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Abstract
The role of uric acid (UA) in the process of atherothrombosis is controversial. Although serum UA
has powerful antioxidant properties, epidemiological studies showed that UA was a risk factor for
cardiovascular diseases and was positively associated with proinflammatory markers. Relations
between baseline UA and changes in UA circulating levels with C-reactive protein (CRP) and
interleukin-6 (IL-6) after 3 years of follow-up in a cohort of 892 Italian men and women aged 21 to
98 years was investigated. Subjects had complete baseline and follow-up data for UA, inflammatory
markers, and covariates. An autoregressive approach was used to study such a relation. In adjusted
analyses, baseline UA and changes in UA predicted a 3-year change in CRP (p = 0.028), but not IL-6
(p = 0.101). The relation between UA and CRP persisted after adjustment for baseline IL-6. Subjects
with high UA at baseline had a progressively higher probability of developing clinically relevant
increased IL-6 (>2.5 pg/ml) and CRP (>3 mg/L) during 3 years. In conclusion, our study suggests
that in a population-based cohort, baseline UA and changes in circulating UA during 3 years of
follow-up predict changes in circulating CRP independent of relevant confounders, including
baseline IL-6.

Increased serum uric acid (UA) was closely associated with systemic inflammation,1 increased
C-reactive protein (CRP),2 endothelial dysfunction,3,4 hypertension,5 and cardiovascular
disease (CVD).6 Especially in women,7,8 older persons,9,10 and subjects with preexisting
CVDs11 or at high cardiovascular risk,12 hyperuricemia was considered a risk factor for
mortality. Experimental studies showed that UA increased after cell injury or death and, when
released from dying cells, stimulated an inflammatory response by activating the maturation
of dendritic cells and priming of CD8+ T-cell responses.13 Despite this evidence, few studies
examined the relation between UA and proinflammatory markers. We previously reported a
strong positive cross-sectional association between UA and proinflammatory markers in both
hyperuricemic and normouricemic older persons.14 Whether circulating UA and changes in
UA are associated with longitudinal changes in inflammatory markers is unknown. The
purpose of this study was to evaluate whether baseline UA and changes in UA predict changes
in interleukin-6 (IL-6) and CRP during 3 years of follow-up in a population-based sample of
adults and older persons.
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Methods
The Invecchiare in Chianti; aging in the Chianti area (InCHIANTI) Study was an
epidemiological study conducted on a representative sample of the population living in 2 Italian
towns located in the Tuscany region of Italy. The study was developed to investigate factors
affecting mobility in late life. The rationale, design, and data collection are described
elsewhere.15 The study protocol complied with the Declaration of Helsinki and was approved
by the Ethical Committee of the Italian National Institute of Research and Care of Aging.

Briefly, in August 1998, a total of 1,270 persons aged ≥65 years and 30 men and women in
each decade of age between 20 and 60 and in the age group 61 to 64 were randomly selected
from the population registry. Of 1,530 persons originally sampled, 1,453 (94%) agreed to
participate in the study. Of these, 1,343 agreed to donate a blood sample and 1,325 (86% of
those originally sampled eligible) completed the baseline data collection, which started in
September 1998 and ended in March 2000.

Follow-up data were collected from 2001 to 2002. Of 1,453 subjects at baseline, 142 (9.8%)
were lost because of death, 127 (8.7%) refused, and an additional 17 (1.6%) were lost to follow-
up or did not provide sufficient serum at follow-up for assay of inflammatory markers.
Complete blood samples at follow-up were available for 1,167 subjects. Missing subjects were
more likely to be >85 years, be women, have diabetes, and have higher UA, IL-6, and CRP on
initial evaluation.

The analysis presented here included 961 subjects with complete data for UA and inflammatory
markers at baseline and follow-up. Because of the potential for confounding, exclusions were
made for subjects with a diagnosis of cancer (47 subjects), stage ≥4 kidney disease estimated
using creatinine-based glomerular filtration rate (estimated glomerular filtration rate <30 ml/
min/1.73 m2), and those using allopurinol and an UA-lowering medication (20 subjects). The
final study population included 892 subjects (404 men, 488 women).

Blood samples were collected after overnight fasting and after sitting for 15 minutes. Aliquotted
sera were frozen and stored at -80°C until enzyme-linked immunosorbent assays (ELISAs)
were performed. A detailed description of the sampling procedure and data collection method
was previously published.15

At baseline and follow-up, UA (in milligrams per deciliter) was measured using enzymatic
colorimetric methods (Roche Diagnostics GmbH, Mannheim, Germany). The lower limit of
detection was 0.2 mg/dl (range 0.2 to 25.0), and intra- and interassay coefficients of variation
were 0.5% and 1.7%, respectively. For statistical analysis, UA was divided into quintiles
according to baseline cut-off points of 4.0, 4.7, 5.3, and 6.1 mg/dl.

Baseline IL-6 assays were performed using an ELISA with ultrasensitive commercial kits
(Human Ultrasensitive, Biosource International Inc., Camarillo, California). Minimum
detectable IL-6 was 0.10 pg/ml, and interassay coefficient of variation was 7%. The average
of 2 measurements was used in analyses. Follow-up IL-6 assays were performed at the
University of Vermont Laboratory for Clinical Biochemistry Research (R&D Systems, Inc.,
Minneapolis, Minnesota). A subset of baseline blood samples (n = 75) were reanalyzed using
the follow-up assay. The 2 assays correlated at 0.89, and remaining baseline values were
transformed to maximize comparability between the 2 assays. For analytical purposes, IL-6
was coded into clinical risk categories based on available research showing increased risk of
disability for subjects with IL-6 ≥2.5 pg/ml.16

Serum CRP was measured in duplicate using a high-sensitivity ELISA with purified protein
and polyclonal anti-CRP antibodies (Calbiochem, San Diego, California) with standardization
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according to the World Health Organization First International Reference Standard. Minimum
detectable threshold was 0.03 mg/L, and interassay coefficient of variation was 5%. According
to American Heart Association recommendations, CRP >3-mg/L threshold were coded into
categories at risk of cardiovascular events.17

Using categories of risk for both IL-6 and CRP, subjects were grouped according to changes
from baseline to follow-up. Subjects with IL-6 ≤2.5 pg/L and CRP ≤3 mg/dl at both baseline
and follow-up, those with IL-6 >2.5 pg/L at baseline and ≤2.5 pg/L at follow-up, and those
with CRP >3 mg/dl at baseline and ≤3 mg/dl at follow-up were grouped under the definition
of “persistent low or remittent inflammation.” Subjects with IL-6 ≤2.5 pg/L at baseline and
>2.5 pg/L at follow-up and those with CRP ≤3 mg/dl at baseline and >3 mg/dl at follow-up
were classified under “increasing inflammation.” Finally, subjects with IL-6 >2.5 pg/L and
CRP >3 mg/dl at both baseline and follow-up were considered under “persistent high
inflammation.”

Demographic information and information for smoking and medication use were collected
using standardized questionnaires. Pack-years, a measure of cigarette smoking exposure that
combines intensity and duration, was calculated as (packs smoked per day) × (years of
smoking), based on self-report.

Average energy intake (kilocalories per day), average intake of fruit and vegetables (grams per
day), alcohol intake (grams per day), and animal protein intake (grams per day) were obtained
by interviewers using the European Prospective Investigation into Cancer and Nutrition food-
frequency questionnaire. Information provided using the questionnaire was transformed into
average daily intake of macro- and micronutrients using custom software that uses as a
reference the table of food composition for Italian epidemiological studies, edited by the
European Institute of Oncology.18

Physical activity in the previous year was assessed based on responses to multiple questions
and rated as (1) sedentary: inactive or light-intensity physical activity (i.e., walking, light
housework) ≤1 hour/week; (2) light physical activity: light-intensity physical activity 2 to 4
hours/week; and (3) moderate-high physical activity: light physical activity >4 hours/week or
moderate physical activity (i.e., brisk walking, playing soccer, gardening) ≥1 to 2 hours/week.
Liver function was evaluated using glutamic oxaloacetic transaminase and glutamic pyruvic
transaminase. Kidney function was estimated using creatinine-based glomerular filtration rate
with the simplified Modification of Diet in Renal Disease equation.19

All subjects were examined by a physician to ascertain preestablished criteria and health status.
Standard algorithms that combined information from physician diagnosis, medical and drug
records, and clinical and laboratory findings were used to ascertain hypertension, peripheral
atherosclerosis, diabetes, stroke, and heart and lung diseases.20 Metabolic syndrome was
defined according to criteria from the National Cholesterol Education Program Adult
Treatment Panel III.21 Peripheral atherosclerosis was defined as bilateral carotid
atherosclerotic plaques and/or any carotid stenosis >40% and/or presence of peripheral arterial
disease. Peripheral artery disease was defined as ankle-brachial index <0.90.22 Carotid
atherosclerotic plaques and stenosis were estimated using Doppler flow ultrasonography.

Subjects’ characteristics were described for the entire sample and groups according to changes
in IL-6 and CRP between baseline and follow-up. Variables with symmetric distribution were
reported as mean ± SD. Variables with asymmetric distribution were summarized as median
and interquartile range and log-transformed in regression analyses and back-transformed for
data presentation. Statistical comparisons across groups were performed using age- and gender-
adjusted analyses of covariance and logistic regression models, as appropriate. Tests for trend
across UA quintiles were conducted using age- and gender-adjusted linear regression models
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for means and a Mantel-Haenszelchi-square test for proportions. The significance level used
for 2-sided tests was p <0.05.

The relation between UA and inflammatory markers was explored using scatterplots and by
looking at average inflammatory marker values according to UA quintiles. The assumption of
constant variance of inflammatory markers across UA levels was explored using residual plots.
After exploring relations between IL-6 and CRP at baseline and IL-6 and CRP at follow-up
between subjects with UA less than and greater than the mean value, we studied relations
between baseline and change in UA and follow-up inflammatory parameters using an
autoregressive approach.23 According to the autoregressive model, changes in IL-6 and CRP
were regressed on baseline UA levels adjusting for baseline proinflammatory markers and
other potential confounders.

The likelihood of having inflammatory parameters considered at clinical risk levels at follow-
up was estimated using logistic regression adjusted for age, gender, and baseline
proinflammatory levels. All analyses were performed using the SAS statistical package,
version 8.2 (SAS Institute, Cary, North Carolina).

Results
Baseline characteristics of study subjects for the entire sample and stratified by category of
change in IL-6 and CRP between baseline and follow-up are listed in Table 1. Most associations
were similar regardless of whether categories were defined based on IL-6 or CRP. Compared
with subjects with persistently low or remitted inflammation (follow-up IL-6 ≤2.5 pg/ml or
CRP ≤3 mg/L regardless of baseline values), those with increased inflammation (IL-6 baseline
≤2.5 pg/ml and follow-up >2.5; CRP baseline ≤3 mg/L and follow-up >3) and especially
persistently high inflammation (IL-6 >2.5 pg/ml and CRP >3 mg/L at both baseline and follow-
up) were significantly older, had a higher UA and body mass index, were less physically active,
and had a higher prevalence of clinically apparent CVD and risk factors for CVD (i.e., diabetes
and hypertension).

Cross-sectional evaluations of baseline and follow-up data showed that circulating UA, IL-6,
and CRP significantly correlated with age. In all subjects, UA increased significantly from
baseline to follow-up (0.27 ± 0.86 mg/dl; p <0.0001), whereas IL-6 (p = 0.0501) and CRP (p
= 0.1027) did not change significantly. At both baseline and follow-up, IL-6 (p = 0.0428), CRP
(p ≤0.0001), and percentage of subjects with IL-6 >2.5 pg/ml (p <0.0001) andCRP >3 mg/L
(p <0.0001) increased significantly across UA quintiles (Table 2).

Independent of age and gender, subjects with IL-6 >2.5 pg/ml and CRP >3 mg/L at baseline
had a higher average increase in IL-6 (2.6 ± 0.6 pg/ml; p <0.0001) and CRP (4.10 ± 0.47 mg/
L; p <0.0001) at follow-up compared with those who started with IL-6 ≤2.5 pg/ml and CRP
≤3 mg/L. From baseline to follow-up, subjects with UA greater than the median tended to
develop higher IL-6 and CRP compared with those with UA less than the median. This trend
maintained almost the same direction across baseline IL-6 and CRP quintiles (Figure 1).

Independent of IL-6 and CRP baseline values, higher baseline UA was significantly associated
with higher follow-up IL-6 and CRP independent of age and gender (Table 3, model 1a).
Adjusting for body mass index, glomerular filtration rate, glutamine oxaloacetic transaminase,
glutamic pyruvic transaminase, total energy and protein intake, alcohol consumption, smoking,
and physical activity, the association between baseline UA and changes in IL-6 was weakened
and only approached statistical significance (Table 3, model 2a). After adjustment for clinical
conditions, the association became completely nonsignificant (Table 3, model 3a). In adjusted
analysis, baseline UA was significantly associated with CRP at follow-up (Table 3, model 2a)
and the association remained statistically significant after adjustment for confounders,
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including clinical conditions (Table 3, model 3a). In this model, older age, body mass index,
and baseline proinflammatory parameters were positive and independent predictors of IL-6
and CRP at follow-up.

Similarly independent of confounders, changes in UA between baseline and follow-up were
not independent predictors of change over time in IL-6 (Table 3, models 1b, 2b, and 3b),
whereas they were significant predictor of changes over time in CRP. Interestingly, the
association of baseline UA and UA changes with change over time in CRP, reported in model
3b, remained significant also after adjustment for baseline IL-6 (p = 0.0005 and p = 0.0160,
respectively).

The likelihood of having abnormally high IL-6 and CRP levels after 3 years of follow-up was
nonlinear across baseline UA quintiles. Independent of age, gender, body mass index, and
baseline IL-6, odds ratios (ORs) for IL-6 >2.5 pg/ml were 1.83 (95% confidence interval [CI]
1.11 to 3.05) in the first, 1.22 (95% CI 0.72 to 2.07) in the third, 1.57 (95% CI 0.95 to 2.63) in
the fourth, and 2.15 (95% CI 1.27 to 3.65) in the fifth UA quintile compared with the second
UA quintile (Figure 2). The likelihood of having CRP greater than the threshold for clinical
risk was higher, although not significant, in the fourth (OR 1.36, 95% CI 0.82 to 2.26), and
fifth UA quintiles (OR 1.27, 95% CI 0.75 to 2.14) compared with the second UA quintile.
Subjects in the first UA quintile (OR 1.00, 95% CI 0.61 to 1.65), and those in the third quintile
(OR 0.94, 95% CI 0.56 to 1.59) had no higher probability to develop CRP at clinical risk at 3
years of follow-up compared with subjects in the second UA quintile (Figure 2). Both trends
persisted after adjustments for behavioral and clinical confounders (data not shown).

Testing for the opposite hypothesis, that inflammatory markers predict UA levels, we found
that baseline CRP and IL-6 and their changes during 3 years did not predict changes in UA
during follow-up (data not shown).

Discussion
Using data collected in the context of an epidemiological study performed in a population-
based sample, we evaluated whether UA circulating levels predict IL-6 and CRP circulating
levels during 3 years of follow-up. Independent of baseline inflammatory markers and relevant
confounders, baseline UA and changes in UA from baseline to follow-up were significant
predictors of CRP changes during a 3-year follow-up. Baseline UA and changes in UA from
baseline to follow-up were also independent predictors of IL-6 at follow-up, although the
statistical significance of the association was lost after adjustment for clinical conditions.
However, subjects in the fourth and fifth UA quintiles had a higher probability to develop
clinically relevant increased IL-6 (>2.5 pg/ml) and CRP (>3 mg/L) during 3 years compared
with those in the second quintile.

Increased UA frequently was described as a correlate of the development and progression of
hypertension,24 diabetes,25 CVD, and mortality.12,26 In patients with hypertension,12
diabetes,27 preexisting cerebrovascular disease,28 and CVD,11 UA was a risk factor for
further cardiovascular events, and in patients with mild-severe heart failure, was a negative
prognostic factor for mortality.29 However, there were several controversies about the nature
of the relation between UA and cardiovascular events. Because of the large number of risk
factors involved in CVD and their close relation to UA, it was exceedingly difficult to prove
or exclude an independent role, although this did not exclude the possibility that UA had a
causal role in the development of CVD.

In keeping with some recent reports,30 our findings suggested that high UA from increasing
CRP and inflammation anywhere in the body may contribute to the atherosclerotic process.
The relation between UA and IL-6 remained somewhat unclear. The finding that baseline UA
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did not remain significantly associated with IL-6 after 3 years of follow-up and baseline IL-6
was not significantly associated with follow-up UA was unexpected. However, only subjects
in the fourth and fifth UA quintiles had a higher probability of developing IL-6 >2.5 pg/ml,
which suggested that the effect of UA on IL-6 was relevant only at greater than a critical UA
threshold. As a possible alternative, we cannot exclude that our findings may simply relate to
the more precise and reliable current methods for measuring CRP than those for IL-6. Overall,
the reciprocal relation between IL-6 and CRP and their role in different inflammatory
conditions should be further investigated.

Strengths of this study were that (1) the InCHIANTI Study was particularly suited to address
the relation between UA and inflammatory markers because both measurements were
systematically obtained at baseline and follow-up in all subjects, together with information
about major confounders such as hypertension, use of diuretics, and alcohol and dietary intake;
(2) all samples were tested for UA and inflammatory markers using state-of-the art clinically
relevant assays; (3) relations between UA and inflammatory markers were tested in parallel
against the most widely accepted inflammatory markers associated with CVD risk, such as
IL-6 and CRP; (4) the opposite hypothesis that proinflammatory markers predicted changes in
UA levels was tested and excluded; and (5) findings of these studies were unique among
population-based studies and consistent with experimental evidence previously reported.
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Figure 1.
Mean IL-6 and CRP at the end of the 3-year observation period according to UA across IL-6
and CRP baseline quintile distribution.
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Figure 2.
ORs to develop abnormally high IL-6 and CRP after 3 years of follow-up across UA quintiles.
*ORs adjusted for age, gender, body mass index, and IL-6 or CRP at baseline.
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