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INTRODUCTION 

Iodine deficiency disorders (IDD) has became the 

worldwide nutrient deficiency problems. IDD occurs not 

only in developing countries, but also in the developed 

country.  

It has been estimated that 2,2 bilion people in the world 

are in the high risk of IDD. According to data from 

WHO
1
, about 2.2 billion world population currently has a 

high risk of IDD. Iodine and iron deficiency have been 

shown to be related to reduction in cognitive and motor 

abilities, and impaired growth in children of school age.
1-

4
 Furthermore, studies showed that academic achievement 

and cognitive scores of children would increase if the 

child-sex male have a parent with a higher educational 

level influenced mainly by maternal factors (ie mothers 

who underwent education to obtain a higher education).
5-8

 

In the previous study, we showed that the prevalence of 

enlarged thyroid gland and stunted in children living in 

iodine deficiency endemic area in Kismantoro District 

were 30.99% and 33.80%, respectively. IDD that is 

occured in children and adolescents leads to stunted 

growth, characterized by short body/stunted.
9
  

ABSTRACT 

 

Background: The iodine deficiency disorder (IDD) has become a worldwide problem because the prevalence is 

increasing in the recent decades. IDD occurs not only in developing countries, but also in developed countries. This 

study analyzed the effect of various combinations of egg, iron, iodine supplementation on nutritional status, thyroid 

hormones (T3 and T4) and hemoglobin on elementary school children in iodine deficiency endemic area in Indonesia.  

Methods: This study was an experimental research with double blind randomized controlled trial using combination 

of iodine supplementation, iron supplementation and egg. Subjects were children aged 8-13 years old living in Central 

Java, Indonesia. An IDD screening was done in a population study has conducted by palpation and subjects were 

divided into four groups: YIE group (iodine supplementation + iron supplementation + eggs); YE group (iodine 

supplementation + egg); IE group (iron supplementation+eggs); E group (eggs only). Nutritional status, iodine status, 

and iron status were measured before and after the intervention within four months.  

Results: From 675 elementary school children that were screened, 173 children (25.63%) had thyroid gland 

enlargement. There was a significant effect on nutritional status based on height-for-age, weight-for-age and BMI-for-

age in all groups (all p<0.05). There was a significant effect on hemoglobin in YIE, IE and E groups, but no effects 

observed on serum iron and protein serum (p>0.05). There was no significant changes on T3 and T4 level in all group 

(p>0.05). 

Conclusions: Combination of macro and micronutrient supplementation may increase nutrition status and 

hemoglobin of elementary school children who suffered iodine deficiency disorder. 
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These all reports are supported by nutritional status 

survey which showed that high prevalence of children 

with high body is very short (stunted), i.e. almost 50% of 

all children surveyed. In IDD endemic area, the 

prevalence of stunted was 56.5%).
10

 According to Hadi 

more than one-third (36.1%) of school-age children in 

Indonesia is short when entering school age.
11

 This is an 

indicator of chronic malnutrition. Elementary school 

children were included in the vulnerable group because 

they are in a period of rapid growth and very active. In 

this condition, children who suffer iron deficiency may 

have impaired mental and motor development. 

The biological availability of macronutrients (proteins) 

and micronutrients (iodine and iron) are needed in order 

to solve the iodine deficiency in IDD endemic areas. It 

was previously known that protein intake were low in 

children, because the protein intake only met 58.75% of 

recommended nutritional intake.
12

 Therefore we proposed 

source of high biological value as the alternative to 

improve protein value such as egg.  

Egg has high bioavailibility and can serve as a transport 

means of other nutrients in the body. The purpose of this 

study is to assess the supplementation effect of iodine, 

iron and protein (eggs) on the nutritional status of 

elementary school children who suffer from iodine 

deficiency disorders. District Kismantoro, Wonogiri, 

Central Java, Indonesia was selected as the location of 

this study because this area was reported as one of the 

area with relatively high prevalence of IDD.
13 

METHODS 

This is a randomized control trial on 109 elementary 

school children aged 8-13 years old in District 

Kismantoro, Wonogiri, Central Java, Indonesia.  

Those children were selected based on screening for 

iodine deficiency disorders with at least grade 1 

enlargement. Subjects were randomly assigned into 4 

different groups: YIE group (iodine supplementation + 

iron supplementation + eggs); YE group (iodine 

supplementation + egg); IE group (iron supplementation 

+ eggs); E group (eggs only). Informed consent was 

given to the parents of each subjects. This study has been 

approved by Medical and Health Research Ethics 

Committee, Universitas Gadjah Mada. 

The iodine supplementation was done in the single dose 

of 200 mg iodine “yodiol” (Kimia Farma, Indonesia).
14,15

 

Iron supplementation was given based on the nutritional 

recommendation for children aged 9-12 years at 10 mg 

per day.
16,17

  

Because each tablet contained 60 mg of ferrous sulfate, 

the iron supplementation was adminitrated once every 6 

days. In this study, subjects received 3 eggs a week. 

Subjects who did not receive iron or iodine 

supplementations received placebo. All the interventions 

were done in 4 months (16 weeks). Parameters in this 

study including nutritional status, iodine status and iron 

status were measured before and after the intervention. 

Iodine status were measured by T3 and T4 level and iron 

status were measured by haemoglobin level.  

T3 and T4 level were analyzed using ELISA (Organon, 

Germany). Haemoglobin level were analyzed using 

cyanmethaemoglobin method. Those measurements were 

done in Local Health Laboratory of Yogyakarta. Height 

was measured using microtoise. Body weight was 

measured using digital weight scale (Detecto) with 100 

gram precision. Nutritional status was defined 

usingWHO growth chart 2005 based on weight for age, 

height for age and BMI for age Z-score.  

All dataset was subject to normality analysis before the 

tests were performed. A paired t-test was done to evaluate 

the effect of the interventions. An ANOVA analysis was 

done to evaluate the differences between the 

interventions on nutritional status, iodine status and iron 

status in all subjects. A statistically significant was 

accepted when p value was less than 0,05. The statistical 

analysis was done using SPSS software. 

RESULTS 

The characteristics of subjects are shown in Table 1. In 

this study, 61.3% subjects were boys and subjects were 

all in the 3th and 4th grade of elementary school. From 

all subjects that were participated in this study, there were 

5 children were dropped out from this study due to illness 

and moving to other school. 

Table 1: Initial subjects characteristics of Kismantoro 

elementary school district, Wonogiri. 

Characteristic n % 

Sex     

Male 106 61 

Female 67 39 

Elementary school class    

III 66 38 

IV 45 26 

V 62 36 

Age   

8 years old 18 10 

9 years old 46 27 

10 years old 56 32 

11 years old 10 23 

12 years old 11 6.4 

13 years old 2 1.2 

Effect of the interventions on nutritional status are 

showed in Table 2. Nutrition status was determined based 

on several measurements including height for age, weight 

for age and BMI for age. The effect of interventions on 

nutritional status was varied depend on types of 

nutritional status. Height for age was increased in all 
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intervention groups (p<0.05) in exception to those who 

received YE group (p>0.05). YE intervention was also 

had no effect on weight for age in children with IDD. 

Interestingly, in this study we showed that only subjects 

receiving eggs only had an effect on BMI for age 

(p<0.05). Using ANOVA test, we showed that there were 

no difference on changes in nutritional status in all 

criteria between interventions (p>0.05). 

 

Table 2: The effect combined interventions on nutrition status. 

Groups Z-score height for age p Z-score weight for age p Z-score BMI for age p 

Before After Mean 

diff.  

Before After Mean 

diff.  

Before After Mean 

diff. 

IYE -1.46± 

1.46 

-1.13 ± 

1.13 

-0.33± 

0.33 

0.002 -1.29± 

1.29 

-1.06± 

1.06 

0.23± 

0.236 

0.03 -0.15± 

0.15 

0.09± 

.095 

-0.24± 

0.24 

0.065 

IE -1.61± 

1.61 

-1.36± 

1.36 

-0.25± 

0.25 

0.025 -1.51± 

1.51 

-1.18± 

1.1 

0.33± 

0.338 

0.001 -0.20± 

0.20 

0.04± 

.040 

-0.24± 

0.24 

0.059 

YE -1.36± 

1.3 

1.32± 

2.36 

0.06± 

.066 

0.726 -1.42± 

1.42 

0.19± 

0.192 

-1.23± 

1.23 

0.18 -0.47± 

0.47 

-0.02± 

0.02 

0.45± 

.452 

0.087 

E -1.60± 

1.60 

-1.26± 

1.26 

-0.45± 

0.4 

0.005 -1.41± 

1.41 

-1.18± 

1.18 

0.23± 

0.238 

<0.001 -0.18± 

0.18 

0.01± 

.018 

-0.20± 

0.20 

0.001 

 

The effect of combination of iron, iodine, egg on thyorid 

hormones were evaluated by measuring T3 and T4 

concentration before and after the intervention (Table 3).  

We showed that there were no significant differences on 

T3 level after the intervention (p>0.05). Additionally, 

there were no significant differences on changes of T3 

level between combination of intervention (p>0.05). We 

also showed that there was no significant changes in T4 

level after the intervention (p>0.05) and the effect of the 

interventions were not different between groups (p>0.05).  

Interestingly, we showed that there were trend in 

increment of T3 level after the intervention in all groups. 

Subjects in YE and IE group had a slight higher T3 level 

compared to those in IYE and E groups. 

 

Table 3: Changes on T3 and T4 level before and after the intervention. 

 T3 (n mol/L) P T4 (u mol/L) P 

Groups Before After Mean diff. Before After Mean diff. 

IYE 131.03±31.03 137.14±37.14 6.11±0.11 0.52 6.82±0.82 6.46±0.46 0.37±0.37 0.02 

IE 135.48±35.48 147.08±47.08 11.6±1.61 0.36 6.94±0.94 7.10±0.10 0.17±0.17 0.53 

YE 136.29±36.29 146.88±46.88 10.62±0.63 0.24 6.81±0.81 6.53±0.53 0.27±0.27 0.10 

E 141.52±41.50 146.52±46.52 5.00±0.005 0.67 6.86±0.86 6.92±0.92 0.06±0.06 0.85 

 

Table 4: Effect of supplementation on change in 

hemoglobin level of elementary school children suffer 

from iodine deficiency disorders. 

Groups Mean± SD p* 

Before After Mean diff. 

IYE 13.03 13.45 0.43 0.00 

IE 13.14 13.64 0.51 0.00 

YE 13.00 13.21 0.35 0.10 

E 13.24 13.59 0.37 0.01 

The effect of combination of supplementation on changes 

in hemoglobin level were evaluated in elementary school 

children with iodine deficiency disorders (Table 4).  

After the intervention, we showed that IYE, IE and E 

combination group had significantly increased 

hemoglobin level (p<0.05). However, there were no 

differences in changes of hemoglobin level between 

interventions (p>0.05). 

DISCUSSION 

In this study we showed that combining micronutrient 

supplementation of iron and iodine with eggs was able to 

improve nutritional status in children with IDD. 

However, there were no differences in changes on 

nutritional status between intervention groups.  

Subjects in all treatment groups had a slight increment in 

T3 level after the intervention, but the differences were 
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not significant. There were no significant changes in T4 

level after the intervention. Additionally, we showed that 

the haemoglobin level was increased after the 

intervention. 

In this study we showed that the combination of eggs and 

micronutrient supplementation (iodine and iron) were 

able to improve nutritional status in children with IDD. 

The results were consistent with studies conducted in 

other countries.
18,19

  

According to Zimmerman et al, the impact of the damage 

effect on the growth of thyroid function in children with 

iodine deficiency, and this effect can be directly or 

indirectly through insulin status-like growth factor (IGF-

1) and insulin-like growth factor binding protein 

(IGFBP–3).
20

  

Iodine deficiency will inhibit the production of the 

thyroxine and triodotironin but does not inhibit the 

formation of tiroglobulin, so that this results in the 

unavailability of hormones to inhibit the production of 

TSH. Pituitary gland is to secrete more TSH, and TSH 

will cause the cells to secrete tiroglobulin to iroid in 

significant amounts so that the gland will grow larger 

with sizes 10 to 30 times the normal size. In the thyroid, 

iodine is stored in the form of the hormone in the thyroid 

follicle lumen, besides that there are still iodine storage in 

circulating hormones in the blood. Thyroid gland 

enlargement (hypertrophy or hyperplasia of follicular 

epithelium) occurs as a response to the accumulation of 

iodine deficiency and disease known as goiter.
21

 

It was previously shown that there is an interaction 

between iron was associated with development of iodine 

deficiency disorder.
22

  

Iron deficiency reduces the activity of thyroid 

perioksidase (TPO), thyroid perioksidase is a heme-

containing enzymes and serves as a catalyst in the 

synthesis of thyroid hormone. In addition, iron deficiency 

may also influence the effects of iodine supplementation 

in IDD endemic areas. Location of this study was a 

village 750 meters above sea level and regarded as a 

mountainous area.
23

 According to Muneizel, the 

hemoglobin concentration was associated with 

geographic area which is altitude.
24

 This was due to the 

body's response towards changes in altitude to attain a 

state of homeostasis to maintain hemoglobin in the blood. 

This allows body to be able to effectively increase the 

concentration of erythrocytes. 

It is important to evaluate the adequate protein intake to 

achhieve the better TSH production. According to 

Djokomoeljanto et al, the protein intake can reduce the 

occurrence of IDD and improve the condition of the 

disease in endemic IDD.
25

 According to Mayes, the 

adequacy of protein in endemic goiter area is very 

beneficial to its role in reducing the prevalence of goiter, 

if protein intake is insufficient, the thyroid hormone is 

unable to form tiroglobulin.
26

 The analysis of this study 

concluded that especially in young children in the 

endemic goiter should be anticipated adequacy of the 

protein.  

According to Sudargo, et al found that children who 

received egg alone or in combination with iodine and iron 

have the
 

highest cognitive abilities compared with 

supplementation of egg with iron.
27

 In addition, children 

who received egg
 
alone or combination with iron and 

iodine can increase the IQ score by 4 point. 

Supplementation with egg alone or in
 
combination with 

iodine and iron improve the cognitive abilities (IQ score) 

of primary school children who suffer
 

from iodine 

deficiency disorders. Improve cognitive abilities is one 

part that will help meet the increasing degree of child 

welfare.  

CONCLUSION  

In conclusion, we showed that supplementation with a 

combination of macronutrients (eggs) and micronutrients 

(iodine and Fe) increased height and weight/age, 

weight/height and hemoglobin levels, in elementary 

school children with iodine deficiency disorders.  

Micronutrient supplementation without vitamin 

supplementation, the success will be low even excess 

micronutrients in the body and interfere with the child's 

health. Form a high protein food ingredient, as a macro 

nutrients are eggs, because of easily available and 

relatively cheap and acceptable by all ages. 
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