
IGUSABDER, 21 (2023): 828-842. 

 

828 
Ö. Ö. ÖZCAN, İ. ŞAHBAZ, E. TAŞDÖNDÜREN, M. KARAHAN 

The Gluten-Casein-Free Diet in Children with Autism: A Clinical Results of 

the Ophthalmic and Behavioral Manifestations* 

 

Öznur Özge ÖZCAN**, İbrahim ŞAHBAZ***, Emre TAŞDÖNDÜREN****, Mesut KARAHAN***** 

 

Abstract 

Aim: To evaluate the ophthalmic and behavioral effects of a gluten-free casein-free diet (GCFD) in autism 

spectrum disorder (ASD). 

Method: The study was conducted from November 2020 to January 2023. We designed an 8-week clinical 

trial of GCFD on corneal reflex, pupil size, body mass index (BMI), weight, Autistic Disorder Index, 

Communication, Social interaction, and Stereotype Behavior.  

Results: A total of thirty participants completed the trial. GCFD reduced BMI [%95 CI -4.8895 to -2.1305 

(P < 0.0001)], weight [%95 CI -8.5153 to -0.0647 (P = 0.0467)], Autistic Disorder Index [%95 CI -28.0359 

to -16.2841 (P < 0.0001)], Communication [%95 CI -3.3325 to -1.6675 (P < 0.0001)], Social Interaction [%95 

CI -4.3190 to -2.4010 (P < 0.0001)], and Stereotype Behavior [%95 CI -2.3939 to -0.2461 (P =0.01)] 

significantly. GCFD also reduced left [%95 CI -2.2421 to -1.6779 (P <0.0001)] and right pupil size [%95 CI -

2.2999 to -1.7201 (P <0.0001)] significantly. Conversely, corneal reflex was significantly increased [95% CI 

0.2159 to 2.1241 (P = 0.01)]. No differences were observed for IPD. 

Conclusion: This study suggested that the GCFD can effectively control ASD behaviors as well as regulate 

autonomic functions related to ophthalmic markers such as pupil size and corneal reflex, but more research 

is needed. 

Keywords: Autism spectrum disorders, cognitive functions, corneal reflex, gluten-free casein-free diet, 

plusoptix a09, pupil size 
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Otizmli Çocuklarda Glutensiz Kazeinsiz Diyet: Oftalmik ve Davranışsal Belirtilerin Klinik 

Sonuçları 

Öz 

Amaç: Otizm spektrum bozukluğunda (ASD) glutensiz kazeinsiz diyetin (GCFD) oftalmik ve davranışsal 

etkilerini değerlendirmektir. 

Yöntem: Çalışma Kasım 2020'den Ocak 2023'e kadar gerçekleştirildi. Kornea refleksi, gözbebeği 

büyüklüğü, vücut kitle indeksi (BMI), ağırlık, Otistik Bozukluk İndeksi, İletişim, Sosyal Etkileşim ve 

Stereotip Davranış üzerinde GCFD'nin 8 haftalık bir klinik çalışması yapıldı.  

Bulgular: Çalışmaya toplamda 30 çocuk dahil edildi. GCFD, BKİ'yi [%95 CI 4,8895 ile -2,1305 (P < 

0,0001)], ağırlığı [%95 CI -8,5153 ila -0,0647 (P = 0,0467)], Otistik Bozukluk İndeksini [%95 CI -28.0359 

to -16.2841 (P < 0.0001)], İletişim [%95 CI 3,3325 ila -1,6675 (P < 0,0001)], Sosyal etkileşim [%95 CI -4,3190 

ila -2,4010 (P < 0,0001)] ve Stereotip Davranışı [%95 CI -2,3939 ila -0,2461 (P =0,01)] önemli ölçüde azalttı. 

GCFD ayrıca soldaki [%95 CI -2,2421 ila -1,6779 (P <0,0001)] ve sağ gözbebeği boyutunu [%95 CI -2,2999 

ila -1,7201 (P <0,0001)] önemli ölçüde azalttı. Tersine, kornea refleksi önemli ölçüde arttı (%95 CI 0,2159 - 

2,1241 (P = 0,01)). IPD için hiçbir fark gözlenmedi. 

Sonuç: Bu çalışma, GCFD'nin OSB davranışlarını etkili bir şekilde kontrol edebileceğini ve ayrıca gözbebeği 

boyutu ve kornea refleksi gibi oftalmik belirteçlerle ilgili otonomik işlevleri düzenleyebileceğini göstermiştir 

ancak daha fazla araştırmaya ihtiyaç vardır. 

Anahtar Sözcükler: Otizm spektrum bozuklukları, bilişsel fonksiyonlar, kornea refleksi, glutensiz 

kazeinsiz diyet, plusoptix a09, pupil çapı 

 

Introduction 

Autism spectrum disorder (ASD) is a disease with a multifactorial infrastructure by early-onset 

differences in interaction, communication, sensory atypicality, and stereotyped behaviors1. 

Nutrition may play a role in the autonomic nervous system activity through the brain-gut axis due 

to the increased epithelial permeability observed in ASD2. When examining the causes of 

increased obesity and high body mass index (BMI) in children with autism compared to typically 

developing (TD) children, impaired eating behavior, gastrointestinal symptoms (GI), multiple 

drug use, and gut microbiota diversity were significantly reduced3-6. The opioid peptides mediated 

by casein and gluten metabolism reach the central nervous system by crossing the brain-intestinal 

barrier. Neuroinflammation in ASD is associated with opioid peptides, and the casein and gluten 

mechanism theory is critical7. With the hydrolysis of cereal and milk proteins, gliadorphine and 

casomorphine appears, which have a morphine-like effect on the brain, and high opioid peptide 

levels may negatively affect brain function resulting in isolation and unusual behavior problems 

in children with ASD8-12. In only four of the nine clinical trials  (CTs) with 521 participants, a 

gluten-free casein-free diet (GCFD) has a positive contribution on language problems, stereotype 

behaviours, aggressive, hyperactive and attention deficit in ASD13. Conversely, Piwowarczyk et al. 
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reported that GCFD had no significant effects on ASD symptoms, as measured by standardized 

scales (Six CTs with 214 participants)14. The etiology of ASD has been still uncertain. Therefore, 

elucidating the underlying pathology may assist in risk assessment and facilitate process 

management. Non-harmful and existing evidence for the diet's benefits in ASD must be 

elucidated. This study aimed to obtain more data on the behavioral symptoms of GCFD on ASD. 

The pupil size could be a marker to understand a number of psychopathological or physiological 

variables, including cognition, attention, communication and learning. Changes in light trigger 

the pupil response, which adjusts the amount of brightness falling on the retina by instinctively 

constricting or dilating the pupil15,16. According to the strength of the environmental stimulus and 

the age of the individual, the amplitude and rapidity of pupil size change might vary17-20. These 

alterations might also reflect cognitive function21,22. Furthermore, the pupil size could be changed 

by the neurotransmitter mechanism, particularly norepinephrine ehich can be affected from 

gliadorphine and casomorphine23. Daluwatte et al. found a significant correlation between 

pupillary light reflex (PLR) constriction amplitude and a range of sensory behaviors in the ASD 

group compared to normally developing children24. An atypical pupillary reflex has been reported 

in the emerging literature with potential clinical biomarker for the behavioral and cognitional 

status of ASD25,26. In our previous study, ASD children had larger pupil size and interpupillary 

distance (IPD) compared to the control group (normally developing children)27, corneal reflex was 

not significant, however, wider pupils were detected under light compared to controls. However, 

one study reported no difference in pupil size between autistic and healthy children28.  

To the best of our knowledge, this is the first study to evaluate the efficacy of 8-weeks of GCFD in 

children with ASD on ophthalmic findings such as corneal reflex, IPD and pupil size. 

Material and Methods 

Ethics Approval 

Üsküdar University The Human Ethics Committee approved the protocol (number: 

61351342/2021-526, date: 26.11.2020). Informed consent was obtained from all participants and 

their parents.  

Participants and Sample Size 

This study was conducted with thirty children ages 2-11 years and from November 2020 to 

January 2023.  Sample size can be estimated from clinical studies reporting the effects of GCFD 

on ASD included in current systematic reviews and meta-analyses14,28,29.  

Inclusion Criteria: 

Children, male or female, 2 to 11 years old (inclusive) 

Confirmed diagnosis of ASD according to the DSM-IV Symptom Checklist30 
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Ability to maintain a gluten- and casein-free diet during the study 

Exclusion Criteria: 

Cardiovascular, psychiatric, autoimmune, cancer, etc. children with secondary different disease 

Children with any drug use 

Children currently receiving treatment with any alternative medical methods (eg.hyperbaric). 

Children with celiac disease 

Children who have received any dietary treatment before 

Study Design 

To fulfil the research objectives, the authors planned a prospective clinical trial. The children were 

prospectively enrolled. GCFD education was given to the parents of the children by trained 

dietician. During the diet, a 24-hour diet recall was collected from the parents. The trial was 

registered at www.clinicaltrials.gov with the identifier NCT05848336. This study was conducted 

within the framework of the World Medical Association ethical rules31. 

GCFD Procedure 

The content of the nutrition program is as follows: 

Foods containing gluten (pasta, bread, etc.), casein (unfermented dairy products), and their 

disguised sources have been eliminated from the nutrition program. Also, packaged foods 

(chocolate, crackers, etc.) containing additives such as artificial preservatives, food coloring, and 

sweeteners that create a tendency to consume were avoided from the nutrition program. Goat 

milk contains type A2 casein, and most of the casein is digested in fermented dairy products. 

Therefore these have been allowed to be consumed in small amounts during the diet. In order to 

increase calcium intake, the consumption of some foods (dill, kale, spinach, chard, arugula, 

broccoli, parsley, legumes, nuts, tahini, etc.) has increased. Elimination was done gradually, 

considering nervousness, anxiety, etc., due to the effects of opioid mechanisms of action and 

gastrointestinal system symptoms32-34. The parents were also given a brochure with a list of foods 

that contain gluten and casein, as well as instructions for making Turkish-inspired gluten- and 

casein-free meals. 

Gilliam Autism Rating Scale 2 (GARS-2) 

Based on DSM-IV autism diagnostic criteria, GARS-2 is a behavior checklist for children and 

teenagers aged 3 to 22. The three subscales of the scale are communication, social interaction, 

and stereotypical behavior. Each subscale contains 14 items that are scored on a four-point scale 

(0: Never observed, 1: Rarely observed, 2: Sometimes observed, 3: Often observed). The Turkey 

Assessment Tools Index (TOAD) collaborated in the initial review of the Turkish version for 

linguistic clarity and cultural appropriateness35. The total score obtained from the scale is 
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converted into standard scores, and an OBI score is obtained. An OBI score of 85 and above 

indicates a high probability of having ASD, a score between 70-84 indicates a medium probability, 

and a score of 69 and below indicates a low probability—the internal consistency coefficients of 

the Turkish version of the scale range from 0.77 to 0.85. Confirmatory factor analysis shows that 

the model fit of the scale's factor structure is at a reasonable level (χ2=1730.08, sd=813, 

χ2/sd=2.13, CFI=0.89, RMSA=0.071)36.   

Anthromopetric Measurements 

The height and weight of all the participants were recorded using standard anthropometric 

measure techniques with the Jadever-Türkter brand NLD-W model scale in order to develop 

recommendations. WHO growth standards were used to calculate and classify anthropometric 

data37.  

Plusoptix® A09  

Ophthalmic measurements were made with a binocular photorefractometer (Plusoptix® A09, 

GmbH, Nuremberg, Germany)38,39. Procedure was performed according to previously published 

study27. 

Statistical Analysis  

For statistical analysis, SPSS version 22.00 (Statistical Package for Social Science) was used (IBM 

Corp. Released. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). The 

quantitative data were shown as mean, standard deviations, and ranges for the parametric data, 

while the qualitative data were shown as numbers and percentages. The normality of variables 

was examined using the Kolmogorov-Smirnov test. An Independent t-test was used to compare 

two independent groups (baseline and intervention groups) using numerical data and a 

parametric distribution. The equality of proportions was compared using a two-tailed test with a 

5% alpha level, and p< 0.05 was statistically significant. 

Results 

Cohort Description 

The study was carried out between November 2020 and January 2023. Thirty participants with a 

chronological age of 2-11 years were potentially eligible for inclusion. Table 1 shows the Baseline 

characteristics of the participants. A total of thirty participants (13 female and 17 male) entered 

the study. All participants completed the study with no dropouts. The mean age of the participants 

was 4.49±2.5. 
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Table 1. Baseline characteristics of the participants 

 Children with Austism (n=30) 

Age, months (MD±SD) 4.49 ± 2.5 

Male 17 

Female 13 

BMI (MD±SD) 20.86 ± 3.15 kg/m2 

Use of psychiatric drugs NA 

Abbreviations Body mass index (BMI); mean difference (MD); not applicable (NA); standart deviation 

(SD) 

Anthropometric Measurements 

Weight and BMI were significantly decreased in within group after the GCFD intervention (PRE 

VS. POST, P<0.05). The mean weight of children with ASD was 21.11±8.46 kg and changed to 

16.82 ± 7.88 kg after the GCFD (p=0.04). The mean BMI (kg/m2) values measured before GCFD 

was 20.86±3.15 and changed to 17.35±2.08 after GCFD intervention  (P<0.0001). GCFD is 

effective in the management of weight and BMI of children with an obese profile in this sample 

group aged between 2 and 11 years. 

Behavioral Effects 

Table 2 presents PRE VS. POST results related to autistic and behavioral symptoms, including 

descriptive statistics of the analysis of the variables. Generally, there were significant differences 

on the GARS-2 results between at baseline and the 8-week follow-up (P<0.05, Paired Samples 

Test). 

Table 2. Behavioral results at baseline and follow-up 

 GARS-2 

Variables 

Autism Index (N=30) 

Baseline 

101,21 ± 10,53 
8weeks-GCFD 79,05 ± 12,15 

p 

.000* 

Stereotyped Behaviors (N=30) 10,37 ± 1,89 9,05 ± 2,25 0.01* 

Communication (N=30) 10,81 ± 1,47 8,31 ± 1,74 .000* 

Social Interaction (N=30) 9,68 ± 1,60 6,32 ± 2,08 .000* 

Abbreviations: Gilliam Autism Rating Scale-2 (GARS-2); wk (Week), *p<0,05 

Opthalmic Measurements 

We had complete opthalmic measurements in n=30 subjects. All participants had abnormal 

corneal reflex and large pupil size.  Left pupil size decreased significantly and changed by -
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1.96±0.04 mm after 8 weeks-GCFD intervention. Similarly, right pupil size changed by -

2.01±0.03 and significantly reduced (PRE VS. POST, in table 3) as distinct from corneal reflex 

changed by 1.17±1.21 and significantly increased and also IPD but not significantly. 

Table 3. Changes in ophthalmic measurements 

 Ophthalmic measurements 

Variables Pupil Size (mm) Baseline 8 weeks-GCFD p 

Left eye 

Right eye 

7.03 ± 0.46 

7.03 ± 0.44 

5.07 ± 0.62 

5.02 ± 0.66 

.000* 

.000* 

 IPD 53.89 ± 3.67 54.53 ± 2.97 0.209 

Corneal Reflex 3.49 ± 2.21 4.66 ± 1.39 0.01* 

Abbreviations: Interpupillary Distance (IPD), millimeter (mm), wk (Week), *p<0,05 

Discussion 

Few studies have investigated the behavioral effects of GCFD on children with ASD, but its effect 

on ophthalmic findings is unknown. Recognizing the limitations of the difficulties of such an 

intervention (GCFD) in ASD with behaviorally heterogeneous features. In this study, we 

investigated a significant difference in opthalmic and behavioral changes with the 8- weeks GCFD 

in children with ASD. The majority of participants were male, and the rate of medication use was 

typical of the ASD population as a whole40-42. A systematic comparative review by Jobski et al. 

found that 17% of children and adolescents with ASD and 42% of those without the disorder used 

antipsychotic medications43. Comorbidities are to blame for the high rate of medication use in the 

general ASD population41,42,44. It was congruent with the literature, although the presence of 

comorbidity in our study was an exclusion criterion. The results align with studies that assume 

that pupil size can be used as an autism indicator15,16,45. Few studies have investigated the 

intervention and differences in baseline pupillary response are atypical in ASD25-28,46. Anderson 

and Colombo stated that the pupil size of the ASD group was larger compared to control47, results 

were similar in our previous study27. Another study has found that children with ASD differed in 

pupil size and pupillary constriction compared to other groups, according to visual scanning 

evaluation48. Upper opioid peptide levels play a role in the emergence of symptoms such as loss 

of eye contact, learning disorder, hyperactivity, and self-harm49. Studies on experimental animals 

have shown the importance of the opioid system in maintaining ASD-like social behaviors. 

Pellissier et al. reported increased levels of opioid peptides in blood serum, CSF, and urine 

samples from individuals with ASD50. However, none of them investigate the effects of a dietary 

intervention on ASD on pupillary and corneal responses. Ophthalmic evaluation of a recent ASD 

case report had absent corneal reflex, in the right eye compared to intense corneal opacity with 

dryness in the left eye51. Another 10-year-old case of ASD reported loss of vision due to punctate 
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epithelial erosions, corneal and conjunctival keratinization52. Gutierrez et al. reported that 

amblyopia, strabismus, optic neuropathy, refractive errors and ocular motility disorders are 

common in patients with ASD especially in pediatric population53 but the ophthalmic examination 

of ASD has still major deficiencies in the literature. In particular, pupil and corneal studies can 

provide important information about ASD symptoms and biomarkers. As demonstrated in recent 

publications by Singman regarding the development of new technologies to facilitate 

ophthalmological examination, instruments such as the PlusoptiX photorefractometer are 

important for screening for risk factors in patients with ASD54. Also, atypical ophthalmic findings 

in children with ASD may be thought to be related to casomorphine and gliadomorphin, because 

Hafid et al. detected high levels of casomorphine and gliadomorphine in urinalysis in 20 of 30 

children prior to GCFD intervention55. Our study found that 8 weeks-GCFD significantly reduced 

pupil size and increased corneal reflex in ASD. The research has the advantages of being one of 

the few studies to examine the behavioral and ophthalmic effects of a GCFD in children with ASD.  

GARS-2 evaluation of behavioral autistic symptoms was the study's preliminary outcome. The 

research discovered that the GARS-2 scores significantly differed between the baseline and the 8-

week follow-up. These results imply that the GCFD may improve behavioral autistic traits in 

children. Harris and Card reported improved behavior patterns with the GCFD56. Especially some 

studies found that a GCFD was effective in improving acute ASD behaviors, physiological 

symptoms, and social behaviors in children who have GI, allergy, and food sensitivity 

abnormalities57,58. Ghalichi et al. found significant decreases in stereotyped behaviors, 

communication, and social interaction but no correlation for communication in a subgroup of 

children with ASD59. Mulloy et al. shown that the GCFD intervention was ineffective in treating 

the behavioral pattern of ASD58. Similarly, Seung et al. reported no significant difference in 

communication between 6 weeks-GCFD and regular diet60. Marí-Bauset et al. recommend that 

GCFD should be only used after the diagnosis of an intolerance or allergy to foods containing the 

allergens but helpful to regulate BMI in ASD8. Clinical studies also have insufficient evidence for 

BMI and weight control of GCFD. 

Clinical studies have shown that six or eight weeks GCFD is helpful in improving gastrointestinal 

symptoms associated with ASD (NCT01116388), but no effective in terms of post-intervention 

autistic symptoms, non-adaptive behaviors or cognitive abilities, and also no signifcant diferences 

in BMI between groups were found (NCT02280746)61. In contrast, we found that GCFD had a 

significant reduction in weight and BMI in children with ASD. A systematic review reported 

inconsistent evidence for 6 CTs to examine the efficacy of a GCFD on ASD symptoms14. González-

Domenech et al. demonstrated 6-months consuming GCFD did not effective on urinary beta-

casomorphin concentrations, language, sociability, sensory speech communication, cognitive 

awareness, autistic isolation and impairment of physical health in ASD62. Similarly, Navarro et al. 

reported 6 weeks GCFD did not changed hyperactivity, irritability and cognitive functions in 
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twenty children with ASD7, Elder et al.’s results were similar after 12 weeks of GCFD63. Conversely, 

Ghalichi et al.59 and our study found GCFD intervention significantly reduced behavioral 

problems. These studies often included a control diet and also GCFD applied at different lengths 

of time. Generally, all these clinical studies have discussed cases such as sample size, age, duration 

of intervention, blinding, lack of control or more precise dietary analysis. GCFD intervention 

ranged from seven days to twelve months. The duration of the intervention and sample size (vary 

from 7 to 100) does not change the inconsistency in the results obtained. The effects of the 

intervention were evaluated by various scales with validity and reliability in ASD. Despite the 

variety of scales and diet duration, the results of clinical studies on ASD-related behaviors are still 

inconsistent. Comparing diets with different ingredients and randomization of ASD individuals 

with different characteristics may limit the precise investigation of the effects of GCFD. This may 

be the main reason why the results are so inconsistent. Observing the effects of GCFD on a single 

sample may be more clinically effective because patients with ASD can vary widely in terms of 

genetic, morphological, and environmental factors64,65. Nutritional interventions need to be 

prospectively evaluated individually in the management of ASD66. 

Limitations 

The research has some limitations, such as the small sample size and the use of parent-reported 

data for scales and also further investigation is urgently necessary to verify these findings. 

Conclusion 

Consequently, in our study, GCFD was beneficial for measures in the Autistic Disorder Index, 

Communication, Social interaction, and Stereotype Behavior subscale of the GARS-2 scale and 

significantly effective on ocular differences in ASD such as corneal reflex and pupil size. Further 

investigations are needed to confirm these results and explore the possible molecular mechanisms 

of optic nerve and brain connections that cause this effect. Studies with longer intervention and 

larger samples are required. Our results suggests to clinicians and researchers that autistic 

children with different sensory patterns may be more likely to experience social, adaptive, and/or 

attention/behavioral difficulties and associated corneal and pupil values can be balanced with 

nutritional strategies. 
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