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Abstract

Dietary intake in children and the elderly is affected by the ability to recognize the taste.
Children and sweetness are closely linked, and the elderly have a problem caused by the
deterioration of their physiological condition. The research aimed to analyze taste
sensitivity in children and the elderly and its correlation with obesity and hypertension. 54
elderly (60 years old) and 101 children (9 to 15 years old) participated in this cross-
sectional study. Three concentrations of sucrose and saline solutions were applied to the
specific part of the tongue. When compared to children, the elderly are significantly less
sensitive to sweet and salty tastes (22.2% vs. 58.4%; 81.5% vs. 89.1%). According to
gender, women have better sensitivity than men in both children and the elderly. In
children, sweet taste sensitivity was positively correlated with age (r = 0.262; P = 0.008)
and this was reflected in girls (r = 0.276; p = 0.024) and BMI/U (r = 0.213; p = 0.032). In
the elderly, age was negatively correlated with salt taste sensitivity (r = -0.401; p = 0.003),
and this was observed significantly in older men (p = 0.027; r = -0.611). Sweet and salty
taste sensitivity was positively correlated with male diastolic blood pressure (DBP). Sweet
taste sensitivity in children and salty taste sensitivity in the elderly should be of concern
due to its correlation with obesity and hypertension. Appropriate adjustment of sugar and
salt intake for both children and the elderly is important to avoid negative health
consequences.

1. Introduction

the food. In fact, a study proves that infants who were

Nutrition is an important aspect of supporting the
quality of human life. Good nutrition is inextricably
linked to diet quality and is also a significant factor in
the emergence of health consequences (de Ridder et al.,
2017). Suboptimal diets are also known to contribute to
the prevalence of 11 million deaths from non-
communicable diseases (NCDs) and will further increase
(Institute for Health Metric and Evaluation, 2018).
According to these findings, NCDs increased by 1.46%
per year from 2010 to 2019, with the greatest risk factors
being a high BMI and high systolic blood pressure (SBP)
(Murray, 2020). Indeed, a systematic review and meta-
analysis of 47 studies showed that a high-quality diet
reduces the risk of all-cause mortality by 20% (Morze et
al., 2020).

High-quality diet in adulthood is influenced by
lifestyle and dietary habits that have been shaped since
childhood. Childhood is an important time to introduce
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introduced to sugar water from the age of three like the
sweet taste, and infants who were exposed to vegetables
are more receptive to vegetables in the future (Paroche et
al., 2017). Children's eating habits are influenced by
many factors, such as taste sensitivity. Taste sensitivity,
particularly sweetness, begins in preschool and continues
into adulthood. Naturally, children prefer sweet tastes in
relation to the taste of breast milk (Menella and
Bobowski, 2018). Research in children between the ages
of 14 and 16 found that low sensitivity to sweet tastes in
children was positively associated with sugar-rich food
preferences and an increase in food consumption
(Papantoni et al., 2021). The study also showed that
sweet taste sensitivity is a strong predictor of BMI
(Papantoni et al., 2021). Consistent with these results,
children with higher taste sensitivity were more selective
in the foods they consumed (Farrow and Coulthard,
2012).
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On the other hand, a decrease in the function of the
sense of taste and other bodily functions is a
consequence that has to be accepted as age increases.
The results of a survey conducted in the United States in
2013-2014 found that the prevalence of impaired taste
function in the population aged 40 years and older
reached 17.3% (Liu ef al., 2016). The decreased function
of the taste buds indirectly affects the sensitivity to
recognizing the taste of food in the elderly. A decrease in
taste sensitivity can lead to a different perception of the
taste received and, as a result, an increase in the taste
threshold. A study of taste sensitivity in adults and the
elderly found that adults have better taste sensitivity than
the elderly (Neumann et al., 2016). Based on the results
above, this research aims to analyze taste sensitivity in
children and the elderly and the correlation between
obesity and hypertension.

2. Materials and methods
2.1 Study design, setting, population

An observational study with cross-sectional research
design. This study was conducted in Surabaya,
Indonesia, from 2020 to 2021. The study involved
children in Surabaya, Indonesia and elderly people living
in a nursing home at Griya Wreda Jambangan Surabaya.

2.2 Subjects

This study included 155 subjects, consisting of 101
children (9 to 15 years old) and 54 elderly men and
women. The subjects chosen were those who have a
good memory, and do not suffer from impaired taste and
smell and flu. Subjects who meet the research criteria
will pursue further research.

2.3 Anthropometric measurement

Body weight was measured using an OMRON HBF-
375 brand Bioelectrical Impedance Analysis (BIA) and
body height data was obtained by measurements with a
stadiometer. Using this data, the body mass index (BMI)
was calculated by dividing body weight in kilograms by
the square of the height in meters. The age classification
of the BMI in children was divided into four categories:
< -2 SD for underweight, -2 SD to 2 SD for normal
weight, > -2 to -3 SD for overweight and >3 SD for
obese (World Health Organization, 2017). In the elderly,
nutritional status was based on BMI for Asia-Pacific,
with underweight defined as <18.5 kg/cm® mnormal
weight as 18.5-22.9 kg/cm?®, overweight as 23-24.9 kg/
cm’, and obese >25 kg/cm’ (Indonesian Ministry of
Health, 2018a).

2.4 Blood pressure measurement
Blood pressure was measured using an Omron
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digital sphygmomanometer. Blood pressure was
measured when the subjects were at rest and sitting
relaxed. The measurements were performed twice with a
measurement time lag of two minutes. The third
measurement was taken when the difference between the
first and second measurements was more than 10 mmHg.
In children, hypertension was classified according to the
AAP Guideline for Childhood Hypertension 2017 for the
definition of normal blood pressure (< 90" percentile),
pre-hypertensive (90-94™ percentile), and hypertensive
(> 95" percentile or higher) (Flynn et al., 2017).
Classification of blood pressure in the elderly was based
on Joint National Committee-8 (JNC 8) guideline with
respondents having normal blood pressure if systolic
blood pressure (SBP) and diastolic blood pressure
(DBP), respectively, are <120 mmHg and <80 mmHg as
normal, 120-139 mmHg or 80-89 mmHg as pre-
hypertension, and >140 mmHg or >90 mmHg as
hypertension (Bell et al., 2015).

2.5 Sweet and salt taste sensitivity measurement

Sweet and salty taste sensitivity testing was carried
out using a graded solution of sucralose and saline
(NaCl). Taste strips were used to perform taste
sensitivity tests at concentrations of 0.1709, 0.3418 and
0.6837 mol/L for sucralose and saline solution. Prior to
the study, subjects were asked to drink mineral water
before the test to neutralize their mouth. Each subject
received 3 sample sets, each set consisting of 1 sample
solution and 2 blank solutions, which were provided with
three different codes. The sweet taste sensitivity test was
performed by placing a taste strip on the tip of the
tongue, and after neutralizing the taste, the salty taste
was later given by placing the taste strip on the anterior
edges. Each strip was placed on the tongue for 3 seconds
until the subject could taste it. Each correct answer was
marked with (+) and (0) for the wrong answer. Subjects
were said to have good sensitivity to sweet and salty
tastes if they could answer all of the given tests correctly,
and less sensitive if they could answer less than three
times correctly.

2.6 Statistical analysis

All categorical variables are included in the form of
values and frequencies, while for continuous variables
they are included in the form of means and standard
deviations. The test was used to look for factors
associated with sensitivity to sweet and salty tastes in
children and the elderly using Spearman's rank
correlation test. The data for the test was presented in the
form of ratio data with values of 0.1709 mol/L = 1,
0.3418 mol/L = 2 and 0.6837 mol/L. = 3. All statistical
analyses were performed using IBM SPSS version 24.0.
A p-value < 0.05 is considered significant.
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3. Results

The characterization data showed that the mean age
of children was 11.8341.86 years and 71.28+8.21 years
for the elderly, with more than half of the subjects being
women. Based on BMI, most subjects had normal weight
with a prevalence of overweight and obese (OW-OB)
and showed higher scores in children than in the elderly
(25.7% vs. 16.7%). In contrast, there was a significant
number of wasting among the elderly (22.2%). The mean
blood pressure was 106.96+12.89/ 76.51+10.79 mmHg
in children and 127.03+£17.96/ 73.03+£9.06 mmHg in the
elderly. When categorized, the number of those with
hypertension among children and the elderly revealed
similar results (36.6% and 37%, respectively) (Table 1).

Table 2 displays taste sensitivity for sweet and salty
taste. The results showed that salt taste sensitivity was
much higher than sweet taste in both children (89.1% vs.
58.4%) and the elderly (81.5% vs. 22.2%). Good salt
taste sensitivity was relatively the same among children
(89.1%) and elderly (81.5%), but for sweet tastes it was
higher in children (58.4% vs. 22.2%). When measured
by gender, men are less sensitive to salt than women.
Only 7.5% of women were less sensitive to salt than
17.6% of men. There was no difference in sensitivity to

Table 1. Characteristics of subjects.

sweet taste between men and women. In the elderly,
sensitivity to sweet taste was low, with only 22.2%
having a good perception of sweets. As with children, a
greater percentage of elderly men were less sensitive to
sweets than women (84.6% vs. 75.6%).

The correlation test results in Table 3 showed that
age is a significant factor associated with sweet or salty
taste sensitivity. In children, age was positively
correlated with sweet taste sensitivity (p = 0.008) with a
r-value of 0.262. These results showed that the
increasing age was associated with an increase in
sensitivity to sweet taste. In addition, a positive
correlation (r = 0.213) was also found between sweet
taste sensitivity and BMI/U in children (p = 0.032). In
the elderly, age showed a negative correlation with salt
sensitivity, suggesting that increasing age will be
accompanied by a decrease in salt taste sensitivity.

4. Discussion

In this study, the two most common problems were
wasting (22.2%) in the elderly and overweight obesity
(25.8%) in children. The differences in body metabolism
between children and the elderly are closely related to
differences in the nutritional problems that arise

Children (n=101)

Elderly (n = 54)

Variable
Mean/ n (%) Mean/ n (%)

Age (years) 11.83+1.86 71.28+8.21
Gender

Women 67 (66.3) 41 (75.9)

Men 34 (33.7) 13 (24.1)
BMI (kg/m?) 18.69+4.52 21.6+4.57
Nutritional status -0.15¢1.5

Wasting 10 (9.9) 12 (22.2)

Normal 65 (64.4) 33 (61.1)

Overweight 14 (13.9) 9 (16.7)

Obese 12 (11.9) 0(0.0)
Nutritional status

Wasting — Normal 75 (74.3) 45 (83.3)

Overweight - Obese 26 (25.7) 9 (16.7)
SBP (mmHg) 106.96+12.89 127.03+17.96

Normal 82 (81.2) 34 (63.0)

Pre-hypertension 33.0) 5(09.3)

Hypertension 16 (15.8) 15 (27.8)
DBP (mmHg) 76.51+10.79 73.03£9.06

Normal 52 (51.5) 34 (63.0)

Pre-hypertension 16 (15.8) 5(09.3)

Hypertension 33 (32.7) 15 (27.8)
Hypertension status

Normal 63 (62.4) 34 (63)

Hypertension 37 (36.6) 20 (37)
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Table 2. Sweet and salt taste sensitivity.
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Children (n=101)

Elderly (n = 54)

Variable Sweet taste Salt taste Sweet taste Salt taste
n (%) n (%) n (%) n (%)
Test score
0 3(3.0) - 5(9.3) -
1 8(7.9) 3(3.0) 16 (29.6) 3(5.6)
2 31(30.7) 8(7.9) 21 (38.9) 7 (13)
3 59 (58.4) 90 (89.1) 12 (22) 44 (81.5)
Sensitivity category
Less sensitive 42 (41.6) 11 (10.9) 42 (77.8) 10 (18.5)
Good sensitive 59 (58.4) 90 (89.1) 12 (22.2) 44 (81.5)
Men
Less sensitive 28 (41.8) 6 (17.6) 11 (84.6) 4 (30.8)
Good sensitive 39 (58.4) 28 (82.4) 2 (15.4) 9(69.2)
Women
Less sensitive 14 (41.2) 5(7.5) 31 (75.6) 6 (14.6)
Good sensitive 20 (58.8) 62 (92.5) 10 (24.4) 35(85.4)

Table 3. Factors associated with sweet and salt taste sensitivity in children and elderly.

Children (n=101)

Elderly (n = 54)

Variable Sweet taste Salt taste Sweet taste Salt taste
r (p-value) r (p-value) r (p-value) r (p-value)
Total sample
Age 0.262 (0.008)* NS NS -0.401 (0.003)*
BMI or BMI/U  0.213 (0.032)* NS NS NS
SBP NS NS NS NS
DBP NS NS 0.273 (0.046)* NS
Men
Age NS NS NS -0.611 (0.027)*
BMI or BMI/U  0.374 (0.029)* NS NS NS
SBP NS NS NS NS
DBP NS NS 0.614 (0.026)* 0.678 (0.011)*
Women NS NS
Age 0.276 (0.024)* NS NS NS
BMI or BMI/U  0.374 (0.029)* NS NS NS
SBP NS NS NS NS
DBP NS NS NS NS

NS : Not significant; *Correlation significant at the <0.005.

(Pelkonen, 2007). Catabolic hormones are more active
than anabolic hormones in older people, leading to
various physiological changes such as dysfunctional
adipose tissue and muscle atrophy (Palmer and Jensen,
2022). A loss of muscle mass leads to a decrease in the
body's ability to regulate energy balance since muscle is
an important tissue in the process of adaptive
thermogenesis (Roberts and Rosenberg, 2006). World
Health Organization (2021) found that the main cause of
overweight obesity in children was the consumption of
high-calorie foods that are not balanced by adequate
physical activity. Moreover, the previous study showed
school food contributed to obesity in children (Farapti et
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al., 2019). However, research during online classes due
to school closures during the COVID-19 pandemic was
also known to contribute to children's weight gain. Most
households are stocking up on high-calorie, highly
processed foods, and children's increased screen time is
exacerbating this problem. Rundle et al. (2020) also
noted that the increase in the incidence of overweight
and obesity among American schoolchildren occurs only
during the summer breaks, so these conditions can
persist even during times when social activity is
restricted due to a pandemic (Rundle et al., 2020). On
the other hand, the same results were also found in the
elderly in Indonesia, indicating that nutritional problems
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experienced by the elderly in nursing homes are wasting
(Putra and Febianingsih, 2019). Based on body
composition, up to 50% of elderly in nursing homes have
decreased muscle mass composition such as atrophy and
sarcopenia (Kimyagarov et al., 2012). According to
several studies, age was known to have an impact on
nutritional status (Kimyagarov et al., 2012; Putra and
Febianingsih, 2019; Farapti et al., 2022).

The percentage of hypertension in children (36.6%)
and the elderly (37%) was similar, but the results were
greater than previous studies. The previous study on age-
matched subjects discovered that the prevalence of
childhood hypertension in Philadelphia was 17% lower
than in this study (Bobowski and Mennella, 2015). In
Asia, the prevalence of hypertension was also 2.4%
which was much lower than this result (Dora et al.,
2021). The prevalence of childhood hypertension is
apparently higher than adolescents. A previous study in
Indonesia showed that 15.5% of adolescents with a mean
age of 14.79% had high blood pressure (Syifadhiya and
Farapti, 2023). However, the prevalence of hypertension
in the elderly showed a lower value than the national
value in the same age group (63.22%) (Indonesian
Ministry of Health, 2018b). A significant difference is
possible because the nursing home, as a place for the
elderly, regularly provides health treatment services, so
that blood pressure in the elderly is better controlled. In
general, increasing age is followed by an increase in SBP
and DBP although DBP shows a slower rate (Gurven et
al., 2012). Age-related changes in oxidative stress,
endothelial dysfunction, and inflammation increase the
risk of vascular elastin loss, intima-medial thickness, and
increased advanced glycation end products (AGEs), all
of which have adverse effects on hemodynamics,
including increased blood pressure (Dai et al., 2015). In
addition, people by the age of 40 have an increase in
SBP of about 7 mmHg every decade (Gurven et al.,
2012).

The results showed that both children and the elderly
had a better salty taste sensitivity than sweet taste
sensitivity, but sweet taste sensitivity was slightly better
in children. The same results were made by studies in 11
-year-olds in Norway that children perceived the salty
taste better than the sweet taste (0.32+0.20 vs. 4.78+2.09
g/L) (Ervina et al., 2020). In this study, large differences
in salt sensitivity were likely caused by solution
concentrations. Ervina er al (2020) used five
concentrations of sucrose (3.0, 6.0, 9.0, 12.0 and 16.0 g/
1) and sodium chloride (0.2, 0.4, 0, 8, 1.2 and 1.6 g/L)
while in this study, the same concentration was used for
both types of solutions (equivalent to 10 to 40 g/L). In
general, the brain's receptive activity showed a better
response to salty stimuli than to sweet ones (Spetter et
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al., 2010). So that at the same concentration, the salty
taste is easier to detect than the sweet taste. This
difference allows for the high sensitivity of salty taste
compared to sweet in both children and the elderly in this
study.

In this study, women had better sensitivity than men
in both the children and the elderly. In line with these
results, a study in Norway found significant differences
in the detection threshold for sweet (p<0.05) and bitter
(p<0.1) tastes between boys and girls, although other
differences were also found in sour, salty and umami
taste detection but not significant (Ervina et al., 2020).
Higher taste detection thresholds in boys indicate
whether taste sensitivity scores better in girls. In the
elderly, similar results were also found in Indonesia and
Japan, where it was found that older women perceive
taste more easily than men (Kubota et al., 2018; Farapti
et al., 2022). A study of people aged 18 to 80 found the
influence of gender on taste acceptance and showed that
women have 1.720 points more taste sensitivity than men
(Barragan et al., 2018). The high sensitivity in all taste
stimuli in women compared to men is probably related to
the higher number of fungiform papillac (FP) in women
(p = 0.01, r = 0.30) (Sobek and Pawel, 2022). FP is
reported to be located on the front two-thirds of the
tongue, which bears 0 to 20 taste buds of each papilla,
which serve to detect taste (Khan et al., 2019). A study
in the USA found that females have a greater amount of
FP and a higher density than males (16.14 9.54 vs. 13.77
8.61 papillae/cm®, p<0.001) (Karikkineth et al., 2021).
Furthermore, the results obtained in this study also
showed that sweet taste sensitivity was very low in older
men (15.4%). This may be influenced by the elderly’s
previous smoking history. It is known that irritants and
carcinogenic molecules contained in cigarettes can
change the size, shape, amount and vascularity of FP
(Chéruel et al., 2017). Therefore, sweet taste sensitivity
in boys showed better results than in older men.
Although there is still controversy over the role of
cognitive assessment in taste recognition, sensory
sensitivity assessment can still be performed in both men
and women (Michon et al., 2009).

The results obtained revealed that in children there
was a positive association between sweet taste sensitivity
with age (r = 0.262; p = 0.008) and nutritional status (r =
0.213; p = 0.032), but not for salt taste sensitivity. A
significant association was also found between sweet
taste sensitivity and nutritional status in both boys (p =
0.029) and girls (p = 0.029). In addition, sweet taste
sensitivity also showed a significant value with age in
girls (p = 0.024). Positive results showed that children's
sensitivity to sweet tastes improves with age. The same
results also found that older children had better
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sensitivity to sweets compared to younger ones (r = 0.16,
p = 0.02) (Joseph et al., 2016). In addition, this study
also explained that there was a link between hormonal
changes and development as the child ages, which can
affect sensory perception such as puberty. Girls tend to
get through puberty faster than boys. Based on the results
obtained, it was also shown that age affects sensitivity to
sweet tastes, especially in girls. In addition, children's
cognition allows for better understanding as they grow
older. A study of taste sensitivity in children,
adolescents, and adults, indicated that younger children
are more likely to have an inability to understand
commands and hard to concentrate (Petty et al., 2020).
Elsewhere, a study found that obese children had lower
than normal sensitivity to sweets (Overberg ef al., 2012).
In addition, the results of the comprehensive review also
found that there is an association between five basic
tastes and weight status in children (Cox et al., 2016). In
general, food selection is a manifestation of sensory
processes such as taste, smell, tactile, visual and auditory
processing (Farrow and Coulthard, 2012). Therefore,
taste sensitivity plays an important role in the
development of children's eating habits and the
consequences of nutritional status.

The results obtained in this study found a significant
association between sweet taste sensitivity and DBP (r =
0.273; p = 0.046) mainly in males. In addition, the
results also showed an inverse relationship between salt
sensitivity with age (r = -0.401; p = 0.003) and DBP in
men. The result of the negative correlation between salty
taste sensitivity with age shows that increasing age was
associated with a decrease in salty taste sensitivity.
Consistent with these results, a study comparing taste
sensitivity in adults and the elderly, found that elderly
people have lower taste perception than adults (Neumann
et al., 2016). Another study conducted by administering
five concentrations of solution to subjects aged 18-80
years also showed that the group aged 51-80 years had
the lowest sensitivity at any given concentration
(Barragan et al., 2018). The decline in taste and smell
functions is part of the aging process. In general, the FP,
which plays an important role in the taste process, will
decrease by about 1.81 papillae/cm” each decade
(Karikkineth et al., 2021), and the FP, which is located in
the front two-thirds of the tongue, becomes the part to be
most disturbed and affect sweet and salty taste location.
Furthermore, a decrease in the olfactory epithelial
surface and fibers in the olfactory bulb is also associated
with a decrease in olfactory function, which also affects
the effect of a taste (Braun et al., 2022).

In addition, the results also showed a significant
association between salt sensitivity and blood pressure.
The results of a systematic review showed that there was
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a significant connection between salt threshold and blood
pressure (Sari et al., 2022). These results also reported
that salt sensitivity was related to the amount of salt
intake and both are related to blood pressure. The results
also showed that in older men, sensitivity to both sweet
and salty tastes was related to DBP. This indicates that
the higher the sensitivity of older people to sweet and
salty taste leads to an increase in DBP. This probably
relates to food choices based on preferences, so while
older people have good sensitivity, they still consume
sweet and salty foods.

4. Conclusion

The results indicate that overweight and obesity
remain major problem among children, while wasting
persists as a concern among the elderly. The results also
showed that the sensitivity to sweet and salty tastes is
better in children than in the elderly. Sweet taste
sensitivity was known to have a correlation with children
obesity while salty taste sensitivity was known to have a
correlation with blood pressure in elderly, so managing
food consumption is very important. Naturally, children
have a good sense of taste, so the control over sweet and
salty is too high to predict, while in the elderly,
consumption of sugar and salt is important to prevent
various degenerative diseases.
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