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Objective: To assess the relationship between use of sodium-glucose

cotransporter-2 inhibitors (SGLT2i) and the risk of gout among patients with

type 2 diabetes mellitus (T2DM).

Methods: A systemic review and meta-analysis were designed by reviewing

articles published between 2000 January 1 and 2022 December 31 using

PubMed system and Web of Science system based on the PRISMA 2020

guidelines. The end point of interest was gout (including gout flares, gout

events, starting uric-acid lowering therapy and starting anti-gout drugs use)

among patients with T2DM using SGLT2i versus not using SGLT2i. A random-

effects model was utilized to measure the pooled hazard ratio (HR) with 95%

confidence interval (CI) for the risk of gout associated with SGLT2i use.

Results: Two prospective post-hoc analyses of randomized controlled trials and

5 retrospective electronic medical record-linkage cohort studies met the

inclusion criteria. The meta-analysis demonstrated that there was a decreased

risk of developing gout for SGLT2i use as comparing with non-use of SGLT2i

among patients with T2DM (pooled HR=0.66 and 95%CI=0.57-0.76).

Conclusions: This meta-analysis demonstrates that SGLT2i use is associated

with a 34% decreased risk of developing gout among patients with T2DM. SGLT2i

may be the treatment options for patients with T2DMwho are at high risk of gout.

More randomized controlled trials and real-world data are needed to confirm

whether there is a class effect of SGLT2i for the risk reduction of gout among

patients with T2DM.

KEYWORDS
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Introduction

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) belong to

a new development of oral anti-diabetic drug to treat persons with

type 2 diabetes mellitus (T2DM). SGLT2i also demonstrates other

beneficial effects on cardiorenal protection including the risk

reduction for atherosclerotic events, hospitalization and

progression of heart failure, and progression of chronic kidney

disease (1–4). In addition to these pleiotropic effects mentioned

above, recent studies demonstrated that SGLT2i has a uric-acid

lowering effect and then such an effect seems to be a class effect for

SGLT2i (5–11).

Although the academic community has not yet established a

consensus, it is generally agreed that when the serum uric acid value

is greater than or equal to 6.8 mg/dL, it is called hyperuricemia (12,

13). Hyperuricemia is linked to the development of gout (14).

Theoretically, SGLT2i use can decrease the risk of developing

gout based on the uric-acid lowering effect. However, clinical data

demonstrated conflicting results about the relation between SGLT2i

use and the risk of gout. Some demonstrated benefit (15–20), but

some demonstrated no benefit (21). For example, a prospective

post-hoc analysis of randomized controlled trials by Li et al.

demonstrated that canagliflozin use (one SGLT2i) correlated with

a reduced risk of gout in persons with T2DM (hazard ratio=0.53,

95% confidence interval=0.40-0.71) (15). A retrospective electronic

medical record-linkage cohort study by Subramanian et al.

demonstrated that no risk difference for gout was noted among

patients with T2DM receiving SGLT2i compared with those

receiving dipeptidyl peptidate-4 inhibitors (hazard ratio=1.10,

95% confidence interval=0.71-1.68) (21).

These conflicting results raise concern and also inspire efforts to

find solution. In view of the conflicting evidence, a systematic

review and meta-analysis was designed to check the relationship

between SGLT2i use and the risk of gout among patients

with T2DM.
Methods

Search strategy

A systemic review and meta-analysis was designed by reviewing

articles published between 2000 January 1 and 2022 December 31

using PubMed system and Web of Science system based on the

PRISMA 2020 guidelines (22). The following keywords were

selected to find articles of interest:”sodium-glucose cotransporter”,

“sodium-glucose transport”, “canagliflozin”, “dapagliflozin”,

“empagliflozin”, “ertugliflozin”, “ipragliflozin”, “luseogliflozin”,

“tofogliflozin”, “gout” and “uric acid”. These keywords were

used in combination as following strategies: sodium-glucose

cotransporter [title] AND gout [title], sodium-glucose transport

[title] AND gout [title], canagliflozin [title] AND gout [title],

dapagliflozin [title] AND gout [title], empagliflozin [title] AND

gout [title], ertugliflozin [title] AND gout [title], ipragliflozin [title]

AND gout [title], luseogliflozin [title] AND gout [title], tofogliflozin

[title] AND gout [title], sodium-glucose cotransporter [title] AND
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uric acid [title], sodium-glucose transport [title] AND uric acid

[title], canagliflozin [title] AND uric acid [title], dapagliflozin [title]

AND uric acid [title], empagliflozin [title] AND uric acid [title],

ertugliflozin [title] AND uric acid [title], ipragliflozin [title] AND

uric acid [title], luseogliflozin [title] AND uric acid [title], as well as

tofogliflozin [title] AND uric acid [title].
Inclusion and exclusion criteria

The following inclusion criteria were addressed to

find articles of interest for meta-analysis: (1) randomized

controlled trials (RCTs) and/or post-hoc analysis of RCTs

which selected subjects with T2DM investigating individual

SGLT2i and/or al l SGLT2i ; (2) observational studies

(including cohort and case-control studies) which selected

subjects with T2DM investigating individual SGLT2i and/or

all SGLT2i; (3) the end point of interest was gout (including

gout flares, gout events, starting uric-acid lowering therapy and

starting anti-gout drugs use) among subjects with T2DM using

SGLT2i versus not using SGLT2i; (4) the hazard ratio or odds

ratio of gout was shown.

The exclusion criteria were applied as follows: (1) meeting

abstract, case report, case series, study protocol, review article,

comment article, editorials and a letter to the editor; (2) data

were not fully demonstrated; (3) research without peer

review (Figure 1).
Data extraction

Two authors (KFL and YHK) assessed the eligibility of all found

articles according to the above inclusion and exclusion criteria. The

following terms were extracted: the surname of first author, study

population, baseline characteristics of study subjects (including

mean age and male percentage), number of SGLT2i use, number

of comparator use, treatment/follow-up duration, and adjusted

hazard ratio (HR) with 95% confidence interval (CI). Two

authors (BFH and CSL) discussed together to resolve the

conflicting opinions.
FIGURE 1

Flow chart of searching articles.
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Assessment of research quality

The Newcastle-Ottawa Scale system was utilized to check the

quality and the risk of bias of the observational studies included

(23). The Cochrane Collaboration’s tool was utilized to check the

quality and the risk of bias of RCTs and/or post-hoc analysis of

RCTs (24).
Statistical analysis

A random-effects model was done to estimate the pooled HR

with 95%CI for the risk of gout associated with SGLT2i use versus

non-use of SGLT2i. Three sub-analyses were performed to measure

the subtotal HR with 95%CI for the risk of gout associated with

SGLT2i use versus placebo, SGLT2i use versus glucagon-like

peptide-1 receptor agonists (GLP1RA), and SGLT2i use versus

dipeptidyl peptidate-4 inhibitors (DPP4i), respectively. The I2

statistics were used to check the heterogeneity between included

studies. The I2 value > 50% indicates that there could be a significant

heterogeneity between included studies (25). The statistical analyses

were performed by the aid of RStudio and the meta package (26,

27). The P value < 0.05 indicates statistically significant.
Results

Characteristics of included studies

Table 1 lists the characteristic information of the 7 eligible

studies. There were 2 prospective post-hoc analyses of RCTs and 5

retrospective electronic medical record-linkage cohort studies.

The 2 prospective post-hoc analyses of RCTs by Li et al. and by

Ferreira et al. demonstrated a lower HR for gout associated with

SGLT2i use as comparing with placebo, with reaching statistical

significance (HR=0.53 and HR=0.67, respectively) (15, 16). The 4

retrospective electronic medical record-linkage cohort studies

demonstrated a lower HR for gout associated with SGLT2i use as

comparing with GLP1RA use or DPP4i use, with reaching statistical

significance (17–20). But one retrospective electronic medical record-

linkage cohort study by Subramanian et al. demonstrated an elevated

HR for gout associatedwith SGLT2i use as comparingwithDPP4i use,

but not achieving statistical significance (HR=1.10 and 95%CI=0.71-

1.68) (21).

The 2 prospective post-hoc analyses of RCTs had a low risk of

bias from the Cochrane Collaboration’s tool. The 5 retrospective

electronic medical record-linkage cohort studies had high-quality

with a low risk of bias based on the Newcastle-Ottawa Scale system.
Pooled hazard ratio of gout

Figure 2 demonstrates a forest plot with the pooled HR and 95%

CI for the risk of gout. Overall, there was a decreased risk of

developing gout for SGLT2i use as comparing with non-use of

SGLT2i among patients with T2DM (pooled HR=0.66, 95%
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CI=0.57-0.76 and P<0.01). In sub-analysis for the 2 prospective

post-hoc analyses of RCTs, there was a decreased risk of developing

gout for SGLT2i use as comparing with placebo (subtotal HR=0.60

and 95%CI=0.48-0.76). In the sub-analysis for the 2 retrospective

electronic medical record-linkage cohort studies (SGLT2i vs.

GLP1RA), there was a decreased risk of developing gout for

SGLT2i use as comparing with GLP1RA use (subtotal HR=0.63

and 95%CI=0.57-0.70). In the sub-analysis for 5 retrospective

electronic medical record-linkage cohort studies (SGLT2i vs.

DPP4i), there was a decreased risk of developing gout for SGLT2i

use as comparing with DPP4i use (subtotal HR=0.70 and 95%

CI=0.54-0.91).

There was a significant heterogeneity between included studies

(I2 = 88% and P<0.01).
Assessment of publication bias

The funnel plot is presented in Figure 3. A visual inspection

demonstrates symmetry. It indicates that there was no publication

bias. These results were confirmed by The Begg’s test (P=0.8348)

and the Egger’s test (P=0.1937) (28, 29).
Sensitivity analysis

One study from Subramanian et al. demonstrated an elevated

HR for gout associated with SGLT2i use as comparing with DPP4i

use, but not achieving statistical significance (21). After excluding

Subramanian et al’s study, a pooled HR was 0.63(95%CI =0.55-0.73

and P<0.001). It still achieved statistical significance.
Discussion

This present meta-analysis demonstrated that there was a 34%

decreased risk of developing gout for SGLT2i use as comparing with

non-use of SGLT2i among patients with T2DM. In sub-analysis, no

matter comparing with placebo, GLP1RA use or DPP4i use, the risk

reduction of gout remained to be observed. Based on the above

findings, SGLT2i may be the treatment options for patients with

T2DM who are at high risk of gout, including those patients with a

history of gout, high levels of serum uric acid and/or other risk factors

for gout.

The potential mechanisms underlying the use of SGLT2i, and risk

reductionofgoutarenot fullyunderstood.Wereview the literatureand

summarize as below. It is well known that lowering serum uric acid

levels is a key goal for the prevention and treatment of gout. SGLT2i

works by blocking the reabsorption of glucose and sodium in the

proximal tubuleof the kidney, leading to increased urinary glucose and

sodium excretion, and increased urinary volume, which then lowers

blood glucose levels. This increased urinary volumemay also enhance

uric acid excretion, which could explain the reduction in blood uric

acid levels (30–32). It is a rational hypothesis that SGLT2i reduces

blooduric acid levels by enhancingurinary excretionofuric acid.Thus,

the risk of gout is reduced after the use of SGLT2i.
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Some caveats and limitations should be discussed. First, recently

many real-world studies utilized the electronic medical record-

linkage database for analysis. The immortal time bias is possibly

encountered when using such a database (33). If the immortal time

bias is not managed correctly during the stages of research design

and research analysis, the outcome results can lead to the wrong

direction (34–36). Some research included the immortal time into

the treatment group, but some research simply excluded the

immortal time from the research (34–36). All of these methods

may overestimate of the benefit of the studied drug (34–36). How

the immortal time bias was handled was not mentioned in the

method section of the 5 retrospective electronic medical record-

linkage cohort studies. Therefore, interpretation of their results

should be cautious. The RCTs can avoid the immortal time bias. In

order to overcome the potential immortal time bias which could be

present in the 5 retrospective electronic medical record-linkage
Frontiers in Endocrinology 04
cohort studies, the sub-analysis of the 2 prospective post-hoc

analyses of RCTs demonstrated that there was a risk reduction of

gout associated with SGLT2i use. These findings partially support

the results of the 5 retrospective electronic medical record-linkage

cohort studies that SGLT2i use could be associated with a risk

reduction of gout when comparing with GLP1RA use or DPP4i use.

Second, there are 7 SGLT2i available in the markets, including

canagliflozin, dapagliflozin, empagliflozin, ertugliflozin,

ipragliflozin, luseogliflozin and tofogliflozin. Six of these 7 drugs

show a uric acid-lowering effect (5–11). It seems to be a class effect

of SGLT2i for lowering uric acid. Currently, only two individual

SGLT2i (canagliflozin and empagliflozin) had performed the post-

hoc analyses of RCTs on the risk of gout. The other 5 SGLT2i did

not demonstrate the post-hoc analyses of RCTs on the risk of gout.

Further RCTs or post-hoc analyses of RCTs are needed to clarify

whether there is a class effect of SGLT2i for the risk reduction of
TABLE 1 Characteristics of included studies in a met-analysis.

First author
(year)

Population Baseline
characteristics
(SGLT2i vs
comparator)

SGLT2i
(n)

Comparator
(n)

Treatment/
follow-up
duration

Adjusted HR (95% CI)
of gout

Prospective post-hoc analysis of randomized controlled trials (SGLT2i vs placebo)

Li et al. (2019) (19) T2DM Age(63.2 ± 8.3 vs
63.4 ± 8.2 years),
male(65% vs 63%)

Canagliflozin
100 or 300 mg
daily(n=5795)

Placebo
(n=4347)

3.6 years 0.53
(0.40-0.71)

Ferreira et al. (2022) (16) T2DM Age(63.1 ± 8.6 vs
63.2 ± 8.8 years),
male(71.2% vs 72%)

Empagliflozin
10 or 25 mg
daily(n=4687)

Placebo
(n=2333)

Median
2.6 years

0.67
(0.53-0.85)

Retrospective electronic medical record-linkage cohort studies (SGLT2i vs GLP1RA)

Fralick et al. (2020) (17) T2DM Age(54.22 ± 9.85 vs
54.23 ± 10.08 years),
male(48% vs 48.3%)

Any SGLT2i
(n=119530)

Any GLP1RA
(n=119530)

9 months 0.64
(0.57-0.72)

Lund et al. (2021) (18) T2DM Median age(59 vs
59 years),
male(57% vs 58%)

Any SGLT2i
(n=11047)

Any GLP1RA
(n=11047)

3 years 0.58
(0.44-0.75)

Retrospective electronic medical record-linkage cohort studies (SGLT2i vs DPP4i)

Fralick et al. (2020) (17) T2DM Not available Any SGLT2i
(n=97442)

Any DPP4i
(n=97442)

9 months 0.66
(0.58-0.75)

Lund et al. (2021) (18) T2DM Median age(61 vs
60 years),
male(62% vs 62%)

Any SGLT2i
(n=9694)

Any DPP4i
(n=9694)

15010 vs 15076
person-years

0.60
(0.44-0.82)

Chung et al. (2021) (19) T2DM Age (57.72±12.15 vs
57.75±12.08 years),
male(53.72% vs 53.64%)

Any SGLT2i
n=47405)

Any DPP4i
(n=47405)

2.5 years 0.89
(0.82-0.96)

Zhou et al. (2023) (20) T2DM Age(58.2±10.9 vs
60.0±10.9 years),
male(57.57% vs 51.26%)

Any SGLT2i
(n=16144)

Any DPP4i
(n=16144)

2.5 years 0.49
(0.42-0.58)

Subramanian et al. (2023)
(21)

T2DM Age(58.97±10.65 vs
58.97±11.56 years),
male(57.13% vs 57.17%)

Any SGLT2i
(n=8650)

Any DPP4i
(n=8650)

15836 vs
14553
person-years

1.10
(0.71-1.68)
RCT, randomized controlled trial.
T2DM, type 2 diabetes mellitus.
HR, hazard ratio; 95%CI: 95% confidence interval.
SGLT2i, sodium-glucose cotransporter-2 inhibitors; GLP1RA, glucagon-like peptide-1 receptor agonists;
DPP4i, dipeptidyl peptidate-4 inhibitors.
Gout: including gout flares, gout events, starting uric-acid lowering therapy and starting anti-gout drugs use.
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gout. Third, the heterogeneity of the 2 prospective post-hoc analyses

of RCTs and the 2 retrospective electronic medical record-linkage

cohort studies (SGLT2i vs. GLP1RA) was low, but the heterogeneity

of all included studies seemed to be high in this meta-analysis. Some

potential sources of heterogeneity should be mentioned. For

example, differences in study populations, differences in study

design, differences in intervention characteristics, or differences in

outcome measures, might contribute to heterogeneity across studies

(37, 38).
Conclusion

This present meta-analysis demonstrates that SGLT2i use is

associated with a 34% decreased risk of developing gout among
Frontiers in Endocrinology 05
patients with T2DM. SGLT2i may be the treatment options for

patients with T2DM who are at high risk of gout. More RCTs and

real-world data are needed to confirm whether there is a class effect of

SGLT2i for the risk reduction of gout among patients with T2DM.
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FIGURE 3

Funnel plot revealing the assessment of publication bias.
FIGURE 2

Forest plot for total and subgroup analyses revealing the effect of SGLT2i on the development of gout among patients with T2DM as comparing with
placebo or other anti-diabetic drugs.
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