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ABSTRACT
Objective: To evaluate the association between serum uric acid (SUA) levels with CKD in elderly
health checkup population and explore the gender difference.
Methods: A total of 4242 subjects were included in the cross-sectional study. All of the subjects
participated in the annual checkup between June 2016 and June 2017. Chronic kidney disease
(CKD) was defined by estimated glomerular filtration rate (eGFR) <60ml/min per 1.73 m2. We
examined the association between SUA levels and CKD. Multivariate binary logistic regression
analysis was used to estimate odds ratios (ORs) and 95% confidence intervals (95%CIs) by com-
paring association between the SUA level and CKD. The models were adjusted for age, gender,
body mass index (BMI), hypertension, diabetes, triglyceride and high-density lipoprotein choles-
terol (HDL-C).
Result: The prevalence of hyperuricemia was 22.2%, and it was significantly higher in male than
in female (25.2% vs. 17%, p< .001). The prevalence of hyperuricemia increased with age, espe-
cially in the female. The prevalence of CKD was 27.8% in male and 20.2% in female (p< .001).
Compared with the SUA first quartile, the multivariate-adjusted odds for CKD of fourth quartiles
were 6.05 (95%CI: 4.32–8.49) in male and 8.21(95%CI: 5.37–12.54) in female.
Conclusion: Our finding showed gender-specific differences in the association between high
SUA and an increased risk of CKD in the elderly population. The association of SUA and CKD was
independent of other potential confounding factors including age, glucose, hypertension, HDL,
TG and BMI.
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Introduction

Serum uric acid (SUA) is the end product of urine metab-
olism. Animal studies supported the role of uric acid as a
mediator of risk for both hypertension and progressive
decline in renal function [1]. Emerging evidence sug-
gests hyperuricemia was associated with increasing risk
of the incidence and progression of Chronic kidney dis-
ease (CKD) [2]. Meanwhile, hyperuricemia was an inde-
pendent predictor of CKD in diabetes [3]. Possible
mechanisms include: (1) the elevated SUA increases oxi-
dative stress which decrease endothelial nitric oxide
(NO) resulting in the induction of endothelial disfunction
and podocyte injury [4]; (2) the elevated SUA activates
the renin-angiotensin system [5], enhances the expres-
sion of adiponectin [6] and monocyte chemoattractant
protein-1(MCP-1) [7] resulting in the inflammatory injury
of renal proximal tubule; (3) the elevated SUA prompts
vascular smooth muscle cell (VSMC) proliferation and

vascular dysfunction of afferent arterioles resulting in
renal hypoxia [8]. There were mixed results with some
studies regarding the association of SUA with CKD in dif-
ferent gender in previous studies [5,9–11]. The elderly
population had a higher level of SUA and a high risk of
developing CKD [12]. However, as we know, there is little
information about the association between hyperurice-
mia and CKD in the elderly population. In the present
study, we sought to investigate the association of SUA
and CKD in an elderly health checkup population in
China. We also evaluate the association between SUA
and CKD in different gender, respectively.

Subjects and methods

Subjects

This retrospective observational study used community
health screening data in the NanRui Community Health

CONTACT Yanlang Yang yangyanlang@126.com Department of Nephrology, Affiliated Yijishan Hospital, Wannan Medical College, Wuhu
241000, China
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

RENAL FAILURE
2019, VOL. 41, NO. 1, 197–203
https://doi.org/10.1080/0886022X.2019.1591994

http://crossmark.crossref.org/dialog/?doi=10.1080/0886022X.2019.1591994&domain=pdf&date_stamp=2019-03-29
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


Service Centers. This study protocol was approved by
the research and ethics committee of the Yijishan
Hospital of Wannan Medical College (Approval number:
WY-IRB-2017-22).

All subjects were community-dwelling elderly from
NanRui Community in Wuhu City, located in the eastern
area of China. Totally, 4242 subjects were included in
the present study, with 2700 males and 1542 females,
respectively. The time span of the database was from
June 2016 to June 2017. The average age of subjects
was 67.11 ± 6.24 years (from 60 to 92 years). All subjects
were categorized as five subgroups by their age
(60–65 years, 66–70 years, 71–75 years, 76–80 years,
and >80 years).

Data collection

Before sampling collection, the subjects were required
to have a low-fat diet without alcohol for dinner. After
an overnight fast (at least 12 h), the venous blood sam-
ples were collected. Each subject was interviewed and
completed a questionnaire including information on
gender, date of birth and medical history. The height,
body weight and blood pressure were manually meas-
ured by trained nurses.

Resting blood pressure was measured using a
sphygmomanometer. Two blood pressure recordings
were obtained from the right arm of subjects in a sit-
ting position after 30min of rest. The average of two
measurements was performed. Height was measured in
meters (without shoes), and weight was measured in
kilograms (removing heavy clothing and 1 kg deducted
for remaining clothing). Body mass index (BMI) was
calculated as body weight (kg) by the square of the
height (m2).

Venous blood samples were collected to measure
blood glucose and serum cholesterol, high-density lipo-
protein (HDL), low-density lipoprotein (LDL), uric acid
and creatinine. Serum creatinine was measured by
Jaffe’s kinetic method. In our hospital’s lab, the stand-
ard substance (SRM 909b) was used to calibrate the
Jaffe’s kinetic method to IDMS method of the CKD-EPI
eGFR. SUA was measured by oxidization method.

Diagnosis

Hypertension was defined if the systolic blood pressure
level �140mmHg, or diastolic blood pressure
�90mmHg, self-reported history of hypertension, or use
of antihypertensive drugs [13]. Diabetes was defined
as fasting blood glucose level �7.0mmol/L (126mg/dl)
or 2 h postprandial blood glucose �11.1mmol/L

(200mg/dl) [14]. Body mass index (BMI) more than 30
(Kg/m2) was defined as obesity and BMI between 25
(Kg/m2) to 30 (Kg/m2) was overweight [15]. A blood
hemoglobin level �130g/L in men or women elder
than 50years was defined as anemia. Serum cholesterol
level �221.36mg/dl (5.72mmol/L) and triglyceride
�150mg/dl (1.7mmol/L) were defined as hypercholes-
terinemia and hypertriglyceridemia, respectively. The
HDL level �40mg/dl (1.04mmol/L) in male or the HDL
level �50mg/dl (1.30mmol/L) in female was defined as
abnormality [16]. Hyperuricemia was defined as the SUA
level �7.05mg/dl (420lmol/L) in male or �6.04mg/dl
(360lmol/L) in female. According to the previous report
[17], eGFR was calculated by CKD-EPI [18]. eGFR
(ml/min/1.73 m2)=141�min (Scr/j, 1)a�max(Scr/j,
1)�1.209�0.993Age�1.018 [if female] , where Scr is serum
creatinine, j is 0.7 for females and 0.9 for males, a is
�0.329 for females and �0.411 for males, min indicates
the minimum of Scr/j or 1, and max indicates the max-
imum of Scr/j or 1. According to the Kidney Disease
Outcomes Quality Initiative (K/DOQI) classification sys-
tem, eGFR <60mL/min/1.73 m2 was defined as
CKD [19].

Statistical analysis

Data were presented as means ± standard deviation for
continuous variables and as proportions for categorical
variables. Differences between male and female sub-
jects were examined using Pearson0s chi-square test
for categorical variables and two-tailed paired
Student’s t-test for continuous data. SUA levels were
examined as a continuous variable and as gender-
specific quartiles. Quartiles 1–4 in male were 307lmol/L,
308–359 lmol/L, 360–419 lmol/L and �420 lmol/L;
quartiles 1–4 in females were �236 lmol/L,
237–276 lmol/L, 277–330lmol/L and �331lmol/L.

Multivariate binary logistic regression analysis was
used to estimate odds ratios (ORs) and 95% confidence
intervals (95%CIs) by comparing association between
the SUA level and CKD. The models were adjusted for
age, gender, BMI, hypertension, diabetes, triglyceride
and HDL-C. p values <.05 were considered to be statis-
tically significant. SPSS 11.5 software (SPSS Inc, USA)
was used for data analysis.

Results

Among the 4242 total subjects, the distributions of SUA
levels showed gender difference. The prevalence of
hyperuricemia was 22.2% in the total population, and
the prevalence of hyperuricemia was significantly
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higher in male than in female (25.2% vs. 17%, p<.001).
The prevalence of CKD was 27.8% in male and 20.2% in
female (p<.001).

Age and gender-specific prevalence of
hyperuricemia

Figure 1 describes the prevalence of hyperuricemia by
age and by gender. The prevalence of hyperuricemia
showed an increasing trend with different age sub-
groups. Female had a higher prevalence of hyperurice-
mia in female subjects elder than 70 years. However,
SUA level did not vary significantly in different age sub-
groups among male.

Prevalence of CKD for each quartile of SUA

Figure 2 describes the prevalence of CKD for each
quartile of SUA. As SUA level increased, the

percentage of CKD was increased from 13.2% in the
first quartile to 42.1%% in the quartiles (p< .001). The
prevalence of CKD showed an increasing trend with
different gender group in quartiles. Female had a
higher prevalence than male in the fourth quartile
(51.4% vs. 36.6%, p< .001).

Clinical characteristics by quartiles of uric acid
levels in male and females

Subjects were categorized into four subgroups accord-
ing to the quartiles of their SUA levels. Clinical charac-
teristics of the male and female subjects were shown in
Table 1 and Table 2. Compared to 1st quartile in males,
the 4th quartile in male was elder and showed a higher
level of BMI, SBP, glucose, triglycerides, BUN, creatinine
as well as lower eGFR and HDL-C.
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Figure 1. Age and gender-specific prevalence of hyperuricemia.
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Figure 2. Prevalence of CKD for each quartile of serum uric acid.
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In female, compared to 1st quartile, 4th quartile was
also elder and showed a higher level of BMI, SBP, trigly-
cerides, LDL-C, BUN, creatinine as well as lower hemo-
globin and HDL-C.

Multivariate analysis of the association between
serum and CKD in the entire population

The ORs of CKD by increasing SUA quartiles in the
entire cohort were presented in Table 3. Univariate ana-
lysis showed (OR: 4.05, 95%CI: 3.26–5.04), after conduct-
ing the multivariable analysis adjusting for the potential
confounding factors including gender, age, diabetes,
HDL-C, hypertension, BMI, triglyceride, the Q4 quartiles

of SUA are more associated with CKD comparing Q1
SUA (OR: 7.23, 95%CI: 5.48–9.53).

Multivariate analysis of the association between
SUA and CKD in male and female subjects

The ORs of CKD by increasing SUA quartiles in male
and female are presented in Tables 4 and 5. After
adjusting for the potential confounding factors includ-
ing age, diabetes, HDL-C, hypertension, BMI, triglycer-
ide, higher quartiles of SUA were significantly
associated with CKD in both male and female subjects.
Although comparing with Q1 SUA, the Q4 quartiles of
SUA were associated with CKD in both male and

Table 1. Clinical characteristics by quartiles of uric acid levels in male.
SUA quartiles

　p 　
Q1 Q2 Q3 Q4

�307 ummol/L 308–359 ummol/L 360–419 ummol/L �420 ummol/L

Uric acid 266.43 ± 33.53 334.27 ± 14.90 387.48 ± 17.64 482.42 ± 53.89 <.001
Age (years) 66.79 ± 6.11 66.88 ± 6.37 68.63 ± 6.25 68.46 ± 6.53 <.001
Body-mass index (kg/m2) 23.48 ± 2.92 24.19 ± 2.99 24.71 ± 3.13 25.26 ± 3.06 <.001
Systolic pressure (mmHg) 130.12 ± 18.31 131.14 ± 18.26 133.69 ± 18.60 134.66 ± 17.79 .005
Diastolic pressure (mmHg) 79.52 ± 9.86 80.03 ± 9.90 80.15 ± 9.55 80.70 ± 10.57 .726
Hemoglobin (g/L) 142.36 ± 12.82 143.51 ± 12.45 143.59 ± 12.58 143.62 ± 14.01 .001
Serum glucose (mmol/L) 6.09 ± 1.95 5.68 ± 1.30 5.71 ± 1.34 5.84 ± 1.53 .256
Cholesterol (mmol/L) 4.70 ± 0.80 4.71 ± 0.87 4.72 ± 0.87 4.78 ± 0.93 .066
Triglyceride (mmol/L) 1.22 ± 0.73 1.41 ± 1.18 1.54 ± 1.11 1.78 ± 1.09 <.001
HDL-C (mmol/L) 1.42 ± 0.37 1.37 ± 0.37 1.32 ± 0.34 1.27 ± 0.33 <.001
LDL-C (mmol/L) 2.73 ± 0.70 2.71 ± 0.74 2.70 ± 0.73 2.72 ± 0.79 <.01
Creatinine (umol/L) 76.59 ± 29.68 79.70 ± 13.11 84.16 ± 27.91 92.54 ± 35.86 <.001
eGFR(ml min�1 1.73 m�2) 78.98 ± 11.31 75.28 ± 11.01 72.18 ± 11.21 67.22 ± 12.58 <.001

Table 2. Clinical characteristics by quartiles of uric acid levels in female.
SUA quartiles

　p 　
Q1 Q2 Q3 Q4

�236 ummol/L 237–276 ummol/L 277–330 ummol/L �331 ummol/L

Uric acid 203.84 ± 26.61 256.35 ± 11.46 301.59 ± 15.59 394.66 ± 60.32 <.001
Age (years) 65.26 ± 5.29 66.29 ± 5.57 66.13 ± 5.71 68.42 ± 6.80 <.001
Body-mass index (kg/m2) 23.80 ± 7.53 24.36 ± 3.10 24.95 ± 3.40 25.97 ± 3.51 <.001
Systolic pressure (mmHg) 127.97 ± 17.95 129.15 ± 17.16 131.18 ± 19.05 132.14 ± 17.57 .007
Diastolic pressure (mmHg) 78.03 ± 9.62 77.56 ± 8.96 78.32 ± 9.38 77.89 ± 9.54 .925
Hemoglobin (g/L) 125.89 ± 10.32 127.22 ± 9.28 128.65 ± 9.23 126.25 ± 11.50 <.001
Serum glucose (mmol/L) 5.84 ± 1.66 5.75 ± 1.28 5.67 ± 1.16 5.82 ± 1.13 .837
Cholesterol (mmol/L) 5.10 ± 0.86 5.18 ± 0.87 5.13 ± 0.88 5.02 ± 0.89 .050
Triglyceride (mmol/L) 1.32 ± 0.78 1.47 ± 0.75 1.71 ± 1.25 1.87 ± 0.99 <.001
HDL-C (mmol/L) 1.53 ± 0.34 1.49 ± 0.33 1.42 ± 0.38 1.36 ± 0.29 <.001
LDL-C (mmol/L) 2.97 ± 0.72 3.03 ± 0.76 2.95 ± 0.74 2.82 ± 0.76 .933
Creatinine (umol/L) 57.52 ± 12.86 61.40 ± 9.45 62.34 ± 10.27 71.98 ± 21.06 <.001
Nitrogen (mmol/L) 5.57 ± 1.35 5.70 ± 1.33 5.63 ± 1.97 5.80 ± 1.54 <.001
eGFR(ml min�1 1.73 m�2) 71.02 ± 9.81 66.61 ± 8.96 65.89 ± 8.78 59.11 ± 12.28 <.001

Table 3. Association between quartiles of uric acid and CKD in the entire population.

SUA quartiles
Unadjusted

OR 95%CI 　p
Adjusted

OR 　95%CI 　p value

Q1 (�272 ummol/L) Reference Reference
Q2 (273 to �330 ummol/L) 1.41 1.11–1.78 p<.001 1.84 1.41–2.38 p<.001
Q3 (331 to �395 ummol/L) 1.88 1.49–2.37 p<.001 3.10 2.37–4.06 p<.001
Q4 (�396 ummol/L ) 4.05 3.26–5.04 p<.001 7.23 5.48–9.53 p<.001

Adjusted for gender, age, diabetes, HDL-C, hypertension, BMI, Triglyceride.
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female, the association between hyperuricemia and
CKD was stronger in female than in male (OR: 6.05,
95%CI: 4.32–8.49; OR: 8.21, 95%CI 5.37–12.54).

Discussion

In the present study, we reported that the prevalence
of hyperuricemia was 22.2% in the entire elderly popu-
lation. The prevalence of hyperuricemia was signifi-
cantly higher in elderly male than in elderly female. The
prevalence of hyperuricemia increased with the age,
especially in elderly population female. The higher SUA
level was associated with increased risk of CKD.

Hyperuricemia can result from either increased uric
acid synthesis or decreased uric acid excretion, or from
a combination of both [20]. Kamei et al [21] found that
SUA levels in female were lower than in male. Age-
related increase in SUA levels was found among
women, in contrast, SUA level did not vary significantly
among man [22]. A survey based on individuals elder
than 65 years suggested the prevalence of hyperurice-
mia increased of only 6% in men from 65 to over
90 years, but doubled in women (from 15.3% in those
having 65 years to 34.4% in the 90s) [23]. In the present
study, we found the prevalence of hyperuricemia was
22.2% in the elder population, with 25.2% in male and
17.0% in female. After we calculated the age-specific
prevalence, we found that male had a higher preva-
lence of hyperuricemia in subjects younger than
70 years, while in the population elder than 70 years,
the female subjects had the similar prevalence of
hyperuricemia as male. We also found that SUA level
did not vary significantly in different age subgroups
among elderly male. Potential explanations include (1)
alcohol consumption, which is higher in male; (2) the
influence of estrogens. Estrogens promote renal uric
acid excretion and decrease the level of SUA by

suppressing the protein levels of the urate reabsorptive
urate transporter 1 (URAT1) and glucose transporter 9
(GLUT9) in the proximal tubule, and that of urate efflux
transporter ATP-binding cassette sub-family G member
2 (ABCG2) [24]. Postmenopausal hormone use is associ-
ated with lower uric acid levels among postmenopausal
women [25].

Weiner et al [11] analyzed data from the two cohort
studies, the Atherosclerosis risks in Communities (ARIC)
and the Cardiovascular Health Study (CHS). They found
the elevated SUA level was a modest independent
risk factor for incident kidney disease. This analysis
involved 13,338 subjects following for a mean period
of 8.5 years. Similar findings were reported in other pre-
vious studies [26]. A systematic review and meta-ana-
lysis study, containing 190,718 participants, showed
that a significant positive association between elevated
SUA levels and the new-onset CKD. Hyperuricemia was
found to be an independent predictor for the new
onset CKD [27]. Prevalence of CKD also increases in age
[28]. Hyperuricemia may be one of the strongest risk
factors related to CKD in elderly population [29]. The
elderly population has a higher level of SUA and a high
risk of developing CKD [12]. In previous studies, the
association between the level of uric acid and CKD in
different gender was evaluated. Mixed results were
obtained in elderly population [5,9–11]. In the previous
cross-sectional study, Li et al [9] reported that the asso-
ciation between hyperuricemia and CKD was stronger
in elderly male (OR (95% CI): 2.04 (1.56–2.67), p< .001)
than in elderly females (1.45 (1.17–1.80), p¼ .001).
Similar result was obtained in an investigation includ-
ing 24.886 elderly residents in a community [10]. A
retrospective study of IgAN patients showed no signifi-
cant differences observed in renal survival between
male and female by SUA level-matching [30]. Another
single-center retrospective cohort study showed that

Table 4. Association between quartiles of uric acid and CKD in male.

SUA quartiles
Unadjusted

OR 95%CI 　p value
Adjusted

OR 　95%CI 　p value

Q1 (�307 ummol/L) Reference Reference
Q2 (308 to �358 ummol/L) 1.82 1.29–2.59 p<.001 1.80 1.25–2.60 p<.001
Q3 (359 to �419 ummol/L) 3.10 2.23–4.32 p<.001 2.93 2.07–4.16 p<.001
Q4 (�420 ummol/L) 6.42 4.68–8.79 p<.001 6.05 4.32–8.49 p<.001

Adjusted for age, diabetes, HDL-C, hypertension, BMI, Triglyceride.

Table 5. Association between quartiles of uric acid and CKD in female.

SUA quartiles
Unadjusted

OR 95%CI 　p value
Adjusted

OR 　95%CI 　p value

Q1 (�236 ummol/L) Reference Reference
Q2 (237 to �276 ummol/L) 2.49 1.67–3.72 p<.001 2.46 1.60–3.78 p<.001
Q3 (277 to �330 ummol/L) 2.79 1.88–4.15 p<.001 2.87 1.87–4.39 p<.001
Q4 (�331 ummol/L ) 8.72 5.96–12.76 p<.001 8.21 5.37–12.54 p<.001

Adjusted for age, diabetes, HDL-C, hypertension, BMI, Triglyceride.
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an elevated uric acid level was an independent risk fac-
tor for ESKD in female IgA patients but not male
patients [5]. Weiner also found that the baseline SUA
was associated with increased risk of CKD in female
and a trend in male [11]. Recently in a study [31], a
gender-specific association between the elevated uric
acid level and CKD was analyzed in 3702 African
Americans. In this study, the average age of subjects
was 55.25 ± 12.40 years. The result indicated that both
new-onset CKD (OR: 1.96; 95%CI: 1.11–3.46) and the
rapid progression of CKD (OR: 2.06; 95%CI: 1.25–3.37)
were more likely to occur among the female partici-
pants with the elevated uric acid level. However, the
similar association of the elevated uric acid level with
CKD was not found among the male participants with
the elevated uric acid [31]. The interesting of our pre-
sent study was that, despite the presence of lower con-
centration of SUA in female, the association between
hyperuricemia and CKD in female was significantly
stronger than that in males. The adjusted ORs of hyper-
uricemia for CKD were 6.16 (4.39–8.64) for male and
8.32 (5.48–12.63) for female, respectively. The risk of
renal arteriolar hyalinosis and developing renal insuffi-
ciency above the cutoff value of UA might differ
between the sexes, which were higher for male than
for female [32]. Hyperuricemia was associated with an
increased risk of incident hypertension pronouncing in
younger female [33]. The mechanisms that cause
hyperuricemia to be less related to CKD in elderly male
than female remain uncertain and providing a potential
explanation for it would be rather speculative.

There were some limitations to the present study.
First, although 2012 KDOQI guideline recommended
CKD-EPI equation for calculating eGFR in adults [34],
the CKD-EPI equations were developed in a North
American and European study population. Whether the
CKD-EPI was superior to the other eGFR equations need
to be identified in Chinese elderly community-dwelling.
Second, the cross-sectional study could not identify
potential causality between hyperuricemia and CKD.
The further cohort study is needed to verify the associ-
ation. Third, the aged population has a higher preva-
lence of hypertension and cardiovascular diseases
which might have a synergic impact on the kidney.
Fourth, we could not collect information on medication
use, dietary intake and alcohol drinking. Above factors
might impact on the results.

In conclusion, we evaluated the association between
SUA and CKD in a Chinese dwelling community elderly
population. We found that gender-related differences in
the association between high SUA and an increased risk
of CKD in the population after 60 years of age. The

association of SUA and CKD was independent of other
potential confounding factors including age, glucose,
hypertension, HDL, TG and BMI.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by grants from Health and Family
Planning Commission Research Program from Anhui prov-
ince [2016QK071]; Talents of scientific research fund pro-
gram from Yijishan hospital affiliated Wannan medical
school [YR201412].

References

[1] Feig DI. Serum uric acid and the risk of hypertension
and chronic kidney disease. Curr Opin Rheumatol.
2014;26:176–185.

[2] Mallat SG, AI Kattar S, Tanios BY. Hyperuricemia,
hypertension, and chronic kidney disease: an emerg-
ing association. Curr Hypertens Rep. 2016;18:74.

[3] Viazz F, Russo GT, Ceriello A. Natural history and risk
factors for diabetic kidney disease in patients with
T2D: lessons from the AMD-annal. J Nephrol. 2018.
[Epub ahead of print]

[4] Kawamorita Y, Shiraishi T, Tamura Y, et al.
Renoprotective effect of Topiroxostat via antioxidant
activity in puromycin aminonucleoside nephrosis rats.
Physiol Rep. 2017;5:e13358.

[5] Nagasawa Y, Yamamoto R, Shoji T, et al. Serum uric
acid level predicts progression of IgA nephropathy in
females but not in males. Plos One. 2016;11:e0160828.

[6] Yang Q, Fu C, Xiao J, et al. Uric acid upregulates the
adiponectin-adiponectin receptor 1 pathway in renal
proximal tubule epithelial cells. Mol Med Rep. 2018;
17:3545–3554.

[7] Yu S, Ren Q, Wu W. Effects of losartan on expression
of monocyte chemoattractant protein-1 (MCP-1) in
hyperuricemic nephropathy rats. J Recept Signal
Transduct Res. 2015;35:458–461.

[8] Asakawa S, Shibata S, Morimoto C, et al. Podocyte
injury and albuminuria in experimental hyperuricemic
model rats. Oxid Med Cell Longev. 2017;2017:
3759153.

[9] Li Z, Liu Q, Mao H, et al. Gender difference in the
association of hyperuricemia with chronic kidney dis-
ease in southern China. Kidney Blood Press Res. 2012;
36:98–106.

[10] Huang YP, Zhang T, Zhang DH, et al. Community-
based study on elderly CKD subjects and the associ-
ated risk factors. Ren Fail. 2016;38:1672–1676.

[11] Weiner DE, Tighiouart H, Elsayed EF, et al. Uric acid
and incident kidney disease in the community. J Am
Soc Nephrol. 2008;19:1204–1211.

[12] Chang HY, Lee PH, Lei CC, et al. Hyperuricemia is an
independent risk factor for new onset micro-albumin-
uria in a middle-aged and elderly population: a

202 Y. YANG ET AL.



prospective cohort study in Taiwan. Plos One. 2013;8:
e61450.

[13] Chobanian AV, Bakris GL, Black HR, et al. The seventh
report of the joint national committee on prevention,
detection, evaluation, and treatment of high blood
pressure: the JNC 7 report. JAMA. 2003;289:
2560–2572.

[14] Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus. Report of the expert committee
on the diagnosis and classification of diabetes melli-
tus. Diabetes Care. 2003;26:S5–S20.

[15] WHO Consultation on Obesity. Obesity: preventing
and managing the global epidemic. Report of a WHO
consultation. World Health Organization Technical
Report Series. Geneva, Switzerland: World Health
Organization; 2000;894:i-xii, 1–253.

[16] National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III).
Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) final report. Circulation.
2002;106:3143–3421.

[17] Iseki K, Ikemiya Y, Inoue T, et al. Significance of hyper-
uricemia as a risk factor for developing ESRD in a
screened cohort. Am J Kidney Dis. 2004;44:642–650.

[18] Levey AS, Stevens LA, Schmid CH, et al. A new equa-
tion to estimate glomerular filtration rate. Ann Intern
Med. 2009;150:604–612.

[19] National Kidney Foundation. National Kidney
Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis. 2002;39:S1–S266.

[20] Rodrigues SL, Baldo MP, Capingana P, et al. gender
distribution of serum uric acid and cardiovascular risk
factors: population based study. Arq Bras Cardiol.
2012;98:13–21.

[21] Kamei K, Konta T, Hirayama A, et al. A slight increase
within the normal range of serum uric acid and the
decline in renal function: associations in a commu-
nity-based population. NDT. 2014;29:2286–2292.

[22] Akizuki S. Serum uric acid levels among thirty-four
thousand people in Japan. Ann Rheum Dis. 1982;41:
272–274.

[23] Musacchio E, Perissinotto E, Sartori L, et al.
Hyperuricemia, cardiovascular profile, and comorbidity

in older men and women: the Pro.V.A. study.
Rejuvenation Res. 2017;20:42–49.

[24] Takiue Y, Hosoyamada M, Kimura M, et al. The effect
of female hormones upon urate transport systems in
the mouse kidney. Nucleosides Nucleotides Nucleic
Acids. 2011;30:113–119.

[25] Jung JH, Song GG, Lee YH, et al. Serum uric acid lev-
els and hormone therapy type: a retrospective cohort
study of postmenopausal women. Menopause. 2018;
25:77–81.

[26] Obermayr RP, Temml C, Gutjahr G, et al. Elevated uric
acid increases the risk for kidney disease. J Am Soc
Nephrol. 2008;19:2407–2413.

[27] Li L, Yang C, Zhao Y, et al. Is hyperuricemia an inde-
pendent risk factor for new-onset chronic kidney dis-
ease? A systematic review and meta-analysis based on
observational cohort studies. BMC Nephrol. 2014;15:
122.

[28] Xue C, Ye XD, Li W, et al. Prevalence of chronic kidney
disease in Jing adults in China: a village-based study.
Clin Nephrol. 2013;79:50–56.

[29] Kuo CM, Chien WH, Shen HC, et al. Clinical epidemi-
ology of reduced kidney function among elderly male
fishing and agricultural population in Taipei, Taiwan.
Biomed Res Int. 2013;2013:214128.

[30] Deng W, Tan X, Zhou Q, et al. Gender-related differen-
ces in clinicopathological characteristics and renal out-
comes of chinese patients with IgA nephropathy. BMC
Nephrol. 2018;19:31.

[31] Mwasongwe SE, F€ul€op T, Katz R, et al. Relation of uric
acid level to rapid kidney function decline and devel-
opment of kidney disease: the Jackson Heart Study. J
Clin Hypertens (Greenwich). 2018;20:775–783.

[32] Kohagura K, Kochi M, Miyagi T, et al. An association
between uric acid levels and renal arteriolopathy in
chronic kidney disease: a biopsy-based study.
Hypertens Res. 2013;36:43–49.

[33] Grayson PC, Kim SY, LaValley M, et al. Hyperuricemia
and incident hypertension: a systematic review and
meta-analysis. Arthritis Care Res (Hoboken). 2011;63:
102–110.

[34] Stevens PE, Levin A. Kidney disease: improving global
outcomes chronic kidney disease guideline develop-
ment work group members. Evaluation and manage-
ment of chronic kidney disease: synopsis of the
kidney disease: improving global outcomes 2012 clin-
ical practice guideline. Ann Intern Med. 2013;158:
825–830.

RENAL FAILURE 203


	Abstract
	Introduction
	Subjects and methods
	Subjects
	Data collection
	Diagnosis
	Statistical analysis

	Results
	Age and gender-specific prevalence of hyperuricemia
	Prevalence of CKD for each quartile of SUA
	Clinical characteristics by quartiles of uric acid levels in male and females
	Multivariate analysis of the association between serum and CKD in the entire population
	Multivariate analysis of the association between SUA and CKD in male and female subjects

	Discussion
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


