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Abstract
Excessive salt intake is an established risk factor for hypertension. We conducted a cross-sectional study to examine the
association between salty taste recognition and estimated salt intake and masked hypertension in a healthy Japanese
normotensive population. The participants were 892 apparently healthy community residents (246 men and 646 women)
aged between 40 and 74 years with blood pressure below 140/90 mmHg. Salty taste recognition was assessed using a salt-
impregnated taste strip. Daily salt intake was calculated as estimated 24 h urinary sodium excretion using spot urine tests.
Each participant performed home blood pressure measurements for a minimum of 5 days per week. The participants were
classified into three groups according to their salty taste recognition threshold evaluated by the salt concentrations of the taste
strips (0.6%, 0.8%, and ≥ 1.0%). In women, the multivariate odds ratio (95% confidence interval) for masked hypertension
( ≥ 135/85 mmHg) was 2.98 (1.16–7.64) in the ≥ 1.0% group compared with that in the 0.6% group. In men, the proportion
of masked hypertension in the ≥ 1.0% group did not differ from that in the 0.6% group, and no correlation was identified
between estimated daily salt intake and the salty taste recognition threshold. In conclusion, impairment of salty taste
recognition was associated with masked hypertension in women even with normal blood pressure in the clinical setting.

Introduction

Excessive salt intake is an established risk factor for
hypertension [1]. Clinical studies have reported that salt
restriction lowers the threshold for salty taste [2, 3]. In an
epidemiological study in a Japanese rural population,
impaired taste of salt was associated with a high prevalence
of hypertension based on blood pressure measurements
taken at health check-ups [4].

Home blood pressure (HBP) measurement has been
shown to have a stronger predictive power for mortality
than blood pressure measurements taken at health check-ups
in the Japanese general population [5]. Furthermore, HBP
measurement is useful to detect masked hypertension
among individuals defined as normotensive based on
clinical measurement [6]. Ohkubo et al. [7]. reported that
the composite risk of cardiovascular mortality and stroke
morbidity was high in subjects with masked hypertension,
as well as in those with sustained hypertension. It is
important to obtain evidence on lifestyle factors and masked
hypertension. However, to our knowledge, there is no
community-based study examining the association between
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impaired taste of salt and masked hypertension. Thus, we
conducted this cross-sectional study involving an urban
Japanese population with no reported hypertension or anti-
hypertensive medication in the clinical setting.

Materials and methods

Study participants

The KOBE study is a population-based cohort study on the
risk factors for worsening quality of life or cardiovascular
disease, such as hypertension, diabetes mellitus, and dysli-
pidemia [8–10]. The study participants were healthy com-
munity residents of Kobe City, one of the major urban areas
in Japan, between 40 and 74 years of age. The participants
were recruited by the public relations office of the Kobe
municipal government through advertisements in maga-
zines, newspapers, posters, and leaflets distributed among
public facilities. The inclusion criteria were as follows:
(1) no current medication for dyslipidemia, hypertension,
or diabetes mellitus, and (2) no history of cardiovascular
disease or cancer. A total of 1117 individuals participated
in the baseline survey conducted between July 2010 and
December 2011 at the Institute of Biomedical Research
and Innovation. We performed a cross-sectional analysis
by using the baseline data from an examination of a
prospective cohort study (KOBE study). We excluded
225 subjects for the following reasons: missing data (n= 1),
hypertension ( ≥ 140/90 mmHg) diagnosed on the basis of
measurement at the time of the baseline survey (n= 137),
and failure to measure HBP appropriately in the required
manner for 5 days or more (n= 87). Finally, 892 indivi-
duals (246 men and 646 women) were included in the
present study.

Written informed consent was obtained from each par-
ticipant. The present study was approved by the ethics
committee of the Institute of Biomedical Research and
Innovation (Approval number 10-02).

Data collection

At the baseline survey, the participants were asked to
respond to questionnaires about smoking and alcohol con-
sumption over the preceding month. Research physicians,
nurses, and nutritionists then performed face-to-face inter-
views with each participant and reviewed their answers to
the questionnaire questions.

After a 5 min resting period, blood pressure was mea-
sured twice, consecutively, in each participant using an
automatic sphygmomanometer (BP-103i II; Nihon Colin,
Tokyo, Japan), and the mean value was recorded. Height
and weight were measured using combined equipment

(U-WELL2; Elk Corp., Osaka, Japan), while wearing socks
and light clothing. Body mass index (BMI) was calculated
as the weight (kg) divided by the height squared (m2). Waist
circumference was measured at the umbilical level in the
standing position.

Blood samples were collected after the participants had
fasted for at least 10 h and were tested in the same com-
missioned clinical laboratory center (SRL Inc., Tokyo,
Japan). The levels of serum total cholesterol, high-density
lipoprotein cholesterol, and triglycerides were measured by
enzymatic methods. The low-density lipoprotein cholesterol
levels were estimated using the Friedewald formula [11].
Estimation of glomerular filtration rate (eGFR) was calcu-
lated by the Japanese equation using serum creatinine [12]
for evaluating kidney function.

Assessment of salty taste recognition and salt
intake

Salty taste recognition was assessed by a salt-impregnated
taste strip (Salsave; Advantech Toyo Co., Tokyo, Japan).
This method was developed by Maruyama et al. [13–15]
and validated by Nishimoto et al. [16]. Nishimoto et al. [16]
compared the Salsave test with other taste tests such as the
whole-mouth method, the micropipette salty taste quantity
test, and the electric taste threshold; the results of the
Salsave test correlated significantly with the results of
the other taste tests [16]. The strips were impregnated with
sodium chloride in concentrations of 0, 0.6, 0.8, 1.0, 1.2,
1.4, and 1.6%. We assessed salty taste recognition using
the modified version described by Michikawa et al. [4].
First, the participants were asked to rinse their mouths
with fresh water to neutralize their oral conditions as
much as possible. Next, they were asked to place a strip
impregnated with 0% sodium chloride on their tongue
for 3 s to familiarize themselves with the taste of the
blank strip. Then they sequentially tasted the remaining
taste strips in the same way, beginning with the lowest
concentration of sodium chloride. Participants were asked
to report and describe any taste perceived. The concentra-
tion at which they identified the salt taste was defined as the
salty taste recognition threshold.

Daily salt and potassium intakes were evaluated by
estimating the 24 h urinary sodium chloride and potassium
excretion using spot urine, and were calculated by the
equation developed by Tanaka et al. [17].

Measurement of HBP

Participants with clinical systolic/diastolic blood pressures
below 140/90mmHg at the baseline survey were asked
to perform HBP measurements using an Omron HEM-747IC
device (Omron Healthcare, Kyoto, Japan). They received
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written and oral instructions from the research staff on how to
perform the measurements, based on the 2009 Japanese
Society for Hypertension guidelines for the management of
hypertension [18]. The participants were asked to measure
HBP immediately after awakening and before bedtime, for
1 week. The participants measured their blood pressure in the

sitting position on two consecutive occasions after resting for
at least 2 min. Blood pressure measurements in the morning
were taken (1) after voiding and (2) before breakfast. We
analyzed data including blood pressure measurements com-
pleted in the morning and evening for 5 days or more. The
mean values of all measurements were used for the analyses.

Table 1 Participant
characterisitics according to the
salty taste threshold by sex

Salty taste threshold (%) 0.6% 0.8% ≥ 1.0% p for difference

Men

Number 171 41 34

Age (years) 60.8 ± 9.0 63.0 ± 8.3 60.8 ± 8.0 0.34

BMI (kg/m2) 22.5 ± 2.6 22.8 ± 2.5 22.8 ± 2.6 0.69

SBP (mmHg) 117 ± 12 116 ± 13 116 ± 10 0.83

DBP (mmHg) 74 ± 8 75 ± 9 74 ± 6 0.97

Blood glucose (mg/dL) 93.3 ± 15.9 93.1 ± 8.6 91.8 ± 10.6 0.85

HbA1c (NGSP, %) 5.2 ± 0.6 5.1 ± 0.4 5.2 ± 0.5 0.63

HDL cholesterol (mg/dL) 62 ± 15 60 ± 12 58 ± 14 0.17

LDL-cholesterol (mg/dL) 124 ± 27 120 ± 30 124 ± 33 0.63

Triglycerides (mg/dL) 83 (27–292) 85 (31–151) 98 (41–224) 0.27

Serum creatinine (mg/dL) 0.83 ± 0.11 0.83 ± 0.12 0.83 ± 0.13 0.96

Estimated GFR (mL/min/1.73 m2) 74.8 ± 11.8 73.9 ± 11.0 76.0 ± 14.7 0.76

Current smokers (%) 9.4 12.2 26.5a 0.02

Current drinkers ( ≥ 23 g ethanol/day, %) 28.7 46.3 44.1 0.04

Estimated daily salt intake (g/day) 8.8 ± 1.9 9.6 ± 2.0 9.0 ± 1.9 0.10

Estimated daily potassium intake (mmol/day) 46.7 ± 8.3 50.3 ± 8.3 47.5 ± 8.2 0.05

Sodium to potassium ratio (mol/mol) 3.3 ± 0.7 3.3 ± 0.7 3.3 ± 0.7 1.00

Women

Number 540 61 45

Age (years) 57.9 ± 8.4 58.7 ± 7.9 58.3 ± 9.7 0.74

BMI (kg/m2) 20.8 ± 2.6 20.4 ± 2.2 21.1 ± 2.8 0.34

SBP (mm Hg) 111 ± 13 108 ± 12 109 ± 14 0.28

DBP (mm Hg) 67 ± 9 67 ± 9 68 ± 9 0.82

Blood glucose (mg/dL) 88.7 ± 13.8 88.2 ± 7.3 85.7 ± 6.2 0.34

HbA1c (NGSP, %) 5.2 ± 0.5 5.2 ± 0.4 5.1 ± 0.2 0.27

HDL cholesterol (mg/dL) 72 ± 15 73 ± 16 70 ± 21 0.61

LDL-cholesterol (mg/dL) 134 ± 28 130 ± 27 129 ± 29 0.35

Triglycerides (mg/dL) 69 (26–266) 60 (25–329) 74 (30–210) 0.27

Serum creatinine (mg/dL) 0.63 ± 0.09 0.62 ± 0.09 0.63 ± 0.08 0.83

Estimated GFR (mL/min/1.73 m2) 76.7 ± 12.5 77.2 ± 12.5 76.3 ± 11.9 0.93

Current smokers (%) 1.5 4.9 2.2 0.17

Current drinkers ( ≥ 23 g ethanol/day, %) 4.3 1.6 8.9 0.19

Estimated daily salt intake (g/day) 8.2 ± 1.8 8.4 ± 1.9 8.1 ± 1.8 0.57

Estimated daily potassium intake (mmol/day) 45.0 ± 8.0 48.0 ± 8.1 46.4 ± 7.6 0.01

Sodium to potassium ratio (mol/mol) 3.1 ± 0.6 3.0 ± 0.6 3.0 ± 0.6 0.17

ap < 0.05 compared with the group of salty taste recognition of 0.6 % concentration in the Bonferroni-
corrected χ2-test.

ANOVA analysis of variance, DBP diastolic blood pressure, eGFR estimated glomerular filytation rate, HBP
home blood pressure, SBP systolic blood pressure

Estimated GFR: glomerular filtration rate was estimated by the equation: 194 × Creatinine-1.094 × Age−0.287 in
men and 194 × Creatinine−1.094 × Age−0.287 × 0.739 in women

ANOVA or Kruskal–Wallis test were used for comparing continuous variables
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Statistical analysis

The participants were classified into three groups according
to the salty taste recognition threshold (0.6, 0.8, and ≥ 1.0%)
and stratified by sex. Data are presented as the means ± SDs
for continuous variables and as percentages for categorical
variables. Non-normal variables are presented as the
median values and range (minimum–maximum values).
Differences in continuous variables were tested using
analysis of variance (ANOVA) or the Kruskal–Wallis test.
The Bonferroni-corrected χ2-test was used for categorical
variables. According to the 2014 guidelines for the man-
agement of hypertension [6], each HBP value was classified
into normal blood pressure ( < 125/75 mmHg), normal
high blood pressure (125–134/75–84 mmHg), or hyper-
tension ( ≥ 135/85 mmHg). Logistic regression analyses
were performed to estimate the age- and multivariate-
adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) for masked hypertension between the groups of salty
taste recognition threshold, with the group of 0.6% set as
the reference. The differences were evaluated after adjusting
for age, BMI, smoking status (never-, former-, and current
smokers) and ethanol intake (never, former ≤ 22, 23–45,
and ≥ 46 g/day). Similar analyses for non-normal HBP
( ≥ 125/75 mmHg) were also performed.

All p-values were two-sided, with p < 0.05 considered
statistically significant. All statistical analyses were per-
formed using SPSS 22.0 J for Windows (SPSS Inc.,
Tokyo, Japan).

Results

Among all participants stratified by sex, the proportions of
subjects with salty taste recognition thresholds of 0.6, 0.8,
and ≥ 1.0% were 69.5%, 16.7%, and 13.8%, respectively, in
men, and 83.6%, 9.4%, and 7.0%, respectively, in women.
The proportions of high normal blood pressure (125–134/
75–84 mmHg) based on HBP were 35.0% in men and
20.3% in women. The proportions of masked hypertension
( ≥ 135/85 mmHg) were 13.8% in men and 6.5% in women.

Table 1 shows the participant characteristics according to
the salty taste threshold and by sex. In men, the proportion
of current smokers was significantly higher in the ≥ 1.0%
salty taste threshold group than in the 0.6% group. The
proportion of current drinkers ( ≥ 23 g ethanol/day) was also
significantly higher in the 0.8% and ≥ 1.0% groups than in
the 0.6% group. There was no significant difference in
serum creatinine levels and eGFR levels among the three
groups of different salty taste recognition threshold in both
men and women. In women, no significant difference was
observed in the clinical measures among the three groups
related to the salty taste threshold.

Table 2 shows the HBP characteristics according to the
salty taste threshold by sex. In men, there was no significant
difference in the mean HBP values between the groups.
In women, the mean systolic blood pressure in the evening for
the ≥ 1.0% salty threshold group was significantly higher than
that in the 0.8% group. In men, the proportions of those with
non-normal HBP ( ≥ 125/75 mmHg) and masked hyperten-
sion ( ≥ 135/85mmHg) were the highest in the 0.8% group.
In women, the proportions of those with non-normal HBP ( ≥
125/75mmHg) tended to increase with increases in salty taste
threshold. The proportion of those with masked hypertension

Table 2 Mean values of HBP and proportions of those with masked
hypertension according to salty taste threshold by sex

Salty taste threshold (%) 0.6% 0.8% ≥ 1.0% p for difference

Men

Number 171 41 34

Morning

SBP (mmHg) 123 ± 13 126 ± 13 125 ± 12 0.29

DBP (mmHg) 76 ± 8 79 ± 8 78 ± 7 0.10

Evening

SBP (mmHg) 117 ± 13 117 ± 10 119 ± 12 0.64

DBP (mmHg) 69 ± 8 70 ± 8 70 ± 9 0.68

Total

SBP (mmHg) 120 ± 12 121 ± 11 122 ± 11 0.53

DBP (mmHg) 73 ± 7 74 ± 7 74 ± 7 0.29

Non-normal HBP

Case 76 26 18

% 44.4 63.4 52.9 0.08

Masked hypertension

Case 22 8 4

% 12.9 19.5 11.8 0.51

Women

Number 540 61 45

Morning

SBP (mmHg) 114 ± 14 115 ± 12 119 ± 15 0.09

DBP (mmHg) 71 ± 8 71 ± 8 73 ± 9 0.22

Evening

SBP (mmHg) 110 ± 13 108 ± 11 115 ± 16b 0.03

DBP (mmHg) 67 ± 8 66 ± 8 69 ± 9 0.15

Total

SBP (mmHg) 112 ± 13 111 ± 11 117 ± 15 0.05

DBP (mmHg) 69 ± 8 69 ± 8 71 ± 9 0.19

Non-normal HBP

Case 139 18 16

% 25.7 29.5 35.6 0.32

Masked hypertension

Case 32 3 7

% 5.9 4.9 15.6a 0.04

ANOVA analysis of variance, DBP diastolic blood pressure, HBP
home blood pressure, SBP systolic blood pressure

Non-normal HBP ≥ 125/75 mmHg; Masked hypertension: HBP ≥
135/85 mmHg. ANOVA was used for comparing continuous
variables
ap < 0.05 compared with the group of salty taste recognition of 0.6 %
concentration in the Bonferroni-corrected χ2-test. bp < 0.05 compared
with the group of salty taste recognition of 0.8 %
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( ≥ 135/85mmHg) in women was significantly higher in the
≥ 1.0% group than in the 0.6% group.

The ORs and 95% CIs for non-normal HBP and masked
hypertension in relation to the salty taste threshold by sex
are shown in Table 3. In men, the age-adjusted OR for non-
normal HBP ( ≥ 125/75 mmHg) was significantly higher in
the 0.8% salty taste threshold group than in the 0.6% group.
However, this association was not significant after adjusting
for BMI, smoking, and drinking status. In women, the ORs
for masked hypertension ( ≥ 135/85 mmHg) were sig-
nificantly higher in the ≥ 1.0% group than in the 0.6% group
in both the age-adjusted and multivariate analyses. The
multivariate OR for masked hypertension was 2.98 (95%
CI: 1.16–7.64).

Discussion

Although it increases the risk of stroke, most individuals
are generally unaware of masked hypertension [7]. Herein,
we examined the association of salty taste recognition
with masked hypertension. Impaired salty taste recognition
was found to be associated with masked hypertension
based on HBP measurement in women, but not in men.
Michikawa et al. [4]. also reported that impaired salty taste

recognition was associated with hypertension based on
blood pressure measurements at health check-ups in
women. Sub-analysis of the data of 77 married couples
suggested that impairment of salty taste recognition in
women was associated not only with their hypertension
but also with hypertension of their husbands [4]. The
researchers considered that salt intake among their
husbands and family members may depend on the women’s
salty taste preference, as most family meals in Japan across
this age group are prepared by women. Our findings
were comparable to the findings by Michikawa et al. [4]
and the association was observed even at the stage of
masked hypertension. Confounding by smoking is another
possible reason for the lack of association between impaired
salty taste recognition and masked hypertension in men.
Cigarette smokers exhibited lower taste sensitivity than
non-smokers in previous studies [19, 20], although it has
not been confirmed whether and how smoking habits
affect blood pressure [6]. In our study, current smoking
was significantly associated with impaired salty taste
recognition (Table 1) but not with masked hypertension in
men. In men, the association between impaired salty taste
recognition and masked hypertension may be attenuated
due to the high percentage of current smokers in the ≥ 1.0%
salty taste threshold group.

Long-term adherence to a low-sodium diet has been
reported to improve the threshold for salty taste in clinical
studies [21], and a high threshold of salty taste reflects salty
taste preference and, therefore, habitual high salt intake
[22]. In normotensive adults adhering to a low-sodium diet
for 1 year, the mean preferred salt concentrations declined
from 0.72% to 0.33% after 3 months of sodium restriction
[21]. Conversely, in another study in which healthy uni-
versity students participated in a diet intervention trial
(ad libitum salt intake for 3 weeks [pre-diet], followed
by 12 g of crystalline salt added to food daily for 4 weeks
[high salt], followed by ad libitum salt intake for 3 weeks
[post-diet]), the mean preferred concentrations of salt
increased by 0.09 mol/L compared with that at the begin-
ning of the trial [22].

There are few studies clarifying the association between
habitual salt intake and blood pressure [23–25]. Bursztyn
et al. [23] estimated the salt-sensitivity risk by a combina-
tion of 10% or less mean arterial pressure reduction during
sleep and 24 h heart rate at least 70 bpm during 24 h
ambulatory blood pressure monitoring, and reported that the
prevalence of high salt-sensitivity was higher in women
than in men [23, 24]. According to the Dietary Approaches
to Stop Hypertension-Sodium Trial, the effect of lower
sodium intake on blood pressure was more pronounced in
women than in men [25]. It is a reasonable method to
estimate daily salt intake by using spot urine, and the esti-
mated daily salt intake correlated with salt-intake behaviors

Table 3 ORs (with 95% CIs) for non-normal HBP and masked
hypetension in relation to salty taste threshold by sex

Salty taste threshold (%) 0.6% 0.8% ≥ 1.0 %

Men

Non-normal HBP ( ≥ 125/75 mmHg)

Crude OR 1.00 2.17 (1.07–4.38) 1.41 (0.67–2.94)

Age-adjusted OR 1.00 2.15 (1.06–4.36) 1.40 (0.67–2.94)

Multi-adjusted* OR 1.00 2.13 (0.98–4.61) 1.33 (0.59–2.99)

Masked hypertension ( ≥ 135/85 mmHg)

Crude OR 1.00 1.64 (0.67–4.01) 0.90 (0.29–2.81)

Age-adjusted OR 1.00 1.45 (0.58–3.60) 0.83 (0.26–2.59)

Multi-adjusted* OR 1.00 1.28 (0.49–3.40) 0.65 (0.19–2.24)

Women

Non-normal HBP ( ≥ 125/75 mmHg)

Crude OR 1.00 1.21 (0.67–2.16) 1.59 (0.84–3.02)

Age-adjusted OR 1.00 1.20 (0.66–2.16) 1.59 (0.83–3.07)

Multi-adjusted* OR 1.00 1.48 (0.79–2.76) 1.57 (0.79–3.14)

Masked hypertension ( ≥ 135/85 mmHg)

Crude OR 1.00 0.82 (0.24–2.77) 2.92 (1.21–7.06)

Age-adjusted OR 1.00 0.85 (0.25–2.88) 2.89 (1.17–7.17)

Multi-adjusted* OR 1.00 1.00 (0.28–3.53) 2.98 (1.16–7.64)

CI confidence interval, DBP diastolic blood pressure, HBP home
blood pressure, OR odds ratio, SBP systolic blood pressure. Non-
normal HBP: HBP ≥ 125/75 mmHg; Masked hypertension: HBP ≥
135/85 mmHg
*Adjusted for age, BMI, smoking status, and drinking status.
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in previous studies [26, 27]. In the present study, no asso-
ciation was found between estimated daily salt intake and
the salty taste recognition threshold. The estimated daily salt
intake calculated by a urine sample might reflect salt intake
behavior for a short period. When individual salt intake
behavior has been recently modified, the threshold for salty
taste may not be improved immediately, as found in
previous clinical studies using normotensive participants
[21, 22]. In Japan, from the 1960s, community-based
hypertension control programs have been established in
order to prevent stroke [28, 29], and health education for
reducing salt intake has been implemented. All participants
in the present study had normal blood pressure at the
baseline clinical measurements; however, there is the
potential for reducing salt intake in people concerned with
increases in blood pressure within the normal range. If
behavior modification occurred recently among some par-
ticipants, the associations between estimated daily salt
intake with salty taste recognition threshold and the HBP
level could be attenuated or disappear. However, further
prospective studies are needed to confirm this speculation.

Taste acuity including salty taste is impaired in kidney
disease patients with hemodialysis or continuous ambula-
tory peritoneal dialysis [30, 31]. However, there was no
significant difference in serum creatinine and eGFR levels
among the three groups of different salty taste recognition
threshold in both men and women. Thus, renal function is
not directly related to salty taste recognition in our appar-
ently healthy population.

The present study has several limitations. First, daily salt
intake was estimated using single spot urine. It has been
shown that both estimations using spot and 24 h urine show
intra-individual variability at the individual level [32]. The
accuracy of our analysis may be improved by expanding the
sample size, by collecting multiple spot urine samples, or by
24 h urine collection. Second, we could not collect detailed
information on dietary habits, such as vegetable intake,
which affect blood pressure mainly through potassium
intake, although we assessed estimated potassium intake by
spot urine samples. Third, the association between salty
taste recognition and masked hypertension may be poten-
tially attenuated due to the cross-sectional study design, as
individuals with high blood pressure make an effort to
decrease their blood pressure by lifestyle modification,
such as salt intake reduction. We did not examine
recent modifications in salt intake among individual parti-
cipants. Accordingly, our findings should be verified by
prospective studies.

In conclusion, impairment of salty taste recognition was
associated with masked hypertension in women. Preference
for light salty taste should be recommended for the pre-
vention of masked hypertension. Further prospective cohort
studies are needed to corroborate this hypothesis.
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