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Abstract 

Autism Spectrum Disorder (ASD) is characterized by two symptoms, namely  
communication/social interaction disorders and restrictive/repetitive behavior. The purpose of  this 
study was to determine the ef fect of consuming high-selenium foods in the form of  high-selenium 

functional side dishes (HSFF) and selenium supplements (SS) on improving the development of  
communication, social interaction, sensory cognition, and physical behavior. A randomized 
controlled experiment design was conducted on 65 ASD children f rom 14 autism therapy clinics, 

divided into: HSFF intervention group (n = 22), SS intervention group (n = 22), and control group 
(n = 21). Before the intervention, all groups underwent a casein-f ree, gluten-f ree, and sugar-f ree 
(CFGFSF) diet. The HSFF intervention group consisted of  side dishes and SS, while the control 

group was given a placebo in the form of  mocaf  f lour for three months. The results of  the 
intervention were assessed by evaluating improvements in ASD development at the beginning 
and end of  the intervention. The Mann Whitney test and linear regression test were used to 

evaluate the ef fects of  HSFF and SS. The results of  the study in the HSFF and SS groups showed 
a signif icant increase in the development of  communication, social interaction, sensory cognition, 
and physical behavior compared to the control group (p<0.05), but HS did not af fect the 

improvement of  social interaction development af ter CFGFSF diet compliance and research 
interventions were given (p=0.139). The provision of  HSFF and SS can improve the development 
of  ASD children. 
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1. INTRODUCTION  

Developmental problems are one of  the nursing problems that nurses of ten face in children 
with autism spectrum disorders (ASD). ASD is a group of  neurodevelopmental disorders. The 
prevalence of  ASD in the world is 0.6% (Salari et al., 2022). Impaired development of  social 

interaction and communication, repetitive behavior, and limited activity are clinical symptoms of  
ASD (Christensen et al., 2019) Previous studies have shown that an imbalance in selenium 
element homeostasis is an important risk factor for ASD (Modabbernia et al., 2017; Sealey et al., 

2016). Recent studies have shown that children with ASD have very low levels of  selenium (Se) 
in the blood (Kaczmarek et al., 2024). Selenium minerals and proteins in the body are very 
important for brain development. Selenium minerals are very important in managing oxidative 

damage in the brain, and it is suspected that an imbalance in selenium homeostasis may be 
associated with ASD (Raymond et al., 2014). Selenium is one of  the minerals that is 
recommended to be consumed daily with a dose according to the age of  ASD children (J B 

Adams, 2015). 
Selenium minerals can be consumed by ASD children in the form of  functional f oods or 

supplements. Selenium supplements are a type of  Complementary and Alternative Medicine 

(CAM) biological therapy with the principle of  the methylation cycle that is expected to improve 
the development of  Autism Spectrume Disorder (ASD) which is of  interest to parents (Brondino 
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et al., 2015). Beef  liver is one type of  functional food that contains selenium (Li, 2017). The 

selenium content in beef  liver is very easy for the body to digest, easy to obtain, and easy for ASD 
children to consume. The selenium content in 100g of  beef  liver is 42µg (Li, 2017). 

A new experimental study on a mouse model made of  ASD found that selenium can improve 

social function, repetitive behavior, and cognitive function (Wu et al., 2022). Another experimental 
study found that selenium can reduce ASD symptoms in ASD children (Triana et al., 2023). The 
ef fectiveness of  selenium mineral administration on the development of  communication, social 

interaction, sensory cognitive, and physical behavior in children with ASD is still unclear, although 
mineral administration is the type of  CAM that is most in demand by parents (James B Adams et 
al., 2018). Adams et al. in their study found that around 85% of  parents liked the administration 

of  minerals and felt that there was a slight improvement in their children, but there is no 
quantitative data on how much the improvement was (James B Adams et al., 2018). This study 
aims to determine the ef fect of  consuming high selenium foods in the form of  high selenium 

functional food (HSFF) side dishes in the form of  beef  liver and selenium supplements (SS) on 
improving the development of  symptoms of communication, social interaction, sensory cognitive, 
and physical behavior. 

 

2. METHODOLOGY  

This study used a Randomized Control Trial (RCT) design. The population and sample of  66 
participants (ASD children), the sample was randomly drawn at the beginning of  the study into 
three groups (HSFF intervention group (n = 22), selenium supplement intervention group (n = 22),  

and control group (n = 22), using block size randomization with a computer application by the 
researcher. The study sample was 65 ASD children f rom the beginning to the end of  the study. 
Participants were recruited f rom 14 dif ferent autism clinics in East Java. The researcher did not 

know the sample of  ASD children (blind) when the intervention was carried out. The sample of  
ASD children in the intervention and control groups did not know whether they were given a 
placebo intervention or were given food or supplements containing the mineral selenium. The 

sample size based on the research of  Adams et al (James B Adams et al., 2018), it is estimated 
that a minimum of  22 participants in each group will provide 80% power to detect a dif ference of  
20 scores on the scale, with ά 0.05, allowing an error rate of  10%. The sample was diagnosed 

with ASD by a pediatrician at the clinic where ASD children were treated based on the Diagnostic 
and Statistical Manual of  Mental Disorders, Fif th Edition (DSM-5). The inclusion criteria were 2-6 
years of  age. The exclusion criteria were children with Bell's palsy and other neurological def icits, 

heart disorders, and mental disorders to prevent bias in the results of  developmental 
assessments. 

Intervention: Children with ASD and their parents in the control group and intervention group 

were given education about the Casein Free Gluten Free Sugar Free (CFGFSF) diet before the 
intervention was carried out by the researcher. The sample group was advised to follow the 
CFGFSF diet as a standard diet for children with ASD before the intervention. The three groups 

were evaluated once a week to ensure the implementation of  the CFGFSF diet. Parents of  
participants were asked to f ill in a food logbook consumed by the intervention group and the 
control group every day. 

The HSFF intervention group was given in the form of  side dishes with a dose of  50g/day. 
Beef  liver was processed into side dishes cooked by a nutritionist to ensure that the side dishes 
used the CFGFSF principle. Parents of  HSFF group participants were asked to write down how 

many side dishes were eaten. The control group was given something similar to powder that 
looked like a supplement, but did not contain high selenium. The SS intervention group was given 
selenium supplements in the form of  powder with a dose of  1 x 20 µg/day. The control group was 

given a placebo. The packaging of  selenium supplements and placebos was carried out by 
pharmacists f rom pharmacies that had been accredited by Good Pharmacy Practice (GPP) in the 
same packaging. The intervention was carried out for three months. Parents of  participants were 

asked to f ill out a logbook every time they completed the intervention. Observation of  the logbook 
and clarif ication of  the contents of  the logbook to the parents of  participants were carried out to 
measure compliance with the CFGFSF diet and its intervention. Compliance with the CFGFSF 

diet was measured by dividing the number of  days participants consumed casein-f ree, gluten-
f ree, and sugar-f ree foods by the number of  intervention days then multiplied by 100. Compliance 
with the research intervention was measured by dividing the total days of  the intervention. the 
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number of  days participants consumed selenium supplements/high selenium side 

dishes/placebos given to each group by the number of  intervention days then multiplied by 100. 
Measurement and data collection: To determine the decline in development using the Autism 

Treatment Evaluation Checklist (ATEC) assessment of  children with ASD was assessed with 

(ATEC). ATEC is an instrument commonly used to evaluate the ef fectiveness of  certain therapies 
or interventions in the development of  ASD (Mahapatra et al., 2018). For the developmental test -
item analysis using the Spearman correlation test, a correlation coef f icient value greater than 0.9 

was found for all subscales and total, indicating that the ATEC is reliable (Freire et al., 2018). For 
the concurrent validity of  the ATEC, a correlation coef f icient of 0.8 (p <0.001) was found, indicating 
the high validity of  this tool (Freire et al., 2018). The range of  scores obtained was 0-28 in 

communication, 0-40 in social interaction, 0-36 in sensory cognitive, and 0-75 in physical 
behavior. A decrease in score indicates an increase in results. Scores were collected based on 
ASD therapy before and af ter three months of  CFGFSF diet education and selenium consumption 

in the clinic. The therapist who assessed the results was blinded af ter being assigned to carry out 
the intervention. The therapist was not informed about the intervention given to the participants  
so that he did not know the form of  intervention carried out by the researcher.  

Data analysis: Protocol analysis was used in this study. The Kolmogorov -Smirnov test was 
used to evaluate the distribution of  numerical data. Chi-square test was used to compare baseline 
categorical data between groups. One-way ANOVA and Kruskal Wallis test were used to compare 

baseline numerical data and adherence in diet and intervention data. Mann-Whitney U test was 
used to see p. 

 

3. RESULTS  

This RCT design included two intervention and control groups, each containing 22 children 

with ASD. About 65 ASD children participated in this study until the end of  the study. They were 
considered to have completed the trial if  they have received the intervention for three months and 
study outcomes had been assessed. There was one ASD child who could not follow until the end 

of  the study due to personal reasons (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Consort flow diagram of patients 

 
As Table 1 shows, no signif icant dif ference in age (p=0.729), sex (0.895), time of  ASD 

diagnosis (p=0.865), communication (0.260), social interaction (0.581), sensory cognitive (0.281),  
and physical behavior (0.357). 
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Table 1. Baseline characteristic of patients 

Characteristics HSFF group SS group Control group p 
Age (years) 3.95 ±1.43 3.91 ± 0.97 3.71 ± 1.34 0.729 
Male 19 (33.30) 19 (33.30) 19 (33.30) 0.895 
Age for first ASD 
diagnosis (years) 

2.09 ± 0.47 2.04 ± 0.54 2.03 ± 0.47 0.865 

Communication 23.86 ± 5.81 20.68 ± 6.34 23.57 ± 6.98 0.260 
Social interaction 24.18 ± 9.42 22.90 ± 7.38 25.52 ± 7.57 0.581 
Sensory cognitive 21.13 ± 4.68 20.13 ± 7.95 18.04 ± 6.11 0.281 
Physical behaviour 29.68 ± 10.76 33.54 ± 10.69 28.95 ± 12.26 0.357 

HSFF = high selenium functional food, SS = selenium supplement 

 
Table 2 shows that during the study process, the selenium supplement intervention group 

had lowest level of  compliance with the CFGFSF diet, but the HSFF intervention group had the 

lowest level of  compliance with the intervention given by researchers. There were signif icant 
dif ferences in CFGFSG diet and study intervention between groups.  
 

Table 2. CFGFSF diet and selenium intervention compliance 

Compliance HSFF group SS group Control group p 

CFGFSF diet (%) 69.15 ± 32.01 52.35 ± 24.35 75.94 ± 21.92 0.004 
Intervention (%) 83.33 ± 22.34 100.00 ± 0.00 100.00 ± 0.00 0.000 

HSFF = high selenium functional food, SS = selenium supplement, CFGFSF: Casein Free Gluten Free Sugar Free 

 

Table 3 shows the change (delta) in communication, social interaction, sensory cognitive, 
and physical behavior scores. Both consuming HSFF and SS showed signif icant reduction in 
communication, social interaction, cognitive sensory, physical, and behaviour scores compared 

to no selenium administration af ter the intervention (p<0.05).  
 

Table 3. Delta communication, social interaction, sensory cognitive, and physical behavior 

Delta HSFF 
 group 

SS 
group 

Control 
group 

P 
HSFF 
vs SS 

p 
HSFF 

vs 
control 

p 
SS vs 

control 

Communication -7.55 ± -1.02 -8.87 ±-0.79 -1.53 ± -0.29 0.044 0.000 0.000 
Social interaction -5.50 ± -0.99 -14.05 ± -1.29 -2.91 ± -0.15 0.000 0.001 0.009 
Sensory cognitive -4.95 ± -0.17 -11.73 ±-2.23 -1.62 ± -0.37 0.001 0.000 0.002 
Physical behaviour -4.95 ± -2.19 -18.54 ±-2.88 -2.00 ± -0.01 0.044 0.000 0.000 

HSFF = high selenium functional food, SS = selenium supplement 

 
Table 4 shows the multivariate analysis that consuming selenium in the form of  HSFF and 

SS af fected on the improvement of  communication, sensory cognitive, and physical behavior by 
adjusting for the compliance level of  CFGFSF diet and intervention of  the study given, however 
consuming HSFF did not af fect social interaction improvement (p = 0.139) while consuming SS 

af fected social interaction improvement. 
 
Table 4. Multiple linier regression analysis showing effect of HSFF and SS with adjusting for  compliance of 

CFGFSF diet and study intervention 
 

 B 95% CI P 
HSFF    
   Communication 6.175 3.436 – 8.915 0.000 
   Social interaction 1.813 0.932 – 6.404 0.139 
   Sensory cognitive 4.949 1.895 – 9.044 0.002 
   Physical behaviour 4.681 1.786 – 7.575 0.002 
SS    
   Communication 8.247 6.633 – 9.861 0.000 
   Social interaction 11.356 8.472 – 14.239 0.000 
   Sensory cognitive 11.110 7.491 – 14.730 0.000 
   Physical behaviour 18.340 12.930 – 23.750 0.000 

HSFF = high selenium functional food, SS = selenium supplement, CI = confidence interval 
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4. DISCUSSIONS 

The study demonstrated that the consuming selenium in the form of  HSFF and SS could 
signif icantly improve communication, social interaction, sensory cognitive, and physical behavior 

compared to the control group. This study has proven that selenium both in the form of  functional 
food and supplement can improve the developmental level in ASD children. However, the 
improvements in ASD were higher in the group consuming SS than in the group consuming HSFF. 

Selenium in the form of  supplement has a more powerful ef fect on reducing ASD severity than in 
the form of  functional food. Following the previous study in ASD mice model, selenium 
supplement signif icantly improved social interaction, repetitive stereotype behavior, and cognitive 

function (Wu et al., 2022).  
We found that the ASD children had better communication, social interaction, cognitive 

sensory, and behaviour af ter giving selenium for three months. This improvement may occur 

because the administration of  selenium has fulf illed the selenium def iciency in ASD children. 
Giving selenium is expected to help the def iciency of  the selenium needed for improving ASD 
symptoms (James B Adams et al., 2018; Bermingham et al., 2014). Following James B Adam et 

al study, a slight improvement occurred in ASD with the administration of  the mineral at a weight -
adjusted dose (James B Adams et al., 2018). HSFF in this study was processed beef  liver which 
was given as much as 50g/day containing around 20µg selenium, while SS was given 20µg/day. 

The daily selenium requirement for ASD children is likely to be suf f icient, whereas the daily 
requirement for children aged 2-7 years is around 15-20 µg/day (Kipp et al., 2015).  

Although the levels of  the selenium given to HSFF and SS groups were same, compliance 

with the HSFF intervention was lower than compliance to the SS intervention. This compliance 
may lead to dif ferences in the rate of  the improvement level. The level of  compliance with the 
HSFF intervention was only 83%, while the compliance of  ASD children to consume selenium 

supplements was 100%. ASD children did not consume selenium in the form of  HSFF which is 
given in the form of  side dishes every day. There was boredom in the child, because he had to 
eat beef  liver every day even though it was in the form of  a dif ferent food dish.  

Besides consuming selenium, participants had a CFGFSF diet during the study and the study 
found that the levels of  compliance to the diet af ter the CFGSF diet education was dif ferent 
between groups signif icantly. The compliance with the CFGFSF diet in control group was higher 

than in the intervention group. The previous studies found that there was little improvement by 
doing the diet in ASD children (James B Adams et al., 2018; Brondino et al., 2015; Marsden et 
al., 2019). However, af ter adjustment for the CFGFSF diet and intervention compliance, only 

consuming SS were still shown to improve communication, social interaction, sensory cognitive, 
and physical behavior. Consuming HSFF improved communication, sensory cognitive and 
physical behavior but not for social interaction in ASD children. The improvement indicated that 

selenium might be associated with the pathogenesis of  ASD. As mentioned in the previous study, 
the improvement the ASD mice following selenium supplementation was associated with the fact 
that selenium altered monoamine neurotransmitter levels in brain tissue, reduced oxidative stress 

and neuroinf lammation in hippocampal tissue, and relieved neural cell damage (Wu et al., 2022). 
In the body, selenium mainly exists in the form of  selenoproteins (Kipp et al., 2015). The 
decreased level of  selenoproteins causes irreversible oxidative stress injury in neurons (Brigelius-

Flohé & Flohé, 2017). The study in mice model found that selenium supplementatio n increased 
the expression of  selenoproteins, which resulted in enhanced antioxidant capacity, reduced 
reactive oxygen species production, and decreased oxidative stress in tissues (Wu et al., 2022). 

The micronutrient selenium, which acts as an antioxidant, can improve the development of  
communication, sensory cognitive, and physical behavior in ASD.  
 

5. CONCLUSIONS  

Selenium in the form of  supplement and functional food could developmental level, however 

SS was more powerful in improving communication, social interaction, cognitive sensory, 
physical, and behavior in AD children than in the form of  functional food. The results suggest that 
selenium supplement and selenium functional food may benef it children with ASD As the 

implication of  the study, parents who have ASD children can give selenium in the form of  
supplement and functional food to improve communication, social interaction, sensory cogni tive, 
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and physical behavior. The health worker can advise the parents to consume food containing 

selenium or selenium supplement to improve their ASD children.  
There were several limitations of  the study. First, all types of  selenium containing foods that 

may be consumed during the study, the types of  drugs prescribed by doctors that can af fect the 

results were not controlled in the study. Second, data collection on severity level was not carried 
out by two therapists at each clinic. However, the data collector is a therapist that person trained 
in the measurement of  the outcomes. Third, the study did not collect the selenium serum level 

before and af ter intervention.  
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