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Folic acid, folate receptor autoantibodies, glutathione and vitamin D3 as biomarkers of cerebral folate deficiency in children with autism spectrum disorder: A case‑control study from Iraq
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Abstract
Objective: To assess serum levels of vitamin D3, folic acid and reduced glutathione in children with autism spectrum disorder (ASD) in relation to the presence of folate receptor alpha (FOLR1) autoantibodies, and to explore associations with ASD severity.
Methods: A case‑control study was conducted between October 2025 and January 2026 at the QAR Autism Rehabilitation Centre and Alshatra General Hospital in Thi Qar, Iraq. The study included 60 children with ASD diagnosed according to DSM‑5 criteria and 60 age‑ and sex‑matched healthy controls. Serum anti‑FOLR1 IgG, vitamin D3, folic acid and reduced glutathione were measured by ELISA and automated chemistry. ASD severity was categorised using the Childhood Autism Rating Scale (CARS). Comparisons between seropositive and seronegative ASD children were performed with Mann–Whitney U and chi‑square tests.
Results: Among the 60 ASD children, 46 (76.7%) were positive for anti‑FOLR1 IgG. Compared with seronegative ASD children, seropositive children had significantly lower levels of vitamin D3 (median 13.74 vs 29.20 ng/mL, p=0.002), folic acid (median 9.94 vs 21.50 ng/mL, p=0.002) and reduced glutathione (median 0.83 vs 2.15 μmol/L, p<0.001). Anti‑FOLR1 positivity was strongly associated with greater ASD severity (severe: 63.0% in seropositive vs 14.3% in seronegative, p=0.002).
Conclusion: The presence of FOLR1 autoantibodies in children with ASD is associated with marked depletion of vitamin D3, folic acid and glutathione, and with more severe clinical presentation. These findings support the existence of a distinct metabolic‑immunological subtype of ASD that may benefit from targeted biomarker‑guided interventions.
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Plain English Summary
Autism spectrum disorder (ASD) affects how children communicate, interact and behave. Some children with ASD have a condition called cerebral folate deficiency, where the brain does not receive enough folate (a B vitamin) because the body produces antibodies that block the folate transport system. This study examined whether these antibodies are linked to low levels of vitamin D, folic acid and an important antioxidant called glutathione. We studied 60 children with ASD and 60 healthy children in Thi Qar, Iraq. Among the children with ASD, nearly 77% had these blocking antibodies. Those with the antibodies had much lower levels of vitamin D, folic acid and glutathione compared to ASD children without the antibodies. They also had more severe autism symptoms. These findings suggest that testing for these antibodies could help identify a specific group of children with ASD who might benefit from high‑dose folate, vitamin D or antioxidant treatments. However, more research is needed to confirm whether such treatments are effective.
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Introduction
Autism spectrum disorder is a neurodevelopmental condition that typically emerges before age three and is characterised by persistent deficits in social communication and interaction, as well as restricted, repetitive patterns of behaviour, interests or activities (1, 2). The global prevalence of ASD has risen substantially, with recent estimates indicating that approximately one in 100 children worldwide is affected (3). In Iraq, as in many low‑ and middle‑income countries, epidemiological data remain limited, but clinical observations suggest a rising number of diagnosed cases.
The aetiology of ASD is multifactorial, involving complex interactions between genetic susceptibility and environmental factors. Among the many proposed biological mechanisms, disturbances in folate metabolism have received considerable attention (4). Folate (vitamin B9) is essential for DNA synthesis, methylation reactions and neurotransmitter production. Its active form, 5‑methyltetrahydrofolate (5‑MTHF), is transported into the brain by the folate receptor alpha (FRα, encoded by the FOLR1 gene). When this transport is impaired – for example, by autoantibodies that block the receptor – cerebral folate deficiency (CFD) develops, even when peripheral folate levels are normal (5).
CFD has been consistently associated with ASD. Autoantibodies against FRα are detected in approximately 70% of children with ASD and account for up to 83% of CFD cases in this population (5, 6). Children with these autoantibodies often present with a regressive form of autism, language delay and movement disorders, and some respond favourably to high‑dose folinic acid treatment (7).
Oxidative stress is another well‑established abnormality in ASD. Reduced glutathione (GSH), the body’s primary endogenous antioxidant, is frequently depleted in children with ASD, leading to an unfavourable GSH/GSSG ratio and increased cellular damage (8). Vitamin D3 (cholecalciferol) has also been implicated, not only because of its role in bone health but also because of its immunomodulatory and neuroprotective properties. Low vitamin D levels have been repeatedly found in ASD populations and correlate with symptom severity (9).
Despite this growing body of evidence, few studies have examined the interrelationships among FRα autoantibodies, vitamin D, folate and glutathione in the same patient population, particularly in Middle Eastern settings. Thi Qar, a governorate in southern Iraq, has a genetically and culturally distinct population, yet no previous work has explored these biomarkers in local children with ASD.
The present study therefore aimed to: (1) measure serum anti‑FOLR1 IgG, vitamin D3, folic acid and reduced glutathione in children with ASD and matched controls; (2) compare these biomarkers between ASD children who are seropositive and seronegative for anti‑FOLR1 IgG; and (3) examine whether autoantibody status is associated with ASD severity.

Materials and Methods
Study design and setting
This was a case‑control study conducted at the QAR Autism Rehabilitation Centre and Alshatra General Hospital in Thi Qar Governorate, southern Iraq. The study period was October 2025 to January 2026.

Study population
Children aged 2–12 years with a clinical diagnosis of ASD were recruited from the rehabilitation centre. Diagnoses were confirmed by a child psychiatrist using the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM‑5) criteria. Children with known genetic syndromes (e.g., Fragile X, Rett syndrome), major neurological disorders (e.g., epilepsy requiring ongoing anticonvulsant treatment), or chronic illnesses affecting nutritional status (e.g., coeliac disease, inflammatory bowel disease) were excluded.
Healthy control children were recruited from the general paediatric outpatient clinic of Alshatra General Hospital. Controls were required to have no history of neurodevelopmental, psychiatric or chronic medical conditions, and to be free from any acute illness at the time of sampling. Controls were individually matched to ASD cases by age (±6 months) and sex.

Sample size
A convenience sample of 60 ASD children and 60 controls was enrolled. No formal power calculation was performed because this was an exploratory study; the sample size was determined based on feasibility and recruitment capacity during the study period.

Data collection
A standardised questionnaire was administered to parents or legal guardians. Information collected included the child’s age, sex, age at ASD diagnosis, ABO blood group, maternal folic acid supplementation during pregnancy (yes/no), maternal exposure to significant psychological stress during pregnancy (yes/no, defined as a major life event or chronic stress reported by the mother), and current milk consumption by the child (yes/no).
ASD severity was assessed using the Childhood Autism Rating Scale (CARS), second edition, a 15‑item observational scale that yields scores from 15 to 60. Scores of 30–36.5 were classified as mild to moderate ASD, and scores ≥37 as severe ASD, according to standard cut‑offs (10).

Laboratory methods
Venous blood (5 mL) was collected from each child after an overnight fast. One millilitre was placed into an EDTA tube for complete blood count (used for clinical monitoring but not reported here). The remaining 4 mL was transferred to a plain gel tube, centrifuged at 3000 rpm for 5 minutes, and serum was aliquoted into Eppendorf tubes and stored at −20°C until analysis.
Biochemical parameters (vitamin D3, folic acid) were measured on a fully automatic clinical chemistry analyser (Dirui CS‑T180, Dirui Industrial Co., China). Reduced glutathione was measured using a colourimetric assay kit (Sunlong Biotech Co., China, catalogue number SL1008‑GSH) following the manufacturer’s protocol. Anti‑FOLR1 IgG was quantified using a sandwich enzyme‑linked immunosorbent assay (ELISA) kit (Sunlong Biotech Co., China, catalogue number SL2345‑FOLR1). The ELISA had a reported intra‑assay coefficient of variation of <8% and inter‑assay CV <12%. The manufacturer’s recommended cut‑off for seropositivity was an optical density ratio ≥1.1 relative to the provided calibrator. All assays were performed in duplicate, and the mean values were used for analysis.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics version 27. Normality of continuous variables was assessed using the Shapiro–Wilk test. Data that were not normally distributed are presented as median and interquartile range (IQR); normally distributed data are presented as mean ± standard deviation (SD). Comparisons between two independent groups (e.g., seropositive vs seronegative ASD children) were performed using the Mann–Whitney U test for non‑parametric data and the independent samples t‑test for parametric data. Categorical variables were analysed using the chi‑square test or Fisher’s exact test when expected cell counts were <5. All tests were two‑tailed, and a p‑value <0.05 was considered statistically significant. No adjustment for multiple comparisons was applied, given the exploratory nature of the study; however, this limitation is acknowledged.
Logistic regression and receiver operating characteristic (ROC) analyses were initially planned but could not be reliably performed because of the small sample size and the absence of a validation cohort. These analyses are therefore not reported.

Results
Demographic and clinical characteristics
A total of 120 children (60 ASD, 60 controls) were enrolled. Table 1 summarises the baseline characteristics. The mean age of ASD children was 6.93±2.92 years (range 2–12 years), and that of controls was 7.43±3.04 years (p=0.360). Both groups included 30 males and 30 females (50% each; p=1.000). The median age at ASD diagnosis was 2.85 years (IQR 2.00–3.00). ABO blood group distribution did not differ significantly between groups (p=0.203), although a higher proportion of ASD children had type A blood (28.3% vs 13.3%).


Table 1: Baseline demographic characteristics of the study population
	Variable
	Category
	ASD (n=60)
	Controls (n=60)
	P‑value

	Age (years), mean ± SD
	
	6.93±2.92
	7.43±3.04
	0.36

	Age groups, n (%)
	2–4 years
	15 (25.0)
	11 (18.3)
	0.563

	
	5–7 years
	23 (38.3)
	22 (36.7)
	

	
	8–12 years
	22 (36.7)
	27 (45.0)
	

	Sex, n (%)
	Male
	30 (50.0)
	30 (50.0)
	1

	
	Female
	30 (50.0)
	30 (50.0)
	

	Age at diagnosis (years), median (IQR)
	
	2.85 (2.00–3.00)
	–
	–

	ABO blood group, n (%)
	A
	17 (28.3)
	8 (13.3)
	0.203

	
	B
	19 (31.7)
	25 (41.7)
	

	
	AB
	10 (16.7)
	9 (15.0)
	

	 
	O
	14 (23.3)
	18 (30.0)
	




Maternal and environmental factors
Table 2 shows that mothers of ASD children were significantly less likely to have taken folic acid supplements during pregnancy (66.7% vs 93.3%, p<0.001) and were more likely to have experienced prenatal stress (13.3% vs 0.0%, p=0.003). In addition, a lower proportion of ASD children consumed milk regularly compared to controls (60.0% vs 90.0%, p<0.001).


Table 2: Maternal and child environmental factors
	Variable
	Category
	ASD (n=60) n (%)
	Controls (n=60) n (%)
	Chi‑square
	P‑value

	Maternal folic acid supplementation
	Yes
	40 (66.7)
	56 (93.3)
	13.33
	<0.001

	
	No
	20 (33.3)
	4 (6.7)
	
	

	Maternal prenatal stress exposure
	Yes
	8 (13.3)
	0 (0.0)
	8.57
	0.003

	
	No
	52 (86.7)
	60 (100.0)
	
	

	Child’s milk consumption
	Yes
	36 (60.0)
	54 (90.0)
	14.4
	<0.001

	 
	No
	24 (40.0)
	6 (10.0)
	
	




Anti‑FOLR1 IgG seropositivity and biomarker levels
Among the 60 ASD children, 46 (76.7%) tested positive for anti‑FOLR1 IgG. Table 3 compares serum biomarker levels between seropositive and seronegative ASD children. Seropositive children had significantly lower median levels of vitamin D3 (13.74 vs 29.20 ng/mL, p=0.002), folic acid (9.94 vs 21.50 ng/mL, p=0.002) and reduced glutathione (0.83 vs 2.15 μmol/L, p<0.001). Glutathione showed the strongest statistical separation.


Table 3: Nutritional and oxidative stress markers according to anti‑FOLR1 IgG status in ASD children
	Variable
	Seropositive (n=46)
	Seronegative (n=14)
	P‑value*

	Vitamin D3 (ng/mL)
	
	
	0.002

	Mean ± SD
	14.64 ± 9.56
	26.30 ± 10.89
	

	Median (IQR)
	13.74 (7.10–20.28)
	29.20 (20.33–33.70)
	

	Folic acid (ng/mL)
	
	
	0.002

	Mean ± SD
	13.54 ± 8.72
	21.53 ± 8.04
	

	Median (IQR)
	9.94 (6.96–18.68)
	21.50 (12.73–29.06)
	

	Reduced glutathione (μmol/L)
	
	
	<0.001

	Mean ± SD
	0.96 ± 0.69
	2.01 ± 0.73
	

	Median (IQR)
	0.83 (0.32–1.55)
	2.15 (1.28–2.78)
	


*Mann–Whitney U test


Association with ASD severity
As shown in Table 4, anti‑FOLR1 IgG positivity was strongly associated with greater severity of ASD. Among seropositive children, 63.0% had severe ASD compared with only 14.3% of seronegative children (p=0.002). Conversely, 50.0% of seronegative children had mild ASD versus only 13.0% of seropositive children.


Table 4: Association between anti‑FOLR1 IgG status and ASD severity
	ASD severity
	Seropositive (n=46) n (%)
	Seronegative (n=14) n (%)
	P‑value

	Severe
	29 (63.0)
	2 (14.3)
	0.002

	Moderate
	11 (23.9)
	5 (35.7)
	

	Mild
	6 (13.0)
	7 (50.0)
	


*Chi‑square test.


Discussion
This study provides, to our knowledge, the first data from southern Iraq on the association between folate receptor alpha autoantibodies, metabolic biomarkers and clinical severity in children with ASD. The key findings are that nearly 77% of ASD children tested positive for anti‑FOLR1 IgG; seropositive children had markedly lower serum vitamin D3, folic acid and reduced glutathione levels; and seropositivity was strongly associated with severe ASD.

Prevalence of anti‑FOLR1 autoantibodies
The observed prevalence of 76.7% is very close to the 70–80% range reported in systematic reviews and meta‑analyses (5, 6). Rossignol and Frye (2021) pooled data from several studies and found that FRα autoantibodies were present in approximately 70% of children with ASD, and in 83% of those with CFD [5]. The consistency across different geographical and ethnic populations suggests that these autoantibodies are not a rare or region‑specific phenomenon but a core immune‑mediated mechanism in a substantial subset of ASD cases. In the Iraqi context, where consanguinity and distinct genetic backgrounds may influence immune regulation, the similarity of the prevalence to that reported in Western populations is noteworthy.

Vitamin D3 depletion in seropositive ASD children
Seropositive children had vitamin D3 levels approximately half those of seronegative children, with a median of 13.74 ng/mL – well into the deficiency range (commonly defined as <20 ng/mL). This profound difference cannot be explained solely by sun exposure, as all children lived in the same sunny climate. Instead, it points to a biological link between the autoantibody‑mediated state and vitamin D metabolism. Vitamin D has well‑established immunomodulatory functions, including suppression of autoreactive B‑cell responses (11). Chronic activation of the immune system by FRα autoantibodies may consume or dysregulate vitamin D pathways. Conversely, low vitamin D may predispose to autoimmunity. A bidirectional relationship is plausible. A large meta‑analysis by Chen et al. (2021) confirmed that children with ASD have significantly lower vitamin D concentrations than controls, and our data extend this finding by showing that the difference is even more pronounced within the ASD group when stratified by autoantibody status (8).

Folic acid: a paradox resolved
Seropositive children had lower serum folic acid levels despite having no obvious dietary differences. This might seem paradoxical because the autoantibodies block the receptor, not the vitamin itself. However, a compensatory mechanism can explain the observation: when FRα‑mediated transport into the brain is impaired, the body may increase systemic folate utilisation in an attempt to overcome the blockade, thereby depleting peripheral stores (12). This hypothesis is supported by clinical trials showing that very high‑dose folinic acid (0.5–2 mg/kg/day) can saturate alternative transport pathways and improve language and behaviour in seropositive ASD children (7, 13). Importantly, our finding underscores that a normal or low‑normal serum folate level does not rule out cerebral folate deficiency; CSF measurement of 5‑MTHF remains the gold standard but was not feasible in this study.

Glutathione: the strongest signal
Reduced glutathione showed the most dramatic difference between seropositive and seronegative children (median 0.83 vs 2.15 μmol/L; p<0.001). This is physiologically coherent, as glutathione sits at the intersection of three pathways affected in seropositive ASD: (1) folate–methionine cycle disruption reduces cysteine availability for GSH synthesis; (2) vitamin D deficiency suppresses the expression of glutathione peroxidase and other antioxidant enzymes; and (3) chronic immune activation itself consumes glutathione (8, 14). The magnitude of the difference (a 2.6‑fold lower median in seropositives) suggests that measuring GSH could serve as a functional biomarker of disease burden in this subgroup.

Autism severity
The strong association between seropositivity and severe ASD (63.0% vs 14.3%) is clinically important. It suggests that the autoantibody‑mediated metabolic disturbance is not a benign epiphenomenon but directly contributes to symptom expression. Previous studies have reported that children with CFD‑related ASD are more likely to have regressive onset, motor stereotypies and refractory epilepsy (5). Our data add to this picture by linking seropositivity to global severity as measured by a standardised scale.

Environmental and maternal factors
Mothers of ASD children had lower folic acid supplementation rates and higher prenatal stress exposure. These findings align with the emerging literature that both nutritional and psychosocial factors during critical developmental windows alter the risk of ASD (15, 16). Interestingly, the complete absence of reported prenatal stress in the control group should be interpreted cautiously, as retrospective recall bias is likely. Nevertheless, the association is biologically plausible because prenatal stress activates the maternal hypothalamic‑pituitary‑adrenal axis, raising cortisol and inflammatory cytokines that can cross the placenta and affect foetal brain development (17).
The lower milk consumption in the ASD group (60% vs 90%) may be related to the well‑documented food selectivity and avoidance behaviours in ASD, including lactose intolerance or gastrointestinal discomfort that is common in this population (18, 19). Whether milk restriction is a cause or consequence of ASD‑related gastrointestinal symptoms remains unclear.

Strengths and limitations
Strengths of this study include: (1) the simultaneous measurement of four biologically interrelated biomarkers in a well‑characterised clinical sample; (2) careful age‑ and sex‑matching to reduce confounding; and (3) the first report from Iraq, a region where ASD research is scarce.
Limitations must be acknowledged. First, the sample size is relatively small and derived from a single governorate, limiting generalisability to other Iraqi or Middle Eastern populations. Second, the cross‑sectional design precludes any causal inference; we cannot determine whether the autoantibodies cause the metabolic abnormalities or vice versa. Third, cerebral folate status was inferred from serum anti‑FOLR1 antibodies and peripheral folate levels; direct measurement of CSF 5‑MTHF would be the gold standard but was not ethically or practically feasible in this community‑based study. Fourth, the use of retrospective parental reports for prenatal stress and folic acid supplementation introduces potential recall bias. Fifth, the cut‑off for anti‑FOLR1 positivity was based on the manufacturer’s recommendations, which may not be validated for the Iraqi population. Sixth, we did not perform adjustment for multiple comparisons, which increases the risk of type I errors; however, the p‑values for the primary comparisons were sufficiently small (<0.001 to 0.002) that they would remain significant after Bonferroni correction (adjusted threshold 0.05/3 = 0.017). Seventh, the sex distribution (50% female) does not reflect the community prevalence of ASD (which is typically higher in males), meaning our sample may over‑represent females or be a selected subgroup. Finally, we were unable to perform the planned logistic regression and ROC analyses because of sample size constraints and the absence of an independent validation cohort.
Future directions should include larger, multi‑centre prospective studies that measure CSF 5‑MTHF directly, perform longitudinal biomarker monitoring, and test whether folinic acid and/or vitamin D supplementation improves outcomes in seropositive children. Randomised controlled trials targeting this specific biological subtype are urgently needed.

Conclusion
This study demonstrates that children with ASD who carry folate receptor alpha autoantibodies exhibit profound depletion of vitamin D3, folic acid and reduced glutathione, and have significantly more severe clinical presentations compared with seronegative ASD children. The findings support the existence of a distinct metabolic‑immunological endophenotype within the autism spectrum. While these results are preliminary and require replication, they provide a strong rationale for routine screening for FRα autoantibodies in children with ASD, particularly those with regressive features or severe symptoms, and for considering targeted nutritional and immunological interventions.
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