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Abstract
Hyperuricemia has been reported to be a risk factor for hypertension, but this association may be affected by alcohol
consumption. This study aimed to investigate whether hyperuricemia remains a risk factor for hypertension after eliminating
the effect of alcohol consumption. This study comprised 7848 participants (4247 men and 3601 women) aged 30–74 years
without hypertension who had undergone a medical checkup between April 2008 and March 2009 at Saku Central Hospital,
Nagano Prefecture, Japan. Hyperuricemia was defined as uric acid >7.0 mg/dl in men, ≥6.0 mg/dl in women, and/or
receiving treatment for hyperuricemia or gout. The incidence of hypertension was defined as the first diagnoses of blood
pressure ≥140/≥ 90 mmHg and/or initiations of antihypertensive drug treatment. Multivariable-adjusted hazard ratios (HRs)
of hyperuricemia for the incidence of hypertension after adjustment for and classification by alcohol consumption were
estimated using the Cox proportional hazard model. During a mean of 4.0 years of follow-up, 1679 individuals developed
hypertension. After adjustment for alcohol consumption, the HRs (95% confidence interval) associated with hyperuricemia
were 1.37 (1.19–1.58) in men and 1.54 (1.14–2.06) in women. Among nondrinkers, the HR was 1.29 (0.94–1.78) in men
with hyperuricemia compared with men without, and the corresponding HR was 1.57 (1.11–2.22) in women. The
corresponding HR was 1.88 (1.27–2.86) in all participants with baseline blood pressure <120/80 mmHg. The interactions
between hyperuricemia and sex (P= 0.534) and between drinking and sex (P= 0.713) were not significant. In conclusion,
hyperuricemia predicts the risk for developing hypertension independent of alcohol drinking status.
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Introduction

Recently, many prospective studies have reported a positive
association between hyperuricemia and the incidence of
hypertension [1–5]. However, the assessment of uric acid
level has not been regarded as important in the prevention
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of hypertension [6–8]. To confirm an independent associa-
tion of hyperuricemia with hypertension, it is necessary to
consider the effect of alcohol consumption, which is asso-
ciated with both hyperuricemia and hypertension.

Because alcohol drinking leads to a surge in the pro-
duction of uric acid as a metabolite and a decrease in uric
acid excretion, alcohol drinking is an important risk factor
for the incidence of hyperuricemia [9–12]. Alcohol drinking
is also strongly associated with hypertension. A meta-
analysis of 16 prospective cohort studies reported that
alcohol consumption increased the risk of hypertension in
men and had a J-shaped relationship with hypertension in
women [13]. A meta-analysis of randomized, controlled
trials reported that a reduction in alcohol was effective at
reducing blood pressure (BP), although most of the subjects
were men [14, 15]. Therefore, societies for hypertension
worldwide recommended strategies for reducing alcohol
consumption to prevent hypertension [6–8].

Previous prospective studies that evaluated the relation-
ship between hyperuricemia and the incidence of hyper-
tension adjusted their data for alcohol consumption as a
potential confounding factor in middle-aged or older indi-
viduals [1–5]. Although only two studies investigated the
association between hyperuricemia and the incidence of
hypertension in nondrinkers and drinkers, these two studies
did not report significant associations in nondrinkers
[16, 17]. An independent association between hyperur-
icemia and hypertension is suggested by previous rando-
mized controlled studies that showed that urate-lowering
therapy reduces BP in adolescents who do not drink alcohol
[18, 19]. However, whether hyperuricemia is associated
with the incidence of hypertension, irrespective of alcohol
consumption, remains to be determined in middle-aged or
older individuals.

If hyperuricemia remains a risk factor for hypertension
after eliminating the effect of alcohol drinking, assessment
of uric acid levels will be useful for preventing hyperten-
sion. Therefore, we conducted a prospective cohort study to
investigate the relationships between hyperuricemia and the
incidences of hypertension in Japanese men and women.

Methods

Study participants

The participants were 12,356 individuals aged 30–74 years
who had undergone comprehensive medical checkups
between April 2008 and March 2009 (baseline) at Saku
Central Hospital. The details of this study have been
described previously [20–22]. Of these individuals, 3443
were excluded for having hypertension at baseline (systolic
BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, and/or were

receiving antihypertensive treatment). A total of 8807 did
not have missing data of variables used in this study. After
excluding 959 participants who did not undergo at least one
follow-up examination before the end of March 2014, data
from 7848 remained for analysis. The study was conducted
in accordance with the Declaration of Helsinki and was
approved by the Institutional Review Board of Saku Central
Hospital (committee approval number: R201404-02) and
the Ethics Committee of Teikyo University (committee
approval number: 17-040). An opt-out consent procedure
was implemented, and the standard questionnaires included
opt-out information.

Data collection and definitions at baseline

Participants completed a questionnaire that included
demographic characteristics, medical history, alcohol con-
sumption, physical activity (0, 1–59, or 60 min/week), and
smoking habits (never, current, or quit). Alcohol con-
sumption was calculated as the amount of intake per time
multiplied by frequency and was categorized according to
the recommended values of the Ministry of Health, Labour
and Welfare of Japan (<140 g/week in men and <70 g/week
in women) and twice the recommended value only in men
[19]. Twice the recommended value was set as 275 g/week,
which was less than 280 g/week because the calculated
alcohol consumption in the present study was discrete. Data
in women were not divided by twice the recommended
value because of the small sample size.

All participants fasted overnight and had a blood test in
the morning. Hyperuricemia was defined as uric acid >7.0
mg/dl in men, ≥6.0 mg/dl in women, and/or receiving
treatment for hyperuricemia or gout according to a previous
study [5]. The cut-off point of uric acid for women is
7.0 mg/dl in Japan [23]. However, we used the cut-off point
of 6.0 mg/dl because the number of women with uric acid
>7.0 mg/dl was small (n= 27). The estimated glomerular
filtration rate (eGFR) was calculated by the following for-
mula: 194 × creatinine−1.094 × age−0.287 for men and 194 ×
creatinine−1.094 × age−0.287 × 0.739 for women [24]. The
cut-off point of eGFR was 60 ml/min/1.73 m2 [25]. HbA1c
(%) is presented as National Glycohemoglobin Standardi-
zation Program equivalent values (%) and was calculated
using the formula HbA1c (%)= 1.02 × HbA1c (Japan
Diabetes Society, %)+ 0.25% [26]. Diabetes was defined
by either fasting blood glucose ≥126 mg/dl, HbA1c ≥6.5%,
and/or the use of medication for diabetes [27]. Dyslipidemia
was defined as having either high-density lipoprotein cho-
lesterol <40 mg/dl, low-density lipoprotein cholesterol
≥140 mg/dl, triglycerides ≥150 mg/dl and/or the use of anti-
dyslipidemic medication [28]. BP was measured twice by
trained nurses using the ES-H55 device with a standard arm
cuff (Terumo Corporation, Tokyo, Japan) [29], which is a
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semiautomatic device based on the cuff-oscillometric
method. Participants were in a seated position after at
least a 5-min rest. The mean of the two BP measurement
values was used. Height and weight were measured
while participants wore a hospital gown, and body mass
index (BMI) was calculated as weight (kg) divided by
the square of height (m). Overweight was defined as BMI ≥
25.0 kg/m2.

Incidence of hypertension and follow-up

All participants underwent annual follow-up exams at Saku
Central Hospital. The end of the follow-up period was
March 2014. Of 7848 participants, 49.7%, 16.9%, 10.0%,
12.4%, and 11.0% underwent medical check-ups five, four,
three, two, and one time, respectively, from baseline to
March 2014. The incidence of hypertension was defined as
a first diagnosis of systolic BP ≥ 140 mmHg, diastolic BP ≥
90 mmHg, and/or receipt of antihypertensive treatment [6].
Individuals who did not develop hypertension during the
follow-up period were censored on the date of their last
examination.

Statistical analysis

The differences in the characteristics of participants who
were or were not followed up were analyzed using the
Student’s t test or the χ2 test.

Baseline characteristics, classified according to presence
or absence of hyperuricemia, were analyzed using the Stu-
dent’s t test or the χ2 test. Furthermore, to investigate the
association between hyperuricemia and alcohol consump-
tion at baseline, logistic regression analyses were used to
estimate the multivariable-adjusted odds ratios for hyper-
uricemia according to alcohol consumption. The confoun-
ders were age (per 10 years), eGFR (≥60ml/min/1.73m2

or <60 ml/min/1.73 m2), diabetes, dyslipidemia, BMI
(<25 kg/m2 or ≥ 25 kg/m2), smoking status (never, current,
and quit), physical activity (0, 1–59, ≥ 60 min/week), family
history of hypertension, and systolic BP (per 10 mmHg).

To investigate the dose-response effects of uric acid level
and alcohol consumption level on the incidence of hyper-
tension, Cox proportional hazard models were used, which
generated hazard ratios (HRs) and 95% confidence intervals
(CIs) for hypertension per 1.0 mg/dl increment in uric acid
level and alcohol consumption (1–139, 140–274, or ≥275 g/
week in men, and 1–69 or ≥70 g/week in women) compared
with nondrinkers, classified according to sex. Model 1
included uric acid level, absence or presence of medical
treatment for hyperuricemia or gout, and confounders. The
confounders were age (per 10 years), eGFR (≥60 ml/min/
1.73 m2 or <60 ml/min/1.73 m2), diabetes, dyslipidemia,
BMI (<25 kg/m2 or ≥25 kg/m2), smoking status (never,

current, quit), physical activity (0, 1–59, ≥60 min/week),
family history of hypertension, and systolic BP (per
10 mmHg) at baseline. Model 2 included the variables in
model 1 and alcohol consumption (0, 1–139, 140–274,
and ≥275 g/week in men and 0, 1–69, and ≥70 g/week in
women). Because there was a strong correlation between
systolic and diastolic BP (r= 0.74), diastolic BP was not
included in the multivariable models.

Participants were classified as normouricemia or hyper-
uricemia and nondrinkers (0 g/week) or drinkers (≥1 g/
week). The HRs of those with hyperuricemia in comparison
to normouricemia and drinkers in reference to nondrinkers
were estimated. Model 1 included the presence or absence
of hyperuricemia and the above-described confounders.
Model 2 included model 1 variables and alcohol drinking.
Interactions between hyperuricemia and sex and between
alcohol drinking and sex with regard to the incidence of
hypertension were assessed in a model that included the
model 2 variables and sex.

Furthermore, participants were classified into four cate-
gories by normouricemia or hyperuricemia and nondrinkers
or drinkers. The HRs for participants who had hyperur-
icemia and/or were drinkers were estimated in comparison
to normouricemic nondrinkers, according to sex and whe-
ther they had normal BP (systolic/diastolic BP < 120/80
mmHg) or not (systolic/diastolic BP ≥ 120/80 mmHg),
using the cut-off defined in the 2019 Japan Society of
Hypertension guidelines [30]. The confounders were the
same as described above. The interactions between hyper-
uricemia and drinking were assessed. As a sensitivity ana-
lysis, the same analysis was conducted, but participants
with diabetes were excluded because high blood glucose
concentration is associated with uric acid excretion [31].

All reported p values are two-tailed, and those <0.05
were considered statistically significant. All data were
analyzed using STATA release 14 (StataCorp LP, College
Station, TX, USA).

Results

The differences between the characteristics of participants
who were and were not followed up are shown in Supple-
mentary Table 1. Participants who were not followed up
were significantly younger and had a higher prevalence of
current smoking and physical activity 0 min/week than
participants who were followed up. In addition, men who
were not followed up had a significantly lower prevalence
of a family history of hypertension.

The baseline characteristics according to the presence or
absence of hyperuricemia are shown in Table 1. All the
variables, except for physical activity level and family
history of hypertension in both sexes and diabetes in
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women, significantly differed between participants with
hyperuricemia and those with normouricemia. Participants
of both sexes with hyperuricemia had higher systolic and
diastolic BP and higher prevalences of eGFR <60 ml/min/
1.73 m2, dyslipidemia, overweight, heavy alcohol drinking
and past smoking. Logistic regression analyses generated
multivariable-adjusted odds ratios (95% CIs) for hyperten-
sion of 1.24 (1.00–1.54) in men who drank 1–139 g alcohol/
week, 1.74 (1.40–2.24) in men who drank 140–274 g/week
and 2.37 (1.81–3.11) in men who drank ≥274 g/week,
compared with nondrinkers (p for linear trend < 0.001). The
corresponding odds ratios were 0.95 (0.63–1.41) for women
who drank 1–69 g alcohol/week and 2.10 (1.27–3.47) for
women who drank ≥70 g/week, compared with nondrinkers
(p for linear trend 0.037).

During a mean follow-up of 3.99 years (median, 25–75th
percentile: 4.75, 3.04–5.01), 1679 participants developed

hypertension. Table 2 shows the multivariable-adjusted
HRs and 95% CIs per 1.0 mg/dl increment in uric acid level
for the incidence of hypertension. The HRs per 1.0 mg/dl
increment in uric acid were 1.14 (p < 0.001) in men and
1.17 (p < 0.001) in women, and these were not altered by
adjustment for alcohol consumption. Alcohol consumption
was also positively associated with the incidence of
hypertension in both sexes. Because of the small number of
women undergoing medical treatment for hyperuricemia or
gout, the same analysis was conducted using model 2, but
excluding women undergoing medical treatment. This
generated similar results: the HR was 1.16 (1.07–1.27) per
1.0 mg/dl increment in uric acid concentration. The HRs for
the confounders are shown in Supplementary Table 2. Age,
systolic BP, eGFR, and family history of hypertension were
significantly associated with the incidence of hypertension
in both sexes.

Table 1 Baseline characteristics categorized according to the presence or absence of hyperuricemia

Variables Normouricemia Hyperuricemia P value

Men, n 3461 786

Range of uric acid, mg/dl 0.7–7.0 2.7–10.3

Medical treatment for hyperuricemia or gout, n – 159

Age, years 54.3 (9.9) 52.5 (9.6) <0.001

Systolic blood pressure, mmHg 114.5 (11.8) 116.7 (11.1) <0.001

Diastolic blood pressure, mmHg 71.8 (9.1) 74.2 (8.5) <0.001

eGFR <60 ml/min/1.73 m2, (%) 7.5 18.7 <0.001

Diabetes, (%) 8.1 5.7 0.023

Dyslipidemia, (%) 43.3 56.6 <0.001

Overweight, (%) 21.1 31.8 <0.001

Alcohol consumption, (%) 0, 1–139, 140–274, ≥275 g/week 28.7, 36.3, 24.2, 10.7 21.4, 33.2, 28.1, 17.3 <0.001

Smoking status, (%) never, current, quit 25.6, 35.4, 39.0 23.5, 30.9, 45.6 0.003

Physical Activity, (%) 0, 1–59, ≥60 min/week 40.0, 32.3, 27.7 40.0, 32.6, 27.5 0.988

Family history of hypertension, (%) 26.1 27.6 0.374

Women, n 3414 187

Range of uric acid, mg/dl 0.5–5.9 4.4–10.8

Medical treatment for hyperuricemia or gout, n – 3

Age, years 54.8 (9.2) 56.8 (9.2) 0.012

Systolic blood pressure, mmHg 110.1 (12.9) 113.5 (12.3) <0.001

Diastolic blood pressure, mmHg 68.2 (9.5) 70.8 (9.3) <0.001

eGFR < 60 ml/min/1.73 m2, (%) 10.0 35.3 <0.001

Diabetes, (%) 2.7 4.8 0.088

Dyslipidemia, (%) 36.1 52.9 <0.001

Overweight, (%) 11.9 30.0 <0.001

Alcohol consumption, (%) 0, 1–69, ≥70 g/week 70.9, 21.8, 7.3 69.5, 18.2, 12.3 0.031

Smoking status, (%) never, current, quit 88.3, 6.1, 5.6 84.5, 4.3, 11.2 0.005

Physical activity, (%) 0, 1–59, ≥60 min/week 40.1, 32.1, 27.8 44.9, 26.2, 28.9 0.223

Family history of hypertension, (%) 36.3 40.1 0.295

Hyperuricemia was defined as uric acid levels >7.0 mg/dl in men, ≥6.0 mg/dl in women, and/or receiving treatment for hyperuricemia or gout.
Continuous variables with normal distributions were presented as means (standard deviations).

eGFR estimated glomerular filtration rate
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The risk of hyperuricemia compared with normouricemia
is shown in Table 3. After adjustment for alcohol con-
sumption, men with hyperuricemia had a 1.37-fold higher
risk of hypertension, and women with hyperuricemia had a
1.54-fold higher risk of hypertension. Alcohol drinkers of
both sexes also had significantly higher risks of hyperten-
sion when compared with nondrinkers. There were no
interactions between hyperuricemia and sex (P= 0.534) or
between drinking and sex (P= 0.713).

Figure 1 shows the multivariable-adjusted HRs and 95%
CIs for the incidence of hypertension when participants
were classified according to categories of both uricemic and
alcohol drinking status and by sex. In women, compared
with nondrinkers who had normouricemia, participants in
all of the other three categories were at significantly higher
risk of hypertension. In men, the risk of nondrinkers with
hyperuricemia was 1.29-fold higher compared with non-
drinkers with normouricemia, although the risk did not have
significance. Because of the small sample size, the follow-
ing additional analyses were conducted without categoriz-
ing the participants according to sex. The sensitivity
analyzes that excluded participants with diabetes generated

HRs of 1.47 (1.16–1.88) in nondrinkers with hyperuricemia,
1.26 (1.11–1.43) in drinkers with normouricemia, and 1.76
(1.48–2.10) in drinkers with hyperuricemia. After classifi-
cation according to having normal BP (BP < 120/80 mmHg)
or not (BP ≥ 120/80 mmHg), the risk of hyperuricemia
compared to normouricemia among nondrinkers was sig-
nificantly higher in the normal BP group. The HRs were
1.88 (1.24–2.86) in nondrinkers with hyperuricemia, 1.56
(1.24–1.95) in drinkers with normouricemia, and 3.30
(2.44–4.49) in drinkers with hyperuricemia among partici-
pants with normal BP. The corresponding HRs were 1.21
(0.92–1.61), 1.12 (0.97–1.29), and 1.33 (1.09–1.63) among
participants with BP ≥ 120/80 mmHg.

Discussion

This prospective cohort study aimed to determine whether
hyperuricemia remains a risk factor for hypertension after
eliminating the effect of alcohol consumption. Although
alcohol drinking was positively associated with the presence
of hyperuricemia at baseline, the significant dose-response

Table 2 Multivariable-adjusted hazard ratios for the incidence of hypertension per 1.0 mg/dl increment in uric acid concentration, before and after
adjustment for alcohol consumption

Variables Comparison n Casea Incidence rateb Hazard ratio (95% confidence intervals)c

Model 1 Model 2

Men

Uric acid per 1.0 mg/dl – – – 1.14 (1.09–1.21) 1.13 (1.08–1.19)

Medical treatment for hyperuricemia or gout No 4088 1063 66.6 Ref Ref

Yes 159 64 115.5 1.39 (1.07–1.79) 1.36 (1.05–1.75)

Alcohol consumption 0 g/week 1162 242 51.7 – Ref

1–139 g/week 1518 362 60.9 – 1.14 (0.97–1.35)

140–274 g/week 1060 343 85.0 – 1.34 (1.13–1.58)

≥275 g/week 507 180 97.0 – 1.35 (1.10–1.65)

P for trend < 0.001

Women

Uric acid per 1.0 mg/dl – – – 1.17 (1.07–1.27) 1.16 (1.06–1.26)

Medical treatment for hyperuricemia or gout No 3598 566 38.2 Ref Ref

Yes 3 2 220.9 2.94 (0.72–12.0) 2.56 (0.63–10.5)

Alcohol consumption 0 g/week 2549 382 36.2 – Ref

1–69 g/week 779 127 39.7 – 1.15 (0.94–1.40)

≥70 g/week 273 59 55.5 – 1.51 (1.13–2.02)

P for trend 0.005

Ref reference.
aCases represent the number of participants who developed hypertension (first diagnosis of systolic blood pressure ≥ 140 mmHg, diastolic blood
pressure ≥ 90 mmHg, and/or receiving antihypertensive treatment)
bIncidence rates are presented per 1000 person years
cAdjusted for age (per 10 years), estimated glomerular filtration rate (≥60 ml/min/1.73 m2 or <60 ml/min/1.73 m2), diabetes, dyslipidemia, BMI
(<25 kg/m2 or ≥25 kg/m2), smoking status (never, current, quit), physical activity (0, 1–59, ≥60 min/week), family history of hypertension, and
systolic blood pressure (per 10 mmHg) at baseline
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effect of uric acid concentration on the incidence of
hypertension during the follow-up period remained after
adjustment for alcohol consumption in both sexes. Fur-
thermore, the risk of hyperuricemia was significantly higher
after adjustment for alcohol drinking status in both sexes.
Finally, nondrinkers with hyperuricemia were at higher risk
of hypertension compared to nondrinkers with normour-
icemia, although the significance was observed only in
women. The interactions between hyperuricemia and sex
and between drinking and sex were not significant. These
findings suggest that hyperuricemia is a risk factor for
hypertension, independent of alcohol consumption.

Hyperuricemia was associated with the incidence of
hypertension without a drinking habit in our study. The
mechanisms whereby hypertension develops in patients
with hyperuricemia may include endothelial dysfunction,
vascular smooth muscle cell proliferation, insulin resistance,
and impaired endothelial nitric oxide production [32]. A
prospective study in the USA investigated the association
between uric acid level and the incidence of hypertension
among 398 nondrinking men and women [16]. This pre-
vious study reported that those with the highest quartile of
uric acid level had a 1.72-fold (95% CI, 0.99–2.99) higher
relative risk compared with those with the lowest quartile.

P for interaction=0.668 P for interaction=0.811

343/2419

39/130 170/995

16/57

194/994
48/168

655/2467

230/618

Fig. 1 Multivariable-adjusted hazard ratios for incidence of hyper-
tension according to the combined variable of hyperuricemia and
alcohol drinking status in (a) men and (b) women. Numbers on the
cylinders indicate the hazard ratio (95% confidence interval). Numbers
in the cylinders indicate case number. Confounding factors were age
(per 10 years), estimated glomerular filtration rate (≥60 ml/min/1.73 m2

or <60 ml/min/1.73 m2), diabetes, dyslipidemia, BMI (<25 kg/m2 or
≥25 kg/m2), smoking status (never, current, quit), physical activity (0,
1–59, ≥60 min/week), family history of hypertension, and systolic
blood pressure (per 10 mmHg) at baseline. CI confidence interval, HR
hazard ratio, Ref reference

Table 3 Multivariable-adjusted
hazard ratios for the incidence of
hypertension, according to the
presence or absence of
hyperuricemia, before and after
adjustment for alcohol
drinking status

n Casea Incident rateb Hazard ratio (95% confidence intervals)c

Model 1 Model 2

Men

Normouricemia 3461 849 62.1 Ref Ref

Hyperuricemia 786 278 97.6 1.39 (1.21–1.60) 1.37 (1.19–1.58)

Nondrinker 1162 242 51.7 – Ref

Drinker 3085 885 74.8 – 1.27 (1.10–1.47)

Women

Normouricemia 3414 513 36.4 Ref Ref

Hyperuricemia 187 55 76.6 1.53 (1.14–2.06) 1.54 (1.14–2.06)

Nondrinker 2549 382 36.2 – Ref

Drinker 1052 186 43.6 – 1.25 (1.04–1.49)

Ref reference.
aCases represent the number of participants who developed hypertension (first diagnosis of systolic BP ≥ 140
mmHg, diastolic BP ≥ 90 mmHg, and/or receiving antihypertensive treatment)
bIncidence rates are presented per 1000 person years
cAdjusted for age (per 10 years), estimated glomerular filtration rate (≥60 ml/min/1.73 m2 or <60 ml/min/
1.73 m2), diabetes, dyslipidemia, BMI (<25 kg/m2 or ≥ 25kg/m2), smoking status (never, current, quit),
physical activity (0, 1–59, ≥60 min/week), family history of hypertension, and systolic blood pressure (per
10 mmHg) at baseline
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This finding in a previous study supports the present find-
ings, although the risk was not significant because of the
small sample size in the previous study. In addition, a
cohort study on Japanese men reported that an increment of
1 mg/dl in uric acid slightly, but not significantly, increased
the risk of hypertension among nondrinkers [17]. In the
present study, even among individuals with a baseline BP <
120/80 mmHg, nondrinkers with hyperuricemia had a sig-
nificant, 1.88-fold higher risk of hypertension than non-
drinkers with normouricemia, implying a causal relationship
between hyperuricemia and hypertension. Therefore, the
present study is the first to report a significant association
between uric acid level or hyperuricemia and the incidence
of hypertension among nondrinkers. In addition, the corre-
sponding risk was 1.21 in individuals with BP ≥ 120–139/
80–89 mmHg at baseline. A recent Japanese prospective
cohort study has shown that hyperuricemia is associated
with a 1.35-fold higher risk of hypertension than nor-
mouricemia in individuals with BP 120–139/80–89 mmHg
[5]. Although this previous study did not stratify the parti-
cipants according to their alcohol consumption, its findings
are also consistent with those of the present study. Thus, it
is suggested that hyperuricemia predict the risk of hyper-
tension, independent of alcohol drinking status.

We have also shown that alcohol intake is associated
with hypertension without the involvement of hyperur-
icemia. Previous epidemiological studies that focused on
estimating the risk of alcohol drinking for hypertension did
not adjust for uric acid level or hyperuricemia [13]. In the
present study, we found that alcohol drinkers without
hyperuricemia were at high risk for hypertension. Although
alcohol drinking is already a well-known risk factor for
hypertension [6–8], evidence of the risk of alcohol drinking
for hypertension is scarce among Asian women. Because
alcohol consumption in Asian women is small, only a few
epidemiological studies could classify women into three or
more quantitatively defined categories of alcohol con-
sumption to estimate the risk of hypertension [33, 34].
However, these studies did not report a significantly higher
risk of heavy alcohol consumption for hypertension.
Therefore, the present study has also provided evidence of a
significant risk of high alcohol consumption for hyperten-
sion among Asian women.

A strength of the present study was the high follow-up
rate for annual health check-ups in a community-based
population. However, this study also has some limitations.
First, dietary information regarding salt intake was not
available. Although the estimated risks may be attenuated
after adjustment for salt intake, the effect may not be larger
than that of BMI or alcohol consumption [35]. Second,
heart rate data were not available. An increase in sympa-
thetic activity increases BP and reduces uric acid excretion.
Therefore, a confounding effect of sympathetic activity

could have been adjusted for if heart rate had been adjusted
for as an index of sympathetic activity [36]. Third, selection
bias was possible because study participants were indivi-
duals who underwent routine comprehensive medical
check-ups. The participants who were excluded from the
study because they did not undergo a follow-up examina-
tion were relatively young, were more likely to be current
smokers and to engage in no physical activity, and had a
lower prevalence of a family history of hypertension (men
only). These participants may have been less health-
conscious than those who underwent follow-up assess-
ments. As reported by the National Health and Nutrition
Survey in Japan in 2008, the prevalence of hypertension,
defined as BP ≥ 140/90 mmHg and/or receiving medical
treatment for hypertension, was 44.6% among Japanese
adults aged 30–74 years [37]. The prevalence of hyperten-
sion was 27.9% among those aged 30–74 years who had
undergone medical check-ups at Saku Central Hospital in
2008. Thus, participants in the present study were healthier
than the general population in Japan. Therefore, the inter-
pretation of the present study findings should be applied to
the general population with caution.

In conclusion, hyperuricemia is a risk factor for hyper-
tension, and it is independent of alcohol drinking. Assess-
ment for uric acid levels independent of drinking habits may
be useful for strategies of preventing hypertension among
Japanese men and women.
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