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Methods
and results

To determine if the association between hyperuricaemia and poor outcomes in heart failure (HF) varies by chronic
kidney disease (CKD).

Of the 2645 systolic HF patients in the Beta-Blocker Evaluation of Survival Trial with data on baseline serum uric acid,
1422 had hyperuricaemia (uric acid >6 mg/dL for women and >8 mg/dL for men). Propensity scores for hyperur-
icaemia, estimated for each patient, were used to assemble a matched cohort of 630 pairs of patients with and
without hyperuricaemia who were balanced on 75 baseline characteristics. Associations of hyperuricaemia with out-
comes during 25 months of median follow-up were examined in all patients and in those with and without CKD (esti-
mated glomerular filtration rate of <60 mL/min/1.73 m?). Hyperuricaemia-associated hazard ratios (HRs) and 95%
confidence intervals (Cl) for all-cause mortality and HF hospitalization were 1.44 (1.12—1.85, P = 0.005) and 1.27
(1.02-1.58, P=0.031), respectively. Hazard ratios (95% Cls) for all-cause mortality among those with and
without CKD were 0.96 (0.70—1.31, P =0.792) and 1.40 (1.08-1.82, P = 0.011), respectively (P for interaction,
0.071), and those for HF hospitalization among those with and without CKD were 0.99 (0.74-1.33, P = 0.942)
and 1.49 (1.19-1.86, P = 0.001), respectively (P for interaction, 0.033).

Conclusion Hyperuricaemia has a significant association with poor outcomes in HF patients without CKD but not in those with
CKD, suggesting that hyperuricaemia may predict poor outcomes when it is primarily a marker of increased xanthine
oxidase activity, but not when it is primarily due to impaired renal excretion of uric acid.

Keywords Heart failure e Hyperuricaemia @ Chronic kidney disease e Outcomes

Intl"OdUCtlon eliminated via the kidneys, hyperuricaemia in HF patients without

Studies of hyperuricaemia and outcomes in heart failure (HF) are
limited by small sample size, short follow-up, lack of definitive end-
points, failure to adjust for prognostically important covariates, and
use of traditional regression-based risk adjustment.'”> Further,
little is known about whether the association between hyperuri-
caemia and poor outcomes in HF is a direct effect of uric acid
or is mediated by xanthine oxidase. Because uric acid is primarily

chronic kidney disease (CKD) may be considered primarily due
to increased production of uric acid and thus a marker of increased
xanthine oxidase activity.® On the other hand, hyperuricaemia in
patients with CKD may in large part be considered due to impaired
renal excretion of uric acid and thus not associated with increased
xanthine oxidase activity. Therefore, we hypothesized that if high
serum uric acid is associated with poor outcomes in those
without CKD but not in those with CKD, it would suggest lack
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of an intrinsic effect of high serum uric acid levels, but rather an
effect of increased xanthine oxidase activity.

In the Beta-Blocker Evaluation of Survival Trial (BEST), extensive
data on baseline characteristics including serum uric acid and
various outcomes were collected on 2708 HF patients.” The
aims of the current investigation were to (i) investigate the effect
of hyperuricaemia in a propensity-matched cohort of chronic
advanced systolic HF patients who would be well-balanced on all
measured baseline characteristics, and (ii) to gain further insight
into the mechanism of action of uric acid in HF by examining the
effect of uric acid on subgroups of patients with and without CKD.

Methods

Setting and patients

We used a public-use copy of the BEST data obtained from the
National Heart, Lung and Blood Institute (NHLBI), which had data
on 2707 patients (one patient did not consent to be included in the
public-use copy of the data). The design and results of the BEST trial
have been previously described.” Briefly, 2708 chronic advanced
(mean duration of HF, 49 months) systolic (mean left and right ventri-
cular ejection fraction, 23 and 35%, respectively) HF patients from the
USA and Canada were randomized to receive bucindolol or placebo
between 1995 and 1998. All patients had New York Heart Association
class llI=IV symptoms and over 90% were receiving an angiotensin-
converting enzyme (ACE) inhibitor, loop diuretic, and digitalis.

Baseline hyperuricaemia

Data on baseline serum uric acid were available from 2645 (98%)
patients and 1422 (54%) had hyperuricaemia defined as serum uric
acid of >6 mg/dL for women and >8 mg/dL for men. There is no
standard definition for hyperuricaemia in advanced systolic HF and
values >7 mg/dL have been used to define hyperuricaemia in men
with mild to moderate HF.2™'® Therefore, we used a cut-off of
>8 mg/dL to define high serum uric acid for men, and used a 25%
lower cut-off of >6 mg/dL for women.""

Outcomes

Primary outcomes were all-cause mortality and HF hospitalization
during 25 months of median follow-up (range, 0.03—50 months). Sec-
ondary outcomes were cardiovascular mortality, HF mortality, sudden
cardiac death, and all-cause hospitalization, and combined endpoint of
HF hospitalization or all-cause mortality. All outcomes in BEST were
centrally adjudicated.

Assembly of study cohort

To reduce significant imbalances in baseline characteristics between
patients with and without hyperuricaemia (Table 7), we used propen-
sity score matching to assemble a balanced cohort. The propensity
score for hyperuricaemia for a patient would be that patient’s prob-
ability of having hyperuricaemia based on his/her measured baseline
characteristics. We estimated propensity scores for hyperuricaemia
for each of the 2645 patients, using a non-parsimonious multivariable
logistic regression model.’"* In the model, hyperuricaemia was the
dependent variable and 75 baseline characteristics displayed in
Figure 1 were used as covariates. We then used a greedy matching pro-
tocol to match 630 pairs of patients with and without hyperuricaemia
who had similar propensity scores."'> Because propensity score
models are sample-specific adjusters and are not intended to be
used for out-of-sample prediction or estimation of coefficients,

measures of predictive fitness and discrimination are not important
for assessment of the model’s effectiveness. Instead, the model’s effec-
tiveness is best assessed by its ability to balance covariates between
the groups. As such we estimated absolute standardized differences,
expressed as a percentage of the pooled standard deviations, to
assess post-match balance and presented them as a Love plot
(Figure 1). An absolute standardized difference of 0% indicates no
residual bias and values <10% are generally considered
inconsequential.

Statistical analysis

Baseline characteristics of patients with and without high serum uric
acid were compared using Pearson’s x? test and Mann—Whitney test
(pre-match) and McNemar and paired-sample t-test (post-match) as
appropriate. We used Kaplan—Meier and matched Cox regression ana-
lyses to determine association of hyperuricaemia with all-cause mor-
tality and HF hospitalization. Formal sensitivity analysis was
performed to quantify the degree of a hidden bias that would need
to be present to invalidate those associations.'® To determine hom-
ogeneity of associations of hyperuricaemia with outcomes we repeated
our analysis in subgroup of patients including those with and without
CKD, defined as estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m2."”"® Overall, 982 patients had CKD, who had a
mean eGFR of 46 mL/min/1.73 m”. The mean eGFR for the 1662
patients without CKD was 83 mL/min/1.73 m?. All data analyses
were performed using SPSS-15 for Windows.'® All P-values were two-
sided and P < 0.05 was regarded as statistically significant.

Results

Patient characteristics

Patients (n = 1260) had a mean (+SD) age of 60 (+ 12) years,
19% were women, and 22% were African Americans. Before
matching, patients with hyperuricaemia were more likely to be
women and African-American. However, overall those with hyper-
uricaemia had longer mean duration of HF with a higher burden of
HF symptoms and lower mean left and right ventricular ejection
fraction (Table 7). They also had higher prevalence of comorbid-
ities such as hypertension and CKD. These and other pre-match
imbalances in baseline characteristics were balanced after matching
(Table 1 and Figure 1). The mean (£ SD) serum uric acid levels for
matched patients with and without hyperuricaemia were 9.2
(£1.6) and 6.3 (+1.2) mg/dL, respectively (P < 0.001). The
median (interquartile range) of serum uric acid for matched
patients with and without hyperuricaemia were 8.9 (8.3-10.1)
and 6.5 (5.5-7.4), respectively. All post-match absolute standar-
dized differences were <10% and were <5% for 67 of the 75
baseline characteristics, suggesting substantial bias reduction
(Figure 1).

Hyperuricaemia and mortality

All-cause mortality occurred in 33 and 28% of patients with and
without hyperuricaemia [hazard ratio (HR) when hyperuricaemia
was compared with normouricemia, 1.44; 95% confidence interval
(Cl), 1.12-1.85; P = 0.005; Table 2 and Figure 2A]. In the absence of
a hidden bias, a sign-score test for matched data with censoring
provides evidence (P = 0.005) that patients without hyperuricae-
mia clearly outlived those with hyperuricaemia. An unmeasured
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Table | Baseline patient characteristics by high uric acid before and after propensity matching

n (%) or median Before propensity matching After propensity matching
(interquartile range) Normal uric acid®  High uric acid®  P-value Normal uric acid® High uric acid®  P-value
(n =1223) (n =1422) (n =630) (n =630)
Age, years 61 (18) 61 (18) 0.775 61 (19) 62 (17) 0.411
Female 162 (13) 417 (29) <0.001 121 (19) 122 (19) 1.000
African American 199 (16) 416 (29) <0.001 141 (22) 137 (22) 0.834
Current smoker 248 (20) 214 (15) <0.001 106 (17) 108 (17) 0.937
Body mass index, kg/m? 35 (10) 35 (10) 0.525 35 (10) 36 (10) 0.567
Past medical history
Months of heart failure 33 (53) 39 (61) <0.001 36 (60) 33 (61) 0.799
Coronary artery disease 733 (60) 824 (58) 0.300 365 (58) 380 (60) 0.383
Coronary bypass surgery 347 (28) 415 (29) 0.646 183 (29) 183 (29) 1.000
Percutaneous coronary 192 (16) 221 (16) 0911 101 (16) 95 (15) 0.701
interventions
Angina pectoris 664 (54) 698 (49) 0.008 309 (49) 331 (53) 0.230
Hypertension 670 (55) 893 (63) <0.001 362 (58) 369 (59) 0.739
Diabetes mellitus 419 (34) 524 (37) 0.166 221 (35) 223 (35) 0.953
Hyperlipidaemia 560 (46) 582 (41) 0012 272 (43) 276 (44) 0.863
Atrial fibrillation 267 (22) 372 (26) 0.010 142 (23) 150 (24) 0.646
Peripheral arterial disease 183 (15) 244 (17) 0126 93 (15) 107 (17) 0.319
Chronic kidney disease 289 (24) 693 (49) <0.001 197 (31) 200 (32) 0.898
Medications
Bucindolol 614 (50) 710 (50) 0.888 308 (49) 314 (50) 0.781
ACE inhibitors 1176 (96) 1375 (97) 0456 607 (96) 607 (96) 1.000
Digitalis 1117 (91) 1319 (93) 0.176 575 (91) 580(92) 0.691
Diuretics 1068 (87) 1399 (98) <0.001 612 (97) 611 (97) 1.000
Vasodilators 499 (41) 657 (46) 0.005 276 (44) 265 (42) 0.576
Anti-arrhythmic drugs 36 (3) 37 (3) 0.593 17 (3) 14 (2) 0.711
Anti-coagulants 695 (57) 834 (59) 0.344 347 (55) 358 (57) 0.578
Allopurinol 148 (12) 86 (6) <0.001 60 (10) 62 (10) 0.922
Heart rate per minute 80 (16) 80 (20) <0.001 80 (16) 80 (17) 0.795
Systolic blood pressure, mmHg 118 (24) 112 (24) <0.001 116 (24) 115 (26) 0.655
Diastolic blood pressure, 70 (16) 70 (17) <0.001 70 (16) 70 (16) 0.615
mmHg
New York Heart Association 1142 (93) 1285 (90) 0.005 584 (93) 579 (92) 0.791
class IlI
Clinical findings
Elevated jugular venous 498 (41) 712 (50) <0.001 272 (43) 294 (47) 0.240
pressure
Pulmonary rales 147 (12) 207 (15) 0.056 84 (13) 86 (14) 0.934
S3 gallop 457 (37) 691 (49) <0.001 263 (42) 273 (43) 0.598
Lower extremity oedema 292 (24) 423 (30) 0.001 160 (25) 163 (26) 0.897
Pulmonary oedema by chest 113 (9) 184 (13) 0.003 69 (11) 81 (13) 0.342
X-ray
Cardiomegaly by chest X-ray 831 (68) 1167 (44) <0.001 468 (74) 472 (75) 0.838
Laboratory values
Uric acid, mg/dL 6.3 (2.0) 9.3 (2.4) <0.001 6.5 (1.9) 9.3 (24) <0.001
Creatinine, mg/dL 1.1 (04) 1.3 (0.6) <0.001 1.1 (0.5) 12 (04) 0.791
Potassium, mEq/L 4.3 (0.5) 4.3 (0.7) <0.001 4.3 (0.6) 4.3 (0.6) 0.644
Magnesium, mg/dL 1.7 (0.2) 1.8 (0.3) 0.001 1.8 (0.3) 1.8 (0.2) 0.285
BUN, mg/dL 18 (8) 24 (17) <0.001 19 (11) 20 (11) 0.600

Continued
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Table | Continued

n (%) or median
(interquartile range)

Before propensity matching

Normal uric acid®

(n =1223) (n = 1422)
Plasma norepinephrine 459 (249) 492 (240)
Haemoglobin, g/dL 14 (3) 14 (2)
MUGA scan
LVEF, % 24 (11) 22 (11)
RVEF, % 35 (13) 34 (13)

High uric acid®

After propensity matching

P-value Normal uric acid® Highuricacid®(n  P-value
(n = 630) = 630)

<0.001 459 (276) 481 (238) 0.423

<0.001 14 (3) 14 (2) 0.832

<0.001 23 (11) 24 (11) 0.654

<0.001 34 (12) 34 (13) 0.423

*Normal uric acid is defined as serum uric acid of <6 mg/dL for women and <8 mg/dL for men.
PHigh uric acid is defined as serum uric acid of >6 mg/dL for women and >8 mg/dL for men.
ACE, angiotensin converting enzyme; BUN, blood urea nitrogen; LVEF, left ventricular ejection fraction; MUGA, multi gated acquisition scan; RVEF, right ventricular ejection

fraction.

Age

Female

African American

Current smoker

Heart failure duration

Coronary artery disease

Angina pectoris

Positive exercise test

Positive stress perfusion |

Coronary stenosis >70% |

Coronary bypass surgery _|

Percutaneous coronary intervention _|

Hypertension _|

Diabetes mellitus _|

Hyperlipidemia _|

Atrial fibrillation |

Ventricular fibrillation |

Peripheral vascular disease _|

Thromboembolic disease |

Chronic kidney disease |
Valve replaced

Aneurismectomy |

Pacemaker 7

Ablation

Implanted cardio defibrillator

Bucindolol

ACE inhibitors or ARB
Digitalis

Diuretics

Vasodilators
Antiarrhythmics
Anticoagulants
Allopurinol
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Diastolic blood pressure
Body mass index
Jugular venous distension
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Figure | Absolute standardized differences before and after propensity score matching comparing covariate values for patients with normal
and high levels of uric acid. ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; NYHA, New York Heart Association.

covariate that is a near-perfect predictor of mortality could poten-
tially explain away this association if it would increase the odds of
hyperuricaemia by 1.1%. Pre-match association between hyperur-
icaemia and all-cause mortality is displayed in Table 2. The associ-
ations of hyperuricaemia with cause-specific mortalities are
displayed in Table 3.

Hyperuricaemia and hospitalization

Hospitalization due to worsening HF occurred in 42 and 35% of
patients with and without hyperuricaemia, respectively (HR

when hyperuricaemia is compared with normouricaemia, 1.27;
95% Cl, 1.02-1.58; P=0.031; Table 2 and Figure 2B). In the
absence of a hidden bias, a sign-score test for matched data
(P=10.031) that
patients without hyperuricaemia clearly had fewer HF hospitaliz-

with censoring provided strong evidence
ation than those with hyperuricaemia. An unmeasured covariate
that is a near-perfect predictor of HF hospitalization could
potentially explain away this association if it would increase
the odds 1.00%. The
between  hyperuricaemia and HF

of hyperuricaemia by association

hospitalization ~ was
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Table 2 Association of hyperuricaemia with all-cause mortality and heart failure hospitalization, before and after

propensity-score matching

Events (%)

n=1223
312 (26%)
390 (32%)

n=1422
530 (37%)
634 (45%)

Before matching
All-cause mortality
Heart failure hospitalization

After matching
All-cause mortality 179 (28%)

220 (35%)

209 (33%)

Heart failure hospitalization 264 (42%)

Absolute risk Hazard ratio P-value
difference (%)* (95% confidence interval)

+11 1.65 (1.44-1.90) <0.001

+13 1.68 (1.48-1.91) <0.001

+5 144 (1.12-1.85) 0.005

+7 1.27 (1.02-1.58) 0.031

“Absolute differences in event rates were calculated by subtracting the event rates in the high uric acid group from the event rates in the normal uric acid group (before values

were rounded).

®Normal uric acid is defined as serum uric acid of <6 mg/dL for women and <8 mg/dL for men.
“High uric acid is defined as serum uric acid of >6 mg/dL for women and >8 mg/dL for men.

A 0.6 -
] 0.5
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T w -~
2 3 0.3 “~ Normal
E ‘=; 02 ; / uric acid
[=]
2 HR (95% CI) =
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0.0 P=0.005

T T T

0 12 24 36 48
Follow-up (months)

Number of patients at risk
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Hyperuricaemia 630 500 304 140 14

B =} 0.6
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3 = yp —
c - ~
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o e - .+~ uric acid
8¢ 03
T g 027
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@ 0.1 1.27 (1.02-1.58);
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T 001
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0 12 24 36 48
Follow-up (months)

Number of patients at risk
MNormal uric acid 630 404 259 103 7
Hyperuricaemia 630 381 194 80 9

Figure 2 Kaplan—Meier plots for (A) all-cause mortality and (B)
heart failure hospitalization. Cl, confidence interval; HR, hazard
ratio.

homogenous across other subgroups of patients (Figure 3).

Pre-match  association between hyperuricaemia and HF
hospitalization is displayed in Table 2. The association of
hyperuricaemia with all-cause hospitalization is displayed in

Table 3.

Effect modification by chronic kidney
disease

Overall, 397 (32%) patients had CKD. The mean (+SD) serum
uric acid levels for matched patients with and without CKD
were 8.0 (+2.0) and 7.7 (£ 2.0) mg/dL, respectively (P = 0.005).
Among patients without CKD, all-cause mortality occurred in 30
and 23% of those with and without hyperuricaemia (HR for hyper-
uricaemia, 1.40; 95% Cl, 1.08—-1.82; P = 0.011; Figure 4). Among
those with CKD, 41 and 40% of patients with and without hyper-
uricaemia died, respectively (HR for hyperuricaemia, 0.96; 95% Cl,
0.70-1.31; P=0.792; P for interaction = 0.072; Figure 4). Similar
associations were noted for cardiovascular mortality (data not
shown).

Heart failure hospitalization occurred in 41 and 31% of
non-CKD patients with and without hyperuricaemia (HR for
hyperuricaemia, 1.49; 95% Cl, 1.19-1.86; P = 0.001) and 45 and
43% of CKD patients with and without hyperuricaemia (HR for
hyperuricaemia, 0.99; 95% ClI, 0.74-1.33; P=0.942; P for
interaction = 0.033; Figure 3). The combined endpoint of HF hos-
pitalization or all-cause mortality occurred in 54 and 43% of
non-CKD patients with and without hyperuricaemia (HR for
hyperuricaemia, 1.44; 95% Cl, 1.18—1.74; P < 0.0001) and 62 and
59% of CKD patients with and without hyperuricaemia (HR for
hyperuricaemia, 0.99; 95% CI, 0.77-1.28; P=0.955 P for
interaction = 0.024; data not shown). The association between
hyperuricaemia and outcomes were generally homogeneous
across other subgroups of patients (Figures 3 and 4).

Discussion

Findings from the current analysis demonstrate that hyperuricae-
mia was common in patients with advanced chronic systolic HF
and was associated with increased mortality and hospitalization
in these patients. However, these associations were only observed
in patients without CKD but not in those with CKD, despite a
higher mean serum uric acid level among the latter group.
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Table 3 Association of hyperuricaemia with other outcomes in propensity-matched patients

Events (%) Absolute risk  Hazard ratio P-value

........................................................................ 'ff o/\a Oy f' H

Normal uric acid® (n = 630)  High uric acid® (n — 630) ierence (%)°  (95% confidence interval)
Cardiovascular mortality 153 (24%) 178 (28%) +4 1.48 (1.13-1.95) 0.005
Heart failure mortality 53 (8%) 61 (10%) +2 141 (0.86-2.31) 0.175
Sudden cardiac death 84 (13%) 96 (15%) +2 144 (1.01-2.05) 0.042
All-cause hospitalization 380 (60%) 415 (66%) +6 123 (1.03-1.48) 0.023

*Absolute differences in event rates were calculated by subtracting the event rates in the high uric acid group from the event rates in the normal uric acid group (before values

were rounded).

®Normal uric acid is defined as serum uric acid of <6 mg/dL for women and <8 mg/dL for men.
“High uric acid is defined as serum uric acid of >6 mg/dL for women and >8 mg/dL for men.

Total patients

Normal uric acid

High uric acid Hospitalization due to

(n=1260) (n=630) (n=630) heart failure P-value
Number of events/  Number of events/ Hazard ratio Effect Interacti
number at risk (%)  number at risk (%) Ebetter I worse > {95% Cl) ® reiasien
Age (years) ,
<65 (n=745) 130/378(34.4%)  148/367 (40.3%) 130(1.03-164) 0030 (439
>65(n=515) 90/252(35.7%)  116/263(41.1%) : 128(0.97-1.69)  0.078 :
Sex i
Men (n=1017) 186/509(36.5%)  212/508 (41.7%) O 1.24(1.02-1.51)  0.032
Women (n=243) 34,121 (28.1%) 52/122 (42.6%) 44— 160(1.04-247)  0.033 0.255
African-American :
No(n=982) 171/489(35.0%) 200/ 493 (40.6 %) O .22(0.99-1.49)  0.059 0.180
Yes(n=278) 497141 (34.8%) 64/ 137 (46.7%) 'F—4——  166(1.14-2.42)  0.008 :
Body mass index (kg/m? :
18.5-34.9(n=606) 103 /306(33.7%)  135/300 (45.0%) b et 1.46(1.13-1.88)  0.004 5565
235(n=654) 117/324(36.1%)  129/330(39.1%) i 1.17(0.91-1.50)  0.228 :
Coronary artery disease l
No(n=518) 89 /267 (33.3%) 89/ 251(35.5 %) =O—i 1.17(0.87-1.57)  0.300 -
Yes(n=742) 131/363(36.1%)  175/379 (46.2%) — 1.36(1.09-1.71)  0.007 :
Hypertension !
No(n=529) 94/268(35.1%)  105/261(40.2 %) = 1.24(0.94-1.64)  0.129 s
Yes(n=731) 126/362(34.8%)  159/369(43.1%) —p— 1.35(1.07-1.71)  0.012 -
Diabetes mellitus !
No(n=816) 131/409 (32.0%) 164/ 407 (40.3%) Ot 134(1.07-1.69)  0.012
Yes(n=444) 89/221(40.3%) 100/ 223 (44.8%) i 1.24(0.93-1.65) 0140 0666
Chronic kidney disease X
No(n=863) 135/433(31.2%)  175/430(40.7%) L Ot 1.49(1.19-1.86)  0.001 diis
Yes(n=397) 85/197(43.1%)  89/200 (44.5%) — 0.99(0.74-133)  0.942 -
Vo n=638) 120/322 (37.3%) /316 (48.4 %) Ot
No(n=638) 120/322(37.3%)  153/316(484% ' 1.41(1.11-1.79)  0.005
Yes(n=622) 100/308(32.5%)  111/314(35.4%) = 117(0.90-1.54)  0.245 0.323
Left ventricular ejection fraction (% 126 402 (31.3%) 164/ 407 (40.3 %) . )
20 (n=809 : i Ot 1.38(1.09-1.74)  0.007
<20(n=451) 94/228(a12%)  100/223(44.8%) —— 121(091-160) 0185 0493

05 1.0 15 2.0 25
HR (95% CI)

Figure 3 Association of hyperuricaemia and heart failure hospitalization in subgroups of matched patients. Cl, confidence interval; HR, hazard

ratio.

Because patients without CKD are expected to have normal renal
clearance of uric acid, hyperuricaemia in those patients is likely pri-
marily due to increased production and thus a marker of increased
xanthine oxidase activity. In patients with CKD, on the other hand,
hyperuricaemia could be both due to impaired renal clearance and
increased production. The significant association of hyperuricaemia
with poor outcomes, when hyperuricaemia is primarily due to

increased production, suggests that hyperuricaemia may predict
poor outcomes only when it is a marker of increased xanthine
oxidase activity. These findings are important as they may
provide important insights into the complex association between
elevated serum uric acid levels and poor outcomes in HF.

As the association between hyperuricaemia and poor outcomes
was observed in a cohort of propensity-matched patients who
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Total patients  Normal uric acid High uric acid
(n=1260) (n=630) (n=630)
Number of events/  Number of events/
number at risk (%) number at risk (%)
Age (years)
<65 (n=745) 90/378 (23.8%) 100/ 367 (27.2 %)
>65(n=515) 89 /252 (35.3%) 109 / 263 (41.4%)
Sex
Men (n=1017) 153 /509 (30.1% 178/ 508 (35.0%)
Women (n=243) 26/121(21.5%, 31/122(25.4%)

African-American

No (n=982) 144 /489 (29.4%) 162 / 493 (32.9 %)
Yes (n=278) 35/141(24.8%) 47 /137 (34.3%)
Body mass index (kg/m?)
18.5-34.9 (n=606) 105 /306 (34.3%) 109 / 300 (36.3 %)
235 (n=654) 74/324(22.8%) 100/ 330 (30.3%)
Coronary artery disease
No (n=518) 60/ 267 (22.5%) 59/ 251 (23.5 %)
Yes (n=742) 119/ 363 (32.8%) 150/ 379 (39.6%)
Hypertension
No (n=529) 74/ 268 (27.6%) 87 /261(33.3%)
Yes (n=731) 105/362(29.0%) 122 /369 (33.1%)
Diabetes mellitus
No (n=816) 114/409(27.9%) 133/407 (32.7%)
Yes (n=444)  65/221(29.4%) 76 /223 (34.1%)
Chronic kidney disease
No (n=863) 100/433(23.1%) 128/430(29.8 %)
Yes (n=397) 79/157 (40.1%) 81/200(40.5%)
Bucindolol
No (n=638) 99/322(30.7%) 110/ 316 (34.8 %)
Yes (n=622) 80 /308 (26.0%) 99/314 (31.5%)
Left ventricular ejection fraction (%
220 (n=809) 99/402(24.6%) 122/ 407 (30.0 %)
<20 (n=451) 80/ 228(35.1%) 87/223(39.0%)

Mortality due to

all causes P-value
Hazard ratio Effect  Interaction
better| worse (95% Cl)
Ot 1.24(0.94-1.65)  0.134
e 115(0.87-152) 0344 0713
b 1.23(0.99-1.52)  0.065
»—f?"—. 1.22(0.73-2.06)  0.453 0283
RO~ 1.14(0.91-1.42)  0.266
—4——  161(1.04-250) 0033 0.164
==t 1.11(0.85-1.45)  0.461
—— 1.39(1.03-1.88)  0.030 0.273
1.16(0.81-1.66)  0.417
'_&' 1.20(0.95-1.53)  0.130 0.854
: 1.25(0.92-1.70)  0.158
@—_a' 1.20(0.93-1.56)  0.167 0839
m 1.21(0.94-1.56)  0.133 0.916
: 1.25(0.89-1.74)  0.195 :
== 1.40(1.08-1.82)  0.011
— 0.96(0.70-131) 0792 0072
= 1.17(0.90-1.54 0.247
At 1.29 {o.95-1.73 0.094 0.644
- 1.25(0.96-1.62)  0.104
1.21(0.90-1.65)  0.210 0.920

Tt T T T
05 10 15 20 25
HR (95% CI)

Figure 4 Association of hyperuricaemia and all-cause mortality in subgroups of matched patients. Cl, confidence interval; HR, hazard ratio.

were balanced on 75 baseline characteristics, it is tempting to con-
clude that hyperuricaemia may have an intrinsic association with
poor outcomes. However, the observed association of hyperuri-
caemia with poor outcomes in those without CKD, but not in
those with CKD, suggests a more complex relationship and may
provide possible mechanistic insights into the effect of uric acid.
Uric acid is produced as an end product of purine catabolism by
xanthine oxidase and is excreted through the kidneys.z'6 There-
fore, serum uric acid levels can be elevated as a result of either
an increased production, or an impaired renal excretion, or a com-
bination thereof. Because uric acid excretion involves renal blood
flow, glomerular filtration, and tubular secretion and reabsorption,
it is possible that renal excretion of uric acid may be impaired even
in the presence of normal GFR. However, findings from our pre-
match cohort suggest that CKD was significantly associated with
both higher prevalence and greater severity of hyperuricaemia.
The prevalence of hyperuricaemia was higher (71 vs. 44% for
those without CKD; P < 0.001) and the mean serum uric acid
level was also higher (9.0 vs. 7.6 mg/dL for those without CKD;
P < 0.001) among those with CKD. Therefore, patients with
CKD had a higher degree of impairment in renal excretion of
uric acid.

Because hyperuricaemia in HF patients without CKD is likely to
be primarily due to an increased production of uric acid, any effect
of hyperuricaemia in these patients might be either a direct effect

of uric acid or that of xanthine oxidase. Hyperuricaemia in HF
patients with CKD, on the other hand, is additionally caused by
an impaired renal excretion of uric acid. Yet, despite having a sig-
nificantly higher mean serum uric acid level, hyperuricaemia had no
association with outcomes in those with CKD. However, when
hyperuricaemia is a marker of increased xanthine oxidase activity,
it predicts poor outcomes, thus highlighting a potential mechanistic
role of xanthine oxidase. Xanthine oxidase is known to generate
free oxygen radicals and cause inflammation and oxidative
stress. 2072 Although the role of xanthine oxidase in HF is not
clearly established, its inhibition has been shown to improve myo-
cardial energetics and left ventricular function in both animal
models and human HF.2*~%" On the other hand, a reduction in
the serum uric acid level without also reducing the xanthine
oxidase activity has not been shown to improve haemodynamic
impairment in HF.?® Interestingly, xanthine oxidase inhibition has
not been shown to improve outcomes in HF pa’cients.29

The findings of the current study are consistent with our recent
findings from the Cardiovascular Health Study in community-
dwelling older adults.®® In that study, hyperuricaemia-associated
increased risk of incident HF was significant only in those
without CKD, but not in those with CKD.>° Although this
difference was not statistically significant, in that study, the
hyperuricaemia-associated increase in incident HF was only
observed in those with normal serum insulin levels, but not in
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those with hyperinsulinaemia, a difference that was statistically sig-
nificant.3" As in CKD, renal excretion of uric acid has been shown
to be impaired in those with hyperinsulinaemia.**~>” These find-
ings are also consistent with findings from the Atherosclerosis
Risk In Communities study, in which hyperuricaemia was associ-
ated with poor outcomes among those without CKD but not in
those with CKD.*® Cumulative data from these studies suggest
that hyperuricaemia may be associated with adverse cardiovascular
outcomes when it is a marker of increased xanthine oxidase
activity but not when it is caused by impaired renal elimination
of uric acid.

To the best of our knowledge, this is the first report of inter-
actions between serum uric acid and CKD on major natural
history endpoints in a relatively large propensity-matched popu-
lation of advanced chronic systolic HF patients, who were well-
balanced in 75 measured baseline covariates. These findings
have several important clinical and public health implications.
Given the high prevalence of CKD in HF, serum uric acid may
not be an efficient predictor of poor outcomes in an unselected
population of HF patients. However, our data suggests that
serum uric acid may be used to risk-stratify HF patients
without CKD. While the use of inhibitors of xanthine oxidase
may improve endothelial function and peripheral vasodilator
capacity, currently there is no evidence that their use improves
outcomes in HF2#2¢2%3%40 One potential explanation for this
may be that CKD is common in HF and hyperuricaemia in the
presence of CKD may not represent enhanced xanthine
oxidase activity. Whether the use of inhibitors of xanthine
oxidase in HF patients without CKD will improve outcomes
remains to be seen. In the absence of such evidence, drugs
such as allopurinol should not be routinely used to treat asymp-
tomatic hyperuricaemia in unselected HF patients.

Our study has several limitations. Participants in the BEST trial
were relatively young, predominantly male patients with advanced
HF which may limit generalizability. Loss of patients in the matching
process may have compromised external validity. However, it is
likely to have enhanced internal validity as these patients were
balanced on 75 demographic, clinical, subclinical, and biochemical
variables. Further, we were able to replicate our key findings in
all patients using traditional multivariable and propensity score
adjustments. Our sensitivity analysis demonstrated that the associ-
ation of high serum uric acid and HF hospitalization in our matched
cohort may be modestly sensitive to an unmeasured binary covari-
ate. However, sensitivity analysis cannot determine if any such cov-
ariate exists or not. Further, for any unmeasured covariate to be a
confounder it must be a near-perfect predictor of outcome and
not be strongly correlated with any of the covariates used in the
propensity model. Patients with normal serum uric acid at baseline
may have developed hyperuricaemia during follow-up and those
with hyperuricaemia may have received therapy with allopurinol.
However, this regression dilution is known to underestimate
true associations.”’

In conclusion, although hyperuricaemia had unadjusted associ-
ations with poor outcomes in patients with advanced chronic sys-
tolic HF, these associations did not appear to be intrinsic in nature.
Although hyperuricaemia was greater in those with CKD than in
those without, it had no association with outcomes in those with

CKD but was associated with poor outcomes in those without
CKD. These findings suggest that hyperuricaemia may predict
poor outcomes when it is primarily a marker of increased xanthine
oxidase activity, but not when it is primarily due to impaired renal
excretion of uric acid. Future studies need to determine if inhibiting
xanthine oxidase activity may improve outcomes in HF patients
without CKD.
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