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Abstract

Background: Reducing the dietary sodium intake is one of the most important factors for
controlling blood pressure. The changes that occur in perceiving saltiness and umami tastes in
people with hypertension can be associated with the level of sodium intake. The aim of this study
was to investigate the gustatory perception of these two tastes in patients with hypertension and

its association with the level of dietary sodium consumed by these patients.


https://journals.viamedica.pl/arterial_hypertension/editor/userProfile/63075

Materials and methods: In this case control study, 40 patients with hypertension and 40 healthy
individuals were chosen. The blood pressure was measured for both groups. The power of
perceiving saltiness and umami tastes was investigated using sodium chloride and monosodium
glutamate solutions respectively both with concentrations of 200 mmol/lit. The individuals
specified the power of each taste along a 10-number criterion. Based on the compounds of foods
in Iran, the level of sodium consumed per day was calculated by food frequency questionnaire.

The data were analyzed by Mann-Whitney, Pearson, Spearman tests.

Results: The mean saltiness perception in the control and case group was 5/8 and 6/6
respectively(p < 0/05) and the mean umami perception the control and case group was 5/5 and
7/6 respectively(p < 0/05).There was an inverse relationship between the level of sodium intake
and perceived intensity of saltiness perceptionin case group (p < 0.05).The level of sodium intake
had no relationship with perceived intensity of umami taste in none of the groups (p > 0.05).
There was also a direct relationship between blood pressure and intensity of perceiving umami
taste in case group (p < 0.05).However, no significant relationship was found between blood
pressure and the intensity of perceiving saltiness(p > 0.05).

Conclusion: Perceived intensity of saltiness perception in case group higher than control group
also perceived intensity of umami perception in case group higher than control group. With
increase in the blood pressure, the power of perceiving saltiness and umami increases; with
increase in sodium intake, saltiness perception diminishes, but umami perception is left

unaffected.
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Introduction

Hypertension is a disease affecting around 25% of the world's adult population, causing fatal
consequences such as heart attack, stroke, and even premature death [1, 2]. One of the causes of
this disease is improper dietary habits and overuse of sodium as NaCl. It is itself a precursor for
the mentioned diseases and their debilitating consequences [3-5]. Thus, to mitigate these
negative outcomes, one of the public health approaches has been based on reducing the overall

sodium intake and correcting the dietary habits [6].
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Monosodium glutamate (MSG) is another form of sodium, whose consumption is progressively
increasing, because it improves the taste of foods especially fast food, and its derived taste is
known as umami. Umami is one of the five main tastes known and perceivable by humans,
which has its own specific receptors and stimulators as with other tastes [7, 8]. This taste has
independent receptors called TR1 and TR3, located in the mouth, tongue, palate, some regions of
epiglottis, and the upper part of the esophagus. The difference in perceiving the taste of
monosodium glutamate has been attributed to the diversity of expression of umami taste receptor

in humans.

Blood pressure is a factor that can affect the quality of perceiving taste [9]. Investigations in the
past have suggested a relationship between hypertension and changes in the threshold of

perceiving saltiness [10, 11].

A limited number of studies have reported the relationship between hypertension and changes in
the gustatory perception of umami taste similar to the relationship between hypertension and
NaCl [12—14]. It should be noted that the sodium in NaCl and MSG plays an important role in
giving a favorable taste to the food, as they reduce the bitterness and enhance the sweetness of
food. Further, high daily sodium intake can change the preference of saltiness taste in humans
[15]. Some evidence showed that in hypertensive patients there is an increasing in sodium intake
and their taste perception threshold altered and gustatory sensitivity diminished [9, 16, 17]. The
difference of individuals in perceiving umami taste may play an important role in choosing

different diets; thus it can become problematic regarding diet-associated health.

Kim et al. [18] investigated the gustatory threshold of sense of saltiness in patients with
hypertension. They concluded that the threshold of perceiving saltiness may not be related to the
blood pressure status and the extent of sodium excreted in 24-hour urine. Shi et al. [6] examined
the effect of MSG consumption on blood pressure within a five-year period, and found that
glutamate consumption had a direct and positive relationship with systolic blood pressure
elevation, while glutamate had an independent effect on blood pressure elevation especially

among women and those who consumed antihypertensive drugs.

Considering the contradictory results of previous studies [9, 16, 17], more evidence is needed to

clarify the relationship between hypertension and saltiness and umami perception threshold.No



systematic study has been performed on gustatory perception of saltiness and umami in
hypertensive individuals in Iran meanwhile it was shown that the consumption of salt among the
Iranian population is higher than the level recommended by WHO [19]. So we decided to
investigate the sense of taste in patients with hypertension regarding saltiness and umami, as well

as its relationship with the level of daily sodium intake among these patients.
Material and methods

In this cross-sectional study, with the ethics code of IR.SBMU.RIDS.REC.1396,576, 80 clients
referring to the cardiovascular ward of Taleghani hospital were assigned into two groups: test (40
patients with hypertension with the mean age of 60) and control group (40 healthy individuals

with the mean age of 43 years).

The subjects in the test group should have had blood pressure of 130/80 mmHg and above.
Nevertheless, those with systemic diseases, individuals suffering sinusitis and common cold at
the time of investigating the sense of taste, those with a history of tobacco consumption,
individuals with removable dental prostheses and processes containing resin acryls, those with
oral mucosal lesions and mouth dryness, as well as the pregnant and breast-feeding women, and

finally individuals with a history of stroke were excluded.

Those in the case group were all hypertensive patients undergoing treatment controls within a
time period of at least 6 months and at most 36 months. Written consent form was taken from all

subjects (both hypertensive and healthy).

Primary measurement of blood pressure was performed using digital blood pressure monitor on
the right hand. After a 5-min rest, the subjects were readmitted and blood pressure was taken
from the same hand again [20]. This blood pressure was recorded in the relevant form alongside

their age and gender characteristics.

Assessment of sensitivity of saltiness and umami tastes was done based on the regulations of
international standards organization (ISO). The solution used to test the saltiness taste was
sodium chloride 200 mmol/lit, while the solution for the umami taste was sodium glutamate 200

mmol/lit [21].



Assessment of the accuracy of the concentration of final solutions used in the test was done using

spectrophotometry (UNICO, America).

To conduct the gustatory test, first 2 ml of one of the sodium glutamate or sodium chloride
solutions, without the subjects knowing the type of solution, was poured on the moist surface of
the dorsal of the tongue, and the subjects were asked to keep the solution for 10 s in their mouth
and then spit it out. After testing the first solution, the patients were requested to specify the
intensity of taste using a 10-number criterion (0 representing tasteless such as water up to 10
indicating very intense). After washing the mouth, another solution was tested on the same site
on the dorsal surface of the tongue. After testing the second solution, again the patients were
asked to specify the intensity of taste along a 10-number criterion, similar to the previous case

[22]. The intensity specified for each taste was recorded in the data form.

In order to obtain the level of daily sodium intake, food frequency questionnaire developed by
endocrine and metabolism sciences research faculty, Shahid Beheshti University of medical
sciences was used, which assesses the level of annual sodium intake of every subject during
interview [23].This questionnaire examines 147 cases of frequency of use of various substances
by individuals. The question asked in this questionnaire for the average amount of consumption
of each food in the form of volume, amount and time indicators appropriate to the type of food.
Finally, the obtained information was analyzed and based on the table of Iranian food
compounds, the amount of sodium in each food item was calculated per 100 grams of that food
item and expressed in grams per day. To investigate the accuracy of calculations performed to
obtain the amount of sodium intake per day, the daily caloric intake of individuals was calculated

per kCal by nutritionists [24].

The case and control groups were categorized into three classes in terms of the level of sodium
intake (mg/day): Group I: low-consumption group (786—1688 mg/day), Group II: medium
consumption (1725-2714 mg/day), and Group III high consumption (2743-7386 mg/day). The
type of group of each subject was recorded in the data form in terms of the level of sodium

consumption [24].

Kolmogorov Smirnov test was used to check the normality of data distribution. The data

obtained were analyzed by Kruskal-Wallis one-way (comparing the differences of the perceived



intensity of saltiness and umami in each of the case and control groups), Chi-score (investigating
the difference of sodium intake between case and control groups), Cross-tabulation test (in order
to classification of sodium intake in mg per day in each of case and control groups), Pearson
correlation test and Spearman correlation test(investigating the relationship between the level of
sodium intake and perceived intensity of saltiness and umami taste in both case and control
groups and relationship between the level of sodium intake and blood pressure and relationship
between the perceived intensity of saltiness and umami taste with blood pressure),and Mann-
Whitney U(comparing of the mean perceived intensity of saltiness and umami taste between the

two case and control groups) using SPSS 23. The significance level was considered as 0.05.
Results

In comparing the differences of the perceived intensity of saltiness and umami in each of the case
and control groups by Kruskal-Wallis one-way test, the results indicated that in the case and
control groups, there was no significant difference between three levels of sodium intake

regarding perceived intensity of umami and saltiness tastes (p < 0.05) (Tab. 1 and 2).

In investigating the relationship between the level of sodium intake and perceived intensity of
saltiness taste in both case and control groups by Spearman and Pearson test respectively, the
results showed that in the case group, there was an inverse significant relationship between the
level of sodium intake and perceiving saltines(p < 0/05, r = —0/377).however, there was no
significant relationship between level of sodium intake and perceived intensity of umami(p >

0/05, r = 0/062).

In comparing the mean value of perceiving saltiness and umami between the two groups by
Mann-Whitney U test, the results showed that there was a significant difference between the
groups in terms of perceiving both saltiness and umami(p<0.05), implying that perceived
intensity of saltiness and umami is higher in the case group individuals compared to the control

(Tab. 3).

Investigating the relationship between level of sodium intake and systolic as well as diastolic
blood pressure by Spearman correlation test, the results showed that there was a significant and
inverse relationship between sodium intake level and systolic blood pressure (r = -0.2, p =

0.045) as well as diastolic (r = —0.045, p = 0.001) blood pressure.
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In investigating the relationship between perceived intensity of saltiness and systolic as well as
diastolic blood pressure by Spearman correlation test, it was found that there wasn’t a significant
relationship between perceived intensity of saltiness and systolic (r=0.2, P=0.75) as well as
diastolic (r = 0.02, p = 0.838) blood pressures. In examining the relationship between perceived
intensity of umami and systolic as well as diastolic blood pressure by Spearman correlation test,
it was found that there was a direct and significant relationship between the threshold of
perceiving umami taste and systolic (p < 0.0001, r = 0.543) and diastolic (r = 0.325, p < 0.003)

blood pressure.
Discussion

The present study was done to investigate the gustatory perception of saltiness and umami in
hypertensive individuals. Although hypertension may occur at any age, most studies suggest its
higher incidence in older individuals [2, 25-27]. In this regard, Nsanya et al. [28] considered the
risk of incidence of hypertension in those above 20 to be five times greater than in individuals
younger than 20 .Nevertheless, since the symptoms of this disease emerge late and as

nonspecific, most of the time it causes referral of patients at older ages.

In the present study, the mean blood pressure of the case group was 145/84 mm Hg, suggesting
relative control of the blood pressure of patients and their categorization as beginning of the
second stage (Stage II) of the disease. Accordingly, most patients with hypertension fall into the
group of low or medium sodium consumption. On the other hand, in the control group, most
individuals fell in the group of moderate or high sodium consumption. This is due to medical and
practitioners’ recommendations on reducing sodium consumption for these patients to reduce the
complications and probability of mortality in them, rather than their lower preference to consume

sodium [29].

Based on the results of the present study, the average gustatory perception power for saltiness
was significantly higher in those with hypertension than among the control individuals. This is
due to establishment of the treatment course and dietary control in patients with hypertension.
This is in line with the studies of Fallis et al. as well as Bisht et al. [10, 30]. In the study by Kim
et al. [18] along with Michikawa et al. [17], the gustatory threshold of saltiness was lower in

hypertensive individuals compared to normal people. In the study by Michikawa, there was an



inverse relationship between blood pressure elevation and gustatory threshold [17], which is
discordant with our results. In some other studies, no relationship was found between saltiness
threshold and hypertension [31-33]. These discrepancies can be attributed to different factors.
These include the method of measuring gustatory threshold, different NaCl concentrations to find
the gustatory threshold, the patient's perceptive power for saltiness, which in the present study
was greater in hypertensive individuals compared to the control group. This was discordant with
the findings of Mattes et al. [16]. The effect of antihypertensive drugs on sense of taste can be
another reason for these differences. For example, diuretic drugs that reduce zinc ion can affect
the sense of taste [34]. Since in the present study, it was not possible to match the samples in
terms of the type and dose of antihypertensive drugs because of different limitations, thus

different results would have been obtained with other studies.

According to the present study, the average perception of umami taste was significantly higher in
hypertensive patients compared to the control group. Assuming that the perceived intensity of
umami can affect the level of sodium intake by patients, these finding can be notable. Possibly,
by increasing the population of the studied samples, a significant relationship could be found
between the level of sodium intake and perceived intensity of umami. Nevertheless, it should be
noted that considering the limitations of this research, the patients were not uniform in terms of
consuming antihypertensive drugs. Also, since a wide range of these drugs affect the sense of
taste, thus in the interpretation and generalization of this finding, the mentioned point should be

noted.

Based on the results of the present study, there was a significant relationship between level of
sodium intake and blood pressure of individuals, with lower sodium intake being associated with
higher systolic and diastolic blood pressure. It is discordant with other studies examining the
relationship between sodium intake and elevated blood pressure [18, 35]. This can be due to
adhering to medical recommendations by hypertensive individuals undergoing medical control.
For this reason, limiting sodium consumption is one of the therapeutic solutions for hypertensive
patients. Nevertheless, it has been found that both diets rich in sodium and low sodium
containing diets can be the cause of increased mortality in these patients [35-37]. Also, in this
study, there was no significant relationship between perceiving saltiness and systolic or diastolic

blood pressure, which was in line with the findings of Kim et al. [18]. Nevertheless, in the study



by Kim, instead of perceiving saltiness, the threshold of saltiness perception had been measured.
The results of Kare et al. [38] and Mattes et al. [39] indicated that the response of hypertensive
patients and normal individuals to elevated doses of sodium did not differ with each other. In the
present study, there was a significant relationship between perceiving umami taste and systolic as
well as diastolic blood pressure. With elevation of these two blood pressures, the power of
perceiving umami also increased. Although Shi et al. [6] in their study reported elevated blood
pressure in response to consuming sodium glutamate, the relationship between perceiving umami

and elevated blood pressure is one of the findings reported for the first time in this study.
Conclusion

perceived intensity of saltiness perception in case group higher than control group also perceived
intensity of umami perception in case group higher than control group The weaker the gustatory
perception of individuals about saltiness, the higher their daily sodium intake was. However, no
significant relationship was found between level of sodium intake from daily diet and perceiving
umami taste. Also, the higher the blood pressure, the greater the power of perceiving saltiness

and umami taste was.
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Group 1 6 (15%) 6.5 1.8 21 (52.5%) |7 1.5
Group 2 18 (45%) 5.9 1.9 9 (22.5%) 6/4 1.4
Group 3 16 (40%) 5.4 1.7 10 (25%) 6/2 1.4

Table 2. The mean of perception of umami taste in each of the control and case groups for
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Group 1 6 (15%) 5.1 2.3 21(52.5%) | 7.4 0.9
Group 2 18 (45%) | 5.4 1.6 9(225%) |77 1.3
Group 3 16 (40%) |58 1.5 10 (25%) | 7.7 1.5

Table 3. Perceived intensity of saltiness and umami taste between the two groups

Perceived intensity Control Case
Mean Standard deviation | Mean Standard
deviation
Saltiness 5.8 1.8 6.6 1.4
Umami 5.5 1/.7 7.6 1.5
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