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Abstract

Background Cohort studies evaluating increased serum

uric acid (SUA) level as a chronic kidney disease (CKD)

risk factor have yielded variable results. We aimed to

assess the association between the pattern of longitudinal

changes in SUA and incident CKD [estimated glomerular

filtration rate (eGFR)\60 ml/min/1.73 m2].

Methods A population-based cohort study was conducted

on 3,605 participants who were followed prospectively for

a mean of 5.18 years. The longitudinal changes in SUA

were categorized into three subgroups: persistently low,

fluctuated (reduced or elevated), and persistently high. The

primary outcome of interest was the development of CKD

at a follow-up examination. Cox proportional hazards

analysis was used to test the hypothesis.

Results After adjustment for potential confounders, par-

ticipants with fluctuated SUA with progressively elevated

level and persistently high SUA level had significantly

higher risk of developing CKD compared to subjects with

persistently low SUA level: adjusted hazard ratio (95 %

confidence interval) was 2.05 (1.24–3.38) vs. 1.90

(1.34–2.71). This longitudinal relationship was indepen-

dent of sex, age, body mass index, and hypertension status.

Conclusions Longitudinally elevated SUA independently

predicts the risk of new-onset CKD.

Keywords Chronic kidney disease � Cohort study � Uric
acid

Introduction

The worldwide rise in the number of patients affected by

chronic kidney disease (CKD) together with the progres-

sive nature of chronic kidney failure and ensuing end-stage

renal disease (ESRD) is placing a substantial burden on

global health care resources [1]. Taiwan has been
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recognized as an epidemic area of CKD with the highest

incidence and prevalence rates of ESRD [2]. Thus, it is

extremely important to identify individuals who are at risk

for CKD.

Serum uric acid (SUA) level is commonly elevated in

subjects with CKD, but was historically viewed as an issue

of limited interest [3]. Recently, uric acid has been resur-

rected as a potential contributory risk factor in the devel-

opment and progression of CKD [4]. However, cohort

studies in humans have shown mixed results as to whether

uric acid is an independent risk factor for the development

of CKD [5–14]. Critically, epidemiological reports exam-

ining uric acid as a risk factor have used single time point

measurements and therefore ignored physiological and

pathological changes over time. In this report, we investi-

gate the effect of longitudinal changes in SUA level on the

development of incident CKD through a prospective cohort

study with repeated measurements of SUA level over time.

Patients and methods

Study population

Data for this study came from the Taiwanese Survey on

Prevalence of Hypertension, Hyperglycemia, and Hyper-

lipidemia (TwSHHH) conducted in 2002 and a subsequent

follow-up program (TwSHHH-II) carried out in 2007. The

study design and subject recruitment have been described

elsewhere [15]. Participants in the TwSHHH were drawn

from the National Health Interview Survey (NHIS). Indi-

viduals selected for the NHIS were based on a multistage

stratified systematic sampling scheme with the method of

probability proportional to size. In total, 10,292 individuals

were randomly selected for the TwSHHH. Of these, 7,578

(73.6 %) completed a questionnaire and 6,600 (64.1 %)

permitted additional blood pressure measurement and

blood examination for biomarkers. A subsequent follow-up

study, TwSHHH-II, was initiated in 2007 to estimate the

incidence of hypertension, hyperglycemia, and hyperlip-

idemia for people in Taiwan. A total of 6,600 individuals

who completed all examinations in the TwSHHH were

eligible for recruitment in the TwSHHH-II. Among them,

242 subjects had died and 581 persons could not be con-

tacted. The remaining 5,777 individuals were invited to

participate in TwSHHH-II. A total of 1,095 subjects

refused to take part in the study, resulting in 4,682 persons

enrolled in the TwSHHH-II (a response rate of 70.9 %).

The TwSHHH and TwSHHH-II studies were approved by

the Institutional Review Board Ethics Committee from the

Bureau of Health Promotion, Department of Health.

Written informed consent was also obtained from all par-

ticipants in TwSHHH and TwSHHH-II. Both TwSHHH

and TwSHHH-II studies were in adherence with the Dec-

laration of Helsinki.

Basic measurements

At study entry in the TwSHHH and TwSHHH-II, partici-

pants underwent questionnaire interviews and anthropo-

metric measurements by well-trained nurses under a

standardized protocol. Body mass index (BMI) was cal-

culated as weight divided by height squared (kg/m2).

Arterial blood pressure was also taken from each partici-

pant using an electric sphygmomanometer (BP3AC1-1,

Microlife Corporation, Berneck, Switzerland).

Participants were instructed to fast for at least 12 h

before the blood was drawn. NaF plasma was collected for

glucose analysis, and serum was collected for measurement

of lipids. The blood samples were centrifuged immediately

and were transported at -10 �C in dry ice to the central

research laboratory at the Chiu Clinic in Taipei City, stored

at -20 �C and analyzed within 2 weeks. In addition, a spot

urine sample was collected for evaluation of proteinuria. In

this study, proteinuria was captured by urine dipstick

measurement and defined as normal (urine dipstick reading

negative), mild (urine dipstick reading trace or 1?), or

heavy (urine dipstick reading C2?) [16]. Additionally,

standard enzymatic methods were used to determine serum

levels of total cholesterol and triglycerides. Electrophoresis

was performed to measure high-density lipoprotein cho-

lesterol (HDL-C) and low-density lipoprotein cholesterol

(LDL-C). Fasting plasma glucose (FPG) level was mea-

sured by the hexokinase glucose-6-phosphate dehydroge-

nase procedure. SUA level was assayed using the

colorimetric uricase-peroxidase principle. Serum creatinine

was measured enzymatically (VITROS� 5, 1 FS, Ortho-

Clinical Diagnostics Inc., Rochester, NY, USA). The cal-

ibrator value of the enzymatic creatinine method was

traceable to isotope dilution mass spectrometry by the two-

level reference materials NIST (National Institute of

Standards and Technology) SRM 914. Blind duplicate

coefficients of variation of these measurements were

approximately 5 %. All biochemical tests were performed

using automatic analyzers (TBA-200FR, Toshiba Corpo-

ration, Tokyo, Japan).

Definitions of CKD and covariates

In this study, the estimated glomerular filtration rate

(eGFR) was calculated using the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) Study equation

[17]. When serum creatinine (Scr) is expressed in mg/dl

and age in years, the CKD-EPI equation for eGFR =

141 9 min (Scr/k, 1)a 9 max (Scr/k, 1)-1.209 9 0.993age 9

1.018 (if female), where k is 0.7 for females and 0.9 for
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males, a is -0.329 for females and -0.411 for males, min

indicates minimum of Scr/k or 1, and max indicates max-

imum of Scr/k or 1. In addition, proteinuria is the cardinal

sign of kidney disease [16]. Accordingly, a CKD event was

defined as a reduced eGFR (\60 ml/min per 1.73 m2) [17]

or proteinuria with urine dipstick reading C2? [16].

In this study, hyperuricemia was defined as a SUA

concentration C7.0 mg/dl for men and C6.0 mg/dl for

women [18]. The SUA levels measured at study entry in

2002 and at a follow-up examination in 2007 were com-

bined to define the pattern of longitudinal changes in SUA

level. SUA concentration \7.0 mg/dl for men and

\6.0 mg/dl for women both at study entry (2002) and

follow-up examination (2007) was categorized as persis-

tently low SUA. SUA concentration C7.0 mg/dl for men

and C6.0 mg/dl for women both at study entry and follow-

up examination was categorized as persistently high SUA.

SUA measured at the aforementioned two time points was

categorized as fluctuated if SUA concentrations exhibited a

progression or a regression trend. The group with fluctu-

ated SUA was further divided into two subgroups: reduced

(a decrease in SUA concentration from C7.0 to\7.0 mg/dl

for men and from C6.0 to \6.0 mg/dl for women) and

elevated (an increase in SUA level from\7.0 to C7.0 mg/

dl for men and from \6.0 to C6.0 mg/dl for women).

Additionally, hypertension was defined as systolic blood

Table 1 Baseline characteristics of participants according to the pattern of longitudinal changes in serum uric acid level

Longitudinal changes in serum uric acid level P value

Persistently low (n = 2012) Fluctuated Persistently high (n = 481)

Reduced (n = 998) Elevated (n = 114)

Male gender 35.9 % 36.0 % 57.2 % 64.7 % \0.001

History of hypertension 10.1 % 15.9 % 31.6 % 23.1 % \0.001

Age (years) 39.50 ± 14.19 38.64 ± 14.75 44.53 ± 16.86 42.27 ± 15.37 \0.001

BMI (kg/m2) 22.50 ± 3.34 23.94 ± 3.95 24.31 ± 3.29 25.28 ± 3.80 \0.001

Blood pressure (mmHg)

Systolic 109.85 ± 15.29 114.34 ± 16.14 118.86 ± 18.19 118.13 ± 16.49 \0.001

Diastolic 71.78 ± 10.17 75.53 ± 11.00 76.43 ± 11.67 77.79 ± 11.00 \0.001

Serum cholesterol (mg/dl)

Total 175.5 ± 33.37 177.94 ± 30.44 185.40 ± 38.21 189.13 ± 37.35 \0.001

HDL-C 56.96 ± 13.72 54.77 ± 14.68 53.21 ± 14.60 52.68 ± 15.21 \0.001

LDL-C 109.50 ± 24.77 112.89 ± 22.19 117.38 ± 27.69 120.91 ± 27.37 \0.001

Serum triglycerides (mg/dl) 101.04 ± 55.65 125.35 ± 72.75 132.82 ± 87.72 154.86 ± 91.62 \0.001

FPG (mg/dl) 87.56 ± 9.10 88.94 ± 9.76 90.79 ± 9.48 90.23 ± 9.25 \0.001

eGFR (ml/min/1.73 m2) 100.38 ± 16.37 96.68 ± 17.56 95.92 ± 17.08 93.34 ± 18.03 \0.001

Data are expressed as percentage or mean ± standard deviation as appropriate

BMI body mass index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, FPG fasting plasma glucose,

eGFR estimated glomerular filtration rate

Table 2 Association between the pattern of longitudinal changes in serum uric acid level and risk of incident chronic kidney disease (CKD)

Longitudinal changes in serum uric acid level Ptrend

Persistently low Fluctuated Persistently high

Reduced Elevated

No. of subjects (person-years) 2,012 (10,484) 998 (5,180) 114 (567) 481 (2457)

Incidence rate of CKDa (per 1000 person-years) 9.73 10.62 35.26 22.79

Crude HR (95 % CI) 1.00 (reference) 1.09 (0.79–1.52) 3.93 (2.43–6.36) 2.56 (1.85–3.55) \0.001

Adjusted HRb (95 % CI) 1.00 (reference) 0.98 (0.67–1.32) 2.05 (1.24–3.38) 1.90 (1.34–2.71) \0.001

HR hazard ratio, CI confidence interval
a Chronic kidney disease was defined as a reduced eGFR (\60 ml/min per 1.73 m2) or proteinuria with urine dipstick reading C2?
b Hazard ratios (HRs) were adjusted for sex, age, hypertension status, body mass index, serum levels of total cholesterol and triglycerides,

fasting plasma glucose level, and estimated glomerular filtration rate, as measured at study entry in 2002
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pressure (SBP) of at least 140 mmHg, diastolic blood

pressure (DBP) of at least 90 mmHg, or self-reported

treatment for hypertension [19]. General obesity was

defined as BMI C27.0 kg/m2, which corresponds to a

similar degree of fat composition to whites with a BMI

C30.0 kg/m2 [20].

Table 3 Incidence rate of chronic kidney disease (CKD) in relation to the pattern of longitudinal changes in serum uric acid level, stratified by

risk factors of CKD

Longitudinal changes in serum uric acid level Ptrend

Persistently low Fluctuated Persistently high

Reduced Elevated

Age (years)

B39 years

No. of subjects (person-years) 1,002 (5,322) 524 (2,756) 47 (242) 233 (1,224)

Incidence rate of CKDa (per 1,000 person-years) 4.89 5.08 8.28 14.71

Adjusted HRb (95 % CI) 1.00 (reference) 0.92 (0.46–1.85) 1.80 (1.02–7.67) 2.34 (1.14–4.78) 0.015

[39 years

No. of subjects (person-years) 1,010 (5,163) 474 (2,425) 67 (326) 248 (1,234)

Incidence rate of CKD (per 1,000 person-years) 14.72 16.91 55.28 30.80

Adjusted HRb (95 % CI) 1.00 (reference) 0.88 (0.60–1.30) 2.29 (1.34–3.91) 1.59 (1.05–2.41) \0.001

Sex

Male

No. of subjects (person-years) 722 (3,739) 571 (2,992) 41 (205) 311 (1,596)

Incidence rate of CKD (per 1,000 person-years) 11.77 11.36 39.02 23.19

Adjusted HRb (95 % CI) 1.00 (reference) 0.87 (0.55–1.38) 2.62 (1.21–5.67) 1.88 (1.19–2.98) \0.001

Female

No. of subjects (person-years) 1,290 (6,746) 427 (2,188) 73 (362) 170 (861)

Incidence rate of CKD (per 1,000 person-years) 8.60 9.60 33.13 22.06

Adjusted HRb (95 % CI) 1.00 (reference) 0.99 (0.60–1.64) 2.44 (1.28–4.67) 1.84 (1.04–3.24) 0.005

General obesity statusc, kg/m2

BMI\ 27.0

No. of subjects (person-years) 1,830 (9,563) 821 (4,265) 101 (509) 338 (1,725)

Incidence rate of CKD (per 1,000 person-years) 9.73 10.08 37.30 20.29

Adjusted HRb (95 % CI) 1.00 (reference) 0.85 (0.59–1.24) 2.28 (1.36–3.82) 1.76 (1.17–2.65) \0.001

BMI C 27.0

No. of subjects (person-years) 182 (922) 177 (916) 13 (58) 143 (733)

Incidence rate of CKD (per 1,000 person-years) 9.76 13.11 17.30 28.67

Adjusted HRb (95 % CI) 1.00 (reference) 1.15 (0.47–2.83) 1.93 (1.04–15.60) 2.01 (1.08–4.60) 0.021

History of hypertension

Absence

No. of subjects (person-years) 1,809 (9,444) 839 (4,367) 78 (399) 370 (1,902)

Incidence rate of CKD (per 1,000 person-years) 7.94 7.56 17.56 16.82

Adjusted HRb (95 % CI) 1.00 (reference) 0.82 (0.54–1.25) 2.11 (1.06–4.60) 1.84 (1.18–2.85) \0.001

Presence

No. of subjects (person-years) 203 (1,040) 159 (813) 36 (169) 111 (555)

Incidence rate of CKD (per 1,000 person-years) 25.96 27.05 77.11 43.24

Adjusted HRb (95 % CI) 1.00 (reference) 1.01 (0.56–1.80) 3.00 (1.52–5.90) 1.72 (0.95–3.11) 0.008

HR hazard ratio, CI confidence interval, BMI body mass index
a Chronic kidney disease was defined as a reduced eGFR (\60 ml/min per 1.73 m2) or proteinuria with urine dipstick reading C2?
b In addition to mutually adjusted for the variables in the table, hazard ratios were also adjusted for serum levels of total cholesterol and

triglycerides, fasting plasma glucose level, and estimated glomerular filtration rate, as measured at study entry in 2002
c General obesity was set according to a guideline for defining obesity in Asians [20]
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For study purposes, participants with a self-reported

history of CKD (n = 133), an eGFR \60 ml/min per

1.73 m2 as measured at baseline enrollment in 2002

(n = 146), without data on blood pressure, BMI, eGFR,

serum triglycerides, or FPG measurements at baseline

recruitment in 2002 (n = 339), and without data on eGFR

at follow-up examination in 2007 (n = 360) were excluded

from data analysis. Given that uric acid-lowering medica-

tions used to treat gout such as allopurinol may affect the

association observed between SUA and CKD, we excluded

subjects who were taking uric acid-lowering medications

(n = 99). The final analytic sample included 3,605 par-

ticipants [mean ± standard deviation (SD) age,

39.52 ± 14.63 years; males = 45.6 %].

Statistical methods

In this study, the primary outcome measure was CKD

incidence. The person-years of follow-up used in calcu-

lating incidence rate went from the date of enrollment in

TwSHHH to the date of CKD diagnosis, death, or the end

of 2007, whichever came earlier. The Cox proportional

hazards model was used to analyze the association between

the pattern of longitudinal changes in SUA level and

incident CKD adjusted for potential confounding covari-

ates. The potential confounding variables included in the

multivariable model were sex, age, hypertension status,

BMI, total cholesterol, triglycerides, FPG, and eGFR, as

measured at baseline enrollment in 2002. It is known that

the use of diuretics has an increasing effect on SUA levels

in hypertensive patients [21]. There were 53 out of 509

hypertensive patients taking diuretic medications in our

study sample. Thus, the confounding effect of diuretics

would be controlled for after adjustment for hypertension

status in the multivariable analysis. The association of the

pattern of longitudinal changes in SUA with the risk of

CKD was further evaluated using analyses stratified by

several CKD risk factors, including sex, age group (divided

by the median value: 39 years of age), general obesity

status, and hypertension status. All statistical analyses were

performed with SAS version 9.2 (SAS Institute, Cary, NC,

USA), and all of the statistical tests were 2-tailed with an a
level of 0.05.

Results

The distribution of the pattern of longitudinal changes in

SUA among 3,605 participants was as follows: 55.8 % of

subjects had persistently low SUA, 30.9 % had fluctuated

SUA (27.7 % were reduced and 3.2 % were elevated), and

13.3 % had persistently high SUA. During the follow-up

interval of 18,689 person-years, there were 233 incident

cases of CKD. Among patients with CKD, 39.1 % (91/233)

had proteinuria. Overall, the incidence rate of CKD among

participants was 12.47 per 1,000 person-years.

Baseline characteristics of participants stratified by the

pattern of longitudinal changes in SUA are shown in

Table 1. Longitudinally elevated SUA, including fluctuated

SUA with progressively elevated level and persistently

high SUA, was significantly associated with increasing

levels of age, BMI, SBP, DBP, serum levels of total cho-

lesterol, LDL-C, triglycerides, and FPG. Longitudinally

elevated SUA was also significantly associated with a high

proportion of male gender and hypertension. However,

longitudinally elevated SUA was significantly associated

with reduced levels of HDL-C and eGFR.

Association of the pattern of longitudinal changes in

SUA and risk of CKD incidence is presented in Table 2.

After adjustment for potential confounders, participants

with fluctuated SUA with progressively elevated level and

persistently high SUA had a significantly higher risk of

developing CKD when compared with subjects with per-

sistently low SUA: adjusted hazard ratio (HR) [95 %

confidence interval (CI)] was 2.05 (1.24–3.38) and 1.90

(1.34–2.71), respectively.

We then performed stratified analyses of the association

between the pattern of longitudinal changes in SUA and the

risk of incident CKD according to several risk factors of

CKD (Table 3). When we calculated the HRs for incident

CKD by stratifying subjects according to selected risk

factors of CKD, the HRs associated with longitudinally

elevated SUA were consistently significant.

Discussion

In this study, we have demonstrated that longitudinally

elevated SUA was a significant risk predictor for incident

CKD in a Chinese population over a lengthy follow-up

period. In fact, several [6–12], but not all [5, 13, 14],

epidemiological studies have suggested a significant asso-

ciation of hyperuricemia with the risk of CKD. In this

study, longitudinally elevated SUA was revealed as an

important independent risk factor for new-onset kidney

disease. Of note, this association seems to be independent

of a broad number of risk factors such as sex, age,

hypertension, and obesity. Hyperuricemia may be associ-

ated with CKD through several mechanisms. Elevated uric

acid may be directly toxic to the kidney [22], or hyper-

uricemia may exacerbate other risk factors for CKD, spe-

cifically hypertension [12]. Indeed, the best way to evaluate

the role of uric acid in the pathogenesis of CKD is to

determine whether lowering uric acid slows renal pro-

gression. At least one recent trial involving a small number

of patients did just that [23]. Further clinical trials of uric
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acid lowering are needed to evaluate the causal influence of

uric acid on the risk of CKD.

The strengths and limitations of our study deserve

comment. The present study is a large representative

population-based cohort study with repeated measurements

of SUA. Thus, this study provides sufficient statistical

power to answer our research question and could be gen-

eralized to the general population. In terms of limitations of

this study, the outcome measure of CKD was based on the

CKD-EPI Study equation calculated at follow-up exami-

nation. Accordingly, the current study cannot define serum

creatinine elevation or eGFR decline due to acute renal

failure or progression of CKD.

In conclusion, this cohort study supports longitudinally

elevated SUA as a significant risk predictor for incident

CKD.
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