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Abstract

Background: Related studies have demonstrated a relation-
ship of elevated serum uric levels with a decline in kidney
function. However, limited evidence exists in a Southeast
Asian community-based population. Objective: The study
aimed to examine the relationship between serum uric acid
levels and impaired renal function. Methods: A prospective
cohort study was conducted in the Thai army health checkup
population between July 1, 2006 and December 31, 2012.
Inclusion criteria included age older than 20 years and base-
line estimated glomerular filtration rate (eGFR) over 60 mL/
min/1.73 m2. Cox regression analysis was used to evaluate
the association between incidence of impaired renal func-
tion and baseline serum uric acid quartiles. Impaired renal
function was defined as eGFR <60 mL/min/1.73 m? over 3
months. Results: A total of 9,534 participants (7,474 men and
2,060 women) were enrolled. Cox regression analysis re-
vealed a significant association of serum uric acid level with
impaired renal function in the whole population as the un-
adjusted hazard ratio (HR) (95% Cl) of impaired renal func-

tion in second, third, and fourth quartiles were 2.1 (1.39,
3.17),2.39(1.6,3.59),and 3.94 (2.71, 5.74), respectively, when
compared with serum uric acid in the first quartile, respec-
tively. After adjusting in 2 models, the HR still significantly
persisted with similar magnitudes in all quartiles. Higher in-
cidences of impaired renal function were observed among
males than among females in all quartiles. Kaplan-Meier
curve showed better renal survival rate in the lower quartile
groups. Linear regression analysis showed that eGFR nega-
tively correlated with serum uric acid (r=-0.213, p < 0.001).
Conclusion: Our study suggests that an independent asso-
ciation exists of serum uric acid levels with the incidence of
impaired renal function and renal progression in the South-
east Asian community-based population.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

CKD has been proven as a risk factor for cardiovascu-
lar disease and mortality [1]. It has a high global preva-
lence, causing high economic costs to health systems [2,
3], and CKD often progresses to ESRD, requiring renal
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replacement therapy [4]. Risk factors that are identified
with an early intervention may slow the progression of
CKD. The most common established risk factors for CKD
are diabetes and hypertension [5]. Although uric acid is
not considered as the most important cause, increase of
serum uric acid is associated with elevated blood pressure
(BP), hypertension, diabetes, and renal diseases [6-9].
Chronic hyperuricemia is also strongly associated with
chronic tubulointerstitial disease, and many of these pa-
tients have deteriorated kidney function [10, 11].

Animal model studies have shown the effect of hyper-
uricemia on renal progression through a potential mech-
anism linked to increased systemic BP and cyclooxygen-
ase-2-mediated, thromboxane-induced vascular disease
[12], and microvascular changes leading to endothelial
dysfunction [13]. Many related studies have demonstrat-
ed a relationship of elevated serum uric levels with a de-
cline in kidney function [14-18]. However, limited evi-
dence is available in Southeast Asian community-based
populations, where the setting of various genetic and eth-
nic factors differs from that in Western countries. To fill
this gap, this study was conducted to examine the rela-
tionship between serum uric acid levels and renal out-
comes in a Thai population.

Materials and Methods

Subjects

A prospective cohort study was conducted in the Thai army
annual health checkup population from July 1, 2006, to December
31, 2012, at Phramongkutklao Hospital, Bangkok, Thailand. The
study protocol was approved by the Institutional Review Board of
Royal Thai Army Medical Department’s committee on human
research, and written informed consent was obtained from all pa-
tients. Random samples of individuals aged over 20 years and
baseline estimated glomerular filtration rate (eGFR) over 60 mL/
min/1.73 m? were reviewed to retrieve medical and personal data,
including baseline demographic characteristics and comorbidi-
ties. Patients with acute kidney injury within 3 months at enroll-
ment in the study were excluded. In all, 17,850 from 23,712 indi-
viduals were eligible for age and eGFR screening, but 8,316 sub-
jects had incomplete information throughout 6 years’ follow-up.
Thus, 9,534 participants (7,474 men and 2,060 women) were en-
rolled.

The primary outcome was impaired renal function, defined by
eGFR <60 mL/min/1.73 m? over 3 months. Renal survival was time
to eGFR <60 mL/min/1.73 m? over 3 months. Subjects not reach-
ing an event were censored at the date of last follow-up visit. Cri-
teria to diagnose type 2 diabetes in the study were fasting plasma
glucose (FPG) =126 mg/dL at least twice and random plasma glu-
cose 2200 mg/dL with diabetic symptoms according to the Amer-
ican Diabetes Association: clinical practice recommendations
2005 [19]. For hypertension, diagnostic criteria were from office
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blood pressure measurement with systolic 2140 mm Hg or dia-
stolic 290 mm Hg according to the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC 7) [20].

Data Collection

Personal data were obtained by reviewing electronic medical
records in the hospital database. At baseline, information on age,
sex, smoking history, alcohol consumption, regular exercise,
and underlying diseases including type 2 diabetes, hypertension,
and dyslipidemia were recorded. A physical examination was
conducted for all participants, including BP, bodyweight, height,
waist circumference, and BMI. Subjects were asked for 12-h
overnight fasting before blood samples were drawn. Serum Cr,
BUN, eGFR, serum uric acid, total cholesterol, high-density li-
poprotein cholesterol (HDL), low-density lipoprotein cholester-
ol (LDL), triglycerides, FPG, serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase,
and hemoglobin were measured. Serum Cr was tested using the
enzymatic method, and BUN was tested using a kinetic test with
the urease method. eGFR was calculated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation.
The examination interval of regular health checkup was annual
and varied between July and December of each years from 2006
to 2012.

Statistical Analysis

Continuous data were reported as means and standard devia-
tion, and categorical data were reported as number with percent-
age (%). Comparisons between serum uric acid quartiles were
made using ANOV A tests, as appropriate, for continuous variables
and by ¥? test for categorical variables. Mean change of character-
istics at the end of the study was calculated by last minus baseline
value of each continuous variables and made using repeated ANO-
VA test. Annual changes of mean eGFR with 95% confidence in-
tervals (CI) were calculated by the mean change divided by follow-
up time (years). A multivariate analysis of serum uric acid levels
on impaired renal function was calculated with the hazard ratio
(HR) with 95% CI, involving survival time to the first diagnosis of
impaired renal function in any individual subject. Cox regression
model was performed on total subjects and each sex to predict im-
paired renal function and dropout. The included covariates of
Model 1 were age, BMI, sex, type 2 diabetes, hypertension, smok-
ing, and alcohol consumption. For Model 2, age, BMI, sex, type 2
diabetes, hypertension, triglyceride, HDL, AST, alkaline phospha-
tase, hemoglobin, smoking, alcohol consumption, and exercise
were included. Progression of kidney function over time was illus-
trated in annual mean eGFR with 95% CI according to serum uric
acid level quartiles. The Kaplan-Meier model and log-rank statis-
tics were used to analyze renal survival according to uric acid level
quartiles. Correlation coefficients between baseline serum uric
acid levels and eGFR at the end of the study were calculated using
simple regression analysis. Incidence of impaired renal function
was calculated as the number of new cases of impaired renal func-
tion per number of person-years at risk according to quartiles of
baseline serum uric acid levels and sex. All p values were 2-sided,
and p value <0.05 was set to indicate statistical significance. All
analyses were performed using SPSS 22.0 (SPSS, Chicago, IL,
USA).
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Table 1. Baseline characteristics of serum uric acid quartiles

Uric acid p value

<5.1 mg/dL 5.1t0<6.2mg/dL  6.2to<7.2mg/dL >7.2 mg/dL
N 2,393 2,336 2,270 2,535
Female, N (%) 1,392 (58.2) 452 (19.3) 160 (7) 56 (2.2) <0.001
Male, N (%) 1,001 (41.8) 1,884 (80.7%) 2,110 (93) 2,479 (97.8)
Age, years 48.53+5.74 48.83+5.62 48.48+5.43 48.29+5.45 0.008
Weight, kg 60.43+10.35 66.24+10.03 68.99+9.93 72.2+10.69 <0.001
Height, cm 161.66%7.59 166.36+6.99 167.66+6 168.45+5.63 <0.001
BMI, kg/m2 23.07+3.31 23.92+3.18 24.54+3.29 25.42+3.42 <0.001
Waist circumference, cm 78.35+10.18 83.12+10.09 85.36+11.66 87.97+9.66 <0.001
Systolic BP, mm Hg 126.93+16.63 131.21+£16.82 131.88+16.09 136.04+16.74 <0.001
Diastolic BP, mm Hg 78.77£11.29 81.91+11.5 82.77+11.32 86.44+12.17 <0.001
Type 2 diabetes, N (%) 158 (6.6) 127 (5.4) 86 (3.8) 132 (5.2) <0.001
Hypertension, N (%) 649 (27.1) 886 (37.9) 902 (39.7) 1,316 (51.9) <0.001
Dyslipidemia, N (%) 564 (23.6) 628 (26.9) 706 (31.1) 815 (32.1) <0.001
Smoking, N (%) 570 (23.8) 965 (41.3) 1,071 (47.2) 1,280 (50.5) <0.001
Alcohol consumption, N (%) 109 (4.6) 219 (9.4) 284 (12.5) 463 (18.3) <0.001
Exercise, N (%) 358 (15) 484 (20.7) 451 (19.9) 465 (18.3) <0.001
Uric acid, mg/dL 4.31+0.63 5.68+0.28 6.63+0.28 8.21+0.92 <0.001
eGFR, mL/min/1.73 m? 92.84+12.38 87.31£12.46 85.59+12.19 83.26+12.4 <0.001
Serum Cr, mg/dL 0.86+0.16 0.99+0.16 1.04+0.14 1.08+0.14 <0.001
BUN, mg/dL 11.6+2.95 12.62+3.01 13.03+3.02 13.26+3.02 <0.001
Fasting plasma glucose, mg/dL 99.45+36.96 98.75+30.23 97.59+23.31 98.53+18.18 0.158
Total cholesterol, mg/dL 215.76+38.94 220.03+42.42 223.96+41.91 230.45+47.58 <0.001
Triglyceride, mg/dL 112.91£80.05 141.14£113.59 164.05£111.92 210.95+£159.32 <0.001
HDL, mg/dL 62.68+15.94 56.67+14.33 54.16+13.38 52.57+13.77 <0.001
LDL, mg/dL 130.53+35.89 135.4+38.24 137.03+40.14 136.58+44.6 <0.001
AST, U/L 25.33+17.37 28.7+21.64 31.23+22.44 35.27433.03 <0.001
ALT, U/L 22.98+20.74 29.44+24.33 34.124+35.6 39.85+29.71 <0.001
Alkaline phosphatase, U/L 67.57+21.3 71.99420.22 72.19£18.96 73.54+20.34 <0.001
Hemoglobin, g/dL 13.45+1.49 14.31+1.25 14.63+1.21 14.72+1.2 <0.001

Data are presented as mean + SD, and number with percentage. ALT, alanine transaminase; AST, aspartate aminotransferase; BP,
blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein

cholesterol.

Results

Baseline Characteristics

A total of 9,534 participants (7,474 men and 2,060
women) older than 20 years and having baseline eGFR
>60 mL/min/1.73 m? were included. Those with missing
data, baseline eGFR <60 mL/min/1.73 m?, or AKI (n =
14,178) were excluded. We classified serum uric acid lev-
el into 4 groups: first quartile, <5.1 mg/dL; second quar-
tile, 5.1 to <6.2 mg/dL; third quartile, 6.2 to <7.2 mg/dL;
and fourth quartile, 7.2 mg/dL or more. The second,
third, and fourth quartile groups had a significantly high-
er proportion of men (Table 1). A significant continuous
increase of weight, height, BMI, waist circumference, sys-
tolic BP, diastolic BP, proportion of hypertension, dyslip-
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idemia, smoking, alcohol consumption, serum Cr, BUN,
total cholesterol, triglycerides, LDL, AST, ALT, alkaline
phosphatase, and hemoglobin was observed, according to
an increase in serum uric acid level quartiles. Inversely,
eGFR and HDL significantly decreased along with in-
creasing serum uric quartiles. No difference was observed
in FPG among the quartiles (Table 1).

Baseline Serum Uric Acid on Changes of Renal and

Metabolic Outcomes

We evaluated the changes of renal and metabolic pa-
rameters among baseline uric quartiles at the end of the
study. Differences were found in changes between quar-
tiles in all parameters, except BMI, waist circumference,
and systolic BP (Table 2). Diastolic BP, serum Cr, AST,
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Table 2. Baseline uric acid on changes of clinical parameters at the end of the study

Uric acid p value
<5.1 mg/dL 5.1to 6.2 to >7.2 mg/dL
<6.2 mg/dL <7.2 mg/dL

N 2,393 2,336 2,270 2,535
BMI, kg/m? 0.72+1.84 0.69+1.79 0.69+1.68 0.61+1.79 0.138
Waist circumference, cm 2.07+7.71 2.33+8.03 2.34+9.97 2.51£7.35 0.328
Systolic BP, mm Hg 1.15+14.63 0.67+15.4 1.22+15.63 0.26+16.43 0.109
Diastolic BP, mm Hg -1.26+£9.98 -1.19+10.6 -0.89+10.59 -1.84+11.77 0.021
eGFR, mL/min/1.73 m? -0.27+9.26 0.57+9.43 0.88+9.48 1.5849.77 <0.001
eGFR change per year, mL/min/1.73 m?/year (95% CI) -0.04 (-0.11, 0.02) 0.1 (0.03, 0.16) 0.15(0.08,0.21)  0.26 (0.2,0.33)  <0.001
Serum Cr, mg/dL —-0.03+0.1 -0.03+0.21 —-0.04+0.12 —-0.05+0.11 <0.001
BUN, mg/dL 0.64+3.15 0.32+3.4 0.21+3.41 —-0.1£3.29 <0.001
Fasting plasma glucose, mg/dL -0.53+27.4 1.9427.23 4.05+27.11 6.35+30.12 <0.001
Total cholesterol, mg/dL 11.3+41.3 5.92+43.08 2.63+42.48 -1.96+47.36 <0.001
Triglyceride, mg/dL 12.86+91.54 7.8+114.28 4.28+120.11 —12.46+159.45 <0.001
HDL, mg/dL 2.84+11.77 1.69+11.56 1.22+11.17 1.23+11.85 <0.001
LDL, mg/dL 5.66+38.02 2.82+39.4 0.71+40.15 -0.41+45.65 <0.001
AST, U/L 0.15+17.52 —0.6+22.7 —0.76+24.62 —2.16+34.99 0.017
ALT, U/L —-0.44+20.68 —1.23+£24.75 -2.6+£35.12 —3.58+37.81 0.002
Alkaline phosphatase, U/L -0.13+17.81 -3.15+17.09 -3.26%17.9 —4.12+19.04 <0.001
Hemoglobin, g/dL —-0.01£1.04 —-0.04+0.89 —-0.08+0.93 -0.09+0.92 0.018

Data are presented as mean + SD, and number with percentage. ALT, alanine transaminase; AST, aspartate aminotransferase; BP, blood pressure; eGFR,
estimated glomerular filtration rate; CI, confidence interval; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.

ALT, alkaline phosphatase, and hemoglobin decreased
with highest magnitude at the fourth quartile. While the
uric quartiles were increasing, eGFR and FPG rose con-
secutively, which had an opposite direction. BUN, total
cholesterol, LDL, HDL, and triglycerides increased as
well, but higher magnitudes were observed at the lower
quartiles (Table 2). We also evaluated the annual changes
of eGFR in mean with 95% Cls. Slightly significant chang-
es were found from first to fourth quartiles, which were
—-0.04 (-0.11, 0.02), 0.1 (0.03, 0.16), 0.15 (0.08, 0.21), and
0.26 (0.2, 0.33) mL/min/1.73 m? respectively (p < 0.001,
Table 2).

Progression of kidney function over time is presented
in Figure 1. Mean eGFR according to serum uric acid lev-
el quartiles fluctuated each year between 80 and 100 mL/
min per 1.73 m?. The lower quartiles always had higher
mean eGFR than the higher quartiles throughout the
study (Fig. 1).

Cox Regression Model

Cox regression analysis revealed a significant associa-
tion of serum uric acid level quartiles with impaired renal
function in the whole population as the unadjusted HR in
the second, third, and fourth quartiles were 2.1 (95% CI,
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1.39-3.17), 2.390 (95% CI, 1.6-3.59), and 3.94 (95% CI,
2.71-5.74), respectively, when compared with serum uric
in the first quartile (Table 3). After adjusting in Model 1,
including age, BMI, sex, type 2 diabetes, hypertension,
smoking, and alcohol consumption, the respective HRs
persisted significantly in the second, third, and fourth
quartiles at HR 1.99 (95% CI, 1.29-3.06), 2.36 (95% ClI,
1.52-3.69), and 3.87 (95% CI, 2.51-5.96), respectively
(Table 3). For Model 2, including age, BMI, sex, type 2
diabetes, hypertension, triglyceride, HDL, AST, alkaline
phosphatase, hemoglobin, smoking, alcohol consump-
tion, and exercise, the respective HRs persisted signifi-
cantly in the second, third, and fourth quartiles at HR 2.04
(95% CI, 1.32-3.15), 2.46 (95% CI, 1.57-3.86) and 4.09
(95% CI, 2.63-6.35), respectively (Table 3).

After performing Cox regression model on each sex,
the relationship between degree of uric acid quartiles and
magnitude of impaired renal function also persisted by
either univariate or multivariate analysis. However, a sig-
nificant relationship could be observed only in the fourth
quartiles among female (Table 3), as well as in the third
and fourth quartiles in the male population (Table 3).
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Table 3. Hazard ratio of impaired renal function

Total population Univariate Multivariate
model 1 model 2

crude HR p value adjusted HR p value adjusted HR p value

(95% CI) (95% CI) (95% CI)
First quartile uric acid (<5.1) Reference 1 Reference 1 Reference 1
Second quartile uric acid (5.1 to <6.2) 2.1(1.39,3.17) <0.001 1.99 (1.29, 3.06) 0.002 2.04 (1.32,3.15) 0.001
Third quartile uric acid (6.2 to <7.2) 2.39 (1.6, 3.59) <0.001 2.36 (1.52, 3.69) <0.001 2.46 (1.57, 3.86) <0.001
Fourth quartile uric acid (>7.2) 3.94 (2.71,5.74) <0.001 3.87 (2.51, 5.96) <0.001 4.09 (2.63, 6.35) <0.001
Female
First quartile uric acid (<4) Reference 1 Reference 1 Reference 1
Second quartile uric acid (4 to <4.7) 1.95 (0.6, 6.32) 0.268 1.82 (0.56, 5.93) 0.319 1.85 (0.57, 6.04) 0.307
Third quartile uric acid (4.7 to <5.4) 2.5(0.78, 7.96) 0.122 2.14 (0.67, 6.88) 0.201 2.22(0.69, 7.19) 0.181
Fourth quartile uric acid (=5.4) 4.74 (1.63, 13.76) 0.004 3.33 (1.1, 10.09) 0.034 3.53 (1.15, 10.87) 0.028
Male
First quartile uric acid (<5.7) Reference 1 Reference 1 Reference 1
Second quartile uric acid (5.7 to <6.5) 1.41 (0.93, 2.14) 0.107 1.41 (0.92, 2.14) 0.112 1.42 (0.93,2.17) 0.100
Third quartile uric acid (6.5 to <7.5) 1.73 (1.17, 2.56) 0.006 1.75 (1.17, 2.61) 0.006 1.78 (1.19, 2.66) 0.005
Fourth quartile uric acid (=7.5) 2.74 (1.9, 3.96) <0.001 2.75(1.88, 4.01) <0.001 2.84(1.93,4.18) <0.001

Model 1 adjusted by age, BMI, sex, type 2 diabetes, hypertension, smoking, and alcohol consumption. Model 2 adjusted by age, BMI, sex, type 2 diabetes,
hypertension, triglyceride, HDL, AST, alkaline phosphatase, hemoglobin, smoking, alcohol consumption, and exercise. All variables are at the baseline level.
HR, hazard ratio; CI, confidence interval; AST, aspartate aminotransferase; HDL, high-density lipoprotein cholesterol.
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Fig. 1. Progression of kidney function over time according to se-
rum uric acid level quartiles. Progression of kidney function over
time is illustrated in annual mean estimated glomerular filtration
rate (eGFR) with 95% confidence intervals (CI) according to se-
rum uric acid level quartiles. The annual changes of mean eGFR
with 95% CI from first to fourth quartiles were —0.04 (-0.11, 0.02),
0.1 (0.03, 0.16), 0.15 (0.08, 0.21), and 0.26 (0.2, 0.33), respectively
(p < 0.001; Table 2).
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Renal Survival Curve

The Kaplan-Meier curve between progression to im-
paired renal function and uric acid quartiles over a 6-year
period showed a higher renal survival in the lesser quar-
tile group, with rising differences in survival in each
group after time passed (log-rank test <0.001; Fig. 2). At
the end of the study, renal survival estimates for first to
fourth quartiles were 98.5, 96.9, 96.5, and 94.3% respec-
tively (Fig. 2).

Serum Uric Acid and Declined eGFR

At the end of the study, simple linear regression analy-
sis showed that eGFR negatively correlated with baseline
serum uric (r = —0.213, p < 0.001; Fig. 3), with a stronger
negative correlation among females than among males
(r = —0.175, p < 0.001 vs. r = —0.133, p < 0.001; Fig. 3).
Thus, for every 1 mg/dL increase in serum uric acid, eGFR
would decline 2.1 mL/min per 1.73 m?.

The cumulative incidence (Fig. 4) and rate per 1,000
person-years (Table 4) of impaired renal function accord-
ing to serum uric levels increased consecutively from the
first to fourth quartiles for each sex. Notably, sex differ-
ences were found, in which the incidences were higher in
all quartiles among males than among females (Table 4;
Fig. 4).
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Fig. 2. Kaplan-Meier curve of renal survival in total population ac-
cording to serum uric acid level quartiles. Kaplan-Meier survival
estimates for renal survival to 6 years according to serum uric acid
level quartiles (log-rank test <0.001). The defined term of renal
survival is progression to CKD stage III based on decreased glo-
merular filtration rate criteria. At the end of the study, renal sur-
vival estimates for first to fourth quartiles were 98.5,96.9, 96.5, and
94.3%, respectively.

Discussion

The 6-year prospective cohort study revealed the inde-
pendent association of serum uric acid levels with the in-
cidence of impaired renal function and renal progression
in a Thai community-based population. These findings
support the idea that uric acid might be implicated in the
pathogenesis of CKD.

Study results correlated with a meta-analysis in 2014
demonstrating an association between serum uric acid
level and incidence of CKD in middle-aged populations,
and 10 of 15 cohorts were conducted in Asian countries
[21]. A significant independent association between uric
acid and risk of CKD development was also found in an-
other systematic review and meta-analysis based on co-
hort studies [22]. Furthermore, increased serum uric acid
was associated with renal disease progression in cross-
sectional and longitudinal studies in Thailand, Japan, Eu-
rope, and the USA [14-18]. A study by Obermayr et al.
[17], a 7-year longitudinal cohort study in 17,735 healthy
Viennese, showed that an increase in serum uric acid by
2 mg/dL was an independent risk factor for CKD (OR =
1.69; 95% CI, 1.59-1.80).

Animal model studies support that hyperuricemia
leads to renal progression by activating renin-angioten-
sin, various inflammatory mediators, cyclooxygenase-2
systems, and microvascular changes leading to endothe-
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Fig. 3. Linear regression curve between baseline serum uric acid
level and estimated glomerular filtration rate (eGFR) outcome.
Correlation of baseline serum uric acid levels with eGFR. Serum
uricacid levels correlated significantly in a negative manner among
subjects overall (r = —0.213, p < 0.001). Higher degree of inverse
correlation was found among females (r = —0.175, p < 0.001) than
among males (r = —0.133, p < 0.001).

lial dysfunction causing systemic hypertension, glomeru-
lar hypertrophy, and increased intraglomerular pressure
[12,13,23-25]. Some evidence also suggests that uric acid
causes renal interstitial fibrosis with collagen deposition
and macrophage infiltration as well as arteriolopathy of
the preglomerular vessels [26, 27]. Moreover, an animal
study of established kidney disease reported that reduced
serum uric acid levels from the hyperuricemic state im-
proved BP, proteinuria, and degrees of glomerular, tubu-
lointerstitial, and vascular defects [28]. On the other
hand, some authorities believe that uric acid by itself does
not cause renal damage or is a true risk factor for kidney
diseases [29-32], because many confounding factors are
related to GFR decline in clinical practice.

Some studies have noted the sex-differentiated effect
between uric acid and CKD progression [17]. In this
study, the result after distinguishing between sexes in the
Cox regression analysis, cumulative incidence of im-
paired renal function and linear regression illustrated the
similar trend of association among males and females at
different magnitudes. The HRs and correlation coeffi-
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Fig. 4. Incidence of impaired renal function according to serum
uric acid level quartiles categorized by sex. Bar chart for incidence
of impaired renal function. Sex differences were found in all quar-
tiles with higher percentage of incidence among males than among
females.

cient of uric acid and renal outcomes were profoundly
stronger in female group than in male group and total
population, but the cumulative incidences among fe-
males were totally lower than those among males in all
quartiles. It could be explained by the higher proportion
of females in first quartiles exhibiting higher eGFR at
baseline that could meet the impaired renal function cri-
teria more slowly than those in the male group.

In comparison with the Asian populations, baseline
serum uric acid according to sex in this study was similar
to the others. The mean serum uric acid was significantly
higher among Asian men than among women; however,
similar values were found overall in the Southeast Asian
population [15, 33-35].

All parameters at baseline seemed worse in the higher
quartiles when compared with the lower quartiles, espe-
cially hypertension and BP (Table 1). Our previous study
in a Thai army population [9] and other related studies
[28, 36] showed an association between serum uric acid
and BP. However, the change in systolic and diastolic BP
of the fourth quartile was the least similar in manner
among other parameters, such as triglycerides, total cho-
lesterol, LDL, AST, ALT, and alkaline phosphatase (Ta-
ble 2). We hypothesized that individuals at the fourth
quartile, having the worst metabolic profiles at baseline,
had a higher chance to receive either pharmacological
treatment or lifestyle modification, than those at the low-
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Table 4. Unadjusted incidence of impaired renal function, along
with 95% ClIs categorized by sex

Uric acid baseline  Events, Person-time, Rate per 1,000
(mg/dL) n years person-years
(95% CI)
Female
Q, (<4) 4 2,773 1.44 (0.54, 3.84)
Q, (4 to <4.7) 9 3,216 2.80 (1.46, 5.38)
Q; (4.7 to <5.4) 10 2,804 3.57 (1.92, 6.63)
Q4 (=5.4) 22 3,246 6.78 (4.46, 10.29)
Total (female) 45 12,039 3.74 (2.79, 5.01)
Male
Q, (<5.7) 38 10,475 3.63 (2.64, 4.99)
Q, (5.7 to <6.5) 52 10,189 5.10(3.89, 6.70)
Q; (6.5 to <7.5) 71 11,349 6.26 (4.96, 7.89)
Q, (27.5) 112 11,290 9.92 (8.24, 11.94)
Total (male) 273 43,303 6.30 (5.60, 7.10)

Thedefined term ofimpaired renal function eventis progression
to CKD, stage III, which is based on decreased GFR criteria.

er quartiles. Therefore, the fourth group had improved
laboratory results. Absence of pharmacological parame-
ters and lifestyle modification measurement constituted
limitations of this hypothesis. On the other hand, in-
creased FPG annually in higher quartiles opposed the hy-
pothesis. Related studies in Asian populations have re-
vealed associations of insulin resistance, plasma glucose,
impaired fasting glucose, and type 2 diabetes with higher
serum uric acid level, which could explain this result [37,
38].

Significant differences in mean eGFR change were
found between the quartiles. However, annual mean
eGFR changes had a minimal progression, which was <1
mL/min/1.73 m? per year among all quartiles (Table 2).
Similarly, progression of eGFR according to serum uric
acidlevel quartiles in Figure 1 showed fluctuations around
90 mL/min per 1.73 m? each year (Fig. 1). These results
indicated that most of the subjects were at low risk and
had a good renal function. Those who had higher serum
uric acid levels always had poorer eGFR and higher risk
to meet the impaired renal function criteria, defined by
eGFR <60 mL/min/1.73 m? over 3 months (Tables 2-4;
Fig. 1-3).

The limited data suggest urate-lowering therapy to
prevent kidney damage, and benefits of treatment of hy-
peruricemia were not observed at all time points of study
[39]. Currently, the meta-analysis of 12 randomized con-
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trol trials with 832 CKD participants supports the hy-
pothesis that the risk of worsening of kidney function was
significantly decreased in the uric acid-lowering therapy
and risk for developing CKD groups [40]. Larger ran-
domized controlled trials are required to study the effect
of uric acid-lowering therapy on CKD progression.

The strength of this study included the large number
of participants, carefully collected data, and all laboratory
measurements being made in 1 laboratory. Several poten-
tial limitations of this study were noted. First, informa-
tion on urinalysis, renal imaging, and pathology were un-
available. Subjects presenting baseline eGFR of 60 mL/
min per 1.73 m? or more were enrolled, and non-GFR-
based evidence of CKD were unidentified. Second, infor-
mation on routinely used medications, such as anti-hy-
pertensive agents or uric acid-lowering agents, associated
with uric acid metabolism were unavailable. Finally, the
generalizability of this study may have been limited by
selection bias of the relatively higher proportion of men
than women subjects and those mainly in the Thai army
population.

Conclusion

In conclusion, our study suggests that serum uric acid
levels were independently associated with the incidence
of impaired renal function and renal progression in a
Thai community-based population. Early detection and
intervention of hyperuricemia should be concerned as a
part of CKD prevention.
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