.50% 27.30 + 15.10 + 7.20 273.10 £ 77.35 12 weeks No Funding
3.90
43 PLA 57.70 £ 7.30 41.90% 26.60 + 15.10 + 6.00 268.94 + 74.37
3.00
Mozawa et al. (2021) UMIN000030158 RCT 96 46 Empa 10 mg 63.90 + 10.40 82.60% 2520 3.19 £ 3.62 345.10 + 83.30 24 weeks Boehringer Ingelheim
3.70 and Eli Lilly and
Company
50 PLA 64.60 + 11.60 78.00% 25.20 2.70 + 3.61 339.15 + 89.25
4.10
Pollock et al. (2019) NCT02547935 RCT 293 145 Dapa 10 mg 64.70 + 8.60 70.00% 30.19 + 17.55 + 7.70 399.40 + 98.90 24 weeks AstraZeneca
5.30
148 PLA 64.70 £ 8.50 71.00% 30.34 + 17.71 £ 9.50 414.90 £ 92.60
5.60
Ramirez-Rodriguez NCT02700334 RCT 24 12 Dapa 10 mg 51.50 + 6.30 33.33% 30.30 NR 334.00 + 70.00 12 weeks No Funding
et al. (2020) 3.50
12 PLA 46.70 + 9.80 25.00% 33.00 £ NR 312.00 + 101.00
2.20
Refardt et al. (2020) NCT02874807 RCT 87 43 Empa 25 mg 74.00 + 14.00 37.00% 24.00 + NR 214.00 + 37.00 4 days Schweizerischer
4.10 Nationalfonds zur
Forderung der
44 PLA 7600 + 1200 | 36.00% 23.10 + NR 181.00 + 30.25 Wissenschaftlichen
4.90 Forschung
Ross et al. (2015) RCT 535 214 Empa 25 mg 58.20 + 10.20 53.30% 3210 + NR 328.00 + 122.00 16 weeks Boehringer Ingelheim
5.30 and Eli Lilly and
Company
214 Empa 10 mg 58.50 + 10.80 50.50% 31.90 + NR 327.00 + 131.00
5.40
107 PLA 57.90 £ 11.20 51.40% 32.00 £ NR 330.00 + 115.00
5.00
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Register Study No. of N Intervention Mean age Mean Duration Mean Length of Funding
number/Trial type  patients(n) (years) BMI of diabetes serum follow-up
name (mean + (years) urate level
SD) (mean + at baseline
SD) (umol/L)
(mean +
SD)
Schumm-Draeger NCT01217892 RCT 299 99 Dapa 5 mg 55.30 £ 9.30 46.50% 33.09 + 5.12 £ 4.20 331.93 + 81.96 16 weeks Bristol-Myers Squibb
et al. (2015) 4.94 and AstraZeneca
99 Dapa 10 mg 58.50 + 9.80 49.50% 32.25 + 545 + 4.05 349.77 + 89.81
5.01
101 PLA 58.50 + 9.40 46.50% 31.74 5.53 +4.23 337.28 + 87.50
4.69
Seino et al. (2014a) JapicCTI-090908 RCT 176 61 Luse 2.5 mg 58.30 + 9.40 57.40% 24.80 + 6.15+ 6.5 302.85 + 88.65 12 weeks Taisho
3.56 Pharmaceutical
Co. Ltd.
61 Luse 5 mg 56.80 + 9.30 72.10% 24.50 5.77 £ 5.55 302.26 + 76.75
3.21
54 PLA 76.00 + 11.00 74.10% 25.20 7.30 + 6.43 317.73 £ 77.25
4.26
Seino et al. (2014b) Japic CTI-101191 RCT 167 56 Luse 2.5 mg 57.40 £ 9.30 67.90% 24.79 + 4.60 + 4.40 307.02 + 76.16 12 weeks Taisho
3.81 Pharmaceutical
Co. Ltd.
54 Luse 5 mg 57.30 £ 11.40 75.90% 2643 + 4.50 + 4.20 296.90 + 67.23
4.26
57 PLA 57.10 £ 10.0 71.90% 2515 + 5.10 £ 4.60 311.78 £ 60.09
3.62
Seino et al. (2014c) JapicCTI-111661 RCT 158 79 Luse 2.5 mg 58.90 + 10.10 75.90% 2598 + 6.50 + 5.90 308.21 £ 70.21 6 weeks Taisho
4.88 Pharmaceutical
Co. Ltd.
79 PLA 59.60 + 9.30 70.90% 2534 + 6.10 + 5.40 295.12 + 68.42
4.19
Seino et al. (2018) JapicCTI-142582 RCT 233 159 Luse 2.5 mg 57.40 + 10.30 70.40% 2542 + 11.70 + 7.60 280.24 + 66.64 52 weeks Taisho
3.53 Pharmaceutical
Co. Ltd.
74 PLA 57.10 £ 10.90 68.90% 25.15 + 12.10 + 6.80 289.76 + 70.80
3.44
Softeland et al. NCT01734785 RCT 327 109 Empa 10 mg 54.30 + 9.60 60.60% 31.20 + NR 301.00 + 124.00 24 weeks No Funding
(2017) 5.90
110 Empa 25 mg 55.40 £ 9.90 64.50% 29.90 + NR 297.00 £ 116.00
5.30
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Author

Register

number/Trial

name

Study
type

No. of
patients(n)

N

Intervention

Mean age

(years)
(mean +
SD)

Mean
BMI
(kg/
m?)

Duration
of diabetes
(years)
(mean +
SD)

Mean
serum
urate level
at baseline
(umol/L)
(mean +
SD)

Length of
follow-up

Funding

108 PLA 55.90 + 9.70 55.60% 29.60 + NR 310.00 + 118.00
5.70
Terauchi et al. NCT02201004 RCT 211 141 Tofo 20 mg 59.10 + 10.80 63.80% 25.80 15.02 + 9.36 300.47 + 74.37 16 weeks Sanofi K.K. and Kowa
(2017) 3.50 Company, Ltd.
70 PLA 56.40 + 10.00 68.60% 26.90 12.39 + 7.34 311.18 + 84.49
3.90
Tikkanen et al. NCT01370005 RCT 823 276 Empa 10 mg 60.60 + 8.50 62.00% 3240 + NR 341.85 + 81.78 12 weeks No Funding
(2015) 5.30
276 Empa 25 mg 59.90 + 9.70 56.50% 33.00 + NR 338.27 £ 79.52
5.00
271 PLA 60.30 + 8.80 62.00% 3240 + NR 347.37 £ 82.73
4.90
van Raalte et al. NCT02384941/ RCT 1575 524 Sota 200 mg 44.40 £ 13.70 50.60% 28.90 + 21.60 + 12.50 269.53 + 2.97 52 weeks Dutch Diabetes
(2019) NCT02421510 5.60 Foundation
525 Sota 400 mg 44.00 + 13.40 48.20% 28.70 £ 21.50 £ 12.30 264.77 £ 2.97
5.20
526 PLA 42.50 + 13.30 51.50% 28.50 21.20 £ 12.00 268.34 £ 2.97
5.30
Weber et al. (2016b) NCT01195662 RCT 449 225 Dapa 10 mg 56.00 + 6.00 52.00% NR 7.70 = 5.90 334.95 + 92.59 12 weeks Bristol-Myers Squibb,
AstraZeneca
224 PLA 57.00 + 6.00 58.00% NR 7.30 = 5.00 325.28 + 78..92
Weber et al. (2016a) NCT01137474 RCT 613 302 Dapa 10 mg 55.60 + 8.40 59.30% NR 8.20 + 6.40 321.3 + 83.30 12 weeks BristolMyers Squibb,
AstraZeneca, Novartis
311 PLA 56.20 + 8.90 55.00% NR 7.60 £ 6.20 3213 + 77.35 and Forest
Pharmaceuticals
Yang et al. (2018) NCT02096705 RCT 272 139 Dapa 10 mg 56.50 + 8.40 47.50% 26.40 + 12.70 = 7.20 321.30 £ 95.20 24 weeks No Funding
3.80
133 PLA 58.60 + 8.90 48.10% 26.70 £ 12.20 = 6.70 321.30 + 89.25
3.30
Zanchi et al. (2022) NCT03093103 RCT 39 26 Empa 10 mg 31.80 + 7.40 69.23% 28.50 + NR 303.00 + 69.40 1 month Boehringer Ingelheim
4.90
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TABLE 1 (Continued) Baseline characteristics of the included studies (n = 51).

Register
number/Trial
name

St
type

No. of
patients(n)

N

Intervention

Mean age
(years)
(mean +
SD)

Duration
of diabetes
(years)
(mean +
SD)

Mean
serum
urate level
at baseline
(umol/L)
(mean +
SD)

Length of
follow-up

Funding

13 PLA 35.30 + 10.80 61.54% 28.60 NR 274.00 £ 73.20
4.70
Hao et al. (2018) ChiCTR1800015830 RCT 59 29 Dapa 10 mg 57.77 £ 12.29 66.67% 27.34 £ 12.20 = 6.59 348.33 + 102.15 3 days after No Funding
3.88 achieving good
glycemic control
30 PLA 58.97 + 10.50 58.62% 2590 + 9.47 £ 5.88 326.21 + 103.39 during
3.51 hospitalization
Tanaka et al. (2020) UMIN000016563 RCT 30 15 Ipra 50 mg 59.10 + 11.20 53.30% 30.50 + NR 339.8 + 85.20 12 weeks Astellas Pharm
7.00
15 PLA 62.50 + 13.50 46.70% 31.40 £ NR 331.9 £ 73.30
5.10
Halvorsen et al. NCT03259789 RCT 317 158 Bexa 20 mg 56.00 + 10.10 63.30% 29.70 + 9.31 £ 6.60 311.00 £ 79.00 24 weeks Theracos Sub, LLC
(2023) 6.50
159 PLA 55.60 + 11.20 59.10% 30.00 + 8.88 + 5.90 296.00 + 77.00
6.30
Sridhar et al. (2023) NCT02531035 RCT 1402 699 Sota 400 mg NR NR NR NR 265.50 + 73.30 24 weeks Lexicon
Pharmaceuticals,
703 PLA NR NR NR NR 264.00 + 76.00 Inc. V.S.S

Footnotes: RCT: randomized controlled trial; NR: no report; BMI: body mass index; PLA: placebo; Cana: canagliflozin; Empa: empagliflozin; Dapa: dapagliflozin; Ipra: ipragliflozin; Tofo: tofacogliflozin; Luse: luseogliflozin; Sota: sotagliflozin.
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FIGURE 2 B
Forest plots for the comparison of SGLT-2i vs. Placebo on -
change of SUA by MD analysis. m

asymptomatic hyperuricemia, combining either verinurad or
febuxostat with dapagliflozin augmented the SUA-lowering effect
more than either agent alone (Stack et al., 2021). Overall, this
evidence supports that the addition of SGLT2 inhibitors, in
concert with first-line UA-lowering drugs, represents a novel and

The mean the change of gout in
the intervention groups was

Corresponding risk
32.14 lower (35.96

Illustrative comparative risks
(95% Cl)

potentially effective way to manage patients with gout.

Assumed

While the precise mechanisms of action of SGLT2 inhibitors on
SUA are not entirely understood, based customarily on preclinical
studies, a number of hypotheses are available. Under normal
physiological conditions, UA levels are regulated primarily by
renal tubular reabsorption and excretion (Fathallah-Shaykh and
Cramer, 2014). SGLT2 inhibitors increase the excretion of urinary

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

TABLE 2 The GRADE profiles: SGLT2 inhibitors compared to placebo in the change of gout.
“Downgraded one level for inconsistency (Substantial heterogeneity was present among the studies (12

*Downgraded one level for imprecision (Very small samples sizes in Ramirez
g p! Ty p

The change of
CL: Confidence interval.

Outcomes
gout
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SGLT-2i Placebo Risk Ratio Risk Ratio

Anker 2021 (E 10mg) 4 2997 5 2991 34% 080(0.21,297) —

Butt 2023a (D 10mg) 2 2368 4 2368 27% 050[009,273) o

Butt 2023b (D 10mg) 4 N% 4 3127 27% 1.00(0.25, 4.00 -t

Doehner 2022 (E 10mg) 49 1863 36 1867 247%  1.36(0.89,2.09) ™

Ferreira 2022 (E 10mgq) 45 2347 47 2337 323% 095(064,1.43) &

Ferreira 2022 (€ 25mq) 32 234 47 2337 323% 068(0.43,1.06) —

Li 2020 (C 100mg) 0 1445 1 1442 10% 033[001,818)

Li 2020 (C 300mg) 4 1443 1 1442 07% 4.00[0.45,35.72)

Total (95% Cn) 17933 17911 100.0% 096 [0.77, 1.21)

Total events 140 145

Heterogeneity, Chi*= 764, af= 7 (P=0.37), P= 8% ¢ + H t d
- : 0.01 01 1 10 100

Testfor overall effect 2= 0.31 (P=0.75) Favours [experimental] Favours [control]

FIGURE 3

Forest plots for the comparison of SGLT-2i vs. Placebo on incedence of gout by RR analysis.
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FIGURE 4

Inverted funnel plot comparing serum uric acid reduction between SGLT2 inhibitors and placebo.

glucose and sodium in the urine by reducing their reabsorption in
the renal tubules. This leads to a greater urine volume, which helps
remove UA and lowers its levels (Kochanowska et al., 2023; Suijk
et al.,, 2022). Another possible explanation is that SGLT2 inhibitors
not only promote urinary glucose excretion, but also affect renal
tubular urate transporters, such as URAT1 and GLUT9 (Mende,
2015). GLUT9 protein, a glucose transporter, plays a critical role in
the reabsorption of both glucose and urate in the renal tubules
(Bobulescu and Moe, 2012), with its transport activity for urate
being 45 to 60 times higher than for glucose (Shen et al.,, 2024). It is

Frontiers in Pharmacology

possible that SGLT2 inhibitors increase urinary glucose excretion,
and when glucose concentrations rise in the lumen, the competitive
binding of urinary glucose to GLUT9 may inhibit UA reabsorption,
resulting in increased UA excretion (Dong et al.,, 2023). However,
canagliflozin maintained SUA reduction in GLUT9-knockout mice
(Novikov et al., 2019), indicating alternative pathways including
direct transporter effects (Hou et al., 2020) and improvements in
overall renal function (Di Costanzo et al., 2023). It is important that
these conclusions from animal models cannot usually translate into
humans, and there is no clinical validation of these mechanisms

15 frontiersin.org
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FIGURE 5

Funnel plot comparing gout incidence between SGLT2 inhibitors and placebo

directly. Further human studies are needed to clarify the underlying
pathways. In addition, recent studies are shedding new light on gout,
pointing to a twofold metabolic imbalance at its core: excessive
purine biosynthesis via the pentose phosphate pathway coupled with
impaired renal/intestinal SUA excretion (Zhang et al., 2022). This
process is amplified by coordinated dysregulation of nutritional
signaling pathways - upregulation of mTOR/HIF-la pathways
alongside suppression of Sirtuin-1/AMPK activity - which
redirects glucose flux toward anabolic metabolism rather than
ATP generation (Sant’Ana et al., 2023). This shift in metabolism
puts extra strain on the body, driving up oxidative stress that slowly
damages heart muscle cells and kidney tubules, eventually paving
the way for cardiorenal complications (Aranda-Rivera et al., 2021).
Notably, SGLT-2 inhibitors demonstrate dual therapeutic effects by
mimicking nutrient-deprived states, reducing pentose phosphate
flux (thereby limiting purine/urate synthesis) while enhancing renal
UA excretion (Packer, 2024).

This study conducted a meta-analysis of 51 studies to systematically
summarize the effects of different classes of SGLT2 inhibitors on SUA-
lowering effect and the incidence of gout in patients with or without
T2DM. The results revealed that SGLT2 inhibitors significantly reduced
SUA compared to placebo, with empagliflozin showing the strongest
effect (mean reduction ~0.9-1.1 mg/dL or 52.3-68.03 pumol/L,
approximately 10% from baseline), while sotagliflozin had minimal
impact. Concerning gout incidence, although a trend towards reduced
risk was observed, no statistically significant difference was found
between the SGLT2 inhibitor and placebo groups. However, this

analysis was based on few studies (n 8), low rates of events,
varied follow-up durations, which limited the statistical power and
precision of the results. Future large-scale adequately powered RCT's
which specifically evaluating gout outcomes are needed to confirm the
potential role of SGLT2 inhibitors in gout prevention. During data
merging, significant heterogeneity was found in the SUA lowering

outcome, likely due to racial differences, age variations, different types
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and doses of SGLT?2 inhibitors, and baseline SUA levels. After excluding
studies contributing to the significant heterogeneity, reanalysis showed
that the comparison results between the SGLT2 inhibitors and placebo
groups did not reverse. This indicated that the results were
relatively stable.

Although SGLT2 inhibitors have demonstrated significant
efficacy in lowering SUA levels, it is important to consider their
potential adverse drug reactions. Studies (Matharu et al.,, 2021;
Fitchett, 2019) have shown that SGLT2 inhibitors are associated
with adverse drug reactions, such as genital mycotic infections (5%
or higher) (Gorgojo-Martinez et al., 2024), urinary tract infections
(3%-9%) (Gorgojo-Martinez et al., 2024), diabetic ketoacidosis
(0.2%-0.6%) (Bi et al., 2024), and polyuria (2.7%) (Li CX. et al,
2023). Urinary and genital tract infections are the most common
adverse drug reactions associated with the use of SGLT2 inhibitors,
and most cases are mild to moderate. However, adverse drug
reactions such as diabetic ketoacidosis, and hypovolemia are rare
but serious and can be fatal if not treated promptly. There is still
debate the with
SGLT2 inhibitors and the incidence of fractures in patients.

about relationship ~ between  treatment
Considering the SUA-lowering effect and the potential adverse
drug reactions, it is important for the clinician to consider the
benefits vs. the risks of SGLT2 inhibitors carefully. The treatment
choice should be individualized based on the patient’s underlying
condition (e.g., diabetes, heart failure) and risk factors. Risks and
benefit assessment are important especially in high-risk populations,
considering the need to monitor adverse events closely.

Based on the GRADE assessment, the quality of the evidence was
downgraded mainly due to three factors: inconsistency, indirectness,
and imprecision. Inconsistency arose from the moderate to high
heterogeneity observed across the studies, likely due to differences in
patient characteristics and treatment durations. Indirectness was a
concern because there were few studies that specifically focused on
patients without T2DM or those with established gout. Lastly,
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imprecision was mainly caused by wide confidence intervals in some
subgroup analyses and smaller sample sizes in certain comparisons.
While there have been some previous reviews and meta-analyses
(Akbari et al., 2022; Sridharan and Alkhidir, 2025; Hu et al., 2022; Li
M. et of
SGLT2 inhibitors, our study contributes to the evidence base by

al, 2023) exploring the SUA-lowering effects
utilizing a larger and more current cohort of RCTs, including studies
that have been published after 2023 [e.g., Kondo et al. (2023)] which
were not included in the prior analyses. Furthermore, we also used
more stringent criteria for study inclusion, excluding observational
or retrospective studies to reduce bias. A recent 2025 meta-analysis
(Sridharan and Alkhidir, 2025) which included 56 RCTs and a total
of 16,788 participants, also found empagliflozin to have the most
significant SUA-lowering effect, consistent with our findings.
However, this meta-analysis included active drugs as controls,
and thus, likely introduced a greater degree of heterogeneity,
reducing the precision of the estimates for the UA-lowering
effects of SGLT2 inhibitors. In contrast, our study focused only
on placebo-controlled RCTs and examined a larger sample size (n =
54,544), which provided a less homogeneous cohort and increased
the internal validity of our findings. Additionally, unlike prior
reviews that were restricted to patients with T2DM, we included
patients using SGLT2 inhibitors regardless of their diagnosis.
Anyway, we systematically investigated both SUA reduction and
gout incidence, contributing to a broader comprehensive evidence
base that can be applied in future treatments.

4.1 Limitations

The study has several key limitations: 1) Significant heterogeneity
among studies may affect result stability; 2) The majority of studies
lacked data regarding the incidence of gout, and further assessment is
needed to evaluate the impact of SGLT2 inhibitors on gout incidence
in patients with and without T2DM; 3) Variations exist in participant
age, follow-up duration, and underlying kidney disease types; 4)
Insufficient adverse effect data, and long-term safety beyond
52 weeks remains inadequately evaluated; 5) Inclusion limited to
placebo-controlled monotherapy RCTs without comparisons between
different SGLT2 inhibitors; and 6) The quality of the included studies
was limited, raising the possibility of bias; 7) All the included studies
were industry-sponsored, which may introduce reporting bias;
however, our primary outcome (SUA) is an objective measure and
less prone to such bias; 8) Some studies lacked clear ITT analysis,
which may introduce bias. These factors warrant cautious
interpretation of the findings.

More RCTs are needed to assess the effect of SGLT2 inhibitors in
lowering SUA levels and preventing gout, particularly in high-risk
patients with established hyperuricemia. Currently, clinical trials,
including NCT06674109 (Fernandes, 2024), are evaluating this
question. To enhance the quality of future evidence, it is
important to declare the amount of UA lowered to achieve the
key endpoint in RCTs, and commence definitive monitoring of gout
from the beginning of the trial. It is essential that monitor the clinical
role of SGLT2 inhibitors in the gout patient population to derive
high-quality evidence that could modify future gout management
guidelines, similar to the evidence base formed in T2DM, CKD and
cardiovascular diseases.
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5 Conclusion

SGLT2 inhibitors markedly reduce SUA in those with and without
T2DM, but the effect on gout incidence is unknown because there is
currently limited evidence. More studies are warranted to confirm these
results, and assess differences between individual agents.
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