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See the editorial comment for this article ‘Serum uric acid lowering with empagliflozin in heart failure with reduced ejection fraction: a
sweet added benefit?’, by Isla S. Mackenzie and Thomas M. MacDonald, https://doi.org/10.1093/eurheartj/ehac415.

Abstract

Background The sodium-glucose cotransporter-2 inhibitor empagliflozin decreases the risk of cardiovascular death or hospitalization
for heart failure (HF) in patients with HF with reduced ejection fraction. Empagliflozin reduces serum uric acid (SUA), but
the relevance of this effect in patients with HF is unclear. This study aimed to investigate the effect of empagliflozin on
SUA levels and the therapeutic efficacy of empagliflozin in relation to SUA.

Methods The association between SUA and the composite primary outcome of cardiovascular death or hospitalization forworsening
HF, its components, and all-cause mortality was investigated in 3676 patients of the EMPEROR-Reduced trial (98.6% of the
study cohort). The treatment effect of empagliflozin was studied in relation to SUA as continuous variable, to clinical hy-
peruricaemia (SUA .5.7 mg/dL for women, .7.0 mg/dL for men) and in subgroups of patients of tertiles of SUA.

Results Hyperuricaemia was prevalent in 53% of patients with no sex differences. Elevated SUA (highest tertile, mean SUA 9.38 +
1.49 mg/dL) was associated with advanced severity of HF and with worst outcome [composite outcome, hazard ratio (HR)
1.64 (95% confidence interval, CI 1.28–2.10); cardiovascularmortality, HR 1.98 (95%CI 1.35–2.91); all-causemortality, HR 1.8
(95% CI 1.29–2.49), all P, 0.001] in multivariate adjusted analyses, as compared with the lowest tertile. SUA was reduced
following treatment with empagliflozin at 4 weeks (vs. placebo: −1.12+ 0.04 mg/dL, P, 0.0001) and remained lower
throughout follow-up, with a similar reduction in all prespecified subgroups. Empagliflozin reduced events of clinically relevant
hyperuricaemia (acute gout, gouty arthritis or initiation of anti-gout therapy) by 32% [HR 0.68 (95%CI 0.52–0.89), P= 0.004].
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The beneficial effect of empagliflozin on the primary endpoint was independent of baseline SUA [HR 0.76 (95%CI 0.65–0.88),
P, 0.001) and of the change in SUA at 4weeks [HR 0.81 (95%CI 0.69–0.95), P= 0.012]. As a hypothesis-generating finding,
an interaction between SUA and treatment effect suggested a benefit of empagliflozin on mortality (cardiovascular and all-
cause mortality) in patients in elevated SUA (P for interaction= 0.005 and= 0.011, respectively).

Conclusion Hyperuricaemia is common in HF and is an independent predictor of advanced disease severity and increased mortality.
Empagliflozin induced a rapid and sustained reduction of SUA levels and of clinical events related to hyperuricaemia. The
benefit of empagliflozin on the primary outcome was observed independently of SUA.

Structured Graphical Abstract

First hospitalization for heart failure (HHF)
or cardiovascular (CV) death

Elevated serum uric acid (SUA) relates to adverse outcome in HFwith reduced ejection fraction (HFrEF), but empagliflozin significantly reduces SUA
and clinically relevant hyperuricaemia. *Hazard ratio shown for the primary composite endpoint using cubic splines (4 knots), multivariable adjusted
analysis. †Clinically relevant hyperuricaemia is defined as the composite episodes of acute gout, gouty arthritis or the initiation of treatment with SUA
lowering therapy (xanthine oxidase inhibitors, uricosuric agents or colchicine). ‡Tertiles of SUA: Male: T1= 6.3 mg/dL, T2= 8.0 mg/dL; Female:
T1= 5.5 mg/dL, T2= 7.2 mg/dL. Cox regression models included age, sex, geographical region, diabetes status, left ventricular ejection fraction,
and estimated glomerular filtration rate (CKD-EPI)and SUA subgroup and SUA subgroup*treatment interaction for the subgroup analyses.

Keywords Heart failure with reduced ejection fraction • Empagliflozin • Uric acid • Metabolism • Hospitalization • Outcome
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Introduction
Hyperuricaemia is a common finding in patients with heart failure (HF)
that is related to advanced clinical status, to higher natriuretic peptides,
lower peak oxygen uptake, higher ventricular filling pressure, and low-
er cardiac output.1,2 Clinically overt gout is a common comorbidity in
HF and a relevant clinical burden to the patients that accounts for a
higher risk of hospitalization for HF3 and increased mortality.4,5

Consequently, serum uric acid (SUA) has been identified as an inde-
pendent risk factor in prognostic scoring systems for HF.4,6,7

The uric acid generating enzyme xanthine oxidase (XO, EC
1.17.3.2) is activated in catabolic, hypoxic, or inflammatory condi-
tions that are characteristic in HF pathophysiology8 and is a potent
source of reactive oxygen species (ROS).9 Accordingly, elevated le-
vels of SUA in HF have been recognized as a marker of catabolism
and of increased oxidative stress independent of diuretic dose or im-
paired kidney function.1 Other comorbidities of HF such as chronic
kidney disease as well as treatments such as loop diuretics may fur-
ther contribute to elevated SUA concentrations.
The potential role of SUA inHF beyond that of amarker ofmetabolic

stress and impaired prognosis is not clear. Controlled clinical trials tar-
geting the reduction of SUA either by inhibition of the synthesizing en-
zyme XO10,11 or by uricosuric therapy12 have not demonstrated a
clinical benefit in patients with HF. In turn, several medical therapies
in HF exert SUA lowering effects, but this effect has not been linked
to the benefits of these therapies in HF. Angiotensin-converting enzyme
(ACE) inhibitors and some angiotensin receptor blockers lower SUA
levels via a mild uricosuric effects.13,14 Neprilysin inhibitors lower
SUA by an uricosuric effect combined with inhibited urate synthesis.15

Beta-blockers produce inconsistent effects on SUA levels.16,17 Diuretics
and spironolactone increase SUA levels due to interference with renal
uric acid clearance.18,19

Sodium-glucose cotransporter 2 (SGLT2) inhibitors have shown a
significant effect to lower SUA levels,20 but the relevance of this ob-
servation for the overall beneficial effect of SGLT2 inhibitors in HF is
not yet clear.21,22 Here, we evaluated the relationship of SUA levels
and SUA dynamics with the treatment effects of the SGLT2 inhibitor
empagliflozin on hospitalization, mortality, and renal function in the
EMPEROR-Reduced trial23 in patients with HF with reduced ejection
fraction (HFrEF). Further, the effect of empagliflozin on clinical
events of hyperuricaemia was assessed.

Methods

EMPEROR-Reduced study design
The design, study methods, and endpoints of the EMPEROR-Reduced
trial have been described previously in detail.24 Briefly, the trial was a
randomized, double-blind, parallel-group, placebo-controlled, and event-
driven study that evaluated the effects of the SGLT2 inhibitor empagliflo-
zin on the morbidity and mortality of patients with HFrEF. The study was
approved by ethics committees and was registered at ClinicalTrials.gov
(NCT03057977). This secondary analysis of the study data is part of a
comprehensive analysis program for the EMPEROR-Reduced trial and
follows a defined analysis plan based on prespecified hypotheses. At a la-
ter date, access to the full database will be provided in adherence with
the transparency policy of the sponsor (available at https://trials.
boehringer-ingelheim.com/transparency_policy.html).

Study patients, assessments, and follow-up
Eligible patients included those with chronic HF (functional class II, III, or
IV) with reduced ejection fraction (EF≤ 40%) who were receiving all ap-
propriate treatments for HF, including diuretics, inhibitors of the
renin-angiotensin system and neprilysin, beta-blockers, mineralocortic-
oid receptor antagonists, and cardiac devices, as clinically indicted. The
trial was designed to preferably enrol patients with an EF ≤30%. To
achieve this goal, patients with left ventricular EF (LVEF) .30–40%
were required to have been hospitalized for HF within 12 months and/
or have markedly elevated levels of n-terminal prohormone B-type natri-
uretic peptide (NT-proBNP), specifically, ≥1000 pg/mL for LVEF 31–
35% and ≥2500 pg/mL for LVEF 36–40% as compared with ≥600 pg/
mL in those with an LVEF ≤30%.24 These thresholds were doubled
for patients with atrial fibrillation.

Patients were randomly assigned (double-blind, in a 1:1 ratio) to treat-
ment with empagliflozin 10 mg once daily or placebo in addition to their
usual treatments for the diagnosis. During follow-up, all treatments for
HF or for other medical conditions were provided and adjusted, as clin-
ically indicated at the discretion of the treating physician. All randomized
patients were followed at regularly planned visits throughout the dur-
ation of the trial for major outcomes and adverse events. SUA was mea-
sured (as mg/dL) in a central laboratory at baseline, at 4 and 12 weeks,
and every 6 months for the duration of double-blind treatment.
Hyperuricaemia was defined as SUA above the upper limit of normal
as assessed in the central laboratory (.5.7 mg/dL for women and
.7.0 mg/dL for men).

Study outcomes
The primary endpoint was the composite of adjudicated cardiovascular
death or hospitalization for HF, analysed as time to first event. The first
secondary endpoint was the occurrence of all adjudicated hospitaliza-
tions for HF (first and recurrent events). Further outcomes were cardio-
vascular death, all-cause mortality, time to first hospitalization for HF, and
a composite renal endpoint. The composite renal endpoint was defined
as new onset of chronic dialysis, renal transplantation, or a sustained re-
duction in estimated glomerular filtration rate (eGFR) from baseline of
≥40% or to an eGFR ,15 mL/min/1.73 m2 for patients with baseline
eGFR ≥30 mL/min/1.73 m2 or eGFR ,10 mL/min/1.73 m2 for patients
with baseline eGFR ,30 mL/min/1.73 m2. The effect to lower SUA
was assessed in prespecified subgroups as defined in the primary
analysis.24

All hospitalizations for HF and all deaths were adjudicated by a clinical
event committee in a blinded manner using prespecified criteria.
Clinically relevant hyperuricaemia was identified according to the speci-
fied clinical event terms as defined in theMedDRA dictionary for standar-
dized reporting of safety events and are presented as the composite of
time to first event of investigator reported episodes of acute gout, gouty
arthritis or the de-novo initiation SUA lowering medication (XO inhibi-
tors, uricosuric agents, or colchicine).

Statistical analyses
Baseline characteristics are presented as frequencies and percentages for
categorical variables and means with standard deviation (SD) or medians
with interquartile range for continuous variables. For descriptive and out-
come analyses, the study population was grouped into tertiles of SUA,
with thresholds defined separately for men and women. For men, the va-
lues used to define tertiles were 6.3 and 8.0 mg/dL; for women, the cor-
responding values were 5.5 and 7.2 mg/dL. Sex-specific tertiles were
combined to present the analyses of tertiles for the entire population.
Differences in baseline characteristics were evaluated using ordinal
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regression likelihood ratio test. Incidence rates are presented as rates per
100 patient-years of follow-up.

Cox proportional models were used to calculate incidence rates and
hazard ratios (HRs) for prespecified outcomes in relation to SUA using
the lowest SUA tertile as the reference. This analysis was restricted to
the placebo group to exclude any potential effect of empagliflozin. A for-
mal test of linearity vs. non-linear spline was conducted using the likeli-
hood ratio test and due to the better fit of the cubical spline model
the relationship between baseline SUA as continuous variable and out-
comes are presented using a restricted cubic spline-regression model
(using four knots). Time-to-event analyses for the effect of empagliflozin
vs. placebo were performed using the Cox model, adjusted for age, sex,
geographical region, diabetes status, LVEF, and eGFR (using the Chronic
Kidney Disease Epidemiology Collaboration equation) and baseline SUA.
We carried out an additional analysis of the Cox model, which included
the change of SUA at 4 weeks post-randomization adjusted for baseline
SUA as a covariate. Patients with missing SUA data at baseline or week 4
visit or patients with an event during the first 4 weeks were excluded
from this analysis. For the analysis of HF events (first and repeated
events), between-group differences were assessed using a joint frailty
model, with cardiovascular death as competing risks and using the
same covariates as for the primary endpoint.

Changes from baseline SUA laboratory measurements were assessed
using a mixed model for repeated measures, which included age and
baseline eGFR as linear covariates and sex, region, baseline LVEF, individ-
ual last projected visit based on dates of randomization and trial closure,
and baseline diabetes status as fixed effects, along with interaction terms
for baseline SUA tertile by visit and for baseline SUA tertile by visit by
treatment. All P-values reported are two-sided, and P-values ,0.05
were considered statistically significant; no adjustment was made for
multiplicity of comparisons. All analyses were performed with SAS, ver-
sion 9.4 (SAS Institute, Cary, NC).

Results

Baseline characteristics
Of the 3730 patients randomized in the EMPEROR-Reduced trial,
3676 patients (98.6%) with a baseline assessment of SUA were

included in this analysis. Mean SUA was 7.29+ 2.06 mg/dL in men
and 6.54+ 2.03 mg/dL in women. SUA at baseline was slightly
higher in the placebo group as compared to the empagliflozin group
(7.18+ 2.11 vs. 7.04+ 2.04 mg/dL, P= 0.04). The prevalence of
hyperuricaemia at baseline was 51.6 vs. 55.3% (empagliflozin vs.
placebo, P= 0.03).

Clinical characteristics of patients grouped in tertiles of SUA are
shown in Table 1. Black patients were somewhat overrepresented,
and Asian patients were somewhat underrepresented in the patients
with the highest SUA. Stepwise increments in SUA were associated
with a greater severity of HF, as indicated by New York Heart
Association (NYHA) functional class, LVEF, NT-proBNP concentra-
tion, or the frequency of hospitalization for HF in the last 12 months
(Table 1). Certain comorbidities (i.e. atrial fibrillation, impaired renal
function and obesity) were more prevalent among patients with ele-
vated SUA. In turn, hypertension and diabetes, which are compo-
nents of the metabolic syndrome, were not related to elevated
SUA. The use of diuretics and mineralocorticoid receptor antago-
nists increased as SUA increased.

Association of uric acid with clinical
outcomes
In the placebo group, the risk of clinical outcomes increased in par-
allel with higher SUA levels for the primary endpoint, first or recur-
rent hospitalization, cardiovascular mortality, and all-cause mortality
(all P-trend , 0.001, Table 2). The risks were 60–80% higher in pa-
tients in the highest tertile, as compared with the lowest tertile.
Cumulative incidence curves for the composite primary endpoint
and its individual components between SUA tertiles are shown in
Supplementary material online, Figure S1. When SUA was analysed
as a continuous variable, a J-shaped relationship was observed
with higher SUA levels being associated with worse outcomes
(Figure 1). SUA did not predict the risk of the composite renal
endpoint, but this analysis was based on 25 or fewer events in
each tertile.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Clinical characteristics of patients according to serum uric acid tertiles

Tertile 1 Tertile 2 Tertile 3 P-value for trend

Number of participants 1200 1247 1229

Serum uric acid, mg/dL (mean+ SD) 4.99+ 0.84 6.90+ 0.60 9.38+ 1.49

Age, years, mean+ SD 67.3+ 10.7 66.5+ 10.8 66.7+ 11.6 0.249

Female sex, n (%) 286 (23.8) 299 (24.0) 295 (24.0) 0.922

Race, n (%) ,0.001

White 851 (70.9) 882 (70.7) 855 (69.6)

Black 62 (5.2) 77 (6.2) 111 (9.0)

Asian 232 (19.3) 236 (18.9) 199 (16.2)

Other including mixed races 40 (3.3) 35 (2.8) 38 (3.1)

Missing 15 (1.3) 17 (1.4) 26 (2.1)

Continued
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Table 1 Continued

Tertile 1 Tertile 2 Tertile 3 P-value for trend

Region, n (%) ,0.001

North America 120 (10.0) 133 (10.7) 165 (13.4)

Latin America 439 (36.6) 428 (34.3) 403 (32.8)

Europe 408 (34.0) 458 (36.7) 461 (37.5)

Asia 161 (13.4) 173 (13.9) 156 (12.7)

Other 72 (6.0) 55 (4.4) 44 (3.6)

NYHA Class, n (%) ,0.001

II 943 (78.6) 953 (76.4) 865 (70.4)

III 251 (20.9) 288 (23.1) 356 (29.0)

IV 6 (0.5) 6 (0.5) 8 (0.7)

Body mass index, kg/m2, mean+ SD 27.2+ 5.3 28.1+ 5.4 28.3+ 5.4 ,0.001

Heart rate, bpm, mean+ SD 70.5+ 11.3 71.1+ 11.7 72.2+ 12.2 ,0.001

Systolic blood pressure, mmHg, mean+ SD 123.3+ 15.7 122.8+ 15.9 119.7+ 15.1 ,0.001

Left ventricular ejection fraction, %, mean+ SD 27.9+ 5.7 27.5+ 5.9 27.0+ 6.4 ,0.001

NT-proBNP, pg/mL, median (IQR) 1684.5 (1014–2931.5) 1800 (1059–3220) 2301 (1335–4243) ,0.001a

Hospitalization for HF in last 12 months, n (%) 304 (25.3) 375 (30.1) 458 (37.3) ,0.001

Atrial fibrillationb, n (%) 385 (32.1) 454 (36.4) 505 (41.1) ,0.001

Hypertension, n (%) 858 (71.5) 902 (72.3) 899 (73.1) 0.364

Diabetes, n (%) 578 (48.2) 624 (50.0) 627 (51.0) 0.161

Estimated eGFR

,60 mL/min/1.73 m2, n (%) 427 (35.6) 578 (46.4) 765 (62.2) ,0.001

mL/min/1.73 m2, mean+ SD 68.2+ 21.6 63.1+ 20.3 54.9+ 20.7 ,0.001

Device therapy, n (%)

Implantable cardioverter-defibrillatorc 377 (31.4) 387 (31.0) 384 (31.2) 0.929

Cardiac resynchronization therapyd 138 (11.5) 140 (11.2) 156 (12.7) 0.355

Heart failure medication, n (%)

Beta blocker 1129 (94.1) 1190 (95.4) 1164 (94.7) 0.490

ACE inhibitor 553 (46.1) 593 (47.6) 536 (43.6) 0.216

ARB without neprilysin inhibition 299 (24.9) 295 (23.7) 301 (24.5) 0.812

ARB with neprilysin inhibition 219 (18.3) 234 (18.8) 263 (21.4) 0.048

Loop diuretics 911 (75.9) 1051 (84.3) 1147 (93.3) ,0.001

Thiazides diuretics 81 (6.8) 83 (6.7) 118 (9.6) 0.007

Mineralocorticoid receptor antagonist 823 (68.6) 895 (71.8) 906 (73.7) 0.005

Tertiles [mg/dL]: male: T1: 6.3, T2:8.0; female: T1: 5.5, T2: 7.2.
aBased on log-transformed results.
bDefined as atrial fibrillation reported in any ECG before treatment intake or history of atrial fibrillation reported in medical history.
cImplantable cardioverter defibrillator with or without cardiac resynchronization therapy.
dCardiac resynchronization therapy with or without a defibrillator.
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In the placebo-treated patients, the rate of clinically relevant hy-
peruricaemic events was more than ten times higher in the highest
SUA tertile, as compared to the lowest SUA tertile [incidence per
100 patient-years: 17.7 (14.4–21.3) vs. 1.5 (0.6–2.6) (Table 2)].

Effect of empagliflozin on uric acid levels
and clinical hyperuricaemic events
Treatment with empagliflozin resulted in a significant reduction of
SUA within 4 weeks of therapy (mean change −1.11+ 0.03 vs.
0.01+ 0.03 mg/dL, empagliflozin vs. placebo, P, 0.001, Figure 2),

and the magnitude of the treatment effect remained stable through-
out the treatment period. The reduction of SUA levels at week 4 in
patients treated with empagliflozin was most pronounced with high-
est baseline SUA (adjusted mean change from baseline+ SE; tertile
1: −0.54+ 0.05 mg/dL, tertile 2: −1.04+ 0.05 mg/dL, tertile
3: −1.75+ 0.05 mg/dL). The magnitude of the UA lowering effect
of empagliflozin was consistent across prespecified subgroups
(Table 3), including patients with severely impaired kidney function
(see Supplementary material online, Figure S2). However, an inter-
action of study treatment was observed for diabetes and for race,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Risk of endpoints according to serum uric acid levels in the placebo group

No of
patients

No of events
(%)

Incidence/100 PY
[95%CI]

HR 95%CI P value P-value
(trend test)

Primary endpoint ,0.001

SUA tertile 1 573 112 (19.5) 16.1 [13.3, 19.3]

SUA tertile 2 641 145 (22.6) 18.7 [15.8, 21.8] 1.14 (0.89, 1.46) 0.313

SUA tertile 3 628 197 (314) 28.1 [24.3, 32.1] 1.64 (1.28, 2.10) ,0.001

Total number of HHF ,0.001

SUA tertile 1 573 147

SUA tertile 2 641 152 1.01 (0.73, 1.39) 0.954

SUA tertile 3 628 249 1.81 (1.31, 2.51) ,0.001

First HHF ,0.001

SUA tertile 1 573 80 (14.0) 11.5 [9.1, 14.2]

SUA tertile 2 641 107 (16.7) 13.8 [11.3, 16.5] 1.18 (0.88, 1.58) 0.281

SUA tertile 3 628 151 (24.0) 21.5 [18.2, 25.1] 1.75 (1.31, 2.33) ,0.001

CV death ,0.001

SUA tertile 1 573 43 (7.5) 5.6 [4.1, 7.4]

SUA tertile 2 641 60 (9.4) 7.0 [5.3, 8.9] 1.24 (0.84, 1.85) 0.282

SUA tertile 3 628 94 (15.0) 11.4 [9.2, 13.8] 1.98 (1.35, 2.91) ,0.001

All cause death ,0.001

SUA tertile 1 573 61 (10.6) 8.0 [6.1, 10.1]

SUA tertile 2 641 77 (12.0) 9.0 [7.1, 11.1] 1.12 (0.79, 1.57) 0.523

SUA tertile 3 628 122 (19.4) 14.8 [12.3, 17.5] 1.80 (1.29, 2.49) ,0.001

Composite kidney endpoint 0.143

SUA tertile 1 573 12 (2.1) 2.0 [1.0, 3.3]

SUA tertile 2 641 20 (3.1) 3.1 [1.9, 4.5] 1.42 (0.68, 2.94) 0.351

SUA tertile 3 628 25 (4.0) 4.1 [2.6, 5.8] 1.73 (0.83, 3.60) 0.142

Incidence of clinically relevant
hyperuricaemia

,0.001

SUA tertile 1 445 8 (1.8) 1.47 [0.63, 2.64]

SUA tertile 2 527 28 (5.3) 4.40 [2.92, 6.17] 2.74 (1.24, 6.05) 0.013

SUA tertile 3 562 99 (17.6) 17.66 [14.35, 21.30] 9.86 (4.69,
20.75)

,0.001

Based on a Cox regression model with terms for age, baseline eGFR as linear covariates and region, diabetes status, sex, baseline LVEF, and baseline uric acid.
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suggesting a greater effect to lower uric acid in patients without
diabetes.
Events of clinically relevant hyperuricaemia occurred in 94 patients

in the empagliflozin group vs. 135 patients in the placebo group.
Treatment with empagliflozin reduced the risk of clinically relevant
hyperuricaemic events by 32% (HR 0.68 [95%CI 0.52–0.89], P=
0.004, Figure 3).When analysing the components of clinically relevant
hyperuricaemia separately, the risk reduction was comparable for
both individual components (initiation of anti-hyperuricaemic medi-
cation: HR 0.69, 95%CI 0.52–0.91; gout events: HR 0.70, 95%CI
0.45–1.08, Supplementary material online, Table S1).

Efficacy of empagliflozin in relation to
serum uric acid levels and dynamics
The effect of empagliflozin on the primary composite endpoint and
on the risk of hospitalization for HF was not influenced by SUA. The
benefit of empagliflozin was similar in magnitude across the SUA ter-
tiles (all interaction P. 0.1, Figure 4). When SUA at baseline was in-
cluded in the Cox model as a continuous variable, the beneficial
effect of empagliflozin on the primary composite outcome was
independent of SUA (HR 0.76 [95%CI 0.65–0.88], P, 0.001). The
effect of empagliflozin on the composite outcome remained signifi-
cant even after the percent change in SUA at 4 weeks was incorpo-
rated into the Cox model as a covariate (HR 0.81 [95%CI 0.69–0.95,
P= 0.012].

In contrast, we observed a significant interaction between the ef-
fect of empagliflozin treatment and baseline SUA levels for both car-
diovascular mortality (interaction P= 0.005) and for all-cause
mortality (interaction P= 0.011, Figure 4). The HRs for empagliflozin
vs. placebo were 0.71 [95%CI 0.52–0.97] for cardiovascular mortal-
ity and 0.76 [95%CI 0.58–0.99] for all-cause death in patients with
the highest SUA tertile, whereas they were 1.42 [95%CI 0.96–
2.09] and 1.29 [95% CI 0.93–1.80], respectively, for empagliflozin
vs. placebo in patients with the lowest SUA tertile. When the multi-
variable model was further extended by inclusion of NT-proBNP and
the level of loop diuretics, similar results were observed (see
Supplementary material online, Table S2).

Discussion
The main findings of this study are that (i) hyperuricaemia was very
common in patients with HFrEF (prevalence of 53%) and was asso-
ciated with more advanced disease state, as reflected by NYHA class,
the risk of hospitalization for HF, NT-proBNP, and LVEF; (ii) elevated
SUA was a strong and independent predictor of increased mortality
(all-cause and cardiovascular mortality) and of hospitalization for HF;
(iii) empagliflozin produced an early and sustained decrease in SUA
that was maintained in all prespecified subgroups, and the drug re-
duced the incidence of clinically relevant hyperuricaemic events;
and (iv) the effect of empagliflozin to reduce the risk of HF outcomes
was independent of SUA levels (Structured Graphical Abstract).

Hyperuricaemia has previously been identified as a pathophysiolo-
gic feature in HF and as a marker of increased oxidative stress in as-
sociation with increased catabolism, inflammatory activation25 and
endothelial dysfunction.8 In line with previous studies, we show
that elevated SUA levels are associated with reduced functional cap-
acity26 and advanced HF disease severity andmortality.4,27,28We also
show the direct clinical burden related to high SUA, i.e. the incidence
of gout, gouty arthritis or the need for antihyperuricaemic therapy
that is 10 times higher in the highest SUA tertile. In turn, empagliflo-
zin reduced events of clinically relevant hyperuricaemia by 32%.
While the SUA lowering effect of SGLT2 inhibitors has been re-
ported in patients with type 2 diabetes mellitus,29,30 we extend
this knowledge to show the same clinical benefit of SGLT2 inhibition
in patients with HF regardless of the presence of diabetes. Elevated
levels of SUA and acute gout events are a relevant added clinical bur-
den in patients with HF: they lead to increased risk of HF events, of
hospital admissions and readmissions for HF, adverse outcome of
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Figure 1 Relationship between baseline serum uric acid as con-
tinuous variable and outcomes in the placebo arm of the
EMPEROR-Reduced study cohort (n= 1867). Hazard ratios
(dashed line) with 95% confidence interval are shown for the pri-
mary composite endpoint, cardiovascular mortality and all-cause
mortality using cubic splines (4 knots), multivariable adjusted
analysis.
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acute HF events, and death.31,32 Both uncontrolled SUA and gout
events worsen health status and increase the incidence of acute
HF events and cardiovascular death.33,34 Anti-gout medication such
as non-steroidal anti-inflammatory drugs, cyclooxygenase-2 inhibi-
tors, steroids cause additional drug interactions including the risk
for complications such as renal failure. Accordingly, current guide-
lines for the management of HF recommend to avoid such treat-
ments in patients with HF.35 Further, reducing antihyperuricaemic
medications may reduce interactions with HF medications and last
but not least may improve patient adherence due to less extensive
multiple-drug regimen. Finally, episodes of gout may lead to difficult
decisions regarding the reduction of use of diuretics in an effort to
manage hyperuricaemia.36

Therefore, the pronounced and sustained uric acid lowering effect
of empagliflozin presents a meaningful additional clinical benefit of
empagliflozin in patients with HF. Notably, hyperuricaemia has clas-
sically been associated with the metabolic syndrome clustering with
hypertension, diabetes mellitus and obesity,37 but this clustering was
not observed in our study. This suggests that elevated SUA in HF
does not merely occur in the context of a metabolic syndrome
but instead reflects metabolic derangements that are intrinsic to HF.

The beneficial effect of empagliflozin to reduce the composite risk
of cardiovascular death or hospitalization for HF was confirmed in-
dependent of SUA levels and of SUA dynamics. However, an inter-
action was observed between SUA levels and treatment effect
with empagliflozin on mortality. A significant reduction in cardiovas-
cular mortality and all-cause mortality was observed in patients with
elevated SUA (highest tertile), while this association was not seen in
patients with lower SUA levels. This finding is hypothesis generating.
The SUA lowering effect of empagliflozin was most pronounced in
those patients with highest SUA levels at baseline which also have

shown the highest mortality risk. Hence, it is intriguing to speculate
that empagliflozin’s effect may be particularly relevant in patients
with the highest pre-treatment oxidative stress, inflammatory activa-
tion, and endothelium dysfunction. Such a treatment effect would be
well consistent with the concept of SUA as a marker of catabolism
and increased oxidative stress in HF.1 A reduced ROS accumulation
could exert improved myocardial energetic efficacy and myocardial
contractility as has comprehensively been reported.9,38 Further,
interaction of XO-derived ROS with nitric oxide contributes to
endothelium dysfunction, another key characteristic in HF which
would improve from reduced ROS accumulation.39 In turn, in pa-
tients with lower SUA no increased oxidative stress is present which
may explain the absence of treatment effect on mortality in the low-
er SUA tertile. Our observation is in line with previous studies in
which mediation analyses have shown a statistical link between the
reduction in SUA secondary to SGLT2 inhibitors with the beneficial
effect on HF outcomes in patients with type 2 diabetes.40 Notably,
the finding of a significant trend for treatment effect on reduced
mortality in the highest SUA tertial does not suggest an increased
mortality risk for patients with low SUA. This observation warrants
further investigation.

The reduction of SUA after initiating therapy with empagliflozin
was observed rapidly (i.e. at 4 weeks), and was maintained through-
out the follow-up period. This durable effect is consistent with pre-
vious studies.41 Our earliest measurement of uric acid was at 4
weeks; an even faster reduction of SUA has been previously re-
ported after 5 days of treatment with empagliflozin.42 One mechan-
ism to explain the SUA lowering by SGLT2 inhibitors is postulated to
be an uricosuric effect secondary to glucosuria, which leads to a com-
petitive decrease in renal urate re-absorption in the proximal convo-
luted tubule via GLUT9b.43,44 However, we observed a significant

Figure 2 Treatment effect of empagliflozin or placebo on serum uric acid levels, reduction from baseline.
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Table 3 The treatment effect of empagliflozin to lower serum uric acid in patient subgroups

Empagliflozin
10 mg

Placebo

Baseline Change at
week 4a

Baseline Change at
week 4a

Adjusted mean
difference (95%CI)b

Interaction
P-value

History of hypertension 0.985

Yes 7.02 (0.06) −1.11 (0.03) 7.18 (0.06) 0.01 (0.03) −1.12 (−1.26, −0.97)

No 7.05 (0.09) −1.12 (0.05) 7.09 (0.09) 0.00 (0.05) −1.12 (−1.21, −1.03)

Diabetes ,0.001

Diabetic 7.11 (0.07) −0.91 (0.04) 7.27 (0.07) 0.08 (0.04) −0.99 (−1.09, −0.88)

Not diabetic 6.95 (0.06) −1.31 (0.04) 7.05 (0.07) −0.06 (0.04) −1.25 (−1.36, −1.14)

Age 0.256

,65 years 6.96 (0.08) −1.08 (0.05) 7.31 (0.08) −0.02 (0.04) −1.06 (−1.19, −0.94)

≥65 years 7.07 (0.06) −1.13 (0.03) 7.06 (0.06) 0.02 (0.049 −1.15 (−1.25, −1.06)

Sex 0.596

Male 7.24 (0.05) −1.15 (0.03) 7.32 (0.06) −0.02 (0.03) −1.13 (−1.22, −1.04)

Female 6.36 (0.09) −1.00 (0.06) 6.66 (0.10) 0.08 (0.06) −1.08 (−1.24, −0.92)

Race 0.023

White 7.06 (0.06) −1.16 (0.04) 7.11 (0.06) −0.04 (0.04) −1.12 (−1.22, −1.03)

Black 7.41 (0.22) −1.02 (0.11) 7.48 (0.19) −0.11 (0.11) −0.91 (−1.20, −0.61)

Asian 6.81 (0.10) −1.03 (0.13) 7.20 (0.12) 0.24 (0.13) −1.27 (−1.45, −1.09)

Other incl. mixed race 6.56 (0.26) −0.75 (0.17) 6.76 (0.25) −0.13 (0.15) −0.62 (−1.07, −0.18)

BMI 0.354

,30 kg/m2 6.94 (0.06) −1.10 (0.03) 7.07 (0.06) −0.01 (0.03) −1.10 (−1.19, −1.00)

≥30 kg/m2 7.21 (0.09) −1.13 (0.05) 7.36 (0.09) 0.04 (0.05) −1.17 (−1.31, −1.04)

Cause of HF 0.827

Ischaemic 7.08 (0.07) −1.14 (0.04) 7.18 (0.07) −0.03 (0.04) −1.11 (−1.22, −1.00)

Non-ischaemic 6.97 (0.07) −1.08 (0.04) 7.14 (0.07) 0.05 (0.04) −1.13 (−1.24, −1.02)

Baseline NYHA class 0.697c

II 6.92 (0.05) −1.10 (0.03) 7.08 (0.05) 0.01 (0.03) −1.11 (−1.20, −1.03)

III 7.37 (0.11) −1.11 (0.06) 7.42 (0.11) 0.01 (0.06) −1.13 (−1.28, −0.97)

IV 6.77 (0.64) −0.87 (0.39) 6.62 (0.63) 0.75 (0.38) −1.62 (−2.69, −0.56)

Baseline HF physiology 0.603

LVEF≤ 30% and
NT-proBNP , median

6.79 (0.07) −1.14 (0.04) 6.82 (0.07) −0.01 (0.04) −1.14 (−1.26, −1.01)

LVEF ≤30% and
NT-proBNP≥median

7.36 (0.09) −1.17 (0.05) 7.57 (0.09) −0.03 (0.05) −1.14 (−1.27, −1.01)

LVEF . 30% 6.96 (0.09) −0.98 (0.05) 7.10 (0.09) 0.07 (0.05) −1.05 (−1.20, −0.90)

Baseline use of MRA 0.459

No 6.92 (0.09) −1.04 (0.05) 7.10 (0.10) 0.03 (0.05) −1.07 (−1.22, −0.93)

Yes 7.08 (0.06) −1.14 (0.03) 7.18 (0.06) 0.00 (0.03) −1.14 (−1.23, −1.05)

Continued
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reduction of SUA in all patients subgroups, including patients with se-
verely impaired kidney function (see Supplementary material online,
Figure S1C), even though SGLT2 inhibitor-induced glycosuria is
known to be attenuated in these patients.45 Moreover, the glycosuric
effect of empagliflozin is smaller in non-diabetic individuals,46 and
hence, an effect on SUA reduction mediated by glucose-competitive
renal extraction would be expected to be smaller in non-diabetics.
Yet, in our study, empagliflozin exerts a greater SUA lowering effect
in patients without diabetes. These findings suggest that other me-
chanisms (beside increased renal excretion) contribute to the uric
acid-lowering effect of empagliflozin; these may include reduced pro-
duction of pro-inflammatory cytokines.47 and oxidative stress.48

Our study is a post hoc analysis of a large clinical trial database and
should be considered in light of certain strengths and limitations.
Despite multivariate adjustments, we could not adjust for baseline
differences for unmeasured variables. Some previous studies in pa-
tients with HF49 or diabetes mellitus23 have observed a higher preva-
lence of high SUA levels in men, but we observed no difference in sex
distribution among tertiles of SUA. Notably, these earlier studies re-
ported on SUA subgroups combining male and female patients and
ignored the fact that SUA levels are physiologically lower in women
than in men. In our study, we identified tertile cut points separately
for men and women based on sex-dependent distribution of SUA.
Using this approach, the prevalence of hyperuricaemia was not

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Continued

Empagliflozin
10 mg

Placebo

Baseline Change at
week 4a

Baseline Change at
week 4a

Adjusted mean
difference (95%CI)b

Interaction
P-value

Baseline use of ARNi 0.525

No 7.03 (0.05) −1.11 (0.03) 7.12 (0.05) 0.00 (0.03) −1.11 (−1.19, −1.02)

Yes 7.04 (0.11) −1.12 (0.06) 7.30 (0.11) 0.05 (0.06) −1.17 (−1.34, −1.00)

All values are mean (SE).
aModels of adjusted mean change (SE) include age and baseline eGFR as linear covariates and region, diabetes statusd, sexd, baseline LVEF, week reachable, visit by treatment by
subgroup interaction, and baseline uric acid by visit interaction as fixed effects.
bTreatment comparison all ,0.001 except for race (other, P= 0.006) and NYHA (class IV, P= 0.003).
cP for trend.
dOmitted as factor if considered as subgroup.

Figure 3 Cumulative incidence of clinically relevant hyperuricaemic events* for patients treated with empagliflozin vs. placebo.*Clinically relevant
hyperuricemia is defined as the composite episodes of acute gout, gouty arthritis or the initiation of treatment with serum uric acid lowering therapy
(xanthine oxidase inhibitors, uricosuric agents or colchicine).
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dependent on sex, a finding in accord with other studies using a simi-
lar approach.16

In conclusion, hyperuricaemia was shown to be as a common co-
morbidity in patients with HF and reduced EF and elevated SUA was
an independent predictor of advanced disease and poor prognosis.
Treatment with empagliflozin induced a rapid and sustained reduc-
tion of SUA and decreased the risk of clinically relevant hyperuricae-
mic events, which is a newly reported and clinically meaningful effect
of SGLT2 inhibitor treatment in HF. The effect of empagliflozin to
lower SUA was observed in all patient subgroups, and the benefit
of empagliflozin on HF outcomes was observed independent of
SUA and of SUA dynamics.

Supplementary material
Supplementary material is available at European Heart Journal online.
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