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Abstract
Background. It is unclear whether the presence of kidney
disease modifies the associations of uric acid with cardio-
vascular events and death.
Methods. In the limited access, public use Atherosclero-
sis Risk In Communities (ARIC) database, associations
of serum uric acid levels with cardiovascular events and
death were analysed using a parametric proportional haz-
ards model and the modification of these associations by
the presence of CKD was assessed using a likelihood ratio
test.
Results. Of the 15 366 ARIC participants included in this
analysis, 461 had CKD (eGFR <60 ml/min/1.73 m2). In
both non-CKD and CKD sub-groups, participants with hy-
peruricaemia (≥ 7 mg/dl in men and ≥ 6 mg/dl in women)
compared to those with normal serum uric acid levels had
higher waist circumference and fasting serum insulin lev-
els. In the entire cohort, in a multivariate parametric pro-
portional hazards model, each mg/dl increase in serum uric
acid was associated with an increased hazard of cardio-
vascular events (HR 1.09, 95% CI 1.05–1.12) and death.
A multiplicative interaction term of serum uric acid and
CKD when added to the above models was significant
(P < 0.001). The likelihood ratio test of the models with
and without the interaction term was also significant (P <
0.001). In the non-CKD population, a multivariate analysis
after adjusting for comorbidities and metabolic syndrome
showed a significant association between hyperuricaemia
and mortality (HR 1.18, 95% CI 1.04–1.33) but not for
cardiovascular events (HR 1.07, 95% CI 0.96–1.19). In the
CKD population, the association was not significant for
both mortality and cardiovascular events.
Conclusion. We conclude that hyperuricaemia is associ-
ated with insulin resistance and mortality in the non-CKD
population. The presence of CKD attenuates the associa-
tions of uric acid with mortality. Interventional studies are
warranted to establish the biological role of hyperuricaemia
in mortality in non-CKD and CKD populations.
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Introduction

Hyperuricaemia is associated with metabolic syndrome and
predicts the development of obesity and diabetes in the
general population [1–3]. Many but not all observational
studies suggest that hyperuricaemia is an independent risk
factor for cardiovascular mortality and/or all-cause mortal-
ity in the general population [4–12]. It remains controversial
whether elevated serum uric acid levels in metabolic syn-
drome represent an epiphenomenon or whether uric acid has
a pathogenic role in insulin resistance. Thus, most national
guidelines have not made recommendations on whether
serum uric acid is a risk factor for cardiovascular disease
[13,14].

About two-thirds of uric acid that is generated daily is
excreted through kidneys, and patients with chronic kidney
disease (CKD) develop hyperuricaemia as the glomerular
filtration rate (GFR) declines. Further, renal clearance of
uric acid is inversely related to the degree of insulin re-
sistance, i.e. the higher the insulin resistance, lower the
urate clearance [15–17]. Thus, in CKD patients with in-
sulin resistance, the prevalence of hyperuricaemia will still
be higher.

An increase in serum uric acid levels resulting from
decreased urinary excretion might have different conse-
quences than an increase in serum uric acid levels resulting
from overproduction as increased purine catabolism per se
rather than uric acid might play a causative role in oxidative
stress, inflammation, insulin resistance and atherosclerosis
[18]. Probenecid that reduces uric acid concentrations by
increased urinary excretion had no effects on endothelial
function and oxidative stress whereas allopurinol that de-
creases the uric acid level by inhibiting xanthine oxidase
resulted in lower oxidative stress and improved endothe-
lial function [19]. Thus, higher uric acid concentrations
in those with CKD might have different clinical implica-
tions than in those without CKD. More importantly, to our
knowledge, no previous studies have analysed whether the
presence of CKD modifies the associations of uric acid with

C© The Author [2008]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For Permissions, please e-mail: journals.permissions@oxfordjournals.org



Uric acid, cardiovascular events and mortality 1261

cardiovascular events and death. This is especially impor-
tant with the growing CKD epidemic around the globe.

Thus, we aimed to analyse whether the presence of mod-
erate CKD modifies the associations of serum uric acid
concentrations with cardiovascular events or all-cause mor-
tality in the limited access, public use Atherosclerosis Risk
In Communities (ARIC) database.

Methods

Study population

The ARIC Study is a large-scale, National Heart Lung
Blood Institute (NHLBI) sponsored, long-term prospective
study that measured the associations of established and
suspected coronary heart disease (CHD) risk factors with
atherosclerosis in a cohort of men and women aged 45–
64 years in four US communities.

Assessment of baseline characteristics in the ARIC Study

Information on age, sex and race was based on self-
report. Prevalent CHD was defined as a reported history of
physician-diagnosed heart attack, cardiovascular surgery,
coronary angioplasty or evidence of previous myocardial
infarction (MI) on electrocardiogram. Congestive heart fail-
ure was defined as a history of leg swelling associated with
either orthopnoea or paroxysmal nocturnal dyspnoea. Pe-
ripheral vascular disease was defined as the presence of
intermittant claudication or the absence of posterior tib-
ialis pulse. History of physician-diagnosed stroke, chronic
lung disease or malignancy was defined as prevalent stroke,
chronic lung disease and malignancy, respectively. Diabetes
was defined as fasting blood sugar > 125 mg/dl or a his-
tory of physician-diagnosed diabetes or use of insulin or
oral anti-diabetic medications. Smoking was categorized
as never, past and current. Trained technicians measured
blood pressure in the sitting position three times and the
average of last two readings were used.

Anthropometry measures

Waist circumference was measured at the umbilical level
with a cloth tape placed horizontally at the end of relaxed ex-
piration with the participant in the standing position. Height
was measured to the nearest centimetre using a metal rule
attached to a wall and a standard triangular headboard.
Weight was measured in pounds using a beam balance with
the subject standing in a scrub suit and no shoes. BMI
was calculated as weight in kilograms divided by height in
metres squared.

Laboratory data

Participants were asked to fast for 12 h before the clin-
ical examination. Fasting blood samples were drawn into
vacuum tubes containing sodium citrate (for haemostatic
factors), EDTA (for lipids) or a serum separator gel (for
glucose and chemistries). The former two tubes were cen-
trifuged immediately; in the latter tube, the contents were
allowed to clot for 30 to 45 min and the tube was cen-
trifuged at 3000 g for 10 min at 4◦C. The sample aliquots

were quickly frozen at −70◦C until analysis, which was
performed within a few weeks.

The ARIC Central Laboratories measured serum glucose
by using the hexokinase method, serum uric acid by using
the method of Haeckel (Beckman Instruments, Inc.,
Carlsbad, CA, USA), serum creatinine by an alkaline pi-
crate colorimetric assay (Coulter Diagnostics, Hialeah, FL,
USA), serum insulin by a radio-immuno assay (Cambridge
125I Insulin Kit, Cambridge Medical Diagnostics, Inc.,
Billerica, MA, USA), serum von Williebrand factor (vWF)
by an ELISA (American Bioproducts Co., Diagnostica
Stago, NJ, USA) and plasma fibrinogen by the thrombin-
time titration method. Enzymatic methods were used to
measure plasma total cholesterol and triglycerides as well
as high-density, measure high-density lipoprotein (HDL)
cholesterol after dextran–magnesium precipitation of non-
HDL lipoproteins and calculate low-density lipoprotein
(LDL) cholesterol values. The percent of coefficients of
variation ranged from 1.3 to 6% for these assays. Lab-
oratories in each study community performed leukocyte
cell counts (WBC) by using cell counters. The homeostatic
model of assessment of insulin resistance (HOMA) was
calculated from fasting serum glucose and insulin levels.

Definition of CKD

GFR was estimated from the four-variable Modification of
Diet in Renal Disease (MDRD) equation (GFR = 186.3 ×
serum creatinine−1.154 × age−0.203 × 0.742 if female ×
1.21 if black) [20]. Serum creatinine concentration was
calibrated with Cleveland Clinic measurement standards
by subtraction of 0.24 mg/dl [21]. Those with calculated
GFR >150 ml/min/1.73 m2 were excluded [21]. CKD was
defined as GFR <60 ml/min/1.73 m2 and non-CKD was
defined as GFR ≥60 ml/min/1.73 m2.

Definition of metabolic syndrome

The National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP-ATP III) considered metabolic syn-
drome present if any three of the following five conditions
were present [22]: abdominal obesity (waist circumference
≥102 cm in men and 88 cm in women), elevated serum
triglycerides (≥150 mg/dl after 12-h fasting), reduced lev-
els of serum HDL cholesterol (<40 mg/dl in men and
<50 mg/dl in women), hypertension (systolic blood pres-
sure ≥130 mmHg or diastolic blood pressure ≥85 mmHg,
or use of antihypertensive medications or a self-reported
history of hypertension) and insulin resistance (fasting glu-
cose ≥110 mg/dl or use of anti-diabetic agents or self-
reported history of diabetes).

Follow-up of cardiovascular events and mortality

Participants underwent a baseline examination dur-
ing 1987–1989. Follow-up included annual telephone
interviews (to identify hospitalizations and deaths), exami-
nations every 3 years in 1990–1992, 1993–1995 and 1996–
1998 and survey of death certificates and discharge lists
from local hospitals. Out-of-hospital deaths were traced
by using death certificate data and, in most cases, an
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interview with next of kin and questionnaires completed
by the patients’ physicians. Coroner reports and autopsy
reports were obtained, when available, for use in valida-
tion. The follow-up data until 1998 are used in the current
analyses.

ARIC Study definition of coronary events

An ARIC Morbidity and Mortality Classification Commit-
tee reviewed and adjudicated all potential clinical CHD
events that occurred during the follow-up [23]. Hospital-
ized definite/probable MI was defined by the ARIC Mor-
bidity and Mortality Classification Committee based upon
the presence or absence of cardiac pain, ECG findings and
enzymes using published criteria. Further, this committee
defined a definite fatal CHD event as lack of evidence to
diagnose definite fatal MI and the absence of another lethal
non-atherosclerotic or non-cardiac atherosclerotic process
with either one or both of the following: history of chest
pain within 72 h of death or history of ever having had
chronic ischaemic heart disease in the absence of valvular
heart disease or non-ischaemic cardiomyopathy. Coronary
revascularization procedures were identified from hospital
admissions.

ARIC Study definitions of ischaemic stroke

Using symptoms, diagnostic procedures performed and au-
topsy evidence, cases were classified as definite stroke,
probable stroke, possible stroke of undetermined type or no
stroke by computer algorithm and by a physician reviewer
[24]. Differences between the computer and physician di-
agnoses were adjudicated by another physician.

Definition of composite cardiovascular event

Based on the ARIC Study classification of events, we de-
fined a composite cardiovascular event as the first occur-
rence of any one of the following events: definite/probable
MI, definite/probable fatal CHD event, definite/probable
incident stroke or performance of a coronary revasculariza-
tion procedure.

Statistical methods

Participants with and without CKD were divided into nor-
mal uric acid (male: ≤ 7 mg/dl and female: ≤ 6 mg/dl) and
hyperuricaemia (>7 mg/dl in males and >6 mg/dl in fe-
males) groups. Baseline characteristics across the uric acid
groups within CKD and non-CKD participants were exam-
ined using the chi-squared test for categorical variables and
the Kruskal–Wallis test for continuous variables.

Examination of cardiovascular events

The analyses focused on (1) whether the associations of
serum uric acid with the composite cardiovascular out-
come and mortality were modified by the presence or ab-
sence of CKD and (2) whether the associations of serum
uric acid with cardiovascular events and death were atten-

uated/abolished by adjusting for metabolic syndrome or its
components in non-CKD and CKD sub-groups.

Effect modification of the associations of uric acid with
outcomes by the presence or absence of CKD

First, the association of serum uric acid as a continuous
variable with time to the composite cardiovascular outcome
was examined in the entire cohort adjusted for age, gender,
race, coronary artery disease, cerebrovascular disease, pe-
ripheral vascular disease, congestive heart failure, malig-
nancy, smoking, alcohol use and estimated GFR. If CKD
modifies the associations of serum uric acid with cardiovas-
cular events, a multiplicative interaction term of serum uric
acid and CKD will be statistically significant and hence
that interactive term was added to the above model. The
likelihood ratio test of models that included the interaction
term of serum uric acid and CKD adjusted for the above
covariates versus those that excluded the interaction term
adjusted for the above covariates was examined as a formal
test of interaction.

Effects of adjusting for metabolic syndrome
or its components

Using the normal uric acid group as the reference, the un-
adjusted association of the hyperuricaemic group with time
to the composite cardiovascular outcome was examined in
each of the non-CKD and CKD groups (Model A). Then,
the above model was adjusted for age, gender and race
(Model B). Next, coronary artery disease, cerebrovascu-
lar disease, peripheral vascular disease, congestive heart
failure, malignancy, smoking, alcohol use and estimated
GFR were added to the above model (Model C). Finally,
metabolic syndrome or its component conditions (hyperten-
sion, insulin resistance, abdominal obesity, hypertriglyceri-
daemia and low-HDL cholesterol) were added individually
to Model C to examine the effects of adjusting for these
conditions on the associations of uric acid groups with car-
diovascular events in the CKD and non-CKD groups.

In the above analyses, as serum uric acid violated the
proportionality assumption of Cox models, the parametric
proportional hazards model was used to examine the asso-
ciations of body size with mortality [23]. The proportional
hazards multivariable model with one internal knot was the
most parsimonious model and was used in these analyses.

Examination of all-cause mortality

The above analyses were repeated with time to death as the
outcome variable.

Results

Data on 15 732 of the 15 792 ARIC participants were
available in the public use, limited access ARIC database.
Of these, GFR data were available in 15 582 participants.
Two hundred and sixteen participants with GFR >150 ml
/min/1.73 m2 were excluded as these values could be
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Table 1. Baseline clinical characteristics by uric acid levels in non-CKD and CKD populations in the ARIC cohort

Characteristic Non-CKD (GFR ≥ 60 ml/min/1.73 m2) CKD (GFR < 60 ml/min/1.73 m2)

Normal serum uric acid
(N = 9745)

High serum uric acida

(N = 5160)
Normal serum uric acid
(N = 139)

High serum uric acida

(N = 322)

GFR (ml/min/1.73 m2) 95 ± 17 90 ± 17 52 ± 10 49 ± 12
Serum uric acid (mg/dl) 5.2 ± 0.9 7.6 ± 1.1 5.3 ± 0.9 8.3 ± 1.6

Demographics
Age (years) 54 ± 5 55 ± 5 56 ± 6 57 ± 5
Gender (% women)b 57 49 69 60
Race (%African Americans) 22 33 11 31

Clinical characteristics
Diabetes (%) 9 14 16 29
Metabolic syndromec (%) 20 48 29 59
Coronary artery disease (%) 4 7 10 18
Cerebrovascular disease (%)b,d 4 5 9 10
Congestive heart failure (%)b 7 11 16 21
Peripheral vascular disease (%) 2 3 2 7
Cancer (%)b,d 5 5 8 6
Past or current smoking (%)b 56 60 62 56
Past or current alcohol intake (%) 74 74 77 65

aHigh serum acid was defined as >7 mg/dl in men and >6 mg/dl in women. bP-value not significant for the comparison of the low and high uric acid
groups in CKD.
cMetabolic syndrome was defined as the presence of three out of five following components—abdominal obesity, hypertriglyceridaemia, decreased
HDL cholesterol, hypertension and insulin resistance.
dP-value not significant for the comparison of the low and high uric acid groups in non-CKD.
All other P-value <0.05.

Table 2. Baseline nutritional and metabolic characteristics by uric acid levels in non-CKD and CKD populations in the ARIC cohort

Non-CKD (GFR ≥ 60 ml/min/1.73 m2) CKD (GFR < 60 ml/min/1.73 m2)

Variable Normal serum uric acid
(n = 9745)

High serum uric acida

(n = 5160)
Normal serum uric acid
(n = 139)

High serum uric acida

(n = 322)

Body mass index (kg/m2) 26 ± 4 29 ± 5 26 ± 4 29 ± 5
Waist circumference (cm) 93 ± 12 102 ±13 95 ±12 102 ±14
Insulin level (U/ml) 11 ± 26 18 ± 28 12 ± 12 32 ± 72
Blood glucose (mg/dl) 106 ± 39 111 ± 37 114 ± 54 130 ± 75
Log HOMA 0.6 ± 0.8 1.2 ± 0.7 0.8 ± 0.8 1.4 ±1.0
WBC count (109/l) 6.0 ± 1.9 6.3 ± 1.9 6.7 ± 5.8 6.6 ± 2.1
Plasma fibrinogen (mg/dl) 297 ± 62 311 ± 67 321 ± 78 343 ± 84
VonWillebrand factor (U/dl) 114 ± 45 123 ± 50 136 ± 53 152 ± 68
Serum LDL-cholesterol (mg/dl)b 135 ± 38 142 ± 40 143 ± 37 146 ± 46
Serum triglycerides (mg/dl) 116 ± 72 157 ± 107 127 ± 83 176 ± 121
Serum HDL-cholesterol (mg/dl) 53 ± 17 47 ± 15 54 ± 18 46 ± 16

aHigh serum acid was defined as >7 mg/dl in men and >6 mg/dl in women.
bP-value not significant for the comparison of the low and high uric acid groups in CKD.
All other P-value <0.05.

erroneous [21]. Of the remaining 15 366 ARIC partici-
pants, 461 had CKD (defined as GFR <60 ml/min/1.73
m2). Most of the participants had stage 3 CKD (n = 429)
and only few were in stage 4 CKD (n = 32).

Baseline participant characteristics

Participants with hyperuricaemia compared to those with
normal serum uric acid in both non-CKD and CKD sub-
groups were older and more likely to be men and African
American (Table 1). Overall, they had a higher prevalence
of diabetes and coronary artery disease (Table 1). Further-
more, they had higher BMI and waist circumference as well
as higher levels of serum insulin, plasma fibrinogen, serum

von Williebrand factor, WBC count and serum triglycerides
(Table 2).

Effect modification of the associations of uric acid with
outcomes by the presence of CKD

In the entire cohort, there were a total of 1724 cardio-
vascular events over 146 617 years of follow-up and 9.3
deaths over 1000 years of follow-up (1421 deaths over
152 715 years). Adjusted for demographics (age, gender
and race), comorbid conditions (coronary artery disease,
cerebrovascular disease, heart failure, peripheral vascular
disease, cancer, smoking and alcohol) and estimated GFR,
each mg/dl increase in uric acid was associated with an
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Table 3. Associations of the high uric acid group (with the normal uric acid group as the reference) with cardiovascular events or mortality in the
non-CKD and CKD sub-groups in the ARIC cohort

Non-CKD cohort [HR (95% CI)] CKD cohort [HR (95% CI)]

CV events Death CV events Death

Model A 1.55 (1.40–1.71) 1.54 (1.38–1.72) 1.56 (1.00–2.41) 2.27 (1.43–3.60)
Model B 1.38 (1.25–1.52) 1.30 (1.16–1.45) 1.12 (0.71–1.76) 1.61 (1.00–2.59)
Model C 1.26 (1.14–1.40) 1.27 (1.13–1.43) 0.91 (0.57–1.46) 1.37 (0.84–2.23)

Model A—unadjusted.
Model B—adjusted age for age, race and sex.
Model C—adjusted for above, coronary artery disease, cerebrovascular disease, heart failure, peripheral vascular disease, cancer, smoking, alcohol and
GFR.

Table 4. Associations of the high uric acid group (with the normal uric acid group as the reference) with cardiovascular events or mortality adjusted
for metabolic syndrome or its components in the non-CKD and CKD sub-groups in the ARIC cohort

Non-CKD cohort [HR (95% CI)] CKD cohort [HR (95% CI)]

CV events Death CV events Death

Model C 1.27 (1.13–1.43) 1.27 (1.13–1.43) 0.91 (0.57–1.46) 1.37 (0.84–2.23)
Model C + metabolic syndrome 1.07 (0.96–1.19) 1.18 (1.04–1.33) 0.82 (0.50–1.33) 1.28 (0.79–2.09)
Model C + hypertension 1.12 (1.01–1.24) 1.19 (1.06–1.34) 0.85 (0.53–1.37) 1.31 (0.81–2.14)
Model C + insulin resistance 1.19 (1.07–1.32) 1.22 (1.08–1.37) 0.84 (0.52–1.35) 1.31 (0.80–2.13)
Model C + abdominal obesity 1.21 (1.09–1.34) 1.26 (1.12–1.42) 1.21 (1.09–1.34) 1.37 (0.84–2.23)
Model C + hypertriglyceridaemia 1.16 (1.05–1.29) 1.23 (1.09–1.38) 0.85 (0.53–1.37) 1.31 (0.80–2.14)
Model C + low HDL cholesterol 1.16 (1.05–1.29) 1.23 (1.09–1.38) 0.93 (0.57–1.50) 1.33 (0.81–2.18)

Model C—same as in Table 3, i.e. adjusted for age, race, sex, coronary artery disease, cerebrovascular disease, heart failure, peripheral vascular disease,
cancer, smoking, alcohol and GFR.

increased hazard of cardiovascular events (HR 1.09, 95%
CI 1.05–1.12). A multiplicative interaction term of serum
uric acid and CKD when added to the above model was sig-
nificant (P < 0.001). The likelihood ratio test of the models
with and without the interaction term was also significant
(P < 0.001). Similarly, a multiplicative interaction term of
serum uric acid and CKD was significant (P < 0.001) in
a multivariate proportional hazards model of death in the
entire cohort adjusted for demographics, comorbidity and
estimated GFR. The likelihood ratio test of the models with
and without the interaction term was also significant (P <
0.001) for death.

These data suggest that the associations of serum uric
acid with cardiovascular events or death differ on the basis
of the presence or absence of CKD.

Effects of adjusting for metabolic syndrome or its
components

There were 11.3 cardiovascular events per 1000 years of
follow-up in the non-CKD sub-group (1614 events over
142 816 years of follow-up) and 28.9 events per 1000 years
of follow-up in the CKD sub-group (110 events over 3801
years). In both non-CKD and CKD sub-groups, hyperuri-
caemia was associated with increased cardiovascular events
in unadjusted analyses (Table 3). However, adjusting for
age, race and sex abolished the associations of uric acid with
cardiovascular events in the CKD sub-group (Table 3) but
not in the non-CKD sub-group. Even after further adjust-
ment for coronary artery disease, cerebrovascular disease,
heart failure, peripheral vascular disease, cancer, smoking,

alcohol and estimated GFR, the associations of uric acid
with cardiovascular events remained significant in the non-
CKD sub-group (Table 3) but not in the CKD sub-group.

In the non-CKD sub-group, when adjusted separately for
each component of metabolic syndrome, hyperuricaemia
was still associated with an increased risk of cardiovascular
events (Table 4), but this was abolished when adjusted for
metabolic syndrome (Table 4).

There were 8.7 deaths over 1000 years of follow-up (1294
deaths over 148 678 years) in the non-CKD sub-group, and
31.4 deaths over 1000 years of follow-up (127 deaths over
4037 years) in the CKD sub-group. The associations of
hyperuricaemia with death paralleled that of cardiovascular
events except that the association of hyperuricaemia with an
increased risk of death in the non-CKD sub-group persisted
even after adjustment for metabolic syndrome (Table 4).

Discussion

It remains controversial whether uric acid plays a
pathogenic role in insulin resistance and atherosclerosis.
As discussed below, experimental studies in animals and
small interventional studies in humans strongly suggest a
pathogenic role for uric acid whereas epidemiological stud-
ies are discrepant.

Compared to controls, fructose-fed rats developed hyper-
uricosaemia, hyperinsulinaemia, hypertriglyceridaemia and
hypertension and treatment of these animals with allopuri-
nol reduced serum uric acid, insulin and triglyceride levels
as well as systolic blood pressure [25]. In another study
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of the carotid artery ligation model using spontaneously
hypertensive rats, treatment with allopurinol induced a re-
duction in the neointima/media ratio by 27% at 3 weeks
after ligation when compared to the control [26]. In an in
vitro study, uric acid at concentrations of 2–4 mg/dl but not
at 1 mg/dl stimulated vascular smooth muscle cell growth
[25]. In different small randomized controlled trials, al-
lopurinol treatment resulted in improvement of oxidative
stress, endothelial function [27–29] and progression of kid-
ney disease [30].

In contrast to the above data, epidemiological stud-
ies have produced conflicting results. Data from National
Health And Nutrition Examination Survey (NHANES) [4]
and other studies [4–9] suggest an increased risk of car-
diovascular events or death with higher uric acid concen-
trations. On the other hand, analyses of the Framingham
Study and the ARIC Study did not support such an associ-
ation [10–12]. Several non-traditional risk factors such as
low albumin and haemoglobin levels, increased triglyceride
and fibrinogen levels have been linked to the adverse out-
comes (a composite of stroke, MI and all-cause mortality)
in patients with stage 3 and 4 CKD in the combined anal-
ysis of the ARIC Study and Cardiovascular Health Study
database [31]. Uric acid was not associated with these ad-
verse events in the multivariate analysis of this study. But
this analysis did not analyse whether the presence of CKD
modifies the association between uric acid and CKD.

In the current study, we noted the associations of serum
uric acid with adiposity and metabolic milieu, i.e. insulin
resistance, dyslipidaemia, higher WBC count and higher
concentrations of serum vonWillebrand factor and plasma
fibrinogen in both non-CKD and CKD populations. While
epidemiological studies such as the current study cannot
establish causality, experimental animal studies and inter-
ventional human trials can establish causality. As noted
above, experimental studies support a causal role for uric
acid in insulin resistance, dyslipidaemia, hypertension and
atherosclerosis [25,26].

Our analysis suggests that in the non-CKD population,
serum uric acid is associated with cardiovascular events
and mortality and the presence of moderate CKD modi-
fies the associations of uric acid with cardiovascular events
and mortality. In this moderate CKD population, hyperuri-
caemia was associated with a 56% increase in cardiovascu-
lar events and a 2.3-fold increase in mortality in unadjusted
analyses (Tables 3 and 4), but once adjusted for age, gender
and race, these associations were abolished. As demograph-
ics are likely confounding variables rather than intermediate
variables (i.e. variables that are in the causal pathway be-
tween uric acid and outcomes), these data suggest that uric
acid might not be an independent predictor of outcomes in
the CKD population. This is in contrast to the finding of
J-shaped associations of uric acid with mortality noted in
two earlier studies of stage 5 CKD [32,33]. The reasons for
these discrepant results are not evident.

Furthermore, the finding of an increased risk of death
(even after adjusting for metabolic syndrome and its com-
ponents individually) in the non-CKD population in this
study supports the data from several earlier studies [10–12]
but contradicts the earlier conclusion from the Framing-
ham and ARIC studies that uric acid is not an independent

predictor [10–12]. Of note, these studies [10–12] adjusted
for diabetes, hypertension and dyslipidaemia to examine
the associations of uric acid with outcomes. If uric acid
causes insulin resistance as suggested by experimental data
[26], then insulin resistance might be an intermediate vari-
able that mediates the effects of uric acid on cardiovascular
events and death and adjusting for these effects of uric
acid will underestimate/nullify the possible true effects of
uric acid on outcomes. Furthermore, the previous analysis
of ARIC data [12] only examined the associations of uric
acid with cardiovascular events whereas we examined both
cardiovascular events and mortality.

While epidemiological studies could provide valuable
insights into pathogenic mechanisms, causality cannot be
proven by such studies. But unlike other risk factors for
cardiovascular disease, no randomized controlled trial has
examined whether lowering serum uric acid levels could
impact on cardiovascular events in the general population.
Such studies are particularly relevant in CKD population
because nearly 13% of US adult population have CKD
and hyperuricaemia, insulin resistance and atherosclerotic
events are common in this population [34].

The strengths of this study include (a) careful data col-
lection in the ARIC cohort and (b) the study population
includes a large sample of moderate CKD participants.
However, there are several limitations to this study. We
did not have data on C-reactive protein (CRP). The cur-
rent analysis is based on a single measurement of uric acid
and the impact of the change in uric acid levels on these
outcomes over time is unknown. Also data on albuminuria
and haematuria are unavailable, and hence ARIC partici-
pants with GFR ≥ 60 ml/min/1.73 m2 and kidney damage
evidenced by haematuria and proteinuria are classified in
the non-CKD group in this analysis. Thus, inferences on
whether stage 1 and 2 CKD modifies the effects of serum
uric acid on outcomes could not be drawn from the results
of this study, but nonetheless, these results indicate that
such effect modification occurs in stages 3 and 4 of CKD.

In summary, higher concentrations of serum uric acid
is associated with mortality in the non-CKD population
even after adjustment for metabolic syndrome but the pres-
ence of CKD appears to modify this association. Interven-
tional studies of surrogate end-points (insulin resistance,
inflammation and oxidative stress) and hard outcomes (car-
diovascular events and mortality) are warranted to estab-
lish the clinical relevance of serum uric acid in the CKD
population.
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