CLINICAL EPIDEMIOLOGY

www.jasn.org

Uric Acid and Incident Kidney Disease in the
Community
Daniel E. Weiner,* Hocine Tighiouart,† Essam F. Elsayed,* John L. Griffith,†
Deeb N. Salem,‡ and Andrew S. Levey*
*Division of Nephrology, †Biostatistics Research Center, and ‡Division of Cardiology, Tufts-New England Medical
Center, Boston, Massachusetts

ABSTRACT
Uric acid may mediate aspects of the relationship between hypertension and kidney disease via renal
vasoconstriction and systemic hypertension. To investigate the relationship between uric acid and
subsequent reduced kidney function, limited-access data of 13,338 participants with intact kidney
function in two community-based cohorts, the Atherosclerosis Risks in Communities and the Cardiovascular Health Study, were pooled. Mean baseline serum uric acid was 5.9 ⫾ 1.5 mg/dl, mean baseline
serum creatinine was 0.9 ⫾ 0.2 mg/dl, and mean baseline estimated GFR was 90.4 ⫾ 19.4 ml/min/1.73
m2. During 8.5 ⫾ 0.9 yr of follow-up, 712 (5.6%) had incident kidney disease defined by GFR decrease
(ⱖ15 ml/min/1.73 m2 with final GFR ⬍60 ml/min/1.73 m2), while 302 (2.3%) individuals had incident
kidney disease defined by creatinine increase (ⱖ0.4 mg/dl with final serum creatinine ⬎1.4 mg/dl in men
and 1.2 mg/dl in women). In GFR- and creatinine-based logistic regression models, baseline uric acid
level was associated with increased risk for incident kidney disease (odds ratio 1.07 [95% confidence
interval 1.01 to 1.14] and 1.11 [95% confidence interval 1.02 to 1.21] per 1-mg/dl increase in uric acid,
respectively), after adjustment for age, gender, race, diabetes, systolic BP, hypertension, cardiovascular
disease, left ventricular hypertrophy, smoking, alcohol use, education, lipids, albumin, hematocrit,
baseline kidney function and cohort; therefore, elevated serum uric acid level is a modest, independent
risk factor for incident kidney disease in the general population.
J Am Soc Nephrol 19: 1204 –1211, 2008. doi: 10.1681/ASN.2007101075

Hypertension and diabetes are the most common
causes of chronic kidney disease (CKD) in the
United States.1 Elevated levels of serum uric acid are
associated with the development of hypertension
and are common in individuals with diabetes and
diabetes risk factors.2,3 Accordingly, uric acid, via
effects on renal vasoconstriction and systemic hypertension, may mediate aspects of the relationship
between hypertension and kidney disease.
Cohort studies have shown mixed results on
whether uric acid is an independent risk factor for
the development of kidney disease.4,5 Ishani et al.,4
evaluating long-term follow-up of the Multiple
Risk Factor Intervention Trial (MRFIT), found that
higher uric acid levels were associated with the development of ESRD in men but that this result was
attenuated when individuals with baseline CKD
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(estimated GFR [eGFR] ⬍60 ml/min per 1.73 m2 or
proteinuria) were excluded. This suggests that uric
acid may be a marker of diminished kidney funcReceived October 5, 2007. Accepted January 14, 2008.
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Table 1. Baseline characteristics and final kidney function by gender-specific quartile of uric acid for the creatinine-based
cohorta
Uric Acid Quartile

Characteristic

Demographics
age (yr; mean ⫾ SD)
female (%)
black (%)
high school graduate (%)
ARIC (%)
Medical history (%)
diabetes
hypertension
CVD
current smoker
current alcohol use
diuretic use
ACEI use
Physical findings
SBP (mmHg; mean ⫾ SD)
DBP (mmHg; mean ⫾ SD)
LVH (%)
BMI (kg/m2; mean ⫾ SD)
Laboratory results
serum creatinine (mg/dl;
mean ⫾ SD)
eGFR (ml/min per 1.73 m2;
mean ⫾ SD)
hematocrit (%; mean ⫾ SD)
total cholesterol (mg/dl;
mean ⫾ SD)
HDL cholesterol (mg/dl;
mean ⫾ SD)
albumin (g/dl; mean ⫾ SD)
Final laboratory results (mean ⫾ SD)
serum creatinine (mg/dl)
eGFR (ml/min per 1.73 m2)
Incident kidney disease (%)
creatinine based
eGFR based

1 (<5.6 mg/dl in
Men, <4.4 mg/dl
in Women)
(n ⴝ 3460; 25.9%)

2 (5.6 to <6.4
mg/dl in Men, 4.4
to <5.2 mg/dl
in Women)
(n ⴝ 3394; 25.4%)

3 (6.4 to <7.4
mg/dl in Men, 5.2
to <6.1 mg/dl
in Women)
(n ⴝ 3317; 24.9%)

4 (>7.4 mg/dl in
Men, >6.1 mg/dl
in Women)
(n ⴝ 3167; 23.7%)

Totals
(n ⴝ 13,338)

58.1 ⫾ 9.9
57.4
13.8
82.2
73.6

57.4 ⫾ 9.1
58.3
15.8
82.3
79.9

57.1 ⫾ 8.5
53.3
18.1
81.0
83.0

57.0 ⫾ 8.3
57.4
27.4
76.2
85.3

57.4 ⫾ 9.0
56.6b
18.0
80.5
80.3

7.0
28.9
11.4
22.5
57.8
7.2
3.4

5.7
33.0
12.1
19.8
59.6
10.7
5.1

5.7
38.1
12.4
18.1
59.5
16.2
4.6

7.7
59.2
15.1
17.0
55.8
34.5
8.1

6.5b
39.4
12.7
19.4
58.2b
16.8
5.0b

120.1 ⫾ 19.2
70.7 ⫾ 10.6
1.1
25.1 ⫾ 3.8

121.2 ⫾ 19.0
71.8 ⫾ 10.4
1.2
26.4 ⫾ 4.4

121.9 ⫾ 18.3
72.9 ⫾ 10.6
1.3
27.8 ⫾ 4.6

125.7 ⫾ 17.7
74.9 ⫾ 10.9
2.7
29.9 ⫾ 5.4

122.2 ⫾ 18.7
72.5 ⫾ 10.7
1.5
27.2 ⫾ 4.9

0.8 ⫾ 0.2

0.8 ⫾ 0.2

0.9 ⫾ 0.2

0.9 ⫾ 0.2

0.9 ⫾ 0.2

94.8 ⫾ 19.6

90.8 ⫾ 19.0

89.2 ⫾ 18.7

86.5 ⫾ 19.3

90.4 ⫾ 19.4

41.3 ⫾ 3.8
208.3 ⫾ 37.7

41.5 ⫾ 3.8
212.0 ⫾ 39.1

42.0 ⫾ 3.7
216.1 ⫾ 41.0

42.1 ⫾ 3.9
219.9 ⫾ 43.0

41.7 ⫾ 3.8
213.9 ⫾ 40.4

57.0 ⫾ 17.2

54.1 ⫾ 16.7

50.9 ⫾ 16.3

48.2 ⫾ 15.3

52.7 ⫾ 16.8

4.1 ⫾ 0.3

4.1 ⫾ 0.3

4.1 ⫾ 0.3

4.1 ⫾ 0.3

4.1 ⫾ 0.3

0.9 ⫾ 0.3
84.6 ⫾ 18.3

0.9 ⫾ 0.2
82.0 ⫾ 17.6

0.9 ⫾ 0.2
81.4 ⫾ 17.7

1.0 ⫾ 0.4
79.3 ⫾ 20.2

0.9 ⫾ 0.3
81.9 ⫾ 18.6

1.9
4.6

1.7
4.7

1.7
4.9

3.9
8.2

2.3
5.5

a

Final eGFR is based on the smaller cohort of 12,819 individuals, because more individuals were excluded for reduced baseline eGFR. Angiotensin-converting
enzyme inhibitor (ACEI) use is for the CHS cohort only. Incident kidney disease defined by creatinine incorporates 13,338 individuals; incident kidney disease
defined by eGFR incorporates 12,819 individuals. ARIC, Atherosclerosis Risk in Communities; CVD, cardiovascular disease; DBP, diastolic BP; LVH, left
ventricular hypertrophy.
P ⬍ 0.0001 for trend for all comparisons across groups except bP ⬍ 0.01.

tion rather than a cause of incipient kidney disease.4 Chonchol
et al.5 evaluated the Cardiovascular Health Study (CHS) population of individuals who were ⱖ65 yr of age and found that
there was a strong cross-sectional association between baseline
uric acid levels and baseline kidney function. In longitudinal
analyses, individuals with uric acid levels ⬎5.9 mg/dl had increased risk for eGFR decline ⱖ3 ml/min per 1.73 m2 annually;
however, there was no significant association between uric acid
J Am Soc Nephrol 19: 1204 –1211, 2008

level and incident CKD defined by eGFR ⬍60 ml/min per 1.73
m2 at the final study examination.
In this study, we pooled individual participant data from
two community-based cohorts, the Atherosclerosis Risk in
Communities (ARIC) Study and CHS, to obtain a generalizable population to investigate the relationship between uric
acid and incident kidney disease. By focusing on a diverse population spanning a wider age range, concentrating on individUric Acid and Incident CKD
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Table 2. Sequentially built logistic regression models for the primary study outcome of incident kidney diseasea
Parameter

Model 1
(Uric Acid Only)

Model 2
(Model 1 ⴙ
Kidney
Function)

Model 3
(Model 2 ⴙ
Demographic
Data)

Model 4
(Model 3 ⴙ
History
and Labs)

Model 5
(Model 4 ⴙ SBP
and Hypertension)

Model 6
(Model 5 ⴙ
BMI and
Diuretic Use)

eGFR
Creatinine

1.16 (1.11 to 1.22)
1.29 (1.20 to 1.39)

1.09 (1.04 to 1.15)
1.13 (1.04 to 1.22)

1.12 (1.06 to 1.19)
1.15 (1.06 to 1.25)

1.12 (1.05 to 1.18)
1.15 (1.06 to 1.25)

1.07 (1.01 to 1.14)
1.11 (1.02 to 1.21)

1.07 (1.01 to 1.15)
1.11 (1.01 to 1.22)

a

OR and 95% CI are those associated with each 1-mg/dl rise in baseline serum uric acid in each model.

Table 3. Multivariable model for incident kidney diseasea
Parameter
Serum uric acid (per 1-mg/dl increase)
Age (per 10-yr increase)
Female gender
Black race
History of CVD
History of diabetes
History of hypertension
Current smoking
Current alcohol
High school graduate
SBP (per 10-mmHg increase)
Total cholesterol (per 10-mg/dl increase)
HDL cholesterol (per 5-mg/dl increase)
Baseline kidney function
Serum albumin (per 1-g/dl increase)
Hematocrit (per 2% increase)
ARIC (versus CHS)

Creatinine Based
(OR 关95% CI兴)
1.11
1.76
1.24
1.22
1.78
3.17
1.36
1.60
0.80
0.82
1.22
1.01
0.96
1.36
0.48
0.93
2.56

(1.02
(1.40
(0.87
(0.89
(1.34
(2.34
(1.01
(1.18
(0.61
(0.63
(1.15
(0.98
(0.92
(1.26
(0.30
(0.86
(1.60

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

eGFR Based
(OR 关95% CI兴)

1.21)
2.20)
1.76)
1.68)
2.36)
4.29)
1.85)
2.18)
1.03)
1.07)
1.30)
1.04)
1.01)
1.47)
0.76)
1.00)
4.09)

1.07
1.97
1.17
0.85
1.54
2.22
1.42
1.45
0.79
0.95
1.18
1.01
1.00
0.96
0.83
0.93
4.43

(1.01
(1.69
(0.94
(0.67
(1.26
(1.74
(1.17
(1.17
(0.67
(0.78
(1.13
(0.99
(0.97
(0.96
(0.60
(0.88
(3.22

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.14)
2.30)
1.45)
1.09)
1.89)
2.84)
1.73)
1.79)
0.94)
1.15)
1.24)
1.03)
1.03)
0.97)
1.13)
0.98)
6.07)

Creatinine-based outcomes are defined by an increase in serum creatinine of ⱖ0.4 mg/dl where baseline serum creatinine was ⱕ1.4 mg/dl in men and
ⱕ1.2 mg/dl in women and final serum creatinine was above these levels. eGFR-based outcomes are defined by a decrease in eGFR of ⱖ15 ml/min per
1.73 m2 where the initial eGFR was ⱖ60 ml/min per 1.73 m2 and the final eGFR was ⬍60 ml/min per 1.73 m2. Baseline kidney function is assessed by
serum creatinine in creatinine-based models with the OR reflecting each 0.1-mg/dl rise and by eGFR in eGFR-based models with OR reflecting each 10ml/min per 1.73 m2 rise.
a

uals who have final eGFR ⱕ60 ml/min per 1.73 m2 and accounting for mortality, we will be able to expand on previous
findings and evaluate whether serum uric acid levels are associated with incident kidney disease.

RESULTS

Among 13,338 individuals, mean age was 57.4 ⫾ 9.0 yr and
7549 (56.6%) were female. The mean serum uric acid level was
5.9 ⫾ 1.5 mg/dl (5.3 ⫾ 1.4 mg/dl in women and 6.5 ⫾ 1.3
mg/dl in men). Mean baseline serum creatinine was 0.9 ⫾ 0.2
mg/dl, and mean baseline eGFR was 90.4 ⫾ 19.4 ml/min per
1.73 m2 (Table 1).
eGFR-Based Analyses

During mean follow-up of 8.5 ⫾ 0.9 yr, mean baseline uric acid
was 6.2 ⫾ 1.6 mg/dl in the 712 (5.6%) individuals who developed kidney disease versus 5.8 ⫾ 1.5 mg/dl in the 12,107 individuals who did not develop kidney disease (P ⬍ 0.0001). Baseline serum uric acid level was associated with a significantly
1206
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increased risk for developing kidney disease in univariate and
multivariable analyses (odds ratio [OR] 1.16 [95% confidence
interval (CI) 1.11 to 1.22] and OR 1.07 [95% CI 1.01 to 1.14]
per 1-mg/dl increase, respectively; Tables 2 and 3). Genderspecific models revealed an OR of 1.10 (95% CI 1.01 to 1.18) in
women and 1.05 (95% CI 0.96 to 1.16) in men; however, the
interaction term with gender was not statistically significant
(P ⫽ 0.8).
Creatinine-Based Analyses

There were 302 (2.3%) individuals who had a rise in serum
creatinine ⱖ0.4 mg/dl with final serum creatinine levels ⬎1.4
mg/dl in men and ⬎1.2 mg/dl in women. In those who developed kidney disease, mean baseline uric acid was 6.5 ⫾ 1.7
versus 5.9 ⫾ 1.5 mg/dl in those who did not develop kidney
disease (P ⬍ 0.0001). In univariate and multivariable analyses,
baseline serum uric acid level was associated with a significantly increased risk for developing kidney disease (OR 1.29
[95% CI 1.20 to 1.39] and OR 1.11 [95% CI 1.02 to 1.21] per
1-mg/dl increase, respectively; Tables 2 and 3). Gender-specific models revealed an OR of 1.19 (95% CI 1.05 to 1.36) in
J Am Soc Nephrol 19: 1204 –1211, 2008
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Table 4. Multivariable model for the composite outcome of incident kidney disease and deatha
Parameter
Serum uric acid (per 1-mg/dl increase)
Age (per 10-yr increase)
Female gender
Black race
History of CVD
History of diabetes
History of hypertension
Current smoking
Current alcohol
High school graduate
SBP (per 10-mmHg increase)
Total cholesterol (per 10-mg/dl increase)
HDL cholesterol (per 5-mg/dl increase)
Baseline kidney function
Serum albumin (per 1-g/dl increase)
Hematocrit (per 2% increase)
ARIC (versus CHS)

Creatinine Based
(HR 关95% CI兴)
1.09
2.33
0.71
1.43
2.01
2.16
1.15
2.28
0.88
0.71
1.11
1.01
1.00
1.04
0.52
0.99
0.97

(1.06
(2.16
(0.63
(1.27
(1.83
(1.94
(1.03
(2.06
(0.80
(0.65
(1.08
(1.00
(0.98
(1.01
(0.44
(0.97
(0.82

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.13)
2.52)
0.80)
1.62)
2.21)
2.41)
1.28)
2.52)
0.96)
0.78)
1.13)
1.02)
1.01)
1.06)
0.60)
1.02)
1.15)

eGFR Based
(HR 关95% CI兴)
1.08
2.34
0.77
1.32
1.88
2.03
1.16
2.06
0.89
0.76
1.11
1.01
1.00
0.95
0.57
0.98
0.95

(1.05
(2.17
(0.69
(1.17
(1.72
(1.82
(1.05
(1.87
(0.81
(0.69
(1.09
(1.00
(0.99
(0.93
(0.49
(0.96
(0.80

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.12)
2.53)
0.85)
1.48)
2.06)
2.62)
1.29)
2.27)
0.97)
0.83)
1.13)
1.02)
1.02)
0.98)
0.67)
1.01)
1.12)

Creatinine-based outcomes are defined by an increase in serum creatinine of ⱖ0.4 mg/dl where baseline serum creatinine was ⱕ1.4 mg/dl in men and ⱕ1.2
mg/dl in women and final serum creatinine was above these levels. eGFR-based outcomes are defined by a decrease in eGFR of ⱖ15 ml/min per 1.73 m2
where the initial eGFR was ⱖ60 ml/min per 1.73 m2 and the final eGFR was ⬍60 ml/min per 1.73 m2. Baseline kidney function is assessed by serum creatinine
in creatinine-based models with the OR reflecting each 0.1-mg/dl rise and by eGFR in eGFR-based models with OR reflecting each 10-ml/min per 1.73 m2 rise.
a

women and 1.05 (95% CI 0.92 to 1.19) in men; however, the
interaction term with gender was not statistically significant
(P ⫽ 0.2).
Sensitivity Analyses

Among 18,966 individuals with complete baseline data and
without baseline CKD, 5628 were missing serum creatinine at
their final study examination. Among these individuals, 831
(14.8%) had a final examination but no laboratory results.
These individuals were predominantly from CHS (n ⫽ 757,
91.1%) and had a higher prevalence of baseline cardiovascular
disease (CVD; 22% versus 18%; P ⫽ 0.001) and diabetes (13%
versus 9%; P ⬍ 0.01) than individuals from CHS who completed the study. There were 2915 (15.4%) individuals alive at
the final study visit without data; these individuals were predominantly from ARIC (92%), were disproportionately black
(35%), and had a higher prevalence of both baseline CVD and
CVD risk factors than individuals who completed the study.
There were 1882 (9.9%) deaths before the final examination. Elevated uric acid was a significant risk factor for the
composite outcome of death or incident kidney disease (hazard ratio [HR] 1.09 [95% CI 1.06 to 1.13] per 1-mg/dl increase
in uric acid). When the eGFR-based outcome was used, there
were 1668 (11.5%) deaths before the final examination. Elevated serum uric acid was a significant risk factor for the composite outcome of death or incident kidney disease (HR 1.08;
95% CI 1.05 to 1.11 per 1-mg/dl increase; Table 4).
In multivariable analyses not adjusted for systolic BP (SBP)
and history of hypertension, uric acid was a significant risk
factor for development of kidney disease in both eGFR- and
creatinine-based models (OR 1.15 [95% CI 1.08 to 1.22] and
OR 1.17 [95% CI 1.08 to 1.27] per 1-mg/dl rise, respectively).
J Am Soc Nephrol 19: 1204 –1211, 2008

In multivariable analyses including body mass index (BMI),
uric acid remained significant with the magnitude of effect
unchanged (Table 2). In study-specific analyses, uric acid was
associated with similar risk in each study (eGFR-based outcomes OR 1.06 [95% CI 0.99 to 1.13] and 1.09 [95% CI 0.95 to
1.26], and for creatinine-based outcomes OR 1.12 [95% CI
1.01 to 1.24] and OR 1.09 [95% CI 0.91 to 1.30], for ARIC and
CHS, respectively). Notably, when the composite outcome of
death and kidney disease was examined, the term for study
(comparing ARIC with CHS) was no longer significant (HR
0.97; 95% CI 0.82 to 1.15), suggesting that study difference is a
function of increased mortality in CHS. Finally, in multivariable analyses that included diuretic use, uric acid remained
significant, whereas diuretic use was NS (Table 2).

DISCUSSION

In this study, we demonstrated that elevated serum uric acid
level is an independent, albeit modest, risk factor for incident
kidney disease in a generalizable US population over a lengthy
follow-up period. Several other studies reported an association
between baseline uric acid and kidney function decline. A 2-yr
study of Japanese residents of Okinawa demonstrated that
higher baseline uric acid level was associated with an increase
in the number of individuals with elevated serum creatinine
over 2 yr but not with a change in creatinine clearance as estimated by the Cockroft-Gault equation.6 The authors did not
explain this discrepant finding. These same investigators also
identified uric acid in women in Okinawa as an independent
predictor of kidney failure requiring kidney replacement therapy during a 7-yr period; results in men did not achieve statisUric Acid and Incident CKD
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tical significance.7 In our study, we noted a significant risk for
incident kidney disease associated with higher uric acid levels
in women and a trend in men; however, the interaction between gender and uric acid was NS, indicating that this result
was statistically comparable in both men and women.
Chonchol et al.5 evaluated the association between hyperuricemia and progression of kidney disease in the CHS, demonstrating a 14% (OR 1.14; 95% CI 1.04 to 1.24 per 1-mg/dl
rise in uric acid) increase in kidney disease progression, defined by eGFR decline ⱖ3 ml/min per 1.73 m2/yr, but no relationship between baseline serum uric acid levels and incident
CKD (OR 1.00; 95% CI 0.89 to 1.14). The results in our study
differ, perhaps reflecting the limitations of serum creatinine–
based GFR estimates in the elderly, particularly at high eGFR
levels. In the elderly, muscle mass is less predictable at any
given level of serum creatinine, making interpretation of serum creatinine levels more challenging.8,9 Uric acid, reflecting
its handling by the kidney, may improve the predictive ability
of creatinine-based GFR estimation in the elderly, particularly
at lower serum creatinine levels (and therefore higher eGFR
levels). For these reasons, given the heterogeneity of kidney
function at relatively normal-appearing serum creatinine and
eGFR levels in the elderly, the use of a definition for incident
kidney disease that relied only on a final eGFR level below the
threshold of 60 ml/min per 1.73 m2 without requiring sufficient eGFR decline may introduce enough imprecision to bias
results in the Chonchol study to the null. Our approach, requiring both a change in kidney function and crossing a
threshold associated with CKD to define incident kidney disease, may address this imprecision.
Uric acid may be associated with CKD through several
mechanisms: (1) Uric acid may be directly toxic to the kidney;
(2) elevated uric acid may exacerbate other risk factors for
kidney disease, specifically hypertension; or (3) uric acid may
be a marker of the severity of other risk factors, including those
attributable to or associated with diabetes and the metabolic
syndrome. In animal studies, mild hyperuricemia caused direct kidney toxicity, manifest by renal vasoconstriction and
systemic hypertension as well as tubulointerstitial injury not
accounted for by uric acid crystal deposition within the kidney.10 –12 Uric acid may cause these conditions through inhibition of endothelial nitric oxide bioavailability, activation of the
renin-angiotensin system, and/or direct effects on endothelial
cells and vascular smooth muscle cells.3 Clinical support for
this hypothesis is provided by data from the Health Professionals’ Follow-up Study, which suggested that elevated serum uric
acid is a risk factor for development of hypertension in
younger men.13
Both direct kidney injury and preexisting systemic hypertension may lead to incident kidney disease associated with
uric acid. Given that systemic hypertension is an exceedingly
common condition with multifactorial etiology, it is not possible to determine whether uric acid–induced hypertension is
causing kidney disease or whether kidney disease is causing
both worse hypertension and retention of uric acid. Accord1208
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ingly, the results of our sensitivity analyses are informative; we
demonstrated that OR associated with the term for uric acid
were higher in models that did not include hypertension or
SBP, suggesting that some but not all of the effect of uric acid
on development of kidney disease may be mediated by systemic hypertension.
Finally, uric acid may be a marker of kidney risk rather than
a direct contributor to kidney injury. Elevated serum uric acid
is strongly associated with both prevalent kidney disease and
CKD risk factors, including the metabolic syndrome, likely reflecting both renal handling of uric acid and collinearity
among uric acid, obesity, hypertension, diabetes, and other
lifestyle characteristics.14 In cross-sectional studies examining
US adults as well as US children and adolescents enrolled in the
Third National Health and Nutrition Examination Survey
(NHANES III), the prevalence of the metabolic syndrome increased substantially with increasing levels of serum uric acid14,15; however, the association between uric acid and CKD
risk factors does not require components of the metabolic syndrome to be present; a recent evaluation of MRFIT data examined the association between incident hypertension and baseline serum uric acid levels ⬎7 mg/dl in men without diabetes
or metabolic syndrome and found an 81% increased risk for
incident hypertension after adjustment for comorbid conditions, baseline BP, and kidney function.16 We attempted to
account for these associations in sensitivity analyses in which
we included BMI. Notably, this did not affect the modest but
statistically significant independent association between baseline serum uric acid level and incident kidney disease; therefore, although it is still possible that elevated uric acid may
solely be a marker of risk for development of kidney disease,
elevated serum uric acid itself likely does contribute to development of kidney disease.
This study does have several weaknesses. We lack data on
baseline proteinuria and allopurinol use. Although proteinuria
is a powerful predictor of development of kidney disease, hyperuricemia in theory would result in a nonproteinuric or
minimally proteinuric kidney disease because uric acid is hypothesized to cause kidney insult primarily via preglomerular
vasoconstriction.17 In the case of allopurinol, it is likely that if
uric acid is directly toxic to the kidney, then use of allopurinol
would not significantly affect the results, whereas, if uric acid is
a marker of kidney risk, then lack of allopurinol data would
likely bias the results to the null. Notably, Chonchol et al.5 used
medication data not available in the limited access CHS data
set and found no significant difference in baseline allopurinol
use across uric acid quintiles.
Strengths of this study include use of a racially diverse, community-based population with age at enrollment ranging from
45 to ⬎90 yr. This permits generalizability to the US population. In addition, both CHS and ARIC have detailed ascertainment of baseline risk factors and outcomes.
In conclusion, we have demonstrated that elevated serum
uric acid level is an independent risk factor for development of
kidney disease and the composite of incident kidney disease
J Am Soc Nephrol 19: 1204 –1211, 2008
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Figure 1. Development of the study cohort for the eGFR- and serum creatinine– based analyses.

and mortality in a generalizable population. Future studies
should examine the effects of modifying serum uric acid levels
on these outcomes.

variable Modification of Diet in Renal Disease (MDRD) Study equation.23

Other Variables
CONCISE METHODS
Study Population
Individual participant data were pooled from two community-based,
longitudinal, limited-access data sets: ARIC and CHS.18,19 From 1987
to 1989, ARIC recruited 15,792 participants between 45 and 64 yr of
age from four communities. From 1989 to 1990, CHS recruited 5201
participants who were age ⱖ65 yr and randomly selected from Medicare eligibility files in four communities. In both studies, follow-up
occurred at 3- to 4-yr intervals. An additional 687 black participants
were recruited in CHS from 1992 to 1993 (year 5); they were not
included here because of limited follow-up. Final serum creatinine
measurement occurred at visit 4 in ARIC (1996 to 1998) and year 9 in
CHS (1996 to 1997). Details of recruitment and follow-up for the
studies are described elsewhere.18,19

Kidney Function
Baseline serum creatinine was assessed for 15,582 (99%) participants
in ARIC and in 5716 (97%) participants in CHS. We indirectly calibrated creatinine values from ARIC and CHS to mean NHANES III
values for a given age, race, and gender, resulting in adjustments of
⫺0.24 mg/dl in ARIC and ⫺0.11 mg/dl in CHS.20 Baseline creatinine
values were determined by subtracting these adjustments from measured values. We adjusted for changes in laboratory measurements
over time using published calibration factors: In ARIC, 0.18 mg/dl
was added to visit 4 measurements; in CHS, 0.11 mg/dl was subtracted
from year 9 measurements.21,22 eGFR was calculated with the fourJ Am Soc Nephrol 19: 1204 –1211, 2008

Baseline serum uric acid was measured on the Kodak Ektachem 700
Analyzer in CHS and by the Uricase method in ARIC, both at central
laboratories. Other baseline characteristics included demographics
(age, gender, race, and education status), lifestyle characteristics
(smoking and alcohol intake), medication use, medical history (diabetes, hypertension, and CVD), physical examination findings
(height, weight, SBP and diastolic BP, and electrocardiogram results),
and laboratory variables (total cholesterol, HDL cholesterol, albumin,
glucose, and hematocrit). Race was white or black. Education level
was dichotomized by high school graduation status. Smoking and
alcohol were dichotomized by current use. Diabetes was defined by
medication use or fasting glucose level ⱖ126 mg/dl. Baseline CVD
was defined by previous myocardial infarction, previous stroke or
transient ischemic attack, coronary revascularization, or angina and
intermittent claudication on the basis of Rose questionnaires. Hypertension was defined by SBP ⱖ140 mmHg, diastolic ⱖ90 mmHg, or
antihypertensive medication use. Left ventricular hypertrophy (LVH)
was defined on the basis of electrocardiogram criteria.24 BMI was
calculated as (weight in kg/height in m2). Diuretic use included thiazide, loop, and potassium-sparing diuretics, because the limited access data did not universally differentiate diuretic class.

Study Outcomes
Incident kidney disease was defined using both a serum creatinine–
based definition and an eGFR-based definition: (1) eGFR decrease of
ⱖ15 ml/min per 1.73 m2 in participants with baseline eGFR ⱖ60
ml/min per 1.73 m2 and final eGFR below this threshold and (2)
serum creatinine increase ⱖ0.4 mg/dl, where baseline serum creatiUric Acid and Incident CKD

1209

CLINICAL EPIDEMIOLOGY

www.jasn.org

nine was ⬍1.4 mg/dl in men and ⬍1.2 mg/dl in women and final
serum creatinine exceeded these levels.21,25,26

Study Sample
From a pooled sample of 21,680 individuals, we excluded the 687
newly recruited participants from year 5 of CHS, 340 with missing
baseline creatinine, age, gender, or race data and 10 missing all follow-up data. Another 1107 individuals were excluded for other missing baseline data, the majority of which was baseline CVD (556 individuals, all from ARIC) and LVH (209 individuals). A total of 570
individuals were excluded for reduced baseline kidney function in
creatinine-based analyses (serum creatinine ⬍1.4 mg/dl in men and
⬍1.2 mg/dl in women) and 1503 in eGFR-based analyses (eGFR ⬍60
ml/min per 1.73 m2). A total of 5628 and 5214 individuals had missing
creatinine levels at the final examination in the creatinine- and eGFRbased cohorts, respectively (Figure 1). Baseline characteristics are presented for the creatinine-based cohort.

Statistical Analyses
Baseline characteristics were compared using ANOVA or  tests.
Logistic regression was used to assess the relationship between baseline uric acid and study outcomes after adjustment for a priori identified covariates (age, gender, race, diabetes, history of hypertension,
CVD, smoking, alcohol use, level of education, SBP, LVH, baseline
kidney function [creatinine or eGFR], total and HDL cholesterol, albumin, hematocrit, and study). We did not use proportional hazards
models for primary analyses, because we cannot determine specific
time at which an individual’s kidney function reached a level consistent with CKD. Interactions between uric acid and covariates were
tested.
2

Sensitivity Analyses
To test validity, we compared individuals who had only baseline serum creatinine levels with individuals who had baseline and final
levels. Because many individuals missing final creatinine levels died
prior to the final study examination, we used Cox proportional hazards models to assess whether baseline uric acid influenced the composite outcome of incident kidney disease defined by creatinine or
death. We estimated time to kidney disease as the duration between
the initial and final creatinine measurements and censored those alive
but missing their final evaluation at the expected time of this evaluation.
Because uric acid’s effects on developing kidney disease may be
mediated by hypertension, we performed sensitivity analyses excluding baseline history of hypertension and SBP from analyses.12 Because
BMI may influence the development of kidney disease through its
association with elevated uric acid levels, hypertension and diabetes,
the effects of additional adjustment for BMI were evaluated in sensitivity analyses that previously adjusted for lipids and diabetes.27 Because the study term was significant, we performed subgroup analysis
by study of origin. We also performed analyses adjusting for diuretic
use. We did not have data on allopurinol use and were unable to
adjust for this. All analyses were performed using SAS 9.1 (SAS Institute, Cary, NC).
1210
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