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Lowering Uric Acid May Improve Prognosis
In Patients With Hyperuricemia and Heart
Failure With Preserved Ejection Fraction
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BACKGROUND: An association between uric acid (UA) and cardiovascular diseases, including heart failure (HF), has been re-
ported. However, whether UA is a causal risk factor for HF is controversial. In particular, the prognostic value of lowering UA
in patients with HF with preserved ejection fraction (HFpEF) is unclear.

METHODS AND RESULTS: We enrolled patients with HFpEF from the PURSUIT-HFpEF (Prospective Multicenter Observational
Study of Patients With Heart Failure With Preserved Ejection Fraction) registry. We investigated whether UA was correlated
with the composite events, including all-cause mortality and HF rehospitalization, in patients with hyperuricemia and HFpEF
(UA >7.0mg/dL). Additionally, we evaluated whether lowering UA for 1year (>1.0mg/dL) in them reduced mortality or HF
rehospitalization. We finally analyzed 464 patients with hyperuricemia. In multivariable Cox regression analysis, UA was an
independent determinant of composite death and rehospitalization (hazard ratio [HR], 1.15 [95% Cl, 1.03-1.27], P=0.015). We
divided them into groups with severe and mild hyperuricemia according to median estimated value of serum UA (8.3mg/dL).
Cox proportional hazards models revealed the incidence of all-cause mortality was significantly higher in the group with severe
hyperuricemia than in the group with mild hyperuricemia (HR, 1.73 [95% ClI, 1.19-2.25], P=0.004). The incidence of all-cause
mortality was significantly decreased in the group with lowering UA compared with the group with nonlowering UA (HR, 1.71
[95% Cl, 1.02-2.86], P=0.041). The incidence of urate-lowering therapy tended to be higher in the group with lowering UA than
in the group with nonlowering UA (34.9% versus 24.6%, P=0.06).

CONCLUSIONS: UA is a predictor for the composite of all-cause death and HF rehospitalization in patients with hyperuricemia
and HFpEF. In these patients, lowering UA, including the use of urate-lowering therapy, may improve prognosis.
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tion fraction (HFpEF) is increasing, but mortality in cotransporter 2 inhibitors.®4

these patients remains unchanged." Moreover, few Serum uric acid (UA) is the terminal product of pu-
treatments for this entity are available, besides possible rine nucleotide metabolism in the human body® and
but limited beneficial effects of mineralcorticoid receptor ~ several reports have revealed a correlation of elevated

The prevalence of heart failure with preserved ejec- antagonists?® and the recently reported sodium-glucose
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CLINICAL PERSPECTIVE

What Is New?

e In this prospective multicenter study, we have
found that in patients with hyperuricemia with heart
failure with preserved ejection fraction (HFpEF)
uric acid is a predictor for the composite of all-
cause death and heart failure rehospitalization.

e |owering uric acid, including the use of urate-
lowering therapy, was associated with a favora-
ble prognosis of patients with hyperuricemia
and HFpEF.

What Are the Clinical Implications?

e One of important management methods for
HFpEF is reported to control the comorbidities,
but the impact of uric acid regarding HFpEF is
unclear.

e These findings support a beneficial effect of
lowering uric acid in patients with hyperuricemia
and HFpEF.

e This study also suggests that comprehensive
interventions for lowering uric acid, including the
use of urate-lowering therapy, in patients with
hyperuricemia and HFpEF can have an effect of
beneficial prognosis.

Nonstandard Abbreviations and Acronyms

CE composite end point

PURSUIT-HFpEF Prospective Multicenter
Observational Study of
Patients With Heart Failure
With Preserved Ejection

Fraction
UA uric acid
X0 xanthine oxidase

serum UA level with cardiovascular disease and heart
failure (HF).8” However, because a few recent studies
demonstrated a negative impact of lowering UA on
cardiovascular disease,®? it has not been established
whether serum UA is a causal risk factor for cardio-
vascular disease or HF and a potential therapeutic
target in clinical practice. In particular, the correlation
between serum UA and HFpEF has not been well in-
vestigated. Moreover, because it has been reported
that serum UA levels have U-shaped prognostic ef-
fects, which showed both high and low UA levels are
associated with poor prognosis compared with nor-
mal UA levels,'® the impact of serum UA on the gen-
eral population or on patients with HF and normal UA
may be weak.
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Accordingly, in this study, we evaluated the prog-
nostic impact of serum UA, especially lowering UA, on
patients with hyperuricemia and HFpEF.

METHODS

Our study data will not be made available to other re-
searchers for purposes of reproducing the results be-
cause of institutional review board restrictions.

PURSUIT-HFpEF Registry

The PURSUIT-HFpEF  (Prospective  Multicenter
Observational Study of Patients With Heart Failure With
Preserved Ejection Fraction) study is a prospective,
multicenter, observational study conducted at collabo-
rating hospitals in the Osaka region of Japan (UMIN-
CTR ID: UMINO00021831). The enrolled patients were
hospitalized with acute decompensated HF based on
the Framingham criteria'’ and had a left ventricular
gjection fraction >50% using transthoracic echocar-
diography. Brain natriuretic peptide was >100ng/L or
N-terminal pro-brain natriuretic peptide (NT-proBNP)
>400ng/L on admission. The exclusion criteria were
(1) severe aortic stenosis, aortic regurgitation, mitral
stenosis, or mitral regurgitation because of structural
changes in the valve detected by transthoracic echo-
cardiography; (2) age <20years; (3) acute coronary
syndrome on admission; (4) poor 6-month prognosis
because of noncardiac diseases; and (5) post-heart
transplantation status. Investigative cardiologists and
trained research nurses recorded patient data, includ-
ing medical history, comorbidities, examined data,
therapeutic procedures, and clinical events from the
medical records, and direct interview of the patients
and family members during their hospital stay. They
also obtained vital signs, echocardiographic data,
laboratory data, and medications on admission and at
discharge. After discharge, all patients were followed
up by their treating hospital. Coordinators and investi-
gators obtained clinical data including various medica-
tions (eg, urate lowering drug use) by direct contact in
an outpatient setting, telephone interview with patient
families, or by mail. In the present analysis, we analyzed
all available clinical follow-up data up to June 2021. All
patients gave informed consent to participate in this
study, which was approved by the ethics committee
in all participating facilities. This study was conducted
according to the Helsinki Declaration, and the present
study protocol was approved by the institutional review
board of all participating facilities.

Study Population

Our study patients were enrolled from the PURSUIT-
HFpEF registry between June 2016 and June 2021. In
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this registry, we investigated patients with hyperurice-
mia and HFpEF and defined hyperuricemia as a serum
UA level >7.0mg/dL according to the Japanese guide-
line' In this study, composite end points (CE) were
defined as a composite of all-cause death and HF re-
hospitalization. We evaluated the impact of serum UA
and the other parameters between a CE group and a
non-CE group by univariable and multivariable analy-
sis. In addition, we evaluated the clinical impact of low-
ering UA on prognosis in patients with hyperuricemia
and HFpEF. We enrolled consecutive patients who had
both serum UA values at discharge and 1-year follow-
up and compared the impact of a 1-mg/dL decrease in
UA during the year on prognosis in patients with hyper-
uricemia and HFpEF. We adopted a 1-mg/dL decrease
in UA because the definition of hyperuricemia is UA
level >7.0mg/dL and target to treat for hyperuricemia is
6.0mg/dL of UA according to the Japanese guideline,'?
indicating that a >1.0mg/dL decrease in UA may have
clinical importance.

Laboratory Measurements at Discharge
Blood samples were collected at discharge. Laboratory
measurements, including sodium, potassium, chlo-
ride, albumin, hemoglobin, creatinine, estimated glo-
merular filtration rate (eGFR), CRP (C-reactive protein),
NT-proBNP, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, UA, and hemoglobin
Alc, were performed by standard methods in the clini-
cal laboratory of the participating hospital.

Echocardiographic Data at Discharge

A comprehensive echocardiographic examination
was performed at discharge by trained physicians at
each institution. The left ventricular diastolic diameter,
left ventricular systolic diameter, left atrial diameter at
end-systole, and tricuspid annular plane excursion
were measured as previously described.”® Left ven-
tricular ejection fraction was measured by the modified
Simpson method.’® Tricuspid annular plane systolic
excursion (TAPSE) was acquired from the left apical
4-chamber view. This measurement was obtained
from 2D cine loops by drawing a line from the lateral
tricuspid valve annulus to the right ventricular apex at
end-diastole. Moderate mitral regurgitation and tricus-
pid regurgitation were also evaluated.

Medications at Discharge

We evaluated medications for HF at discharge to de-
termine if the following medications were prescribed:
angiotensin-converting enzyme inhibitors, angiotensin
Il receptor blockers, losartan, calcium channel blocker,
B blockers, mineralocorticoid receptor antagonists, di-
uretics, thiazide, antiplatelet drugs, aspirin, statins, and
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fibrates. We evaluated losartan, thiazide, and aspirin
separately from angiotensin Il receptors, diuretics, and
antiplatelet drugs because correlations between UAand
losartan, thiazide, or aspirin have been reported.'*"
We also investigated urate-lowering therapy in detail
by evaluating the incidence of urate-lowering therapy
and category of urate-lowering agents. Urate-lowering
agents can be divided into 2 main categories, namely
those reducing UA production with xanthine oxidase
(XO) inhibitors, including allopurinol and febuxostat;
and those increasing UA excretion using uricosurics,
including probenecid and benzbromarone.

Follow-Up and End Points

In this study, end point events were defined as a com-
posite of all-cause death and HF rehospitalization. All
patients were followed up in each hospital after dis-
charge. We evaluated the following parameters: age,
sex, body mass index, history of alcohol, coronary
artery disease, HF admission, incidence of hyperten-
sion, diabetes, dyslipidemia, stroke, chronic kidney
disease, atrial fibrillation, and the aforementioned vari-
ous laboratory, echocardiographic, and medications
data. In addition, to evaluate the clinical impact of low-
ering UA in patients with hyperuricemia and HFpEF, we
compared all-cause mortality and HF rehospitalization
between the group with lowering UA who showed a
>1.0mg/dL decrease in UA for 1year and a group with
nonlowering UA who showed a <1.0mg/dL decrease
or increase in UA for 1year. Following reports that diu-
retics are associated with serum UA levels via increas-
ing UA reabsorption and decreasing UA secretion,'®
we evaluated the incidence of diuretics use between
discharge and at 1-year follow-up to exclude the effect
of change in diuretics use.

Statistical Analysis

Continuous variables are expressed as median [inter-
quartile range] and compared using the Mann-Whitney
U test. Categorical variables are expressed as counts
(percentages) and compared with chi-square test or
Fisher exact test. Multivariable Cox regression to evalu-
ate the prognostic impact for CE was performed using
covariates, which showed significant differences be-
tween the CE and non-CE groups, in addition to con-
sidering the collinearity of each parameter. If variance
inflation factor between the factors that show the pos-
sible collinearity was <10, we adopted the most clinical
important factor. Further, we evaluated the impact of
UA on all-cause mortality by comparison between the
group with severe hyperuricemia and the group with
mild hyperuricemia according to median estimated
value of serum UA using the Kaplan—-Meier method.
All-cause mortality between the groups with lowering
UA and nonlowering UA were also estimated using
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the Kaplan—Meier method. In addition, we performed
Gray’s test because death was treated as a competing
risk for comparison of HF rehospitalization between the
groups with severe hyperuricemia and with mild hyper-
uricemia and the groups with lowering UA and non-
lowering UA, respectively. Cox proportional hazards
models were used to evaluate all-cause mortality and
Fine-Gray subdistribution hazard models were used to
evaluate HF rehospitalization. Values of P <0.05 were
considered statistically significant. Statistical analysis
was performed using JMP 14 statistical software (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Study Patients

The flow chart for this analysis is shown in Figure 1.
Between June 2016 and June 2021, 1169 patients
were enrolled from the PURSUIT-HFpEF registry. We
excluded 19 patients who died during hospitalization
and 31 patients who had a lack of UA data at dis-
charge. In addition, because we focused on patients
with hyperuricemia (UA >7.0mg/dL) we also excluded
655 patients with a UA <7.0mg/dL at discharge. Finally,
we investigated 464 patients with hyperuricemia and
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HFpEF. Additionally, we examined the 291 patients with
hyperuricemia who had both UA data at discharge and
1-year follow-up (Figure 1). During the follow-up, there
was 1 lost follow-up patient, and we also excluded
172 patients who did not have UA data at 1year after
discharge. Following this, the group with lowering UA
consisted of 169 patients and the group with nonlow-
ering UA of 122 patients.

Characteristics of Study Patients

Study participants were largely older, with median
age 83 (78, 89) years old. The percentage of women
was 50.2%, body mass index was 25 (21, 28) kg/m?,
and the incidences of coronary artery disease and HF
readmission were 18% and 28%, respectively. The
systolic/diastolic blood pressure and heart rate were
118 (105, 130)/64 (58, 73) mmHg and 68 (60, 78), re-
spectively. The NT-proBNP concentration was 1130
(504, 2640) pg/mL, the UA concentration was 8.3
(7.6, 9.2) mg/dL, and left ventricular ejection fraction
was 61 (68, 65)%. The rates of HF medications such
as angiotensin-converting enzyme inhibitor/angioten-
sin Il receptor blocker, § blocker, and mineralocorti-
coid receptor antagonists were 58%, 59%, and 43%,
respectively.

PURSUIT-HFpEF registry
June 2016 - June 2021
1169 patients

In-hospital death: 19 patients

A4

Patients who did not have UA

Patients with survival discharge
and UA data at discharge

1119 patients

data at discharge: 31 patients

[
L

‘( Patients whose serum UA <7.0

|

L mg/dL: 655 patients

Patients whose UA > 7.0 mg/dL

464 patients

Lost follow-up: 1 patient

)

Patients who did not have UA

291 patients

Patients who had 1-year follow-up UA data

(
L

data at 1 year: 172 patients

|
|
|

!

l

Lowering UA group
169 patients

[ )

Nonlowering UA group
122 patients

]

Figure 1. Flow chart of study patients.

PURSUIT-HFpEF indicates the Prospective Multicenter Observational Study of Patients With Heart Failure With Preserved Ejection

Fraction; and UA, uric acid.
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Prognostic Factors for CE

During a median follow-up of 693 days, the CE includ-
ing all-cause death and HF rehospitalization occurred
in 197 (110 patients died) of 464 study patients (42.5%).
We used the covariates that showed significant differ-
ences between the CE and non-CE groups, excluding
creatinine and chronic kidney disease because of the
clinical collinearity of eGFR. The values of variance in-
flation factor of eGFR, creatinine, and chronic kidney
disease were 1.80, 1.67, and 1.23, respectively. We se-
lected eGFR owing to clinical importance. Multivariable
analysis showed that UA, history of HF admission, and
NT-proBNP (using log-transformed NT-proBNP) were
significantly and independently correlated with CE
(Table 1).

Impact of UA on Prognosis

Median value of UA in this study population was
8.3mg/dL. We divided our patients into a group with
severe hyperuricemia (UA >8.3mg/dL, n=238) and a
group with mild hyperuricemia (7.0<UA<8.3mg/dL,
n=226). As shown in Table 2, UA of the groups with
mild and severe hyperuricemia was 7.5mg/dL (7.3, 7.9)
and 9.2mg/dL (8.7, 10.2), which showed significant dif-
ference (P<0.001), respectively. In addition, heart rate
(70 [63, 80] versus 68 [60, 76], P=0.003) and the in-
cidence of diuretics (86.3% versus 92.4%, P=0.035)
were significantly lower in the group with mild hyper-
uricemia than in the group with severe hyperuricemia.
On the other hand, creatinine (1.25mg/dL [0.9, 1.6] ver-
sus 1.4mg/dL [1.1, 1.9], P<0.001) and eGFR (39.9mL/
min per 1.73m? [29.0, 53.3] versus 34.5mL/min per
1.73m? [23.6, 44.6], P<0.001) were significantly higher
in the group with mild hyperuricemia than in the group
with severe hyperuricemia. No significant differences
in other parameters were observed between these 2
groups.

The severe hyperuricemic group had significantly
greater risk of all-cause death than the mild hyper-
uricemic group (P=0.004, Figure 2A). In contrast, re-
garding HF rehospitalization, no significant difference
between the 2 groups was noted (Figure 2B).

Clinical Impact of Lowering UA on
Prognosis

Median follow-up duration was 480days in the 291 pa-
tients with hyperuricemia and HFpEF who had both UA
data at discharge and 1-year follow-up in this study.
Clinical characteristics between the group with lower-
ing UA and the group with nonlowering UA grop are
shown in Table 3. Although body mass index (26 kg/m
[23, 29] versus 24 kg/m [21, 27], P=0.014), the inci-
dence of diabetes (42.6% versus 28.7%, P=0.019), and
serum UA (8.7mg/dL [7.8, 9.8] versus 8.0mg/dL [7.5,
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8.5], P<0.001) were significantly higher in the group
with lowering UA than in the group with nonlowering
UA, there were no significant differences in the other
parameters between the 2 groups. The group with
lowering UA (n=169) had a significantly greater risk of
all-cause death than the group with nonlowering UA
(P=0.041, Figure 3A), but there was no significant dif-
ference in HF rehospitalization between the 2 groups
(Figure 3B). We also showed the hazard ratio and 95%
Cl of body mass index, diabetes, and nonlowering UA
for all-cause death and HF rehospitalization (Table 4).

Regarding urate-lowering therapy, the incidence of
urate-lowering therapy (% of using urate-lowering ther-
apy) tended to be higher, but not significantly higher, in
the group with lowering UA compared with the group
with nonlowering UA (34.9% versus 24.6%, P=0.06).
The incidence of agents reducing UA production with
XO inhibitors in the urate-lowering therapy was similar
between the groups with lowering UA and nonlower-
ing UA (96.6% versus 96.7%, P=0.99). The incidence
of diuretics use in the groupsw ith lowering UA and
nonlowering UA were also similar (89.3% and 93.4% at
discharge and 85.8% and 93.4% at 1-year follow-up,
respectively).

DISCUSSION

Main Findings

The main findings of this study are that in the patients
with hyperuricemia (UA >7.0mg/dL) with HFpEF, (1) UA
was an important prognostic factor, in addition to a his-
tory of HF admission and NT-proBNP; (2) the group with
severe hyperuricemia (UA >8.3mg/dL) showed worse
all-cause mortality, but similar HF rehospitalization,
compared with the group with mild hyperuricemia; and
(3) lowering UA for 1year (>1.0mg/dL) was correlated
with reduced all-cause mortality. These findings sug-
gest that UA is a simple prognostic factor for patients
with hyperuricemia and HFpEF, and that lowering UA,
including the use of urate-lowering therapy, may have
a beneficial effect on the prognosis of these patients.

UA as a Prognostic Factor for HFpEF

Relationships between UA and cardiovascular disease
have been reported for many years, but whether UA is
an independent risk factor for cardiovascular disease
or events is still controversial.'®2° In addition, the mech-
anism explaining why hyperuricemia is correlated with
cardiovascular disease is still unknown. It is known
that UA is an antioxidant®' that induces inflammation
in vascular endothelial and smooth muscle cells and
intracellular oxidative stress,?? leading to endothelial
dysfunction. Indeed, many clinical studies have re-
vealed that elevated UA is associated with endothelial



Nishino et al

Lowering Uric Acid Impact on Hyperuricemic HFpEF

Table 1. Univariate and Multivariate Cox Regression Analysis for Prognostic Prediction

Univariate analysis Multivariate analysis

HR (95% ClI) P value HR (95% CI) P value
Age 1.03 (1.01-1.05) 0.001 1.01(0.99-1.03) 0.376
Heart failure readmission 1.99 (1.48-2.65) <0.001 1.66 (1.15-2.37) 0.007
Hemoglobin 0.87 (0.80-0.993) <0.001 0.94 (0.85-1.05) 0.329
Albumin 0.57 (0.41-0.78) <0.001 0.92 (0.59-1.44) 0.717
Estimated glomerular filtration rate 0.98 (0.97-0.99) <0.001 1.00 (0.98-1.01) 0.491
Log N-terminal pro-brain natriuretic peptide 1.46 (1.28-1.66) <0.001 1.33 (1.13-1.56) 0.001
Low-density lipoprotein cholesterol 0.99 (0.99-1.00) 0.011 1.00 (0.99-1.00) 0.364
Uric acid 1.18 (1.07-1.28) <0.001 1.15(1.08-1.27) 0.015
Left atrium dimension 1.02 (1.00-1.04) 0.020 1.00 (0.98-1.02) 0.901

HR indicates hazard ratio.

dysfunction, as assessed by flow-mediated dilation
and intracoronary acetylcholine testing.?®?* We also
previously demonstrated that UA was significantly cor-
related with vasospastic angina caused by coronary
endothelial dysfunction using intracoronary acetylcho-
line testing.?® Accordingly, UA is correlated with vascu-
lar endothelial dysfunction, which may partially cause
cardiovascular disease.’® However, the question of
whether UA is a causal factor for cardiovascular dis-
ease in clinical settings remains controversial.
Regarding coronary artery disease (CAD), several
epidemiologic studies reported that UA was correlated
with risk of CAD.?"?8 In addition, UA was also reported
to be useful in predicting clinical events.?® Thus, it ap-
pears easy to consider that urate-lowering agents—
especially agents reducing UA production with XO
inhibitors—have possible beneficial effects on CAD.
In addition, it has been reported that the effect of XO
inhibition is significantly higher with febuxostat than
allopurinol.®® Therefore, we speculate that febuxostat
will have more favorable effects on CAD than allopu-
rinol, because endothelial dysfunction is an important
step in the progression of atherosclerosis.®' However,
the CARES (Cardiovascular Safety of Febuxostat and
Allopurinol in Patients With Gout and Cardiovascular
Morbidities) study, a randomized clinical trial in 6190
patients with gout, revealed that all-cause (7.8% ver-
sus 6.4%, P=0.04) and cardiovascular mortality (4.3%
versus 3.2%, P=0.03) were significantly higher in the
febuxostat group than in the allopurinol group.? Other
large-scale clinical trials have also shown the nonben-
eficial effects of XO inhibitors, especially febuxostat, on
cardiovascular events.®® Therefore, the therapeutic
significance of urate-lowering agents, especially XO
inhibitors, on CAD was not anticipated and remains
unknown. The reason urate-lowering agents are not
useful for CAD is partially because CAD results from
epicardial coronary atherosclerosis—which is a fea-
ture of advanced atherosclerosis as severe as coro-
nary artery stenosis—and is not already affected by
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endothelial dysfunction, which is a feature of early
atherosclerosis. Therefore, traditional coronary risk
factors, including dyslipidemia, hypertension, and di-
abetes, are more strongly correlated with epicardial
coronary atherosclerosis than hyperuricemia, which
can induce endothelial dysfunction, an early step of
atherosclerosis.®'

With regard to HF, several epidemiologic studies
have also reported that elevated UA is common in pa-
tients with HF.3334 Although the mechanisms by which
UA influences HF development are incompletely un-
derstood, UA may directly contribute to HF worsening
by impairing endothelial function,?3?* elevating blood
pressure,?® and reducing renal function.3® Moreover,
several recent reports demonstrated that elevated UA
is associated with worsening of HFpEF."'° In addition,
given the U-shaped association between UA and car-
diovascular prognosis,”'® we anticipate that the clin-
ical impact of UA can be indicated not in a general
population but in patients with hyperuricemia. Indeed,
PARAGON-HF (Prospective Comparison of ARNI
[Angiotensin Receptor-Neprilysin Inhibitor] With ARB
[Angiotensin Receptor Blockers] Global Outcomes in
HF With Preserved Ejection Fraction) showed an in-
crease in clinical events above a UA value of 6mg/
dL.” The present study clearly demonstrated that
UA is significantly and independently correlated with
prognosis in patients with hyperuricemia and HFpEF.
Because a systemic proinflammatory state induced by
comorbidities, including hyperuricemia, could cause
myocardial structural and functional alterations,®® UA
may have more significant correlation with HfpEF than
epicardial coronary atherosclerosis. Moreover, recent
reports have revealed that coronary microvascular
dysfunction has been linked to HfpEF.®"2® Because it
has been reported that UA levels are significantly as-
sociated with the capillaroscopic patterns, reflecting
a progressive microvasculopathy,®® UA may be thera-
peutic targets for HfpEF regarding microvasculopathy
in HfpEF.
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Group with mild hyperuricemia

Group with severe hyperuricemia

moderate), %

(n=226) (n=238) P value
Clinical data
Age, y 82 [75, 87] 83 [77, 87] 0.512
Female sex, % 117 (51.8) 116 (48.7) 0.517
Body mass index, kg/m? 25 [21, 28] 24 [22, 28] 0.893
Alcohol, % 98 (43.6) 92 (38.7) 0.345
Coronary artery disease, % 38 (16.8) 45 (18.9) 0.628
Heart failure readmission, % 56 (29.8) 74 (31.1) 0.148
Comorbidities
Hypertension, % 195 (86.2) 209 (89.8) 0.679
Diabetes, % 73 (32.3) 82 (34.5) 0.694
Dyslipidemia, % 104 (46.0) 119 (50.0) 0.404
Stroke, % 20 (8.8) 32 (13.4) 0.304
Chronic kidney disease, % 89 (39.4) 116 (48.7) 0.050
Atrial fibrillation, % 103 (45.6) 114 (47.9) 0.643
General condition
Systolic BP, mmHg 119 [106, 132] 116 [105, 130] 0.204
Diastolic BP, mmHg 64 [55, 75] 634 [57, 72] 0.376
Heart rate 70 [63, 80] 68 [60, 76] 0.003
Laboratory examination
Serum sodium, mEg/L 140 [137, 141] 140 [138, 141] 0.935
Serum potassium, mmol/L 4.3 [4.0, 4.6] 4.3[3.9, 4.6] 0.369
Serum chloride, mmol/L 103 [99, 106] 103 [100, 105] 0.767
Albumin, g/dL 3.5[3.2,3.7] 3.41[31,3.8] 0.767
Hemoglobin, g/dL 11.4[10.1, 13.0] 11.2[9.9, 12.6] 0.208
Creatinine, mg/dL 1.210.9, 1.6] 1.4 [1.1,1.9] 0.001
Estimated glomerular filtration 33.7 [23.6, 44.8] 38.9 [28.9, 50.8] <0.001
rate, mL/min per 1.73m?
C-reactive protein, mg/dL 0.30[0.12, 0.92] 0.32[0.13, 1.10] 0.914
N-terminal pro-brain natriuretic 987 [528, 2658] 1221 [499, 2621] 0.526
peptide, pg/mL
Low-density lipoprotein 93 [75, 113] 92 [70, 110] 0.364
cholesterol, mg/dL
High-density lipoprotein 43 [36, 49] 42 [34, 510] 0.775
cholesterol, mg/dL
Uric acid, mg/dL 75[7.3,7.9] 9.2[8.7, 10.2] <0.001
HbA1c, % 6.0[5.6, 6.4] 6.0 [5.6, 6.6] 0.401
Echocardiographic parameters
LV end-diastolic diameter, mm 46 [41, 51] 47 [41, 51 0.736
LV end-systolic diameter, mm 30 [26, 33] 30 [26, 34] 0.742
LV ejection fraction, % 60 [54, 65] 61 [56, 66] 0.270
Left atrium diameter, mm 44 40, 49] 45 [41, 51] 0.001
Tricuspid annular plane systolic 17 [14, 20] 17 [15, 20] 0.083
excursion, mm
Mitral regurgitation (> 37 (16.4) 45 (18.9) 0.543
moderate), %
Tricuspid regurgitation (> 42 (18.6) 50 (21.0) 0.561
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Table 2. Continued

Lowering Uric Acid Impact on Hyperuricemic HFpEF

Group with mild hyperuricemia Group with severe hyperuricemia
(n=226) (n=238) P value
Medication
Angiotensin-converting enzyme 121 (58.5) 135 (56.7) 0.514
inhibitor/angiotensin Il receptor
blocker, %
Losartan, % 10 (4.4) 9 (3.9 0.817
Calcium channel blocker, % 108 (47.8) 108 (45.3) 0.642
8 blocker, % 126 (55.8) 148 (62.2) 0.186
Mineralocorticoid receptor 91 (40.3) 108 (45.4) 0.302
antagonist, %
Diuretics, % 195 (86.3) 220 (92.4) 0.035
Thiazide, % 15 (6.6) 24 (10.1) 0.242
Antiplatelet drugs, % 55 (24.3) 77 (32.4) 0.064
Aspirin, % 44 (19.4) 58 (24.4) 0.218
Statins, % 75 (33.2) 88 (37.0) 0.437

BP indicates blood pressure; and LV, left ventricular.

Impact of UA and Lowering UA on
All-Cause Mortality But Not HF
Rehospitalization

The reason UA and lowering UA were correlated with
all-cause mortality but not with HF rehospitalization
is as follows: elevated UA induces a systemic inflam-
matory state, which can induce HfpEF and the other
diseases, including various infections and/or malignan-
cies; and these in turn are major causes of mortality
in patients with HFpEF, especially elderly patients.*®
Actually, compared with patients with HFrEF, patients
with HFpEF are usually older, with higher rates of

noncardiac comorbidities.#! Thus, noncardiac deaths,
which may be correlated with comorbidities, includ-
ing hyperuricemia, make up a higher proportion of
deaths in our study (noncardiac death: 52.5%). On
the other hand, because congestion is the main rea-
son for HF rehospitalization in patients even in HFpEF,
residual congestion at discharge (eg, high BNP levels
at discharge) may be more closely correlated with HF
rehospitalization than elevated UA.*° Therefore, UA
and lowering UA were both correlated with all-cause
mortality— including noncardiac death (Figure 2A and
3A)—mainly because of noncardiac comorbidities, in-
cluding hyperuricemia, but were not correlated with HF

A B 10 -
£ 08 ——— Severe hyperuricemia group
= —— Mild hyperuricemia group
2
- 2 06
g =]
= 3 HR 1.00
<
z 04 95% CI [0.66-1.51]
H ) P=0.895 y
w1 !
== Mild hyperuricemia group [ 02
0.2 HR1.73 !
95% CI [1.19-2.55] 7 &)
P=0.004 00 -
0.0 T T T T T T : : : - :
Number 0 12 2 36 48 60 (months) 0 12 24 36 48 60 (months)
at risk . .
Severe hyperuricemia growp 238 181 121 74 58 28 6 4 Number at risk
Mild byperuricemia group 26 182 124 - Pa 30 5 3 Severe hyperyrucenua group 205 92 40 4
Mild hyperuricemia group 198 92 39 2

Figure 2. All-cause mortality and heart failure rehospitalization between mild and severe hyperuricemia groups.

A, All-cause mortality. Kaplan—Meier curve showed the group with severe hyperuricemia had a significantly greater risk of all-cause
mortality compared with the group with mild hyperuricemia (P=0.004). B, Heart failure rehospitalization. Gray’ test revealed that there
was no significant difference in heart failure rehospitalization between the groups with mild and severe hyperuricemia (P=0.895). HF

indicates heart failure; and HR, hazard ratio.
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Table 3. Patient Characteristics of Groups With Lowering
and Nonlowering UA

Group with Group with
lowering UA nonlowering UA
(n=169) (n=122) P value
Clinical data
Age, y 81 [76, 85] 82 (75, 86] 0.286
Female sex, % 82 (48.5) 63 (51.6) 0.636
Body mass index, 26 [23, 29] 24 21, 27] 0.014
kg/m?
Heart failure 42 (24.9) 38 (31.1) 0.287
readmission, %
Comorbidities
Hypertension, % 147 (87.0) 109 (89.3) 0.588
Diabetes, % 72 (42.6) 35 (28.7) 0.019
Dyslipidemia, % 96 (56.8) 53 (43.4) 0.721
Stroke, % 23 (13.0) 10(8.2) 0.190
Chronic kidney 75 (44.4) 57 (46.7) 0.721
disease, %
Atrial fibrillation, % 82 (49.4) 56 (45.9) 0.721
General condition
Systolic BP, mmHg 116 [104, 130] 119 [105, 131] 0.230
Diastolic BP, mmHg | 64 [57, 74] 64 [56, 73] 0.609
Heart rate 68 [60, 76] 69 [60, 76] 0.802
Laboratory examination
Serum sodium, 139 [137, 141] 140 [138, 141] 0.818
mEag/L
Serum potassium, 4.3[4.0, 4.6] 4.3 [3.9, 4.6] 0.366
mmol/L
Serum chloride, 103 [99, 106] 103 [101, 105] 0.418
mmol/L
Albumin, g/dL 3.5[3.3,3.9] 3.6[3.2,3.8] 0.351
Hemoglobin, g/dL 11.5[10.0, 13.1] 11.4[10.4, 12.6] 0.910
Creatinine, mg/dL 1.3[1.0, 1.7] 1.2[1.0, 1.5] 0.121
Estimated 35.6 [28.3, 46.9] | 38.8[29.8, 46.3] | 0.295
glomerular filtration
rate, mL/min per
1.73m?
C-reactive protein, 0.25[0.12,0.75] | 0.23[0.10, 0.68] | 0.531
mg/dL
N-terminal pro-brain | 908 [437, 2304] | 1020 [588, 2130] | 0.452
natriuretic peptide,
pg/mL
Low-density 96 [72, 114] 90 [73, 108] 0.130
lipoprotein
cholesterol, mg/dL
High-density 42 [34, 50] 42 [34, 50] 0.978
lipoprotein
cholesterol, mg/dL
Uric acid, mg/dL 8.7 [7.8,9.8] 8.0[7.5, 8.5] <0.001
HbA1c, % 6.1[5.6,6.7] 5.91[5.7, 6.2 0.232
Echocardiographic parameters
LV end-diastolic 47 [41, 51] 46 [42, 51] 0.948
diameter, mm
LV end-systolic 29 [26, 33] 30 [27, 34] 0.973
diameter, mm
(Continued)
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Table 3. Continued

Group with Group with
lowering UA nonlowering UA
(n=169) (n=122) P value
LV ejection fraction, | 65 [58, 70] 64 [59, 70] 0.881
%
Left atrium diameter, | 45 [41, 50] 46 [41, 50] 0.318
mm
Tricuspid annular 18 [15, 20] 17 [14, 21] 0.952
plane systolic
excursion, mm
Mitral regurgitation 25 (14.8) 26 (21.3) 0.162
(>moderate), %
Tricuspid 27 (16.0) 31 (25.4) 0.054
regurgitation
(>moderate), %
Medication
Angiotensin- 104 (61.5) 71 (568.2) 0.628
converting enzyme
inhibitor/angiotensin
Il receptor blocker,
%
B blocker, % 100 (59.2) 83 (68.0) 0.141
Mineralocorticoid 66 (39.1) 46 (37.7) 0.903
receptor antagonist,
%
Diuretics, % 152 (89.9) 115 (94.3) 0.203

BP indicates blood pressure; LV, left ventricular; and UA, uric acid.

rehospitalization partially because of residual conges-
tion at discharge (Figure 2B and 3B).

Impact of Lowering UA on HFpEF

It has been reported that management of comorbidi-
ties is useful in improving clinical outcomes,** on the
basis that comorbidities have the ability to induce
a systemic inflammatory state, which can induce
HFpEF.%® Thus, it can be considered that management
of hyperuricemia, one such comorbidity, can cause
the beneficial effects of HFpEF. However, whether
lowering UA is effective in improving prognosis in pa-
tients with hyperuricemia and HFpEF is unclear. In the
present study, we first demonstrated that lowering UA
was useful for the prognosis of patients with hyper-
uricemia and HFpEF. Because the 1-year incidence
of diuretics use was similar between the lowering UA
and nonlowering UA groups (89.3% and 93.4% at dis-
charge, and 85.8% and 93.4% at 1-year follow-up, re-
spectively), our data are not affected by diuretic use.
In addition, the incidence of urate-lowering therapy
tended to be higher in the group with lowering UA
than in the group with nonlowering UA (34.9% ver-
sus 24.6%, P=0.06). Therefore, urate-lowering therapy
can partially contribute to the better clinical outcomes
of the group with lowering UA goup in patients with
hyperuricemia and HFpEF.
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Figure 3. All-cause mortality and heart failure rehospitalization between the groups with lowering UA and nonlowering UA.
A, All-cause mortality. Kaplan—Meier curve showed all-cause mortality in the group with lowering UA was significantly lower than that
in the group with nonlowering UA (P=0.041). B, Heart failure rehospitalization. Gray’s test revealed that there was a similar risk of heart
failure rehospitalization between the groups with lowering UA and nonlowering UA (P=0.484). HF indicates heart failure; HR, hazard

ratio; and UA, uric acid.

Correlation of NT-proBNP and History of
HF Admission to HFpEF

We previously reported that the NT-proBNP level at
discharge is a useful predictor of HF rehospitaliza-
tion.*® A high level of NT-proBNP may represent a sign
of mild fluid overload at discharge, which is a reliable
predictor of HF rehospitalization.*® Thus, the reason
for the significant and independent correlation of NT-
proBNP with clinical events in our study—including
HF rehospitalization and all-cause mortality—may be
the strong correlation between NT-proBNP and HF
rehospitalization.

Regarding history of HF admission, this study
demonstrated that a history of HF admission was a
significant and independent factor associated with CE
in patients with hyperuricemia and HFpEF. It has been
reported that a history of HF admission is a strong risk
factor for adverse cardiac outcomes for acute HF,*44°

Table 4. Factors Correlating With All-Cause Death and HF
Rehospitalization

HR (95% CI) P value

All-cause death

Nonlowering UA 1.71 (1.02-2.86) 0.041

BMI 0.90 (0.85-0.96) <0.001

Diabetes 1.24 (0.73-2.17) 0.431
HF rehospitalization

Nonlowering UA 1.30 (0.95-1.79) 0.484

BMI 0.99 (0.96-1.03) 0.772

Diabetes 1.23 (0.84-1.79) 0.290

BMI indicates body mass index; HF, heart failure; HR, hazard ratio; and
UA, uric acid.
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and this may also be the case for patients with hyper-
uricemia and HFpEF.

Study Limitations

Several limitations of our study warrant mention. First,
our sample size was limited and the observation period
was relatively short. We evaluated only 1-year follow-
up data of UA. Longer evaluation of UA may be favora-
ble because UA is dynamic laboratory value and can
be changed with medications, diet, and body weight
change. However, our data showing the better prog-
nostic impact of lowering UA for 1year on patients with
hyperuricemia and HFpEF provide valuable information
in the management of patients with hyperuricemia and
HFpEF. Second, we enrolled asymptomatic patients
with hyperuricemia, as in recent randomized trials in
Japan. ®% Thus, these data may differ from those of
studies performed in regions other than Japan and
may not be applied to symptomatic hyperuricemia.
Third, we could not clearly show the beneficial clinical
impact of urate-lowering drug on the prognosis pos-
sible owing to the small number of the patients with
urate-lowering drug use in this study. We only show the
beneficial effect of lowering UA on the prognosis and
tendency of better effect of urate-lowering drug use. In
addition, we did not have accurate data regarding the
timing of the urate lowering drug in this study. Majority
of the study patients started to receive urate-lowering
drug after the admission, but unfortunately, we did
not have the accurate data in this study. To confirm
whether urate-lowering drug can achieve the clinical
benefit for the patients with hyperuricemia and HFpEF,
further large-scaled trials should be performed. Fourth,
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usually U-shaped prognostic effects of UA have been
reported, but, many reports have shown UA ~<4.0mg/
dL is correlated with adverse events.'®'® Because we
focused on patients with hyperuricemia and HFpEF
(UA >7.0mg/dL) in this study, U-shaped prognostic ef-
fects of UA may not strongly affect our results. Finally,
in this study, we did not evaluate the anti-inflammatory
treatments including colchicine, NRLP3 inflammasome
inhibitors, and interleukin-1 blockers, which are effec-
tive for HF according to recent reports.*64”

CONCLUSIONS

In conclusion, the PURSUIT-HFpEF prospective multi-
center HFpEF registry has shown that, in patients with
hyperuricemia and HFpEF, UA is a prognostic factor for
composite all-cause death and HF rehospitalization. In
addition, a higher UA level confers a greater risk of all-
cause mortality and lowering UA, including the use of
urate-lowering therapy, may improve the prognosis of
patients with hyperuricemia and HFpEF.

APPENDIX

The OCVC-Heart Failure Investigators
Chair: Yasushi Sakata, Department of Cardiovascular
Medicine, Osaka University Graduate School of
Medicine, 2—-2 Yamada-oka, Suita 565-0871, Japan.

Secretariat:  Shungo Hikoso (Chief), Daisaku
Nakatani, Hiroya Mizuno, Shinichiro Suna, Katsuki
Okada, Tomoharu Dohi, Yohei Sotomi, Takayuki Kojima,
Akihiro Sunaga, Hirota Kida, Bolrathanak Oeun, and
Taiki Sato; Department of Cardiovascular Medicine,
Osaka University Graduate School of Medicine, Suita,
Japan.

Investigators

Masahiro Seo, Tetsuya Watanabe, and Takahisa
Yamada, Osaka General Medical Center, Osaka,
Japan; Takaharu Hayashi and Yoshiharu Higuchi,
Osaka Police Hospital, Osaka, Japan; Masaharu
Masuda, Mitsutoshi Asai, and Toshiaki Mano, Kansai
Rosai Hospital, Amagasaki, Japan; Hisakazu Fuiji, Kobe
Ekisaikai Hospital, Kobe, Japan; Daisaku Masuda,
Shunsuke Tamaki, Yoshiyuki Nagai, and Shizuya
Yamashita, Rinku General Medical Center, Izumisano,
Japan; Masami Sairyo and Yusuke Nakagawa,
Kawanishi City Hospital, Kawanishi, Japan; Haruhiko
Abe, Yasunori Ueda, and Yasushi Matsumura, National
Hospital Organization Osaka National Hospital,
Osaka, Japan; Kunihiko Nagai, lkeda Municipal
Hospital, |keda, Japan; Masamichi Yano, Masami
Nishino, and Jun Tanouchi, Osaka Rosai Hospital,
Sakai, Japan; Yoh Arita and Shinji Hasegawa, Japan

J Am Heart Assoc. 2022;11:e026301. DOI: 10.1161/JAHA.122.026301

Lowering Uric Acid Impact on Hyperuricemic HFpEF

Community Health Care Organization Osaka Hospital,
Osaka, Japan; Takamaru Ishizu, Minoru Ichikawa
and Yuzuru Takano, Higashiosaka City Medical
Center, Higashiosaka, Japan; Eisai Rin, Kawachi
General Hospital, Higashiosaka, Japan; Yukinori
Shinoda, Koichi Tachibana and Shiro Hoshida, Yao
Municipal Hospital, Yao, Japan; Masahiro Izumi, Kinki
Central Hospital, Itami, Japan; Hiroyoshi Yamamoto
and Hiroyasu Kato, Japan Community Health
Care Organization, Osaka Minato Central Hospital,
Osaka, Japan; Kazuhiro Nakatani and Yuji Yasuga,
Sumitomo Hospital, Osaka, Japan; Mayu Nishio and
Keiji Hirooka, Saiseikai Senri Hospital, Suita, Japan;
Takahiro Yoshimura and Yoshinori Yasuoka, National
Hospital Organization Osaka Minami Medical Center,
Kawachinagano, Japan; Akihiro Tani, Kano General
Hospital, Osaka, Japan; Yasushi Okumoto, Kinan
Hospital, Tanabe, Japan; Yasunaka Makino, Hyogo
Prefectural Nishinomiya Hospital, Nishinomiya, Japan;
Toshinari Onishi and Katsuomi Iwakura, Sakurabashi
Watanabe Hospital, Osaka, Japan; Yoshiyuki Kijima,
Japan Community Health Care Organization,
Hoshigaoka Medical Center, Hirakata, Japan; Takashi
Kitao and Hideyuki Kanai, Minoh City Hospital, Minoh,
Japan; Wataru Shioyama and Masashi Fujita, Osaka
International Cancer Institute, Osaka, Japan; Koichiro
Harada, Suita Municipal Hospital, Suita, Japan;
Masahiro Kumada and Osamu Nakagawa, Toyonaka
Municipal Hospital, Toyonaka, Japan; Ryo Araki and
Takayuki Yamada, Otemae Hospital, Osaka, Japan;
Akito Nakagawa and Yoshio Yasumura, Amagasaki
Chuo Hospital, Amagasaki, Japan; and Taiki Sato,
Akihiro Sunaga, Bolrathanak Oeun, Hirota Kida,
Yohei Sotomi, Tomoharu Dohi, Kei Nakamoto, Katsuki
Okada, Fusako Sera, Hidetaka Kioka, Tomohito
Ohtani, Toshihiro Takeda, Daisaku Nakatani, Hiroya
Mizuno, Shungo Hikoso, and Yasushi Sakata, Osaka
University Graduate School of Medicine.

ARTICLE INFORMATION
Received March 30, 2022; accepted July 26, 2022.

Affiliations

Division of Cardiology, Osaka Rosai Hospital, Osaka, Japan (M.N., Y.E.,
S.K, H.S, KU, AK, HN., Y.M, KY., MT, N.O,, Y.M., MY., J.T); Division
of Cardiology, Osaka General Medical Center, Osaka, Japan (T.Y.); Division
of Cardiology, Amagasaki Chuo Hospital, Hyogo, Japan (Y.Y., A.N.);
Division of Cardiology, Rinku General Medical Center, Osaka, Japan (S.T.);
Cardiovascular Division, Osaka Police Hospital, Osaka, Japan (T.H.);
Department of Medical Informatics, Osaka University Graduate School
of Medicine, Suita, Japan (A.N.); Division of Cardiology, Kawanishi City
Hospital, Kawanishi, Japan (Y.N.); and Department of Cardiovascular
Medicine, Osaka University Graduate School of Medicine, Suita, Japan
(Y.S., D.N,, S.H.,, V.S)).

Acknowledgments

The authors thank all the investigators involved in the PURSUIT-HFpEF regis-
try for their dedicated contributions. The authors also thank Sugako Mitsuoka,
Masako Terui, Yasue Imagawa, Nagisa Yoshioka, Satomi Kishimoto, Kyoko

11



Nishino et al

Tatsumi, and Noriko Murakami for their excellent assistance in data collec-
tion, data management, and secretarial work.

Sources of Funding

This work was supported by Roche Diagnostics K.K. and Fujifim Toyama
Chemical Co., Ltd.

Disclosures

Daisaku Nakatani has received honoraria from Roche Diagnostics. Shungo
Hikoso has received personal fees from Daiichi Sankyo Company, Bayer,
Astellas Pharma, Pfizer Pharmaceuticals, and Boehringer Ingelheim Japan,
and grants from Roche Diagnostics, FUJIFILM Toyama Chemical, and Actelion
Pharmaceuticals. Yasushi Sakata has received personal fees from Otsuka
Pharmaceutical, Ono Pharmaceutical, Daiichi Sankyo Company, Mitsubishi
Tanabe Pharma Corporation, and Actelion Pharmaceuticals, and grants
from Roche Diagnostic, FUJIFILM Toyama Chemical, Abbott Medical Japan,
Otsuka Pharmaceutical, Daiichi Sankyo Company, Mitsubishi Tanabe Pharma
Corporation, and Biotronik. The remaining authors have no disclosures to report.

REFERENCES

1.

J Am Heart Assoc. 2022;11:e026301. DOI: 10.1161/JAHA.122.026301

Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield
MM. Trends in prevalence and outcome of heart failure with preserved
ejection fraction. N Engl J Med. 2006;355:251-259. doi: 10.1056/
NEJMo0a052256

Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B,
Clausell N, Desai AS, Diaz R, Fleg JL, et al. Spironolactone for heart
failure with preserved ejection fraction. N Engl J Med. 2014;370:1383—
1392. doi: 10.1056/NEJMoa1313731

Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M,
Brunner-La Rocca HP, Choi DJ, Chopra V, Chuquiure-Valenzuela E, et
al. Empagliflozin in heart failure with a preserved ejection fraction. N
Engl J Med. 2021;385:1451-1461. doi: 10.1056/NEJM0a2107038
Nassif ME, Windsor SL, Borlaug BA, Kitzman DW, Shah SJ, Tang F,
Khariton Y, Malik AO, Khumri T, Umpierrez G, et al. The SGLT2 inhibitor
dapagliflozin in heart failure with preserved ejection fraction: a multi-
center randomized trial. Nat Med. 2021;27:1954-1960. doi: 10.1038/
541591-021-01536-x

Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V. Regulation
of uric acid metabolism and excretion. Int J of Cardiol. 2016;213:8-14.
doi: 10.1016/j.ijcard.2015.08.109

Kuwabara M, Niwa K, Hisatome |, Nakagawa T, Roncal-Jimenez CA,
Andres-Hernando A, Bjornstad P, Jensen T, Sato Y, Milagres T, et al.
Asymptomatic hyperuricemia without comorbidities predicts car-
diometabolic diseases: five-year Japanese cohort study. Hypertension.
2017;69:1036-10444. doi: 10.1161/HYPERTENSIONAHA.116.08998
Selvaraj S, Claggett BL, Pfeffer MA, Desai AS, Mc Causland FR, McGrath
MM, Anand IS, van Veldhuisen DJ, Kober L, Janssens S, et al. Serum uric
acid, influence of sacubitril-valsartan, and cardiovascular outcomes in
heart failure with preserved ejection fraction: PARAGON-HF. Eur J Heart
Fail. 2020;22:2093-2101. doi: 10.1002/ejhf.1984

White WB, Saag KG, Becker MA, Borer JS, Gorelick PB, Whelton A,
Hunt B, Castillo M, Gunawardhana L. Cardiovascular safety of febux-
ostat or allopurinol in patients with gout. N Engl J Med. 2018;378:1200—
1210. doi: 10.1056/NEJMoa1710895

Kojima S, Matsui K, Hiramitsu S, Hisatome |, Waki M, Uchiyama K,
Yokota N, Tokutake E, Wakasa Y, Jinnouchi H, et al. Febuxostat for
cerebral and cardiorenovascular events prevention study. Eur Heart J.
2019;40:1778-1786. doi: 10.1093/eurheartj/ehz119

Fujihashi T, Sakata Y, Nochioka K, Miura M, Abe R, Kasahara S, Sato
M, Aoyanagi H, Yamanaka S, Hayashi H, et al. Prognostic impacts of
serum uric acid levels in patients with chronic heart failure: insights
from the chart-2 study. ESC Heart Fail. 2021;8:1027-1038. doi: 10.1002/
ehf2.12765

Vasan RS, Levy D. Defining diastolic heart failure: a call for standardized
diagnostic criteria. Circulation. 2000;101:2118-2121. doi: 10.1161/01.
CIR.101.17.2118

Hisatome |, Li P, Miake J, Taufig F, Mahati E, Maharani N, Utami SB,
Kuwabara M, Bahrudin U, Ninomiya H. Uric acid as a risk factor for
chronic kidney disease and cardiovascular disease - Japanese
guideline on the management of asymptomatic hyperuricemia. Cir J.
2021;85:130-138. doi: 10.1253/circj.CJ-20-0406

15.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Lowering Uric Acid Impact on Hyperuricemic HFpEF

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande
L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al.
Recommendations for cardiac chamber quantification by echocardiogra-
phy in adults: an update from the American Society of Echocardiography
and the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2015;28:1-39.e14. doi: 10.1016/j.echo.2014.10.003
Manolis AJ, Grossman E, Jelakovic B, Jacovides A, Bernhardi DC,
Cabrera WJ, Watanabe LA, Barragan J, Matadamas N, Mendiola A, et
al. Effects of losartan and candesartan monotherapy and losartan/hy-
drochlorothiazide combination therapy in patients with mild to moderate
hypertension. Losartan trial investigators. Clin Ther. 2000;22:1186—
1208. doi: 10.1016/S0149-2918(00)83062-3

Wirzner G, Gerster JC, Chiolero A, Maillard M, Fallab-Stubi CL, Brunner
HR, Burnier M. Comparative effects of losartan and irbesartan on serum uric
acid in hypertensive patients with hyperuricaemia and gout. J Hypertens.
2001;19:1855-1860. doi: 10.1097/00004872-200110000-00021

Zhang JL, Yu H, Hou YW, Wang K, BiWS, Zhang L, Wang Q, Li P, Yu ML,
Zhao XX. Impact of long-term potassium supplementation on thiazide
diuretic-induced abnormalities of glucose and uric acid metabolisms. J
Hum Hypertens. 2018;32:301-310. doi: 10.1038/s41371-018-0036-3
Ben Salem C, Slim R, Fathallah N, Hmouda H. Drug-induced hyperuri-
caemia and gout. Rheumatology (Oxford, England). 2017;56:679-688.
doi: 10.1093/rheumatology/kew293

Pascual E, Perdiguero M. Gout, diuretics and the kidney. Ann Rheum
Dis. 2006;65:981-982. doi: 10.1136/ard.2005.049023

Tseng WG, Chen YT, Ou SM, Shih CJ, Tarng DC. U-shaped associa-
tion between serum uric acid levels with cardiovascular and all-cause
mortality in the elderly: the role of malnourishment. J Am Heart Assoc.
2018;7:e007523. doi: 10.1161/JAHA.117.007523

Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular risk. N Engl
J Med. 2008;359:1811-1821. doi: 10.1056/NEJMra0800885

Davies KJ, Sevanian A, Muakkassah-Kelly SF, Hochstein P. Uric acid-
iron ion complexes. A new aspect of the antioxidant functions of uric
acid. Biochem J. 1986;235:747-754. doi: 10.1042/bj2350747

Sharaf El Din UAA, Salem MM, Abdulazim DO. Uric acid in the patho-
genesis of metabolic, renal, and cardiovascular diseases: a review. J
Adv Res. 2017;8:537-548. doi: 10.1016/j.jare.2016.11.004

Mercuro G, Vitale C, Cerquetani E, Zoncu S, Deidda M, Fini M, Rosano
GM. Effect of hyperuricemia upon endothelial function in patients at
increased cardiovascular risk. Am J Cardiol. 2004;94:932-935. doi:
10.1016/j.amjcard.2004.06.032

Saito Y, Kitahara H, Nakayama T, Fujimoto Y, Kobayashi Y. Relation of
elevated serum uric acid level to endothelial dysfunction in patients with
acute coronary syndrome. J Atheroscler Thromb. 2019;26:362-367.
doi: 10.5551/jat.45179

Nishino M, Mori N, Yoshimura T, Nakamura D, Lee Y, Taniike M, Makino
N, Kato H, Egami Y, Shutta R, et al. Higher serum uric acid and lipopro-
tein(a) are correlated with coronary spasm. Heart Vessels. 2014;29:186—
190. doi: 10.1007/s00380-013-0346-x

Ross R. Atherosclerosis--an inflammatory disease. Heart Vessels.
2014;29:186-190.

Bos MJ, Koudstaal PJ, Hofman A, Witteman JC, Breteler MM. Uric acid
is a risk factor for myocardial infarction and stroke: the Rotterdam study.
Stroke. 2006;37:1503-1507. doi: 10.1161/01.STR.0000221716.55088.d4
Zuo T, Liu X, Jiang L, Mao S, Yin X, Guo L. Hyperuricemia and coronary
heart disease mortality: a meta-analysis of prospective cohort studies.
BMC Cardiovasc Disord. 2016;16:207. doi: 10.1186/s12872-016-0379-z
Kojima S, Sakamoto T, Ishihara M, Kimura K, Miyazaki S, Yamagishi M,
Tei C, Hiraoka H, Sonoda M, Tsuchihashi K, et al. Prognostic useful-
ness of serum uric acid after acute myocardial infarction (the Japanese
acute coronary syndrome study). Am J Cardiol. 2005;96:489-495. doi:
10.1016/j.amjcard.2005.04.007

Nakamura T, Murase T, Nampei M, Morimoto N, Ashizawa N, lwanaga T,
Sakamoto R. Effects of topiroxostat and febuxostat on urinary aloumin
excretion and plasma xanthine oxidoreductase activity in db/db mice.
Eur J Pharmacol. 2016;780:224-231. doi: 10.1016/j.ejphar.2016.03.055
Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller Ol,
Sullivan ID, Lloyd JK, Deanfield JE. Non-invasive detection of endothe-
lial dysfunction in children and adults at risk of atherosclerosis. Lancet.
1992;340:1111-1115. doi: 10.1016/0140-6736(92)93147-F

Kimura K, Hosoya T, Uchida S, Inaba M, Makino H, Maruyama S, Ito S,
Yamamoto T, Tomino Y, Ohno |, et al. Febuxostat therapy for patients
with stage 3 CKD and asymptomatic hyperuricemia: a randomized trial.
Am J Kidney Dis. 2018;72:798-810. doi: 10.1053/j.ajkd.2018.06.028

12


https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1056/NEJMoa1313731
https://doi.org/10.1056/NEJMoa2107038
https://doi.org/10.1038/s41591-021-01536-x
https://doi.org/10.1038/s41591-021-01536-x
https://doi.org/10.1016/j.ijcard.2015.08.109
https://doi.org/10.1161/HYPERTENSIONAHA.116.08998
https://doi.org/10.1002/ejhf.1984
https://doi.org/10.1056/NEJMoa1710895
https://doi.org/10.1093/eurheartj
https://doi.org/10.1002/ehf2.12765
https://doi.org/10.1002/ehf2.12765
https://doi.org/10.1161/01.CIR.101.17.2118
https://doi.org/10.1161/01.CIR.101.17.2118
https://doi.org/10.1253/circj.CJ-20-0406
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/S0149-2918(00)83062-3
https://doi.org/10.1097/00004872-200110000-00021
https://doi.org/10.1038/s41371-018-0036-3
https://doi.org/10.1093/rheumatology
https://doi.org/10.1136/ard.2005.049023
https://doi.org/10.1161/JAHA.117.007523
https://doi.org/10.1056/NEJMra0800885
https://doi.org/10.1042/bj2350747
https://doi.org/10.1016/j.jare.2016.11.004
https://doi.org/10.1016/j.amjcard.2004.06.032
https://doi.org/10.5551/jat.45179
https://doi.org/10.1007/s00380-013-0346-x
https://doi.org/10.1161/01.STR.0000221716.55088.d4
https://doi.org/10.1186/s12872-016-0379-z
https://doi.org/10.1016/j.amjcard.2005.04.007
https://doi.org/10.1016/j.ejphar.2016.03.055
https://doi.org/10.1016/0140-6736(92)93147-F
https://doi.org/10.1053/j.ajkd.2018.06.028

Nishino et al

33.

34.

35.

36.

37.

38.

39.

40.

J Am Heart Assoc. 2022;11:e026301. DOI: 10.1161/JAHA.122.026301

Anker SD, Doehner W, Rauchhaus M, Sharma R, Francis D, Knosalla C,
Davos CH, Cicoira M, Shamim W, Kemp M, et al. Uric acid and survival
in chronic heart failure: validation and application in metabolic, func-
tional, and hemodynamic staging. Circulation. 2003;107:1991-1997.
doi: 10.1161/01.CIR.0000065637.10517.A0

Shimizu T, Yoshihisa A, Kanno Y, Takiguchi M, Sato A, Miura S,
Nakamura Y, Yamauchi H, Owada T, Abe S, et al. Relationship of hyper-
uricemia with mortality in heart failure patients with preserved ejection
fraction. Am J Physiol Heart Circ Physiol. 2015;309:H1123-H1129. doi:
10.1152/ajpheart.00533.2015

Kang DH, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, Truong
L, Harris R, Johnson RJ. A role for uric acid in the progression of renal
disease. J Am Soc Nephrol. 2002;13:2888-2897. doi: 10.1097/01.
ASN.0000034910.58454.FD

Paulus WJ, Tschope C. A novel paradigm for heart failure with pre-
served ejection fraction: comorbidities drive myocardial dysfunc-
tion and remodeling through coronary microvascular endothelial
inflammation. J Am Coll Cardiol. 2013;62:263-271. doi: 10.1016/j.
jacc.2013.02.092

Rush CJ, Berry C, Oldroyd KG, Rocchiccioli JP, Lindsay MM, Touyz
RM, Murphy CL, Ford TJ, Sidik N, McEntegart MB, et al. Prevalence of
coronary artery disease and coronary microvascular dysfunction in pa-
tients with heart failure with preserved ejection fraction. JAMA Cardiol.
2021;6:1130-1143. doi: 10.1001/jamacardio.2021.1825

Sinha A, Rahman H, Webb A, Shah AM, Perera D. Untangling the patho-
physiologic link between coronary microvascular dysfunction and heart
failure with preserved ejection fraction. Eur Heart J. 2021;42:4431—
4441, doi: 10.1093/eurheartj/ehab653

Pagkopoulou E, Soulaidopoulos S, Triantafyllidou E, Malliari A, Kitas
GD, Garyfallos A, Dimitroulas T. Association between uric acid and
worsening peripheral microangiopathy in systemic sclerosis. Front
Med. 2021;8:806925. doi: 10.3389/fmed.2021.806925

Nishino M, Yano M, Ukita K, Kawamura A, Nakamura H, Matsuhiro
Y, Yasumoto K, Tsuda M, Okamoto N, Tanaka A, et al. Impact of

4.

42.

43.

44,

45.

46.

47.

Lowering Uric Acid Impact on Hyperuricemic HFpEF

readmissions on octogenarians with heart failure with preserved ejec-
tion fraction: PURSUIT-HFpEF registry. ESC Heart Fail. 2021;8:2120—
2132. doi: 10.1002/ehf2.13293

Vaduganathan M, Michel A, Hall K, Mulligan C, Nodari S, Shah SJ,
Senni M, Triggiani M, Butler J, Gheorghiade M. Spectrum of epidemio-
logical and clinical findings in patients with heart failure with preserved
ejection fraction stratified by study design: a systematic review. Eur J
Heart Fail. 2016;18:54—-65. doi: 10.1002/ejhf.442

Shah SJ, Kitzman DW, Borlaug BA, van Heerebeek L, Zile MR, Kass DA,
Paulus WJ. Phenotype-specific treatment of heart failure with preserved
ejection fraction: a multiorgan roadmap. Circulation. 2016;134:73-90.
doi: 10.1161/CIRCULATIONAHA.116.021884

Ambrosy AP, Pang PS, Khan S, Konstam MA, Fonarow GC, Traver B,
Maggioni AP, Cook T, Swedberg K, Burnett JC, et al. Clinical course
and predictive value of congestion during hospitalization in patients
admitted for worsening signs and symptoms of heart failure with re-
duced ejection fraction: findings from the Everest trial. Eur Heart J.
2013;34:835-843. doi: 10.1093/eurheartj/ehs444

Solomon SD, Dobson J, Pocock S, Skali H, McMurray JJ, Granger CB,
Yusuf S, Swedberg K, Young JB, Michelson EL, et al. Influence of non-
fatal hospitalization for heart failure on subsequent mortality in patients
with chronic heart failure. Circulation. 2007;116:1482-1487. doi: 10.1161/
CIRCULATIONAHA.107.696906

Bello NA, Claggett B, Desai AS, McMurray JJ, Granger CB, Yusuf S,
Swedberg K, Pfeffer MA, Solomon SD. Influence of previous heart fail-
ure hospitalization on cardiovascular events in patients with reduced
and preserved ejection fraction. Circ Heart Fail. 2014;7:590-595. doi:
10.1161/CIRCHEARTFAILURE.113.001281

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne
C, Fonseca F, Nicolau J, Koenig W, Anker SD, et al. Antiinflammatory
therapy with canakinumab for atherosclerotic disease. N Engl J Med.
2017;377:1119-1131. doi: 10.1056/NEJMoal707914

Imazio M, Nidorf M. Colchicine and the heart. Eur Heart J. 2021;42:2745—
2760. doi: 10.1093/eurheartj/ehab221

13


https://doi.org/10.1161/01.CIR.0000065637.10517.A0
https://doi.org/10.1152/ajpheart.00533.2015
https://doi.org/10.1097/01.ASN.0000034910.58454.FD
https://doi.org/10.1097/01.ASN.0000034910.58454.FD
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.1001/jamacardio.2021.1825
https://doi.org/10.1093/eurheartj
https://doi.org/10.3389/fmed.2021.806925
https://doi.org/10.1002/ehf2.13293
https://doi.org/10.1002/ejhf.442
https://doi.org/10.1161/CIRCULATIONAHA.116.021884
https://doi.org/10.1093/eurheartj
https://doi.org/10.1161/CIRCULATIONAHA.107.696906
https://doi.org/10.1161/CIRCULATIONAHA.107.696906
https://doi.org/10.1161/CIRCHEARTFAILURE.113.001281
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1093/eurheartj

	Lowering Uric Acid May Improve Prognosis in Patients With Hyperuricemia and Heart Failure With Preserved Ejection Fraction
	METHODS
	PURSUIT-­HFpEF Registry
	Study Population
	Laboratory Measurements at Discharge
	Echocardiographic Data at Discharge
	Medications at Discharge
	Follow-­Up and End Points
	Statistical Analysis

	RESULTS
	Study Patients
	Characteristics of Study Patients
	Prognostic Factors for CE
	Impact of UA on Prognosis
	Clinical Impact of Lowering UA on Prognosis

	DISCUSSION
	Main Findings
	UA as a Prognostic Factor for HFpEF
	Impact of UA and Lowering UA on All-­Cause Mortality But Not HF Rehospitalization
	Impact of Lowering UA on HFpEF
	Correlation of NT-­proBNP and History of HF Admission to HFpEF
	Study Limitations
	Conclusions

	Appendix
	The OCVC-­Heart Failure Investigators
	Investigators

	Acknowledgments
	Sources of Funding
	Disclosures
	References


