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Abstract
BACKGROUND: Stunting in children remains to be a global issue that requires to be addressed. Zinc plays a role in 
stimulating children’s growth. Research on zinc supplementation and physical exercise in stunted children remains 
limited in number, specifically during the coronavirus disease 2019 (COVID-19) pandemic.

AIM: This study aims to analyze the effect of zinc supplementation and physical exercise on height, H/A z-score, and 
academic performance of stunted children in the COVID-19 pandemic.

METHODS: The design used in this study was a randomized pre-post-test control group design. A total of 30 stunted 
children aged 8–12 years were divided into two groups. The treatment group received 5 ml of zinc syrup 3 times/
week for 3 months and practiced physical exercise 3  times/week for 3 months. The control group only practiced 
physical exercise 3  times/week for 3 months. The analysis of change difference in average height, H/A z-score, 
and academic performance between the treatment and control groups was performed using an independent t-test.

RESULTS: There was no significant difference in the increase in average height between treatment and control 
groups (p > 0.05). There was an increase in the average z-score of H/A in the treatment group (0.19) which was 
higher than in the control group (0.14), but the result of the independent t-test showed that the mean difference was 
not significant (p > 0.05). The result of the independent t-test showed that there was no significant difference in the 
change in average academic performance scores between treatment and control groups (p > 0.05).

CONCLUSION: There was no significant difference in the increase in height, H/A z-score, and academic performance 
of stunted children between the treatment and control groups. Further study is necessary to conduct with a minimum 
of 6 months of intervention in the non-pandemic period.
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Introduction

Stunting is a child nutrition issue that mainly 
occurred in developing countries throughout the 
world  [1]. The prevalence of stunting in children in 
Indonesia based on Riskesdas in 2010 was 35.4% [2]. 
Riskesdas in 2018 reported that the prevalence of 
stunting in children declined to 23.6% in Indonesia and 
22.8% in West Java province. Despite the decline, the 
condition remains concerning considering that children 
should have optimal growth to be qualified adult human 
resources in the future [3].

Stunting is a chronic growth disorder, 
characterized by children’s height in which case is 
shorter than children of their age. Stunting indicates 
failure of children’s growth as it has happened since 
early of their age. Several factors can influence stunting. 
However, the coronavirus disease 2019 (COVID-19) 
outbreak might be one obstacle for families infected 
by the virus to deal with stunting [4]. Stunting has 
become an indicator of the nutritional issue in children 
due to inadequate intake of nutrients for a long time or 

accompanied by recurrent infectious disease. Limitation 
of mobility during the COVID-19 pandemic in Indonesia 
has impacted the families’ socioeconomic, which 
results in the limited availability of food consumption 
for family members, including stunted children [1]. The 
impact of stunting continues into adulthood with shorter 
height, risk of chronic diseases, low achievements, and 
low income [5]. Stunted children experience deficiency 
of certain nutrients, therefore their brain cells have not 
reached their optimal development and are irreversible, 
which, in turn, inhibit children’s potential for complete 
development [4].

A study in Malang, Indonesia, suggested a 
significant correlation between dietary intake of zinc 
sources and hair zinc level in stunted children in primary 
school [6]. A study in Lampung, Indonesia, proved that 
stunted children had lower serum zinc levels than 
non-stunted children [7]. Taking zinc supplementation 
intends to meet the need for zinc; however, the impact 
of the program has not been effective. A cohort study 
in the Philippines found that non-stunted children 
had a greater chance of finishing school than stunted 
children. There was a strong relationship between the 

https://orcid.org/0000-0002-5376-4931

https://orcid.org/0000-0002-3680-7098

https://orcid.org/0000-0002-7526-1083

https://orcid.org/0000-0003-4701-9588


E - Public Health� Public Health Epidemiology

862� https://oamjms.eu/index.php/mjms/index

H/A z-score at the beginning of children’s lives and the 
length of school year achieved by the children [8].

The slow decline in the prevalence of 
stunting in Asian countries requires an integrated 
and comprehensive program mechanism [4]. A  study 
in rural Ethiopia with 10  mg of zinc supplementation 
for 6  months increased the linear growth of children, 
and the increase was greater in stunted children than 
non-stunted children [9]. There was also a significant 
difference in height between treatment group provided 
with 10  mg of zinc supplementation 6  days/week 
for 7  months and placebo group based on a study 
conducted in Yasuj, Southwest of Iran [10]. A  study 
in Thailand with 15  mg of zinc supplementation for 
6  months in children suggested that the treatment 
group had a significant increase in height and z-score 
than the control group. Providing zinc supplementation 
for 6  months improved the linear growth of children; 
however, there was no significant difference in other 
anthropometric parameters [11].

Thus far, studies on zinc supplementation in 
stunted children remain limited in number and have been 
carried out in the non-pandemic situation. In addition to 
zinc supplementation, there is also very limited study 
on physical exercise and academic performance in 
stunted children who are studying from home during the 
COVID-19 outbreak. The novelty of this study includes 
the combination of zinc supplementation and physical 
exercise in stunted children and the observation of 
its effect on the growth and academic performance 
of stunted children in the COVID-19 pandemic. The 
purpose of this study was to analyze the effect of zinc 
supplementation and physical exercise on height, H/A 
z-score, and academic performance of stunted children 
in the COVID-19 pandemic.

Methods

Research design

This study used a randomized pre-post-
test control group design. The population includes all 
students of SDN Cipageran Mandiri 1, North Cimahi, 
Indonesia, in the 2020/2021 academic year.

Sampling technique

The sample was stunted children with inclusion 
criteria of being a 2–6 grader, H/A z-score <  -2 SD, 
willing to participate through parental consent; and 
exclusion criteria of suffering from chronic diseases/
disorders. The number of samples was determined 
using an experimental design formula for 2 groups [12].

There was an addition of 30% as anticipation 
of participants dropping out; therefore, each group 

consisted of 15 children. The participants were divided 
into two groups, including the treatment group and 
the control group. The treatment group was provided 
with 5 ml of zinc syrup 3 times/week for 3 months and 
practiced physical exercise 3 times/week for 3 months. 
The control group only practiced physical exercise 
3 times/week for 3 months. The exercise was physical 
fitness for elementary school students using a video. 
The exercise was monitored by the researchers and 
the teacher on WhatsApp Group. The COVID-19 
outbreak could not allow the researchers to conduct the 
experiment for more than 3 months.

Data collection technique

The research assistants visited each 
participant’s house by implementing health protocol to 
meet the parents to provide the zinc supplementation 
to their children as recommended. Supplementation 
of 5  ml of zinc syrup contained 20  mg of zinc in the 
form of zinc sulfate monohydrate syrup. Monitoring and 
evaluating the takings of zinc syrup supplementation 
were carried out online through WhatsApp Group. 
Physical exercise intervention in the form of physical 
fitness exercise was practiced online using videos 
sent by the sports teacher on WhatsApp Group. Each 
child practiced the exercise at their respective houses 
and sent photos during the exercise. Studying from 
home during the COVID-19 pandemic limits the direct 
meetings between the researchers and the participants 
to practice the physical exercise together.

The research assistants measured the 
participants’ height before and after the intervention 
at their respective houses by implementing health 
protocol using a microtome with an accuracy of 0.1 cm. 
Analyzing the H/A z-score used the World Health 
Organization (WHO) AnthroPlus software version 1.0.4. 
The dietary intake data (protein, zinc, calcium) were 
collected using a 24-h recall method through telephone 
and messages on the WhatsApp Group. Analysis of 
nutrients was performed using the 2017 Indonesian 
Food Composition Table. The academic performance 
data were the average scores of Mathematics and 
Indonesian subjects, taken from the midterm exam for 
the preliminary data and the final examination for the 
final data. The collection of academic performance data 
was carried out by interviewing the participants’ parents 
about the scores received from the school.

Data analysis

The difference of characteristics between 
the treatment group and control group was analyzed 
using the Chi-square test. The data were normally 
distributed based on the Kolmogorov–Smirnov test, 
therefore analysis of the difference in average height, 
H/A z-score, and academic performance before and 
after the intervention in each group used paired t-test 
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and the difference between the two groups used an 
independent t-test.

Ethical clearance

This study has received an Ethical Clearance 
from the Health Research Ethics Committee of the 
Health Polytechnic of the Ministry of Health in Bandung 
no. 07/KEPK/EC/2020.

Results

Participants characteristics

Participants in both groups had nearly 
similar average age which was 10.04 (+1.53) years 
in the treatment group and 10.42 (+1.59) years in the 
control group. Statistically, there was no difference 
in age between the treatment group and the control 
group (p > 0.05). Sample distribution based on other 
characteristics is illustrated in Table 1.

Table 1: Sample Distribution Based on Characteristics
Characteristics Treatment Group Control Group Sig.

n (15) % n (15) %
Gender

Male 8 53.3 5 33.3 0.461
Female 7 46.7 10 66.7

Father’s level of education 
Primary 8 53.3 10 66.7 0.709
Secondary 7 46.7 5 33.4

Mother’s level of education
Primary 9 60.0 12 80.0 0.427
Secondary 6 40.0 3 20.0

Father’s employment
Unemployed 2 13.3 1 6.7 1.000
Employed 13 86.7 14 93.4

Mother’s employment
Unemployed 11 73.3 13 86.7 0.651
Employed 4 26.7 2 13.4

The number of male children was greater in 
the treatment group (53.3%) than in the control group 
(33.3%). In number, there were fewer female children in 
the treatment group (46.7%) than in the control group 
(66.7%). The result of the Chi-square test proved that 
there was no significant difference in gender between 
treatment and control groups (p > 0.05).

The number of fathers with primary education 
in the treatment group (53.3%) was less than in the 
control group (66.7%). The Chi-square test showed 
that there was no significant difference in the father’s 
level of education between treatment and control 
groups (p > 0.05). The number of mothers with primary 
education in the treatment group (60.0%) was less than 
in the control group (80.0%). Fisher’s exact test showed 
that there was no significant difference in mother’s level 
of education between treatment and control groups 
(p > 0.05).

The number of unemployed fathers was greater 
in the treatment group (13.3%) than in the control group 
(6.7%). The result of Fisher’s exact test showed that there 

was no significant difference in father’s employment 
between treatment and control groups (p > 0.05). The 
number of unemployed mothers was less in the treatment 
group (73.3%) than in the control group (86.7%). The 
result of Fisher’s exact test showed that there was no 
significant difference in mother’s employment between 
treatment and control groups (p > 0.05).

Nutrient intake

Table  2 describes that the intake of energy, 
protein, zinc, and Ca from foods consumed daily was 
nearly similar between treatment and control groups. 
The result of the independent t-test showed that there 
was no significant difference in the average intake of 
energy, protein, zinc, and Ca between treatment and 
control groups (p > 0.05).

Table 2: Sample Distribution Based on Nutrient Intake
Nutrient intake Treatment Group (Mean ± SD) Control Group (Mean ± SD) Sig.
Energy (kcal) 953.69 ± 196.49 1038.63 ± 247.32 0.307
Protein (g) 39.36 ± 13.01 36.71 ± 9.94 0.537
Zinc (mg) 3.79 ± 1.55 3.79 ± 1.30 1.000
Ca (mg) 213.33 ± 156.96 164.08 ± 115.41 0.336
Independent t-test: not significant (p > 0.05).

The intake of energy, protein, zinc, and Ca in 
treatment and control groups did not meet the 2019 
Recommended Dietary Allowance (RDA) for children 
aged 10–12 years [13]. Energy intake in the treatment 
group only met 50.19% of RDA and in the control group 
by 54.66%. The protein intake in the treatment group 
met 75.69% of the protein RDA and in the control group 
by 70.59%. Zinc intake in both treatment and control 
groups only met 47.3% of the zinc RDA. Ca intake was 
significantly low in both groups, in which Ca intake in 
the treatment group only met 17.77% of the Ca RDA 
and in the control group by 13.67%.
Table 3: Change in Average Height Pre-Post Intervention
Group Mean (Pre) Mean (Post) Siga Change (Δ) Sig.b

Treatment 121.6 123.7 0.000* 2.1 0.469
Control 125.2 126.9 0.000* 1.72
aPaired t-test: *significant (p < 0.05); bindependent t-test: not significant (p > 0.05).

Change in average height

As illustrated on Table 3, in the treatment 
group, there was a significant difference in the increase 
in average height before and after the intervention (p < 
0.05). In the control group, there was also a significant 
difference in the increase in average height before 
and after the intervention (p < 0.05). The increase in 
average height in the treatment group was 2.10  cm 
and in the control group was 1.72 cm. However, there 
was no significant difference in the increase in average 
height between treatment and control groups (p > 0.05).

Change in average Z-score of H/A

As seen from Table 4, in the treatment group, 
the average z-score of H/A increased by 0.19 from –2.62 
to –2.43. The result of paired t-test suggested that there 
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was a significant difference in the average z-score of 
H/A before and after intervention in the treatment group 
(p < 0.05). This indicates that providing 20 mg of zinc 
3  times/week with physical exercise 3  times/week for 
3 months can increase H/A Z-score in stunted children.
Table 4: Change in average Z-Score of H/A pre-post intervention
Group Mean (Pre) Mean (Post) Siga Change (Δ) Sig.b

Treatment –2.62 –2.43 0.022* 0.19 0.572
Control –2.43 –2.29 0.009* 0.14
apaired t-test: *significant (p < 0.05); bindependent t-test: not significant (p > 0.05)

In the control group, there was an increase 
in the average z-score of H/A by 0.14 from –2.43 to 
–2.29. The result of paired t-test showed that there 
was a significant difference in the average z-score 
of H/A before and after intervention in the treatment 
group (p < 0.05). This indicates that physical exercise 
3 times/week for 3 months can increase H/A Z-score in 
stunted children. Despite a tendency for an increase in 
the average z-score of H/A in the treatment group (0.19) 
which was higher than in the control group (0.14), the 
result of the independent t-test showed that the mean 
difference was not significant (p > 0.05).

Change in average academic performance

As described in Table 5, in the treatment 
group, the average score of performance decreased 
from 80.20 before the intervention to 79.41 after the 
intervention. However, the result of paired t-test showed 
no significant difference in the average academic 
performance score before and after intervention in 
the treatment group (p > 0.05). In the control group, 
the average academic performance score was nearly 
similar before and after the intervention, which was 
79.58 and 79.93, respectively.
Table 5: Change in average academic performance before and 
after intervention
Group Mean (Pre) Mean (Post) Sig.a Change (Δ) Sig.b

Treatment 80.20 79.41 0.649 -0.79 0.549
Control 79.58 79.93 0.665 0.35
aPaired t-test: insignificant (p > 0.05); bindependent t-test: not significant (p > 0.05).

The result of paired t-test proved that there 
was no significant difference in the average academic 
performance score before and after the intervention in 
the control group (p > 0.05). The result of the independent 
t-test showed that there was no significant difference in 
the change in average academic performance scores 
between treatment and control groups (p > 0.05).

Discussion

The result of this study indicates that the 
tendency for a change in the average height was greater 
in the treatment group (2.1 cm) than in the control group 
(1.72 cm). However, there was no statistically significant 
difference in the change in average height between 

treatment and control groups. This contradicts a study 
on stunted toddlers in Surakarta, Indonesia, which found 
that there was a difference in height after being provided 
with 20 mg of zinc supplementation 2 times a week for 
3 months [14]. The difference between studies is due 
to the difference in the population, the intervention in 
which case the provision of zinc supplementation was 
not followed by physical exercise, and the study was 
conducted in the non-pandemic situation, which was 
before the COVID-19 outbreak.

Another study in Thailand conducted on a 
similar population, which was children, proved that zinc 
supplementation provided for 6 months increased the 
linear growth of children. The increase in height was 
significantly higher (5.6  cm) in the treatment group 
than in the control group (4.7 cm) [11]. Another study 
on children in Yasuj, Southwest of Iran, with zinc 
supplementation provided for 7  months showed a 
significant difference in the increase in height between 
treatment and control groups. Zinc supplementation 
increased linear growth with a mean of 3.26 cm in the 
treatment group and 1.65 cm in the control group [10]. 
The increase in height in this study was lower than the 
results of the two studies. This is due to the shorter 
length of zinc supplementation intervention in this study, 
which was only 3 months, and the length of intervention 
in other studies was at least 6 months.

The result of another study conducted in Iran 
on children aged 6.5–10 years showed that there was a 
significant effect of single zinc supplementation provided 
for 6  months on the change in children’s height. The 
average height gain was 2.87 cm [15]. The difference 
with the result of this study is due to the difference in 
length of intervention, the population in which case was 
not limited to stunted children, intervention in the control 
group in which case was a placebo, and timing in which 
case was conducted before the COVID-19 outbreak.

The result of this study also differs from a 
study conducted on stunted toddlers in Pati Regency, 
Indonesia. The study suggested that there was a 
significant difference in height gain between stunted 
toddlers provided with zinc supplements and the control 
group. The average height gain in the treatment group 
was 3.35  cm and the control group was 1.0  cm [16]. 
The difference with the result of the study is due to the 
difference in population and intervention in the control 
group in which case was a placebo.

The growth of children’s height is strongly 
affected by bone growth. A  nutrient that affects bone 
growth is calcium. The participants’ calcium intake is 
very low both in the intervention and control groups. 
Physical exercise affects the absorption of calcium 
used for bone growth. In addition, zinc also plays a 
role in stimulating children’s growth. Participants’ zinc 
intake from daily food consumption is significantly low; 
therefore, it does not meet the zinc adequacy ratio 
for children. The provision of zinc supplementation 
in this study contributed to an increase in zinc intake 
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in the treatment and control groups. However, the 
short length of intervention, which was 3 months, with 
physical exercise in the treatment group did not show a 
significant difference between the two groups.

The result of this study differs from the 
study conducted in Thailand, in which case after 
6  months provided with supplementation, there was 
a significant difference in the H/A z-score between 
the treatment group (0.45 + 0.37) and control group 
(0.37 + 0.27) [11]. Meanwhile, the result of this study 
found that there was a tendency for an increase in the 
H/A z-score in the treatment group, which was greater 
than in the control group. However, the independent 
t-test showed no significant difference in the change in 
average z-score of H/A between treatment and control 
groups (p > 0.05).

Zinc is a micromineral that can stimulate 
children’s growth hormones to reach their optimal 
function. The role of zinc in growth is closely related 
to the increase in plasma concentrations of Insulin-like 
Growth Factor I (IGF-I). IGF-I factor is a growth hormone 
mediator that plays a role as a growth-promoting factor 
in children’s growth process [17].

Optimizing children’s growth can be achieved 
by physical exercise adjusted to the age level of 
children, including 7–8  years (grade  1-2), 9  years 
(grade 3), 10–11 years (grade 4-5), and 12–13 years 
(grade 6) [18]. Result of a study conducted before the 
COVID-19 outbreak found that there was a significant 
relationship between nutritional status, physical activity, 
and physical fitness level of Al-Hikmah Gempolmanis 
elementary school students in Indonesia [19]. A study of 
stunted children aged 6–15 years in Peru suggested that 
stunting affects the fitness level of stunted children [20].

In this study, the physical exercise intervention 
did not differentiate participants’ age or class. All 
participants were provided with the same physical 
exercise intervention in the form of physical fitness 
exercise, which might not be appropriate as it did not 
differentiate children’s age or class. This did not have 
an impact on stimulating the optimal height or growth of 
the H/A z-score. The length of intervention in this study 
was 3 months and it did not succeed to maximize the 
impact of the intervention on the research outcomes. In 
addition, the limited space for participants to practice 
physical exercise in their respective houses due to 
the COVID-19 outbreak has made the exercise less 
effective. Stunting in this population might affect the 
level of fitness in doing physical exercise.

A study suggested that stunting in children 
affects their cognitive development and academic 
performance. This is associated with impaired brain 
neuron maturity, structure, and function that results 
in permanent damage to cognitive development [21]. 
The result of this study showed that there was 
no significant difference in the change in average 
academic performance scores between treatment 

and control groups. This is related to the COVID-19 
outbreak which requires students to study from home 
guided by their parents, and the implementation is 
less effective. The academic performance of the 
participants may not be entirely the result of finishing 
assignments independently. This might be that when 
students are doing their assignments, they can look 
up the answers on the books or be guided by their 
parents. Studying in the COVID-19 pandemic is a 
limitation of this study as it cannot picture the actual 
academic performance of students as in the non-
pandemic situation in schools.

Another study conducted in Makassar, 
Indonesia, reported that there was a significant 
relationship between the level of physical fitness and 
academic performance of non-stunted children in primary 
schools [22]. A  similar condition may occur in stunted 
children in this study. The result of this study suggested 
that there was no significant difference in the level of 
physical exercise compliance in treatment and control 
groups. Stunted children who practice physical exercise 
regularly have an impact on physical fitness which, in 
turn, affects their thinking ability to achieve academic 
performance at school. However, it requires an in-depth 
study as other factors affect academic performance.

Conclusion

There is no significant difference in height, H/A 
z-score, and academic performance between stunted 
children provided with zinc supplementation and physical 
exercise for 3  months and stunted children provided 
only with physical exercise intervention in the COVID-
19 pandemic. The further study requires a longer length 
of intervention for a minimum of 6 months to determine 
the effect of zinc supplementation and physical exercise 
on the growth and academic performance of stunted 
children in the non-pandemic period.
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