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Abstract

Background and objective: The present study assesses the relationship between hyperuricemia and pulse pressure (PP) in non-diabetic
Korean adults. Material and methods: Data from 5122 subjects (2251 men and 2871 women) in the seventh Korean National Health
and Nutrition Examination Survey (KNHANES VII-2, 2017) were analyzed. Results: Systolic blood pressure (SBP) and PP were
significant factors determining the odds ratios (ORs) for hyperuricemia (uric acid ≥7.0 mg/dL in men or ≥6.0 mg/dL in women) in
men and the overall population. In women, SBP, diastolic blood pressure (DBP), and PP were not significant factors determining the
OR for hyperuricemia. After adjusting for related variables, the OR of hyperuricemia was significantly higher in the high PP group (PP
>60.0 mmHg) for men (OR, 1.760; 95% confidence interval [CI], 1.152–2.688) and the overall population (OR, 1.557; 95% CI, 1.132–
2.140) compared with the normal PP group, but this trend was not seen in women (OR, 1.060; 95% CI, 0.646–1.740). Conclusions:
Hyperuricemia was positively associated with PP in non-diabetic Korean men but not in women.
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1. Introduction
High systolic blood pressure (SBP) affects cardiac

structure and function and is associated with chronic left
ventricular (LV) overload and ventricular remodeling [1,2].
In addition, some studies suggest that low diastolic blood
pressure (DBP) is associated with coronary events and my-
ocardial damage [3,4]. Pulse pressure (PP) is the difference
between SBP and DBP. An elevated PP is a strong risk fac-
tor for LV hypertrophy, atrial fibrillation, and arterial stiff-
ness [5–7].

Uric acid (UA) is mainly formed in the liver and intes-
tine and is the end product of purine metabolism [8]. Hy-
peruricemia, defined as a serum UA concentration of ≥7.0
mg/dL in men and ≥6.0 mg/dL in women [9], is an inde-
pendent risk factor for cardiovascular disease and is associ-
ated with diabetes, metabolic syndrome, hypertension, and
chronic kidney disease in high-risk populations [10–12].
Additionally, some studies have demonstrated a relation-
ship between carotid–femoral pulse wave velocity (PWV)
and the development or progression of arterial stiffness and
changes in the structural properties of the large artery wall
in subjects with hyperuricemia [13–15].

To our best knowledge, there are no prior studies on
the relationship between hyperuricemia and PP by gender in
the non-diabetic Korean population. Therefore, we investi-
gated this relationship using data from the seventh Korean

National Health and Nutrition Examination Survey (KN-
HANES VII-2, 2017), a representative cross-sectional sur-
vey of the Korean population.

2. Methods
2.1 Study subjects

This study was based on data from the KNHANES
VII–2 (2017), which are themost recent data for blood pres-
sure and UA. The KNHANES is a cross-sectional survey
conducted nationwide by the Division of Korean National
Health and Welfare. The KNHANES VII–2 (2017) was
performed from January 2017 to December 2017. Partic-
ipants provided written informed consent to participate in
this survey, and we received the data in anonymized form.
In the KNHANES VII-1, 8127 individuals over age 1 were
sampled for the survey. Among them, of the 6458 sub-
jects who participated in the KNHANES VII-2, we limited
the analyses to adults aged ≥20 years. We excluded par-
ticipants 821 subjects whose data were missing for impor-
tant analytic variables, such as UA, SBP, DBP, and vari-
ous blood chemistry tests. Thereafter, we excluded those
individuals with missing values or who suffered from dia-
betes (this included 515 subjects diagnosed with type 1 or 2
diabetes mellitus or with fasting blood glucose level ≥126
mg/dL, or treatment for hyperglycemia). Finally, 5122 sub-
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jects (2251 men and 2871 women) were included in the
statistical analysis (Fig. 1). This study was performed in
accordance with the tenets of the Declaration of Helsinki.
All survey participants agreed with the use of epidemio-
logical research to identify risk factors and death causes
of chronic diseases. Participants’ records and informa-
tion in the KNHANES were anonymous and de-identified
prior to analysis. Further information can be found in
“The KNHANES VII-2 (2017) Sample”, which is available
on the KNHANES website. The official website of KN-
HANES (http://knhanes.cdc.go.kr) is currently operating an
English-language information homepage. The data of the
respective year are available to everyone free of charge. If
the applicant completes a simple subscription process and
provides his/her email address on the official website of
KNHANES, the data of the respective year can be down-
loaded free of charge. If additional information is required,
the readers may contact the department responsible for the
storage of data directly (Su Yeon Park, sun4070@korea.kr).
As the data of KNHANES VII-2 are available to the public
after removing personal identifiers and being anonymized,
the Institutional Review Board (IRB) of Namseoul Univer-
sity determined that this study was exempt from requiring
their approval (IRB No, 1041479-HR-201804-007).

2.2 General characteristics and blood chemistry
Research subjects were classified by sex (men and

women), smoking (non-smoker or ex-smoker or current
smoker), alcohol drinking (yes or no), and regular exercise
(yes or no). Anthropometric measurements included mea-
surement of body mass index (BMI), waist circumference
(WC), SBP, and DBP. Blood chemistries included measure-
ments of total cholesterol (TC), triglycerides (TGs), high
density lipoprotein cholesterol (HDL-C), fasting blood glu-
cose (FBG), blood urea nitrogen (BUN), creatinine (Crea),
high sensitivity C reactive protein (CRP), and UA.

2.3 Hyperuricemia and pulse pressure
Hyperuricemia was classified as UA of over 7.0

mg/dL and 6.0 mg/dL for men and women [9]. SBP and
DBPweremeasured by a nurse using a sphygmomanometer
(Baumanometer, Wall Unit 33, USA) after the participants
rested for over 20 minutes. SBP and DBP were measured
twice on the right and left arm, and the average of the two
values was calculated. PP was calculated as the difference
between SBP and DBP. As a definitive cutoff value for high
PP was not found in the literature, a high PP was classified
when the PP was >60 mmHg [16].

2.4 Statistical analysis
The collected data were statistically analyzed using

SPSS WIN version 18.0 (SPSS Inc., Chicago, IL, USA).
The distributions of the participant characteristics were con-
verted into percentages, and the successive data were pre-
sented as averages with standard deviations. The distribu-

tion and average difference in clinical characteristics ac-
cording to normouricemia and hyperuricemia were calcu-
lated using a chi-square (χ2) and an independent t-test.
In the case of logistic regression for odds ratio of hyper-
uricemia, the 4 models constructed were: (1) non-adjusted;
(2) adjusted for smoking, drinking, and regular exercising
or gender; (3) further adjusted for BMI, WC, TC, TGs,
HDL-C, BUN, Crea, FBG, and hs CRP or gender; (4) fur-
ther adjusted for age or gender. The significance level for
all of the statistical data was set as p < 0.05.

3. Results
3.1 Clinical characteristics of research subjects

The clinical characteristics of the research subjects are
shown in Table 1. Among the 5122 subjects, the incidence
of high PP was 574 (11.2%), and the incidence of hype-
ruricemia was 608 (11.9%). SBP, DBP, BMI, WC, TGs,
FBG, BUN, Crea, hs CRP, and UA were higher in men
than in women, TC and HDL-C were lower in men than
in women, and PP was not significant. The incidence of
both a high PP and hyperuricemia was higher in men than
in women.

3.2 Clinical characteristics of subjects according to
normouricemia and hyperuricemia groups in men, women,
and the overall population

The clinical characteristics of the subjects accord-
ing to the normouricemia and hyperuricemia groups are
shown in Table 2. In the overall population, SBP and DBP
were higher in the hyperuricemia group than in the nor-
mouricemia group, but age and PP were not significant. For
both sexes, SBP, DBP, and age were higher in the hyper-
uricemia group than in the normouricemia group, whereas
PP was significant for women only.

3.3 Logistic regression analyses for the independent
factors determining hyperuricemia in men, women, and
the overall population

Logistic regression analyses for the independent fac-
tors determining hyperuricemia are shown in Tables 3,4.
SBP and PP, but not DBP, were significant factors deter-
mining the odds ratios (ORs) for hyperuricemia in men and
the overall population (Table 3). In women, SBP, DBP, and
PP were not significant factors determining the OR for hy-
peruricemia (Table 4).

3.4 Comparisons of hyperuricemia and high PP in men,
women, and the overall population

Comparisons of the ORs of hyperuricemia according
to high PP are shown in Table 5. After adjusting for related
variables (except for age), the ORs of hyperuricemia in men
and the overall population with normal and high PP were
not significant (Model 3). However, after further adjust-
ing for age, the ORs of hyperuricemia in men (OR, 1.460;
95% confidence interval [CI], 1.152–2.688) and the overall
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Fig. 1. Flowchart showing criteria for subject selection.

population (OR, 1.557; 95% CI, 1.132–2.140) were signifi-
cantly higher for those with high PP than those with normal
PP (Model 4). In women, after adjusting for related vari-
ables (including age), the OR of hyperuricemia in the nor-
mal PP and high PP group was not significant (OR, 1.060;
95% CI, 0.646–1.740).

4. Discussion
The present study investigated the association be-

tween hyperuricemia and PP by gender in non-diabetic Ko-
rean adults using data from the KNHANES VII-2 (2017).
After adjustment for conventional risk factors, such as age,
hyperuricemia was positively associated with PP inmen but
not in women.

UA, produced by the metabolism of purine nu-
cleotides, tends to accumulate in the human body [17]. Hy-
peruricemia is a strong risk factor for atherosclerotic car-
diovascular disease. Wu et al. [18] positively associated
hyperuricemia with clustering of chronic vascular disease
risk factors, such as obesity, dyslipidemia, and hyperten-
sion, in Chinese adults. In the Generation 3 Framingham
Heart Study, serum UA was independently associated with
carotid-femoral PWV and carotid-radial PWV, suggesting

a role for UA in increasing arterial stiffness [19]. In other
studies, hyperuricemia was found to be an independent pre-
dictor of hypertension [20], arteriosclerosis [21], and the
development of LV hypertrophy [22].

Serum UA can cause arteriosclerosis and LV hyper-
trophy by directly stimulating the renin-angiotensin sys-
tem, reducing endothelial nitric oxide bioavailability, and
inducing oxidative stress due to the generation of oxidants
or NADPH during UA production by xanthine oxidoreduc-
tase. In turn, activation of the vascular renin-angiotensin
system can lead to irreversible vasoconstriction and remod-
eling of the intrarenal vasculature [23,24]. Moreover, hype-
ruricemia can increase the endothelin-1 level and myocar-
dial oxidative stress, inducing ventricular remodeling and
LV hypertrophy [25]. Therefore, some studies argued that
inhibitors of UA production, such as allopurinol, suppress
LV hypertrophy and LV dysfunction [26,27].

In the presented study, after adjusting for related vari-
ables (excluding age), hyperuricemia was not associated
with high PP in men, women, and the overall population.
However, after further adjusting for age, hyperuricemia was
positively associated with PP in men and the overall pop-
ulation but not in women. Age is associated with hype-
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Table 1. General clinical characteristics (n (%), Mean ± SD).

Variables Category
Overall Men Women

p
(n = 5122) (n = 2251) (n = 2871)

Age (years) 51 ± 16 50 ± 16 51 ± 16 0.075
<40 1428 (27.9) 662 (29.4) 766 (26.7) 0.095
40–59 2040 (39.8) 880 (39.1) 1160 (40.4)
≥60 1654 (32.3) 709 (31.5) 945 (32.9)

Drinking Current drinker 2855 (55.7) 1620 (72.0) 1235 (43.0) <0.001
Smoking Current smoker 911 (17.8) 783 (34.8) 128 (4.5) <0.001
Exercising Regular exerciser 306 (6.0) 177 (7.9) 129 (4.5) <0.001
SBP (mmHg) 119 ± 17 121 ± 15 117 ± 18 <0.001
DBP (mmHg) 76 ± 10. 78 ± 10 74 ± 10 <0.001
PP (mmHg) 43 ± 13 43 ± 13 43 ± 14 0.254

Normal PP 4548 (88.8) 2036 (90.4) 2512 (87.5) 0.001
High PP 574 (11.2) 215 (9.6) 359 (12.5)

BMI (kg/m2) 23.8 ± 3.5 24.3 ± 3.2 23.4 ± 3.6 <0.001
WC (cm) 81.4 ± 9.9 85.7 ± 8.9 78.1 ± 9.6 <0.001
TC (mg/dL) 194 ± 37 193 ± 37 196 ± 38 0.004
TGs (mg/dL) 131 ± 101 156 ± 123 111 ± 72 <0.001
HDL-C (mg/dL) 52 ± 12 47 ± 11 55 ± 12 <0.001
FBG (mg/dL) 95.5 ± 10.3 97.3 ± 10.6 94.1 ± 9.9 <0.001
BUN (mg/dL) 14.3 ± 4.4 14.9 ± 4.4 13.8 ± 4.3 <0.001
Crea (mg/dL) 0.8 ± 0.3 1.0 ± 0.3 0.7 ± 0.2 <0.001
hs CRP (mg/L) 1.1 ± 1.7 1.3 ± 1.9 1.0 ± 1.5 <0.001
UA (mg/dL) 5.1 ± 1.4 5.9 ± 1.3 4.4 ± 1.0 <0.001

Normouricemia 4514 (88.1) 1813 (80.5) 2701 (94.1) <0.001
Hyperuricemia 608 (11.9) 438 (19.5) 170 (5.9)

SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; High PP, PP ≥60 mmHg;
BMI, body mass index; WC, waist circumference; TC, total Cholesterol; TGs, triglycerides; HDL-C, high
density lipoprotein cholesterol; FBG, fasting blood glucose; BUN, blood urea nitrogen; Crea, creatinine; hs-
CRP, high sensitivity C reactive protein; UA, uric acid; Hyperuricemia, UA≥7.0 mg/dL in men or UA ≥6.0
mg/dL in women.

ruricemia and sexual hormones in both men and women.
In our results, age was higher in the hyperuricemia group
than in the normouricemia group for women but lower for
men. Kurahashi et al. [28] observed a dose-response asso-
ciation between the onset of hyperuricemia and testosterone
dose received by females undergoing testosterone replace-
ment therapy, and a positive correlation between serum UA
and creatinine levels. The up-regulation of UA was at-
tributed, at least in part, to the rapid increase in purine pro-
duction associated with the increase in muscle mass. Hak
et al. [29] explained the increase in serum UA in women
from the United States (US) by menopause and other age-
related factors. Estrogen and progestogen therapy in post-
menopausal women can dramatically lower serum UA lev-
els [30]. Mumford et al. [31] revealed an inverse associ-
ation between UA level and estrogen and progesterone in
US women.

The association between UA and atherosclerosis and
LV hypertrophy in men and women can differ by coun-

try, race, and other potential confounding factors, such as
obesity, hypertension, chronic kidney disease, and diabetes
mellitus. According to Zangana, high UA level is posi-
tively linked to both LV mass and abnormal LV geome-
try among hypertensive adults in Iraq; and this effect is
greater in men than in women [32]. In another study, an ele-
vated serumUA level was positively associated with higher
cardio-ankle vascular index risk in Chinese women but not
in men [33]. Matsumura et al. [34] described serum UA
as an independent factor for LV hypertrophy in hyperten-
sive Japanese women (p = 0.027) but not in men (p = 0.29).
In contrast, the Baltimore Longitudinal Study of Aging dis-
closed a positive correlation between serum UA level and
PWV in US men but not in women [35]. In Chinese adults
who underwent health screening, Kuo et al. [36] associ-
ated hyperuricemia with co-existing arterial stiffness, mea-
sured by abnormal brachial-ankle PWV, in men (OR, 2.72;
95% CI, 1.53–4.85) but not in women (OR, 1.14; 95% CI,
0.89–1.47). In addition, Kurata et al. [37] found a posi-
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Table 2. General clinical characteristics according to uric acid in men and women (n (%), Mean ± SD).

Variables
Overall (n = 5122)

p
Men (n = 2251)

p
Women (n = 2871)

pNormouricemia Hyperuricemia Normouricemia Hyperuricemia Normouricemia Hyperuricemia

(n = 4514) (n = 608) (n = 1813) (n = 438) (n = 2701) (n = 170)

UA (mg/dL) 4.7 ± 1.0 7.5 ± 0.9 <0.001 5.5 ± 0.9 7.8 ± 0.8 <0.001 4.2 ± 0.8 6.6 ± 0.7 <0.001
Age (years) 51 ± 16 48 ± 17 0.918 51 ± 16 45 ± 16 <0.001 50 ± 16 55 ± 18 <0.001
SBP (mmHg) 118 ± 17 123 ± 17 <0.001 120 ± 15 123 ± 15 <0.001 117 ± 18 123 ± 22 <0.001
DBP (mmHg) 75 ± 10 79 ± 12 <0.001 77 ± 10 80 ± 11 <0.001 74 ± 9 75 ± 12 0.013
PP (mmHg) 43 ± 13 44 ± 14 0.081 43 ± 13 42 ± 12 0.616 43 ± 14 47 ± 18 <0.001
High PP 501 (11.1) 73 (12.0) 0.494 175 (9.7) 40 (9.1) 0.786 326 (12.1) 33 (19.4) 0.008
BMI (kg/m2) 23.6 ± 3.34 25.5 ± 3.8 <0.001 24.0 ± 3.0 25.6 ± 3.8 <0.001 23.3 ± 3.5 25.3 ± 3.8 <0.001
WC (cm) 80.66 ± 9.8 87.2 ± 9.8 <0.001 85.0 ± 8.5 88.6 ± 9.6 <0.001 77.8 ± 9.5 83.4 ± 9.4 <0.001
TC (mg/dL) 194 ± 37 200 ± 40 <0.001 191 ± 36 201 ± 39 <0.001 196 ± 37 197 ± 41 0.528
TGs (mg/dL) 123 ± 89 187 ± 151 <0.001 144 ± 107 203 ± 166 <0.001 109 ± 71 144 ± 88 <0.001
HDL-C (mg/dL) 52 ± 13 46 ± 11 <0.001 48 ± 11 44 ± 9 <0.001 55 ± 12 50 ± 12 <0.001
FBG (mg/dL) 95.3 ± 10.2 97.3 ± 11.0 0.036 97.3 ± 10.5 97.2 ± 10.9 0.832 93.9 ± 9.8 97.4 ± 11.3 <0.001
BUN (mg/dL) 14.1 ± 4.2 15.6 ± 5.6 <0.001 14.9 ± 4.4 15.1 ± 4.6 0.304 13.6 ± 4.0 16.8 ± 7.5 <0.001
Crea (mg/dL) 0.8 ± 0.3 1.0 ± 0.3 <0.001 0.95 ± 0.29 1.0 ± 0.3 <0.001 0.7 ± 0.0 0.9 ± 0.3 <0.001
hs CRP (mg/L) 1.1 ± 1.7 1.4 ± 1.8 <0.001 1.3 ± 1.9 1.4 ± 1.9 0.277 1.0 ± 1.5 1.5 ± 1.7 <0.001
Hyperuricemia, UA ≥7.0 mg/dL in men or UA ≥6.0 mg/dL in women.

Table 3. Comparisons of hyperuricemia and systolic and diastolic blood pressure.

Variables
Hyperuricemia (UA ≥7.0 mg/dL in men or ≥6.0 mg/dL in women)

Overall (n = 5122) Men (n = 2251) Women (n = 2871)

Exp (B) 95% CI p Exp (B) 95% CI p Exp (B) 95% CI p

Women 0.679 0.500–0.922 0.013 None
Age (years) 0.976 0.969–0.984 <0.001 0.973 0.964–0.982 <0.001 0.988 0.973–1.004 0.129
Current drinker 1.459 1.178–1.806 0.001 1.532 1.163–2.019 0.002 1.484 1.038–2.120 0.030
Current smoker 1.008 0.881–1.154 0.904 0.987 0.853–1.143 0.865 1.198 0.859–1.671 0.287
Regular exerciser 1.080 0.762–1.533 0.664 1.038 0.698–1.544 0.854 1.161 0.552–2.442 0.693
BMI (kg/m2) 1.062 1.004–1.124 0.035 1.066 0.991–1.148 0.087 1.059 0.967–1.160 0.215
WC (cm) 1.015 0.993–1.038 0.174 1.007 0.980–1.035 0.605 1.021 0.984–1.061 0.272
TC (mg/dL) 1.004 1.002–1.007 0.001 1.006 1.003–1.010 <0.001 1.002 0.997–1.006 0.499
TGs (mg/dL) 1.002 1.001–1.002 0.001 1.001 1.000–1.002 0.006 1.001 0.999–1.003 0.177
HDL-C (mg/dL) 0.970 0.960–0.980 <0.001 0.968 0.955–0.981 <0.001 0.974 0.957–0.992 0.004
FBG (mg/dL) 0.999 0.989–1.008 0.759 0.993 0.982–1.005 0.238 1.012 0.995–1.029 0.157
BUN (mg/dL) 1.055 1.029–1.081 <0.001 1.022 0.991–1.054 0.162 1.108 1.064–1.154 <0.001
Crea (mg/dL) 3.613 2.082–6.271 <0.001 3.581 1.789–7.133 <0.001 3.284 1.331–10.982 0.013
hs CRP (mg/L) 1.026 0.978–1.077 0.294 1.004 0.946–1.065 0.898 1.087 0.998–1.184 0.055
SBP (mmHg) 1.014 1.006–1.022 <0.001 1.018 1.007–1.028 0.001 1.002 0.989–1.016 0.726
DBP (mmHg) 1.000 0.988–1.012 0.981 1.000 0.986–1.015 0.969 1.002 0.980–1.024 0.868
Hyperuricemia, UA ≥7.0 mg/dL in men or ≥6.0 mg/dL in women.

tive correlation between LV (LV mass and wall thickness)
and serum UA level in Japanese hypertensive men but not
in women, suggesting a link between elevated UA level and
concentric hypertrophy inmen. In our study of non-diabetic
Korean adults, the association between hyperuricemia and
PP differed between the sexes. As far as we know, there
are no prior studies of gender differences in the relation-

ship between hyperuricemia and PP in non-diabetic popula-
tions. However, when evaluating the relationship between
serum UA and PWV in healthy Brazilian adults, Baena et
al. [38] described a positive association between serum UA
and PWV in men (p = 0.01) but not in women (p = 0.10).

Currently, the exact reason for the gender difference
in the association of UA with PP remains unclear. How-
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Table 4. Comparisons of hyperuricemia and pulse pressure.

Variables
Hyperuricemia (UA ≥7.0 mg/dL in men or ≥6.0 mg/dL in women)

Overall (n = 5122) Men (n = 2251) Women (n = 2871)

Exp (B) 95% CI p Exp (B) 95% CI p Exp (B) 95% CI p

Women 0.648 0.478–0.878 0.005 None
Age (years) 0.976 0.969–0.984 <0.001 0.974 0.965–0.983 <0.001 0.988 0.973–1.003 0.127
Current drinker 1.489 1.203–1.843 <0.001 1.565 1.189–2.059 0.001 1.496 1.048–2.134 0.026
Current smoker 1.001 0.875–1.145 0.987 0.997 0.844–1.130 0.751 1.201 0.861–1.675 0.281
Regular exerciser 1.070 0.754–1.518 0.706 1.024 0.668–1.524 0.906 1.161 0.552–2.442 0.695
BMI (kg/m2) 1.073 1.014–1.134 0.014 1.079 1.003–1.161 0.040 1.062 0.971–1.162 0.188
WC (cm) 1.015 0.993–1.037 0.183 1.007 0.980–1.035 0.607 1.021 0.983–1.060 0.279
TC (mg/dL) 1.005 1.002–1.008 <0.001 1.007 1.003–1.010 <0.001 1.002 0.997–1.006 0.459
TGs (mg/dL) 1.002 1.001–1.003 <0.001 1.002 1.001–1.003 0.001 1.001 0.999–1.003 0.168
HDL-C (mg/dL) 0.971 0.961–0.981 <0.001 0.970 0.958–0.983 <0.001 0.974 0.957–0.992 0.004
FBG (mg/dL) 1.000 0.990–1.009 0.947 0.995 0.984–1.007 0.399 1.012 0.996–1.029 0.148
BUN (mg/dL) 1.052 1.026–1.078 <0.001 1.016 0.985–1.048 0.312 1.108 1.063–1.154 <0.001
Crea (mg/dL) 3.677 2.120–6.379 <0.001 3.774 1.897–7.506 <0.001 3.767 1.317–10.775 0.013
hs CRP (mg/L) 1.027 0.978–1.078 0.286 1.005 0.948–1.066 0.869 1.087 0.998–1.185 0.055
PP (mmHg) 1.014 1.006–1.022 0.001 1.016 1.005–1.026 0.003 1.003 0.990–1.016 0.693
Hyperuricemia, UA ≥7.0 mg/dL in men or UA ≥6.0 mg/dL in women.

Table 5. Comparisons of hyperuricemia and high pulse pressure.

Gender Category
Hyperuricemia (UA ≥7.0 mg/dL in men or UA ≥6.0 mg/dL in women)

Model 1 Model 2 Model 3 Model 4

Overall (n = 5122) ∗ Normal PP 1 1 1 1
High PP 1.093 (0.841–1.420) 1.305 (0.994–1.712) 1.170 (0.870–1.574) 1.557 (1.132–2.140)

p 0.482 0.072 0.286 0.005
Men (n = 2251)∗∗ Normal PP 1 1 1 1

High PP 0.941 (0.656–1.349) 1.009 (0.701–1.453) 1.247 (0.839–1.853) 1.760 (1.152–2.688)
p 0.774 0.937 0.264 0.006

Women (n = 2871)∗∗ Normal PP 1 1 1 1
High PP 1.755 (1.179–2.611) 1.827 (1.217–2.741) 0.938 (0.589–1.493) 1.060 (0.646–1.740)

p 0.006 0.004 0.810 0.823
High PP, PP ≥60 mmHg.
∗Model 1, non-adjusted; Model 2, further adjusted for gender, smoking, drinking, and regular exercising; Model 3, Model 2 further
adjusted for BMI, WC, TC, TGs, HDL-C, BUN, Crea, FBG, and hs CRP; Model 4, Model 3 further adjusted for age.
∗∗Model 1, non-adjusted; Model 2, further adjusted for smoking, drinking, and regular exercising; Model 3, Model 2 further adjusted
for BMI, WC, TC, TGs, HDL-C, BUN, Crea, FBG, and hs CRP; Model 4, Model 3 further adjusted for age.

ever, there are several potential explanations. First, de-
spite smaller carotid arteries in women than men, women
are much less likely to develop atherosclerosis than men.
However, postmenopausal women, especially those with an
autoimmune disease, are at an increased risk of develop-
ing atherosclerosis [39]. In this regard, Fairweather sug-
gested that differences in sex hormones alter the immune
response during atherosclerosis [40]. Cytokines, enzymes,
and other mediators, such as mast cells and macrophages,
produced due to elevated innate immune activation in men,
allow remodeling of the blood vessel wall, a key process

in the pathogenesis of atherosclerosis; in contrast, estrogen
promotes more antibodies and auto-antibodies against oxi-
dized low-density lipoprotein in the form of immune com-
plexes, which coupled with the smaller size of vessels, leads
to atherosclerosis in women [40]. In the National Heart,
Lung, and Blood Institute Family Heart Study in the US,
a positive interaction was reported between serum UA and
carotid atherosclerotic plaques in men (p = 0.002) but not in
women (p = 0.08) [41]. Second, PP, the difference between
SBP and DBP, is a known predictor of arteriosclerosis and
LV hypertrophy [42]. If SBP increases and DBP decreases,
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or SBP increases and DBP does not increase, then PP in-
creases. An increase in SBP is associated with chronic LV
overload, which enhances myocardial wall stress and oxy-
gen demand [43]. Pérez-Lahiguera et al. [44] reported that
both SBP (p = 0.001) and PP (p = 0.001) were positively
associated with the LV mass index in Spanish adults, but
DBP (p = 0.070) was not significant. In the study by Lin et
al. [45], hyperuricemia was an independent risk factor of
increased SBP in Chinese men but not in women. In terms
of arithmetic methods, PP increases when SBP increases
and DBP decreases; SBP does not increase, and DBP de-
creases; and SBP increases andDBP does not increase. One
reason for the increased PP in hyperuricemia is that hyper-
uricemia is associated with an increase in SBP in men and
the overall population (without an increase in DBP, i.e., the
third case scenario mentioned above) but not in women (Ta-
bles 3,4). In our study, SBP but not DBP was an indepen-
dent risk factor for hyperuricemia in men; for this reason,
PP was also an independent risk factor. In contrast, SBP,
DBP, and, thereby PP, were not independent risk factors
for hyperuricemia in women.

The present study has some limitations. First, med-
ications for antihypertensive therapy constitute important
determinants of PP. However, most of the subjects in the
KNHANES VII-2 study did not answer the question about
antihypertensive drugs. Therefore, we could not use antihy-
pertensive drugs as an adjustment variable for analyzing the
association between hyperuricemia and PP. In addition, an-
tihypertensive drugs constitute determinants of the relation-
ship between hyperuricemia and PP. However, the use of
UA inhibitors was not investigated in the KNHANESVII-2
study. Therefore, antihypertensive drugs and UA inhibitors
should be included as adjustment variables for exploring the
link between PP and hyperuricemia in future studies. Sec-
ond, because KNHANES VII-2 is a cross-sectional study,
there is a limitation to establishing a causal relationship be-
tween hyperuricemia and PP by gender among Korean non-
diabetic adults. However, this is the first study to report
the relationship between hyperuricemia and PP among Ko-
rean non-diabetic adults. More accurate results might be
obtained by performing a cohort study.

5. Conclusions
The present study investigated the association be-

tweenUA and PP in a non-diabetic Korean population using
data from the KNHANES VII-2. Hyperuricemia was pos-
itively associated with PP in men but not in women. Our
results may provide fundamental data linking UA with ar-
terial stiffness and cardiovascular disease.
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