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ABSTRACT

Introduction: Hypertension is one of the commonest multi-factorial
conditions with largest contribution to cardiovascular diseases. The
development of hypertension is secondary to complex interaction
between environmental factors like high dietary salt intake, obesity and
genes. Salt perception threshold (SPT) is the lowest concentration at
which an individual perceives the salt taste. Recent evidence suggested
that Salt Perception Threshold is related to total sodium intake and higher
blood pressures. Thus, we evaluated the SPT and its relationship with
dietary salt intake across a spectrum of blood pressure levels as an
additional screening tool.

Objectives: To evaluate the salt taste perception threshold in normotensives,
individuals with elevated blood pressure and hypertension.

Methodology: 400 adults in age group of 18-50 yrs were included in the
study. Dietary intake was assessed using food frequency questionnaire
(FFQ). The blood pressure was measured in sitting position and
individuals were divided into: group l(controls) (SBP <120 mmHg, DBP
<70 mm Hg); group ll(subjects with elevated blood pressure)(SBP120-
139mmHg,DBP 70-89mmHg); group lII (hypertensives)(SBP > 140 mm Hg
, DBP > 90mmHg). SPT was determined by salt impregnated taste strips
in 5 increasing concentrations applied in mouth.

Results: Mean Salt intake was significantly high in individuals with
elevated blood pressure and hypertension compared to normotensives
(p<0.05). The SPT was found to be normal in 77% of normotensives and
high in rest of 23%.The SPT was high in 64% of the pre-hypertensives and
normal in remaining 36%. The SPT was found to be higher in 71% of the
hypertensives and normal in rest of 29%.There was a positive correlation

between systolic blood pressure and salt intake(r= 0. 4177).

Conclusion: The Salt Perception Threshold was found to be significantly high
in individuals with elevated blood pressure and higher in hypertensive
subjects leading to increased intake of salt suggesting that an association
existed between salt intake, salt taste perception and BP levels.

Keywords: Salt Perception Threshold(SPT), hypertension(HTN), elevated
blood pressure, salt intake, blood pressure(BP).

© 2024 European Society of Medicine 1


https://doi.org/10.18103/mra.v12i11.5941
https://doi.org/10.18103/mra.v12i11.5941
https://doi.org/10.18103/mra.v12i11.5941
https://doi.org/10.18103/mra.v12i11.5941

Introduction

Hypertension is one of the major multifactorial
conditions having significant burden on healthcare
system in India. In 2016, 1.63 million deaths were
attributed to hypertension™. It is undisputable that
hypertension is one of the important and
independent risk factors for cardiovascular disease,
stroke, peripheral arterial disease®. Despite efforts
of public health education, awareness on
hypertension and diet control remains problematic
with only two-thirds of adult and elderly population
aware of their hypertension status®. Improved
awareness and detection of hypertension would
reduce a preventable burden of cardiac diseases
related to hypertension. The development of
elevated blood pressure and hypertension is
secondary to complex interaction between
environmental factors like high dietary salt intake,
obesity and genes. Salt is the main source of
sodium in our diet which is added primarily for
palatability taste preferences and for preservation
and processing of food. Processed food comprises
75% of salt intake. A small amount of sodium
(500mg) is required to conduct nerve impulses,
contraction and relaxation of muscles and
maintenance of proper electrolyte balance. However,
most people take more sodium than is needed.
Salt consumption varies in different countries
andan average Indian consumes 9 to12 gm of salt
per day which is almost double the amount of salt
recommended by WHO (5 gm/day per adult)®?.
Excessive salt intake >5g/day has shown a significant
increase in blood pressure and has been linked
with onset of hypertension®. The role of genetic
and environmental factors on sodium consumption
and consequently the relationship between
hypertension and salt intake is widely supported by
individual and population-based studies!?.

Elevated blood pressure (a new BP category)
defined as systolic BP of 120-139 mmHg or
diastolic BP of 70-89 mmHg is an early condition
that can develop into hypertension. The risk of
cardiovascular diseases including atherosclerosis is

higher in individuals with elevated blood pressure®.

The high sodium intake and increase in blood pressure
may lead to water retention, increase in systemic
peripheral resistance, alterations in endothelial
function and modification in cardiovascular system.
JNC 7 recommendations for lowering blood pressure
include reduced sodium intake to no more than
100mmol/day (2.4 g of sodium or 6 g of sodium
chloride)™®. A meta-analysis showed that modest
reduction in salt intake from 10 gm to 5 gm/day for
4 or more weeks would reduce the blood pressure
in both hypertensive and normotensive individuals
irrespective of sex and ethnicity"”. Hence, limited
intake of salt plays an important role in dietary
guidelines for prevention and proper management
of hypertension which would contribute to substantial

decline in mortality from cardiovascular diseases"?.

Salt sensitivity of blood pressure in which BP
changes >10% in response to change in salt
consumptionaccounts to approx. 51% to 80% of
essential hypertension. Salt perception threshold
(SPT) refers to lowest concentration of sodium at
which an individualis able topercieve the taste of
salt. Recent evidence suggested that salt taste
perception is related to total sodium intake" and
some studies have suggested higher salt taste
perception thresholds in hypertensives™. The
adoption of lifestyle interventions is limited in
Indian population and large number of individuals
with pre-hypertension progress to hypertension
within few years. Although 24-hr urine collection
method is considered as the gold standard for
assessing salt intake, collecting urine over a whole
day is laborious and inconvenient for the
individuals involved. Thus, in the present study, we
tried to evaluate the salt perception threshold
which measures salt taste sensitivity of an individual
and its relationship with dietary salt intake across a
spectrum of blood pressure levels so that it can be
used as an additional screening tool to take
appropriate measures to decrease morbidity and
mortality from cardiovascular disease.

OBJECTIVES: To evaluate the salt taste perception
threshold in normotensives, individuals with elevated

blood pressure and hypertensive individuals.
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Methodology:

STUDY DESIGN —CROSS-SECTIONAL STUDY: The
study was carried out at All India Institute of
Medical Sciences (AlIMS), Bibinagar in Department
of physiology and General medicine OPD between
July 2023 and January 2024 after obtaining
approval from Institute Ethical Committee (IEC.
No. AlIMS/BBN/IEC/MAR/2023/267)

INCLUSION CRITERIA: Men and women in the age
group of 18-50 years from urban and rural areas of
Bibinagar.

EXCLUSION CRITERIA: Subjects with history of
smoking, history of active drug or chronic alcohol
use, patients with diabetes mellitus, pregnancy,
impaired renal function tests, hyper-aldosteronism,
those having blocked nose and other conditions
that might alter salt taste perception were excluded.

Dietary intake in the subjects was assessed using a
validated food frequencyquestionnaire (FFQ)
(reporting all the types and quantities of food
consumption in last 24 hr based on recall),
demography, other eating practices and family
history of hypertension.Height and weight of the
subjects were measured using a standard
anthropometric scale and the body mass index was
calculated as weight divided by height square
(kg/m2). The blood pressure was measured using
standard clinically validated mercury
sphygmomanometers by a single examiner with
the subject in relaxed sitting position after 5
minutes rest. The blood pressure was measured
with the subject’s arm at level of the heart with the
palm of the hand facing up and elbow slightly
flexed (16). Three consecutive readings were made
at 5 minutes interval and the average of last 2 BP
measurements was used for classification of study
participants into 3 groups based on blood pressure
as per the 2024 guidelines by European Society of
Cardiology (ESC) (17). Group | normotensives
(controls): Individuals with SBP <120 mmHg and
DBP <70 mmHg; Group II: Individuals with elevated
blood pressure (SBP 120-139 mmHg and DBP 70-
89 mm Hg), Group Ill: hypertensives (HTN)
Individuals with SBP>140mmHg and DBP >90mmHg.

For assessment of salt perception threshold (SPT),
the subjects were warned not to smoke, eat, or
brush their teeth over a period of at least 2 hrs prior
to the test. The room temperature was kept at
26°C.The subject’'s mouth was washed with
distilled water before doing the test to remove any
taste. Salt taste perception threshold was
determined by commercially available salt
impregnated taste strips with sodium chloride in
closed bottles( Burckhart Odofin salt strips,
Medisense, Germany) at 5 concentrations of 0 g/ml
(labelled as M), 0.016 g/ml(labeled as L),
0.04g/ml(labeled as K) and 0.1g/ml(labeled as J),
and 0.25 g/ml(labelled as ). The salt strips were
placed and stored in closed containers in a dry
environment at room temperature. The salt strip
was held in the subject’s mouth for 3 sec and the
subject was asked whether he or she experienced
no taste or some taste or salt taste. Salt strips with
increased concentrations were applied until the
subjects replied “salty taste” for 2 consecutive
concentrations. The lowest concentration of salt
which is detected by the subject is defined as the
salt perception threshold (SPT). Based on the SPT,
the individuals were identified as those with normal
SPT( individuals who identified the salt taste with L
and K strips as they had low(0.016g/ml) to
normal(0.04g/ml) NaCl conc., while individuals with
high SPT were those who identified the salt taste
with J and | strips which had high concentrations of
NaCl (0.1 g/ml) and (0.25 g/ml).

The data was entered into excel sheet and the
continuous variables were presented as mean
values and standard deviations. The data of
thresholds of salt perception were presented as
median detection and recognition categories in
each category. The data was analyzed using SPSS
software version 23 and for comparison of means
student’s t-test was used all the probability values
for statistical tests. Analysis of variance was used to
investigate association between STP and mean
blood pressure values. The p value <0.05 were

regarded as statistically significant.
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Results:
We analyzed the data of 400 individuals in the age

group of 18-50 years who were included in the
study. 67%(n=268) of the study participants were
females and 33% were males (n= 132). The
subjects were divided into 3 groups based on the
blood Group  [(n=120):
controls/normotensives; Group Il (n= 120):

individuals with elevated blood pressure and

pressure levels:

Group ll(n=160): hypertensives. The details of
mean age of the study participants are given in
table 1. The number of males with elevated blood
pressure (52%)(group 1) and hypertension(group
1) (56%) were more than the number of females in
the corresponding groups but however we
observed that the awareness of hypertension and
importance of sodium restriction in diet was found
in 54% of women when compared to 47% in men.

The mean BMI was significantly high in group I
(26.2+ 2.0) (elevated blood pressure) and higher in
group I (28.5+ 3.5) (HTN) individuals compared to
controls (group 1) (24.7+ 2.14) (p<0.05). The mean
values of systolic blood pressure (SBP)(p<0.001)
and diastolic blood pressure (p<0.05) were
significantly higher in group Il and Ill individuals
compared to group | individuals. There was
significant increase in pulse pressure in group |l
and Il (p<0.01).

The mean salt intake/day was significantly higher in
males compared to females in the corresponding
groups. The mean salt intake in group Il males was
10.4 £ 1.9 g/day and 11.7£2.1 g/day in group I
males which was much higher than group |

individuals in whom the mean salt intake was
7.8+1.2males (table 2).

It was observed that, 77% of the group |
(normotensives) individuals presented normal SPT
as they identified the salty taste with salt strips
labelled as L, (conc of NaCl 00.016g/ml),K(conc of
NaCl 0.04g/ml) whereas rest of 23% presented
high SPT as they identified the salty taste with salt
strips labelled as J (conc. of NaCl 0.1 g/ml)) and
l(conc. of NaCl 0.25 g/ml). On the other hand, 64%
of the group Il individuals (elevated blood
pressure) with high SPT and 36% presented with
normal SPT. In addition, 71% of group |llI
individuals (hypertensives) presented with high SPT
and rest of 29% presented normal SPT(table 2).

The salt intake of the individuals with high SPT was
significantly higher(p<0.01). This shows that the
mean salt intake/day is higher in individuals with
elevated blood pressure and hypertension. The
SPT were also higher significantly in individuals
with elevated blood pressure and much higher in
hypertensive subjects compared to normotensive
subjects suggesting that an association existed
between salt intake, salt taste perception and BP
levels. It was observed that the SPT were higher in
individuals with family history of hypertension. The
BMI of the individuals with high SPT was also
significantly higher (p<0.05) that that of the
individuals with normal SPT. It was observed that
systolic Blood Pressure values were high among
individuals presented with high SPT.

There was a positive correlation between systolic
blood pressure and salt intake (Fig 1) (r= 0. 4177).

Table 1: Demographic and Blood pressure details of Group | (controls), group Il (elevated BP) and group I

(hypertensive subjects) (HTN)

. Group l(controls)(n=120) Group Il (n=120) Group III(HTN) (n=160)
Variable P value
MeanzSD MeanxSD MeanzSD
Males n=36, Males n=52, Males n=56,
Gender
Females n=64 Females n=48 Females n=44
Age (years) 28.9+7.6 37.248.6 46.319.2 0.05
Weight (kgs) 66.1+11.2 67.4+11.7 69.2+12.1 0.05
Height (Meters) 1.6740.1 1.66+0.7 1.6540.1 0.13
BMI (kg /m2) 247+ 21 262+ 2.0 28.5+3.5 0.05

© 2024 European Society of Medicine
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. Group I(controls)(n=120) Group Il (n=120) Group II(HTN) (n=160)
Variable P value
MeanzSD MeanzSD MeanzSD
SBP (mm Hg) 119.8 £6.3 127.4+7 1 143.848.7 <0.001
DBP (mmHg) 78.5+ 6.2 84.7+7 .1 95.248.9 0.05
PP(mmHg) 41.3+ 3.7 43.8 +3.8 48+ 4.1 <0.01
MABP(mmHg) 112+ 10.1 114+£10.8 118+ 11.2 0.05

Note: Normally distributed data expressed as Mean + SD. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; MABP: Mean arterial blood pressure; PP: Pulse pressure

Table2: Salt Intake(g/day) and Salt perception threshold (SPT) among group | (controls), Group Il (Elevated
BP) and group lll (hypertensive subjects)

Group Salt Intake Salt Perception Threshold (SPT) (Conc. Of NaCl)(g/ml)
(g/day)
Normal SPT High SPT
Mean £ SD Identified salt taste with Identified salt taste with
Salt strips L,K salt strips J,|

Males Females Males Females Males Females
Gender

n=36 n=64 n=52 n=48 n=56 n=44
GROUP |
controls 7.841.2 7.4+1.3 77% 79% 23% 21%
(N=120)
(EiI:\(/)aLi:(iIIBP (N=120) 10.4+1.9 10.3+1.8 36% 32% 64% 68%
GROUP Il
HTN 11.7+21 1.6+ 2.1 29% 30% 71% 72%
(N=160)

Note: normally distributed data expressed as Mean + SD; Salt strip labelled as M: conc of NaCl 0 g/dl; L: conc of NaCl 0.016 g/ml;
K: conc of NaCl 0.04g/ml; J: conc of NaCl 0.1g/ml, and I: conc of NaCl 0.25 g/ml.

Fig1. Correlation between Systolic Blood Pressure (SBP) and Salt Perception Threshold (SPT)

Correlation of Salt intake (g/day) with Systolic blood Pressure(mmHg) Pearson correlation
coefficient (r) =0.4177

© 2024 European Society of Medicine 5



Discussion:

Prevalence rates of hypertension are increasing
over the last several decades among the young
and elderly adults in India. In our study, we
examined the gender differences in prevalence
and awareness of elevated blood pressure and
hypertension awareness in the study population
and our results showed that the number of males
with elevated blood pressure and hypertension are
more than the number of females. However, the
awareness on hypertension was lower in male
subjects compared to women. Several other
studies also have shown similar results that men
younger than 65 years have higher risk of
hypertension compared to women of the same age
group” . In contrast to this, females in a study
conducted in Bangladesh demonstrated a higher
prevalence and awareness of hypertension

compared to males. Few studies have
demonstrated a higher prevalence of hypertension
in women by 6" decade of life compared to

males!'??20,

Observed gender differences in
hypertension are due to both biological and
behavioral factors like sex hormones, chromosomal
differences  that are  protective  against
hypertension in women®. Behavioral risk factors
like body mass index are found to be higher in men
with elevated blood pressure compared to women
leading to gender gap. These differences highlight
the need for sex and region-specific health
interventions through regular medical visits for
awareness on

improving hypertension and

potentially preventable cardiac disability.

In our study, we observed high intake of salt among
individuals with high SPT had high BMI. Some
studies have shown a similar positive association
between high salt intake and changes in body
composition in Caucasian population®?. Few
studies have shown that with ingestion of
additional each 1 gm of salt, the chance of
developing obesity is 26% regardless of ethnicity

and energy intake®.

The mean salt taste perception threshold was

significantly lower in females than that of males of

the same group. The salt perception threshold was
found to be significantly high in individuals with
elevated

blood pressure and higher in

hypertensive  subjects when compared to
normotensives. A high SPT suggests that the
individual have low salt sensitivity and is more likely
to have excessive salt intake to achieve nice tastes.
High salt consumption will further decrease the
sensitivity which would lead to more consumption
of salt. Some studies have shown similar results
with high salt perception threshold in hypertensive
patients®?. In another study done on Indian
adolescents, higher SPT and higher blood pressure
values were observed in individuals with a family
history of hypertension®. There is genetic
predisposition  associated  with salt taste
perception and that certain populations are
genetically more susceptible to development of
hypertension®”. However, in contrast to this, some
studies concluded that there was no difference in
salt perception threshold among people with or

%829 |n contrary, normal SPT

without hypertension!
defines that the individual is more likely to have low
salt intake. Studies and literature evaluating
associations between salt perception threshold,

salt intake and blood pressure are still scarce.

In correlation with the above hypothesis, we
observed that the salt intake was higher by 2.6
g/day in individuals with elevated blood pressure
and 3.9 g/day in hypertensive subjects when
compared to controls. It was also observed that the
salt intake was slightly higher in males compared
to females of the same group. Several studies have
concluded that with greater intakes of sodium,
mean pressure is higher with age®®?". High salt
intake plays a crucial role in transition from
elevated blood pressure to hypertension.
Excessive sodium consumption >5 g/day (defined
by WHO) has been shown to produce significant
increase in BP and linked to onset of hypertension
and its cardiovascular complications®'". Several
studies indicate that Women are more salt sensitive
than men are thereby at a higher risk of developing
salt sensitive hypertension. The results of the
INTERSALT study revealed a significantly higher

© 2024 European Society of Medicine 6



association of BP and sodium excretion in women

than in men®2,

The mechanisms that link high salt intake and
hypertension are: 1. Sodium and chloride being
osmotically active, cause water retention leading to
expansion of extracellular fluid volume, increase in
cardiac output and rise in renal perfusion pressure
leading to increased glomerular filteration rate and
increased sodium excretion aiming to restore the
fluid balance in the body called pressure natri-
uresis mechanism®’. 2. High salt intake can
modulate the activity of autonomic nervous
system, especially greater sympathetic nervous

system activation.

3. Increase in systemic peripheral resistance as
sodium triggers remodelling of small resistance
arteries. 4. Endothelial dysfunction: high salt intake
can cause marked reduction in endothelial nitric
oxide which is responsible for endothelial
dependent vascular dilatation. When the sodium
excretory ability of the kidney is compromised,
hypertension develops.

Reducing dietary salt intake in individuals with
elevated blood pressure lowers the CVD event
rates. The health benefits of salt reduction are
mediated through BP lowering effects®?. A linear
relationship has been described in a dose-
response meta-analysis between sodium intake
ranging from 0.4 to 0.7 g/day and reduction of
systolic and diastolic blood pressure®*>. |t is
recommended to restrict total dietary sodium
intake of 5g/day including added salt. It needs to
be emphasized that large parts of the daily sodium
intake occurred in the subjects by means of sodium
consumption contained in processed foods.

Indian

Conclusion:

This study shows that the mean salt intake/day was
high in individuals with elevated blood pressures
and higher in those with hypertension. An
association existed between salt intake, salt
threshold
regardless of other risk factors. Hence, evaluation

perception and blood pressure

of the salt taste perception threshold would help in
estimating the salt intake and can be used as an
additional screening tool. The study results
emphasize that reduction in salt consumption is
recommended to prevent progression of those
with elevated blood pressure to hypertension. Salt
restriction in diet and awareness of hypertension
should be a public health priority at community
level to prevent the progression of individuals with
elevated blood pressure to hypertension and

prevent risk from cardiovascular diseases.
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