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Abstract

The Effectiveness of Nutritional Interventions to Improve Expressive 
Language in Children with Autism

Brittney Nicole Furgerson, M.A.

The University of Texas at Austin, 2011

Supervisor:  Elizabeth Peña

 Abstract: This research synthesis evaluates the effectiveness of nutritional 

interventions on the improvement of expressive language abilities in children with 

Autism Spectrum Disorders (ASD). Three nutritional interventions are the focus of this 

synthesis: 1) Gluten-casein free diet, 2) Magnesium-vitamin B6 supplementation, and 3) 

Digestive enzyme supplementation. Although three of the six studies included in this 

synthesis reported positive results, the methodology used to obtain the results was flawed. 

The positive results cannot be attributed solely to the intervention. While the results 

achieved in the studies provide enough evidence to justify further research, currently 

there is not enough evidence to support the use of nutritional interventions to treat 
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expressive language deficits in children with ASD. Additional research with fewer threats 

to validity is needed to determine the effectiveness of nutritional interventions.
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Purpose
The purpose of this research-based synthesis is to evaluate the efficacy of 

nutritional interventions for improving expressive language skills in children with autism 

spectrum disorders.  The nutritional interventions that will be evaluated in this review are  

the gluten-free/casein-free diet, magnesium-B6 supplementation, and digestive enzyme 

supplementation.

Background
In 2007, an epidemiological study conducted by the autism and Developmental 

Disabilities Monitoring Network estimated that 66 in every 10,000 children (8 years of  

age) were affected by a disorder on the autism spectrum (Munasinghe et al., 2010). 

Autism, Asperger’s, and Pervasive Developmental Disorder Not Otherwise Specified 

(PDDNOS) fall under the umbrella category of Autism Spectrum Disorders (ASD). The 

characteristics of ASD are defined by the Diagnostic Statistic Manual of Mental 

Disorders (4th ed.)(DSM-IV) criteria (American Psychiatric Association, 1994). This 

DSM-IV criteria for classification of ASD include various social, communicative, and 

behavioral impairments. Characteristic deficits in communication consist of impaired/

delayed verbal language, decreased desire to communicate, repetition of phrases, and/or 

inappropriate/delayed social play. There is currently no known cause for autism, although 

theories exist. Some of these theories propose nutritional-based etiologies of autism. Up 

to one in three children participate in nutritional intervention to treat the symptoms of 

autism spectrum disorder (ASD), despite limited supporting research on its efficacy to 
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lessen the symptoms of autism (Hyman et al., 2010). The popularity of nutritional 

interventions is at least partially due to their tendency to be relatively inexpensive and 

have few, if any, harmful side effects. A few of the numerous nutritional interventions 

were included in this review based on the quality of the available literature. Only 

nutritional interventions whose literature met the standards of this review were included. 

The interventions included are the gluten-casein free diet (GFCF), digestive enzyme 

supplementation, and magnesium-vitamin B6 intervention. These represent 

complementary and alternative kinds of interventions.

Description of the Practice

The gluten-casein free diet stems from the Opioid-Excess theory. White (2003) 

explained that the ‘opioid excess’ theory of autism hypothesizes that the behaviors 

exhibited by children with autism are very similar to the effects that opioids have on the 

brain (Munasinghe et al., 2010). This theory claims that persons with ASD may lack 

enzymes responsible for digesting gluten and casein. The hypothesis is that if gluten and 

casein are not broken down properly in the intestine, peptides from the gluten and casein 

will escape from the normal digestive cycle and circulate in the blood stream. From there, 

the peptides will eventually cross the brain-blood barrier and attach to the opioid neuro-

receptors (Mulloy et al. 2009).

Digestive enzyme supplementation also stems from the Opioid-Excess theory.    

The digestive enzyme supplement used in the included study was made up of three plant-

derived proteolytic enzymes, Peptidase, Protease 4.5, and Papain. This intervention is 
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designed as an alternative to GFCF treatment, allowing the person with ASD to eat foods 

containing gluten and/or casein without the hypothesized effect. According to Brudnak, et 

al. (2002), the digestive enzymes reportedly breakdown the exorphins into smaller 

peptides which do not have opioid activity (as cited in Munasinghe et al., 2010).

Research studies have produced conflicting evidence regarding the Opioid-Excess  

theory. According to White (2003), research has shown improved social, cognitive and 

communication skills in individuals with autism using dietary and/or enzyme therapy that 

is said to eliminate or properly break down gluten and/or casein in order to prevent 

passage of those molecules through the blood-brain barrier (Munasinghe et al., 2010). 

Horvath, Papadimitriou, Rabsztyn, Drachenberg, and Tildon (1999) found that 85% of 

children with ASD presented with gastrointestinal problems that, according to the Opioid-

Excess theory, cause improper break down of gluten and/or casein which eventually leads 

to behavior changes, compared with 12% of typically developing controls. However, 

these results conflict with those of Black, Kaye, and Jick (2002) who did not find 

evidence of children with ASD having more gastrointestinal problems than typically 

developing children. A difference in methodology and participants between studies likely 

caused the difference in conclusions.  Black et al. (2002) retrospectively evaluated the 

medical history of children with a diagnosis of autism for the presence of gastrointestinal 

symptoms pre-diagnosis. The participants were age matched with a control group of 

children without autism. The age of the participants at diagnosis was not stated. Horvath, 

et al. (1999) performed  histological examinations of children with and without autism 

who complained of irritability in the abdominal region. Results in both studies need to be 
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interpreted with caution. Participants in Black et al.’s  (2002) study may have been too 

young to present with gastrointestinal symptoms, while the results of Horvath et al.’s 

(1999) study could have been skewed due to the inclusion criteria for participants being 

that they had to currently present with gastrointestinal symptoms.     

Magnesium & vitamin B6 have been proposed for many years to reduce 

symptoms in children with autism spectrum disorders. Bönisch (1968) was the first to 

report that pyridoxine (vitamin B6) improved communication in some children diagnosed 

with “autism syndrome”  (as cited in Nye & Brice, 2005). Parent reports have also 

suggested improvement in speech and language (Mousain-Bosc et al., 2006). Vitamin B6 

is often combined with magnesium to treat the symptoms of ASD as a result of Rimland’s 

(1978) findings that Mg reduced the negative side effects of B6 treatment, such as 

irritability, hypersensitivity to sound, and enuresis (as cited by Nye & Brice, 2005). The 

theory supporting this treatment is based on an assumed impairment in the function of the 

neuronal Mg 2+  pathway. The hypothesis is that Mg-B6 intervention amends the 

impairment. Combinations of findings from multiple studies provide evidence for this 

(Mousain-Bosc et al., 2006). 

This review examines the effectiveness of nutritional interventions on the 

improvement of expressive language abilities in children with autism. The components of 

nutritional interventions comprise the supplementation of certain nutritional elements 

thought to be beneficial to the body, or a reduction of nutritional elements thought to be 

harmful to the body. This practice is utilized as an attempt to mitigate the effects of 

autism that  are thought to be caused by an imbalance of vitamins, minerals, and/or 
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chemicals in the body. Thus, the focus of this review examines the supplementation or 

reduction of nutritional elements under conditions in which children present with autism. 

Search Strategy

Search Terms

Relevant studies were identified using the following search terms: autis*, fatty 

acid, omega (3), magnesium, melatonin, probiotic, vitamin, nutri*, gastrointestin*, 

gluten, casein, language, and communication. A previous search performed with the 

terms autis*, child*, preschool*  elementary, school-age*, vitamin, mineral, supplement, 

nutri*, language output, mean length of utterance, and expressive language returned few 

results and thus was modified. The terms child*, preschool*, elementary, and school-age* 

were removed and specific terms for nutrition interventions were used in the second 

search in order to retrieve more articles.

Sources
The search terms listed above were entered in a computer-assisted database search   

using the databases Academic Search Complete, Educational Resources Information 

Center (ERIC), MEDLINE, and Psychological Abstracts (PsycINFO). 
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Selection Criteria
Criteria for inclusion in the review included: (1) inclusion of children 10 years 

and younger (2) with a diagnosis of Autism Spectrum Disorder, (3) implement only one 

nutritional intervention technique, (4) be published on or after 2001, (5) use least one 

outcome measure that addresses change in expressive communication. 

Search Results
The initial search produced 138 studies, five of which met the selection criteria 

(Hsu et al., 2009; Mulloy et al., 2009; Munasinghe et al., 2010; Mousain-Bosc et al., 

2006; Nye & Brice, 2005). Three studies were excluded (Elder, 2006; Knivesburg, 2002; 

Seung 2007) because they were included in a previous systematic review (Mulloy et al., 

2009). One was excluded (Patrick & Salik, 2005) because it used more than one 

nutritional intervention at a time. A systematic review was excluded (Bent et al. 2005) 

because none of the studies that were included in the review met all 5 requirements. Of 

these five studies, two are systematic reviews. Systematic reviews are included this 

synthesis because they include valuable information about treatment efficacy. They 

analyze the methodology used to obtain results across multiple studies. This synthesis 

evaluates systematic reviews in addition to more recent articles that were not included in 

the previous systematic reviews. This synthesis focuses on nutritional interventions’ 

effect on expressive language in children with autism. 
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Participants
Information regarding the participants in the studies was given in the areas of age, 

disorder, sex, and ethnicity, although this information was not given consistently across 

studies. Collectively, the studies included 154 children with a diagnosis of autism 

spectrum disorder such as autism, Asperger’s, or pervasive developmental disorder 

(PDD). In addition, 36 typically developing children served as a control group in 

Mousain-Bosc et al.’s (2006) study.

Although the exact age was not given consistently across studies, the ages of the 

children included in the studies ranged from 1-16 years at the time of assessment. Three 

studies reported ethnicity (Hsu et al., 2009; Munasinghe et al., 2010). The participants in 

Munasinghe, Oliff, Finn, and Wray’s (2010) study were from Australia, the participants in  

Kuriyama’s (2002) study were from Japan, and the participant in Hsu,  Lin, Chen, Wang, 

and Wong’s (2009) study was from Taiwan. Of the four studies that reported gender, 44 

of the 62 (71%) subjects were male. 

Research Designs
As illustrated in Table 2, the studies in this systematic review implemented a 

variety of research designs. The designs included in this review consist of: one 

randomized double blind placebo (Munasinghe et al., 2010), two systematic reviews 

(Mulloy et al., 2009; Kuriyama, 2002), one case study (Hsu 2009), and one pretest/

posttest control design (Mousain-Bosc, 2006). One study, Kuriyama (2002) stated that 

they had randomly assigned subjects, but was unable to provide evidence of having done 
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so (as cited in Nye & Brice, 2005). Mulloy et al. (2006) did not report the research 

designs of the studies included in their systematic review. They reasoned that the focus of 

their review was predominantly narrative and, that the designs were inconsistent with one 

another.

The amount of time that each intervention was implemented also varied. The time 

in which studies (N=3) implemented gluten-casein free intervention ranged from 6 weeks 

to 11 months. One for 6 weeks (Elder et al. 2006), another for 3 months (Seung et al, 

2007), and the third for 11 months (Hsu et al., 2009). Studies (N=2) which implemented 

Mg-B6 intervention ranged in the amount of time they provided the intervention from 4 

weeks to 13 months (Mousain-Bosc, 2006; Nye & Brice, 2005). In the study (N=1) 

implementing digestive enzyme intervention, intervention lasted for 3 months 

(Munasinghe et al., 2010). 

Elder (2006) used Childhood Autism Rating Scale (CARS), Ecological 

Communication Language Sampling Summary (ECO), and direct observation of 

initiating communication, responding, and use of intelligible words to measure their 

client’s verbal language abilities post treatment (MacDonald, Gillette, & Hutchinson, 

1989; Mulloy et al., 2009; Schopler, Reichler, DeVellis, & Daly, 1980). Seung (2007) 

used direct observation of verbal responses to questions, verbal imitations different words 

produced and total utterances as a posttest (Mulloy et al., 2009). Hsu (2009) used the 

Chinese Child Developmental Inventory CCDI rating and Bayley II scales (Hsu et al., 

2009).The participants in one study received 6 mg/kg/d Magnesium and 0.6 mg/kg/d 

vitamin B6. No other medical treatments were given before or during Mg-B6 treatment 
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(Mousain-Bosc, 2006). Pretest information from Mousain-Bosc’s study was obtained 

using a physician completed rating system based on the PDD symptoms standard of the 

Diagnostic and Statistics Manual of Mental Disorders (4th ed.) (DSM-IV) (American 

Psychiatric Association, 1994). All studies implemented varying posttests evaluating 

verbal language. Posttest results in Mousain-Bosc’s study were achieved using Shapiro-

Wilk (Shapiro & Wilk, 1965) and Shapiro-Francia (Shapiro & Francia, 1972), tests of 

normality. Kuriyama (2002) implemented Mg-B6 intervention for four weeks and post-

tested the children after treatment using the Verbal IQ portion of the Wechsler 

Intelligence Scale for Children-III  (as cited in Nye & Brice 2005). Munasinghe (2010) 

used Global Behaviour Rating Scales, Additional Rating Scales of other symptoms by 

parents and therapists, monthly completion of the Rescorla Language Development 

Survey to measure verbal language outcomes. 

Practices
This review includes four intervention practices: combined Magnesium-Vitamin 

B6, Vitamin-B6, GFCF diet, and digestive enzyme supplementation. In Mousain-Bosc’s 

(2010) study, children received 6 mg/kg/d of Magnesium and .6 mg/kg/d of vitamin B6. 

Biological parameters were measured before treatment, and again after two months of 

treatment. Intervention lasted from 3-12 months and children were followed for 6-24 

months. In Kuriyama’s (2002) study, children received vitamin B6 with a dosage of 
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100mgB6 once daily for two weeks followed by 200mg per day after two weeks, for  a 

total treatment time of 4 weeks (Nye & Brice, 2005). 

Three studies included in this review implemented the GFCF diet (Elder et al., 

2006; Hsu et al., 2009; Seung et al., 2007). In each study, the children were required to 

abstain from eating foods containing casein and/or gluten. One study required that the 

children abstain for 6 weeks (Elder et al., 2006), another for 3 months (Seung et al., 

2007), and another for 11 months (Hsu et al. 2009).

 In Munasinghe et al.’s (2010) study, children were given a digestive enzyme 

called Peptizyde. The children were divided into two groups. One group was given 

Peptizyde for 3 months followed by a placebo for 3 months. The second group was given 

placebo for 3 months followed by Peptizyde for 3 months.

Outcomes
 Table 3 describes the outcomes of the studies. At least one standardized measure 

was used to evaluate communication skills in five of the six studies (83%). Those five 

studies used at least two standardized measures. Two of the six studies (33%) used 3 or 

more standardized measures.

 While multiple symptoms of ASD were measured in the studies, this review 

focused on the outcomes in verbal communication. The verbal communication outcomes 

used included expressive language (N=1, 16%), vocabulary (N=4, 66%), word 

combinations (N=1, 16%), communication (N=2, 33%), responses (N=2, 33%), verbal 

imitations (N=1, 16%), and total utterances (N=1, 16%). 



11

Synthesis Findings
Table 3 summarizes the included studies’ findings on the participants’ expressive 

communication skills as a result of treatment. The results are the reported effects of the 

specific nutritional intervention implemented on the verbal communication of the 

children with ASD/PDD. The results reported are those provided by the authors of the 

studies and/or systematic review which included the study.  Threats to the validity of 

these findings are also detailed in Table 3.

Results
Three of the six studies (50%) included in this review reported improved verbal 

communication in children with autism as a result of a nutritional intervention. Two of 

these studies implemented Vitamin-B6 intervention, with one including Magnesium 

(Mousain-Bosc et al., 2006; Nye & Brice, 2005). The third study implemented a gluten-

free diet (Hsu et al., 2009). The results were obtained using standardized measures of 

verbal communication, vocabulary, and/or expressive language. The overall effect of 

improvement was reported as z= 5.1 for communication on the DSM-IV in Mousain-

Bosc et al.’s (2006) study. Improvement was reported as a score difference of 2 (85.5 

mean participants- 83.5  mean placebo) for verbal IQ in Kouriyama et al.‘s study. In Hsu 

et al.’s (2009) study, an improvement from .54 to .68 on the expressive language subtest 

of the CCDI and a score improvement from .58 to .62 on the Psychomotor 

Developmental Index portion of the Bayley Scales was reported. Two of the three studies 

with positive results implemented intervention for the longest duration (6 months-11 

months) while the third was short term, lasting four weeks.  Of the three studies that did 

not report positive results, two implemented gluten-free diets. The third implemented 
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digestive enzyme supplementation. It should be noted that the validity of these results is 

dependent on the methodology used to obtain them.   

Rival Explanations

The methodologies of all six studies contained multiple threats to the validity and 

reliability of their conclusions that need to be addressed. Weaknesses in methodology are 

listed in Table 3, as well as discussed in greater detail according to intervention type in 

the following subsections. These included duration of treatment, instrumentation, sample 

size, experimental control, treatment fidelity, and research designs.

 Treatment duration posed a threat to validity. Duration of treatment varied across 

studies, ranging from as long as 13 months to as short as 4 weeks. Intervention time 

varied within one study from 3-12 months. A short duration of treatment may have 

masked positive results in Seung et al. (2007) and Elder et al. (2006) (as cited in Mulloy, 

et al. 2009). These two studies implemented gluten/casein free diet for as short as six 

weeks to three months. Gluten is known to leave a residue in the intestines of individuals 

with Celiac Disease as long as 12 weeks after the initiation of a gluten free diet (Kumar, 

O’Donoghue, Stenson, & Dawson, 1979). Although it is not known if the participants 

presented with Celiac Disease, it is possible that gluten residue was present throughout 

treatment. In order to measure the effect of a gluten/casein free diet on the children’s 

expressive language ability, their language ability would need to be measured in the 

absence of gluten/casein in the body. According to this hypothesis, however, gluten/

casein may have been present in the intestines for the entire duration of the study. In 

Munasinghe et al. (2010), digestive enzyme treatment was implemented for only 3 

months with both groups. A longer treatment duration is needed because the effects of 

treatment may not be present unless treatment is implemented for a longer duration. The 
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duration of Magnesium-B6 treatment was inconsistent (2-13 months) in the study done 

by Mousain-Bosc et al. (2006) and implemented for a very short duration (4 weeks) in 

Kuriyama et al. (2002) (as cited in Nye & Brice, 2005). More time may be needed to see 

long term effects of treatment. 

 Threats associated with instrumentation were present in two of the six studies. In 

Hsu et al.’s (2009) study, neither measure used to evaluate language were normed on 

Taiwanese children, even though the sole participant was Taiwanese. The PDI portion of 

the Bayley II Scales and the Chinese Child Developmental Inventory (CCDI) were the 

measures used. Wu, Jeng, and Tsou (2006) tested 507 Taiwanese infants at the ages of 6, 

12, 18, and 24 months of age using the Bayley II Scales. They found discrepancies 

between the American norms and the scores of the Taiwanese children. They concluded 

that due to the cross-cultural differences between norms, the American norms should be 

replaced by the Taiwanese norms they collected when used with Taiwanese children (Wu 

et al., 2006). The norms were not replaced in Hsu et al’s (2009) study. As the name 

suggests, the CCDI was normed on Chinese children. Cross-cultural and cross-linguistic 

factors between Chinese and Taiwanese children threaten the validity of the scores 

obtained from this test. Another study, Seung et al. (2007), did not use standardized 

measures to evaluate pre- and post- performance (as cited in Mulloy et al., 2009). 

 Small sample sizes threatened the validity of the results in all studies, especially  

that of Hsu et al. (2009). The sample sizes of the included studies varied from 1 

participant to 33 participants. Only one participant was included in Hsu et al.’s (2009) 

study. Small sample size was also a factor in interventions implementing Magnesium-B6 

intervention. Only twenty seven children completed Munasinghe et al.’s (2010)  study. 

Experimental control was a threat to validity in many of the studies. None of the 

studies that used Gluten/casein free intervention pre-tested the participants for food 
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allergies.  In the study by Mulloy et al. (2009), the authors reasoned that a possible 

explanation for positive effects of the gluten-free diet may be the relief of an upset 

stomach, caused by hypersensitivity to gluten/casein. Once the illness was relieved, the 

child might be less reluctant to engage in social interaction. This theory is in contrast to 

the Opioid Excess theory, which states that gluten/casein allergies are the cause of ASD. 

In addition, a lack of blinding in the study done by Elder et al. (2006) may have resulted 

in a placebo effect that skewed results (as cited in Mulloy et al., 2009). Also, the 

participant in Hsu et al. (2009) continued to receive rehabilitation therapy during 

treatment. Mulloy et al. (2009) found that the gluten/casein free diet may cause adverse 

reactions in children who do not possess food allergies. The studies included in this 

review did not monitor adverse effects of their treatment, such as stigmatization, 

diversion of treatment resources, reduced bone cortical thickness, irritability, 

hypersensitivity to sound, and enuresis. 

Treatment fidelity was compromised by the studies’ inadequate method of 

measuring treatment compliance and failure to control for abnormalities in the intestine. 

As a measure of treatment compliance, the caregivers were asked to bring bottles of 

unused capsules back to the pharmacy on a monthly basis. The pharmacist would then 

count how many unused pills were in the bottle. While the authors’ method was a step in 

the right direction, it was not a reliable measure for treatment compliance. Their method 

did not take into account pills that may have been thrown away, lost, and/or given out of 

accordance with the regulations for the study. Also, enzyme levels in the blood were not 

measured. As a result of the aforementioned faults in the study, it is unknown if the 

independent variable (Peptizyde) was implemented according to study specifications. A 

one week treatment break was implemented between placebo and enzyme intervention 

for both groups based on Dr. Devin Houston‘s (2009) assumption that one week is 
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sufficient time for the enzyme to become washed out of the body (as cited in Munasinghe 

et al., 2010). However, if the enzyme was not washed out due to abnormalities in the 

intestine, the interpretation of between-treatment baseline data that was used to obtain 

mean scores would be limited. If the enzyme was not properly washed out of the body, 

the group receiving treatment during the first session may still have been experiencing the 

effects of the enzyme when they achieved their new baseline scores. This would limit the 

interpretations of the mean scores for each treatment (Munasinghe et al., 2010). 

Treatment would need to continue for a longer duration in order to control for this affect. 

 Research designs threatened validity. Three studies claimed to use a control 

group, but one could not provide evidence of having done so. Another included a control 

group consisting of typically developing children (Mousain-Bosc et al., 2006). Mousain-

Bosc et al. (2006) implemented an open, non-controlled study. The control group used in 

the study consisted of typically developing children that did not receive Mg-B6 

intervention. They served as controls to show typical Mg-B6 levels. All of the 

participants with PDD/ASD received Mg-B6 intervention (Mousain-Bosc et al., 2006). 

Also, Kuriyama et al. (2002) claimed to have included a control group, but did not 

provide any evidence of having done so (as cited in Nye & Brice, 2005). Due to the 

absence of a group  of children with PDD/ASD acting as controls, maturation and outside 

factors occurring concurrently with treatment cannot be ruled out as factors affecting 

performance. 

Conclusion
This practice-based research synthesis evaluated the effectiveness of nutritional 

interventions to improve expressive language abilities in children with PDD/ASD.  

Despite the widespread use of nutritional interventions in children with PDD/ASD, this 

synthesis shows, through evaluation of current research, the lack of valid evidence in 
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support of their use. Although three studies reported expressive language gains in their 

participants, the results must be interpreted with caution due to the flaws in the 

methodology used to obtain these results. There is currently not enough research evidence 

to support the use of the nutritional interventions included in this review. Additionally,  

adverse reactions to nutritional interventions have not been evaluated thoroughly. 

Caregivers and health care professionals should exercise caution when considering the 

implementation of a nutritional intervention in a child with PDD/ASD.

Implications for Research

Although all studies included in this review met the selection criteria, they did not 

supply sufficient information for a conclusion to be confidently made about the 

effectiveness of nutritional interventions on the expressive language of children with 

PDD/ASD. Researchers need to evaluate adverse effects of the treatments with long term 

studies on multiple patients with heterogeneous backgrounds. With more participants, 

subgroups could also be evaluated. A drawback to the inclusion of more participants, 

however, is that it would be more difficult to control for experimental variables. Also, the 

participants should be divided into groups with a smaller age range. Doing so would 

allow clinicians to find treatments to better suit the needs of his/her client based on his/

her age. Future research should evaluate the generalization of treatment effects from 

standardized outcome measures to more naturalistic settings. While improved expressive 

language scores on standardized outcome measures do provide some evidence for 

treatment effectiveness, if participants are unable to generalize those skills into more 

naturalistic settings, that treatment might not be the best choice for the client’s needs. 

Also, long-term studies are needed to evaluate the consistency of treatment effects over 

time. In conclusion, all treatment for those with ASD needs to be tested for effectiveness 
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and adverse effects in order for the clinician and families to make informed decisions 

about often costly and time-consuming treatment.  More studies that are well designed, 

implement treatment for an extended period of time, and measure adverse effects of 

treatment are needed in order to determine the efficacy of nutritional interventions to 

improve the expressive language abilities in children with PDD/ASD.
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Table 1: Selected characteristics of study participants

GenderGender
Study Number Ages (Years) Male Female Child Diagnoses

Hsu et al. 
(2009)

1 3.5 1 - Autism & Charge 
syndrome

Mousain-Bosc 
et al. (2006)

33 1-10 21 12 Autism or PDD

Mulloy et al. 
(2009)*/ 
Seung et al. 
(2007)

13 2-16 10 3 Autism

Mulloy et al.
(2009)*/ Elder 
et al. (2006)

15 2-16 12 3 Autism

Munasinghe et 
al. (2010)

27 3-8 - - Autism or PDD

 Nye & Brice 
(2005)*/ 
Kuriyama et 
al. (2002)

8 8-12 _ _ Asperger’s, 
autism, or 
PDDNOS
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Table 2: Characteristics of research design

Study
Research 
Design

Independent/
Intervention 

Variables Outcome Measure

Measurement 
of Reliability or 

Validity
Hsu et al. 
(2009)

Case Study GFCF diet Chinese Child 
Developmental Inventory 
CCDI rating & Bayley II 

scales

None

Mousain-
Bosc et al. 
(2006)

pretest 
posttest with a 
control group

Magnesium and 
Vitamin B6 

Supplementation

Shapiro-Wilk and 
Shapiro-Francia tests of 

normality

Wilcoxon 
Signed-rank 

test

Mulloy et al.
(2009)/ Seung 
et al. (2007)

Systematic 
Review/Not 

reported

GFCF diet Direct observation of 
verbal responses to 
questions, verbal 

imitations, different 
words produced, and total 

utterances.

None

Mulloy et al.
(2009)/ Elder 
et al. (2006)

Systematic 
Review/Not 

reported

GFCF diet UPL, CARS, ECO, and 
direct observation

None

Munasinghe 
et al. (2010)

Randomized  
double-blind 

placebo
2 treatment 
sequences

Digestive 
Enzyme 

Supplement

Global Behaviour Rating 
Scales, Rescorla 

Language Development 
Survey, Additional Rating 

Scales 

None

 Nye & Brice 
(2005)/ 
Kuriyama et 
al. (2002)

Systematic 
Review/

Vitamin B6 
Supplementation

Wechsler Intelligence 
Scale for Children-III 
(WISC-III) and Social 

Maturity Scale

None
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Table 3: Outcomes and study findings

Study

Relationship 
between Practice 

and Outcomes

Expressive 
Communication 

Findings
Rival Explanations/ Threats 

to Validity
Hsu (2009) The authors 

claimed that long 
duration of 
treatment and 
increased 
availability of 
gluten/casein free 
diet in Taiwan 
were factors in 
the participant’s 
improvement. 

Improved expressive 
language scores on 
CCDI 

Improved PDI in the 
Bayley 

Small sample size (N=1)
Maturation
Treatment fidelity
No biological data
Multiple treatment 
interference
Cross-linguistic testing/
construct validity? 

Mousain-Bosc 
(2006)

“Magnesium is 
known to be 
essential for 
number of
physiological and 
biochemical 
central and 
peripheral
processes” (p.58)

2 months: no 
significant 
improvements 
6 months: Significant 
improvement in 
communication

Treatment duration
Small sample size
Broad age range (1-10 yrs)
Open non-controlled study
Maturation

Mulloy (2009)*/
Seung (2007)

Not specified No statistical evidence 
of improvement

No control group
Instrumentation
Brief treatment duration
Did not test for food allergy
Did not monitor adverse 
effects
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Table 3: Outcomes and study findings (continued)

Study

Relationship 
between Practice 

and Outcomes

Expressive 
Communication 

Findings
Rival Explanations/ Threats 

to Validity
Mulloy (2009)*/
Elder et al. 
(2006)

Not specified No statistical evidence 
of improvement

Small sample size
Brief treatment duration
Placebo affect
Did not test for food allergy
Did not monitor adverse 
effects

Munasinghe 
(2010)

Not specified No significant 
improvement in 
Language or 
Vocabulary of Sentence 
Complexity

Treatment fidelity
Brief treatment duration
Small sample size
Inadequate measure of 
treatment compliance

Nye & Brice 
(2005)*/ 
Kuriyama (2002)

“The subgroup of 
PDDs might have 
a similar
pathophysiologic
al mechanism to 
pyridoxine-
dependent 
epilepsy”(p.8)

Significant 
improvement in verbal 
IQ scores

No evidence of control 
group or random assignment 
of participants
Small sample size 
Brief treatment duration
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