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Abstract
Increasing evidence suggests a positive association between the serum uric acid (SUA) level and incident hypertension.
However, the association has been inconsistent based on age, sex, body mass index, and lipid profiles. Thus, we investigated
whether there is an interaction between SUA and other risk factors on incident hypertension in the Korean general population.
In this study, 808 participants aged 40–79 years were included. They were free of hypertension and major cardiovascular
disease at baseline. Incident hypertension was defined as systolic blood pressure (SBP) ≥ 140mmHg, diastolic blood pressure
(DBP) ≥ 90 mmHg, or use of antihypertensive medication. To investigate whether the association between SUA and incident
hypertension is modified by other risk factors for hypertension, a generalized linear model and Z test were used. During the
mean follow-up of 3.3 years, 11.5% of men and 10.7% of women developed hypertension. The association between SUA and
incident hypertension was inconsistent according to participant age (p for interaction= 0.009). The association between SUA
level and incident hypertension was positively significant among people aged < 55 years (relative risk 1.74 per 1.0 mg/dL of
SUA; p= 0.002), but there was no significant association among people aged ≥ 55 years (p= 0.894). In a secondary analysis,
the SUA level was not associated with an increase in SBP, but positively associated with DBP. We observed an age-
differential association between SUA level and incident hypertension among Koreans. An increased SUA level can be a
trigger for hypertension through early vascular changes in the middle-aged population.
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Introduction

Hypertension, the most important modifiable risk factor [1,
2], is the leading cause of death and a major health burden
worldwide [3]. Hypertension was the top risk factor ranked
by number of disability-adjusted life-years attributable to
stroke for both sexes in a previous study [3]. It is well
known that the reduction of highly or moderately elevated
blood pressure (BP) levels results in a decrease in stroke
and myocardial infarction rates [4, 5]. Every 10 mmHg
increase in systolic blood pressure (SBP) or diastolic blood
pressure (DBP) is estimated to double the risk of death from
ischemic heart disease and stroke [6]. The prevalence of
hypertension was estimated as ~ 35.1% for males and
29.1% for females among Korean adults aged 30 years and
above in 2015 [7]. Hypertension is an especially common
disease among the Korean elderly population aged 65 years
or older, and its prevalence increased between 2007 and
2011 from 49.3% to 58.4% in men and from 61.8% to
68.9% in women [8]. The number of people who visited the
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hospital for chronic diseases in 2015 was 14.39 million in
Korea, with the highest number of them for hypertension
(5.71 million) [9]. To reduce the overall burden of disease,
the prevention of hypertension is crucial.

Serum uric acid (SUA) is the metabolic end product of
purines in humans and is known to be a risk factor of
hypertension [10–13]. SUA is positively related not only to
the risk of hypertension but also to the risk of athero-
sclerosis, cardiovascular diseases and metabolic syndrome
in previous studies [14–16]. Previous studies have also
reported that BP is lowered by uric acid-lowering drugs
[17–19]. The possible linking mechanisms between ele-
vated SUA levels and BP are renal and metabolic
abnormalities [16, 20–22], systemic inflammation [23] and
insulin resistance [24]. However, the associations between
SUA and incident hypertension reported in previous studies
were inconsistent according to age, sex, lipid profiles, and
adiposity level [13, 25, 26]. However, these previous stu-
dies that investigate modifiers of the association between
SUA and incident hypertension had limitations, such as
cross-sectional study design, specific age, or sex. In addi-
tion, only limited data are available on the interaction of
SUA and other factors for hypertension in the general
population. Thus, we investigated whether there is an
independent association between SUA and incident hyper-
tension, and whether the association is modified by other
risk factors for hypertension among the general Korean
population aged 40–79 years.

Methods

Study population

This study analyzed data from the Korean Genome Epide-
miology Study (KoGES)-Kangwha, which was a rural,
community-based prospective cohort. A total of 4899 peo-
ple aged > 40 years were enrolled between 2006 and 2011.
The participants were living in Kangwha Island, Incheon,
South Korea. Eligible participants were asked to participate
in the study through on-site invitation, mailed letters, tele-
phone calls, media campaign, or community leader-
mediated conferences. After baseline examination, partici-
pants underwent a follow-up examination more than once
between 2009 and 2013. Detailed recruitment methods for
the KoGES-Kangwha study have been reported elsewhere
[27, 28]. For this study, we analyzed baseline and the
follow-up data of eligible participants (n= 4210) who had
information for SUA levels between 2008 and 2013. We
excluded individuals who had a history of stroke, angina
pectoris or myocardial infarction at baseline (n= 178). We
also excluded individuals with high BP (SBP ≥ 140 or
DBP ≥ 90 mmHg (n= 458)) and/or taking antihypertensive

drugs (n= 655) at baseline. After further excluding indivi-
duals who had no measurement of SUA (n= 1192), were
missing key covariates (n= 1) or were outliers (n= 11), the
final sample was 808 individuals (314 men and 494
women). Incident hypertension was defined by SBP ≥ 140
or DBP ≥ 90 mmHg at follow-up health examinations or a
self-report of receiving treatment for high BP and/or a
physician’s diagnosis of hypertension during the follow-up
period. All participants provided written informed consent,
and the study protocol was approved by the Institutional
Review Board of Yonsei University Graduate School of
Public Health (2-1040939-AB-N-01-2016-403).

Questionnaire data

All participants had an individual interview using standar-
dized questionnaires to obtain information about their
demographics, medical history, and health-related lifestyle.
All interviewers were trained and performed questionnaire
surveys according to a prescribed procedure. Smoking sta-
tus was categorized as current smoking group and current
nonsmoking group (ex-smokers and non-smokers). Alcohol
intake was also classified into two groups: current alcohol
drinking or current non-drinking (past alcohol drinking and
never drinking).

Anthropometrics

Participants were required to refrain from smoking or
ingesting caffeine for 8 hours preceding the health exam-
ination. Standing height was measured to the ~ 0.1 cm using
a stadiometer (SECA763, SECA GMBH, Germany), and
body weight was measured to the ~ 0.1 kg using a digital
scale (GL-60000-20, Seoul, Korea) with participants
wearing underwear and examination gowns. Body mass
index (BMI) was calculated as an individual’s body weight
in kilograms divided by their height in meters squared (kg/
m2). Resting SBP and DBP were measured at least twice
using an oscilloscopic sphygmomanometer (Dinamap 1846
SX/P; GE Healthcare, USA). Prior to each measurement, all
participants had rested for at least 5 min in a seated position,
and the cuff size was adapted to their right upper arm cir-
cumference. If the first and second measurements differed
by ≥ 10 mmHg, additional measurements were performed,
and the average of the last two measurements was used
in this analysis. Hypertension was defined as average
SBP ≥ 140 mmHg or average DBP ≥ 90 mmHg or current
BP medication use.

Laboratory assays

After at least 8 hours of fasting, blood samples were col-
lected from the antecubital vein in the morning. Fasting
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blood glucose levels were determined by a colorimetry
method (ADVIA 1800; Siemens Medical Solutions), and
fasting insulin levels were determined by an immunor-
adiometric assay (SR-300; Stratec, Birkenfeld, Germany).
The homeostasis model assessment of insulin resistance
(HOMA-IR) was used to evaluate insulin resistance:
HOMA-IR= fasting glucose (mg/dL) × fasting insulin (μI
U/mL)/405 [29]. Enzymatic methods were used to measure
total cholesterol, high-density cholesterol (HDL), trigly-
ceride, and total protein levels (ADVIA 1800; Siemens
Medical Solutions, Pleasanton, CA, USA). Low-density
lipoprotein (LDL) cholesterol levels were calculated using
the Friedewald formula [30]. Blood urea creatinine was
measured by colorimetric methods using automatic analy-
zers (ADVIA 1650, Bayer Corp, USA). The glomerular
filtration rate (GFR) was calculated by the Cockcroft and
Gault formula [31]. C-reactive protein (CRP) was measured
by a turbidimetric immunoassay assay (ADVIA 1800;
DenKa Seiken, Japan).

Statistical analysis

Gender differences in general characteristics were analyzed
using the independent t test and the Wilcoxon rank-sum test
for continuous variables and the chi-square test for
categorical variables. Fasting glucose level, insulin,

triglycerides, HOMA-IR, and CRP were log-transformed
for parametric testing owing to the right-skewed distribu-
tion. To evaluate the independent determinants of incident
hypertension, multiple regression analyses were performed.
Potential confounders were selected by the results of pre-
vious studies and multiple regression analysis using a
backward selection method. We also performed goodness-
of-fit tests [32].

To access the longitudinal associations between SUA
and BP, we used serial generalized linear models with a
Poisson distribution using robust variance estimator [32,
33]: model 1 was adjusted for sex (only in the pooled
analysis), age and BMI; model 2 was additionally adjusted
for SBP and DBP; and model 3 was additionally adjusted
for HDL cholesterol and creatinine. This was done when the
proportion of the outcome was > 10%, in which case odds
ratios would provide biased estimates of associations [34].

To examine the consistency of the observed association
between SUA and hypertension, we performed subgroup
analyses of participants according to age ( < 55, ≥ 55 years),
BMI ( < 25, ≥ 25 kg/m2), triglycerides ( < 150, ≥ 150 mg/
dL), HDL cholesterol (40 ≤ , > 40 mg/dL), and LDL cho-
lesterol (130 ≤ , > 130 mg/dL), which are known risk factors
for incident hypertension in previous studies. The p value
for interactions between SUA and other risk factors on the
incident hypertension were calculated by a Z test. In

Table 1 General characteristics
of study population

Variables Total (n= 808) Men (n= 314) Women (n= 494) p value

Age, year 55.4 ± 7.2 57.1 ± 6.9 54.3 ± 7.3 <0.001

BMI, kg/m2 24.5 ± 3.1 24.2 ± 2.9 24.6 ± 3.2 0.089

SBP, mmHg 116.1 ± 12.2 117.2 ± 11.6 115.4 ± 12.6 0.035

DBP, mmHg 72.0 ± 8.3 74.7 ± 7.8 70.3 ± 8.2 <0.001

Fasting glucose, mg/dL 91.0 (86–98] 93.0 [87–102] 90.0 [85–97] <0.001

Fasting insulin, mg/dL 7.7 [6.0–10.2] 7.0 [5.7–9.8] 8.0 [6.2–10.5] <0. 001

HOMA-IR 1.8 [1.3–2.4] 1.7 [1.3–2.4] 1.8 [1.4–2.4] 0.072

Total cholesterol, mg/dL 195.6 ± 34.5 189.1 ± 33.3 199.6 ± 34.6 <0.001

HDL cholesterol, mg/dL 45.5 ± 10.8 43.7 ± 10.3 46.6 ± 11.0 <0.001

LDL cholesterol, mg/dL 121.7 ± 32.5 115.2 ± 31.9 125.9 ± 32.2 <0.001

Triglycerides, mg/dL 122.5 [86–171] 135.5 [92–187] 114.0 [84–163] 0.001

Creatinine, mg/dL 0.9 ± 0.2 1.0 ± 0.1 0.9 ± 0.1 <0.001

GFR, mL/min/1.73 m2 69.8 ± 14.9 72.4 ± 15.1 68.1 ± 14.5 <0.001

SUA, mg/dL 4.9 ± 1.3 5.7 ± 1.3 4.4 ± 1.0 <0.001

CRP, mg/L 0.6 [0.3–1.3] 0.7 [0.4–1.3] 0.6 [0.3–1.4] 0.406

Current smoker (n= 778) 81 (10.4) 75 (24.8) 6 (1.3) <0.001

Current drinker (n= 806) 310 (38.5) 184 (58.6) 126 (25.6) <0.001

Incident hypertension 89 (11.0) 36 (11.5) 53 (10.7) 0.833

Values are presented as mean ± standard deviation, median [interquartile range], or number (%)

P value was derived from the independent t test, the Wilcoxon rank-sum test, or chi-square test

BMI body mass index, CRP C-reactive protein, DBP diastolic blood pressure, GFR glomerular filtration
ratio, HDL high-density lipoprotein, HOMA-IR, homeostatic model assessment for insulin resistance, LDL
low-density lipoprotein, SUA serum uric acid SBP systolic blood pressure
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addition, restricted cubic spline was used to investigate the
possibility of non-linearity association between SUA and
incident hypertension [35]. In this method, we selected five
SUA values as knots based on SUA percentiles, tested the
linear and non-linear associations between knots using a
cubic function, and presented the smoothly integrated
graph. Because the restricted cubic spline could be affected
by outliers, we excluded values lower than the 1st percentile
and greater than the 99th percentile. All analyses were
performed using SAS statistical software, version 9.4 (SAS
Institute Inc., Cary, NC, USA), and statistical significance
was defined as a two-sided p value of < 0.05.

Results

Baseline characteristics of the study population are pre-
sented in Table 1. The mean age of the study population
was 57.1 years in 314 men and 54.3 years in 494 women.
The mean level of SUA was 5.7 mg/dL in men and 4.4 mg/
dL in women. Age, SBP, DBP, fasting glucose, triglycer-
ides, creatinine, GFR, SUA, smoking, and alcohol intake
were significantly higher in men than in women. However,
fasting insulin level, total cholesterol, HDL cholesterol, and
LDL cholesterol were higher in women than in men. During
the follow-up period (mean 3.3 years), 36 men (11.5%), and
53 women (10.7%) developed hypertension.

Table 2 shows the prospective association between SUA
levels and incident hypertension using a generalized linear
model. The unadjusted relative risk for incident hyperten-
sion in total participants was 1.18 (95% CI 1.01–1.37) per
1.0 mg/dL increase in baseline SUA. When adjusted for sex,
age, BMI, SBP, DBP, HDL cholesterol and creatinine, the
relative risk was 1.19 (95% CI 0.98–1.44) per 1.0 mg/dL
increase in baseline SUA. When stratified according to sex,
relative risks were 1.20 (95% CI 0.91–1.57) in men and
1.25 (95% CI 0.93–1.69) in women after adjusting for age,
BMI, SBP, DBP, HDL cholesterol, and creatinine.

Figure 1 presents the relative risks for incident hyper-
tension according to SUA levels by restricted cubic spline.
The relative risks were adjusted for age, BMI, SBP, DBP,
HDL cholesterol, and creatinine. Knots were set at the 5th,
25th, 75th, and 95th percentiles, and the plot was truncated
at the 1st and 99th percentiles. The median SUA level was
used as the reference. There was no significant association
between SUA and incident hypertension (p value for the
non-linear relation of 0.075; p value for the linear relation of
0.120).

Table 3 shows associations between SUA level and
incident hypertension among subgroups categorized by
risk factors for hypertension including sex, age, BMI,
triglycerides, HDL cholesterol, LDL cholesterol, and
fasting glucose. The interaction tests for sex, BMI,

Table 2 Relative risk (95% confidence interval) of incident
hypertension according to baseline SUA levels using a generalized
linear model

Models Relative risk (95% CI) for incident
hypertension per SUA 1.0 mg/dL

p value

Total (n= 808)

Unadjusted 1.18 (1.01–1.37) 0.034

Model 1 1.23 (0.94–1.33) 0.190

Model 2 1.14 (0.96–1.36) 0.137

Model 3 1.19 (0.98–1.44) 0.087

Men (n= 314)

Unadjusted 1.21 (0.95–1.54) 0.126

Model 1 1.13 (0.90–1.42) 0.297

Model 2 1.15 (0.90–1.46) 0.255

Model 3 1.20 (0.91–1.57) 0.194

Women (n= 494)

Unadjusted 1.24 (0.96–1.59) 0.093

Model 1 1.10 (0.85–1.43) 0.457

Model 2 1.12 (0.88–1.44) 0.360

Model 3 1.25 (0.93–1.69) 0.139

Model 1: adjusted for sex, age and BMI

Model 2: adjusted for sex, age, BMI, SBP, and DBP

Model 3: adjusted for sex, age, BMI, SBP, DBP, HDL cholesterol, and
creatinine

BMI body mass index, CI confidence interval, DBP diastolic blood
pressure, HDL high-density lipoprotein, SUA serum uric acid, SBP
systolic blood pressure

Fig. 1 Relative risks for incident hypertension according to SUA
levels by restricted cubic spline. The relative risks were adjusted for
age, BMI, SBP, DBP, HDL cholesterol, and creatinine. Knots were set
at the 5th, 25th, 75th, and 95th percentiles, and the plot was truncated
at the 1st and 99th percentiles. The median to SUA level was used as
the reference. There was no significant association between SUA and
incident hypertension in total population (p value for the non-linear
relation of 0.075; p value for the linear relation of 0.120)
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triglycerides, HDL cholesterol, LDL cholesterol, and
fasting glucose were not significant. However, the inter-
action test for age was significant (p= 0.009). We found
that an association between SUA level and incident
hypertension was significant in participants of age < 55
years (relative risk 1.74 per 1 mg/dL increase in SUA,
p= 0.002), but the association was not significant in
participants of age ≥ 55 years (p= 0.894). When we
analyzed people age ≥ 55 years divided into people aged
55–64 years and ≥ 65 years, the associations between
SUA and incident hypertension did not change (data not
shown).

Figure 2 shows the relative risks for incident hyperten-
sion according to SUA levels by participant age using
restricted cubic spline. In people aged < 55 years, there was
a significant linear association between SUA and incident
hypertension (p value for the non-linear relation of 0.196; p
value for the linear relation of 0.002). However, among
people aged ≥ 55 years, there was no significant association
between SUA and incident hypertension (p value for the
non-linear relation of 0.282; p value for the linear relation
of 0.909).

Discussion

We examined whether there is an independent association
between SUA and incident hypertension and assessed the
interaction between SUA and other risk factors for pro-
gression of BP and incident hypertension. We observed an
age-differential association between SUA level and incident
hypertension. The association between SUA level and
incident hypertension was positively significant among
people aged < 55 years, but there was no significant asso-
ciation among people aged ≥ 55 years (p for interaction=
0.009).

A previous longitudinal study with a mean follow-up of
5.41 years in a Taiwanese population suggested that the
SUA level was an independent predictor of incident
hypertension [36]. The Beaver Dam Eye Study, a
population-based cohort study of older Americans,
observed that increasing quartiles of SUA were associated
with 10-year incidence of hypertension independent of
smoking, alcohol intake and baseline kidney function [37].
A longitudinal study over 8 years with Americans also
reported that higher baseline SBP and lower HDL

Table 3 Associations between
SUA and incident hypertension
according to sex, age, body mass
index, lipid profiles, and fasting
glucose using a generalized
linear model*

Subgroup No. of
participants

No. of incident
case

Relative risk (95% CI) p value p interaction†

Sex

Men 314 36 1.18 (0.90–1.55) 0.221 0.936

Women 494 53 1.20 (0.91–1.59) 0.196

Age

< 55 year 374 29 1.74 (1.22–2.47) 0.002 0.009

≥ 55 year 434 60 0.98 (0.77–1.25) 0.894

BMI

< 25 kg/m2 476 40 1.10 (0.78–1.53) 0.591 0.575

≥ 25 kg/m2 332 49 1.24 (0.97–1.58) 0.089

Triglycerides

<150 mg/dL 524 48 1.20 (0.90–1.59) 0.215 0.826

≥150 mg/dL 284 41 1.14 (0.86–1.53) 0.366

HDL cholesterol

≤40 mg/dL 272 46 1.12 (0.86–1.45) 0.391 0.395

>40 mg/dL 536 43 1.33 (0.98–1.82) 0.067

LDL cholesterol

< 130 mg/dL 501 58 1.17 (0.93–1.46) 0.181 0.960

≥ 130 mg/dL 307 31 1.15 (0.76–1.74) 0.495

Fasting glucose

< 100 mg/dL 628 63 1.04 (0.82–1.33) 0.727 0.099

≥ 100 mg/dL 180 26 1.50 (1.05–2.13) 0.025

*Adjusted for sex, age, BMI, SBP, DBP, HDL cholesterol, and creatinine
†The p value for interactions between serum uric acid and known risk factors on the risk of developing
hypertension were calculated by a Z test

BMI body mass index, CI confidence interval, DBP diastolic blood pressure, HDL high-density lipoprotein,
LDL low-density lipoprotein, SUA serum uric acid, SBP systolic blood pressure
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cholesterol were significant independent predictors for
incident hypertension in a multivariate Cox regression
model [38].

In a cross-sectional study that investigated the interaction
of BP and other risk factors on hypertension, the interaction
between SUA and triglyceride was significant for SBP, but
not for DBP, after adjusting for sex and age [26]. A higher
SUA level was significantly associated with prehyperten-
sion in a group with triglyceride levels of < 150 mg/dL but
not in a group with triglyceride levels of ≥ 150 mg/dL.

Another study reported that there was an independent and
positive association between serum acid and hypertension,
suggesting that HDL cholesterol may modify the associa-
tion between SUA and hypertension [25]. In this previous
study, the association between SUA and hypertension was
most prominent in those with the highest quintiles of HDL
cholesterol. On the other hand, there was an independent
association between baseline lipids (total cholesterol, HDL
cholesterol and total cholesterol/HDL cholesterol ratio) and
hypertension in the Physicians’ Health Study among men
without diabetes and obesity [39]. This previous study
suggested that dyslipidemia may lead to the subsequent
development of hypertension. The Women’s Health Study
also reported that dyslipidemia was independently asso-
ciated with the subsequent development of hypertension
among healthy women [40]. The Tehran Lipid and Glucose
Study also suggested that dyslipidemia measured by serum
triglycerides and the triglyceride/HDL cholesterol ratio may
be useful in identification of women at risk of hypertension
[41]. However, the interactions of SUA with lipid profiles
on BP were not significant in the current study.

It is well known that the SUA level is higher in men than
in women. Some previous studies reported that sex is an
important factor in interrelationships among age, hyperur-
icemia, and metabolic syndrome, including the component
of hypertension [42, 43]. Also, a previous study reported
that the menopausal status of women was an important
factor of the hyperuricemia and metabolic syndrome [44,
45]. Different roles of xanthine oxidase and oxidative stress,
and estrogen levels according to sex can cause a sex-
differential association between SUA and incident hyper-
tension [46, 47]. Thus, we analyzed data with a stratification
for sex, but sex did not significantly influence the associa-
tion between SUA and incident hypertension in the current
study. Further studies with larger sample sizes are needed to
identify the sex-differential association between SUA and
incident hypertension.

A longitudinal study with Japanese men aged 18–60
years reported that high a SUA level was associated with
future hypertension, and this association was stronger in
participants aged 40–60 years than that of those aged 18–40
years (p for interaction= 0.035) [13]. Our study included
people aged 40–79 years, and we observed that the asso-
ciation between SUA level and incident hypertension was
more prominent in participants aged 40–55 years than in
those aged ≥ 55 years. Considering these results together, an
elevated SUA level can be a trigger for hypertension,
especially in the middle-aged population.

The mechanism linking the association between
increased SUA level and incident hypertension is not
completely understood. Previous studies reported that oxi-
dative stress, inflammation, nitric oxide production
impairment, vascular endothelial dysfunction, vascular

Fig. 2 Relative risks for incident hypertension according to serum uric
acid levels by participant’s age using restricted cubic spline. The
relative risks were adjusted for age, BMI, baseline SBP, baseline DBP,
HDL cholesterol, and creatinine. Knots were set at the 5th, 25th, 75th,
and 95th percentiles, and the plot was truncated at the 1st and 99th
percentiles. The median to SUA level was used as the reference. a In
people under the age of 55 years, there was a significant linear asso-
ciation between SUA and incident hypertension (p value for the non-
linear relation of 0.196; p value for the linear relation of 0.002). Thus,
we show the linear model. b In people over the age of 55 years, there
was no significant association between SUA and incident hypertension
(p value for the non-linear relation of 0.282; p value for the linear
relation of 0.909)
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smooth muscle proliferation, and renin–angiotensin system
enhancement were mechanisms for incident hypertension
by hyperuricemia [48–52]. Crystallization of uric acid itself
has also been reported to cause inflammation, gouty kidney,
and urinary tract, and progression to renal failure [53, 54].
High SUA levels may lead to decreasing endothelial nitric
oxide, which is well known as a mediator of insulin action
and increases blood flow to skeletal muscle and enhances
glucose uptake [48]. High SUA can cause renal vasocon-
striction and alters the proliferation/migration of endothelial
and vascular smooth muscle cells through inhibition of
nitric oxide and stimulation of the renin–angiotensin sys-
tem, which may then lead to endothelial dysfunction [49,
50, 55, 56]. Thus, hyperuricemia may lead to raised BP. In
addition, SUA is an indicator of systematic inflammation
[57] and is associated with cardiovascular risk factors such
as insulin resistance [58], BMI, total cholesterol, HDL
cholesterol, triglycerides, and fasting glucose [58–60].

In additional analyses, we considered blood lipids as
covariates for incident hypertension, although these vari-
ables, including total cholesterol, LDL cholesterol, and tri-
glycerides, were not influential in a generalized linear model
(data not shown). Dyslipidemia may lead to impairment in
endothelial function and result in defective vasoregulation
[61], increasing arterial stiffness [62], decreasing com-
pliance, and renal microvascular disease. High triglyceride
levels may cause endothelial dysfunction [63], loss of
vasomotor reactivity [64], and arterial stiffness [65]. A high
triglyceride level is significantly associated with insulin
resistance [49], which may lead to incident hypertension by
promoting renal tubular sodium reabsorption, stimulating
sympathetic nervous system reactivity and the
renin–angiotensin system [25]. Both SUA and lipids can
cause incident hypertension through endothelial dysfunction
and systematic inflammation [25, 26, 41, 66, 67]. However,
according to our analysis, blood lipids at baseline were not
independent predictors of future hypertension, but SUA,
BMI, SBP, and DBP were independent predictors for future
hypertension when fully adjusted (data not shown). The
results suggested that such unfavorable pathophysiological
processes induced by SUA might be greater than those of
blood lipids.

In our study, the association between SUA and incident
hypertension was inconsistent between two subgroups
categorized by age. We cannot explain exactly how age
modifies the effects of uric acid on the development of
hypertension.

One possible explanation can be pathophysiological
changes with aging. If SUA can cause premature vascular
degeneration, SUA could not affect elderly people whose
pathophysiological changes, including premature vascular
degeneration and endothelial dysfunction, may have already
occurred with aging. Similar to a well-known process of

progression in BP [68], increased SUA level can be a trigger
for hypertension through early vascular change in the
middle-aged population but not among people aged ≥ 55
years who already had some vascular degeneration. A
previous study also suggested that the SUA level might play
a role in the early pathogenesis of primary hypertension [69,
70]. Furthermore, a previous study reported that the strength
of the relationship between uric acid and hypertension
decreases with increasing patient age and duration of
hypertension, suggesting that SUA may be most important
in younger people with early-onset hypertension [71].

Another possible explanation is that SUA is associated
with an increase in DBP rather than SBP. Previous studies
have reported that the prevalence of isolated systolic
hypertension (SBP ≥ 160 and DBP < 90 mmHg) rises with
age [72–75]. SBP increases with age, at least until over 80
years of age, but DBP only rises until 50–60 years of age
and thereafter either levels off or slightly decreases. In a
study with Korean adults, mean SBP increased progres-
sively across the entire age range [76]. However, mean DBP
increased slightly before the age of 55 years and then pla-
teaued or decreased. In the 2011 Korean National Health
and Nutrition Examination Survey, SBP steadily increased
with age until more than 60 years, whereas DBP decreased,
resulting in an increase in the pulse pressure [77]. In our
secondary analysis, the SUA level was not associated with
an increase in SBP but was positively associated with an
increase in DBP (Supplementary Table 1). Considering
these results, higher SUA is associated with an increase in
DBP rather than SBP, and a higher SUA level could not
affect participants over the age of 55 years because DBP
levels get closer to maximum at the age of 55 years. The
age-differential association between SUA and incident
hypertension in our study can be partly explained by iso-
lated systolic hypertension, which predominates after the
age of 50 years as SBP continues to rise and DBP tends to
fall. Further studies are needed to clarify the interrelation-
ship between SUA and age for incident hypertension and
which group is most vulnerable to incident hypertension.

The current study has some limitations. First, it may not
be appropriate to generalize it to another ethnic group
because this study was conducted among Korean adults
from a single rural community. Second, we could not take
into account day-to-day variation of BP because BP level
was decided in a single visit, although we conducted BP
measurement multiple times. These may have led to a
misclassification of incident hypertension. However, the
effects of non-differential misclassification would have
resulted in a bias toward the null. Third, we did not consider
medications for diabetes and dyslipidemia as covariates.
Fasting glucose levels and blood lipids can be influenced by
these medications. Fourth, although we took a large number
of potential confounders into consideration, the possibility
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remains that unmeasured factors such as overall nutrition or
specific dietary nutrient intake could account for the asso-
ciation of SUA with incident hypertension. However, when
we analyzed data with additional adjustment for some blood
test results, including albumin and protein that reflect the
overall nutritional status, our main finding regarding the
age-differential association between SUA and incident
hypertension did not change. When we performed subgroup
analysis including only people with BMI ≥ 18.5 kg/m2 to
consider the effect of undernutrition, the main result was
also not changed (data not shown).

In conclusion, we observed an age-differential associa-
tion between SUA level and incident hypertension among a
community-dwelling healthy Korean population. Among
adults aged 40–79 years, a high SUA level was significantly
associated with incident hypertension only in adults under
the age of 55 years. To prevent future hypertension and
cardiovascular disease effectively, active intervention to
avoid increasing the SUA level may be required, especially
in the middle-aged healthy population.
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