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Abstract

Background: A previous study based on urban areas suggested the age- and sex-dependent association of uric
acid (UA) and incident hypertension. We aimed to investigate whether this association is valid even in rural areas
with different lifestyle.

Methods: Data from the cardiovascular disease association study, a prospective cohort study based on rural
residents, was analyzed. A total of 4,592 subjects (mean age, 60.1 + 9.5 years; men, 37.7%) without hypertension
were included. We first investigated whether UA was a risk factor for incident hypertension using Cox regression,
and then compared the relative risk by stratification according to age and sex.

Results: During the follow-up period (mean, 2.0 years), 579 subjects (12.6%) were newly diagnosed with
hypertension. The risk factors for incident hypertension were age (Hazard ratios [HR] for 2 65, 1.26), systolic blood
pressure (HR per T mmHg increase, 1.07), and serum UA concentration (HR per T mmHg increase, 1.10). The risk of
UA-related incident hypertension was higher in the non-elderly than in the elderly for both men and women (HR,

elderly women (HR, 1.59; P < 0.05).

higher risk for UA-related incident hypertension.
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1.74 for non-elderly men; 1.88 for non-elderly women; 1.66 for elderly men; 1.10 for elderly women). Even after
adjusting for multiple confounders, the risk of UA-related incident hypertension was significantly higher in non-

Conclusions: Age- and sex-dependent association of UA with incident hypertension suggested in cohort study
based on urban areas was consistently found in rural areas as well. In particular, non-elderly women were at a

Background

The link between uric acid (UA) and hypertension has
long been of interest. Since it was first suggested more
than a century ago that UA may play a role in the patho-
genesis of hypertension [1], many studies on the associ-
ation between hypertension and UA have been conducted.
Nevertheless, the results on the association between
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hypertension and UA in many previous studies were not
clearly consistent because there were many differences in
age, sex, and various variables related to lifestyle that affect
UA in each study.

Recent meta-analyses had reported that hyperuricemia
and elevated UA are associated with the risk of hyperten-
sion [2, 3]. The authors suggested that this association
may be relatively greater in younger age and in women.
However, significant differences in age and sex compos-
ition among the study populations included in these ana-
lyses remained limited in concluding the role of age and
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sex in the risk of UA-associated hypertension. Recently,
we reported an age- and sex- dependent association of
UA and incident hypertension in a community-based pro-
spective cohort study [4]. However, UA is affected by life-
style [5—-11], and in that study, there was a limitation that
these confounders were not sufficiently corrected. Since it
is impossible to completely adjust the lifestyle in a pro-
spective study, we aimed to determine whether the results
of our previous study based on urban areas are also valid
in this study based on rural areas.

Methods

Study population and design

We analyzed data from the cardiovascular disease associ-
ation study (CAVAS) cohort, which is part of the Korean
Genome and Epidemiology Study (KoGES) cohort. KoGES
is a large-scale, prospective cohort study initiated by the
Korean government, establishing an epidemiological study
platform with a health database, and investigating the en-
vironmental etiology and prognosis of chronic diseases in
Koreans through long-term follow-up. The CAVAS study,
one of the six prospective cohort studies constituting
KoGES, is a rural community-based study targeting resi-
dents living in rural areas that are different from in urban
areas. It recruited the subjects aged 40-70 years from
rural areas since 2004. All participants were interviewed
for the sociodemographic information and medical his-
tory. Laboratory tests were performed by trained medical
staff. Blood pressure was measured twice using a mercury
sphygmomanometer and recorded as the average of the
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two values. The first measurement was taken after 5 min
of rest, and the second measurement was taken at least
1 min apart. If the difference between the two measure-
ments exceeded 5 mmHg, blood pressure measurements
were continued until two consecutive measurements were
comparable. Details of the KoGES and CAVAS study have
been described previously [12].

Of the 28,338 subjects who participated in CAVAS,
7,673 subjects with UA measured participated in the first
follow-up were included in this study. Finally, 4,592 sub-
jects were analyzed, excluding those who had hyperten-
sion at baseline (# = 3,074) or those who did not have
data on blood pressure (n =7) (Fig. 1).

Hypertension (taking anti-hypertensives or having sys-
tolic blood pressure (BP) > 140 mmHg or diastolic BP >
90 mmHg), hyperuricemia (serum UA level > 7 mg/dL in
men and >6 mg/dL in women) [13, 14], smoking
(smoked >5 packs in his/her lifetime) [15, 16], and
drinking (> 12 drinks in the past year) [17] were defined
as in previous urban-based cohort study [4]. Incident
hypertension was defined as the occurrence of hyperten-
sion during the follow-up period.

Statistical analysis

We divided the entire study population into three
groups according to the level of UA. Accordingly, tertile
1, 2, and 3 were defined as < 5.0 mg/dL, 5.0-6.0 mg/dL,
and 26,0 mg/dL for men, and as <3.8 mg/dL, 3.8—
4.6 mg/dL, and >4.6 mg/dL for women, respectively.
The risk of incident hypertension was analyzed using

N=28,338

Patients of CAVAS(Cardiovascular disease association study)

Patients with serum uric acid measured
N=13,786

Attend the first follow-up survey
N=7,673 Hypertension at baseline
(SBP>140mmHg or DBP>90mmHg
or currently under treatment)
N=3,074
Study population Missing for}?l’;t follow-up
N=4,592 —
(Male: 1,733, Female: 2,859)

pressure; BP, blood pressure

Fig. 1 Flow chart of the study population. CAVAS, cardiovascular disease association study; SBP, systolic blood pressure; DBP, diastolic blood
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Cox regression for all subjects to determine whether UA
is a risk factor for incident hypertension. Hazard ratios
(HR) were adjusted for age, sex, baseline systolic and
diastolic BP, diabetes, dyslipidemia, body mass index, es-
timated glomerular filtration rate, drinking/smoking sta-
tus, and UA. To determine age- and sex-dependent
association of UA and incident hypertension, the study
population was stratified according to sex, age group,
and UA level. All analyses were conducted using SAS
ver. 9.4 (SAS Institute Inc., Cary, NC, USA). P-values <
0.05 were considered statistically significant.

Results

Baseline characteristics

Among the 4,592 subjects included in the analysis, 1,733
(37.7%) were male. The mean age was 60.1+9.5 years,

Table 1 Baseline characteristics according to serum uric acid level
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and mean follow-up duration was 2.0 years. Baseline char-
acteristics are shown in Table 1. The mean concentration
of UA was 4.8 + 1.3 mg/dL, and 418 subjects (9.1%) had
hyperuricemia. Subjects in tertile 3 tended to have higher
BP, body mass index, low-density lipoprotein cholesterol,
total cholesterol, and triglycerides, but lower estimated
glomerular filtration rate and high-density lipoprotein
cholesterol. They tended to be more drinkers.

UA as a risk factor of hypertension

During the follow-up period, hypertension occurred
in 579 of 4,592 subjects. The risk factors for incident
hypertension were age, systolic BP, and serum UA
concentration (Table 2). The risk of incident hyper-
tension was 1.26 times higher in the elderly group
over 65 years compared to the non-elderly group

Variable Total Tertile 1 Tertile 2 Tertile 3 P-value®
(n=4,592) (n=1,436) (n=1,548) (n=1,608)

Male sex 1,733 37.7) 564 (39.3) 550 (35.5) 619 (38.5) 0.08
Age (yr) 60.1£95 60.6 £9.6 593+95 60.3+94 <0.05

40-64 2,926 (63.7) 864 (60.2) 1,044 (674) 1,018 (63.3)

> 65 1,666 (36.3) 572 (39.8) 504 (32.6) 590 (36.7)
Smoking status <0.05

Non-smoker 2401 (67.5) 771 (67.1) 844 (70.6) 786 (65.0)

Ex-smoker 578 (16.3) 182 (15.8) 193 (16.1) 203 (16.8)

Current smoker 576 (16.2) 197 (17.1) 159 (13.3) 220 (18.2)
Drinking status <0.05

Non-drinker 2,409 (52.5) 798 (55.6) 830 (53.6) 781 (48.6)

Ex-drinker 294 (6.4) 90 (6.3) 90 (5.8) 114 (7.1)

Current drinker 1,886 (41.1) 547 (38.1) 628 (40.6) 711 (443)
Height (cm) 1576+83 1573+ 84 1575+83 1579+83 0.15
Weight (kg) 59797 577+92 594+95 61.7+10.0 <0.05
Body mass index (kg/mz) 240+£30 233£30 23.9+29 24.7£30 <0.05
Systolic blood pressure (mmHg) 1165116 1160+11.8 1160115 1174114 <0.05
Diastolic blood pressure (mmHg) 746+79 739+8.1 746 +80 75176 <0.05
Fasting blood glucose (mg/dL) 989+235 1006 £31.1 97.7+£199 985+ 181 <0.05
eGFR (mL/min/1.73 m?) 764+£113 794112 77.1£103 730115 <0.05
Total cholesterol (mg/dL) 1974 +357 1932 +35.1 196.0 +34.8 2025+ 364 <0.05
High-density lipoprotein (mg/dL) 453108 466+108 456+ 109 439+106 <0.05
Low density lipoprotein (mg/dL) 1240+329 1218+316 1234+317 1265+ 349 <0.05
Triglyceride (mg/dL) 1405+ 87.2 1240+69.5 1348+87.2 1606 +97.0 <0.05
Diabetes mellitus 438 (9.5) 161 (11.2) 123 (8.0) 154 (9.6) <0.05
Dyslipidemia 2,988 (65.1) 835 (58.2) 958 (61.9) 1,195 (74.3) <0.05
Serum uric acid (mg/dL) 48+13 36+07 46+07 60+12 <0.05
Hyperuricemia 418 (9.1) 418 (26.0) <0.05

Data are presented as number (%) or mean + standard deviation
eGFR estimated glomerular filtration rate
@Post-hoc analysis using Bonferroni method
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Table 2 Risk factors for incident hypertension
Variable Crude Adjusted®
Hazard ratio P-value Hazard ratio P-value
(95% CI) (95% CI)

Sex (vs. male)

Female 1.00 (0.84-1.18) 097 1.23 (0.81-2.28) 041
Age (vs. 40-64)

Over 65 years old 1.59 (1.35-1.87) <005 1.26 (1.02-1.56) <0.05
Smoking status (vs. non-smoker)

Ex-smoker 1.17 (0.91-1.50) 0.22 1.21 (0.84-1.73) 0.30

Current smoker 0.96 (0.74-1.26) 0.79 1.19 (0.83-1.71) 0.33
Drinking status (vs. non-drinker)

Ex-drinker 00 (0.71-141) 0.99 0.83 (0.53-1.30) 041

Current drinker 1 (0.85-1.19) 093 0.98 (0.79-1.22) 0.85
Body mass index (kg/m?) 5 (1.03-1.08) <0.05 1 (0.98-1.05) 048
Systolic blood pressure (mmHg) 07 (1.0 08) <0.05 7 (1.05-1.08) <0.05
Diastolic blood pressure (mmHg) 5 (1.0 06) <0.05 1 (0.99-1.02) 043
Diabetes mellitus 7010 75) <0.05 0 (0.83-147) 051
Dyslipidemia 9(1.0 54) <0.05 6 (0.85-1.32) 0.60
eGFR (mL/min/1.73 m?) 9 (1.40-2.28) <0.05 4 (0.92-1.67) 0.16
Serum uric acid (mg/dL) 3(10 19) <0.05 0 (1.02-1.20) <0.05

Cl confidence interval, eGFR estimated glomerular filtration rate

¥Hazard ratios were estimated with adjustments for age, sex, baseline systolic and diastolic blood pressures, diabetes, dyslipidemia, body mass index, estimated

glomerular filtration rate, drinking status, smoking status, and serum uric acid level

under 65 years old. The risk increased 1.07-fold for
each 1 mmHg increase in systolic BP and 1.10-fold
for each 1 mg/dL increase in UA.

Serum UA level and the risk of incident hypertension
according to sex and age

Across the study populations, the risk of incident
hypertension was highest in tertile 3, the group with
the highest level of UA, for both men and women
(HR, 1.74 for non-elderly men; 1.88 for non-elderly

(Table 3). This was more pronounced in non-elderly
women. After adjusting for multiple confounders, the
risk of incident hypertension was significantly higher
only in non-elderly women (HR, 1.59; 95% confidence
interval, 1.01-2.50).

Discussion

The results of our study based on rural areas can be
summarized as follows. In rural areas, an increase in UA
was associated with incident hypertension. The risk of

women; 1.66 for elderly men; 1.10 for elderly women) UA-related incident hypertension was significantly
Table 3 Relative risk of hypertension according to uric acid level by sex and age
Group UA 40-64 years Over 65 years
Incidence Crude Adjusted® Incidence Crude Adjusted®
case HR(95% Cl)  P-value HR(95%Cl)  P-value %€ HR(95% Cl)  P-value HR(95%Cl)  P-value
Male  T1  23(80) 1.00 (Reference) 1.00 (Reference) 32(11.6) 1.00 (Reference) 1.00 (Reference)
T2 30 (94) 1.17 (068-2.02) 0.56 0.95 (049-1.85) 0.8 34 (14.7) 1.27 (0.79-2.06) 033 4 (0.63-2.07) 0.66
T3 50(13.9) 1.74 (1.06-2.85) <0.05 4(0.92-3.28) 0.09 50 (19.2) 1.66 (1.07-259) 0.02 1(087-263) 0.14
Female T1 41 (7.1) 1.00 (Reference) 0 (Reference) 52 (17.6) 1.00 (Reference) 1.00 (Reference)
T2 7299 140 (0.95-2.05) <0.05 2(0.78-193) 038 43 (15.8) 0.89 (0.60-1.34) 059 1(059-142) 068
T3 88 (134) 1.88 (1.30-2.72) <0.05 9 (1.01-250) <0.05 64 (194) 0(0.76-1.59) 061 094 (0.60-146) 0.77

UA uric acid, HR hazard ratio, C/ confidence interval

Tertiles 1, 2, and 3, respectively, were defined as < 5.0, 5.0-6.0, and > 6.0 mg/dL for men, and as < 3.8, 3.8-4.6, and > 4.6 mg/dL for women

Incidences are presented as frequency (percentage)

Dadjusted for age, baseline systolic and diastolic blood pressure, diabetes, dyslipidemia, body mass index, estimated glomerular filtration rate, drinking status, and

smoking status
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higher in non-elderly women. These results of this study
were consistent with those of previous urban-based co-
hort study [4].

In previous meta-analyses, it has been reported that
UA is associated with the risk of incident hypertension,
regardless of traditional risk factors [2, 3]. However, in
these analyses, the authors acknowledged that the statis-
tical power to explain this relationship was weak in the
elderly and that the statistical method, degree of adjust-
ment, and residual confounding factors, which differed
from study to study, were the limitations of the studies.

The weak statistical association in the elderly could be
explained by a previous large cohort study based on
urban areas [4], in which the association between UA
and incident hypertension was age-dependent. In that
study, the relative risk of incident hypertension accord-
ing to UA levels differed between age groups, with the
lower the age group, the higher the risk. In addition,
they found that not only age but also sex play an import-
ant role in this association. They concluded that this as-
sociation was age- and sex-dependent and strongest in
younger women. However, in that study, as in previous
studies [2, 3], residual confounders such as lifestyle re-
main a limitation.

UA is well known to be greatly affected by lifestyle
[5-11]. However, since lifestyle such as dietary or be-
havioral patterns is difficult to objectively assess as
well as difficult to categorize or quantify as a variable,
it is impossible to completely adjust them in statis-
tical analysis. Accordingly, we tried to determine
whether age- and sex-dependent association between
UA and incident hypertension is consistently observed
in two different cohort groups, which are presumed
to have different lifestyles. Because the lifestyles of
urban and rural residents are inevitably different, the
same analysis as in the previous urban-based cohort
study was performed on CANVAS, a sub-study of
KoGES targeting rural residents.

Although these two distinct cohorts cannot be directly
compared, a numerical comparison of the study popula-
tions included in each study shows that the rural cohort
had a higher mean age and more men, and higher rates
of diabetes and hyperlipidemia and hyperuricemia, com-
pared with the urban-based cohort (Supplementary
Table 1). Despite these different baseline characteristics,
the risk of UA-related incident hypertension was con-
sistently high in both cohort studies, at least in non-
elderly women.

Although the role of UA might be relatively high given
the low prevalence of comorbidities such as chronic
renal insufficiency and diabetes in non-elderly women, it
is unclear why the risk of UA-associated hypertension is
more pronounced in this group. Intriguingly, serum UA
was more associated with metabolic syndrome [18],
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coronary heart disease [19], and renal insufficiency [20]
in women than in men. Given these findings, it is con-
ceivable that women tend to be more susceptible to UA-
related cardiovascular disease.

Since most studies on the relationship between UA
and the risk of incident hypertension have been con-
ducted on relatively younger employed adults with an
average age of 30-40 years, mainly men, few studies
have focused on age and sex regarding this association
[21-26]. As far as we know, one cross-sectional study re-
ported that age and sex might be involved in the associ-
ation between UA and hypertension [27], and one large-
scale longitudinal study suggested that the risk of UA
-related incident hypertension was age- and gender-
dependent [4]. This study has clinical significance in
confirming whether this association is still valid in popu-
lations with different characteristics.

This study also has some limitations. As with urban-
based cohort study, age groups limited to 40-70 years
and residual confounders undermine the value of this
study. Also, considering that the concentration of UA
can be affected and changed by various environmental
factors, the significance of the value at the single point is
inevitably limited. Unlike the urban-based cohort, the
relatively small number of sample sizes and shorter
follow-up duration made it impossible to analyze at a
same level to the previous study, so direct comparison
between urban and rural areas was not possible.

Conclusions

Even in rural areas, non-elderly women were at a higher
risk for UA-related incident hypertension. Age- and sex-
dependent association of UA and incident hypertension
is also valid in rural residents.
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