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Abstract

Aim: To evaluate the effect of empagliflozin on uric acid (UA) levels, antigout medica-

tion and gout episodes in the EMPA-REG OUTCOME trial (NCT01131676).

Materials and methods: A total of 7020 patients with type 2 diabetes (T2D) were

randomized to either empagliflozin (10 or 25 mg) or placebo. The effects of

empagliflozin versus placebo on UA concentration were assessed using mixed linear

models. A composite outcome of new prescription of antigout medication or gout

episode was studied with Cox proportional hazards models.

Results: Empagliflozin reduced serum UA levels versus placebo: week 52 adjusted

mean treatment difference = �0.37 (95% confidence interval [CI] �0.42, �0.31)

mg/dL; this was more pronounced in patients with baseline UA ≥ 7.0 mg/dL versus

<7.0 mg/dL: week 52 adjusted mean treatment difference = �0.56 (95% CI �0.68,

�0.43) and �0.30 (95% CI �0.37, �0.24) mg/dL, respectively. Among 6607 patients

not taking antigout medications at baseline, 5.2% had a gout episode or initiated anti-

gout treatment versus 3.6% in the placebo and empagliflozin groups, respectively:

hazard ratio 0.67 (95% CI 0.53, 0.85; P = 0.001). Both components of the composite

outcome contributed to the reduction with empagliflozin in the composite. Risk

reduction was similar with both empagliflozin doses.

Conclusions: Empagliflozin reduced UA levels and the composite of gout episodes or

prescription of antigout medication. These clinically important findings expand the

utility of empagliflozin as a potential antigout treatment in patients with T2D, beyond

its well-established cardio-renal benefits.
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1 | INTRODUCTION

Elevated uric acid (UA) levels are frequently found in patients with

type 2 diabetes (T2D) and have been associated with increased

cardiovascular risk.1 Additionally, elevated UA levels may lead to

gouty arthritis, nephrolithiasis, tubule-interstitial fibrosis, and progres-

sion of kidney disease.2-6 Most UA is produced from the metabolism

of purines, and it is eliminated by the kidney.7 Sodium-glucose
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cotransporter 2 (SGLT2) inhibitors decrease UA levels by increasing

urinary excretion and, possibly, via the reduction of reactive oxygen

species leading to a decrease in the activity of the enzyme xanthine-

oxidase (which catalyses the oxidation of xanthine to UA).8-11

The UA-lowering capacity of SGLT2 inhibitors potentially

expands the role of these agents in glucose-lowering and improving

cardio-renal outcomes of patients, including certain patients who do

not have T2D, such as those with heart failure and chronic kidney dis-

ease.12-15 It is possible that some of the mechanisms by which SGLT2

inhibitors improve cardiovascular outcomes also lower UA levels,

notably the reduction of oxidative stress.16 Moreover, through a

reduction in UA, a reduction in gout events is of high clinical relevance

as gout is the most common form of inflammatory arthritis, may lead

to significant symptoms (which can be debilitating and prolonged) and

even joint deformity.17 In the Canagliflozin Cardiovascular Assess-

ment Study (CANVAS) Programme, integrating data from CANVAS

and CANVAS-Renal, canagliflozin reduced the number of gout epi-

sodes compared with placebo in patients with T2D.18 Whether these

effects can be externally replicated and expanded to other SGLT2

inhibitors is worth studying.

In this regard, we aimed to study the effect of empagliflozin on

UA levels, prescription of an antigout medication and gout episodes in

patients with T2D enrolled in the EMPA-REG OUTCOME trial

(a cardiovascular outcome event trial in T2D patients).

2 | MATERIALS AND METHODS

2.1 | Study design

The design of EMPA-REG OUTCOME (ClinicalTrials.gov:

NCT01131676) has been described previously.19 Briefly, the study

population comprised patients with T2D, established atherosclerotic

cardiovascular disease, glycated haemoglobin (HbA1c) 7.0% to 9.0%

for drug-naïve patients and 7.0% to 10.0% for patients on glucose-

lowering therapy, and an estimated glomerular filtration rate (eGFR;

determined by the Modification of Diet in Renal Disease equation)

≥30 mL/min/1.73 m2. Patients were randomized 1:1:1 to receive

empagliflozin 10 mg, empagliflozin 25 mg, or placebo in addition to

standard of care. The primary outcome was a composite of time to

first event of cardiovascular death, nonfatal myocardial infarction, or

nonfatal stroke. A total of 7020 patients were randomized and treated

(pooled empagliflozin, n = 4687; empagliflozin 10 mg/d, n = 2345;

empagliflozin 25 mg/d, n = 2342; and placebo, n = 2333). The median

on-treatment period was 2.6 years.

The trial was conducted in accordance with the principles of

the Declaration of Helsinki and the International Conference on

Harmonization Good Clinical Practice guidelines, and was

approved by local authorities. An independent ethics committee or

institutional review board approved the clinical protocol at every

participating site. All patients provided written informed consent,

and the trial protocol was approved by the ethics committee at

each site.

2.2 | Gout definition and UA measurements

A history of gout at baseline was defined based on a diagnosis of gout

being recorded in the trial record, a gout episode occurring prior to

first study drug intake, or a drug for the management of gout being

included in the baseline medication record (ATC3 code “antigout
preparations” including allopurinol, benzbromarone, colchicine,

febuxostat, or probenecid, among others).

Serum UA concentration was measured at a central laboratory

using frozen serum samples stored at �70�C or below and collected

at baseline, weeks 12, 28, 52 and 66, and every 14 weeks thereafter

up to week 206.

We used two approaches to identify suspected gout episodes fol-

lowing previous reports.18,20 First, we searched the adverse events

database for records including permutations of the term “gout” (ie,

gout, gouty arthritis, and gouty tophus). Second, we searched the con-

comitant medications database for recorded post-randomization pre-

scription of a medication used for the management of gout (ATC3

code “antigout preparations” including allopurinol, benzbromarone,

febuxostat, or probenecid or colchicine). An event of new antigout

medication based on the initiation of a drug for the management of

gout was defined only if there was no documented use of such drug

at baseline. Patients with a history of gout were included in the

analysis.

2.3 | Outcomes

The main outcome of interest for the present analysis was a compos-

ite of the time to first occurrence of either an adverse event contrib-

uting to the gout episode or the “de novo” initiation on antigout

medication. The individual components of the main outcome of inter-

est and the impact of empagliflozin on the serum UA levels over time

were also studied.

While all patients of the treated set were considered at risk for

the component of gout episode based on adverse event reporting,

only patients without antigout medication at baseline were at risk for

the event of new antigout medication and the composite outcome.

2.4 | Statistical analyses

All analyses were undertaken in patients that were treated with at

least one dose of study drug. Treatment effects on serum UA levels

were evaluated using a mixed-effect model for repeated measures

analyses with visit time (weeks) as the repeated measure. The model

included baseline HbA1c plus the baseline UA value as linear

covariates, along with their interaction with visit time. Additionally,

fixed, categorical effects of treatment at each visit, baseline eGFR,

baseline body mass index (BMI) and geographic region were included,

along with an effect for “last projected visit based on dates of ran-

domization and trial closure” to account for each patient's theoretical

ability to attain longer weeks in the study depending on the date of
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randomization. Incidence rates per 1000 patient-years of new onset

of gout or initiation of antigout medication during the follow-up were

calculated in the placebo and empagliflozin groups, separately. The

treatment effect of empagliflozin versus placebo on the outcomes of

interest was assessed by Cox proportional hazards models with terms

for age, sex, geographic region, baseline BMI, baseline HbA1c, base-

line eGFR, and treatment (empagliflozin or placebo). Additionally, a

treatment-by-subgroup interaction was tested to explore whether the

treatment effect could vary by baseline subgroups of interest. The

studied subgroups were: baseline UA levels (<6.0 vs ≥6.0 mg/dL and

<7.0 vs ≥7.0 mg/dL) prevalent chronic kidney disease (CKD; defined

by <60 mL/min/1.73 m2 or urine-albumin-creatinine ratio >300 mg/g

creatinine [yes vs. no]). In further analyses, we evaluated the odds of

patients with UA levels ≥6.0 mg/dL and ≥7.0 mg/dL at baseline to

reach UA levels <6.0 and <7.0 mg/dL, respectively, at week 52 using

multivariable logistic regression analysis.

Finally, we assessed whether the effect of empagliflozin on gout

events could have been “mediated” by the lower use of diuretics in

empagliflozin versus placebo using a Cox proportional hazards model

accounting for diuretic use as a time-varying covariate. The resulting haz-

ard ratio (HR) for the treatment effect (empagliflozin vs. placebo), adjusted

for time-varying diuretic use, was compared with the HR obtained from

the main primary model, and the percentage mediation was calculated as

ln(HR)-ln(HRc))/ln(HR)*100%. If the inclusion of the time-varying covariate

diuretic use in the primary model results in an attenuation of the strength

of the association between treatment and gout events, this could be inter-

preted as the effect of the drug on gout events being mediated by diuretic

use. To qualify as a mediator, treatment should affect diuretic use, and

diuretic use should be associated with the risk of gout events.Estimates of

cumulative incidence function were corrected for death as a competing

risk.21 The analyses were performed in an “on-treatment” manner, out-

comeswere assessed based on adverse events or antigoutmedication that

occurred during treatment or within 7 days after the last dose of study

drug. SerumUA levels were considered on-treatment up until 3 days after

the last dose of study drug.

As the effect of empagliflozin on UA levels and gout outcomes

was similar with 10 or 25 mg/d, the main analyses are presented with

both empagliflozin-treated groups combined. Sensitivity analyses with

separate doses are presented in the Supporting Information. All ana-

lyses were performed at the nominal alpha level of 0.05, without cor-

rection for multiple hypothesis testing. All analyses were performed

with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Baseline characteristics

From the 7020 patients treated in the trial, 413 (5.9%) were and 6607

(94.1%) were not taking any antigout medication at baseline. Patients on

such therapies were older (mean 65.3 vs. 63.0 years), more often men

(86.4% vs. 70.5%), had a higher BMI (mean 32.5 vs. 30.5 kg/m2), had a

longer T2D duration (60.5% vs. 56.9% with >10 years T2D duration),

had worse renal function (mean eGFR 60.0 vs. 74.9 mL/min/1.73 m2),

had higher urinary albumin-to-creatinine ratio (median 30.9 vs 16.8 mg/

g), more frequently had a history of heart failure (13.3% vs. 9.9%), and

were more frequently being treated with diuretics (36.3% vs. 14.2% for

loop diuretics and 25.7% vs. 20.9% for thiazides; Table 1).

3.2 | Empagliflozin effect on UA levels

At 12 weeks, the mean serum UA level was modestly lower in

empagliflozin-treated patients versus placebo, and this difference was

TABLE 1 Baseline patients' characteristics by baseline use of
antigout medication

Characteristic

Patients not on
antigout
medication
(n = 6607)

Patients on
antigout
medication
(n = 413)

Age, years 63.0 (8.7) 65.3 (7.8)

Female sex, n (%) 1948 (29.5) 56 (13.6)

Race, n (%)

White 4757 (72.0) 324 (78.5)

Black 342 (5.2) 15 (3.6)

Asian 1448 (21.9) 69 (16.7)

Others 60 (0.9) 5 (1.2)

BMI, kg/m2 30.5 (5.2) 32.5 (5.3)

Time since T2D diagnosis,

n (%)

≤1 year 166 (2.5) 14 (3.4)

>1-5 years 1031 (15.6) 52 (12.6)

>5-10 years 1649 (25.0) 97 (23.5)

>10 years 3761 (56.9) 250 (60.5)

Uric acid, mg/dL 5.9 (1.6) 6.4 (1.7)

eGFR, mL/min/1.73 m2 74.9 (21.3) 60.0 (18.4)

Heart failure, n (%) 651 (9.9) 55 (13.3)

Hypertension, n (%) 6024 (91.2) 395 (95.6)

Median (IQR) UACR,

mg/g creatinine

16.8 (6.2-69.8) 30.9 (8.8-127.3)

HbA1c, % 8.1 (0.9) 8.0 (0.8)

FPG, mg/dL 153 (44) 154 (42)

SBP, mmHg 135 (17) 136 (17)

DBP, mmHg 77 (10) 76 (10)

Cholesterol, mg/dL 163 (44) 155 (39)

Triglycerides, mg/dL 169 (128) 188 (114)

Loop diuretics, n (%) 938 (14.2) 150 (36.3)

Thiazide diuretics, n (%) 1381 (20.9) 106 (25.7)

Note: Data are mean ± SD, unless otherwise stated.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure;

eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;

HbA1c, glycated haemoglobin; SBP, systolic blood pressure; T2D, type 2

diabetes; UACR, urine albumin-creatinine ratio.

Placebo and empagliflozin groups pooled for all variables.
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maintained in all subsequent timepoints; at week 52 the adjusted mean

treatment difference was �0.37 (95% confidence interval [CI] �0.42,

�0.31) mg/dL (Figure 1 and Table S1). The treatment effect differences

versus placebo were comparable between both empagliflozin doses

(10 vs. 25 mg; Figure S1 and Table S2). The adjusted mean treatment dif-

ferences in serum UA were somewhat more pronounced among patients

with baseline UA levels ≥6.0 mg/dL than in patients with baseline UA

levels <6.0 mg/dL throughout the study period up until 3 years from

baseline (eg, treatment difference at week 52: �0.46 [95% CI �0.55,

�0.38] mg/dL vs. �0.28 [95% CI �0.36, �0.20] mg/dL, respectively). A

similar pattern was seen for patients with baseline UA ≥ 7.0 mg/dL

versus those with baseline UA < 7.0 mg/dL (eg, at week 52: �0.56 [95%

CI �0.68, �0.43] mg/dL vs. �0.30 [�0.37, �0.24] mg/dL, respectively

[Figures S2, S3 and Table S3]). Treatment differences of pooled

empagliflozin versus placebo at week 52 were similar in prevalent CKD

versus non-prevalent CKD patients: �0.38 (95% CI �0.45, �0.31) versus

�0.34 (95% CI �0.44, �0.23 [Table S3]).

The number of patients with a serum UA level < 6.0 mg/dL at all

time points during the trial was higher in empagliflozin than in placebo.

For example, at week 52 there were 21.8% in the empagliflozin versus

11.1% in the placebo group who reached UA level < 6.0 mg/dL, odds

ratio [OR] 2.36 (95%CI 1.89, 2.95). Similar results were obtained for

F IGURE 1 Effect of empagliflozin (10 and 25 mg doses pooled) versus placebo on uric acid (UA) levels (mg/dL) over time (on-treatment).
Mixed-effect model repeated measures analyses included the continuous fixed effects of baseline UA and baseline glycated haemoglobin at each
visit and discrete fixed effects for treatment at each visit, sex, region, baseline estimated glomerular filtration rate, baseline body mass index and
last projected visit

F IGURE 2 Time to new onset of gout or antigout medication during on-treatment phase, for patients not on antigout medication at baseline.
Hazard ratio (HR) based on Cox proportional hazards model with terms for age, sex, geographic region, baseline glycated haemoglobin, baseline
estimated glomerular filtration rate, baseline body mass index and treatment. CI, confidence interval
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reaching a level <7.0 mg/dL at week 52: 28.5% in empagliflozin versus

15.8% in placebo, OR 2.22 (95% CI 1.69, 2.92; Figure S4).

3.3 | Effect of empagliflozin on gout

Among the 6607 patients not taking antigout medications at baseline,

5.2% experienced a gout episode or initiated an antigout treatment in

the placebo group versus 3.6% in the pooled empagliflozin group,

corresponding to incidence rates of 21.6 versus 14.1 events per 1000

patient-years, and an HR of 0.67 (95% CI 0.53, 0.85; P = 0.001 [Fig-

ures 2 and 3]). The risk reduction was similar with either 10 or 25 mg

empagliflozin, and in patients with baseline UA levels below or greater

than 6.0 and 7.0 mg/dL (interaction P > 0.1 for all; Figures S5, S6 and

Table S4). Both components of the outcome of interest contributed to

the reduction seen with empagliflozin on the composite endpoint:

gout episodes HR 0.81 (95% CI 0.56, 1.16) and new initiation of anti-

gout medication HR 0.63 (95% CI 0.49, 0.82; Figure 3).The effect of

empagliflozin on new onset of gout or antigout medication is not

attributed to an increased use of diuretics during the on-treatment

follow-up in empagliflozin versus placebo, as the proportion of the

treatment effect mediated by use of loop diuretics, thiazides or both

was minor, not exceeding 11% (Table S5).

4 | DISCUSSION

Our analysis from EMPA-REG OUTCOME shows that, compared with

placebo, empagliflozin reduced UA levels as well as gout or the need

for antigout medication. These findings are of clinical importance as

they could potentially expand the clinical utility of empagliflozin in

patients with T2D, beyond the well-established cardio-renal

benefits,22 as a potential additional tool in the therapeutic options for

gout. Similar findings were seen with canagliflozin in the CANVAS

programme,18 which suggests that the reduction in gout-related epi-

sodes in patients with T2D is a SGLT2 inhibitor class effect. Further-

more, the replication of the findings in different studies and their

consistency across subgroups supports a clinically meaningful antigout

effect of SGLT2 inhibitors.

A meta-analysis of 62 clinical trials including a total of 34 941

T2D patients showed a consistent effect of SGLT2 inhibitors in reduc-

ing UA levels. The SGLT2 inhibitors (empagliflozin, dapagliflozin, can-

agliflozin, tofogliflozin, luseogliflozin or ipragliflozin) rapidly reduced

UA concentrations by 0.60 mg/dL, an effect that remained stable for

up to 2 years of follow-up.11 The mechanisms by which SGLT2 inhibi-

tors lower UA levels are not completely elucidated, but SGLT2 inhibi-

tors may reduce glucose and urate reabsorption in the proximal

tubule.8 However, while this mechanism may explain the relatively

small reduction in UA levels, it does not explain the major reduction in

gout episodes seen with SGLT2 inhibitors. The relative reduction of

UA with SGLT2 inhibitors is only approximately 6% to 7%, which is

substantially less than that observed with traditional antigout medica-

tions such as allopurinol or febuxostat.23 However, the apparent rela-

tive risk reduction in gout episodes of 30% to 40% with SGLT2

inhibitors is at least similar to that seen with traditional antigout medi-

cations and consistent across baseline UA level, presence or absence

of gout history and chronic kidney disease.24-26 Furthermore, antigout

treatments such as allopurinol or febuxostat may precipitate acute

gout flares early after their introduction, which is not known to hap-

pen with SGLT2 inhibitors. In fact, the apparent reduction in gout

F IGURE 3 Effect of empagliflozin on new onset of gout or initiation of antigout medication during follow-up (on-treatment). †Per 1000
patient-years. ‡Based on Cox regression with terms for age, sex, geographic region, baseline body mass index, baseline glycated
haemoglobin, baseline estimated glomerular filtration rate, and treatment. §Analysis performed in patients not on antigout medication at baseline
(n = 6607). ¶Analysis performed in all patients (n = 7020). CI, confidence interval; HR, hazard ratio

FERREIRA ET AL. 139



episodes seen with SGLT2 inhibitors is only comparable to other agents

that were not designed specifically for UA reduction. For example,

compared with placebo, the interleukin-1β antagonist canakinumab

reduced the incidence of gout episodes by 50% without affecting UA

levels.27 Similar approximately 50% reductions in gout events were

seen with the lipid-lowering drug fenofibrate, which also reduced UA

levels by 20% (a smaller reduction than that achieved by allopurinol or

febuxostat, but higher than that achieved with SGLT2 inhibitors).20 It is

thought that fenofibrate lowers UA through the inhibition of the renal

organic anion transporter URAT1 (SLC22A12),28 a mechanism that also

drives the UA-lowering properties of losartan.29,30

Given the mismatch between UA lowering (most marked with

allopurinol or febuxostat) and gout prevention (most marked with

SGLT2 inhibitors, canakinumab and fenofibrate), it is likely that mech-

anisms not directly related to UA lowering might be responsible for

the reduction of gout episodes with SGLT2 inhibitors, canakinumab

and fenofibrate. Canakinumab is a potent anti-interleukin-1β agent,

and its anti-inflammatory properties can offer protection from gout.27

Fenofibrate is a peroxisome proliferator-activated receptor alpha acti-

vator which can also display anti-inflammatory effects beyond the

above-mentioned UA-lowering effects.31 SGLT2 inhibitors have also

been shown to display anti-inflammatory properties, including the

inhibition of interleukin-1β.32-34 Furthermore, SGLT2 inhibitors

reduce oxidative stress via enhancement of the SIRT-1 signalling path-

way, which leads to downregulation of xanthine oxidase.35 It should

be noted that the SIRT-1 pathway is the main driver of increased glu-

coneogenesis and ketogenesis by SGLT2 inhibitors, which might play

some role in preventing cardiovascular events and improving sur-

vival10,36; thus, potentially linking the UA-lowering and antigout prop-

erties of SGLT2 inhibitors with their benefits in the cardiovascular and

renal systems. Reinforcing this hypothesis is the finding that the effect

of empagliflozin on preventing gout episodes was not mediated by

the reduced use in diuretics; therefore, a direct effect of SGLT2 inhibi-

tors is much more plausible, as also supported by previously published

mediation analysis from the EMPA-REG OUTCOME trial.16

Some limitations of the present study should be acknowledged.

Gout was not a prespecified endpoint in the trial and was captured

based on the adverse event and concomitant therapy forms and the

events were not adjudicated. Therefore, some event misclassification

might have occurred, however, it is not expected that any mis-

classification would have occurred differentially between the

empagliflozin and placebo groups. Data on the reasons for the pre-

scription of concomitant medicines during the trial were described

with limited detail. Data on the urinary elimination of urate were not

available; therefore, we could not ascertain if the blood UA lowering

with empagliflozin could be correlated with the urinary elimination.

Finally, this is a post hoc study, which increases the risk of chance

findings resulting from the multiple testing. However, the consistency

of the findings in two independent cohorts and across several sub-

groups increases the robustness of the results.

In conclusion, in the EMPA-REG OUTCOME trial, empagliflozin

reduced UA levels, gout episodes or the need for antigout medication.

These clinically important findings expand the clinical utility of

empagliflozin as a potential antigout treatment in patients with T2D,

beyond the well-established cardio-renal benefits. The replication of

similar findings with canagliflozin in the CANVAS programme suggest

that these findings represent an SGLT2 inhibitor class effect. The

mechanism behind this apparent effect is deserving of further investi-

gation, especially since the apparent reduction in gout episodes is

more than would be predicted by the modest reduction in UA.
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