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Purpose: The long-term impact of changes in serum uric acid (SUA) concentration on the 
estimated glomerular filtration rate (eGFR) among the general population remains unclear. 
We investigated the longitudinal associations between changes in SUA and eGFR over 10 
years in 1222 participants with baseline eGFR ≥60 mL/min/1.73 m2.
Methods: This was a 10-year retrospective cohort study conducted from 2007 to 2017. 
Rapid eGFR decline (defined as the highest quartile of change in eGFR between 2007 and 
2017) and new-onset kidney disease (defined as an eGFR <60 mL/min/1.73 m2 at a 10-year 
follow-up) were examined using multiple logistic regression analysis, adjusted for sex, age, 
body mass index, systolic blood pressure, SUA, fasting plasma glucose, serum total choles-
terol, and triglyceride at baseline.
Results: SUA was inversely correlated with eGFR, and the slopes of the SUA-eGFR 
regression lines were consistently steeper in females than males. A significant inverse 
correlation was also observed between 10-year changes in SUA and eGFR in both sexes. 
Multivariate analysis showed that every 1 mg/dL increase in SUA from baseline was 
associated with higher risk of rapid eGFR decline and new-onset kidney disease (OR 1.25; 
95% CI 1.14–1.33 and OR 1.40; 95% CI 1.26–1.49, respectively). Furthermore, the subjects 
in the highest SUA quartile (>6.0 mg/dL) had a 2.45 times higher risk of rapid eGFR decline 
(95% CI 1.51–3.42) compared to those in the lowest SUA quartile (<3.9 mg/dL).
Conclusion: Elevated baseline SUA is an independent risk factor for rapid eGFR decline 
and new-onset kidney disease in the general population.
Keywords: chronic kidney disease, epidemiology, glomerular filtration rate, risk factors, uric 
acid

Introduction
Elevated serum uric acid (SUA) concentration is associated with cardiovascular dis-
eases and hypertension.1,2 Additionally, epidemiologic studies suggest that elevated 
SUA is associated with increased risk of kidney disease onset and progression3,4 and 
that SUA is a predictor of diabetic kidney disease in both type 1 and type 2 diabetes.5,6 

Uric acid may mediate aspects of the relationship between hypertension and kidney 
disease via a reduction in endothelial nitric oxide (NO) availability and activation of 
renin-angiotensin-aldosterone system (RAAS), leading to renal vasoconstriction and 
systemic hypertension.7,8 Chronic kidney disease (CKD) is associated with high 
morbidity and mortality, even in its earlier stages; therefore, reducing the incidence 
of CKD is widely recognized as a major public health goal.
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Generally, estimated glomerular filtration rate (eGFR) 
declines with age (by 0.5–1.0 mL/min/1.73 m2 

annually).9–11 However, some individuals experience 
rapid and progressive decline in eGFR, the mechanism of 
which is unclear, increasing their risk of mortality.10 SUA 
increases linearly as eGFR decreases due to reduced renal 
excretion. Hence, it is unknown whether elevated SUA 
results in kidney disease progression, is an indirect marker 
of reduced kidney function, or both. In addition to baseline 
SUA, longitudinal changes in SUA may be a determinant 
of those in eGFR. However, little is known of the precise 
relationship between longitudinal change in SUA and nat-
ural history of kidney function. We determined that 
a cohort study design would be the most suitable for 
examining this relationship, as these studies tend to be 
better at reducing recall and ascertainment biases and 
establishing temporal sequence than cross-sectional or 
case–control study designs.

This study aimed to explore the association between 
baseline SUA and longitudinal change in SUA and eGFR 
over 10 years in subjects with normal kidney function at 
baseline. Risk factors for developing rapid eGFR decline 
and new-onset kidney disease were also determined. 
Identification of independent risk factors that predict the 
development of rapid kidney function decline and new- 
onset kidney disease could help improve risk stratification 
and facilitate more focused preventive efforts among 
higher-risk subgroups.

Materials and Methods
This was a retrospective cohort study in adult subjects 
who received health examinations at Srinagarind Hospital 
in Thailand between 2007 and 2017. Inclusion criteria 
were having undergone 10 years of follow-up examina-
tion and had eGFR ≥60 mL/min/1.73 m2 at baseline 
(2007). The clinical and biochemical data, including 
sex, age, body weight, height, body mass index (BMI), 
systolic and diastolic blood pressure, serum creatinine, 
SUA, fasting plasma glucose, serum total cholesterol, and 
serum triglyceride, were reviewed and analyzed retro-
spectively. Serum creatinine concentration was deter-
mined using an enzymatic method. The eGFR was 
calculated using the Chronic Kidney Disease- 
Epidemiology Collaboration (CKD-EPI) equation. In 
this study, we analyzed the data from subjects who had 
measurements of aforementioned variables at two time 
points (2007 and 2017). Changes in SUA and eGFR were 
defined as the absolute difference between 2017 and 2007 

measurements. We examined the correlation between 
longitudinal SUA and eGFR changes over 10 years, and 
classified the study subjects into quartiles based on eGFR 
change, as well as baseline SUA. The study was per-
formed in accordance with the principles of the 
Declaration of Helsinki and was approved by the Khon 
Kaen University Ethics Committee in Human Research. 
Because the study was a secondary analysis of existing 
data, the need for obtaining informed consent was 
waived. Non-identified information was used in order to 
protect the patient data confidentiality.

Definition of Terms
“Hyperuricemia” was defined as SUA ≥7 mg/dL in males 
and ≥6 mg/dL in females. “Rapid eGFR decline” was defined 
as the highest (4th) quartile of change in eGFR observed over 
the 10 years covered by this study. “New-onset (incident) 
kidney disease” was defined as the occurrence of eGFR 
<60 mL/min/1.73 m2 at a 10-year follow-up (2017).

Statistical Analysis
Statistical analysis included computing the percentage fre-
quencies for categorical variables and means (standard 
deviation, SD) or medians (interquartile ranges, IQR) for 
continuous variables. Comparisons of categorical variables 
were made using the chi-squared or Fisher’s exact test, as 
appropriate. Continuous variables were tested for normal-
ity using a Shapiro–Wilk test and were compared using 
Student’s t-test or Kruskal–Wallis test. Medians with IQR 
were used for non-normally distributed variables. 
Relationships between SUA, systolic and diastolic blood 
pressure, and eGFR were assessed by using Pearson’s 
correlation. The statistical difference between regression 
lines was tested by analysis of covariance. Univariate and 
multiple logistic regression analyses were used to deter-
mine the relevant risk factors for rapid eGFR decline and 
new-onset kidney disease. We determined the minimum 
sample size required to help ensure that the prediction 
model will have a small mean absolute error in the esti-
mated outcome probabilities in the target population (Box 
1).12 Only risk factors that had univariate associations of 
P-values <0.20 were further considered in subsequent 
multivariate models. Lack of collinearity was confirmed 
by testing variance inflation factors. P-values <0.05 were 
considered statistically significant. All statistical analysis 
was performed using STATA version 14.0.
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Results
Demographic Characteristics
Of the 1842 subjects who received baseline health examina-
tions in 2007, 62 with eGFR <60 mL/min/1.73 m2 at baseline 
and 558 with missing data were excluded. Clinical character-
istics of the remaining 1222 subjects at baseline (2007) and at 
a 10-year follow-up (2017) are shown in Table 1. Median 
(IQR) age at baseline was 46 years (41–53), and 445 (36.4%) 
of the participants were male. Median (IQR) eGFR and SUA 
at baseline were 94.5 mL/min/1.73 m2 (80.9–106.5) and 
4.8 mg/dL (3.9–6.1), respectively. The prevalence of hyper-
uricemia in males decreased slightly from 30.3% in 2007 to 
26.3% in 2017. Conversely, the prevalence of hyperuricemia 
in females increased significantly from 9.9% in 2007 to 
16.7% in 2017.

Relationship Between SUA and eGFR
The relationship between SUA and eGFR by sex is shown 
in Figure 1. SUA was negatively correlated with eGFR in 

both males (r = –0.18 in 2007 and r = –0.16 in 2017, all 
P <0.01) and females (r = –0.32 in 2007 and r = –0.36 in 
2017, all P <0.01), but the regression line slopes were 
significantly steeper in females than in males at both 
time points: eGFR = –4.69xSUA + 116.7 versus eGFR 
= –2.11xSUA + 101.3 (P <0.01) in 2007 and eGFR = – 
5.28xSUA + 114.6 versus eGFR = –2.06xSUA + 91.3 
(P <0.01) in 2017. Figure 2 shows a significant inverse 
correlation between changes in SUA and eGFR from 2007 
to 2017 in both males (r = –0.17, P <0.01) and females 
(r = –0.22, P <0.01).

Relationship Between SUA and Blood 
Pressure
In females, there was a significant positive correlation 
between SUA and systolic and diastolic blood pressure 
in both 2007 (r = 0.25, P <0.01 and r = 0.24, P <0.01, 
respectively) and 2017 (r = 0.20, P <0.01 and r = 0.19, 
P <0.01, respectively). However, the correlation between 
SUA and systolic and diastolic blood pressure in males 
was significant only in 2007 (r = 0.10, P <0.01 and r = 
0.12, P <0.01, respectively; Figures 3 and 4).

Predictors of Rapid eGFR Decline and 
New-Onset Kidney Disease
Our study population had a median 10-year decrease in 
eGFR of 6.8 mL/min/1.73 m2, or approximately 0.7 mL/ 
min/1.73 m2 annually. In terms of 10-year longitudinal 
eGFR change, 305 subjects were in the 1st quartile 
(eGFR change <1.2 mL/min/1.73 m2), 305 were in the 

Box 1 Sample Size Determination in the Present Study

● Here, n is the minimum sample size required for developing pre-

diction model, ϕ is the anticipated outcome proportion (≤0.5), and 

P is the number of candidate predictor parameters (≤30). MAPE 
denotes the Mean Absolute Prediction Error (≤0.05).

n = exp ( � 0:508þ0:259 ln ϕð Þþ0:504 ln Pð Þ� ln MAPEð Þ

0:544 )
● We set MAPE to 0.03, in a setting with an anticipated outcome 

proportion of patients who developed rapid eGFR decline, in our 

study 0.25, and 8 candidate predictor parameters; therefore, we 

require
n = exp ( � 0:508þ0:259 ln 0:25ð Þþ0:504 ln 8ð Þ� ln 0:03ð Þ

0:544 ) = 879

Table 1 Clinical Characteristics of the Study Population

Variables Baseline 2007 
(n = 1222)

10-Year Follow-Up 2017 
(n = 1222)

Male, n (%) 445 (36.4%) 445 (36.4%)

Age (years) 46 (41–53) 56 (51–63)

Body mass index (kg/m2) 23.7 (21.6–26.0) 24.0 (22.1–26.6)
Systolic blood pressure (mmHg) 112 (110–130) 130 (118–141)

Diastolic blood pressure (mmHg) 80 (70–80) 73 (66–80)

Serum creatinine (mg/dL) 0.8 (0.7–1.0) 0.8 (0.7–1.0)
eGFR (mL/min/1.73 m2) 94.5 (80.9–106.5) 86.8 (73.7–99.2)

Fasting plasma glucose (mg/dL) 86 (79–94) 91 (85–101)

Serum uric acid (mg/dL) 4.8 (3.9–6.1) 5.2 (4.4–6.2)
Presence of hyperuricemia, n (%) 212 (17.3%) 247 (20.2%)

Serum total cholesterol (mg/dL) 207 (181–234) 204 (176–233)

Serum triglyceride (mg/dL) 106 (72–154) 110 (80–150)

Notes: Data are presented as number (%) or median (interquartile range). 
Abbreviations: eGFR, estimated glomerular filtration rate.
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2nd quartile (1.2≤ eGFR change <6.8 mL/min/1.73 m2), 
306 were in the 3rd quartile (6.8≤ eGFR change <16.8 mL/ 
min/1.73 m2), and 306 were in the 4th (eGFR change 

≥16.8 mL/min/1.73 m2). Ninety-two (7.5%) subjects had 
developed new-onset kidney disease by their 10-year fol-
low-up.

Figure 1 Correlations between serum uric acid levels and estimated GFR. Data for males and females in 2007 (A and B) and 2017 (C and D) are shown.

Figure 2 Correlations between changes in serum uric acid levels from 2007 to 2017 and changes in eGFR during the same period in males (A) and females (B).
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Univariate analysis revealed that rapid eGFR decline 
was significantly associated with male sex (OR, 1.39; 95% 
CI, 1.07–1.81), age (OR, 1.02; 95% CI, 1.01–1.03), and 
fasting plasma glucose (OR, 1.01; 95% CI, 1.01–1.02) at 
baseline. New-onset kidney disease was associated with 
male sex (OR, 2.56; 95% CI, 1.66–3.94), age (OR, 1.15; 
95% CI, 1.12–1.18), BMI (OR, 1.12; 95% CI, 1.06–1.18), 
systolic blood pressure (OR, 1.04; 95% CI, 1.03–1.05), 
SUA (OR, 1.60; 95% CI, 1.41–1.81), fasting plasma glu-
cose (OR, 1.02; 95% CI, 1.01–1.02), and serum triglycer-
ide (OR, 1.01; 95% CI, 1.01–1.02) at baseline.

In the multiple logistic regression analysis, factors were 
adjusted for sex, age, body mass index, systolic blood pres-
sure, SUA, fasting plasma glucose, serum total cholesterol, 
and triglycerides at baseline. According to this model, male 
sex, advanced age, and elevated baseline SUA were signifi-
cantly associated with rapid eGFR decline (Table 2). 
Additionally, subjects in the highest (4th) SUA quartile 

had significantly greater likelihood of rapid eGFR decline 
than those in the lowest (1st) quartile (OR, 2.45; 95% CI, 
1.51–3.42; Table 3). Furthermore, advanced age, low base-
line eGFR, high fasting plasma glucose, and elevated base-
line SUA independently predicted the development of 
new-onset kidney disease (Table 4).

Discussion
In this study, we demonstrated that advanced age and 
elevated baseline SUA were independent risk factors for 
both rapid eGFR decline and incident kidney disease in the 
general population with preserved baseline kidney func-
tion over a 10-year follow-up period. Additionally, we 
observed a stronger inverse correlation between SUA and 
eGFR in females than in males. Moreover, SUA was 
positively correlated with systolic and diastolic blood pres-
sure, but these correlations decreased over time (especially 
in males).

Figure 3 Correlations between serum uric acid levels and systolic blood pressure (SBP). Data for males and females in 2007 (A and B) and in 2017 (C and D) are shown.
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The main finding in this study was that an elevated 
baseline SUA was independently associated with greater 
risk of rapid eGFR decline and incident kidney disease. 
Consistent with our report, Kuwabara et al13 found that 
healthy individuals in the highest (4th) SUA quartile 
(>6.3 mg/dL) had an almost a 2.5 times higher risk of 
rapid eGFR decline than those in the lowest (1st) quartile 
(<4.2 mg/dL). Although this and previous studies have 
shown elevated baseline SUA to be an independent risk 
factor for incident CKD (defined by eGFR <60 mL/min/ 
1.73 m2 at final examination),4,14–16 the association 
between increased SUA and progressive kidney failure in 
patients with established CKD has not been supported by 
some studies.17 Interestingly, a recent study showed that 
uric acid-lowering treatment with allopurinol in patients 
with stage 3–4 CKD (mean eGFR, 31.7 mL/min/1.73 m2; 
mean SUA, 8.2 mg/dL) did not result in a slower eGFR 
decline when compared with placebo.18 This finding might 

be explained by the fact that the enrollment of patients 
with moderately advanced CKD could have limited the 
ability of allopurinol to prevent further eGFR decline.

Although there have been many epidemiologic studies 
that have examined the association between elevated base-
line SUA and incident CKD in the general population, 
several limitations should be considered. First, most inves-
tigators calculated eGFR by using the Modification of Diet 
in Renal Disease (MDRD) Study equation, which could 
lead to systematic underestimation of eGFR >60 mL/min/ 
1.73 m2 and overestimation of CKD prevalence.19 Second, 
given the heterogeneity of kidney function in older adults 
whose serum creatinine and eGFR appear relatively nor-
mal, defining incident kidney disease as final eGFR 
<60 mL/min/1.73 m2 without requiring sufficient eGFR 
reduction may lead to imprecise results.20 Third, few stu-
dies have explored the association between longitudinal 
changes in SUA and eGFR among general population. 

Figure 4 Correlations between serum uric acid levels and diastolic blood pressure (DBP). Data for males and females in 2007 (A and B) and in 2017 (C and D) are shown.
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Fourth, some studies arbitrarily defined rapid eGFR 
decline as ≥3 mL/min/1.73 m2 annually, which may have 
led to misestimation of the true prevalence of rapid eGFR 
decline in some populations, given that the natural history 
of eGFR decline varies by race and ethnicity.9–11

Uric acid is an end-product of purine metabolism that is 
produced primarily by the liver and the intestines. Under 
normal conditions, approximately two-thirds of uric acid 
excretion occur via the kidneys and the other third via the 
intestines. Hyperuricemia develops due to uric acid over-
production, underexcretion, or both and may lead to rapid 
eGFR decline via multiple mechanisms. In vitro studies have 
shown that uric acid decreases NO production, thereby caus-
ing endothelial dysfunction, impaired renal autoregulation, 

and increased preglomerular resistance.7 Uric acid has also 
been found to cause preglomerular arteriopathy and renal 
tubulointerstitial fibrosis by activating RAAS.8 Moreover, it 
promotes oxidative stress and inflammation of renal tubular 
cells, vascular smooth muscle cells, and endothelial cells.21

This study found that correlation coefficients between 
SUA and eGFR were larger and the regression line slopes 
were consistently steeper in females than in males. This 
suggests that females are more susceptible to uric acid- 
mediated reductions in eGFR. Although the exact reason 
for this remains unclear, sex differences in uric acid 
handling mechanisms and alteration of renal response to 
injury by sex hormones have been reported.22,23 

Endothelial NO deficiency contributes to increased cardi-
ovascular risk, and intrarenal NO deficiency is related to 
CKD progression in animal models. Endothelial dysfunc-
tion develops with age but is delayed in females, suggest-
ing that estrogen exhibits renoprotective effects by 
promoting NO synthesis.23 By contrast, one previous 
study found that estrogen accelerated progression of 
CKD in obese female Zucker rats24 and another that it 
promoted renal microangiopathy in stroke-prone sponta-
neously hypertensive rats.25 Thus, the precise mechanism 
by which sex hormones modulate SUA-eGFR requires 
further study.

Hyperuricemia is not uncommon in patients with pri-
mary or malignant hypertension.26 Nonetheless, the 

Table 2 Risk Factors Associated with Rapid eGFR Decline by 
Multivariate Analysis

Variables Odds 
Ratio

P value 95% 
Confidence 
Interval

Male sex 1.40 0.04 1.08–1.68
Age (per 5 year increase) 1.48 <0.01 1.32–1.67

Body mass index (per 1 kg/m2 

increase)

0.98 0.72 0.95–1.03

Baseline systolic blood 

pressure (per 1 mmHg 

increase)

1.00 0.58 0.99–1.01

Baseline serum uric acid (per 

1 mg/dL increase)

1.25 <0.01 1.14–1.33

Baseline fasting plasma 

glucose (per 5 mg/dL 

increase)

1.04 0.06 1.00–1.07

Baseline serum total 

cholesterol (per 1 mg/dL 

increase)

1.01 0.87 0.99–1.02

Baseline serum triglyceride 

(per 1 mg/dL increase)

0.98 0.65 0.96–1.01

Table 3 Odds Ratio of Rapid eGFR Decline by Baseline Serum 
Uric Acid Quartile

Serum 
Uric 
Acid 
(mg/dL)

n Odds 
Ratio

P value 95% 
Confidence 
Interval

1st quartile <3.9 296 Reference

2nd quartile 3.9–4.7 296 1.03 0.76 0.68–1.45

3rd quartile 4.8–6.0 315 1.69 0.02 1.09–2.32

4th quartile >6.0 315 2.45 <0.01 1.51–3.42

Notes: Data adjusted for sex, age, body mass index, baseline systolic blood 
pressure, fasting plasma glucose, serum total cholesterol, and serum triglyceride.

Table 4 Risk Factors Associated with New-Onset Kidney 
Disease by Multivariate Analysis

Variables Odds 
Ratio

P value 95% 
Confidence 
Interval

Male sex 0.83 0.60 0.47–1.36
Age (per 5 year increase) 1.52 <0.01 1.32–1.76

Body mass index (per 1 kg/m2 

increase)

1.02 0.64 0.95–1.14

Baseline systolic blood pressure 

(per 1 mmHg increase)

1.01 0.38 0.98–1.05

Baseline eGFR (per 5 mL/min/ 
1.73 m2 increase)

0.79 <0.01 0.65–0.90

Baseline serum uric acid (per 
1 mg/dL increase)

1.40 0.02 1.26–1.49

Baseline fasting plasma glucose 

(per 5 mg/dL increase)

1.07 <0.01 1.03–1.13

Baseline serum total cholesterol 

(per 1 mg/dL increase)

1.00 0.53 0.98–1.03

Baseline serum triglyceride 
(per 1 mg/dL increase)

1.06 0.42 0.99–1.09
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association between increased SUA and hypertension 
remains debatable. This study showed that SUA was sig-
nificantly and positively correlated with systolic and dia-
stolic blood pressure but to a lesser degree at a 10-year 
follow-up, especially in males. A systematic review and 
meta-analysis reported that elevated SUA was significantly 
associated with an increased risk of incident hypertension 
in younger individuals and that this effect tended to be 
larger in females (P = 0.059).27 Furthermore, elevated 
SUA has been shown to be a strong risk factor for devel-
oping hypertension from prehypertension.28 Notably, the 
relationship between SUA and blood pressure was less 
prominent in older adults or patients with pre-existing 
kidney disease. This may be due to the higher background 
rate of hypertension from other causes associated with 
advanced age. Uric acid-mediated hypertension could 
result from the activation of RAAS-induced renal vaso-
constriction, ischemia, and oxidative stress followed by 
the activation of immune mechanisms in the kidney.29 It 
should be noted that uric acid may primarily stimulate 
local RAAS rather than systemic RAAS, which would 
preclude any independent association between SUA and 
plasma renin activity or plasma aldosterone concentration 
in hypertensive patients.30

This study has several limitations. First, as it was 
a retrospective single-center study, there may have been 
selection bias. Nevertheless, the fact that it was a single- 
center study minimized any chance of inter-laboratory 
variability. Second, we lacked data on baseline and long-
itudinal change in proteinuria, which is not only 
a predictor of kidney disease but also a marker of kidney 
damage. However, hyperuricemia generally results in non-
proteinuric or minimally proteinuric kidney disease, as 
uric acid promotes kidney damage mainly via preglomer-
ular vasoconstriction.31

Conclusions
Elevated baseline SUA is an independent risk factor for 
rapid eGFR decline and new-onset kidney disease over 10 
years in the general population. Further studies are needed 
to determine whether treatment of hyperuricemia in sub-
jects with normal kidney function may slow the rate of 
eGFR decline.
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CKD, chronic kidney disease; eGFR, estimated glomerular 
filtration rate; IQR, interquartile range; MDRD, 
Modification of Diet in Renal Disease; NO, nitric oxide; 

RAAS, renin-angiotensin-aldosterone system; SD, stan-
dard deviation; SUA, serum uric acid.
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