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Hyperuricemia Associated With
High Cardiac Event Rates in the
Elderly With Chronic Heart Failure
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Objectives. Congestive heart failurel CHFOs the major cause of death and hospitalization in the elderly
population. Simple markers that can be measured anywhere at low cost are necessary to identify patients at
high risk. Recent studies have reported that hyperuricemiais a prognostic marker for CHF. However, it is
not yet known whether serum levels of uric acid may provide prognostic information in the elderly popula-
tion. Therefore, this study tried to identify the clinical characteristics of elderly CHF patients H 70 years(]
in our institution and to evaluate whether uric acid levels can effectively estimate the prognosis for elderly
CHF patients.

Methods and Results. Uric acid levels were analyzed in 247 CHF patients, and patients were followed
up for 451+ 235 daysl mean+ SD[ Elderly CHF patients agedH 70 years 123 patientsChad higher rate
of hypertension, lower current smoking rate and higher uric acid levels than those agedD 70 yearS 124
patientsC] There were 72 cardiac events including cardiac deaths and readmissions for worsening CHF.
Multivariate analysis with the Cox proportional hazard model showed that uric acid was the only indepen-
dent predictor of cardiac event$] hazard ratio 1.544, 95% confidence interval 1.2150 2.582, pd 0.0001C0n
the elderly with CHF. The highest quartile of uric acid level was associated with the highest risk of cardiac
eventS a 4.45-fold compared to the lowest quartilel] Kaplan-Meier analysis revealed that uric acid levels
effectively risk stratified elderly CHF patients for cardiac events.

Conclusions. These findings suggest that measurement of uric acid levelsin elderly CHF patients may
add valuable prognostic information to predict cardiac events.
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INTRODUCTION

Chronic heart failurel CHFCs the leading cause
of death and hospitalization among elderly patients,
and the incidence of CHF increases with advancing
age'” *". CHF is accompanied by various pathophys-
iological changes which trigger disease progres-
sion, and deterioration of ventricular function is
still common in elderly patients with CHF®'™",
Although the current therapy for CHF such as
angiotensin-converting enzyme inhibitors and3 -
blockers can relieve symptoms and prolong life, the
incidence, readmission rate and mortality are till
increasing beacause of the aging of the popula-
tion® 2. The frequent coexistence of co-morbid ill-
ness and psychosocial issues in older patients often
makes diagnosis and management difficult, and
prognostic parameters of elderly patients with CHF
have not been definitely identified. Therefore,
objective parameters are needed to diagnose and
assess the severity of CHF in elderly patients.

A number of parameters are useful to predict
prognosis of patients with CHF**"", However,
many modern markers are used only for research
purposes and are not widely available in routine
clinical practice. Several studies have recently
shown that serum level of uric acid is a promising
marker for prognosis in CHF patients'®*". In addi-
tion, hyperuricemia is related to impaired oxidative
metabolism and vascular dysfunction in CHF? %',

The present study tried to clarify the clinical
characteristics and prognosis of elderly CHF
patients in our institution, and to assess whether
uric acid levels can effectively estimate prognosis
in elderlyl § 70 yearsLCHF patients. Serum uric
acid levels were measured at admission and the
association with subsequent cardiac events was
assessed in 247 consecutive patients hospitalized
for chronic heart failure.

SUBJECTSAND METHODS

Study design

We prospectively studied 247 consecutive
patients who had been admitted for the treatment of
worsening chronic heart failure, or for diagnosis
and pathophysiological investigations, or therapeu-
tic evaluations of heart failure from April 1996 to
February 2005. Informed consent was obtained
from all patients before participation in this study,
and the protocol was approved by the Human
Investigations Committee of our institution.

The diagnosis of heart failure was based on ahis-
tory of dyspnea and symptomatic exercise intoler-
ance with signs of pulmonary congestion or periph-
eral edema, or documentation of left ventricular
enlargement or dysfunction by chest radiography,
echocardiography, or radionuclide ventriculogra-
phy. Baseline characteristics of the patients are pre-
sented in Table 1. Definite hypertension was
defined as self-reported hypertension and systolic
blood pressurel] 140mmHg or diastolic blood
pressured 90mmHg, or patients received antihy-
pertensive treatment. A diagnosis of diabetes and
hyperlipidemia were obtained from medical records
or patient history.

Venous blood samples were obtained at admis-
sion, and two-dimensional echocardiography was
performed by experts unaware of patient character-
istics within 1 week after admission. Attending
physicians were kept unaware of the results of the
biochemical markers, and optimal medica therapy
was performed independently based on measure-
ments such as improvement in symptoms, physical
examination findings, and pulmonary congestion on
chest radiography#-,

End-pointsand follow-up

No patients were lost to follow-up mean follow-
up 451+ 235 days, range 5 to 1,080 dayslafter
admission to Yamagata University Hospital. Events
were adjudicated using medical records, electrocar-
diograms, chest radiographs, autopsy reports, death
certificates, and witness statements**#". The end-
points, which were judged independently by
researchers, were cardiac death, defined as death
from worsening heart failure or sudden cardiac
death, and worsening heart failure requiring read-
mission. Sudden cardiac death was defined as death
without definite premonitory symptoms or signs
and was established by the attending physician.

Statistical analysis

Results are presented as the mean+ SD value
for continuous variables and as the percentage of
total patients for categorical variables. The inde-
pendent samples t-test and chi-sguare test or linear
regression analysis were used for comparison of
continuous and categorical variables, respectively.
p valuesd 0.05 were considered statistically signif-
icant. Cox proportional hazard analyses were per-
formed to determine the independent predictor of
cardiac events for the entire population.
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Table 100 Clinical characteristics of 247 patients with chronic heart failure

H 70yearsold 0 70 yearsold

0O nO 1230 0 nO 1240
Agél yrQ 77+ 59 57+ 11
Sekl male/female] 59/64 84/40
NYHA functional clas&] O /0 /0 /0 0 17/50/41/15° 43/49/29/3
Hypertension 6171 54V 581 430
Diabetes mellitus 241 200 38270
Hyperlipidemia 20) 160 291 230
Current smoking 10 1409 391 310
Etiology of chronic heart failure
0 O Dilated cardiomyopathy 44) 360 46] 370
0 O Ischemic heart disease 201 240 38 270
0 O Valvular heart disease 261 210 291180
0 O Hypertensive heart disease 181 140 101 80
0 O Tachycardia-induced cardiomyopathy 61 500 181100
Blood examination at admission
O O Uric acid mg/dIC 6.35+ 2.26° 5.89+ 1.87
0 O Creatininél mg/dIC] 0.91+ 0.31 0.88+ 0.30
0O O Hemoglobidl g/dI0 12.6+ 1.98 13.7+ 2.12
0O O Na mEg/IO 140+ 35 141+ 2.7
Echocardiography at admission
0 0O LVEDDI mm[J 52+ 9.8 54+ 9.8
0O LVEE %0 49+ 19 47+ 19
Cardiac events
0 O Cardiac deaths 181 1507 61 500
0 O Re-hospitalizations 291 24P 181 150
0 O Total events 4171 38 2561 200
Medical treatment
0 O ACE inhibitors and/or ARBs 881 72[F 781590
0 O Beta-blockers 38 310 361 2901
0 O Ca channel blockers 30 250 301 240
0 O Spironolactone 30 250 261 210
0 O Loop diuretics 791 64[F 541 440
O O Digoxin 461 37CF 20 220
O O Statins 18] 1200 181 150
0 O Allopurinol 10 140 1611200

000 %. "p00.05 vs O 70 years old group.

NYHAO New York Heart Association; LVEDDUO left ventricular dimension at enddiastole; LVEFO left
ventricular ejection fraction ; ACE[ angiotensin-converting enzyme ; ARBO angiotensin{] receptor blocker.

Independent predictors selected by univariate
analysis were entered into multivariate analysis. We
determined the multivariate-adjusted risk for quar-
tiles 2 through 4 compared with quartile 1. Cardiac
event-free curve was computed according to the
Kaplan-Meier method and analyzed by a log-rank
test. All analyses were performed using a standard
statistical program packagel StatView, version 5.0,
SAS Ingtitute Inc
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RESULTS

Clinical characteristics of elderly CHF patients
Comparison of the clinical characteristics
between CHF patients aged5 70 and[J 70 yearsis
presented in Table 1. Elderly CHF patientsg 70
years had higher rate of hypertension, lower current
smoking rate and higher uric acid levels than those
aged 0 70 years. There were no differences in dia-
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Table2 Comparisons of clinical characteristics of 123 elderly patients with chronic heart failure
between event-free and cardiac event groups

Event-free Cardiac event

0 nO 7600 0 n0 470 pvalue
Ag8l yrQ 78+ 5 77+ 5 0.5273
Sekl male/female] 32/44 27120 0.2988
NYHA functional clas§] O /0 /0 /0 O 14/36/21/5 3/14/20/10 0.0039
Hypertension 411 620 201 430 0.0369
Diabetes mellitus 161 200 a1 1901 0.9363
Hyperlipidemia 101 130 10 210 0.2358
Current smoking 8110 a1 190 0.1782
Etiology of chronic heart failure
O Ischemic heart disease 181 2500 101 210
0 Non-ischemic heart disease 501 750 30 790 0.1492
Blood examination at admission
0 Uric acidl mg/dId 59+ 2.0 6.8+ 2.6 0.0082
O Creatinin&l mg/di0 0.84+ 0.24 0.97+ 0.37 0.0063
0 Hemoglobifl g/dIC 12.7+ 1.96 12.8+ 2.05 0.6322
0 N& mEg/I0 141+ 25 140+ 4.5 0.2980
Echocardiography at admission
0 LVEDDI mmQO 51+ 9 53+ 11 0.3261
00 LVEE %0 51+ 18 46x 21 0.1913

000 %.

Abbreviations as in Table 1.
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Fig.1 Kaplan-Meier analysis of cardiac event-free
ratesin patientswith chronic heart failure

betes mellitus, hyperlipidemia, etiologies of heart
failure, serum creatinine levels, Na levels, hemo-
globin levels, or echocardiographic findings.
Elderly CHF patients aged5 70 years were given
angiotensin-converting enzyme inhibitors/an-
giotensinJ receptor blockers, loop diuretics and
digoxin more frequently than those aged 70
years.

The 247 CHF patients had 72 cardiac events dur-

ing a mean follow-up period of 451+ 235 days,
and 47 of these 72 eventd 65%![bccurred in those
agedH 70 years. Rates of cardiac deathl 15% vs
5%U0 re-hospitalizationl 23% vs 15%[] and total
cardiac eventSl 38% vs 20%[were significantly
higher in patients agedH 70 year§] Table 1[1
Kaplan-Meier analysis also showed that elderly
CHF patients agedd 70 years had significantly
lower cardiac event-free ratesl p0 0.0017; Fig. 101

Clinical outcomesin elderly CHF patients
In 123 elderly patients with CHF, there were 12
non-cardiac deathisl 3 cerebral hemorrhage, 3 colon
cancer, 2 ileus, 2 pneumonia, and 2 suicidesCand 47
cardiac eventd 38%L0] including 18 cardiac deaths
O 3 in-hospital deathsCand 29 readmissions for
worsening heart failure. Thirty of the 47 cardiac
event§] 64%([bccurred within 12 months after
admissiofl 3 in-hospital cardiac deaths, 11 cardiac
deaths, and 16 readmissions for worsening heart
failurell The cause of cardiac death was worsening
chronic heart failure in 11 patients, fatal acute
myocardial infarction in 3 patients and sudden
death in 4 patients. The 3 in-hospital cardiac deaths
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Table 30 Univariate and multivariate analyses of predictors of cardiac events in elderly chronic

heart failure patients

Variable Hazard ratio 95% confidence interval p vaue
Univariate analysis
O Uric acid 1.803 1.1990 2.337 00 0.0001
O Creatinine 2431 1.8330 6.743 0.0107
0 NYHA functional class 1.935 1.2270 2.587 0.0332
Multivariate analysis
O Uric acid 1.544 1.215002.582 [0 0.0001
O Creatinine 1.846 0.952004.434 0.1110
O NYHA functional class 1.250 0.87303.772 0.3502

Abbreviation asin Table 1.

— Bormal LA (= 7.0 mg/di)
% |D|::| e h 'EE- " = ?j_'l
f oo
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.-EI, B o OO
L 40 ] High UA, [7.0 mg/di 5]
S 20 {n = 50}
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4] 400 BOO 1,208
Time {days)

Fig. 2 Kaplan-Meier analysis of cardiac event-free
ratesin elderly patients with chronic heart fail-
ure
UAD uric acid.

were caused by worsening chronic heart failure.

Clinical characteristicsin the 123 elderly patients
with CHF were compared between patients with
and without cardiac eventS Table 2[1 Patients with
cardiac events had more severe New York Heart
Associationl NYHAfunctional class p 0.00390
higher levels of uric acidl pO 0.00820] higher lev-
els of creatiningl pd 0.00630] and lower rate of
hypertensionl pd 0.0369Ctompared to those with-
out cardiac events. Other parameters including age,
sex, numbers of patients with ischemic heart dis-
ease, levels of hemoglobin and Na, and echocardio-
graphic data were not significantly different.
Medical treatments such as digitalis, angiotensin-
converting enzyme inhibitors, angiotensind recep-
tor blockers, statins, Ca channel blockers,3 -block-
ers, and alopurinol at discharge were also similar
in the two groups.
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High uric acid levelsl § 7.0mg/dlCivere obser-
ved in 2 of 17 patients 11.8%[with NYHA func-
tional classOd, in 19 of 50 patientsl 38.0%Cwith
classd, in 20 of 41 patients 48.8%[With class(
and in 9 of 15 patients 60.0%Cwith class (11 pO
0.0236[1 Uric acid levels were not different
between patients with ischemic and non-ischemic
etilogie§] 5.9+ 2.5 vs 6.4+ 2.3mg/dl, pO
0.266201 In patients with NYHA functional class
O /0, use of loop diuretics was more frequent
compared to patients with NYHA classO /O

0 44/56) 78.6%0/s 35/6l71 52.2%(] p[ 0.009701

Comparison of uric acid levels and cardiac event
rates between patients with preserved left ventricu-
lar systolic functiof] § 50%[and those with
reduced left ventricular systolic functionl [0 50%[
showed no significant difference.

Independent predictors of cardiac eventsin
elderly CHF patients
Prognostic variables to predict cardiac events in
elderly CHF patients were examined by univariate
and multivariate Cox proportional hazard analyses
O Table 300 Univariate analysis related uric acid,
creatinine, and NYHA functional class to subse-
guent cardiac events. Thus, these three parameters
were entered into multivariate analysis.
Multivariate analysis showed uric acid was the only
independent predictor of cardiac events in elderly
patients with CHE! hazard ratio 1.544, 95% confi-
denceintervdl CI1.2150 2.582, pO 0.00010
Kaplan-Meier curves were constructed for
patients with normal and high levels of uric acid
0 Fig. 200 Patients with high uric acid levelsl
7.0mg/dIChad significantly lower cardiac event-
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Fig. 3 Association between concentrations of serum
uric acid and cardiac events in 123 elderly
patientswith chronic heart failure
Patients were divided into four groups based on the
uric acid levels:1st quartilel § 5.0mg/dl, nO 3000
2nd quartilel 5.10 6.4mg/dl, nO 300 3rd quartile

0 6.50 8.6mg/dl, nO 310, and 4th quartile
0 8.7mg/dl H. nO 320 Hazard ratios relative to 1st
quartile are shown.
P p0O 0.05 vs 1st quartile patients.

free rates than those with normal uric acid levels

00 7.0mg/dld Serum uric acid levels could reli-
ably risk stratify elderly patients with CHF for
future cardiac events.

Graded relationships between uric acid levels
and cardiac events
Patients were divided into four groups based on
the uric acid levels: 1st quartilel § 5.0mg/dl, nJ
300 2nd quartilél 5.10 6.4mg/dl, nO 300 3rd
quartilel 6.50 8.6mg/dl, nO 3100 and 4th quartile
00 8.7mg/dl g, nO 320 In the highest quartile,
NY HA functional class was more severe, creatinine
level was higher, and left ventricular ection frac-
tion was lower than in the lower three quartiles
O Table 40 The highest quartile of uric acid was
associated with the highest risk of cardiac events
O 4.45-fold compared to the lowest quartileCas
shown in Fig. 3. Hazard ratios were 1.000, 1.424
00 95% CI 0.4790 2.254[] 3.1181 CI 1.0110 6.181[]
and 4.453 Cl 1.2010 8.889(For quartiles 1 through
4. Cumulative event-free curves were constructed
by the Kaplan-Meier methodl Fig. 401 Patients in
the highest quartile had a significantly lower car-
diac event-free rate than the other three quartiles
0 pO 0.00101
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Fig. 4 Kaplan-Meier analysis of elderly patients with
chronic heart failure
Patients divided into four groups asin Fig. 3.

DISCUSSION

Our results demonstrated that serum uric acid
level was associated with a high risk of cardiac
eventsin elderly patients with CHF. Uric acid level
could potentially improve the risk stratification of
elderly with CHF.

It is important to accurately define prognostic
factors in patients with heart failure to identify
high-risk individuals who require closer follow-up
and more intensive intervention. A number of para-
meters can predict the prognosis of patients with
CHF®Y Brain natriuretic peptide is released
from the ventricles as ventricular function deterio-
rates, and is a well-established prognostic indicator
in CHF patients'**". However, many modern para-
meters are used only for research purposes and are
not widely available. Therefore, simple markers
that can be measured anywhere at low cost are nec-
essary. High serum uric acid levels are a strong,
independent marker of impaired prognosis in
patients with moderate and severe heart failure!®*".
Hyperuricemia is a marker of impaired oxidative
metabolism, hyperinsulinemia, inflammatory
cytokine activation, and vascular dysfunction®?,
In the present study, we examined the potential
prognostic value of uric aid in elderly persons with
CHF. Univariate and multivariate Cox proportional
hazard analyses demonstrated that uric acid level
was an independent predictor of future cardiac
eventd Table 3[1 We also showed that the risk of
cardiac events increased with increasing uric acid
level. The highest quartile of uric acid level was
associated with a4.45-fold event riskl Fig. 301

In the present study, elderly CHF patients

J Cardiol 2006 May, 4171 501 219—-228
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Table4D Comparisons of clinical characteristics in elderly chronic heart failure patients between

quartiles of uric acid levels

1st quartile 2nd quartile 3rd quartile 4th quartile
O nO 300 O nO 300 O nO310 0O nO320
Uric acid rang& mg/dIC H5.0 5.106.4 6.508.6 8.7H
Agal yrQd 77+ 6 77+ 5 77+ 6 79t 5*
Sekl male/female 16/14 14/16 12/19 17/15
NYHA functional class 2.0+ 0.7 2.2+ 0.9 2.4+ 0.7° 2.9+ 0.6°9#
Hypertension 221730 1615000 101 550 181410
Diabetes mellitus 81 270 ;130 81160 0 220
Hyperlipidemia 230 81170 81 160 8190
Current smoking 61 2000 81100 4] 130 4130
Etiology of chronic heart failure
0 O Dilated cardiomyopathy 230 141 470 10 350 121 380
0 O Ischemic heart disease 81270 81170 81 2600 8] 2500
0 O Valvular heart disease 51170 230 61 1900 81 2500
0 O Hypertensive heart disease 81270 030 81 160 4 130
0 O Tachycardia-induced
0 O Cardiomyopathy 2170 81100 030 0
Blood examination
O O Uric acidl mg/dIT 4.0+ 0.8 5.7+ 0.490 7.6+ 0.700# 9.4+ 2.100#
0 O Creatiningl mg/di0] 0.78+ 0.24 0.88+ 0.20 0.98+ 0.29° 1.03+ 0.39¢
O O Hemoglobial g/dI0 122+ 2.1 13.1+ 1.9 12.6+ 1.8 12.3+ 2.1
O O Nal mEeg/IO 141+ 4.4 141+ 2.4 141+ 35 140+ 3.4
Echocardiography
OO LVEDD mmO 49+ 10 53+ 9 52+ 10 53+ 11
O O LVEE %0 60+ 19 51+ 14 48+ 21° 40+ 1809#
Cardiac events
0 O Cardiac deaths 81170 4130 81100 6] 1901
0 O Re-hospitalizations 030 61 2000 101 320 121 3803+
0 O Total events 6] 200 101 330 1814200 181 5600f
Treatment before admission
O O ACE inhibitors and/or ARBs 221 730 10 570 210 870 221 690
0 O Beta-blockers 81170 a1 300 121390 1213801
O O Ca channel blockers 191 400 230 a1 290 8190
0 O Spironolactone 81170 101 330 230 a1 2800
0 O Loop diuretics 181430 200 6701 200 680 261 7801
O O Digoxin 8 200 181 500 10 320 181470
O O Statins o130 61170 81100 8190
O O Allopurinol 81100 81170 2160 0 220

000 %.7p0 0.05 vs 1st quartile, #pd 0.05 vs 2nd quartile, and p 0.05 vs 3rd quartile.”“p 0.01 vs 1st quartile,
#pOd 0.01 vs 2nd quartile, and p0 0.01 vs 3rd quartile. T pJ 0.05 by chi-square test.

agedH 70 years had higher uric acid levels than
those aged 0 70 years, suggesting decreases in
renal function with aging. In addition, elderly CHF
patients aged 5 70 years were given loop diuretics
more frequently than those aged 70 years, and
this might affect the higher uric acid levels in the

J Cardiol 2006 May; 411 501 219-228

elderly.

The incidence and prevalence of CHF increase
dramatically with advancing age™°". Increasing age
has been reported to increase the mortality of CHF
patients® 2. However, prognostic assessment of
elderly patients with CHF is far from clearly estab-
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lished. Epidemiologic data indicate that CHF repre-
sents a crucial problem in the elderly population in
terms of social, economic, and health burdent”%°
Despite their importance in the worsening of CHF
and prevention of the progression of this syndrome,
the risks of re-hospitalization and the causes of
exacerbation have not been systematically evaluat-
ed. In addition, the detailed mechanisms behind the
increased mortality in older CHF patients are ill
unclear®™. In the present study, we examined the
clinical characteristics and the potential prognostic
value of uric aid in elderly CHF patients aged§ 70
years, because the prevalence of CHF increases™
and these patients have higher rate of readmission
and mortality®"*". Ageing is associated with impor-
tant structural and functional changes in the vascu-
lar system and the heart, but little is known about
how ageing interacts with the pathophysiology
underlying the process of developing heart failure.
Further research needs to elucidate more effective
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treatment strategies for prevention of CHF and to
decrease the morbidity and mortality of CHF in the
elderly.

CONCLUSIONS

These data suggest that high serum uric acid
level is areliable marker for prognosisin the elder-
ly patients with chronic heart failure. We suggest
that measurement of uric acid levels should be con-
sidered as a routine measurement in the assessment
and follow-up for elderly patients with chronic
heart failure with low cost and wide availability.
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