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Abstract: The global prevalence and incidence of chronic kidney disease (CKD) continue to increase.
Whether hyperuricemia is an independent risk factor for renal progression and whether there are
sex differences in the relationships between serum uric acid (UA) and a decline in renal function are
unclear. Therefore, in this longitudinal study, we aimed to explore these relationships in a large cohort
of around 27,000 Taiwanese participants in the Taiwan Biobank (TWB), and also to identify serum
UA cutoff levels in men and women to predict new-onset CKD. A total of 26,942 participants with a
median 4 years of complete follow-up data were enrolled from the TWB. We excluded those with CKD
(estimated glomerular filtration rate <60 mL/min/1.73 m2) at baseline (n = 297), and the remaining
26,645 participants (males: 9356; females: 17,289) were analyzed. The participants who developed
CKD during follow-up were defined as having incident new-onset CKD, and those with a serum
UA level >7 mg/dL in males and >6 mg/dL in females were classified as having hyperuricemia.
After multivariable analysis, hyperuricemia (odds ratio [OR], 2.541; 95% confidence interval [CI],
1.970–3.276; p < 0.001) was significantly associated with new-onset CKD. Furthermore, in the male
participants (n = 9356), hyperuricemia (OR, 1.989; 95% CI, 1.440–2.747; p < 0.001), and quartile 4 of UA
(vs. quartile 1; OR, 2.279; 95% CI, 1.464–3.547; p < 0.001) were significantly associated with new-onset
CKD, while in the female participants (n = 17,289), hyperuricemia (OR, 3.813; 95% CI, 2.500–5.815;
p < 0.001), quartile 3 of UA (vs. quartile 1; OR, 3.741; 95% CI, 1.250–11.915; p = 0.018), and quartile 4 of
UA (vs. quartile 1; OR, 12.114; 95% CI, 14.278–34.305; p < 0.001) were significantly associated with
new-onset CKD. There were significant interactions between hyperuricemia and sex (p = 0.024), and
quartiles of serum UA and sex (p = 0.010) on new-onset CKD. Hyperuricemia was associated with
new-onset CKD in the enrolled participants, and the interactions between hyperuricemia and sex
were statistically significant. Hyperuricemia was more strongly associated with new-onset CKD in
the women than in the men.

Keywords: hyperuricemia; new-onset chronic kidney disease; sex difference; Taiwan Biobank; follow-up

Nutrients 2022, 14, 3832. https://doi.org/10.3390/nu14183832 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu14183832
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-6915-3679
https://orcid.org/0000-0002-5897-2860
https://orcid.org/0000-0003-0247-3250
https://orcid.org/0000-0002-1610-4184
https://doi.org/10.3390/nu14183832
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14183832?type=check_update&version=1


Nutrients 2022, 14, 3832 2 of 12

1. Introduction

The global prevalence and incidence of both chronic kidney disease (CKD) and end-
stage renal disease (ESRD) continue to increase, including in Taiwan which has the highest
prevalence of ESRD worldwide [1,2]. In 2017, an estimated 11.1% (843.6 million) of the
global population had CKD, indicating the scale of the public health issue worldwide [3].
ESRD is associated with high rates of cardiovascular morbidity and mortality [4], and a
rapid deterioration in renal function has been associated with increased rates of complica-
tions [5]. Therefore, it is very important to be able to detect the factors associated with a
deterioration in renal function as early as possible.

Hyperuricemia refers to the excess production of uric acid (UA), which can be caused
by a purine-rich diet, and increased purine metabolism and degradation. It can also be
caused by a decrease in UA excretion due to acute CKD, excess alcohol consumption,
acidosis, hypothyroidism, hyperparathyroidism, the use of diuretic agents, and lead poi-
soning [6]. Hyperuricemia is common in patients with CKD, which may be explained
by the decrease in UA excretion as renal function worsens and the associations between
hyperuricemia and CKD risk factors [7]. Some epidemiological studies have demonstrated
that hyperuricemia is an independent risk factor for adverse renal outcomes [8] and the
onset and progression of CKD [9–11], whereas others have not [12]. Therefore, whether
hyperuricemia is an independent risk factor for a decline in renal function is uncertain. In
addition, whether it only reflects the combined effect of renal damage with comorbidities
or whether it is a causative factor is also controversial.

Furthermore, sex differences in the level of serum UA have been reported, with males
generally having higher levels than females [13]. However, few studies have evaluated sex
differences in the relationships between serum UA and a deterioration in renal function.
Therefore, in this longitudinal study, we aimed to explore these relationships in a large
cohort of around 27,000 Taiwanese participants in the Taiwan Biobank (TWB), and also to
identify serum UA cutoff levels in men and women to predict new-onset CKD.

2. Materials and Methods
2.1. TWB

The TWB was developed by the Ministry of Health and Welfare in Taiwan with the
goal of preventing chronic diseases by promoting health considering the problem of an
aging society. Data on medical, genetic and lifestyle factors of participants aged 30 to
70 years living in communities around Taiwan with no prior history of cancer are recorded
in the TWB [14,15].

2.2. Laboratory, Demographic, and Medical Variables

All participants in the TWB were interviewed and receive physical examinations dur-
ing which blood samples were obtained. In addition, data on body mass index (BMI) (calcu-
lated as weight/height2), age, sex, and medical history (hypertension and diabetes mellitus)
are recorded. The following laboratory data were also obtained: triglycerides, hemoglobin,
fasting glucose, total cholesterol, high- and low-density lipoprotein (HDL/LDL) cholesterol,
serum UA, and estimated glomerular filtration rate [eGFR] (calculated using the 4-variable
Modification of Diet in Renal Disease study equation [16]). Regular exercise was defined as
exercising at least three times a week for at least 30 min each time [17].

Blood pressure (BP) was measured digitally by trained personnel. The patients were
instructed not to smoke, exercise, or consume caffeine-containing drinks for at least 30 min
before BP was measured. Systolic BP and diastolic BP were measured three times each after
a 1–2-min interval between readings, and average values were used in the analysis.
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2.3. Study Participants

We identified 27,033 participants in the TWB with follow-up data for a median of
4 years and excluded those with no data on serum UA (n = 18), and those with no baseline
(n = 2) or follow-up creatinine (n = 71) information. The remaining 26,942 participants
(males: 9537; females: 17,405) were enrolled, all of whom provided written informed
consent. We excluded those with CKD (eGFR < 60 mL/min/1.73 m2) at baseline (n = 297).
Finally, a total of 26,645 participants (males: 9356; females: 17,289) were analyzed in this
study (Figure 1).
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Figure 1. Flowchart of study population.

2.4. Definition of New-Onset CKD

Participants with an eGFR ≥60 mL/min 1.73 m2 were considered not to have CKD. If
these participants developed CKD (eGFR < 60 mL/min 1.73 m2) during follow-up, they
were defined as having new-onset CKD.
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2.5. Definition of Hyperuricemia

Participants with a serum UA level >7 mg/dL in males and >6.0 mg/dL in females
were classified as having hyperuricemia [18].

2.6. Ethics Statement

The Institutional Review Board of Kaohsiung Medical University Hospital approved
this study (KMUHIRB-E(I)-20210058). Ethical approval for the TWB was granted by
the IRB on Biomedical Science Research, Academia Sinica, Taiwan and the Ethics and
Governance Council of the TWB. In addition, the study was conducted according to the
Declaration of Helsinki.

2.7. Statistical Analysis

Statistical analysis was conducted using SPSS (version 19 for Windows®, IBM Inc.,
Armonk, NY, USA). Data are presented as percentage or mean ± standard deviation.
Differences between continuous variables were analyzed using the independent t-test,
and differences between categorical variables were analyzed using the chi-square test.
Multivariable logistic regression analysis was used to identify factors associated with
new-onset CKD. Significant variables in univariable analysis were then analyzed using
multivariable analysis. The quartiles of serum UA level were: ≤5.5, 5.5–6.4, 6.4–7.3 and
>7.3 mg/dL in males, and ≤4.1, 4.1–4.8, 4.8–5.6 and >5.6 in females. Quartile 1 of serum
UA was used as the reference as it had the lowest incidence rate. An interaction p in logistic
analysis was defined as: model disease (y) = x1 + x2 + x1 × x2 + covariates; where x1 × x2
is the interaction term, y = new-onset CKD, x1 = sex, and x2 = hyperuricemia and quartiles
of serum UA. The covariates were age, diabetes, hypertension, systolic and diastolic BPs,
smoking and alcohol history, BMI, fasting glucose, hemoglobin, triglycerides and HDL-
cholesterol in males, and age, diabetes, hypertension, systolic and diastolic BPs, smoking
and alcohol history, BMI, fasting glucose, hemoglobin, triglycerides, HDL-cholesterol and
menopause status in females. A p value of < 0.05 was considered significant.

3. Results

The mean age of the 26,645 enrolled participants was 51.1 ± 10.4 years and included
9356 males and 17,289 females. The participants were stratified into two groups according
to the presence of new-onset CKD.

3.1. Comparison of Clinical Characteristics among the New-Onset CKD Groups

The new-onset CKD group were older, had more females, higher prevalence rates of
hyperuricemia, diabetes mellitus and hypertension, and higher systolic BP, diastolic BP,
smoking and alcohol history, BMI, serum UA, fasting glucose, hemoglobin, and triglyc-
erides, and lower menstruation rate in females, HDL-cholesterol and eGFR than the without
new-onset CKD group (Table 1).

3.2. Determinants of New-Onset CKD

The results of multivariable logistic regression analysis to identify the determinants of
new-onset CKD are shown in Table 2. After adjusting for the significant variables in Table 1,
older age, male sex, diabetes mellitus, hypertension, high systolic BP, alcohol history, high
BMI, hyperuricemia (odds ratio [OR], 2.541; 95% confidence interval [CI], 1.970–3.276;
p < 0.001), high fasting glucose, low hemoglobin, and high triglycerides were significantly
associated with new-onset CKD.

3.3. Clinical Characteristics of the Study Participants Classified by the Presence of Different Sex
and Hyperuricemia

Table 3 shows the clinical characteristics of the study participants classified by the
presence of different sex and hyperuricemia. Compared to male participants without hype-
rurcemia, male participants with hyperuricemia were younger, lower prevalence of DM,
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higher prevalence of hypertension, higher systolic and diastolic BPs, higher prevalence of
smoking and alcohol history, lower prevalence of regular exercise habit, higher BMI, higher
UA, lower fasting glucose, higher hemoglobin, higher triglyceride, higher total cholesterol,
lower HDL-cholesterol, higher LDL-cholesterol and lower eGFR. Moreover, compared to
female participants without hyperurcemia, female participants with hyperuricemia were
older, higher prevalence of DM, higher prevalence of hypertension, higher systolic and
diastolic BPs, higher BMI, lower menstruation rate, higher UA, higher fasting glucose,
higher hemoglobin, higher triglyceride, higher total cholesterol, lower HDL-cholesterol,
higher LDL-cholesterol and lower eGFR.

Table 1. Comparison of clinical characteristics among participants without or with new-onset CKD.

Characteristics New-Onset CKD (−)
(n = 26,360)

New-Onset CKD (+)
(n = 285) p

Age (year) 51.0 ± 10.4 59.4 ± 6.9 <0.001
Male gender (%) 65.2 38.9 <0.001

DM (%) 4.9 23.2 <0.001
Hypertension (%) 12.3 44.6 <0.001

Systolic BP (mmHg) 117.2 ± 17.5 133.3 ± 19.9 <0.001
Diastolic BP (mmHg) 72.4 ± 10.8 77.8 ± 11.6 <0.001
Smoking history (%) 25.3 41.8 <0.001
Alcohol history (%) 2.8 8.4 <0.001

Regular exercise habits (%) 48.1 51.9 0.203
BMI (kg/m2) 24.0 ± 3.5 26.1 ± 4.0 <0.001

Menstruation in female (%) 45.3 14.4 <0.001
Laboratory parameters

Uric acid (mg/dL) 5.4 ± 1.4 6.7 ± 1.5 <0.001
Hyperuricemia (%) 19.7 48.4 <0.001

Fasting glucose (mg/dL) 95.9 ± 19.5 113.3 ± 42.3 <0.001
Hemoglobin (g/dL) 13.7 ± 1.5 14.0 ± 1.6 0.002

Triglyceride (mg/dL) 113.1 ± 82.2 161.5 ± 127.5 <0.001
Total cholesterol (mg/dL) 195.4 ± 35.3 196.3 ± 41.4 0.658
HDL-cholesterol (mg/dL) 54.4 ± 13.2 48.5 ± 12.4 <0.001
LDL-cholesterol (mg/dL) 121.7 ± 31.6 119.9 ± 33.5 0.350
eGFR (mL/min/1.73 m2) 115.2 ± 24.5 76.6 ± 16.1 <0.001

Abbreviations: DM, diabetes mellitus; BP, blood pressure; BMI, body mass index; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate. Hyperuricemia is defined as participants
with serum uric acid >7 mg/dL in male and >6 mg/dL in female.

Table 2. Determinants for new-onset CKD using multivariable logistic regression analysis.

Parameters

New-Onset CKD

Multivariable

OR 95% CI p

Age (per 1 year) 1.079 1.060–1.098 <0.001
Female (vs. male) 0.340 0.239–0.484 <0.001

DM 1.676 1.183–2.375 0.004
Hypertension 1.740 1.327–2.281 <0.001

Systolic BP (per 1 mmHg) 1.021 1.012–1.031 <0.001
Diastolic BP (per 1 mmHg) 0.996 0.980–1.012 0.595

Smoking history 1.095 0.804–1.491 0.564
Alcohol history 2.081 1.308–3.311 0.002

BMI (per 1 kg/m2) 1.065 1.027–1.103 0.001
Laboratory parameters

Hyperuricemia 2.541 1.970–3.276 <0.001
Fasting glucose (per 1 mg/dL) 1.009 1.005–1.013 <0.001

Hemoglobin (per 1 g/dL) 0.762 0.692–0.89 <0.001
Triglyceride (per 1 mg/dL) 1.002 1.001–1.003 <0.001

HDL-cholesterol (per 1 mg/dL) 1.002 0.990–1.014 0.743

Values expressed as odds ratio (OR) and 95% confidence interval (CI). Abbreviations are the same as in Table 1.
Hyperuricemia is defined as participants with serum uric acid >7 mg/dL in male and >6 mg/dL in female.
Adjusted for age, sex, diabetes, hypertension, systolic and diastolic blood pressures, smoking and alcohol history,
body mass index, fasting glucose, hemoglobin, triglyceride and HDL-cholesterol.
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Table 3. Clinical characteristics of the study participants classified by the presence of different sex
and hyperuricemia.

Characteristics

Male (n = 9356) Female (n = 17,289)

Hyperuricemia
(−)

(n = 6532)

Hyperuricemia
(+)

(n = 2824)
p

Hyperuricemia
(−)

(n = 14,773)

Hyperuricemia
(+)

(n = 2516)
p

Age (year) 51.9 ± 10.8 49.9 ± 11.0 <0.001 50.5 ± 10.1 54.2 ± 9.3 <0.001
DM (%) 7.5 4.7 <0.001 3.6 7.8 <0.001

Hypertension (%) 15.7 19.9 <0.001 8.3 22.3 <0.001
Systolic BP (mmHg) 121.6 ± 16.5 123.4 ± 15.7 <0.001 113.6 ± 17.3 122.6 ± 18.2 <0.001
Diastolic BP (mmHg) 76.2 ± 10.4 78.8 ± 10.2 <0.001 69.3 ± 10.1 74.0 ± 10.4 <0.001
Smoking history (%) 57.3 62.4 <0.001 7.4 7.6 0.637
Alcohol history (%) 6.3 8.9 <0.001 0.6 0.9 0.125

Regular exercise habits (%) 50.1 46.7 0.003 47.7 47.9 0.846
BMI (kg/m2) 24.5 ± 3.1 26.3 ± 3.4 <0.001 23.1 ± 3.3 26.1 ± 4.1 <0.001

Menstruation in female (%) – – 47.8 29.0 <0.001
Laboratory parameters

Uric acid (mg/dL) 5.8 ± 0.9 8.0 ± 0.8 <0.001 4.6 ± 0.8 6.8 ± 0.8 <0.001
Fasting glucose (mg/dL) 100.2 ± 24.7 95.4 ± 15.6 <0.001 93.4 ± 17.9 98.5 ± 19.1 <0.001

Hemoglobin (g/dL) 15.0 ± 1.2 15.2 ± 1.1 <0.001 13.0 ± 1.3 13.4 ± 1.1 <0.001
Triglyceride (mg/dL) 121.1 ± 89.5 161.4 ± 117.5 <0.001 96.8 ± 65.3 138.9 ± 80.5 <0.001

Total cholesterol (mg/dL) 189.6 ± 33.7 195.9 ± 357.8 <0.001 196.0 ± 35.2 206.3 ± 37.2 <0.001
HDL-cholesterol (mg/dL) 49.1 ± 11.2 45.6 ± 10.1 <0.001 58.7 ± 13.0 52.1 ± 11.6 <0.001
LDL-cholesterol (mg/dL) 121.0 ± 30.7 124.7 ± 32.6 <0.001 119.8 ± 31.1 130.8 ± 33.5 <0.001
eGFR (mL/min/1.73 m2) 102.7 ± 19.8 93.9 ± 18.0 <0.001 117.2 ± 25.3 103.1 ± 22.7 <0.001

Abbreviations are the same as in Table 1.

Further, compared to male participants with hyperuricemia, female participants with
hyperuricemia were older (p < 0.001), had higher prevalence of DM (p < 0.001), lower
diastolic BP (p < 0.001), lower prevalence of smoking (p < 0.001) and alcohol history
(p < 0.001), lower hemoglobin (p < 0.001), lower triglyceride (p < 0.001), higher total choles-
terol (p < 0.001), higher HDL-cholesterol (p < 0.001), higher LDL-cholesterol (p < 0.001) and
higher eGFR (p < 0.001).

3.4. Associations of Hyperuricemia and Quartiles of Serum UA with New-Onset CKD by Sex

The results of multivariable logistic regression analysis to identify associations of
hyperuricemia and quartiles of UA with new-onset CKD by sex are shown in Table 4. In
the male participants (n = 9356), after adjusting for age, diabetes, hypertension, systolic and
diastolic BPs, smoking and alcohol history, BMI, fasting glucose, hemoglobin, triglycerides
and HDL-cholesterol, hyperuricemia (OR, 1.989; 95% CI, 1.440–2.747; p < 0.001) and quartile
4 (Q4) of serum UA (vs. Q1; OR, 2.279; 95% CI, 1.464–3.547; p < 0.001) were significantly
associated with new-onset CKD. In the female participants (n = 17,289), after adjusting
for age, diabetes, hypertension, systolic and diastolic BPs, smoking and alcohol history,
BMI, fasting glucose, hemoglobin, triglycerides, HDL-cholesterol and menopause status,
hyperuricemia (OR, 3.813; 95% CI, 2.500–5.815; p < 0.001), Q3 of serum UA (vs. Q1; OR,
3.741; 95% CI, 1.250–11.915; p = 0.018) and Q4 of serum UA (vs. Q1; OR, 12.114; 95% CI,
14.278–34.305; p < 0.001) were significantly associated with new-onset CKD.

3.5. Interactions among Hyperuricemia, Quartiles of Serum UA and Sex on New-Onset CKD

There were significant interactions between hyperuricemia and sex (p = 0.024), and
quartiles of serum UA and sex (p = 0.010) on new-onset CKD (Table 4).
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Table 4. Association of hyperuricemia and quartiles of uric acid with new-onset CKD using multi-
variable logistic regression analysis in different sex.

Parameters
Male (n = 9356) Female (n = 17,289)

Multivariable * Multivariable #

OR 95% CI p OR 95% CI p Interaction p

Hyperuricemia 1.989 1.440–2.747 <0.001 3.813 2.500–5.815 <0.001 0.024
Serum uric acid

Quartile 1 Reference Reference 0.010
Quartile 2 0.998 0.616–1.618 0.994 2.577 0.810–8.196 0.109
Quartile 3 1.122 0.685–1.833 0.647 3.741 1.250–11.915 0.018
Quartile 4 2.279 1.464–3.547 <0.001 12.114 4.278–34.305 <0.001

Values expressed as odds ratio (OR) and 95% confidence interval (CI). Hyperuricemia is defined as participants
with serum uric acid >7 mg/dL in male and >6 mg/dL in female. The cut-off values of quartiles of serum uric
acid were ≤5.5, 5.5–6.4, 6.4–7.3 and >7.3 mg/dL in male participants, and ≤4.1, 4.1–4.8, 4.8–5.6 and >5.6 mg/dL
in female participants. * Adjusted for age, diabetes, hypertension, systolic and diastolic blood pressures, smoking
and alcohol history, body mass index, fasting glucose, hemoglobin, triglyceride and HDL-cholesterol. # Adjusted
for age, diabetes, hypertension, systolic and diastolic blood pressures, smoking and alcohol history, body mass
index, fasting glucose, hemoglobin, triglyceride, HDL-cholesterol and menopause status.

4. Discussion

In this study, we explored differences between male and female participants in the
association between hyperuricemia and new-onset CKD in a large Taiwanese cohort. The
results showed that hyperuricemia, defined as a serum UA level >7 mg/dL in men and
>6 mg/dL in women, was significantly associated with new-onset CKD. Furthermore,
the interactions between hyperuricemia and sex were also statistically significant, and
hyperuricemia was more strongly associated with new-onset CKD in the women than in
the men. When analyzing serum UA levels by quartile, the odds of developing new-onset
CKD was 2.28 in the men in Q4 (>7.3 mg/dL), and even higher in the women at 3.74 for
those in Q3 (4.8–5.6 mg/dL) and 12.114 for those in Q4 (>5.6 mg/dL).

An important finding of this study is that hyperuricemia was associated with new-
onset CKD in both the male and female participants. Several prior studies found that an
elevated serum UA level was an independent predictor of the development of CKD. A
cohort study of 6403 patients conducted by Iseki et al. revealed the relationship between
elevated UA and new-onset CKD [9]. After controlling for other risk factors, a UA level
of 8.0 mg/dL was associated with a 2.9-fold higher risk in men and a 10.4-fold higher
risk in women of developing high serum creatinine [9]. Another prospective cohort study
with 21,475 healthy volunteers who were followed prospectively for a median of 7 years
reported that a modestly elevated UA level (7.0 to 8.9 mg/dL) was associated with an
OR of 1.74 (95% CI 1.45 to 2.09) for new-onset CKD, while a markedly elevated serum
UA level (≥9.0 mg/dL) was associated with an OR of 3.12 (95% CI 2.29 to 4.25) [10]. In
addition, Weiner et al. examined pooled data from two community-based cohorts, the
Atherosclerosis Risk in Communities (ARIC) Study and Cardiovascular Health Study
(CHS), and found that an elevated serum UA level was a modest independent risk factor
for a subsequent reduction in renal function (OR 1.07; 95% CI 1.01 to 1.14) [11]. However,
some studies have not supported these findings. Chonchol et al. found no significant
association between baseline UA level and new-onset CKD (OR 1.00; 95% CI 0.89 to 1.14),
but a modest association between quintiles of UA level and the progression of kidney
disease [19]. UA may be linked to new-onset CKD through several mechanisms: (1) UA
may be an endogenous nephrotoxin; (2) an increased serum UA level may aggravate other
risk factors associated with a decline in kidney function, particularly hypertension; and (3)
UA may be a marker of other risk factors, including metabolic syndrome and diabetes [11].
Previous animal studies have demonstrated how UA impairs kidney function. In a rat
model, hyperuricemia was shown to induce primary arteriolopathy of the preglomerular
vasculature of the kidneys by stimulating vascular smooth muscle cells, thereby causing
activation of the renin-angiotensin system and hypertension [20–22]. In addition, elevated
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UA has been shown to induce oxidative stress and endothelial dysfunction, leading to
the development of systemic and glomerular hypertension [23]. An animal model study
showed that hyperuricemia caused phenotypic changes in cultured tubular epithelial cells
and renal tubules, leading to epithelial-to-mesenchymal transition of renal tubules and
interstitial fibrosis [24]. Furthermore, intratubular precipitation of UA crystals has been
shown to result in tubular obstruction, activation of local inflammation and interstitial
fibrosis [25]. Clinically, many epidemiological studies have also demonstrated a link
between an elevated UA level and hypertension [26–28], diabetes mellitus [29,30] and
atherosclerosis [31,32], all of which may contribute to the development CKD.

Another important finding of this study is that the interactions between hyperuricemia
and sex were also statistically significant, and hyperuricemia was more strongly associated
with new-onset CKD in the females than in the males. Previous studies have investigated
sex differences in the relationship between serum UA levels and the incidence of CKD,
however, the results have been inconsistent. A meta-analysis of 13 studies found no
significant differences in risk estimates between males and females with regards to the
association between an elevated serum UA level and developing CKD [33]. Nevertheless,
other recent research has shown that the trend of developing CKD in individuals with
an elevated serum UA level differs between females and males. Weiner et al. reported
that baseline serum UA level was associated with increased risk of new-onset CKD in
females with an OR of 1.19 (95% CI 1.05 to 1.36) and a trend in men with an OR of 1.05
(95% CI 0.92 to 1.19) [11]. In addition, a longitudinal analysis of 138,511 middle-aged
Japanese participants found that the association between serum UA level and the incidence
of CKD may differ between men and woman. After adjusting for confounding factors,
the hazard ratio (HR) for CKD incidence in women with a serum UA level ≥9.0 mg/dL
was 3.20 compared to women with a serum UA level 4.0–4.9 mg/dL; while the HR was
3.74 in men with a serum UA level ≥11.0 mg/dL compared to men with a serum UA level
4.0–4.9 mg/dL [34]. Another cross-sectional study with 4242 elderly participants reported
sex differences in the association between high serum UA and an increased risk of CKD [35].
The odds of CKD for those in the fourth quartile of serum UA levels were 6.05 (95% CI:
4.32–8.49) in males and 8.21 (95% CI: 5.37–12.54) in females compared to those in the first
quartile of serum UA [35]. It is well known that there is a sex difference in UA metabolism,
with women having lower serum UA levels than men due to the effect of estrogen [13,36],
which can promote the excretion of UA [13] and inhibit xanthine oxidase to generate
UA [37]. Nevertheless, the mechanism for the stronger association between hyperuricemia
and new-onset CKD in the females in this study remains uncertain. There are several
potential explanations. First, the balance of UA metabolism may be disrupted more in
women than in men at the same level of serum UA. Women with hyperuricemia may have
an unhealthier diet and lifestyle than men with hyperuricemia [34]. Second, increased
serum UA is associated with other risk factors for developing CKD, including hypertension,
diabetes, BMI and lifestyle, which may reduce the excess effect of an elevated UA level.
Men may have other risk factors associated with serum UA level and the development of
CKD to women. Finally, in our study, female participants with hyperuricemia were older,
had higher DM prevalence, higher total cholesterol, and higher LDL-cholesterol, which
might possibly contribute to new-onset CKD.

Another interesting finding is that the men in serum UA Q4 (>7.3 mg/dL) had an OR
of 2.28 for new-onset CKD, compared to 3.74 in the women in Q3 (4.8–5.6 mg/dL), and
12.114 in the women in Q4 (>5.6 mg/dL). There is general consensus on initiating urate-
lowering therapy in individuals with symptomatic hyperuricemia. However, the benefits
of treating hyperuricemia in asymptomatic individuals is still controversial, and clinical
data on the use of urate-lowering therapy to prevent the incidence and progression of CKD
are conflicting. In 2012, the Kidney Disease Improving Global Outcomes Clinical Practice
Guideline for the Evaluation and Management of Chronic Kidney Disease concluded that
“there is insufficient evidence to support or refute the use of agents to lower serum UA
concentrations to delay progression of CKD” [38]. Some small studies have demonstrated
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that lowering serum UA levels is beneficial for preventing or slowing kidney disease.
Goicoechea et al. reported that allopurinol slowed the progression of CKD [39], and
a small randomized study showed that UA lowering therapy improved eGFR among
asymptomatic hyperuricemic individuals with normal renal function [40]. In contrast,
another larger randomized controlled clinical trial showed no evidence of clinical benefits
of serum urate reduction on renal outcomes in patients with type 1 diabetes and early-
to-moderate CKD [41]. In addition, in another study of patients with more severe CKD
(stage 3 or 4) and a high risk of progression, urate-lowering treatment with allopurinol
did not halt the reduction in eGFR [42]. A more recent large cohort study of 269,651
United States veterans without pre-existing CKD reported that UA-lowering therapy was
not associated with a lower incidence of CKD, albuminuria or ESRD [43]. Surprisingly,
UA-lowering therapy (predominantly allopurinol) was associated with an increased risk
of new-onset CKD in the veterans, although the association was limited to those with a
baseline serum UA level of ≤8 mg/dL in subgroup analysis [43]. Despite the conflicting
clinical trial evidence, UA remains a potential target for avoiding or slowing CKD, thus
clinicians should consider urate-lowering agents in patients with marked hyperuricemia
and high-risk of developing kidney disease after shared decision-making.

Except for elevated serum UA, we also found other factors in the multiple variable
analysis which were significantly correlated with new-onset CKD, including old age,
male, the presence of DM or hypertension, higher systolic BP, higher fasting glucose, the
habit of alcohol consumption, higher BMI, lower hemoglobin, and higher triglyceride.
Age is an independent risk factor for renal disease [44,45] and the pathogenesis of aging-
associated global glomerulosclerosis is multifactorial [46]. We also discovered that male
patients were at a higher risk of developing kidney disease, which could be explained
by estrogen’s protective effect on non-diabetic CKD [47] and other non-biological factors,
such as lifestyle, cultural, and socioeconomic factors. Nevertheless, other epidemiological
data have shown that the prevalence of CKD is higher in females than in males, which
contrasts our findings [48]. Both DM and hypertension are strong cardiovascular risk factor
and are also associated with new-onset CKD [48,49]. Furthermore, a large meta-analysis
reported an increased risk of developing CKD in prediabetes patient with impaired fasting
blood sugar [50]. As for systolic BP, increased systolic BPs were associated with a 35%
increased risk of incident CKD for every 10-mm Hg increase in systolic BP according to a
large national cohort research [51]. In our study, alcohol consumption was correlated with
an increased CKD risk. The role of alcohol consumption as a risk factor for CKD remains
controversial. Some population-based studies have shown an association between alcohol
consumption and the incidence of CKD [52,53], whereas another study found favorable
effect on kidney function [54]. Another modifiable risk factors for developing CKD is
being overweight, which may contribute to glomerular hypertrophy and hyperfiltration by
increasing capillary wall tension of the glomeruli [55]. A countrywide, population-based
study in Sweden discovered that being overweight (BMI ≥ 25 kg/m2) at age 20 was related
with a considerable threefold increased risk of CKD compared to BMI < 25 kg/m2 [56].
Our study revealed that lower hemoglobin increased the risk of CKD development. It
is well-known that anemia develops as renal function declines, and correcting anemia
is beneficial for improving quality of life, survival, and preventing CKD progression.
Nevertheless, limited data show a relationship between low hemoglobin and development
of CKD [57]. In addition, we showed the baseline hypertriglyceridemia had a modest effect
on new-onset CKD. Similarly, many studies have demonstrated the correlation between
hypertriglyceridemia and the initiation of renal insufficiency [58,59].

The strengths of this work include the large number of community-dwelling par-
ticipants with complete follow-up data of the associations among sex differences with
hyperuricemia and new-onset CKD. However, there are also some limitations. First, the
TWB does not include information on urate- or lipid-lowering drugs, anti-diabetic drugs,
or anti-hypertensive drugs, all of which could have affected the prevention or development
of new-onset CKD, serum UA, BP, lipid profiles, and fasting glucose, and consequently the
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association between hyperuricemia and new-onset CKD. Second, we did not have access to
information related to factors which may have caused a rapid worsening of renal function,
such as proteinuria. Third, the generalizability of our findings to other groups may be
limited as all of the enrolled participants were of Chinese ethnicity. Fourth, sample bias
was possible as around a quarter of the participants received follow-up assessments.

5. Conclusions

In conclusion, we demonstrated that hyperuricemia was associated with new-onset
CKD in this large Taiwanese population follow-up study. Furthermore, the interactions
between hyperuricemia and sex were also statistically significant. Hyperuricemia was more
strongly associated with new-onset CKD in the women than in the men.
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