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ABSTRACT 

Introduction: Increased circulation, hormones, and energy metabolism 

due to exercise are thought to have a positive effect on nerve growth 

and development. This study aims to examine the effect of addition of 

sports games on IQ score, TSH, and BDNF levels of elementary school 

children in IDD en-demic areas. Methods: This research method was a 

quasi-experiment pre-posttest with control group design. As many as 

40 children aged 9 -11 years were divided into 19 children as controls, 

and 21 children doing sports games for 30 minutes per day, five times 

a week for eight weeks. Serum TSH and BDNF levels were measured 

using ELISA and IQ score using Culture Fear Intelligence Test (CFIT) 

method. Statistical analysis used was T-test, Wilcoxon, and Mann-

Whitney test. Results: The mean of serum TSH levels and IQ scores of 

the treatment group were not significantly different from those of the 

control group (p>0.05). The mean of BDNF levels in both groups 

increased significantly, and the increase in BDNF levels in the treatment 

group was greater than in the control group (p<0.05). Conclusion: 
It can be con-cluded that the addition of sports games did not 

significantly change TSH levels and IQ scores (p>0.05), but 

significantly increase BDNF levels (p<0.05).  
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Introduction 
Child growth and development is formed 

from the result of a balanced interaction be-
tween genetic, hereditary, constitutional, and 
environmental factors. Genetic factors and the 
environment of the fetus in the womb are early 
determinants that can be said to be a program 

for postnatal life. The research shows that 
brain growth and children's cognition levels 
are strongly correlated with environmental 
factors in the form of socio-economic [1], and 
the adequacy of nutrients needed for nerve 
growth [2]. Other studies found that environ-
mental factors such as residence, physical 
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activity, family income, parental education, and 
father's work had an impact on children's IQ 
[3]. Optimal environmental factors are needed 
to support the development of a child's genetic 
potential. 

Child growth and development in mountain 
range environment is threatened to be dis-
turbed due to lower iodine contents in the 
ground caused by glaciation, flood, and defor-
estation [4]. Iodine is micronutrient that is 
needed in every stage of growth and develop-
ment. Childhood, even starting from the womb 
is the phase that most requires adequate iodine 
intake [5,6]. Iodine deficiency causes broad 
spectrum disruption in children's physical and 
mental development [7] because iodine is 
needed for the formation of thyroid hormones, 
namely T4 (tetraiodotironine) and T3 (triio-
dotironine). Thyroid hormones play an im-
portant role in physical and nerve growth and 
development (Prezioso, Giannini, & Chiarelli, 
2018; Rapaport, 2000). Brain growth is 
strongly correlated with the adequacy of thy-
roid hormones [10].  

The Samigaluh Kulonprogo Yogyakarta 
plateau area is an IDD replate area [11]. Meas-
urement of TSH and fT4 levels in elementary 
school children resulted in 42.1% of children 
experiencing subclinical hypothyroidism [12]. 
Cases of thyroid disorders found in children in 
this area are subclinical hypothyroidism. An in-
crease in serum TSH, except in very rare patho-
logical conditions, indicates insufficiency of T3 
receptor saturation in the brain and a decrease 
in serum levels of thyroid hormone. So the in-
crease in serum TSH shows the risk or potential 
occurrence of thyroxine deficiency by various 
causes or prematurity [13]. Serum T3 and T4 
levels are less specific clues as indicators of de-
ficiency caused by changes in levels affected by 
age and sex [14]. 

Children who are in the endemic area of 
IDD need activities that can improve thyroid 
function while improving nerve and cognitive 
function. The results of previous studies found 
that exercise can improve TSH and thyroid 
gland function [15]. Physical exercise in hypo-
thyroid patients has been shown to increase T4 
and T3 levels and decrease TSH [16]. Research 
in mice, exercise not only improved the 

function of the thyroid gland, but also improved 
the brain function of hypothyroid mice cub 
[17]. Treadmill training and running in a spin-
ning wheel in congenital hypothyroid mice cub 
improved thyroid function, spatial memory and 
BDNF levels of the hippocampus [18]. Research 
into the effects of aerobic and anaerobic exer-
cise on adult PTU inducted hypothyroid mice 
resulted in lethargy and spatial memory abili-
ties improvement and anaerobic exercise had a 
better effect than aerobic exercise [19]. Swim-
ming can increase blood T4, T3 and TSH levels, 
mRNA TSHβ expression in pituitary and TRH in 
PVN in mice performed adrenalectomy [19]. 

The existence of evidence of the benefits of 
sports and the presence of problems of chil-
dren in the area of hypothyroid replete, namely 
the risk of growth and development, especially 
nerves [20], it is necessary to examine the ef-
fects of hypothesized sports games that can im-
prove the condition of children in endemic ar-
eas of IDD. This is based on research that exer-
cise can stimulate angiogenesis [21] to increase 
blood flow not only to the motion system, but 
also to the whole body. In addition to increas-
ing circulation, exercise increases hormones 
for increased metabolism of energy formation 
including thyroid stimulating hormone (TSH) 
[16,22] 

Materials and Methods 
Materials 

Tools and materials used for blood collec-
tion and manufacturing of serum (syringes, cuf-
flinks, tubes, and centrifuge), TSH ELISA kits 
(HUMAN, German), BDNF ELISA kits (Elab-
science), and sports games equipments which 
were music, balls, sticks, and cords. 

Methods 
This research is a quasi-experimental study 

with a pre-posttest control group design. The 
research made at the villages of Purwoharjo 
and Tukharjo, Samigaluh District, Kulonprogo 
Regency, DIYogyakarta because this location is 
a plateau of the IDD replete area [11]. This lo-
cation is a mild IDD endemic area with a preva-
lence of 12.5% based on a 2007 survey [23]. 
Most of the Samigaluh area is a mountainous 
area causing the low iodine content of 
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Assessed eligibility (n=40) 

Control (n=19) Intervention sport game(n=21) 

Lost to follow up (n=0) Lost to follow up (n=0) 

Analyzed (n=19) Analyzed (n=21) 

groundwater and during the rainy season it is 
prone to landslides. Samigaluh District has an 
area of 6,929.31 hectares, most of which are 
slopes that cannot be used for residence. Utili-
zation of these slopes is usually planted with 
plantation or forestry crops and long-term 
crops, such as teak, sengon, mahogany, cloves, 
coffee, and cocoa[24] 

The subject of this research is 40 children 
aged 9-12 years old, grades 3-6 elementary 
school (SD), who received informed consent 
from their parents. The subjects divided into 19 
students as control group and 21 students as 
treatment group. The subjects are native and 
settled at the study site.  

The serum TSH levels, serum BDNF levels, 
and IQ were measured at the beginning and end 
of the research. The TSH and BDNF levels were 
measured by Elisa method (HUMAN kit ELISA, 
German), IQ scores were measured using Cul-
ture fear intelligence (CFIT) conducted by Lem-
baga Psikologi Terapan Inspirasi in Wonosari, 
Gunung Kidul Regency, DIYogyakarta.  

The sports games treatment was carried 
out with duration of 30 minutes between the 

hours of 08.30-09.30 AM, 5 times a week, for 8 
weeks. Sports performed were the modifica-
tion of brisk walking. These sports included 
cross-country brisk walking, ball relay games, 
fishing nets, running picks, and others. These 
exercise variations were done so that children 
were not bored. Outside the program, treat-
ment group children were not restricted to 
other activities. The control group children got 
exercise programs from school once a week 
and were not restricted to other activities. 

Data Analysis 
The data obtained was tabulated and edited. 

Edits were made to retrieve subjects with com-
plete data. The subjects with incomplete data 
were not included in the data analysis. Figure 1 
showed the participant flow through the study. 
Statistical analysis used Wilcoxon-test, Mann 
Whitney, and T-test. 

Ethical consideration 
This research was carried out after obtain-

ing ethical approval from FKIK UMY number 
406/EP-FKIK-UMY/XI2016.

Figure 1. Flow of participants through the study 

Result and Discussion 
TSH level measurement results showed 

that most subjects were euthyroid. The sub-
jects who suffered hypothyroxinaemia were 
further measured fT4 levels and the results 
within normal limits. The thyroid subjects’ sta-
tus was divided into two groups that are eu-
thyroid and sub-clinical hypothyroid (SH). De-
termination of subclinical hypothyroid based 

on an increase in serum TSH levels (4-25mU/L) 
and fT4 levels are in the normal range, which is 
0.8-2.0 ng/dL (Ergür et al., 2012). Another ref-
erence for SH determination is TSH > 5 mU/L 
[25]. Based on TSH levels, HS is divided into 
mild SH with TSH levels of 4-10 mU/L and se-
vere SH with TSH levels > 10mU/L. This divi-
sion is related to SH management [26]. 
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Subclinical hypothyroidism is a mild condi-
tion of hypothyroidism or often referred to as 
compensated hypothyroidism. In this case the 
body of SH sufferers can still maintain fT4 lev-
els within normal limits, but TSH stimulation 
needs to be greater than normal individuals. 
Judging from the daily appearance, subjects 
look normal, no apparent disturbance [27]. Alt-
hough there are no manifestations of distracti-
bility and hyperactivity, children with a history 
of compensated hypothyroidism may have sig-
nificant deficits in attention and memory, men-
tal and psychomotor [9] If someone with mild 
hypothyroidism has a real neuropsychiatric 
disorder, it is necessary to study and re-diag-
nose the possibility that the disorder is not re-
lated to thyroid disorder [28]. Replacement of 

thyroxine to correct the deficit does not appear 
to have an impact on neuropsychological func-
tion [29]. 

Table 1 shows that the treatment did not 
cause significant changes in the average serum 
TSH level and the percentage of subclinical hy-
pothyroid events between the beginning and 
end of the study. The percentage of subclinical 
hypothyroid events in the group of subjects at 
the end of the study was 27.5%. This percent-
age is greater than the general percentage in 
children, which is 1.7%, while the incidence in 
adults is relatively common, which is 4-20%. 
Subclinical hypothyroidism in adults often cor-
relates with insulin resistance, dyslipidemia, 
vascular disorders, and heart disease [27]. 

Table 1. Average of serum TSH level and total number of subclinical hypothyroid (SH) control and 
treatment groups at the beginning and end of the study 

Group N 

Initial TSH 

level (ng/dL) 

SH 

TSH 

>4mIU/L

(N)

Final TSH 

level 

(ng/dL) 

SH 

TSH 

>4mIU/L

(N)

 Change of 

TSH level 

(ng/dL) 
Wilcoxon 

average ± SD average ± SD average ± SD 

Control 19 3,01 ± 1,52 5 (26,3%) 4,69 ±3,95 7 (36,8%) 1,75 ± 4,86 0,243 

Sports 

Games 
21 2,68 ±1,19 3 (14,3 %) 3,53 ± 2,27 4 (19,0%) 1,68 ± 3,81 0,018 

Total 40 8 (20,0%) 11 (27,5%) 

Mann Whitney 0,448 0,256 0,389 

Physical exercise has been accepted as a 
disease management with “exercise is medi-
cine” initiated in 2007 [30]. Doctors prescribe 
exercise doses according to the patient's condi-
tion, because exercise will only be beneficial if 
carried out according to the required amount 
[31]. This study has not been able to answer the 
role of physical exercise for 8 weeks in improv-
ing thyroid function in SH in improving thyroid 
function in children with SH. SH treatment to 
improve children thyroid function is still being 
debated [32].  The existence of various disor-
ders that arise in adult SH, then SH needs to be 
treated  [33]. SH treatment is needed to prevent 
progression to clinical hypothyroidism. 

The addition of sports games in children 
conducted for 8 weeks in this study has not 
shown improvement in thyroid function. The 
time may need to be extended because 16-

week aerobic exercise research improved the 
quality of life of middle-aged women with SH 
[34]. Another study concluded that aerobic ex-
ercise for 16 weeks in adolescents with disabil-
ities had an impact on increasing plasma levels 
of thyroid hormone and reducing TSH  [35]. 

Table 2 shows that the addition of sports 
games to elementary school children signifi-
cantly increased IQ scores (p=0.007), while the 
IQ scores of children who did not receive addi-
tional sports games increased insignificantly 
(p=0.083). Difference test in IQ score improve-
ment between the treatment and control 
groups found no significant difference 
(p=0.876). Thus, the increase in IQ score that 
occurs in the treatment group is not only due to 
the provision of additional sports games, but 
because of various activities and stimulants 
given at school, home, and elsewhere. 



Noor et al., 2023 / Sports Games towards Intelligence and Nerve Development of Children in Iodine Deficiency Endemic Area 

 BANRJ | Basic and Applied Nursing Research Journal 5 Volume 4 | Number 1 | June | 2023 

Table 2. Average of IQ scores in the control and treatment groups at the beginning and end of the 
study 

Group N 
Initial IQ score Final IQ score Change of IQ score 

Paired T-test 
Average ± SD Average ± SD Average ± SD 

control 19 92,11 ± 12,24 93,05 ± 10,89 0,95 ± 2,25 0,083 
sports games 21 85,81 ± 13,91 86,67 ± 13,32 0,86 ± 1,31 0,007 
independent T-test 0,139 0,107 0,876 

Children who did not get additional sports 
games experienced an increase in IQ scores. 
This shows that learning activities in schools 
contribute to an increase in children's IQ. Edu-
cational stimulation through play groups, 
PAUD, playgrounds in younger children for 3 
months increased the development of verbal 
intelligence, achievement and IQ [36]. 

Factors influencing a child's IQ are chronic 
parental disease [37], socio-economic 

conditions and nutrition during fetus in the 
womb [38] as well as after birth. IQ scores of 
children at the age of 9 years and 11 years cor-
relate more strongly with socio-economic and 
nutritional factors after birth compared with 
birth weight [26].  The gender factor in children 
turns out to affect IQ by obtaining evidence that 
girls aged 3-6 years have higher levels of intel-
ligence than boys [36].

Table 3. Average of serum BDNF levels control and treatment groups at the beginning and end of the 
study 

group N 
Initial BDNF level 

(ng/dL) 
Final BDNF level 

(ng/dL) 
Change of BDNF 

level (ng/dL) 
 paired 
T-test

Average ± SD Average ± SD Average ± SD 
control 19 1649,78 ± 150,09 1805,94 ± 114,14 174,36 ± 168,64 0,002 
sports 
games 

21 1568,61± 171,08 1895,21 ± 116,73 326,57 ± 191,41 0,0001 

independent T-test 0,121 0,019 0,011 

Table 3 shows that the serum BDNF levels 
in the treatment group increased significantly, 
as did the control group. A significant increase 
in BDNF levels in the control group means that 
learning and playing activities at school, home, 
and their environment are stimulants to the 
nervous system and stimulate growth and de-
velopment. The vital role of BDNF for cognitive 
task performance is needed. Observations from 
rodent studies showed the benefits of BDNF if 
added and the resulting deficit in learning if 
BDNF was blocked. In addition, one training 
session had been shown to increase peripheral 
BDNF concentrations although there was no 
apparent improvement in memory [39]. 

Physical activity is likely to have a longer 
lasting effect on the brain which is still in devel-
opmental stages [40]. Research on normal chil-
dren proved that motor skills correlated with 
cognitive learning abilities [41]. It turns out 

that physical activity and play are not only ben-
eficial in normal children, but the intelligence 
of children with mental retardation had been 
successfully improved with play therapy pro-
grams  [42]. One factor that can repair nerves 
from growth retardation or damage is an in-
crease in BDNF. Various neurodegenerative 
diseases of the brain due to age or due to excess 
reactive oxygen species that are triggered by 
neurotoxic agents and injury to the brain due to 
trauma can be corrected with neurotrophin 
[43]. The multipotent effect on brain signaling 
and synaptic plasticity is a key factor in the ef-
fect of BDNF work [44]. 

Increasing BDNF will not only improve IQ, 
but also improve neuropsychiatric disorders 
[45]. Individuals with lower IQs have an in-
creased risk of psychological disorders, mental 
health problems, and suicide; similarly, chil-
dren with low IQ scores are more likely to have 
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behavioral, emotional and anxiety disorders. 
Therefore it is necessary to continue to study 
various stimulants that can improve brain func-
tion and improve cognition [46]. 

Conclusion 
The addition of sports games for 8 weeks 

did not cause significant changes in thyroid 
function and IQ scores in subclinical hypothy-
roid children, but significantly increased BDNF 
levels (p<0.05). Simpler nerve function param-
eters such as nerve reaction time, short-term, 
medium-term, and long-term memory may be 
more appropriate to assess the effects of sports 
stimulus in a relatively short time. 
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