
RESEARCH Open Access

High serum uric acid within the normal
range is a useful predictor of hypertension
among Japanese community-dwelling
elderly women
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Abstract

Background: The risk associated with serum uric acid (SUA) levels when within the normal range is unknown. This
study aims to examine whether SUA within the normal range is a predictor of hypertension.

Methods: The subjects comprised 704 men aged 71 ± 9 (mean ± standard deviation) years and 946 women aged
70 ± 8 years recruited for a survey at the community based annual medical check-up. The main outcome was the
presence of hypertension (antihypertensive medication and/or having SBP ≥140 mmHg and/or DBP ≥90 mmHg).

Results: At baseline, 467 (66.3%) men and 608 (64.3%) women had hypertension. Comparing to lowest quartile in women
(SUA-1, uric acid < 4.1mg/dL), the unadjusted odds ratios (ORs) [95% confidence interval (CI)] for hypertension of SUA-2 (4.1
to 4.7mg/dL), SUA-3 (4.8 to 5.4mg/dL), and SUA-4 (≥5.5mg/dL) were 1.11 (0.78–1.59), 1.75 (1.20–2.55), and 1.89 (1.30–2.77),
respectively. These associations were apparent even after adjustments for age, but ORs were attenuated after adjusting for all
confounding factors. During a follow-up of 3.0 years, there were 35 (24.0%) hypertension cases in men and 51 (20.8%) in
women. In women only, a significant association between increased SUA categories and incidence of hypertension was
observed, and the multivariate-ORs (95% (CI) for incident hypertension of SUA-3 (4.5–5.2mg/dL) and SUA-4 (≥5.3mg/dL)
were 2.23 (0.81–6.11) and 3.84 (1.36–10.8), respectively.

Conclusions: These results suggest that baseline SUA within the normal range could be an important
predictor for incidence of hypertension in Japanese community-dwelling elderly women.
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Background
Hypertension has increased significantly with time, and
the increasing prevalence is an important public health
concern in Japan [1] and other countries [2–4] because
of the high prevalence and strong association with car-
diovascular disease (CVD). However, approximately 90%

of hypertensive cases are essential hypertension, the
etiology of its onset is not fully understood.
Although the etiology of essential hypertension is un-

known, serum uric acid (SUA), the final product of the
purine metabolism, has been hypothesized to activate
intrarenal renin-angiotensin system (RAS), which can
cause injury to pre-renal blood vessels [5]. For decades
elevated SUA levels were mainly considered a result ra-
ther than a cause of renal dysfunction [6]. However lots
of experimental and epidemiological studies have shown
that high SUA in humans is associated with systemic
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inflammation [7], and hypertension [8–11]. These stud-
ies provide direct evidence that SUA may be a true me-
diator of hypertension and its progression. Some studies
have shown that blood pressure (BP) is lowered by SUA
lowering medications (e.g., allopurinol or probenecid)
[12, 13]. However, as the association between SUA level
and incident hypertension is affected by race, gender,
age [14], body mass index (BMI) [15], lipids [16], and
other confounding factors, there are some studies show-
ing conflicting results [17]. In addition, whether target-
ing treatment based on SUA levels might affect clinical
outcomes is still being studied [18] and the risk associ-
ated with SUA levels within the normal range is un-
known. We evaluated the relationship between baseline
SUA within the normal range and potential risk factors
such as hypertension using cross-sectional and prospect-
ive cohort data from community-dwelling persons.

Methods
Study participants and data collection
The present study was a prospective cohort designed as
part of the Nomura study [19]. The study population
was recruited through a community-based annual survey

process from the Nomura Health and Welfare Center in
a rural town in Ehime prefecture, Japan. This study was
started in 2014, and included 1832 community-dwelling
participants aged 22–95 years. Follow-up assessment
cycles are being performed every 3 years.
Blood samples were obtained only from the respon-

dents who participated in the medical interview at base-
line. Information on medical history, current condition,
and medication (such as antihypertensive, antilipidemic,
antidiabetic, and SUA lowering medications) was ob-
tained by interview using structured questionnaires. We
excluded participants with a missing value (10 men and
25 women), aged < 50 years (men, N = 43; women, N =
35) and on an SUA lowering medication (men, N = 61;
women, N = 8). For the cross-sectional analyses, data of
the 2014 (n = 1650) were used as hypertension was mea-
sured in this cycle. For the longitudinal analyses, a sub-
cohort of the 2014 cycle was used including only partici-
pants in whom hypertension was absent at baseline in
2014 (n = 391). Figure 1 shows a flowchart of the inclu-
sion of participants. This study complies with the Dec-
laration of Helsinki and written informed consent was
obtained from each subject with the approval of Ehime

Fig. 1 Flowchart. For the cross-sectional analyses, data of the 2014 cycle (n = 1650) were used as hypertension was measured in this cycle. For the
longitudinal analyses, a sub-cohort of the 2014 cycle was used including only participants in whom hypertension was not prevalent at baseline in
2014 (n = 391)
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University Medical School Ethics Committee. (Institu-
tional Review Board: 1402009).

Evaluation of risk factors
Information on demographic characteristics and risk fac-
tors was collected using the clinical files at baseline and
the 3-year follow-up. BMI was calculated by dividing body
weight (kilogram) by the square of height (meters). Smok-
ing status was defined as the number of cigarette packs
per day multiplied by the number of years smoked (pack-
year), and the subjects were classified into never smokers,
past smokers, light smokers (< 20 pack-year) and heavy
smokers (≥20 pack-year). Daily Alcohol consumption was
measured using a sake brewing unit with 1 unit being
equivalent to 22.9 g of ethanol, and the subjects were clas-
sified into never drinkers, occasional drinkers (< 1 unit/
day), daily light drinkers (1–2 units/day), and daily heavy
drinkers (2–3 units/day). We measured systolic BP (SBP)
and diastolic BP (DBP) of the upper right arm of the sub-
jects in the sedentary position using an automatic oscillo-
metric BP recorder while sitting after having rested for at
least 5 min. Appropriate cuff bladder size was determined
at each visit based on arm circumference. The mean of
two consecutive measurements was used for the analysis.
Normotension was defined as not being on any antihyper-
tensive medication and having a SBP < 120mmHg and
DBP < 80mmHg. Prehypertension was defined as not be-
ing on any antihypertensive medication and having a SBP
of 120 to 139mmHg and/or DBP 80 to 89mmHg. Hyper-
tension was defined as being on antihypertensive medica-
tion and/or having SBP ≥140mmHg and/or DBP ≥90
mmHg according to the definitions of the Joint National
Committee 7 (JNC7). Triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), SUA, hemoglobin A1c (HbA1c), and
creatinine (Cr) were measured while fasted. Estimated
glomerular filtration ratio (eGFR) was calculated using
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equations modified by a Japanese coefficient:
Male, Cr ≤0.9mg/dl, 141 × (Cr/0.9) –0.411 × 0.993 age ×
0.813; Cr > 0.9mg/dl, 141 × (Cr/0.9) –1.209 × 0.993 age ×
0.813; Female, Cr ≤0.7 mg/dl, 144 × (Cr/0.7) –0.329 × 0.993
age × 0.813; Cr > 0.7mg/dl, 144 × (Cr/0.7) –1.209 × 0.993 age

× 0.813 [20]. Moreover, ischemic stroke, ischemic heart
disease, and peripheral vascular disease were defined as
cardiovascular diseases (CVD).

Statistical analysis
All values are expressed as mean ± standard deviation
(SD), unless otherwise specified, and for parameters with
non-normal distribution (such as TG, HbA1c), the data is
given as the median (quartile range) value. For all analyses,
parameters with non-normal distribution were used after
logarithmic transformation. The subjects were divided

into four groups based on quartiles of baseline SUA in
each cross-sectional (men/women: SUA-1, < 5.2/< 4.1;
SUA-2; 5.2–5.9/4.1–4.7; SUA-3, 6.0–6.7/4.8–5.4, SUA-4,
≥6.8/≥5.5mg/dL) and cohort study (SUA-1, < 5.3/< 4.0;
SUA-2; 5.3–5.8/4.0–4.4; SUA-3, 5.9–6.4/4.5–5.2, SUA-4,
≥6.5/≥5.3mg/dL). Statistical analysis was performed using
IBM SPSS Statistical Version 26 (Statistical Package of So-
cial Science Japan, Tokyo, Japan). Differences in means
and prevalence among baseline findings were analyzed by
Student’s t-test or ANOVA for continuous data, and χ2

test for categorical data. Multiple logistic regression ana-
lysis was used to evaluate the contribution of the baseline
SUA categories and confounding factors (i.e., gender, age,
smoking habits, alcohol consumption, and prevalence of
CVD, LDL-C, TG, HDL-C, antilipidemic medication,
HbA1c, antidiabetic medication, and eGFR) for prevalence
of hypertension in the cross-sectional study and incidence
of hypertension in the cohort study. A value of p < 0.05
was considered significant.

Results
Baseline characteristics of subjects by gender
Baseline characteristics of the subjects are illustrated in
Table 1. The subjects comprised 704 men aged 71 ± 9
years and 946 women aged 70 ± 8 years. BMI, smoking
habit, alcohol consumption, history of CVD, DBP, TG,
HbA1c, presence of antidiabetic medication, and SUA
were significantly higher in men than in women, but
HDL-C, LDL-C, presence of antilipidemic medication,
and eGFR were higher in women than in men. There
was no inter-group difference regarding age, SBP, and
presence of antihypertensive medications. As shown in
Table 2, in the cohort study, baseline BMI, smoking
habit, alcohol consumption, DBP, TG, presence of anti-
diabetic medication, and SUA were significantly higher
in men than in women, but HDL-C, LDL-C, and pres-
ence of antilipidemic medication were higher in women
than in men.

Prevalence of prehypertension and hypertension in
subjects according to baseline SUA categories by gender
in the cross-sectional and cohort studies
Figure 2 presents the prevalence and cumulative incidences
of hypertension for each SUA level (men/women: SUA-1, <
5.2/< 4.1; SUA-2; 5.2–5.9/4.1–4.7; SUA-3, 6.0–6.7/4.8–5.4,
SUA-4, ≥6.8/≥5.5mg/dL). In the cross-sectional study, the
respective number of subjects was 133 (71.9%), 109 (60.2%),
98 (60.5%), and 127 (72.2%) in men and 151 (57.2%), 141
(59.7%), 154 (70.0%), and 162 (71.7%) in women. In the co-
hort study (SUA-1, < 5.3/< 4.0; SUA-2; 5.3–5.8/4.0–4.4;
SUA-3, 5.9–6.4/4.5–5.2, SUA-4, ≥6.5/≥5.3mg/dL), the re-
spective number of subjects was 8 (20.5%), 7 (20.6%), 10
(27.0%), and 10 (27.8%) in men and 9 (12.9%), 8 (14.0%), 15
(25.0%), and 19 (32.8%) in women. Only in women,
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incidence of hypertension was found to increase with in-
creasing concentrations of baseline SUA categories in both
the cross-sectional and cohort studies. However, in men,
there was no inter-group difference regarding prevalence of
hypertension.

Odds ratios and 95% CI for hypertension of subjects
according to baseline SUA categories by gender in the
cross-sectional study
In the cross-sectional study, multiple logistic regressions
were performed to evaluate the association between

Table 1 Baseline characteristics of study subjects in the cross-sectional study

Baseline Characteristics N = 1650 Men N = 704 Women N = 946 P-value*

Age (years) 71 ± 9 70 ± 8 0.578

Body mass index (kg/m2) 23.1 ± 3.0 22.6 ± 3.2 < 0.001

Smoking habit (never/past/light/heavy (%)) 14.3/4.1/38.8/42.8 0.4/0.7/2.0/96.8 < 0.001

Alcohol consumption (never/occasional/light/heavy (%)) 34.7/16.8/22.9/25.7 2.0/4.4/21.9/71.7 < 0.001

History of Cardiovascular disease (%) 10.2 4.2 < 0.001

Systolic blood pressure (mmHg) 136 ± 17 137 ± 18 0.517

Diastolic blood pressure (mmHg) 79 ± 10 77 ± 10 < 0.001

Antihypertensive medication (%) 44.9 44.2 0.802

Triglycerides (mg/dl) 89 (67–130) 87 (65–116) < 0.001

HDL cholesterol (mg/dl) 62 ± 16 69 ± 17 < 0.001

LDL cholesterol (mg/dl) 114 ± 29 125 ± 29 < 0.001

Antilipidemic medication (%) 13.2 29.5 < 0.001

Hemoglobin A 1c (%) 5.7 (5.4–6.0) 5.7 (5.5–5.9) 0.041

Antidiabetic medication (%) 13.8 5.5 < 0.001

Estimated GFR (ml/min/1.73 m2/year) 70.0 ± 12.2 72.2 ± 10.6 < 0.001

Serum uric acid (mg/dL) 5.9 ± 1.3 4.7 ± 1.1 < 0.001

HDL High-density lipoprotein, LDL Low-density lipoprotein, GFR Glomerular filtration ratio. Data presented are mean ± standard deviation. Data for triglycerides
and HemoglobinA1c is skewed, and presented as median (interquartile range) values. * P-value: Student’s t-test for the continuous variables or the χ2 -test for the
categorical variables. Bold values indicate significance (p < 0.05)

Table 2 Baseline characteristics of study subjects in the cohort study

Baseline Characteristics N = 391 Men N = 146 Women N = 245 P-value*

Age (years) 66 ± 7 67 ± 7 0.287

Body mass index (kg/m2) 22.1 ± 2.3 21.3 ± 2.8 0.005

Smoking habit (never/past/light/heavy (%)) 39.7/34.2/5.5/20.5 96.7/1.2/0.8/1.2 < 0.001

Alcohol consumption (never/occasional/light/heavy (%)) 25.3/26.0/13.7/34.9 67.8/24.9/4.5/2.9 < 0.001

History of Cardiovascular disease (%) 3.4 2.4 0.548

Systolic blood pressure (mmHg) 121 ± 11 122 ± 12 0.608

Diastolic blood pressure (mmHg) 74 ± 8 71 ± 8 < 0.001

Antihypertensive medication (%) 0 0 1.000

Triglycerides (mg/dl) 85 (63–131) 79 (59–107) 0.007

HDL cholesterol (mg/dl) 63 ± 17 71 ± 18 < 0.001

LDL cholesterol (mg/dl) 116 ± 29 127 ± 28 < 0.001

Antilipidemic medication (%) 8.2 22.0 < 0.001

Hemoglobin A 1c (%) 5.6 (5.4–5.9) 5.6 (5.4–5.8) 0.566

Antidiabetic medication (%) 9.6 1.6 0.001

Estimated GFR (ml/min/1.73 m2/year) 74.6 ± 8.9 75.4 ± 9.3 0.397

Serum uric acid (mg/dL) 5.9 ± 1.2 4.5 ± 1.0 < 0.001

HDL High-density lipoprotein, LDL Low-density lipoprotein, GFR Glomerular filtration ratio. Data presented are mean ± standard deviation. Data for triglycerides
and HemoglobinA1c is skewed, and presented as median (interquartile range) values. * P-value: Student’s t-test for the continuous variables or the χ2 -test for the
categorical variables. Bold values indicate significance (p < 0.05)
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baseline SUA categories and hypertension (Table 3). Ad-
justments were made for the following variables: model
1 was unadjusted; model 2 was adjusted for age; and
model 3, was further adjusted for smoking habit, alcohol
consumption, and prevalence of CVD, LDL-C, TG,
HDL-C, antilipidemic medication, HbA1c, antidiabetic
medication, and eGFR. Only in women, in the un-
adjusted model, the odds ratios (ORs) [95% confidence
interval (CI)] for hypertension comparing SUA-2, SUA-
3, and SUA-4 to SUA-1 of SUA levels were 1.11 (0.78–
1.59), 1.75 (1.20–2.55), and 1.89 (1.30–2.77), respect-
ively. These associations were apparent even after fur-
ther adjustments for age in model 2, but ORs were
attenuated after all confounding factors in model 3.
These associations were absent in men.

Odds ratios and 95% CI for incident hypertension of
subjects according to baseline SUA categories by gender
in the cohort study
During a follow-up of 3.0 years, there were 35 (24.0%)
hypertension cases in men and 51 (20.8%) in women
(Table 4). Only in women, a significant association be-
tween increased SUA categories and incidence of hyper-
tension was observed, and the ORs (95% CI) of incident
hypertension of the SUA-3 and SUA-4 in model 1 were
2.26 (0.91–5.62) and 3.30 (1.36–8.03), respectively, and
remained significant even when adjusted for age in
model 2. Also, in the fully adjusted model, increased

SUA remained an independent factor for incidence of
hypertension, and the OR (95% CI) of SUA-4 was 3.84
(1.36–10.8). However, there was no significant associ-
ation between SUA category and incidence of hyperten-
sion in men.

Discussions
In this cross-sectional and prospective 3-year follow-up
cohort study, we set out to determine whether SUA within
the normal range is a predictor of incident Hypertension.
Baseline SUA within the normal range was significantly
and independently associated with prevalence and inci-
dence of hypertension, especially among women and can
help clinicians to predict the progression of BP. To our
knowledge, few studies have indicated that baseline SUA
within the normal range could be an important potential
factor for incidence of hypertension among community-
dwelling elderly women.
In subjects with normal renal function, an increased

SUA has been found to independently predict the devel-
opment of hypertension [8, 21–24]. A recent systematic
review found that elevated SUA levels were associated
with incident hypertension [25, 26]. SUA has been
shown to be a predictor of BP progression in most but
not all studies [17]. A large cohort study among men
who participated in the Health Professionals’ Follow-up
Study showed that no independent association between
SUA level and risk for incident hypertension was found

Fig. 2 Prevalence and cumulative incidences of normotension (white box), prehypertension (gray box), and hypertension (black box) for each
SUA level. Only in women, incidence of hypertension was found to increase with increasing concentrations of baseline SUA categories in both
the cross-sectional (p = 0.001) and cohort studies (p = 0.019)
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among older men aged mean 61 years (range 47 to 81)
[17]. Among 808 Korean participants during a mean
follow-up of 3.3 years, 11.5% of men and 10.7% of
women developed hypertension, and the association be-
tween SUA level and incident hypertension was posi-
tively 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) [14]. The possible influence of age on SUA-
associated hypertension has been described by Sund-
strom et al. [8]; they noted a 13% increase in risk for
each 1.0-mg/dl increase in SUA (mean age. 48.7 years),
compared with a 20% increase for 1.0 mg/dl in the study
by Taniguchi et al. [27] (mean age, 41 years) and a 23%
increase for 1.0 mg/dl in that by Jossa et al. [28] (mean

age, 36 years). In our study, the association between
baseline SUA and hypertension was positively significant
only among women aged ≥ 65 years.
Several previous studies have shown that SUA levels in

the development of hypertension or kidney disease were
significantly higher in women than in men [23, 29]. Add-
itionally Lee et al. [30] have demonstrated that hyperuri-
cemia increase the risk of hypertension in non-elderly
patients (men < 60 years and women < 40 years). That is,
it is conceivable that the effects of SUA in young per-
sons may decrease over time and the higher incidence of
hypertension induced by other causes with aging may re-
duce the strength of the relationship between SUA and
hypertension [8, 30]. Thus, the effect of SUA might be
eliminated because the association of SUA with

Table 3 Odds ratios and 95% CI for hypertension of subjects according to baseline serum uric acid in the cross-sectional study

Cross-sectional study N = 1650 Men N = 704 Women N = 946

Baseline serum uric acid Normotension/Hypertension Normotension/Hypertension

Model 1 Unadjusted Unadjusted

Men/Women (mg/dL) Total N odds ratio (95% CI) p-value N odds ratio (95% CI) p-value

SUA-1
0.6–5.1/0.7–4.0

449 52/133 1.0 – 113/151 1.0 –

SUA-2
5.2–5.9/4.1–4.7

417 72/109 0.59 (0.38–0.92) 0.019 95/141 1.11 (0.78–1.59) 0.564

SUA-3
6.0–6.7/4.8–5.4

382 64/98 0.60 (0.38–0.94) 0.025 66/154 1.75 (1.20–2.55) 0.004

SUA-4
6.8–9.9/5.5–9.3

402 49/127 1.01 (0.64–1.61) 0.955 64/162 1.89 (1.30–2.77) 0.001

Continuous variable 1650 237/467 1.00 (0.87–1.15) 0.957 338/608 1.27 (1.12–1.43) < 0.001

Model 2 Age-adjusted Age-adjusted

Men/Women (mg/dL) Total N odds ratio (95% CI) p-value N odds ratio (95% CI) p-value

SUA-1
0.6–5.1/0.7–4.0

449 52/133 1.0 – 113/151 1.0 –

SUA-2
5.2–5.9/4.1–4.7

417 72/109 0.67 (0.43–1.05) 0.079 95/141 1.05 (0.73–1.53) 0.786

SUA-3
6.0–6.7/4.8–5.4

382 64/98 0.70 (0.44–1.10) 0.124 66/154 1.84 (1.24–2.73) 0.003

SUA-4
6.8–9.9/5.5–9.3

402 49/127 1.22 (0.76–1.95) 0.420 64/162 1.83 (1.23–2.73) 0.003

Continuous variable 1650 237/467 1.07 (0.92–1.23) 0.390 338/608 1.27 (1.12–1.44) < 0.001

Model 3 Multiple-adjusted Multiple-adjusted

Men/Women (mg/dL) Total N odds ratio (95% CI) p-value N odds ratio (95% CI) p-value

SUA-1
0.6–5.1/0.7–4.0

449 52/133 1.0 – 113/151 1.0 –

SUA-2
5.2–5.9/4.1–4.7

417 72/109 0.62 (0.38–1.00) 0.051 95/141 0.87 (0.58–1.30) 0.495

SUA-3
6.0–6.7/4.8–5.4

382 64/98 0.62 (0.37–1.03) 0.065 66/154 1.34 (0.87–2.07) 0.191

SUA-4
6.8–9.9/5.5–9.3

402 49/127 0.86 (0.50–1.49) 0.598 64/162 1.06 (0.66–1.69) 0.818

Continuous variable 1650 237/467 0.96 (0.81–1.13) 0.619 338/608 1.06 (0.91–1.23) 0.438

CI confidence interval. Multiple-adjusted for all confounding factors in Table 2. Bold values indicate significance (p < 0.05).
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hypertension largely reflects the predominance of meta-
bolic risk factors such as increasing age, insulin resist-
ance, dyslipidemia, renal dysfunction. Our study
demonstrated that even SUA within the high normal
range at baseline can be a risk factor in elderly people
with normal blood pressure.
The mechanisms by which baseline SUA reflects the

risk of hypertension are not fully understood. Uric acid
(UA) is the final oxidation product of purine metabolism
in humans and is excreted renally [31]. UA is catalyzed
by the enzyme xanthine oxidase, which induces the pro-
duction and destruction of free radicals, and also pos-
sesses dual pro-oxidant and antioxidant properties [32].
Potential mechanisms by which UA may cause hyperten-
sion have been previously published but include the

ability of UA to induce intracellular and mitochondrial
oxidative stress and decrease endothelium nitric oxide
bioavailability as well as the intracellular renin-
angiotensin system (RAS). Recent studies have reported
that high UA may also reflect systemic inflammation
and that cytokines such as C-reactive protein,
interleukin-1, interleukin-6, and tumor necrotic factor α
[33] are important predictors of incident CKD.
The strengths of this research are the fact that it is a

long-term follow-up collection, the sample size, the ad-
justment for possible confounding factors, and the inclu-
sion of sensitivity analyses. However, the authors
acknowledge some limitations. First, our cohort study de-
sign could not eliminate potential causal relationships be-
tween baseline SUA and hypertension. The information

Table 4 Odds ratios and 95% CI for incident hypertension of subjects according to baseline serum uric acid in the cohort study

Cohort study N = 391 Men N = 146 Women N = 245

Baseline serum uric acid Normotension/Hypertension Normotension/Hypertension

Model 1 Unadjusted Unadjusted

Men/Women (mg/dL) Total N Odds ratio (95% CI) p-value N Odds ratio (95% CI) p-value

SUA-1
0.6–5.2/1.7–3.9

109 31/8 1.0 – 61/9 1.0 –

SUA-2
5.3–5.8/4.0–4.4

91 27/7 1.01 (0.32–3.14) 0.994 49/8 1.11 (0.40–3.08) 0.846

SUA-3
5.9–6.4/4.5–5.2

97 27/10 1.44 (0.50–4.16) 0.505 45/15 2.26 (0.91–5.62) 0.080

SUA-4
6.5–9.2/5.3–7.8

94 26/10 1.49 (0.51–4.33) 0.463 39/19 3.30 (1.36–8.03) 0.008

Continuous variable 391 111/35 1.17 (0.83–1.64) 0.372 194/51 1.54 (1.16–2.05) 0.003

Model 2 Age-adjusted Age-adjusted

Men/Women (mg/dL) Total N Odds ratio (95% CI) p-value N Odds ratio (95% CI) p-value

SUA-1
0.6–5.2/1.7–3.9

109 31/8 1.0 – 61/9 1.0 –

SUA-2
5.3–5.8/4.0–4.4

91 27/7 1.01 (0.32–3.18) 0.981 49/8 1.03 (0.37–2.89) 0.959

SUA-3
5.9–6.4/4.5–5.2

97 27/10 1.44 (0.49–4.19) 0.507 45/15 2.11 (0.84–5.29) 0.113

SUA-4
6.5–9.2/5.3–7.8

94 26/10 1.61 (0.55–4.73) 0.389 39/19 2.97 (1.20–7.35) 0.018

Continuous variable 391 111/35 1.19 (0.85–1.68) 0.313 194/51 1.50 (1.12–2.00) 0.006

Model 3 Multiple-adjusted Multiple-adjusted

Men/Women (mg/dL) Total N Odds ratio (95% CI) p-value N Odds ratio (95% CI) p-value

SUA-1
0.6–5.2/1.7–3.9

109 31/8 1.0 – 61/9 1.0 –

SUA-2
5.3–5.8/4.0–4.4

91 27/7 0.87 (0.25–3.09) 0.833 49/8 1.25 (0.41–3.77) 0.692

SUA-3
5.9–6.4/4.5–5.2

97 27/10 1.59 (0.47–5.36) 0.456 45/15 2.23 (0.81–6.11) 0.119

SUA-4
6.5–9.2/5.3–7.8

94 26/10 1.33 (0.37–4.85) 0.662 39/19 3.84 (1.36–10.8) 0.011

Continuous variable 391 111/35 1.16 (0.78–1.74) 0.468 194/51 1.59 (1.14–2.23) 0.007

CI Confidence interval. Multiple-adjusted for all confounding factors in Table 2. Bold values indicate significance (p < 0.05)
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on other factors (e.g., menopausal status or dietary habit)
is insufficient to include in our analysis. Second, con-
founding factors and hypertension are based on a single
assessment of blood and BP, so misclassification bias may
occur. Third, we could not eliminate the possible effects
of underlying diseases, medications for hypertension, dys-
lipidemia, diabetes, etc. on the present findings. Fourth,
we have to assess the possibility that there were some par-
ticipants with white-coat hypertension or masked hyper-
tension. Therefore, generalization may be limited by
demographics and referrals.

Conclusions
This study showed that levels of baseline SUA in men
contributed to incident hypertension, even after adjusting
for baseline age, BMI, drinking status, smoking status, his-
tory of CVD, lipids, HbA1c, eGFR, and medication. The
underlying mechanism behind this relationship is un-
known. As such, lowering SUA levels by intervention (e.g.,
adopting a healthier lifestyle, medication) may prove to be
a useful strategy for lowering hypertension burden. Fur-
ther prospective population-based studies are needed to
investigate SUA metabolism and eGFR by lifestyle inter-
ventions and medication.
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