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ABSTRACT 
In recent years, there has been an increase in the use of nutritional supplementation as a 

method of treating autism spectrum disorder (ASD). The aim of our study is to investigate the 

effect of using combined supplementation on treating the symptoms of Autism. In this study, 

we conducted a nonrandomized, nonblinded trial where we followed up with patients with 

ASD who were diagnosed through the CARS2-ST scale and evaluated through the Vineland-3 

scale within two visits. The patients were divided into control and intervention groups where 

training only and supplementation with training were used, respectively. Results: The study 

included a total of 115 participants, out of which 95 (82.6%) were assigned to the intervention 

group and 20 (17.4%) were assigned to the control group. Significant improvement was 

observed in the intervention group compared to the control group. It was observed that the 

CARS2 score for the intervention group was reduced by a mean of 16.1 points compared to 

only 4.45 mean points reduced in the control group. On the other hand, the Vineland-III scale 

was increased by a mean of 350.23 points in the intervention group, while the control group 

had an increase of only 41.3 points. Conclusion: Our study concludes that the use of combined 

supplementation along with behavioral training greatly reduces autism symptoms compared to 

training alone. Thus, our study can recommend the use of combined supplementation as a form 

of treatment for Autism. Further studies with randomization and blinding will be helpful in 

confirming the findings of our study. 

 

1. Introduction 

Autism is defined as a neurodevelopmental disorder in which a child’s communicative, 

emotional, and symbolic development, as well as their ability to establish relationships with 

others, is impaired [1,2]. In autism, both the receptive and expressive levels of verbal 

language are affected, particularly in relation to the pragmatic and sematic code, as well as 

the nonverbal communication systems [3]. The neurodevelopmental problems in people with 

autism spectrum disorder (ASD) begins at an early age and persist to a greater or lesser extent 

throughout life.  Children diagnosed with autism display atypical variations in child 

development. Occasionally, symptoms of forthcoming issues may be apparent from the time 

of birth. Others have typical development initially, however during their ages between 18 to 

36 months, the circumstances start to shift. Parents may see that their children begin showing 

social estrangement, demonstrate abnormal behavior, and experience regression in linguistic 

and social skills acquired at earlier developmental stages. alternatively in certain cases, the 

distinction between children diagnosed with autism spectrum condition and their peers of 

similar age is more apparent by careful observation. [4–6]. 

The treatment of autism spectrum disorder can take many forms. Although the forms are 

different, the symptoms to be treated are the same. The main approach to treating the 

fundamental signs of autism involves psychosocial interventions that include applied 

behavior analysis. [7]. Other forms of treatment include Pharmacotherapy with atypical 

antipsychotics [7], diet and nutritional status, and dietary supplementation [8].  
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Recent studies have shown a strong connection between people having autism and the 

presence associated digestive issues. As a result, there has been a rise in the use in dietary 

supplements as a treatment option for autism. Recent studies have provided mounting 

evidence in favor of this treatment strategy. [9].  

Due to the frequent occurrence of gastrointestinal symptoms such as diarrhea, constipation, 

and irritable bowel syndrome (IBS) in autistic children, almost 20% of doctors in the United 

States started using probiotics as a form of treatment for autism. This comes due to the 

beneficial function of probiotics at restoring the balance of the intestinal microflora as well as 

the rebuilding of the intestinal mucosa [8]. 

A study performed in 2006 showed a connection between a lack of Omega-3 fatty acids as 

well as the development of psychological disorders, including autism [10]. Additional 

evidence was provided by case-control research conducted in 2007. The study revealed that a 

group taking Omega-3 fatty acid supplements showed improved speech and articulation, and 

with greater social openness, in comparison to the control group [11]. 

A previous study conducted in 1985 investigated the potential therapeutic impact of 

administering Vitamin B6 as well as magnesium supplements to individuals with autism. The 

study found that the intervention group, which took the supplements, had enhanced behavior 

comparison with the control group, which did not take the supplements. [12]. 

Moreover, research has revealed that the administration of vitamin D supplements also 

enhances the symptoms associated with autism. In a research conducted in 2016, it was 

shown that almost 80 percent of the individuals demonstrated enhancements in the behaviors, 

stereotypes, eye contact, and attention span categories of the CARS2-ST scale as well as 

Aberrant Behavior Checklist, which are used for evaluating autism [13].  

In addition, it has been found that folate concentrations in the cerebrospinal fluid were low in 

children with low-functioning autism. The supplementation of these children with oral folate 

was found to have positive effects on their general health after 12 months [14]. 

Moreover, Zinc has also been used as a form of supplemental treatment in patients with 

autism [15]. Studies show that the Zinc-to-copper ratio is lower than normal in children with 

autism, thus indication a deficiency of zinc and an overload of copper, in so supporting the 

treatment with supplemental Zinc [16]. 

In addition, several investigations have shown a clear connection among autism with the 

Glutathione cycle. Study has shown which the use of N-acetyl cysteine (NAC), a substance 

that precedes glutathione, may potentially alleviate symptoms of autism [17,18]. In a 2012 

randomized controlled experiment, the utilization of N-acetylcysteine (NAC) showed a 

positive effect on the irritability portion of the Aberrant Behavior Checklist (ABC) in 

children diagnosed with autism [19]. In the same year, a case study was conducted which 

likewise revealed enhancements in the social impairments along with aggressive symptoms 

of the autistic youngster being monitored. [20]. 

Similarly, research has indicated a lack of Choline in kids with autism in comparison with 

kids without autism [21]. This raises the prospect of using choline as a therapeutic 

intervention. A study conducted in 2019 utilized a combination of Donepezil Hydrochloride 

and a Choline supplement to examine its impact on receptive language abilities in children 

diagnosed with autism spectrum disorder. The study found that this therapy resulted in a 

lasting improvement in language skills over a period of six months. This phenomenon was 

particularly found in youngsters aged below 10 years. [22]. 
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Alternatively, it has been suggested that there is a dysregulation of excitatory and inhibitory 

neurotransmitters in individuals with autism spectrum condition. A research was conducted to 

assess the concentration of γ-aminobutyric acid (GABA), an inhibitory neurotransmitter, in 

autistic kids compared to normally developing guys. The study found that people having 

autism spectrum disorder have lower levels of Gaba compared with people with regular 

development. In addition, they found a correlation among lower amounts of GABA and 

poorer IQ as well as more social impairment within the studied groups. [23]. 

As a possible cause of autism, it has been proposed that oxidative stress in genetically 

vulnerable individuals leads to impaired methylation and, thus, neurological deficits [24]. S-

adenosyl-methionine (SAMe), on the other hand, is a major methyl group doner and exerts 

influence on the central nervous system through the cellular transmethylation pathway [25]. 

Studies on mice injected with valproic acid to simulate symptoms of autism spectrum 

disorder demonstrate that the coadministration of SAMe with Valproic acid alleviates these 

symptoms, thus opening the door for research to use SAMe supplementation on human 

subjects [26].  

Lastly, in addition to the supplements mentioned above, studies have also shown the use of 

digestive enzymes as supplements to be effective in alleviating autism symptoms. A 

randomized controlled trial on 101 autistic children found that supplementation with 

digestive enzymes showed improvement in emotional response, general impression, and 

general behavior, as well as gastrointestinal symptoms in children with autism [27].  

The aim of our study is to investigate the effect of combined supplementation to improve 

mitochondrial function, Gut function, Oxidative stress, Methylation, and relaxation on 

alleviating the symptoms of children with autism spectrum disorder [ASD) as observed 

through Childhood Autism Rating Scale 2nd edition (CARS2-ST) and Vineland Adaptive 

Behavior Scale 3rd edition (Vineland-3). 

Methodology 

Study design 

We used a nonblinded, nonrandomized controlled trial design in our study as the choice of 

enrolment was made by the parents. This design allows for a more feasible conduction of the 

study, considering the sensitivity of the topic.  

Settings, locations, and relevant dates  

Recruitment process occurred in Barr Al Aman Institute of Autism, Baghdad, Iraq. 

Enrolment occurred throughout the year of 2020. The timing of the follow-up visit was 

determined by the parent. Data collection occurred during the visit, and the assessment was 

conducted by a professional. 

Participants  

The target population was patients diagnosed with autism using the CARS2-ST scale. 

Exclusion criteria were patients below and above two years and 15 years of age, respectively, 

patients with concomitant cerebral palsy, Fragile X syndrome, or Down syndrome, and 

patients receiving medications for other neurological disorders were also excluded. These 

criteria were utilized, as concomitant disorders or medication use might affect the outcome. 

Severity category and gender were not used to exclude participants to appreciate differences 

in outcomes in these two variables. Methods of recruitment included patients referred from 

other medical institutions after receiving the diagnosis or parents visiting the clinic to 
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diagnose their children. Assignment to treatment or control group was the decision of the 

parents. Patients in the control group had applied behaviour analysis training, while patients 

in the treatment group had nutritional supplementation in addition to applied behaviour 

analysis training. Combined supplementation consisted of supplements as follows:  

• Mitochondrial Function (L. Carnitine, co-enzyme Q 10) 

• Gut Function (probiotic, pancreatic enzyme) 

• Antioxidants (N- acetyl cystine, glutathione) 

• Nootropic supplements (omega 3, choline) 

• Methylation, Vitamins, and minerals (methyl folate, SAME, B group, D3, Zinc) 

• Relaxation supplements (GABA, Mg citrate) 

Variables and assessment tools  

The primary outcome of the study is improving the severity of autism measured with the 

CARS2-ST tool. The CARS2-ST is a 15-item tool that aims to identify patients with ASD 

and determine the severity with two categories, either mild-moderate or severe, using ratings 

that are quantifiable and based on direct observation by a professional. Items are rated on a 4-

point scale. Given the variations in sensitivities and specificities observed among different 

suggested cut-off points by various studies concerning the diagnosis of ASD [28,29], this 

study has adopted the subsequent cut-off points to address this heterogeneity: <30, 30-36, and 

37-60, were assigned for no autism, mild-moderate autism, and severe autism, respectively. A 

study aimed to assess the diagnostic predictability of the CARS2-ST scale found that it is 

both sensitive and specific for the diagnosis of ASD [30]. A systematic review and meta-

analysis found that the CARS2-ST tool's internal validity and sensitivity to be acceptable, 

although specificity was not, indicating its accuracy in detecting ASD accompanied with 

other diagnostic tools [31]. The secondary outcomes of the study were improving the daily 

living, socialization, communication, and motor skills measured using the Vineland-3 scale 

and exploring the effect of age and gender on the efficacy of nutritional supplementation in 

autism patients. The Vineland adaptive behaviour scale is a psychometric tool used to assess 

intellectual disability and developmental delays. The original version comprised of the three 

domains of adaptive functioning specified by the American Association on Intellectual and 

Developmental Disabilities and by DSM-5: daily living skills, communication, and 

socialization. Subsequent versions have expanded to include optional domains including 

motor skills and maladaptive behaviours. We included the three original domains in addition 

to the motor skills domain in this study. 

Additionally, demographic data were included to derive additional associations. The scales 

were administered in the first clinic visit and in the follow up clinic visit, and interventions 

were applied in between. Scales were administered by a professional in the presence of the 

parent. An informed consent to enrol was taken from the parents prior to the initiation of the 

study, and confidentiality and anonymity were assured. 

 

Data analysis and statistical methods  

Data entry and data cleaning were done using Excel 365, and data analysis was conducted 

using SPSS V26. An Independent T-test was utilized to measure the primary outcome. For 
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secondary outcomes, Independent T-test, chi-square test, and correlation coefficient were 

utilized.  

Results 

Demographics statistics: 

The study included a total of 115 participants. 82.6% (95) of the study participants were 

enrolled in the intervention group, while the control group composed 17.4% (20) of the 

sample. The sample of the study included 86 males (74.8%) compared to 29 females (25.2%). 

The mean age at diagnosis was 5.4 years, with 2.4 years and 13 years being the minimum and 

maximum ages in the entire study sample. The mean follow-up period is 0.79 years, with one 

month and three years being the minimum and maximum follow-up periods, respectively. 

Chi-square test found no significant association between the gender and treatment group. 

Table 1 demonstrates the baseline characteristics of the entire sample.  

Primary outcomes  

According to the CARS2-ST scale, 68.7% and 31.3% of the entire sample were diagnosed 

with severe autism and mild to moderate autism, respectively, in the first visit. In the follow-

up visit, however, 76.5% of the sample had no autism, 15.7% had severe autism, and 7.8% 

had mild to moderate autism. Mean CARS2-ST score in the first visit for the entire sample 

was 41.63, with a minimum of 30 and a maximum of 60. Mean CARS2-ST score in the 

follow-up visit for the entire sample was 27.56, with a minimum of 17 and a maximum of 57. 

Mean CARS2-ST 2 score in the first visit was 40.42 and 47.4 for the intervention and control 

groups, respectively. Mean CARS2-ST score in the follow-up visit was 24.3 and 42.6 for the 

intervention and control groups, respectively. CARS2-ST score was reduced by a mean of 

16.10 points for the intervention group compared to only 4.45 points for the control group 

between the two visits, leaving a difference of 11.65 points, which was statistically 

significant [P = <0.01]. Figure 1 demonstrates the change in diagnosis and severity of autism 

between the first and follow-up visits for the intervention and control groups. Figure 2 

demonstrates the change in CARS2-ST score frequencies between the first and follow-up 

visits for the intervention and control groups. Figure 3 demonstrates the change in Vineland-3 

score frequencies between the first and follow-up visits for the intervention and control 

groups.  

Secondary outcomes  

The Vineland-3 mean score for the first visit for the entire sample was 127.36, with a 

minimum score of 0 and a maximum score of 526.0. The mean Vineland-3 score in the 

follow-up visit for the entire sample was 423.86, with a minimum of 8 and a maximum of 

664. Mean Vineland-3 scores in the first visit were 134.1 and 95.5 for the intervention and 

control groups, respectively. Mean Vineland-3 scores in the follow-up visit were 484 and 137 

for the intervention and control groups, respectively. An independent T-test comparing the 

Vineland-3 means of the two groups in the first visit yielded a T-score of 1.91 (df=113; 

p=0.058), indicating the nonsignificant difference between the two groups. An independent 

T-test comparing the Vineland-3 means of the two groups in the follow-up visit yielded a T-

score of 16.79 (df=113; p<0.001), indicating that the intervention group’s Vineland-3 mean 

in the follow-up visit was significantly higher than the control group’s mean. Vineland-3 

scale score was increased by a mean of 350.23 points for the intervention group compared to 

only 41.3 points for the control group between the two visits, leaving a difference of 308.93 

points, which was statistically significant [P = <0.001]. Table 2 summarizes the means and 
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standard deviations for CARS2-ST and Vineland-3 based on the assigned treatment group 

and gender variables, respectively. Daily living skills subsection score was increased by a 

mean of 89.89 points for the intervention group compared to only 12.25 points for the control 

group between the two visits, leaving a difference of 77.64 points between the means of the 

two groups, which was statistically significant [P = <0.001]. Socialization subsection score 

was increased by a mean of 105.45 points for the intervention group compared to only 5.85 

points for the control group between the two visits, leaving a difference of 99.6 points 

between the means of the two groups, which was statistically significant [P = <0.001]. 

Communication subsection score was increased by a mean of 94.3 points for the intervention 

group compared to only 9.4 points for the control group between the two visits, leaving a 

difference of 84.9 points between the means of the two groups, which was statistically 

significant [P = <0.001]. Motor skills subsection score was increased by a mean of 60.58 

points for the intervention group compared to only 13.8 points for the control group between 

the two visits, leaving a difference of 46.78 points between the means of the two groups, 

which was statistically significant [P = <0.001]. The correlation coefficient between age at 

the first visit and CARS2-STscore at the first visit was 0.064 (P=0.494), indicating a non-

significant and very weak positive relationship. The correlation coefficient between age at the 

follow-up visit and CARS2-STscore at the follow-up visit is 0.288 (P=0.002), indicating a 

significant and weak positive relationship between the two variables.  The correlation 

coefficient between age at the first visit and Vineland-3 score at the first visit was 0.262 

(P=0.005), indicating a significant and weak positive relationship between the two variables. 

The correlation coefficient between age at the follow-up visit and Vineland-3 score at the 

follow-up visit was -0.176 (P=0.06), indicating a nonsignificant relationship between the two 

variables. The correlation coefficients between age at the first visit and Vineland-3 

subsections score at the first visit were 0.288 (P=0.002), -0.003 (P=0.974), 0.359 (P<0.001), 

and 0.252 (P=0.007) for daily living skills, socialization, communication, and motor skills, 

respectively.  The correlation coefficients between age at the follow-up visit and Vineland-3 

subsections score at the follow-up visit were -.176 (P=0. 06), -0.088 (P=0.352), -0.305 

(P=0.001), and -0.123 (P=0.189) for daily living skills, socialization, communication, and 

motor skills, respectively. An independent t-test was conducted specifically on the 

intervention group to compare the difference in CARS2-STscores and the difference in 

Vineland-3 scores of males and females between the first and follow-up visits. The results 

indicated that there were no significant differences between the two genders (P=0.7 for the 

difference in CARS2-ST and P=0.118 for the difference in Vineland-3 scores). 
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Figure 1. The frequency percentage of the three categories of autism diagnosis based on the 

CARS2-ST scale for the intervention and control groups between the first and follow-up visits 

 

 

Figure 2. Histograms of CARS2-ST results for the intervention and control groups between 

the first and follow-up visits  
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Figure 3. Histograms of Vineland-3 results for the intervention and control groups between 

the first and follow-up visits 
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Assigned Treatment Group Gender  
intervention control Total female male Total  
Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

CARS2-ST for 

the First Visit 

40.4 7.5 47.4 6.2 41.6 7.7 40.2 7.7 42.1 7.7 41.6 7.7 

CARS2-ST for 

the follow-up 

visit 

24.3 4.9 43 7.4 27.6 8.9 26.1 9.2 28 8.8 27.6 8.9 

Vineland-3 for 134.1 85.7 95.5 61.8 127.4 83.1 118.7 71.4 130.3 86.8 127 83.1 

 N N % Mean Standard Deviation Minimum Maximum 

Gender female 29 25.2%     

male 86 74.8%     

Age at first visit*   5.42 2.14 2.42 13.00 

Age at Follow-up visit*   6.21 2.24 3.00 14.00 

Follow-up Period*   .79 .60 1** 3.00 

 

*: age in years 

**: age in months 

 

 

Table 1. Baseline demographic statistics for the entire sample 
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the first visit  

Vineland-3 for 

the follow-up 

visit  

484 86 137 74 424 157 414 120 427 168 424 157 

 

Table 2. Mean and SD of CARS2-ST and Vineland-3 scales for assigned treatment group and gender variables between the first and second visits 
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Discussion: 

Our research found that the use of combined supplementation along with training yielded higher 

improvement results among children with autism compared to training alone. This allows us to reject 

the null hypothesis and conclude that the use of combined supplementation greatly improves patients 

with Autism Spectrum Disorder (ASD). This agrees with the literature that suggested the use of a 

variety of supplements we used to improve autism symptoms [9,11–14,19,27]. 

This was demonstrated through a higher decrease of the mean of the CARS2-ST scale between the 

first and the follow-up visit in the intervention group that took the supplementation compared to the 

control group that only did training. However, the study did not prove any difference in changes in 

the CARS2-ST scale between males and females or between different ages. 

Furthermore, our conclusion was also demonstrated through the Vineland-3 scale. It showed that the 

mean increase in the intervention group was much higher when compared to the control group. Once 

more, the study could not demonstrate a differences in changes between males and females or 

between the different ages. 

During the study, and through our history taking prior to inclusion in the study, we observed that 

children with previous gestational problems, such as asphysxia neonatorum, intrauterine growth 

restriction, oligo or polyhydramnios, or other placental issues, had a better response to the 

supplementation compared to those with no previous gestational issues. This could indicate the 

presence of an underlying biological damage in such cases that was corrected using supplementation. 

More studies are needed to confirm such a hypothesis. 

Moreover, we found through the history that those who had a previous history of gastrointestinal 

symptoms, including constipation, diarrhea, bloating, and repeated abdominal pain, had better 

responses compared to those with no such prior history. This might be attributed to the use of 

probiotics thus correcting underlying microflora disturbances. However, further studies are needed to 

prove this hypothesis. 

In addition, we also noted that patients who have a positive family history of autism, speech delay, or 

other psychiatric disorders generally had a worse response than those with isolated cases in the 

family. This cannot be deomnstrated through our study, so a follow-up study is crucial to investigate 

this hypothesis. 

Also, during our study, we noticed that some patients developed symptoms of agitation, especially 

with mitochondrial suppelemts such as Co-enzyme Q10, Niacin, and Omega-3. For these patients, we 

either reduced the dose or stopped the supplementation for one to two weeks and then returned it; the 

patients responded well to this strategy and had no further agitation, as per the parents. 

The research, however, is subject to limitations. Firstly, there is a high discrepency between the size 

of the intervention group compared to the control group. This stems from the collection method as we 

let the parents decide wehter they would like to include their child in the supplementation group or 

the training-only group, and most parents chose the former. This collection method additionally 

contributed to the large gap in the male-to-female ratio; thus, generalzation to a larger population 

might be affected. Moreover, confounding variables were not accounted for in the design of the study 

and in the statistical analysis. Lastly, the study was not randomized, nor was it blinded, further 

adding to the limitation of the study. 

In light of these limitations, we recommend a future study that addresses these concerns with a larger 

smaple, more equally distributed groups, and a balance between males and females. We further 

recommend the study to be randomized and blinded to standarize and generalize the study with more 

confidence. 
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Conclusion 

In light of the results of our study, we conclude that the use of combined supplementation greatly 

improves the symptoms of those afflicted with autism spectrum disorder. This was evident through 

noticeable improvements across both the CARS2-ST and the Vineland-3 scales. Considering this 

conclusion, the study can suggest the use of combined supplementation as an effective method of 

treating autism. However, bearing in mind the limitations of the study, additional studies might be 

necessary to further the findings on this topic. 
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