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Risk factors for the development of hyperuricemia

A STROBE-compliant cross-sectional and longitudinal study
Qun Ni, MD, Xiaomin Lu, MD, Congcong Chen, MD, Huaging Du, MD, Renbing Zhang, MD"

Abstract \\
Hyperuricemia has received increasing attention as a major public health problem. This study aims to investigate the risk factors for |
hyperuricemia and to explore the relationship between changes in biochemical variables and incident hyperuricemia.

A cross-sectional and subsequently prospective study was performed among adults who took their health checkups at Zhejiang
University Hospital. The participants who were free of hyperuricemia at baseline received annual follow-up examinations during a 6-
year period. Cox proportional hazards regression analyses were conducted to calculate the risks for incident hyperuricemia.

Of the 9238 participants enrolled, 1704 (18.4%) were diagnosed as hyperuricemia. During 21,757 person-years of follow-up, 1492
incident hyperuricemia cases were identified. The incidence of hyperuricemia was 68.58 cases per 1000 person-year of follow-up in
the overall participants. The prevalence and the incidence of hyperuricemia increased greatly in female older than 50 years. High
levels of BMI, SBP, FPG, TG, LDL-C, ALT, BUN, and creatinine increased the risk of hyperuricemia. Suffering fatty liver also increased
the risk of hyperuricemia. Subjects with increasing DBP, TG, BUN, creatinine, or decreasing HDL-C were more likely to incident
hyperuricemia.

This study revealed that the change of diastolic blood pressure (DBP), serum triglycerides (TG), blood urea nitrogen (BUN),
creatinine, and high-density lipoprotein cholesterol (HDL-C) level were independently associated with incident hyperuricemia.

Abbreviations: ALT = alanine aminotransferase, BMI = body mass index, BUN = blood urea nitrogen, CKD = chronic kidney
disease, DBP = diastolic blood pressure, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-
density lipoprotein cholesterol, NAFLD = non-alcoholic fatty liver disease, SBP = systolic blood pressure, TC = total cholesterol, TG =

triglycerides.
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1. Introduction

Uric acid is the final enzymatic product of purine metabolism and
it has the ability to scavenge oxygen radicals and protect the
erythrocyte membrane from lipid oxidation."! However,
elevated serum uric acid (hyperuricemia) is associated with
significantly increased risk for gout, cardiovascular disease,
chronic kidney disease (CKD), and type 2 diabetes mellitus.
Hyperuricemia has received increasing attention as a major
public health problem in China because of its high prevalence and
the associated increases in the risk of gout, hypertension,
cardiovascular disease and CKD."*~%) What is more, hyperurice-
mia also plays an important role in metabolic related diseases,
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such as metabolic syndrome, diabetes and non-alcoholic fatty
liver disease (NAFLD).[®”!

The prevalence of hyperuricemia varies across different
populations and different areas. In the first decades of 21st
century, an epidemiological survey estimates approximately 43.3
million US adults (21.4%) met criteria for hyperuricemia.l®! A
cross-sectional reported that the prevalence of hyperuricemia
among Chinese adults was 8.4%,"”) and a meta-analysis
indicated the pooled prevalence of hyperuricemia was 13.3%
in China.!""!

To better understanding of which individuals are at risk of
developing hyperuricemia is crucial. Nowadays, more and more
research focuses on the risk factors of hyperuricemia. Peng et al
found that, low-density lipoprotein cholesterol (LDL-C), triglyc-
erides (TGs), total cholesterol, apolipoprotein-B levels, ratio of
TGs to high-density lipoprotein cholesterol (HDL-C) were
strongly associated with serum uric acid levels, whereas serum
HDL-C levels were significantly inversely associated.'!! A study
from US reported that individuals with uncontrolled blood
pressure and additional cardiovascular disease risk factors
demonstrated a 4-fold or greater prevalence of hyperuricemia.!'!
Another study also showed that higher blood hematocrit was
independently associated with the incidence of hyperuricemia.!?!
However, most of these studies were cross-sectional in nature and
thus could not address the cause-effect relationship between the
variables and hyperuricemia. Moreover, some prospective
studies related to hyperuricemia did not assess the relationship
between the changes in variables and incident hyperuricemia.

In this study, we conducted a cross-sectional and prospective
study in a Chinese population to find the risk factors for
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hyperuricemia and to explore the relationship between changes in
variables and incident hyperuricemia.

2. Methods
2.1. Study population

We conducted a cross-sectional and subsequently prospective
study among adults who took their health checkups at
Zhejiang University Hospital. At baseline, all the participants
who took their annual health checkups in 2011 were screened
for enrollment. Those with missing data on serum uric acid or
other variables, or those with a history of malignancy were
excluded. A total of 9238 participants (5258 men and 3980
women) were qualified for the cross-sectional study. The
participants who were free of hyperuricemia at baseline were
followed up annually.

2.2. Baseline evaluations

Baseline examinations were performed according to previously
described procedures. We collected the standing height, body
weight, and blood pressure for all participants. Height and
weight were measured while participants were wearing light
clothing without shoes. Body mass index (BMI) (kg/m?) is
calculated as the body weight (kg) divided by the standing height
(m) squared. Blood pressure was measured using a standard
protocol.

Fasting serum samples were obtained for the analysis of
biochemical values. The values were measured by an Hitachi
7180 auto-analyzer (Hitachi, Tokyo, Japan) using standard
methods. Hyperuricemia was defined as serum uric acid levels
>420 pmol/L in men and >360 pmol/L in women, and/or taking
medication for hyperuricemia.

Fatty liver was diagnosed by abdominal ultrasound examina-
tion. Trained ultrasonographists performed abdominal ultra-
sound examinations with a Sonoline G60S ultrasound system
with a 3.5-MHz probe (Siemens, Erlangen, Germany). The
ultrasonographists were blinded to the study design and the
clinical data. The criteria for ultrasonic diagnosis of fatty liver
were based on those suggested by the Chinese Liver Disease
Association.

2.3. Follow-up evaluations

To identify incident cases of hyperuricemia during the follow-up
period, the subjects who were free of hyperuricemia at baseline
received annual follow-up examinations during a 6-year period.
The method used for the measurement of serum uric acid and the
definition of hyperuricemia was the same as that used at baseline.
Incident hyperuricemia was identified if serum uric acid levels
higher than the threshold (>420 pmol/L in men and >360 pmol/
L in women) were detected at any of the follow-up examinations.
The follow-up time was calculated as the difference between
baseline and the examination when incident hypertension was
first identified. For participants who did not develop hyperurice-
mia, the follow-up time was censored at the last known follow-up
examination.

2.4. Ethics

All participants were verbally informed about the study’s aim and
procedures, and voluntarily consented to participate. The subject
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information was anonymized at collection and prior to analysis.
All methods were performed in accordance with the approved
guidelines. The study gained approval of the Ethics Committee of
Zhejiang University Hospital.

2.5. Statistical analysis

The statistical analyses were performed using SPSS 18.0 (SPSS,
Chicago, IL). Continuous variables were presented as medians
and interquartile range. They were compared by Student’s # test
or Mann—-Whitney U test, one-way ANOVA with post hoc
Tukey’s test, or Kruskal-Wallis test with Bonferroni correction as
appropriate. Categorical variables were compared using the x*
test. Cochran—Armitage trend test was used to show the trend of
the prevalence. A stepwise logistic regression analysis was
performed to examine the relationship between hyperuricemia
and anthropometric or biochemical variables (probability to
enter = .05 and probability to remove=.10). Cox proportional
hazards regression analyses were applied to calculate the risks for
incident hyperuricemia. Backward stepwise regression was used
in multivariate Cox proportional hazards regression analyses
(probability to enter=.05 and probability to remove=.10). A P
value <.05 (two-tailed) was considered to be statistically
significant.

3. Results

3.1. Baseline characteristics

A total of 9238 participants with a median age of 49.0 were
included in this study, 5258 were male and 3980 were female. Of
the 9238 participants enrolled, 1704 (18.4%) were diagnosed as
hyperuricemia. The characteristics of participants according to
baseline hyperuricemia status are presented in Table 1. The
participants with hyperuricemia had greater BMI, higher systolic
and diastolic blood pressure, fasting plasma glucose (FPG), and
worse lipid profiles compared with those without hyperuricemia.
Moreover, there were significant differences in alanine amino-
transferase (ALT), blood urea nitrogen (BUN), creatinine, total
bilirubin between the two groups.

The prevalence of hyperuricemia was almost the same in
different age groups in male, while the prevalence of hyperurice-
mia increased in female older than 50 year (Fig. 1). We analyzed
the risk factors of hyperuricemia by stepwise logistic regression
analysis. The multivariable model showed that BMI, SBP, FPG,
TGs, LDL-C, ALT, BUN, and creatinine were associated with
risk for hyperuricemia (Table 2). Whether suffering from fatty
liver were also associated with risk for hyperuricemia.

3.2. Follow-up outcomes

A total of 7534 participants (3986 male and 3548 female)
without hyperuricemia were enrolled at baseline of the 6-year
follow up. During 21,757 person-years of follow-up, 1492
incident hyperuricemia cases were identified. The incidence of
hyperuricemia was 68.58 cases per 1000 person-year of follow-
up in the overall participants. The participants who developed
hyperuricemia had higher baseline than those who did not in
terms of gender, blood pressure, BMI, FPG, TG, total cholesterol
(TC), LDL-C, ALT, BUN, creatinine, and lower baseline levels of
HDL-C (Table 3).

The incidence of hyperuricemia decreased in male older than
60 years, while the incidence of hyperuricemia in female
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Characteristics of participants according to their baseline hyperuricemia status.

Without hyperuricemia With hyperuricemia P value

n (male/female) 3986/3548 1272/432 <.001
Age (year) 49.0 (35.0-63.0) 53.0 (138.0-72.0) <.001
Systolic blood pressure (mm Hg) 120.0 (110.0-131.0) 128.0 (118.0-140.0) <.001
Diastolic blood pressure (mm Hg) 76.0 (70.0-80.0) 79.5 (70.0-85.0) <.001
Body mass index (kg/m?) 22.77 (20.80-24.84) 24,68 (22.79-26.62) <.001
Fasting plasma glucose (mmol/L) 5.23 (4.90-5.69) 5.40 (5.00-5.93) <.001
Triglycerides (mmol/L) 1.05 (0.78-1.47) 1.53 (1.10-2.15) <.001
Total cholesterol (mmol/L) 4.70 (4.13-5.32) 4.96 (4.35-5.60) <.001
HDL-cholesterol (mmol/L) 0.63 (0.49-1.26) 0.57 (0.45-1.20) <.001
LDL-cholesterol (mmoliL) 2.89 (2.37-3.46) 317 (2.60-3.72) <.001
Alanine aminotransferase (IU/L) 17.0 (12.0-24.0) 21.50 (16.0-31.0) <.001
Total bilirubin (mol/L) 127 (9.9-16.2) 133 (10.4-16.8) <.001
Blood urea nitrogen (mmol/L) 4.70 (4.00-5.50) 5.20 (4.40-6.10) <.001
Creatinine (wmol/L) 88.0 (78.0-100.0) 100.0 (89.0-111.0) <.001
Uric acid (smol/L) 310.0 (265.0-354.0) 447.0 (424.0-481.0) <.001
Fatty liver 26.8 53.3 <.001

HDL = high-density lipoprotein, LDL =low-density lipoprotein.
increased with age (Fig. 2). Cox proportional hazards regression
3 Male . . T

8 BB Female analyses were applied to explore the risk factors of incident
hyperuricemia. The multivariable model showed that gender,
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g & creatinine were associated with risk factors of incident
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& 104 baseline were more likely to develop hyperuricemia (Table 4).
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Figure 1. The previance of hyperuricemia according to the gender and age.

3.3. Changes of variables and risk for incident
hyperuricemia

We next assessed the changes of the variables mentioned above
and the risk for incident hyperuricemia. By univariate analysis,
incident hyperuricemia was associated with increasing diastolic
blood pressure (DBP), TG, ALT, BUN, creatinine, and decreasing
SBP and HDL-C. By multivariate analysis, increasing DBP, TG,

Stepwise logistic regression analysis of hyperuricemia with anthropometric and biochemical variables.

Univariate model

Multivariate model

Variable » OR (95% CI) P value » OR (95% CI) P value
Gender (male) 255.487 2.621 (2.329-2.950) <.001
Age (year) 76.140 1.014 (1.011-1.017) <.001
Systolic blood pressure (mm Hg) 206.262 1.023 (1.020-1.026) <.001 7.792 1.005 (1.002-1.009) .005
Diastolic blood pressure (mm Hg) 153.020 1.036 (1.030-1.042) <.001
Body mass index (kg/m?) 454,153 1.217 (1.196-1.240) <.001 40.951 1.077 (1.053-1.102) <.001
Fasting plasma glucose (mmol/L) 33.626 1.123 (1.078-1.169) <.001 6.907 0.932 (0.884-0.982) .009
Triglycerides (mmol/L) 393.005 1.831 (1.725-1.944) <.001 135.618 1.446 (1.359-1.539) <.001
Total cholesterol (mmol/L) 91.574 1.311 (1.240-1.385) <.001
HDL-cholesterol (mmol/L) 14.812 0.820 (0.741-0.907) <.001
LDL-cholesterol (mmol/L) 106.282 1.382 (1.300-1.470) <.001 20.036 1.171 (1.093-1.255) <.001
Alanine aminotransferase (IU/L) 165.453 1.021 (1.018-1.024) <.001 18.012 1.007 (1.004-1.010) <.001
Total bilirubin (mol/L) 7.689 1.013 (1.004-1.022) .006
Blood urea nitrogen (mmol/L) 219.615 1.345 (1.293-1.398) <.001 37.639 1.157 (1.104-1.212) <.001
Creatinine (mol/L) 478.227 1.038 (1.035-1.042) <.001 206.121 1.028 (1.024-1.032) <.001
Fatty liver 425.699 3.116 (2.797-3.471) <.001 43.905 1.593 (1.388-1.828) <.001

HDL = high-density lipoprotein, LDL = low-density lipoprotein.
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Comparison of baseline characteristics of participates according to follow-up outcomes.
Did not develop hyperuricemia Developed hyperuricemia P value
n (male/female) 2980/3062 1006/486 <.001
Age (year) 48.0 (34.0-62.0) 52.0 (40.0-66.0) <.001
Systolic blood pressure (mmHg) 120.0 (110.0-130.0) 125.0 (115.3-138.0) <.001
Diastolic blood pressure (mmHg) 75.0 (69.0-80.0) 78.0 (70.0-84.0) <.001
Body mass index (kg/m2) 22.47 (20.48-24.56) 24.00 (22.10-25.95) <.001
Fasting plasma glucose (mmol/L) 5.20 (4.88-5.64) 5.33 (6.00-5.82) <.001
Triglycerides (mmol/L) 1.00 (0.74-1.40) 1.27 (0.95-1.79) <.001
Total cholesterol (mmol/L) 4.68 (4.12-5.30) 4.79 (4.18-5.39) .001
HDL-cholesterol (mmol/L) 0.65 (0.50-1.30) 0.58 (0.47-1.10) <.001
LDL-cholesterol (mmol/L) 2.86 (2.35-3.43) 3.04 (2.48-3.56) <.001
Alanine aminotransferase (IU/L) 16.0 (12.0-23.0) 19.0 (14.0-28.0) <.001
Total bilirubin (wmol/L) 12.7 9.9-16.2) 12.7 (10.0-16.2) 574
Blood urea nitrogen (mmol/L) 4.60 (3.90-5.50) 4.90 (4.20-5.70) <.001
Creatinine (wmol/L) 87.0 (77.0-98.0) 92.5 (82.0-103.9) <.001
Uric acid (pmol/L) 297.0 (255.0-340.0) 358.0 (322.0-395.0) <.001
Fatty liver 22.8 43.0 <.001
HDL = high-density lipoprotein, LDL =low-density lipoprotein.
BUN, creatinine, and decreasing HDL-C remained as indepen-
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Figure 2. The incidence of hyperuricemia according the gender and age.

increasing DBP, TG, BUN, creatinine, and decreasing HDL-C
level also independently associated with incident hyperuricemia.

Previous meta-analysis showed that the prevalence of
hyperuricemia in China was about 13.3%."%! Zhang et al also
reported that the incidence of hyperuricemia was 22.4 per 1000
in a 3-year prospective study."'*! Besides, a long-term research
found that the incidence of hyperuricemia was 43.6 per 1000

Univariate and multivariate Cox proportional hazards regression analyses for the population.

Variable Univariate model Multivariate model”

P HR (95% CI) P value b HR (95% CI) P value
Gender (male) 111.775 1.799 (1.614-2.004) <.001 15.786 1.292 (1.138-1.465) <.001
Age (year) 23.649 1.008 (1.005-1.011) <.001
Systolic blood pressure (mm Hg) 92.402 1.014 (1.011-1.017) <.001 11.001 1.006 (1.002—1.009) .001
Diastolic blood pressure (mm Hg) 90.821 1.026 (1.021-1.032) <.001
Body mass index (kg/m?) 234.319 1.136 (1.117-1.154) <.001 39.156 1.069 (1.047-1.092) <.001
Fasting plasma glucose (mmol/L) 19.790 1.083 (1.046-1.122) <.001
Triglycerides (mmol/L) 169.142 1.295 (1.246-1.347) <.001 35.277 1.185 (1.120-1.253) <.001
Total cholesterol (mmol/L) 4.974 1.065 (1.008-1.125) .026 4.293 0.849 (0.727-0.991) .038
HDL-cholesterol (mmol/L) 6.144 0.878 (0.792-0.973) 013
LDL-cholesterol (mmol/L) 19.002 1.142 (1.076-1.212) <.001 3.679 1.175 (0.996-1.386) .055
Alanine aminotransferase (IU/L) 57.873 1.007 (1.005-1.008) <.001
Total bilirubin (wmol/L) 3.308 1.008 (0.999-1.017) .069
Blood urea nitrogen (mmol/L) 37.474 1.119 (1.080-1.161) <.001 4.326 1.046 (1.003-1.092) .038
Creatinine (umol/L) 87.956 1.006 (1.005-1.008) <.001 4130 1.003 (1.000-1.005) .042
Fatty liver 228.650 2.076 (1.889-2.282) <.001 25.752 1.383 (1.220-1.567) <.001

HDL = high-density lipoprotein, LDL =low-density lipoprotein.
Variables which were statistically significant in the univariate regression analyses were included in multivariate regression analyses. Backward stepwise regression was used in multivariate Cox proportional
hazards regression analyses (probability to enter=.05 and probability to remove =.10).
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Factors associated with incident hyperuricemia.

Variable Univariate model Multivariate model”

b OR (95% CI) P value b OR (95% CI) P value
Change in systolic blood pressure (mm Hg) 27.199 0.991 (0.987-0.994) <.001
Change in diastolic blood pressure (mm Hg) 5.269 1.006 (1.001-1.012) 022 21.959 1.014 (1.008-1.020) <.001
Change in body mass index (kg/m?) 2.533 1.030 (0.993-1.067) 11
Change in fasting plasma glucose (mmol/L) 2.061 0.959 (0.906-1.015) 151
Change in triglycerides (mmol/L) 10.804 1.124 (1.048-1.205) .001 14.810 1.142 (1.068-1.223) <.001
Change in total cholesterol (mmol/L) 2.737 1.060 (0.989-1.137) .098
Change in HDL-cholesterol (mmol/L) 492.655 0.389 (0.358-0.423) <.001 362.872 0.408 (0.372-0.448) <.001
Change in LDL-cholesterol (mmol/L) 2.849 1.068 (0.989-1.154) .091
Change in alanine aminotransferase (IU/L) 2.737 1.002 (1.000-1.004) .098
Change in total bilirubin (mol/L) 16.000 1.021 (1.011-1.032) <.001
Change in blood urea nitrogen (mmol/L) 43.467 1.148 (1.102-1.196) <.001 16.855 1.083 (1.042—-1.125) <.001
Change in creatinine (wmol/L) 650.872 1.029 (1.027-1.032) <.001 307.623 1.023 (1.020-1.025) <.001

HDL = high-density lipoprotein, LDL = low-density lipoprotein;

" Variables which were statistically significant in the univariate regression analyses were included in multivariate regression analyses. Backward stepwise regression was used in multivariate Cox proportional
hazards regression analyses (probability to enter=.05 and probability to remove=.10). Age and gender were also adjusted in this multivariate regression analyses.

person-year.!'3!In this cross-sectional study, we observed that the
prevalence of hyperuricemia in this population was 18.4%, and
in the prospective study, the incidence of hyperuricemia was
68.58 cases per 1000 person-year. Epidemiological surveys
showed that hyperuricemia is quite prevalent in areas with high
gross domestic product levels in China.”! The differences in
prevalence and incidence of hyperuricemia may be attributed to
the rapidly developing economy in Hangzhou. It is worth noting
that with the acceleration of China’s economic development, the
prevalence and incidence of hyperuricemia may increase further.

In this study, we observed that the prevalence and the incidence
of hyperuricemia increased greatly in female more than 50 years
old. This phenomenon was also found in other studies.'*>' This
is primarily attributable to sex hormone effects on renal urate
transport. It has been reported that estrogen plays a role in renal
clearance, secretion and reabsorption thus affect SUA levels.'”!
Young adult women have lower serum urate levels than young
adult men, but the onset of menopause is associated with
increased serum urate levels.!'®!

Several cross-sectional studies have showed that lipid profiles
are closely related to hyperuricemia.''"'*2% Some drugs used to
treat dyslipidemia like fenofibrate were effective in reducing
serum concentration of uric acid.”!! Our study suggested that the
changes in lipid profiles were independent factors associated with
incident hyperuricemia, this results further demonstrated that
dyslipidemia could cause hyperuricemia, especially TG and
HDL-C. Our study is consistent with previous studies that
NAFLD was strongly associated with subsequent development of
hyperuricemia.!”**! Some prospective studies also indicated that
serum uric acid levels independently predicted increased risk for
incident NAFLD.?*** These evidences showed that NAFLD and
hyperuricemia could cause and worsen each other and result in a
more deteriorated metabolic status.

Treatment of asymptomatic hyperuricemia has been found to
improve health outcomes in patients. It is reported that
treating asymptomatic hyperuricemia is s most effective in
preventing vascular events in a serum urate above 7.0 mg/dL in
men and 5.0mg/dL in women.”*! Our findings may help guide
clinical decision-making to help identify which patients are at
highest risk of developing hyperuricemia based on patient
characteristics.

Several limitations were acknowledged in this study. First,
dietary and lifestyle information was not collected, although
dietary intake could be a cofactor associated with hyperuricemia.
Some studies have showed that fructose-enriched food and drink
could increase serum UA levels.*®! While high tea intake and
consuming midnight snack rarely are significantly related to
decreased risk of hyperuricemia.’*”! Meanwhile, we did not assess
the changes in variables and disease outcomes in individuals after
treatment for hyperuricemia, future research should establish the
clinical effectiveness of predicting and treating incident hyper-
uricemia to prevent the onset of adverse outcomes.

In conclusion, our study found that the change of DBP, serum
TG, BUN, creatinine, and HDL-C level were independently
associated with incident hyperuricemia. This finding may help
identify which patients are at highest risk of developing
hyperuricemia. Clinicians should pay attention to the changes
of these indicators to reduce the incidence of hyperuricemia.
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