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Objectives: Several studies have investigated the effects of serum uric acid (SUA) levels on chronic kidney disease (CKD), with discrep-
ant results. The effect of SUA levels on CKD development was studied in the Korean rural population.

Methods: A total of 9695 participants aged =40 years were recruited from 3 rural communities in Korea between 2005 and 2009. Of
those participants, 5577 who participated in the follow-up and did not have cerebrovascular disease, myocardial infarction, cancer, or
CKD at baseline were studied. The participants, of whom 2133 were men and 3444 were women, were grouped into 5 categories ac-
cording to their quintile of SUA levels. An estimated glomerular filtration rate of <60 mL/min/1.73 m? at the time of follow-up was
considered to indicate newly developed CKD. The effects of SUA levels on CKD development after adjusting for potential confounders
were assessed using Cox proportional hazard models.

Results: Among the 5577 participants, 9.4 and 11.0% of men and women developed CKD. The hazard ratio (HR) of CKD was higher in
the highest quintile of SUA levels than in the third quintile in men (adjusted HR, 1.60; 95% confidence interval [Cl], 1.02 to 2.51) and
women (adjusted HR, 1.56; 95% Cl, 1.14 to 2.15). Furthermore, CKD development was also more common in the lowest quintile of SUA
levels than in the third quintile in men (adjusted HR, 1.83; 95% Cl, 1.15 to 2.90). The effect of SUA was consistent in younger, obese,
and hypertensive men.

Conclusions: Both high and low SUA levels were risk factors for CKD development in rural Korean men, while only high levels were a
risk factor in their women counterparts.
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INTRODUCTION

Chronic kidney disease (CKD) is a major cause of mortality
worldwide; more than 2 million patients receive renal replace-

Recelved: May 21, 2018 Accepted: August 10, 2018
Corresponding author: Dong Hoon Shin, MD, PhD
Department of Preventive Medicine, Keimyung University School of
Medicine, 1095 Dalgubeol-daero, Dalseo-gu, Daegu 42601, Korea
E-mail: dhshin@kmu.ac.kr

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

248 Copyright © 2018 The Korean Society for Preventive Medicine

ment therapy, and an estimated 10-fold higher number need
therapy, but do not receive treatment [1]. In Korea, 80 674 pa-
tients received kidney transplantation or underwent renal di-
alysis in 2014 [2]. Furthermore, it has been found that 14 and
17% of patients who underwent peritoneal dialysis and hemo-
dialysis, respectively, were bedridden or dependent in activi-
ties of daily living, with various comorbidities such as cardio-
vascular disease (CVD) and infections [2]. Several common risk
factors that contribute to CKD development are diabetes mel-
litus (DM), hypertension (HTN), obesity, elevated creatinine
levels, and hyperuricemia [3-5]. Thus, controlling these risk
factors is an important aspect of preventing CKD develop-
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ment.

Uric acid, an end-product of the metabolism of purine nu-
cleotides, occurs at higher levels in humans than in other
mammals due to its loss during the uricase process [6]. In the
2007-2015 national health claims database, the prevalence of
gout in 2015 was 13.57 per 1000 people in men and 1.58 in
women, and the incidence per 1000 people was higher in men
(3.21) than in women (0.67) [7].

High levels of serum uric acid (SUA) have both advantages
and disadvantages for the human body. SUA is known to have
a neuroprotective effect, lowering the risk of Parkinson disease
and cognitive impairment [8,9]. Moreover, it also acts as an
antioxidant in the serum [10]. However, SUA has a strong pro-
oxidant effect at the cellular level and is known to be responsi-
ble for cardiovascular mortality [11,12]. Furthermore, high lev-
els of SUA have been reported to be responsible for the devel-
opment of HTN and higher mortality [12,13].

Several reports have shown a relationship between SUA and
CKD. In several studies, high SUA levels were found to contrib-
ute to CKD development [4,14]. However, some studies have
failed to show a significant contribution of SUA to CKD devel-
opment [15,16]. Moreover, other studies of CKD patients have
shown SUA-lowering therapy to be beneficial; however, a me-
ta-analysis did not support those findings [17,18].

A few reports have shown that low SUA levels conferred an
increased risk of CKD development and mortality. A study by
Kanda et al. [19] showed that both high and low SUA levels
contributed to the loss of kidney function in Japanese men.
One study on CKD patients reported a J-shaped relationship
between mortality and SUA levels, with the lowest quintile of
SUA as a risk factor [20]. Another study by Lee et al. [21] re-
ported that low SUA levels (the lowest quintile) were a risk fac-
tor for mortality in new-onset hemodialysis patients.

We analyzed data from the Multi-Rural Communities Cohort
(MRCohort), consisting of rural inhabitants aged =40 years
collected from 3 centers. The effects of various levels of SUA
on CKD development were studied, and further studies on
specific groups affected by SUA should be conducted.

METHODS

Study Population
The MRCohort was established in 2004 as part of the Korean

Genomic and Epidemiology Study, designed to assess the risk
factors associated with CVD in the Korean population. The
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People excluded for baseline CKD (n=578)

Participants for analysis (n=5577)

study was conducted in 3 rural areas in Korea: Goryeong,
Yangpyeong, and Namwon. Within these 3 rural areas, villages
were chosen through multistage cluster sampling, and partici-
pants aged =40 years were recruited.

As of 2009, a total of 9695 participants had been recruited
to the cohort, as shown in the flow diagram (Figure 1). Partici-
pants were followed up every 2-4 years. As of 2013, among
the 9695 participants, 7020 had participants returned for fol-
low-up.

Among the 9695 participants, 2675 who did not participate
in the follow-up were excluded. A total of 781 participants
with cancer, cerebrovascular disease, or myocardial infarction
prior to enrollment were also excluded from the study. Partici-
pants with missing self-reported information on lifestyle fac-
tors including alcohol consumption, smoking, and exercise,
and participants with missing laboratory data, including SUA
and creatinine levels or other confounding variables (body
mass index [BMI], fasting glucose level, and serum lipid levels)
were not included in the study. Lastly, participants with an es-
timated glomerular filtration rate (eGFR) equivalent to CKD
stage 3 or higher (eGFR <60 mL/min/1.73 m? at baseline
were excluded from the study. Finally, 5577 participants were
analyzed, of whom 2133 were men and 3444 were women.
This study was conducted with the approval of the ethics com-
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mittee of Keimyung University in Korea (no. 40525-201803-
HR-09-01).

Data Collection

Data were collected from 3 centers using a standardized
questionnaire and examination procedures by trained inter-
viewers and examiners. All interviewers and technicians were
trained by the same trainers using a standardized protocol
from the coordinating center.

The questionnaire included demographic, lifestyle, disease,
and medication history information. The demographic infor-
mation consisted of identification number, age, gender, edu-
cational status, and marital status. The lifestyle factors were
smoking, alcohol consumption, and exercise status. Partici-
pants’ self-reported history of previous diseases such as HTN,
diabetes, CVD, myocardial infarction, and cancer was also col-
lected.

Anthropometric measurements were obtained by a trained
examiner at each center using a standard protocol. Height was
obtained using a standard height scale, and for weight mea-
surements, the scale was zero-balanced before each measure-
ment. BMI was computed as weight divided by height squared.
Participants were categorized based on BMI into a normal group
(BMI <23 kg/m?) and an overweight/obese group (BMI =23
kg/m?).

Blood pressure (BP) was initially measured at the right arm
at heart level after the participant had rested for 10 minutes.
Two measurements, with at least a 5-minute interval, were av-
eraged to obtain the systolic and diastolic BP of each partici-
pant. If the difference between the 2 measurements was high-
er than 5 mmHg, the measurement was repeated. HTN was
defined as a BP >140/90 mmHg, the use of antihypertensive
drugs, or an HTN diagnosis prior to the study.

Laboratory tests were conducted using blood samples col-
lected after a minimum of 8 hours of overnight fasting. All
markers were analyzed on the same day, within 12 hours. Tria-
cylglycerol, total cholesterol, high-density lipoprotein (HDL)
cholesterol, fasting glucose, SUA, and creatinine levels were
obtained using an ADVIA 1650 automated analyzer (Siemens,
New York, NY, USA).

Diagnostic Definition

eGFR was assessed using the CKD-Epi equation. The validity
of this formula has been studied elsewhere [22]. An eGFR <60
mL/min/1.73 m? at the time of follow-up was considered to in-
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dicate newly developed CKD. Participants were followed up
until CKD development or the final follow-up.

Statistical Analysis

SUA levels were categorized into 5 groups using quintile
cut-off points in men (<4.7,4.7-5.3, 5.4-5.9, 6.0-6.8, and >6.8
mg/dL) and women (<3.6, 3.6-4.0, 4.1-4.5, 4.6-5.1, and >5.1
mg/dL). The quintile grouping was chosen to obtain more sta-
ble estimates.

Continuous variables are presented as mean = standard de-
viation (SD), while categorical variables are presented as fre-
quency and percentage. The Student t-test, one-way analysis
of variance, and the chi-square test were used to compare be-
tween-group differences. All analyses were conducted for
each gender. The outcome was defined as CKD development.
Cox regression analysis was used to present the hazard ratio
(HR) and 95% confidence intervals (Cls), with the third quintile
used as the reference to study the effect of both low and high
SUA levels on CKD development. No confounders were adjust-
ed in model 1. eGFR, gender, and age were adjusted in model
2. Smoking, drinking, and exercise habits; marital status; edu-
cational level; presence of HTN and DM; and glucose, triacylg-
lycerol, and total cholesterol levels were further adjusted in
model 3. To further assess the effects of SUA levels on CKD de-
velopment, subgroups stratified by age (<60 or =60 years),
BMI (<23 or =23 kg/m?), and HTN (with or without HTN) were
used. Two-tailed p-values <0.05 were considered to indicate
statistical significance. SPSS version 23.0 (IBM Corp., Armonk,
NY, USA) and R version 3.4.3 (http://www.r-project.org, pack-
age “forestplot”) were used for all statistical analyses.

RESULTS

Both men and women were divided into 5 groups using the
quintiles of SUA levels. The average follow-up period was
47.0119.0 months in men and 46.9 1+ 19.0 months in women.
Table 1 presents gender-specific characteristics. In men, age,
BMI, triacylglycerol, and total cholesterol levels increased as
SUA levels increased, with the highest levels in quintile 5 (Q5).
The number of alcohol consumers and individuals with HTN
was higher in Q5 than in other quintiles. On the contrary, the
number of DM patients and the HDL and fasting glucose levels
increased as SUA level decreased, with the highest levels in
quintile 1 (Q1) (Table 1). In women, BMI, triacylglycerol, and
total cholesterol levels increased as SUA levels increased. The
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number of alcohol consumers, individuals with HTN, and par-
ticipants who exercised increased across quintiles in women,
and the same findings were observed for men, except for the
trend for exercise. However, fasting glucose levels and age
were higherin Q1 and Q5 than in quintile 3 (Q3) (Table 1).
During the follow-up period, 9.4 and 11.0% of men and
women developed CKD, respectively. Table 2 shows the effects
of SUA levels on CKD development. Higher rates of CKD devel-
opment were observed in those with high SUA levels (Q5)
than in Q3 among men (adjusted HR, 1.60; 95% Cl, 1.02 to
2.51). Furthermore, men participants with low SUA levels (Q1)
were also at a significantly higher risk for CKD development

(adjusted HR, 1.83; 95% Cl, 1.15 to 2.90). In women, only high
SUA levels (Q5), not low levels, showed a high HR (adjusted
HR, 1.56; 95% Cl, 1.14 to 2.15).

The effects of SUA levels on CKD development were further
explored in subgroups stratified by age, BMI, and HTN (Figure
2). The findings were consistent in younger (<60 years), over-
weight (BMI =23 kg/m?), and hypertensive participants in
men. Among the elderly and normal-weight groups in men,
SUA levels were non-significantly related with CKD develop-
ment. In women, the effects of high SUA levels as a risk factor
for CKD development were consistent in elderly and over-
weight participants.

Table 2. Risk of chronic kidney disease development according to serum uric acid quintile (Cox regression analysis)'

Q1 Q2 04 Q5
Men
Model 1 1.64(1.02, 2.64) 1.42(0.88, 2.31) 1.33(0.81, 2.16) 2.10(1.35, 3.29)
Model 2 1.75(1.11, 2.76) 1.05(0.65, 1.71) 1.07 (0.66, 1.73) 1.55(1.00, 2.41)
Model 3 1.83(1.15, 2.90) 1.12(0.69, 1.83) 1.17(0.72,1.92) 1.60(1.02, 2.51)
Women
Model 1 0.99(0.70, 1.38) 0.65(0.44, 0.95) 1.02(0.73, 1.43) 1.77 (1.31, 2.39)
Model 2 1.13(0.81, 1.58) 0.99(0.68, 1.43) 1.09(0.78, 1.53) 1.56 (1.15, 2.13)
Model 3 1.12(0.79, 1.57) 1.00(0.69, 1.47) 1.05(0.75, 1.48) 1.56 (1.14, 2.15)

Values are presented as hazard ratio (95% confidence interval).

Model 1: not adjusted; Model 2: adjusted for age and estimated glomerular filtration rate; Model 3: model 2+smoking, alcohal, exercise, marriage, education,
hypertension, diabetes, body mass index, glucose levels, triacylglycerol levels, total cholesterol, and high-density lipoprotein cholesterol.

'03 was used as the reference.
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Figure 2. Forest plot for subgroup analysis of chronic kidney disease development according to SUA levels (A: men, B: women).
All models were adjusted for age, gender, estimated glomerular filtration rate, smoking, alcohol, exercise, marriage, education,
hypertension (HTN), diabetes mellitus, body mass index (BMI), glucose, total cholesterol, triacylglycerol, and high-density lipo-
protein. Q3 was used as the reference.
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DISCUSSION

In the current cohort study, we analyzed the effects of SUA
levels on CKD development in the Korean rural population.
The risk of CKD development was higher among patients with
higher SUA levels in both genders. Moreover, higher CKD inci-
dence was found in Q1 than in Q3 in men, but not in women.
Finally, the effects of SUA levels on new-onset CKD were con-
sistently observed in younger, overweight, and hypertensive
men participants.

In the current study, during an approximately 4-year aver-
age follow-up period, 9.4 and 11.0% of men and women de-
veloped CKD, respectively. In Korea, the prevalence of CKD in
adults of age 30 or higher has been reported to be 4.1% [3].
Moreover it showed the prevalence of CKD to increase dra-
matically with age, with rates of 7.9% among those aged 60-
69 and 20.4% among those 70 or older [3]. Furthermore, a
study of younger adults (average age, 45.4 years) reported
that CKD occurred in 7.6% of participants during a follow-up
period of 4 years [23]. Therefore, the rate of CKD development
observed in the current study seems appropriate.

SUA levels higher than 6 mg/dL are known to be a risk factor
for CVD [24]. Furthermore, several studies have reported that a
lower eGFR was related to high SUA levels. In a study of 5808
elderly patients, higher SUA levels were associated with higher
odds of rapid renal progression (defined as a decrease in the
eGFR of =3 mL/min/1.73 m?/y) [25].

There are several potential mechanisms through which high
SUA levels affect the progression of kidney failure. Hyperurice-
mia is known to increasecyclooxygenase-2 expression and
lead to vascular smooth cell proliferation, causing HTN and im-
pairing kidney function [26]. Increased SUA levels result in re-
nal HTN by oxidative stress [27]. Furthermore, SUA causes re-
nal inflammation and fibrosis by inducing the secretion of
interleukin-1( [28].

Other studies have reported that low SUA levels caused CKD
development. Wang et al. [29] reported that SUA levels <2.0
mg/dL increased CKD incidence in Taiwan, albeit without sta-
tistical significance. In addition, SUA levels of <5.0 and <3.6
mg/dL in Japanese men and women, respectively, were re-
portedly considered as potential predictors of decreased kid-
ney function [19]. These studies suggest that SUA levels be-
tween 5 to 6 mg/dL may be reasonable, but do not present
definitive conclusions [30]. Our study likewise showed that
low SUA levels also contributed to CKD development in men.

Effect of Uric Acid on CKD Development

In the present study, the cut-off values of SUA levels for the
lowest quintile were 4.6 and 3.5 mg/dL in men and women,
respectively, similar to the suggested levels of 5 to 6 mg/dL
[30]. Our findings suggest that the effects of low SUA levels,
particularly in men, might be related to the loss of renal func-
tion.

The mechanism underlying CKD development via hypouri-
cemia has yet to be completely clarified. Hypouricemia is
known to place patients at a high risk of developing acute kid-
ney failure [31], especially related to exercise [32]. Among pa-
tients who developed acute kidney failure, 24% experienced
recurrent kidney injury. Furthermore, despite normal creati-
nine clearance, chronic lesions were observed. Systemic re-
views have shown that acute renal injury is a risk factor for
CKD development, and proposed that SUA levels causing re-
current acute renal failure might result in CKD [33]. Oxidative
stress has also been proposed as a pathway. As uric acid acts
as an antioxidant, it reacts with oxidative species, and is then
degraded into end-products such as allantoin [10,34]. Thus,
low SUA levels may indicate a low antioxidant capacity, result-
ing in vascular inflammation. Furthermore, hypouricemia,
caused by increased excretion or diminished reabsorption of
filtered uric acid, results in nephrolithiasis [35]. These stones
are known to worsen renal function via chronic urine acidity
[36].

Low SUA levels, but above the hypouricemia cut-off of 2
mg/dL, have been reported to be associated with various out-
comes. Hakoda et al. [5] reported various associations be-
tween SUA and cardiovascular mortality in both genders in Ja-
pan. Kanda et al. [19] reported similar results to those of our
study, showing that both high and low SUA levels led to a de-
creased eGFR. Therefore, patients with low SUA levels should
be regarded as being at risk for various diseases, such as CVD
and CKD.

In the current study, the effect of SUA differed by gender.
The study results, after groups were stratified by age, BMI, and
the presence of HTN, differed greatly. In both genders, the ef-
fect of SUA was consistent in overweight participants. The fact
that obesity is a strong risk factor for CKD, with a study even
reporting that patients with metabolically healthy obesity had
an increased incidence of CKD, might explain these consistent
results in both genders [37]. An explanation for the different
effects of SUA by age might relate to differences in the hor-
monal profiles of men and women. SUA levels are known to
remain low until menopause, because of the lowering effects
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of endogenous estradiol [38]. Female hormones are known to
affect renal uric acid transporter expression by suppressing
protein levels, such as that of uric acid reabsorptive transport-
ers, uric acid transporter 1, and glucose transporter 9 [39].
Therefore, the effect of SUA levels on CKD incidence might
show gender-specific relationships with age. The average SUA
levels in men and women were 5.7 and 4.3 mg/dL, respective-
ly, in this study. Moreover, men with HTN had the highest C-re-
active protein and fasting glucose levels, which might imply
the presence of inflammation and insulin resistance, which are
typical risk factors of CKD development, as well as outcomes
of high SUA levels. Therefore, these factors might have con-
tributed to gender-specific differences and differences among
subgroups.

This study has some limitations that should be considered.
First, albuminuria, one of the factors used to define CKD, was
not evaluated in our cohort. However, an eGFR of <60 mL/
min/1.73 m? is accepted as the definition of CKD in popula-
tion-based research [40]. Furthermore, a study with a similar
follow-up period of 4 years showed CKD development defined
by eGFR to be 7.6% in a younger population (average age,
454 years) [23]. Therefore, the finding that CKD developed in
9.4-11.0% of participants in 47 months in the population ana-
lyzed in this study (average age, 60.3 years) seems acceptable.
Second, although patients were followed for 2-4 years, the ex-
act time of CKD development is unknown; therefore, the time
of follow-up data might have differed from the time of CKD
development. Moreover, patients who were not followed up
were not analyzed in the current study, and as most of the
study patients were elderly individuals, the effects of SUA lev-
els on CKD development might have been underestimated.
Lastly, since our follow-up time was relatively short, generaliz-
ing the study results to long-term effects might be difficult.
Additional data after the 4-year follow-up would be necessary
to determine long-term effects.

However, the present study has several strengths. To our
knowledge, this was the first study to report that uric acid, es-
pecially at low levels, had an effect on CKD development in
Korea. Moreover, the study included large number of subjects
from a rural cohort study conducted in 3 different areas, in the
northern, western and eastern parts of Korea. Therefore, the
results are broadly representative of rural communities
throughout the nation. The current study was a large prospec-
tive analysis, which is beneficial for assessing causal relation-
ships between SUA levels and CKD development.
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In this study, the risk of CKD development increased with
high SUA levels in both genders and with low SUA levels in
men. Future studies are needed to determine the appropriate
range of SUA levels to reduce the likelihood of CKD develop-
ment in men and women.
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