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1  | INTRODUC TION

The pathogenic role of uric acid (UA) for kidney disease and hy-
pertension is well accepted in animal models; however, conflicting 
reports exist on the impact of elevated UA on kidney outcomes in 
humans.1 Previous studies have reported an association between 

elevated UA levels and the increased risk of hypertension, cardio-
vascular disease, and kidney disease outcomes and progression.2-4 
Whether elevated UA represents an independent risk factor for 
chronic kidney disease (CKD) may be dependent on the particu-
lar sociocultural context and the characteristics of the population 
studied. Studies of Asian and Australian participants have reported 
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Whether elevated uric acid (UA) is an independent risk factor for chronic kidney dis-
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rapid kidney function decline (RKFD) and incident CKD among 3702 African 
Americans (AAs) in the Jackson Heart Study with serum UA levels measured at base-
line exam (2000-2004). RKFD was defined as ≥ 30% eGFR loss and incident CKD as 
development of eGFR < 60 mL/min/1.73 m2 with a ≥ 25% decline in eGFR between 
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95% CI, 1.25-2.49) and incident CKD (OR, 2.00; 95% CI, 1.31-3.06) were significantly 
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vated UA was significantly associated with RKFD and incident CKD.
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UA to be independently associated with the development of CKD.5-

11 However, neither the Framingham Heart Study3 and later the 
Modification of Diet in Renal Disease2 nor the Mild to Moderate 
Kidney Disease studies from North America provided evidence for 
an independent association between higher UA levels and kidney 
disease progression.2,12 A pooled cohort analysis of Atherosclerosis 
Risks in Communities (ARIC) and the Cardiovascular Health Study 
(CHS) participants showed that although increased UA levels might 
lead to incident CKD in participants with normal kidney function in 
general, such an effect was not evident among African American 
(AA) participants. In a separate longitudinal analysis for CHS par-
ticipants, a weak association was reported between UA and kidney 
disease progression in AAs.13,14

The reported prevalence of elevated UA levels (UA ≥ 7.0 mg/dL 
among men and ≥ 5.7 mg/dL among women) in the United States is 
high (25%), and 25.7% of AAs are considered to be hyperuricemic.1,15 
Studying potential associations of UA with adverse kidney outcomes 
in AAs is particularly important, as AAs are a population with a sub-
stantially greater risk for CKD-related outcomes compared to whites.16 
Using the Jackson Heart Study (JHS), we evaluated a large cohort 
composed exclusively of AAs to investigate the relationship between 
UA and CKD progression with focus on rapid kidney function decline 
(RKFD) and the development of new-onset CKD.

2  | MATERIAL S AND METHODS

2.1 | Study population

The present analysis was based on data from JHS, a single-site pro-
spective cohort study designed to investigate risk factors for cardio-
vascular disease (CVD) in AAs. From September 2000 to March 2004 
(exam 1 clinic visit), JHS enrolled 5306 AAs aged 21-94 years from the 
Jackson, Mississippi tricounty metropolitan area (Hinds, Madison, and 
Rankin).17 After completing exam 1 clinic visit, participants returned 
for 2 additional visits, exam 2 (October 2005 to December 2008) and 
exam 3 (February 2009 to January 2013). The study was approved by 
the institutional review boards of the University of Mississippi Medical 
Center, Jackson State University, and Tugaloo College. All participants 
provided their informed consent in writing.

2.2 | Analysis population

Participants with complete UA measure at exam 1, N = 5211 (ex-
cluding participants missing UA, n = 95) were included in the current 
analysis. We excluded participants who self-reported being on dialy-
sis (n = 23) or were missing serum creatinine at exam 1 (n = 1). We 
also excluded participants who did not return for exam 3 (n = 1432) 
or who did not have serum creatinine recorded at exam 3 (n = 53). 
Following these exclusions, there were 3702 participants available 
for analysis of RKFD. For incident CKD analysis, an additional 146 
participants with reduced eGFR (eGFR < 60 mL/min/per 1.73 m2) at 
exam 1 were excluded, leaving 3556 participants in the final analytic 
sample (a consort diagram, Figure 1).

2.3 | Exposure and covariate measurements

At exam 1, UA was measured using the uricase method with the 
Vitro 5.1 analytical system (Jackson, MS, USA) at the University of 
Mississippi Medical Center Lab (Jackson, MS, USA). An in-home in-
terview and clinic visit were used to collect demographic informa-
tion, including age, sex, education, smoking, and alcohol use. The 
modification of the Baecke questionnaire was used to record the 
duration, frequency, and intensity of physical activity during active 
living, work, home life, and sports.18 American Heart Association 
(AHA) criteria were then used to contrast physical activity with ideal 
health (yes/no, defined as ≥ 150 minutes of moderate physical activ-
ity, or ≥ 75 minutes of vigorous physical activity, or ≥ 150 minutes of 
combined moderate and vigorous physical activity per week).

During the clinic visit, a group of trained staff measured blood 
pressure, height, and weight; recorded the names of prescrip-
tion and over-the-counter medications taken within the period 
of 2 weeks prior to the study visit; and collected blood and urine 
samples. Initially, 24-hour urine samples were collected from par-
ticipants, which was later followed by the collection of random 
spot urine samples. Sitting blood pressure was measured in a rest-
ing state and determined by the average of 2 measurements with 
a Hawksley random zero sphygmomanometer (Hawksley and Sons 
Ltd, Langing, UK) equipped with 1 of 4 cuff sizes selected based on 
arm circumference.19,20

An enzymatic method on a Vitros 950 or 250 Ortho-Clinical 
Diagnosis analyzer (Raritan, NJ) was used for measuring fasting blood 
glucose, serum, and urine creatinine levels. Vitros Ortho-Clinical 
Diagnostics Analyzer and later Roche Chemistry analyzer (Roche 
Diagnostics, Indianapolis, IN, USA) were used to measure serum cre-
atinine.21 Urinary albumin was measured on a Dade-Behring BN II 
nephelometer (Dade Behring, Newark, DE, USA), and the lipid profile 
and hemoglobin A1c (HbA1c) were assayed by the oxidase method 
on a Roche COBAS Fara analyzer (Jackson, MS, USA) and TOSOH 
(Jackson, MS, USA) high-performance liquid chromatography sys-
tem, respectively.

Prevalent diabetes was defined according to the American 
Diabetes Association criteria as fasting (≥ 8 hours) glucose ≥ 126 mg/
dL, hemoglobin A1c (HbA1C) ≥ 6.5% and by the use of antidiabetic 
medication.22 Hypertension was defined as SBP ≥ 140 mm Hg, DBP 
≥ 90 mm Hg, or by the use of blood pressure medication. Albuminuria 
was defined as the urinary-albumin-to-urinary-creatinine ratio of 
(UACR) ≥ 30 mg/g. If 24-hour UACR data were missing, then random 
spot UACR was used, which has been validated in this population.23 
Body mass index (BMI) was calculated as weight in kilograms divided 
by height in meters squared.

2.4 | Outcomes

Renal outcomes included RKFD and incident CKD, evaluated at exam 
3 as serum creatinine was not measured at the exam 2. Serum cre-
atinine measured at exam 1 using enzymatic method was then cali-
brated to the isotope-dilution mass spectrometry-traceable method 
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used at exam 3.24 Both endpoints were defined based on estimated 
glomerular filtration rate (eGFR) change in percentage between 
exams 1 and 3. Estimated GFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine 
equation.25 RKFD was defined as a decline of eGFR ≥ 30% during the 
period of longitudinal follow-ups (between exams 1 and 3).23,26,27 
The percentage change in eGFR was calculated as 100*(eGFR at 
exam 1 minus eGFR at exam 3) divided by eGFR at exam 1. Incident 
CKD was defined as eGFR ≥ 60 mL/min/per 1.73 m2 at exam 1 (ie, 
no evidence of stage-3 CKD at exam 1) and eGFR < 60 mL/min/
per 1.73 m2 at exam 3 and a decline in eGFR ≥ 25% from exam 1 
to exam 3.28 Any eGFR > 120 mL/min/1.73 m2 was truncated to 
120 mL/min/1.73 m2 to avoid large changes in those with high nor-
mal eGFRs.29,30

2.5 | Statistical analyses

Quartiles of UA were derived (quartile [Q] 1, mean 3.71 mg/dL; Q2, 
mean 4.89 mg/d; Q3, mean 5.89 mg/dL, and Q4, mean 7.45 mg/dL). 
Participants’ characteristics at exam 1 were compared across quartiles 
of UA using a 2-sample t test for continuous variables and a chi-square 
test for categorical variables. The proportions of RKFD and CKD by UA 
level were calculated for each quartile. For the dichotomous outcomes 
of RKFD and incident CKD, logistic regression was used. Odds ratios 

(OR) and 95% confidence intervals (CI) were calculated comparing the 
odds of incident renal outcomes among participants with different lev-
els of UA. Multivariable analyses were conducted using nested logistic 
regression models to assess the associations between quartiles of UA 
and renal outcomes independent of exam 1 covariates. Four nested 
models were estimated: Model 1, unadjusted model; Model 2, adjusted 
for age and sex; Model 3, adjusted for variables in Model 2 and eGFR 
(for RKFD), gout medicine, loop diuretics, thiazide diuretics, and potas-
sium sparing diuretics; and Model 4, adjusted for variables in Model 
3 and BMI, diabetes, total cholesterol, and high sensitive C-reactive 
protein (hsCRP). Missing covariates (34.8% of the participants did not 
have UACR and an additional 15.8% of the participants had no other 
covariates) were imputed using the Markov Chain Monte Carlo method 
for imputing missing values with arbitrary missing patterns.31 Because 
of differences in UA distributions between male and female partici-
pants, we performed multivariable logistic regression analyses by sex 
and tested for correlations between UA and sex. In a final analysis, risk 
for RKFD and incident CKD were calculated stratified by the use of 
UA-lowering therapy. Participants reported to be using gout medica-
tions were excluded.

Using chi-square test, a study sample size of 3702, an exposure 
of 50%, 10% event rate in the control group, and 80% power, a 5% 
2-sided type I error would yield a minimum detectable OR of 1.33. 
Statistical analyses were performed using the SAS Enterprise Guide 

F IGURE  1 CONSORT flow diagram for 
the analysis of uric acid and rapid kidney 
function decline (RKFD) and incident 
chronic kidney disease (CKD). JHS, 
Jackson Heart Study; RKFD, rapid kidney 
function decline; CKD, chronic kidney 
disease
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7.1 (SAS Institute, Cary, NC, USA). OR and 95% CI and P-values < .05 
were considered statistically significant.

3  | RESULTS

3.1 | Characteristics of the study population

The demographic and clinical characteristics of JHS participants 
are presented in Table 1 both for the whole sample and stratified 
by UA quartiles. At exam 1, study participants had an average age 
of 55.3 (12.4) years and 64.5% were female. The mean UA level 

was 5.4 (1.6) mg/dL (5.0 ± 1.5 mg/dL in women and 6.2 ± 1.5 mg/
dL in men). Among participants, 588 (15.9%) had a UA level of 
> 7 mg/dL (27.5% men and 30.8% women). Mean eGFR at exam 1 
was 95.9 (19.9) mL/min/per 1.73 m2. Participants with higher UA 
levels were more likely to be older (57.7 vs 50.9), male, had a higher 
BMI, suffered from diabetes (DM), hypertension (HTN), and were 
likely to report the use of blood pressure medications. In addi-
tion, participants with higher UA levels also reported the use of 
UA-altering medications, including antihyperlipidemics, thiazide 
diuretics, loop diuretics, angiotensin II receptor blockers (ARBs), 
and gout medications (Table 1).

TABLE  1 Characteristics of Jackson Heart Study participants by mean uric acid (mg/dL) quartiles (N = 3702)

Characteristics

Mean (SD)/count 
(%) 
(overall)

Mean (SD)/count 
(%) 
In Q1

Mean (SD)/count 
(%) 
In Q2

Mean (SD)/count 
(%) 
In Q3

Mean (SD)/count 
(%) 
In Q4 P value*

N 3702 951 960 906 885

Mean uric acid, mg/dL 5.44 (1.59) 3.71 (0.76) 4.89 (0.64) 5.89 (0.69) 7.45 (1.15)

Age, years 55.25 (12.40) 50.88 (12.18) 53.48 (11.90) 55.65 (11.68) 57.74 (11.55) <.001

Female 2349 (64.45) 605 (25.76) 610 (25.97) 563 (23.97) 571 (24.31) <.001

Education ≥ high school 3084 (83.51) 840 (27.24) 811 (26.30) 760 (24.64) 673 (21.82) <.001

Body mass index (BMI), kg/m2 31.79 (7.11) 28.87 (6.08) 31.30 (6.49) 33.05 (7.15) 34.20 (7.56) <.001

Physical activity 755 (20.41) 219 (29.01) 186 (24.64) 190 (25.17) 160 (21.19) .0522

Alcohol use 1761 (47.76) 488 (27.71) 451 (25.61) 451 (25.61) 371 (21.07) .0004

Diabetes 692 (18.71) 129 (18.64) 151 (21.82) 175 (25.29) 237 (34.25) <.001

Hypertension 1974 (53.02) 313 (15.86) 456 (23.10) 520 (26.34) 685 (34.70) <.001

Systolic blood pressure, 
mm Hg

126.30 (15.94) 122.88 (15.11) 126.42 (15.65) 127.35 (15.94) 128.75 (16.52) <.001

Diastolic blood pressure, 
mm Hg

75.89 (8.64) 75.07 (8.49) 76.19 (8.40) 76 .11 (8.56) 76.22 (9.08) .0089

HbA1c (%) 5.89 (1.4) 5.73 (1.27) 5.82 (1.11) 5.92 (1.16) 6.09 (1.09) <.001

Fasting total cholesterol, mg/
dL

199.33 (39.44) 190.95 (35.80) 198.90 (38.67) 201.19 (37.79) 206.67 (43.78) <.001

Fasting HDL-C, mg/Dl 51.79 (14.31) 54.11 (13.91) 52.88 (14.73) 50.32 (13.52) 49.70 (14.62) <.001

Fasting LDL-C, mg/dL 126.97 (36.23) 120.44 (33.20) 126.91 (36.21) 129.33 (35.22) 131.51 (39.36) <.001

Fasting triglycerides, mg/dL 103.67 (70.12) 82.13 (48.70) 96.93 (72.08) 107.95 (54.52) 129.23 (90.08) <.001

UACR ≥ 30 mg/g 32.79 (18.47) 45 (18.91) 43 (18.07) 60 (25.21) 90 (37.82) <.001

HsCRP > 3.0 mg/dL 1679 (45.64) 320 (19.06) 414 (24.66) 471 (28.05) 474 (28.23) <.001

eGFR, mL/min/1.73 m2 95.94 (19.89) 104.32 (17.40) 99.36 (17.97) 94.03 (18.08) 85.17 (29.94) <.001

Antihypertensive medication 
use

1715 (47.14) 264 (15.39) 380 (22.16) 440 (25.66) 631 (37.79) <.001

Antihyperlipidemic 416 (11.24) 79 (18.99) 90 (21.63) 123 (29.57) 124 (29.81) <.001

Gout medication 39 (1.30) 7 (17.95) 9 (23.08) 6 (15.38) 17 (43.59) .0649

ARB 153 (4.13) 32 (20.92) 35 (22.88) 33 (21.57) 53 (34.64) .0167

Loop diuretic 156 (5.19) 20 (12.82) 28 (17.95) 39 (25.00) 69 (44.23) <.001

Thiazide-type diuretic 367 (12.22) 44 (11.99) 62 (16.89) 95 (25.89) 166 (45.23) <.001

Potassium-sparing diuretic 48 (1.60) 8 (16.67) 10 (20.83) 5 (10.42) 25 (52.08) .0003

ARB, angiotensin-receptor blocker; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HSCRP, high-sensitive protein; 
UACR, urinary-albumin creatinine ratio; eGFR, estimated glomerular filtration rate.
Values in the table represented as either percentages or mean ± SD.
*Determined using χ2 and t tests, as appropriate.
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3.2 | Uric acid quartiles and renal outcomes

During a median follow-up of 8.1 years (range: 5.9-12.2 years) be-
tween exams 1 and 3, the cohort’s eGFR declined by 10.4% on aver-
age (median: 8.2%, interquartile range: 0.0%-18.8%). A total of 420 
(11.4%) participants experienced RKFD. In a fully adjusted model, 
participants in the highest UA quartile had significantly greater odds 
of experiencing RKFD compared to those in the reference quartile 
(OR 1.8; 95% CI, 1.25-2.49; P = .001; Table 2). Figure 2 suggests a 
nonlinear increased risk for decline in kidney function with a rapid 
rise in UA level above ~8.5 mg/dL.

Of those without CKD at exam 1, 268 (7.5%) developed CKD 
at follow-up. Compared with participants in the reference quartile, 
those in the highest UA quartile had significantly greater odds (OR, 
2.00; 95% CI, 1.31-3.06; P < .0001) of developing CKD after multi-
variable adjustments (Table 3).

No correlation between sex and UA was identified for both 
outcomes (RKFD, P = .12; incident CKD, P = .70). However, in a 
sex-specific analyses, a strong association between higher UA level 
and RKFD was observed in women participants (OR, 2.06; 95% CI, 
1.25-3.37; P = .004); however, such an association was not seen in 
male participants (OR 1.29; 95% CI, 0.69-2.41; P = .42). As regards 
incident CKD outcome, the multivariable adjusted model yielded 
statistically significant association between UA and incident CKD 

in female participants (OR, 1.96; 95% CI, 1.11-3.46; P = .02) but not 
male participants (OR, 1.81; 95% CI, 0.89-3.68; P = .10) participants.

3.3 | Subgroup analysis

The multivariate adjusted ORs for RKFD comparing participants 
in the highest quartile UA levels vs participants in the bottom UA 
quartile levels were 1.15 (95% CI, 0.63-2.06) and 2.07 (95% CI, 1.30-
3.29) among participants taking and not taking uric acid-lowering 
therapy, respectively (Table 4). The adjusted ORs for incident CKD 
comparing participants in the highest UA quartile levels vs partici-
pants in the bottom UA quartile levels were 1.47 (95% CI, 0.72-3.02) 
and 1.87 (95% CI, 1.05-3.33) among participants taking and not tak-
ing uric acid-lowering therapy, respectively. Interaction between 
UA-lowering therapy and level of UA observed was not statistically 
significant.

4  | DISCUSSION

In this sample of AAs in a community-based cohort, higher UA level 
(UA ≥ 7.0 mg/dL for men and UA ≥ 5.7 mg/dL for women) was ob-
served among 27.5% of males and 28.3% of females and were sig-
nificantly associated with an increased risk for RKFD (≥ 30% eGFR 

TABLE  2 Odds ratios (ORs) for rapid kidney function decline (RKFD) associated with quartiles of uric acid (mg/dL) among Jackson Heart 
Study participants (N = 3702)

Serum uric acid 
mg/dL Cases/# at risk (%)

Odds Ratio (95% CI)

Model 1 Model 2 Model 3 Model 4

Panel A: Overall population

≤ 4.30 63/951 (6.63) Ref 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 101/960 (10.52) 1.66 (1.19, 2.30) 1.48 (1.06, 2.07) 1.44 (1.03, 2.03) 1.43 (1.13, 2.02)

5.40-6.50 105/906 (11.59) 1.85 (1.33, 2.56) 1.49 (1.07, 2.08) 1.39 (0.99, 1.96) 1.36 (0.96, 1.94)

≥ 6.60 153/885 (17.29) 2.95 (2.16, 4.01) 2.18 (1.59, 2.99) 1.97 (1.41, 2.74) 1.77 (1.25, 2.49)

Panel B: Female participants

≤ 4.30 34/605 (5.62) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 68/610 (11.15) 2.11 (1.37, 3.23) 1.74 (1.12, 2.70) 1.69 (1.08, 2.65) 1.69 (1.06, 2.72)

5.40-6.50 70/563 (12.43) 2.38 (1.56, 3.65) 1.67 (1.08, 2.59) 1.59 (1.00, 2.55) 1.50 (0.63, 2.44)

≥ 6.60 113/571 (19.79) 4.14 (2.77, 6.19) 2.56 (1.69, 3.89) 2.31 (1.44, 3.71) 2.06 (1.25, 3.37)

Panel C: Male participants

≤ 4.30 29/346 (8.38) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 33/350 (9.43) 1.14 (0.68, 1.92) 1.13 (0.67, 1.91) 1.21 (0.70, 2.09) 1.27 (0.72, 2.26)

5.40-6.50 35/343 (10.20) 1.24 (0.74, 2.08) 1.21 (0.72, 2.04) 1.16 (0.67, 2.03) 1.27 (0.70, 2.30)

≥ 6.60 40/314 (12.74) 1.59 (0.96, 2.64) 1.53 (0.92, 2.55) 1.46 (0.81, 2.62) 1.29 (0.69, 2.41)

Rapid kidney function decline (RKFD) is defined as a decline in estimated glomerular filtration rate (eGFR) ≥ 30% from exam 1 to 3 (8.1 median years).
Model 1: Unadjusted.
Model 2: Adjusted for age and sex.
Model 3: Adjusted for age, sex, body mass index, gout medications, loop diuretics, thiazide diuretics, potassium-sparing diuretics, and 
antihyperlipidemics.
Model 4: Adjusted for age, sex, body mass index, gout medications, loop diuretics, thiazide diuretics, potassium-sparing diuretics, antihyperlipidemics, 
diabetes, total cholesterol, C-reactive protein, and urine albumin-creatinine ratio (UACR).
Results for Models 3 and 4 are based on multiple imputations.
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decline) and the development of CKD. The association between 
higher UA level and RKFD remained statistically significant after 
multivariable adjustment. Women were more likely than men to have 
RKFD and incident CKD when sex-specific cut-offs for elevated UA 
were used. Elevated UA levels were significantly associated with the 
risk of RKFD and incident CKD among participants not taking UA-
lowering therapy only.

Previous studies have reported mixed results regarding the poten-
tial link between elevated UA and the decline in kidney function or the 
development of CKD.32 In a pooled analysis involving 13 338 partic-
ipants in the ARIC Study and CHS, 2 community-based longitudinal 
studies, participants with intact kidney function at baseline were fol-
lowed for 8.5 years to assess UA effect in reduced kidney function. UA 
measured at baseline was found to be independently associated with 
incident CKD but no significant association was observed for AA par-
ticipants (OR 1.22, 95% CI, 0.89-1.68).13 When compared to JHS, par-
ticipants in the ARIC-CHS pooled cohort analyses were slightly older 
(57.4 vs 55.3 mean year) and had lower mean baseline eGFR (90.4 vs 
95.9 mL/min per 1.73 m2), which might have been a factor in the less 
pronounced association. In a separate longitudinal analyses composed 
of CHS participants only, a weak association was observed between 

F IGURE  2 Penalized spline smoother of the relationship 
between the risk of rapid kidney function decline and uric acid 
concentration levels. We observed a nonlinear relationship 
between the concentration of uric acid levels and the risk of 
decline in kidney function with a sharp increase when uric acid is 
~8.5 mg/dL and above

TABLE  3 Odds ratios (ORs) of incident chronic kidney disease (CKD) associated with quartiles of uric acid (mg/dL) among Jackson Heart 
Study participants (N = 3556)

Serum uric acid 
mg/dL Cases/# at risk (%)

Odds Ratio (95% CI)

Model 1 Model 2 Model 3 Model 4

Panel A: Overall population

≤ 4.30 39/943 (4.14) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 49/946 (5.18) 1.23 (0.82, 1.95) 1.09 (0.70, 1.69) 1.06 (0.68, 1.65) 1.01 (0.63, 1.59)

5.40-6.50 79/883 (8.95) 2.28 (1.53, 3.38) 1.76 (1.17, 2.64) 1.62 (1.06, 2.45) 1.59 (1.04, 2.44)

≥ 6.60 101/784 (12.88) 3.43 (2.34, 5.03) 2.42 (1.63, 3.59) 2.19 (1.44, 3.31) 2.00 (1.31, 3.06)

Panel B: Female participants

≤ 4.30 22/602 (3.65) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 27/600 (4.50) 1.24 (0.69, 2.21) 0.93 (0.51, 1.68) 0.89 (0.49, 1.64) 0.86 (0.46, 1.61)

5.40-6.50 51/545 (9.36) 2.72 (1.63, 4.55) 1.69 (0.99, 2.90) 1.57 (0.90, 2.73) 1.52 (0.86, 2.69)

≥ 6.60 71/488 (14.55) 4.49 (2.74, 7.36) 2.48 (1.48, 4.15) 2.15 (1.25, 2.55) 1.96 (1.11, 3.46)

Panel C: Male participants

≤ 4.30 17/341 (4.99) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

4.40-5.30 22/346 (6.36) 1.29 (0.68, 2.48) 1.29 (0.67, 2.49) 1.30 (0.66, 2.55) 1.33 (0.65, 2.71)

5.40-6.50 28/338 (8.28) 1.72 (0.92, 3.98) 1.69 (0.89, 3.18) 1.54 (0.80, 2.96) 1.74 (0.87, 3.46)

≥ 6.60 30/296 (10.14) 2.15 (1.16, 3.98) 2.06 (1.10, 3.86) 2.03 (1.06, 3.91) 1.81 (0.89, 3.68)

Incident chronic kidney disease (CKD): Among individuals with estimated glomerular filtration rate (eGFR) ≥ 60 mL/min per 1.73 at exam 1, a decline to 
an EGFR < 60 mL/min per 1.73 m2 accompanied with ≥ 25% eGFR decline from exam 1 to 3 (8.1 median year follow-up).
Model 1: Unadjusted.
Model 2: Adjusted for age and sex.
Model 3: Adjusted for age, sex, body mass index, gout medications, loop diuretics, thiazide diuretics, potassium-sparing diuretics, and 
antihyperlipidemics.
Model 4: Adjusted for age, sex, body mass index, estimated glomerular filtration rate (eGFR), gout medications, loop diuretics, thiazide diuretics, 
potassium-sparing diuretics, antihyperlipidemics, diabetes, total cholesterol, C-reactive protein, and urine albumin-creatinine ratio (UACR).
Results for Models 3 and 4 are based on multiple imputations.
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baseline UA and the progression of kidney disease (OR, 1.49; 95% CI, 
1.00-2.22), whereas no significant association was found between UA 
levels and incident CKD (OR, 1.00; 95% CI, 0.89-1.14).14 In 2 sep-
arate longitudinal studies involving Asian populations, where partic-
ipants were followed for 5 years to assess the effect of baseline UA 
on kidney dysfunction (eGFR < 60 mL/min/1.73 m2 or UACR ≥ 30 mg/
dL) and kidney failure (eGFR < 15 mL/min/1.73 m2), participants with 
baseline UA levels ≥ 6 mg/dL had a more significant eGFR decline with 
evidence of an increasing dose response when compared to the lowest 
UA quartile.6,33 Similar results were reported in the Jerusalem Lipid 
Research Clinic’s study involving 2449 participants and a Japanese 
study of 6403 individuals with normal kidney function at baseline 
where participants were followed for 24-28 months and 2 years34,35 
respectively. The evidence from these different studies suggest that 
UA may be an independent risk factor for CKD development.10

In the present analysis, the risk of kidney function decline as 
depicted by a spline model, Figure 2, is nonlinear, relatively stable 
between approximately 8-9 mg/dL UA levels with associated risk in-
creasing rapidly above these levels. This is consistent with what has 
been previously reported in The Vienna Health Screening Project, a 
prospective cohort study (mean follow-up period: 7.4 year). In this 
healthy Austrians cohort study, the investigators found that a slightly 
elevated UA was independently associated with nearly doubled risks 
for the development of CKD. The spline model depicting risk for kid-
ney function observed in this cohort, increase roughly linearly with 
UA level of approximately 7.0-8.9 mg/dL with a sharp increase in 
CKD-associated risks above these levels.8 A number of factors as-
sociated with the observed higher UA levels are prevalent among 
JHS participants. These include obesity, metabolic syndrome,36 

hypertension, and diet high in added sugar.37 Genetic polymorphism 
in the anion transporter is another factor that is known to lead to el-
evated UA.38 These may explain the elevated UA level and its strong 
association with CKD observed in this cohort.

Previous studies have proposed mechanisms that link UA and CKD. 
These include direct toxicity to the kidney, including deposition of UA 
and potential exacerbation of other risk factors for kidney disease, 
specifically hypertension. The overlap with obstructive sleep apnea is 
another possibility.39 In animal studies, it was found that mild eleva-
tion of UA induces oxidative stress and endothelial dysfunction, which 
results in the development of glomerular hypertension and arteriolo-
sclerosis, manifested by renal vasoconstriction. This may happen via 
renin-angiotensin system (RAS), mitochondria dysfunction, epithelial-
mesenchymal transition, and endothelial dysfunction among others13,40 
Some authors have raised the possibility of intrarenal vasoconstriction 
due to UA, an effect significant after adjustment for multiple confound-
ers, including eGFR and albuminuria.41 Both direct kidney injury and 
preexisting systemic hypertension may lead to reduced kidney function 
and kidney disease. However, considering the multifactorial nature of 
systemic hypertension, others have argued that UA may be a marker of 
kidney risk rather than a direct contributor to kidney injury.

Although this study and other observational studies show that 
asymptomatic UA is associated with incident CKD and CKD pro-
gression, challenges remain on conducting adequately powered 
randomized clinical trials (RCT) to assess beneficial effects of UA-
lowering therapy. Currently, few data exist examining the effects of 
UA-lowering therapy on renal outcomes.42,43 A meta-analysis of 8 
RCT composed of 476 participants evaluating the benefits and risks 
of UA-lowering therapy indicated insufficient evidence to currently 

TABLE  4 Association of uric acid level with rapid kidney function decline (RKFD) and incident chronic kidney disease (CKD) stratified by 
the use of uric acid-lowering therapy (excluding participants using gout medications)

Serum uric acid, mg/dL

Cases/# at risk
Multivariate Adjusted Odds 
Ratio (95% CI) Cases/# at risk

Multivariable Adjusted 
Odds Ratio (95% CI)

Participants taking uric acid-lowering therapy Participants not taking uric acid-lowering therapy

Panel A: Rapid kidney function decline

≤ 4.30 21/140 1 (ref) 37/587 1 (ref)

4.40-5.30 33/173 1.14 (0.60, 2.14) 50/573 1.33 (0.83, 2.11)

5.40-6.50 51/243 1.35 (0.74, 2.46) 47/499 1.28 (0.79, 2.07)

≥ 6.60 68/328 1.15 (0.63, 2.06) 71/422 2.07 (1.30, 3.29)

Panel B: Incident CKD

≤ 4.30 13/138 1 (ref) 24/583 1 (ref)

4.40-5.30 16/169 0.75 (0.33, 1.69) 27/566 1.00 (0.55, 1.82)

5.40-6.50 43/234 1.87 (0.92, 3.78) 29/488 1.05 (0.57, 1.93)

≥ 6.60 44/276 1.47 (0.72, 3.02) 44/383 1.87 (1.05, 3.33)

Rapid kidney function decline (RKFD) was defined as a decline in estimated glomerular filtration rate (eGFR) ≥ 30% from exam 1 (2000-2004) to exam 
3 (2009-2013), a median follow-up duration, 8.1 years.
Incident chronic kidney disease (CKD) was defined as a decline from eGFR ≥ 60 mL/min/1.73 m2 at exam1 (2000-2004) to eGFR < 60 mL/min/1.73 m2 
at exam 3 (2009-2013) follow-up (median follow-up duration, 8.1 years).
Multivariate model for the estimation of ORs were adjusted for age, sex, body mass index, baseline estimated glomerular filtration rate ([eGFR] for in-
cident CKD), diabetes, total cholesterol, C-reactive protein, and urine albumin-creatinine ratio (UACR).
Results for the final model were based on multiple imputations.
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recommend widespread use of UA-lowering therapy to slow pro-
gression of CKD.

The current study has several strengths. We studied a large 
community-based cohort of AAs, a population at an increased risk of 
CKD. This provides us with an opportunity to make generalized obser-
vations about an important vulnerable group. Another strength is the 
collection and availability of repeated measures of kidney function over 
time and availability of deep phenotype data, which allowed for the 
control of numerous potential confounders, such as medications and 
comorbid conditions, known to alter UA levels. This study has a few lim-
itations. Serum creatinine values were available at only 2 points in time 
approximately 8 years apart, with no intervening measurement of renal 
function, thus limiting the accurate assessment of the annual rate of 
decline in kidney function. Although all known measured confounders 
were accounted for and taken into consideration during this analysis, 
possible residual confounding could exist in the pathways predicting 
these outcomes, considering covariates variation across UA quartiles. 
Furthermore, our results were obtained from an AA cohort and may not 
be generalizable to other ethnic groups or other communities of AAs.

In summary, our findings show that elevated UA levels were 
prevalent and associated with progressive renal function impairment 
and development of incident CKD among JHS participants over time. 
Thus, in addition to being an indicator of reduced renal excretion, el-
evated UA levels may play a pathogenic role in CKD progression and 
provide an opportunity for intervention.
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