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Results: The salt intake was higher by 2.1 g/day in Group I females and 5.6 g/day in Group II females when
compared to Group III females. The salt detection threshold and SPT were higher significantly in pre-hypertensive
females and much higher in hypertensive females compared to normotensive females. The mean values of
brachial ankle pulse wave velocity (BaPWV) and carotid femoral pulse wave velocity (CFPWV) were found to be
significantly higher in Group I females compared to normotensives.
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Conclusion: High SPT in prehypertensive females will lead to high consumption of salt to achieve taste
satisfaction. A progressive reduction of salt in food is reccommended in these females would significantly decrease
the percent progression of pre-HTN to HTN decreasing the risk for cardiovascular morbidity.
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ABSTRACT IMAGE

Salt Perception Threshold and Vascular risk in Prehypertensive Women compared to Normotensive and
Hypertensive women

Introduction: Cardiovascular diseases (CVD) represents the main cause of morbidity and mortality worldwide. The risk of CVD in women is often
ds i 1 due to misp ion that women are more protected than men against CVD. Studies have dt d a causal ionship between

excessive salt intake and essential hypertension leading to increased cardiovascular morbidity. Evidence suggests an association between regular dietary salt

intake and arterial vascular stiffness. In the present study, we tried to address the knowledge gap and determine the relationship of salt perception threshold with

arterial stiffness in pre-hypertensive women and compare those with hypertensive and normotensive women.

Objectives: To evaluate and compare the salt taste perception and vascular stiffness in pre-hypertensive women with that of normotensive and hypertensive

women.

Results: The salt intake was higher by 2.1 g/day in group I females and 5.6 g/day in group II females when compared to group III females. The salt detection

threshold(SDT) and salt perception threshold(SPT) were higher significantly in pre-hypertensive females and much higher in hypertensive females(P<0.05)

compared to normotensive females. The mean values of BaPWV and CFPWV were found to be significantly higher in group I females(P<0.05) compared to

normotensives.
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Conclusion: High salt perception threshold in prehypertensive females lead to high salt consumption. A progressive reduction of salt in food is recommended in

these females to decrease progression to hypertension reducing cardiovascular risk.

INTRODUCTION

Cardiovascular diseases (CVDs) represent the main cause of
population morbidity and mortality worldwide. Although
the incidence of CVD is lower in women than men,
women have a higher mortality and worse prognosis after
acute cardiovascular events. The risk of CVD in women is
often underestimated due to misperception that women
are more protected than men against CVD. These gender
differences have caused concerns for prevention of CVD
in women. Hypertension (HTN) and unhealthy diet are
among the major risk factors for CVD. The development
of HIN depends on complex interaction between genes
and environmental factors."! Numerous studies have
demonstrated a causal relationship between excessive salt
intake and essential HTN leading to increased cardiovascular
morbidity.*! Prehypertension (pre-HTN) defined as systolic
blood pressure (SBP) 120-139 mmHg and diastolic blood
pressure (DBP) 80-89 mmHg is an early condition that
precedes HTN. The risk of cardiovascular morbidity and
mortality is 1.6-2 times greater in pre-hypertensives than
normotensives even without progression to HTN.**! The
global mean sodium intake in 2010 was about 4 g/d (salt =
10 g/d) in adults and is especially higher in India where the
consumption of salt intake is approximately 10 g/day.”! The
World Health Organization recommends a sodium reduction
of <2 g/day in adults and the current HTN guidelines
recommend reducing the sodium intake as an important
and simple strategy to reduce HTN and a way of a lifestyle
modification.”? Eventual progression of pre-HTN to HTN
and development of stroke and left ventricular hypertrophy
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has been projected in several studies with high incidence of
stroke in India.®

Evidence from clinical studies suggested an association
between regular dietary salt intake and arterial vascular
stiffness. Pulse wave velocity (PWV) is the gold standard for
arterial stiffness which correlates well with Framingham risk
score and is considered a good predictor of cardiovascular
events.” Vascular stiffness is a pathological process of change
in structure and function of arterial wall that changes mainly
with age but high salt consumption is also linked to increased
arterial stiffness. These changes in arterial wall are believed
to be induced by both reduced bioavailability of nitric
oxide and a deficient response of local renin-angiotensin-
aldosterone system to high sodium consumption. Several
studies have shown occurrence of increased carotid artery
intimal-thickness and coronary atherosclerosis in pre-
hypertensive stage itself.'*""! In addition, massive salt
restrictions experiments and clinical research have found that
the reduction of salt intake not only reduces blood pressure
but also alleviates arterial stiffness which is independent of
anti-hypertensive effect suggesting that salt load may directly
affect vascular stiffness.'” However, most of the studies done
in this subject were on white population and very few studies
were done in the Asian population and fewer in the Indian
population.

Since high salt intake has such a large impact on global
health, it is important to figure out the factors contributing
to high salt intake. Evidence suggests that increased salt
intake dulls the taste of salt."®! Hence, measuring the salt
taste perception threshold is helpful to detect individuals

60



Ganji, et al.: Salt Perception Threshold and Vascular Risk in Prehypertensive Women

with increased salt intake. Salt perception threshold (SPT)
means how sensitively an individual perceives salt taste
and it is a factor influencing salt intake. Few studies have
shown that lower salt taste perception and high SPT was
associated with higher salt intake and higher prevalence of
HTN.[M’lS]

The prevalence of pre-HTN and HTN is very high in Indian
women and there is little data available about the salt-
taste sensitivity, amount of salt intake, and its association
with arterial stiffness in pre-HTN and HTN females in
the Indian population. Even though pre-HTN is not yet
considered as a disease, its early detection can prevent the
risk of development of HTN and cardiovascular risk!®!”]
using effective screening strategies. The adoption of lifestyle
interventions is limited in the Indian population and there
is little data available on SPT, amount of salt intake, and
arterial stiffness in pre-HTN. A moderate reduction in
dietary salt intake might be cardioprotective and prevent
progression of pre-HTN to HTN. Thus, in the present study;,
we tried to address the knowledge gap and to determine
the relationship of SPT with arterial stiffness in pre-
hypertensive women and compare those with hypertensive
and normotensive women.

Objectives

e The objective of this study was to evaluate and compare
the Salt perception threshold (SPT) and vascular stiffness
in pre-hypertensive women with that of normotensive
and hypertensive women.

MATERIALS AND METHODS
Study design

This was a cross-sectional study.

A total of 430 adult females in the age group of 25-60 years
from urban and rural areas of Bibinagar were included in the
study.

Exclusion criteria

Women below 25 years and above 60 years, women with
history of diabetes mellitus, obesity (body mass index
[BMI] >30), dyslipidemia, pregnancy, breast feeding, on oral
contraceptive pills, impaired renal function tests, and clinical
evidence of cardiovascular disease which may alter the
vascular endothelial function were excluded from the study.
Women with history of smoking, history of active drug or
chronic alcohol use, consumption of coffee or juice within 2 h
before the test, those having blocked nose, and other conditions
that might alter taste perception were excluded from the study.

Data collection procedure and tools used

The study was conducted after approval of the Institutional
Ethics Committee (AIIMS/BBN/IEC/JUNE/2023/279-R). An
informed consent was obtained from the participants after
explaining the purpose of the study and a questionnaire was
given to all the participants to acquire knowledge on dietary
behaviors, frequency of salt consumption, demography,
physical activity, and other eating practices.

Individuals coming to the medicine outpatient department
were screened for pre-HTN and HTN. The blood pressure
was measured as per eighth joint national committee (JNC
8) guidelines using standard mercury sphygmomanometers
as per standard protocol. An average of two or more readings
at each of two or more visits after initial screening was
considered and the subjects were divided into three groups:

Group I: Prehypertensive females (As per American heart
association (AHA), Individuals with SBP 120-139 mmHg
and diastolic blood pressure (DBP) 80-89 mm Hg);
Group II: Hypertensive females (including newly diagnosed
Hypertensives) (defined as SBP >140 mmHg and DBP
>90 mmHg); and Group III: Normotensive females (systolic
blood pressure (SBP) <120 mmHg and DBP <80 mmHg). The
SPT consists of an individual’s ability to recognize the salt taste.
Taste perception for salt was determined by salt impregnated
taste strips with sodium chloride at concentrations of 0,
0.016 g/mL (labeled as L), 0.04 g/mL (labeled as K), 0.1 g/mL
(labeled as J), and 0.25 g/mL (labeled as I). The subjects were
instructed not to have tea/coffee 2 h before test. The subject’s
mouth was washed with distilled water before doing the test.
The salt impregnated strip was held in the subject’s mouth for
3 s and the subject was asked whether he or she experienced
no taste/any taste. When the subjects replied “some taste,”
once, it was defined as salt detection threshold (SDT) -
Lowest concentration at which the subject recognized change
from no-Na strip to a Na — impregnated test strip. The mouth
was washed with distilled water again and the procedure
was repeated using the salt strips of higher concentrations
of sodium chloride until the subjects replied “salty taste” for
two consecutive concentrations. The lower concentration at
which the subjects properly reported as “salty taste” in two
consecutive strips were defined as values of SPT.

Vascular stiffness of the subjects was measured and compared
using an oscillometric non-invasive arteriography. This
device used two upper arm cufts and two lower limb cuffs as
a sensor with the cuff pressurized to at-least 35 mmhg over
actual systolic pressure. The device determines the brachial
ankle pulse wave velocity (BaPWV), carotid femoral pulse
wave velocity (CFPWYV), arterial stiffness index (ASI), and
ankle brachial index (ABI): To assess the stiffness of large
arteries. The arteriography also recorded the SBP and DBP,
pulse pressure, and heart rate.
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Plot of analysis or statistical tools

Characteristics of the study subjects were presented as mean
values and standard deviations. Thresholds of salt perception were
analyzed using the median detection and recognition categories
in each category. The continuous data were analyzed by Mann-
Whitney U-test and analysis of variance test for comparison
among the three groups. Pearson correlation analysis was done to
determine probable correlation relationships among continuous
variables. The data were analyzed using SPSS software version 23
and all the probability values for statistical tests with P < 0.05
were regarded as statistically significant.

RESULTS

A total of 430 females in the age group of 20-60 years were
included in the study, who were divided into three groups.
Group I (n = 130): Pre-hypertensives; Group II (n = 170):
Hypertensives; and Group III (n = 130): Normotensives/
control. The mean age of the participants in the study for pre-
hypertensives was 38.5 + 8.6 years, hypertensives was 47.3 +
9.6 years, and normotensives was 24.9 + 7.6 years. Most of the
women included in Group III were postmenopausal women.

The mean BMI was high but not significant in Group I (pre-
HTN) and higher in Group II (HTN) females compared to
controls (Group III), as described in Table 1. The mean values
of blood pressure among the three groups are given in Table 1.
There was significant increase in pulse pressure in Groups I
and II (P < 0.01). The salt intake was higher by 2.1 g/day
in Group I females and 5.6 g/day in Group II females than
Group III females [Table 2]. It was observed among pre-HTN
females (Group I), the proportion of SPT was L (0.016 g/
mL) (lowest concentration of NaCl) in 32% of women, K
(0.04 g/mL) in 44% and SPT is J (0.01 g/mL) in 24%, whereas
among HTN females, SPT was L in 13%, K in 27%, ] in 54%,
and Iin 6% (highest concentration of NaCl) [Table 2]. The SPT
among Group III females was L in 80%, K in 19%, and J in 1%.
This shows that the SDT and SPT were higher significantly in
pre-hypertensive females and much higher in hypertensive
females compared to normotensive females suggesting that
an association existed between salt taste perception and blood
pressure levels [Figure 1]. However, there was no correlation
between the salt detection and recognition threshold. It was
observed that the frequency of adding salt to food while
eating was higher in hypertensive females.

Normotension (Group III).

Table 1: Demographic and blood pressure details of women with Pre-hypertension (pre-HTN)(Group I), Hypertension( HTN)(Group II) and

Variable Group I (Pre-HTN) (n=130) Group II (HTN) (n=170) Group III (controls) P-value
Mean+SD Mean+SD (n=130) Mean+SD
Age in years 38.5+8.6 47.3+9.6 24.9+7.6 0.05
BMI kg/m? 26.2+2.17 27.5+£3.01 24.7+2.14 0.452
SBP (mm Hg) 127.4+£9.54 143.8410.12 118+9.32 <0.001
DBP (mmHg) 84.7+7.36 92.248.90 78.5+6.12 <0.001
MABP (mmHg) 94.8+13.9 105.4+14.3 86.2+13.6 0.001
PP (mmHg) 44.8+8.62 54.2+19 40.2+7.11 0.01

Normally distributed data expressed as Mean+SD. SD: Standard deviation, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, MABP: Mean arterial blood pressure, PP: Pulse pressure, HTN: Hypertension

Hypertension(HTN)(Group IT) and Normotension (Group III).

Table 2: Salt detection threshold (SDT) and Salt perception threshold (SPT) among women with Pre-hypertension( Pre-HTN)(Group I),

Controls (n=130)

Group Salt intake (g/day) SDT (Conc. of NaCl) (g/mL) SPT (Conc. Of NaCl) (g/mL)

MeantSD 0.016 0.04 0.1 0.25 0.016 0.04 0.01 0.25
@@ K@ D% @O% @O K% 0% @O%)

GROUP 1 8.2+1.4 37 44 19 - 32 44 24 -

Pre-HTN (n=130)

GROUP II 11.7+2.1 12 26 56 6 13 27 54 6

HTN (n=170)

GROUP III 6.1+1.2 82 17 1 - 80 19 1 -

Normally distributed data is expressed as Mean+SD. SD: Standard deviation, HTN: Hypertension, SDT: Salt detection threshold, SPT: Salt perception
threshold; L: 0.016 g/mL of NaCl (lowest concentration of NaCl); K: 0.04 g/mL of NaCL; J: 0.1 g/mL of NaCl; I: 0.25 g/mL of NaCl, Group I indicates Pre-
hypertensive women (Pre-HTN), Group II indicates hypertensive (HTN) women and group III indicates normotensive women
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Hypertension(HTN)(Group II) and Normotension(Group III).

Variable Group I (n=130)
Pre-HTN
Mean+SD
BaPWV (cm/s) 1451.85+192.03
CFPWYV (cm/s) 980.99+204.21
ASI (ratio) 30.46+11.6
ABI 1.05+0.05

Table 3: Details of parameters of vascular stiffness and salt perception threshold among women with Pre-hypertension (Pre-HTN)(Group I),

Group II (170) Group IIT P-value
HTN (n=130) controls
Mean+SD Mean+SD
1683.99+336.06 1087.30+164.2 0.001
1207.10+£231.11 721.57+66.4 0.001
52.39+12.2 27.8+10.8 0.31
1.07+1.01 1.007+0.23 0.46

Normally distributed data expressed as Mean+SD. SD: Standard deviation, HTN: Hypertension, BaPWV: Brachial ankle pulse wave velocity,
CFPWYV: Carotid femoral pulse velocity, ASI: Arterial stiffness index, ABI: Ankle brachial index, HTN: Hypertension

GROUP I
=GROUP IlI

1

0.04g/g/ml 0.1g/g/ml 0.25g/ml
SALT PERCEPTION THRESHOLD (g/ml)

percentage of women
i
o

0.016 g/ml

Figure 1: Comparison of salt perception threshold among women
with Pre-hypertension (Group I), Hypertension( Group II) and
Normotension ( Group III).
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Figure 2: Comparison of means of brachial ankle pulse wave
velocity (BaPWYV), carotid femoral pulse wave velocity (CFPWYV)
among women with Pre-hypertension: Group I, Hypertension:
Group IT and Normotension: Group III.

The mean values of BaPWV and CFPWV were found
to be significantly high (P < 0.001) in pre-hypertensives
(Group I females) and higher in hypertensives compared to
normotensives [Table 3]. Figure 2 shows the comparison of
brachial ankle pulse velocity (BaPWV) and carotid femoral
pulse wave velocity (CFPWV) among the 3 groups. However,
there was no significant difference in arterial stiffness index
(ASI) and Ankle brachial index (ABI) among the 3 groups
(P> 0.05).

DISCUSSION

In the Indian population, to the best of our knowledge, there
are limited studies on this subject. In this study, we assessed the
different levels of dietary salt intake and in different groups.
The salt intake was higher by 2.1 g/day in pre-hypertensive
females and 5.6 g/day in hypertensive females when compared
to controls and the salt taste perception threshold (SPT) was
significantly higher in these females which led to higher salt
intake. These results are supported by Moinuddin et al. who
reported that the daily salt intake of pre-hypertensives was
significantly greater than normotensives (P < 0.001).17 High
salt intake plays a crucial role in the transition between pre-
HTN and HTN. Another study by Kudo et al.""! examined
the association of salt perception with salt intake and blood
pressure levels in the general population in two communities
— Akita and Osaka where salt intake was different. They found
that Akita men detection threshold tended to be associated
positively with SBP and DBP and concluded that high salt
thresholds of salt perception were inversely associated with
salt intake. A study done by Chung!” also examined the
relationship between taste perception for salt and blood
pressure in Korean adults and found that the recognition
threshold for NaCl was significantly higher in hypertensive
females concluding that taste acuity for salt is altered in
hypertensive females which may influence dietary behavior
associated with sodium intake. A study by Kim et al. have
found no significant difference in salt detection threshold and
salt perception threshold between controls and hypertensive
groups and Lee et al'*"! found salt perception threshold did
not show any relationship with actual salt intake and salt
eating habits but those eating salty food showed higher blood
pressures. On the other hand, few studies®?? concluded that
salt taste preferences are not related to sodium consumption
and found no association between salt taste perception
threshold and blood pressure and there was no significant
difference in SPT between control and hypertensive groups.
An Indian study by Inamdar et al.l"® assessed consumption
of sodium among hypertensives and normal patients and
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found that habitual sodium consumption was higher in young
adults, but they did not relate the high consumption with
blood pressure. Individuals who consume a diet higher in salt
are at a greater risk of HTN.™! Intersalt cooperative research
group found that a reduction in sodium intake of 100 mmol/d
reduced SBP by 3-6 mmHg."

Our results revealed that females with pre-HTN and HTN
who eat a diet high in salt had higher BMI >25 kg/m* than
controls who eat a normal salt diet. These results were
supported by a study done by Moinuddin et al."”! where BMI
is higher in pre-hypertensives as compared to hypertensives
but this difference was not significant. However, the pulse rate,
SBP, and DBP were significantly higher in pre-hypertensives
as compared to normotensives (P < 0.001). Pre-hypertensives
had a higher prevalence of risk factors and higher BML

The mean values of BaPWV and CFPWYV which are indicators
of vascular stiffness were found to be significantly high in pre-
hypertensives and higher in hypertensive females compared to
controls in our study. These results are in line with a study done by
Jang et al.”? showed brachial ankle pulse wave velocity (BaPWV)
and carotid femoral pulse wave velocity (CFPWYV) increased with
blood pressure. In another study,® arterial stiffness measured
by CF PWV and BaPWYV in elderly subjects with pre-HTN
was significantly higher than in normotensive elderly normal
individuals. Vasan et al. reported that pre-HTN individuals
exhibit higher rates of progression to HTN and higher risk for
atherosclerotic disease than do normotensive individuals.**! A
longitudinal study by Framingham offspring found that arterial
stiffness measured by PWV predicts future hypertensive status.?
There is complexity in the relationship between arterial stiffness and
blood pressure.?”” A study was done using a hypothetical model
to analyze the association between salt intake and PWV through
direct and mediating pathways that aimed to investigate whether
the association between salt intake and arterial stiffness has a sex-
specific pattern demonstrated that high salt intake has a direct and
independent effect increasing arterial stiffness regardless of sex.”?”

A study done by Amen'? from Iraq compared the salt taste
threshold in hypertensive patients taking certain types of
anti-hypertensive medication with that of healthy individuals
and concluded that the salty taste threshold was decreased in
hypertensive patients compared with healthy subjects.

A meta-analysis of 11 randomized controlled trials based
on salt restriction in different populations revealed that an
average intake reduction of sodium intake of 89.3 mmol/
day was associated with a 2.84% reduction in PWV.?’! They
also showed a significant reduction in SBP and DBP with a
reduction in salt intake.

Study limitations

The study is a cross-sectional study and, therefore, lacked
information on the association between low salt intake and
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CVD. An individual’s daily sodium intake varies day by day.
24 h urinary sodium estimations which are gold standard
to evaluate 24 h urinary sodium excretion are needed. The
sample size of 430 was relatively small and it is possible that
more significant results could have been obtained from a
larger sample size.

CONCLUSION

The present study suggests that high SPT in prehypertensive
females contributes to high salt intake and is associated with
high blood pressure. Advice on lifestyle modification and salt
restriction in the diet could prevent the progression of pre-
HTN to HTN and prevent cardiovascular events in females
with pre-HTN.
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