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Background: The pathogenesis of autism spectrum disorder (ASD) is under investigation and one of the main alterations relates to the metabolic and inflammatory system dysfunctions. Indeed, based on a possible deficit of omega-3 fatty acids (FAs) of patients with ASD and looking for an anti-inflammatory effect, dietary supplements with omega-3 fatty acids have been proposed. We aimed to evaluate differences in plasma and erythrocyte FA profiles and plasma cytokines in patients with infantile ASD after supplementation with docosahexaenoic (DHA) and eicosapentaenoic (EPA) acids or placebo and both compared at baseline with a reference healthy group.

Methods: A double-blind, randomized placebo-controlled intervention with DHA/EPA for 6 months was carried out in 54 children between 2 and 6 years diagnosed with ASD. They were selected and randomly assigned into two groups: 19 children received 800 mg/day of DHA and 25 mg/day of EPA, or placebo. In addition, another reference group of 59 healthy children of the same age was included. Plasma lipids and cytokines, and FA profiles in plasma and erythrocytes were measured at baseline and after 6 months of treatment in ASD children, and at baseline in the reference group.

Results: There were no differences in demographic, anthropometric characteristics, and omega-3 intake between the healthy reference group and the ASD children at baseline. Children with ASD showed the higher plasma percentages of palmitic acid and total saturated FA and lower total omega-6 polyunsaturated FA (PUFA) compared with healthy children. An increased level of DHA and reduced EPA level in erythrocytes were detected in the ASD group vs. the reference group. After 6 months of treatment, the ASD group that received DHA enriched product significantly increased the plasma and erythrocyte percentages of DHA, but no differences were observed in the clinical test scores and other parameters as plasma cytokines between the two groups of ASD related to the intervention.

Conclusion: Spanish children with ASD exhibit an appropriate omega-3 FA status in plasma and erythrocytes. Neither a clinical improvement of ASD children nor a better anti-inflammatory or fatty acid state has been found after an intervention with DHA/EPA for 6 months. So, the prescription of n-3 LC-PUFA and other dietary supplements in ASD should be only indicated after a confirmed alteration of FA metabolism or omega-3 LC-PUFA deficiency evaluated by specific erythrocyte FA.

Clinical Trial Registration: [www.ClinicalTrials.gov], identifier [NCT03620097].
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by alterations in communication and social interaction and by the presence of repetitive and restricted patterns of behaviors, activities, and interests (1). Although there are approved drugs for treating the comorbidities of ASD, there is no curative treatment (2). Some evidence supports that dietary supplements, such as antioxidants, vitamins, or omega-3 fatty acids (FAs) can promote cognitive development; however, the efficacy in improving ASD evolution is not sufficiently researched and documented (3).

Omega-3 long-chain polyunsaturated fatty acids (LC-PUFA), especially docosahexaenoic acid (22:6 n-3) (DHA), are the structural components of cell membranes, especially in the central nervous system. They contribute to neuronal growth and differentiation, synapses, visual acuity, or even the regulation of gene expression (4, 5). In addition, they regulate anti-inflammatory and oxidative stress systems (6). Docosanoids derived from DHA, namely, D-resolvins, protectins, and maresins are important lipid mediators in the resolution of inflammation (7) and particularly neuroprotection D1 inhibits neuronal apoptosis (8). Eicosapentanoic acid (20:5 n-3) (EPA), although present in the cell membranes of neural cells in lower amounts than DHA, has important functional roles as a source of anti-inflammatory molecules, namely, PGE3, LTB5, and E-resolvins (9).

Nowadays, there is a great interest in omega-3 FA supplementation in some neuropsychiatric disorders in adults but also others that debut during childhood or adolescence as attention deficit hyperactivity disorder (ADHD), anorexia nervosa, and ASD (10). Factors, such as the absence of curative treatment, or the high cost of early care therapies, together with the difficult interpretation of its long-term success, contribute greatly to the families seeking alternatives to traditional medicine as a solution for their children. Usually, omega-3 FA treatment, associated with others multivitamin supplements, gluten-free casein-free diet, or methyl B-12 injections, is widely used among patients with ASD (11–14). About the efficacy and safety of omega-3 FA in ASD, few studies with small samples of children, with different origins and doses of omega-3 FA, have reported contradictory results (15–19).

A possible alteration in the absorption and metabolism processes of PUFA has been hypothesized in ASD children to explain some symptoms (20, 21). Although three meta-analyses have evaluated the effects of omega-3 FA supplementations in ASD, the assessment of their efficacy is difficult for many reasons: variation in formulations, time of administration, and tests used to measure efficacy. In fact, two of them could not show any benefit in administering omega-3 (6, 22). However, Cheng et al. concluded that supplementation with omega-3 FA may improve hyperactivity, lethargy, and stereotypy in patients with ASD, although it does not seem to ameliorate overall functioning (23). Omega-3 FA supplements vary in the dose and source of the FA, especially in DHA and EPA, doses ranging from 0.2 g/day DHA to 1.5 g/day EPA + DHA and time courses from 6 weeks to 6 months. The sources of omega-3 FA supplements included fish oil and algal oil (23). Based on the current evidence-based treatment guidelines, a combination of EPA + DHA with 1.3–1.5 g/day for 16–24 weeks has been recommended to treat ASD (24). Indeed, a great interest is emerging around the DHA supplementation in ASD, based on a possible deficiency in the intake explained by restrictions associated with the eating behavior of these patients, especially at early ages (25), or in their absorption and metabolism, e.g., potential FA tissue desaturases’ alterations (26).

Another important reason to continue in this research field is the limited studies correlating n-3 LC-PUFA supplementation and its potential anti-inflammatory activity. The benefit obtained with n-3 LC-PUFA supplementation in ASD children is considered to be through its role in modulating inflammation (27). Some studies relate symptom severity, plasma cytokine levels, and FA profiles in ASD children (28). However, few studies correlate FA supplementation, cytokine profile, and pre- and post-intervention clinical assessment with FA.

Based on the above, there would be lower fatty acids at baseline and/or defective enrichment in EPA/DHA after following a supplementation. Hence, the present clinical trial aimed to evaluate plasma and erythrocytes FA profiles before and after supplementation with DHA in pediatric patients with ASD, according to recent recommendations for dosage and treatment time and both compared at baseline with a reference healthy group for dietary habits and fatty acid status to explore whether an alteration in PUFA profiles could be present leading to the quantitative or functional deficits, which could result in a derangement of the disease clinical course. In addition, we also assessed whether this supplementation with DHA + EPA leads to the changes in the plasma inflammatory cytokine profile as the underlying mechanism of its effect, and qualitatively assessed the clinical improvement with validated clinical tests.



MATERIALS AND METHODS


Study Design

This is a parallel, double-blind, randomized, placebo-controlled trial in patients between 2 and 6 years old diagnosed with ASD by the Child and Youth Mental Health Unit of Córdoba, Spain, based on the DSM-5 criteria and the observation scale for the autism diagnosis [Autism Diagnostic Observation Schedule (ADOS)] (1, 29). It was a phase III, non-inferiority, single-center national study with an independent character without commercial interest.

Patients with ASD were included in the trial consecutively and were divided into two parallel groups according to the randomization generated by the SIGESMU® computer program with allocation randomized 1:1. Thus, in a double-blind system, one subgroup received an omega’-3 supplement of 800 mg of DHA and 25 mg of EPA per day and the other received a placebo with similar lipid characteristics except for DHA and EPA content, for 6 months. The composition for both formulas is included in Table 1 and details are explained below in the Study Intervention Section. A clinical evaluation and analytical study were performed at baseline and after 6 months at the end of the intervention. In addition, a controlled prospective observational case-control study was conducted comparing the plasma levels of the biochemical parameters between ASD children and a healthy reference group of children at baseline. The flowchart for participants and treatment arm allocation according to CONSORT norms is in Figure 1.


TABLE 1. Fatty acid composition of placebo and intervention oils.

[image: Table 1]
 
[image: image]

FIGURE 1. Flow chart for participants and treatment arm allocation according to CONSORT norms.




Participants

Pediatrics patients (2–6 years) diagnosed with ASD were considered for the recruitment. The reference group of healthy children of the same age, since in many of the study variables, there are no reference values in childhood, was selected from among those who attended a hospital consultation to rule out some minor pathology that required laboratory tests, with the confirmed absence of disease. Participants were recruited for the study from January to December 2015.

The inclusion criteria were children between 2 and 6 years of age with a diagnosis for ASD according to the DSM-V criteria and the ADOS in the ASD group, and health confirmed status in the reference group, with the informed consent signed by one of the parents or legal representatives.

Exclusion criteria: Children under 2 years old; children diagnosed with ASD over 6 years old; the coexistence of another diagnosis associated with autism; patients who were receiving some type of supplement or concomitant medication that did not allow a washout period or patients diagnosed with other pathologies or with medication that might affect the study variables (inflammation or lipid profile).

The withdrawal criteria were children who did not maintain adequate adherence or compliance to the treatment as assessed by the researchers or that could not complete the biochemical analysis or the appearance of neurological pathology or unable to despite a single diagnosis of ASD.



Study Intervention

The nutritional supplement, EUPOLY-3® DHA Infant, was a product marketed following the regulations of the European Union (EU). This supplement was provided free of charge by Biosearch SA (Granada, Spain), as well as the placebo, in identical containers labeled with a numerical code and a product code: EUP007. Placebo oil was based on sunflower oil and intervention oil on fish oil. Both oils were stabilized with a 0.1% mixture of natural tocopherols, 1% soy lecithin, and 0.6% ascorbyl palmitate, and contained a colored lemon flavor in sufficient quantity to match the aroma and color of both products. The containers of both placebo and intervention products were packaged in indistinguishable small bottles and coded so that they were blinded to both participants and health personnel involved in the intervention. The levels of toxins and heavy metals in the raw material were controlled and below the EU limits. The supplement and the placebo kept the rest of the FA profile similar (e.g., content of the essential FA linoleic and linolenic acids). For the present trial, a suitable formulation was designed especially for preschool children with autism in a liquid form and a concentrated dose to ingest orally in the smallest amount, the 800 mg of DHA or placebo doses per day. The intake was recommended during the main meal once per day. The adherence plan for the intervention included telephone calls from the pediatricians to the tutors every 2 months to assess evolution, incidents, and evaluation of the administration and tolerance of the product.



Biases

The measures to try to eliminate the bias factors were: first, the random assignment of patients to the different study treatments, allocation ratio 1:1 using the SIGESMU® computer program. The design was double-blind, so neither the families nor the researchers knew the composition of the product used. To ensure that patients and researchers remained blind, the preparation of the placebo was carried out by the company that prepared the product, with the same packaging and labeling, and its organoleptic characteristics as an active drug. To avoid potential biases due to patient withdrawal after randomization, an intention-to-treat analysis was performed. Other actions to avoid bias were: homogenize criteria and diagnose patients with ASD with the greatest rigor to avoid any association with other cognitive alterations that could alter the results or affect non-compliance with treatment and to avoid variations in the conditions of the trial once it has begun.



Ethical Aspects

This study was approved by the Ethics Committee of the Reina Sofia University Hospital of Cordoba, Spain, and follows the rules of Law 14/2007 on Biomedical Research and the Organic Law 15/1999, RD 1720/2007 on the protection of personal data as well as international rules for research using samples from human beings. The parents or legal guardians of the participants accepted their inclusion in the study, signing the approved protocol. The confidentiality of the data obtained and any personal data used in this study have been kept and respected.



Clinical Evaluation

To evaluate the dietary pattern of ASD and reference children, a previously modified, adapted, and validated food frequency questionnaire (FFQ) with the portion sizes and food groups usually consumed by the Spanish child population was used (30). The adequacy of food consumption was evaluated using the Nutritional Objectives of the Consensus Document of the Spanish Community Nutrition Society; these questionnaires included one item about the dietary type and amount of supplementation (31). The intake of energy and nutrients was estimated from the data obtained through three non-consecutive 24-h dietary registrations (24-h-DR), registered by parents, such as 2 weekdays and 1 weekend day, following the Guidance on the EU Menu Methodology of the European Food Safety Agency (EFSA) (32).

Parents/guardians directly provided the answers to questionnaires and 24 h registrations (33). Physical examination with special emphasis on neurological and nutritional status and clinical evolution was carried out. Anthropometric measurements (weight, height, and body mass index) were obtained using standard techniques. All these measures and the biochemical analysis were performed at baseline and at the end of the intervention in the ASD group, and only at baseline time in the healthy reference group.

All the ASD children underwent an initial developmental clinical interview, which identified the core symptomatology of ASD according to DSM-5 clinical diagnostic criteria. Additionally, the following tests were administered to all children at baseline and at the end of the trial: (a) Autism Diagnostic Observation Schedule (ADOS). (b) Pervasive Developmental Disorders Behavior Inventory (PDDBI) (34). (c) Childhood Autism Rating Scale Test (CARS-2) (35). (d) Strengths and Difficulties Questionnaire (SDQ) (36).



Biochemical Analysis

After overnight fasting, blood samples were collected from autistic children and healthy controls from the antecubital vein into 6-ml blood collection tubes containing ethylenediaminetetraacetic acid (EDTA) and processed within 2 h. After centrifugation at 3,500 g for 10 min, plasma was divided into aliquots from sampling and then frozen at −80°C until the analysis. The cell pellet was immediately washed three times with a 0.9% NaCl isotonic solution, and the packed erythrocytes were collected and stored at −80°C until lipid extraction. Blood count and general biochemical were performed to confirm the absence of other diseases. C-reactive protein (C-CRP) was measured as an inflammatory marker. These analyses were performed in the hospital laboratory using colorimetric, enzymatic, kinetic, indirect potentiometry or immunoturbidimetric methods previously standardized, using an automatic autoanalyzer (Roche-Hitachi Modular PYD autoanalyzer, Roch Laboratory Systems, Mannheim, Germany. The plasma lipid profile includes triacylglycerols (TG) (CV: 1.5%), cholesterol (c) (CV: 0.9%), high-density lipoprotein cholesterol (HDL-c) (CV: 0.8%), and low-density lipoprotein cholesterol (LDL-c) (CV: 1.5%), that were measured using an automatic analyzer (Accelerator APS system. Architect-c16000 Abbott Laboratories, S.A., Illinois, United States).



Plasma and Erythrocyte Fatty Acid Analysis

Lipids from 0.2 ml plasma were extracted and fatty acid transmethylated in a single step according to the Lepage and Roy methodology (37). Briefly, a direct methylation procedure was carried out in 5.0 ml of methanol-acetyl chloride 50:1 (v/v). To stop the reaction 3 ml of 6.0% K2CO3 was added. After adding 150 μl of hexane, shaking and centrifugation, the upper phase was separated and dried under nitrogen.

For the extraction of erythrocyte lipids, about 1 ml of washed cells were successively treated with 3 ml of isopropanol containing 50 mg/L butyl-hydroxytoluene as an antioxidant, 2 ml of isopropanol and 2 ml of hexane. After centrifugation for 10 min at 3,000 g at 4°C, the upper phase of hexane was collected and the infranatant was re-extracted three times with 2 ml hexane. The hexane extracts were combined and dried under nitrogen. For the methylation of erythrocytes fatty acids, we followed a similar process to that described above for plasma (37).

The methylated fatty acids were resuspended in 100 μl of hexane and 1 μl injected into a Hewlett Packard HP5890 Series II chromatograph (Hewlett Packard, Palo Alto, CA, United States), with a capillary column (60 m × 32 mm inner diameter; 20 μm film thickness) impregnated with SP2330 FS (Supelco, Bellefonte, CA, United States). Running conditions were as described elsewhere (38). Fatty acid methyl esters were identified by the comparison of retention times with those of authentic standards run previously. Peaks were identified by comparison with known standards (Sigma, St Louis, MO) and the results.

Based on previous observations in the literature (39), relevant molecules previously described as associated with inflammatory processes and related to autism were selected for their analysis in plasma: interleukins (IL) IL-1beta, IL-6, and IL-8, monocyte chemoattractant protein-1 (MCP-1), tumor necrosis factor-alpha (TNF-α), myeloperoxidase (MPO), regulated on activation, normal T cell expressed and secreted (RANTES) [also known as chemokine (C-C motif) ligand 5, CCL5], cathepsin D, brain derived neurotrophic factor (BDNF), hepatocyte growth factor (HGF); nerve growth factor (NGF), plasminogen activator factor (PAI), and cell adhesion molecules [neuronal cell adhesion molecule (NCAM), intercellular adhesion molecule (ICAM), vascular cell adhesion molecule (VCAM)]. These biomarkers were analyzed by the simultaneous detection of multi-analytes using LINCOplex assay kits and Luminex xMAP Detection Technology following the manufacturer instructions (Linco Research, Inc., St. Charles, MO, United States).



Statistical Analyses

To calculate the sample size, the GRANMO (2012) software was used considering the range in the plasma levels of DHA 0.97 ± 0.39%. We accepted an alpha type I error of 0.05 and a beta type II error of 0.2 (80% power) in a bilateral contrast to detect a difference equal to or greater than 0.3% units with an estimate of a loss to follow-up rate of 5%:


-For independent groups (healthy vs. ASD), 54 subjects were required in each group. The common standard deviation (SD) was assumed to be 0.5.

-For related groups (ASD with/without DHA intervention, and/or baseline vs. 6 months of treatment), 24 subjects were required in each group. Thus, 108 children in total, 54 healthy children and 54 children with ASD would be required to detect these differences.



Data were expressed as mean with SD [95% confidence intervals (CIs)], median with interquartile range (IQR), and categorical data as frequencies. The Kolmogorov–Smirnov goodness-of-fit test was used to test the distribution of each dataset for normality before analysis. The homogeneity of variance was estimated using Levene’s test and non-normally distributed data were transformed into approximate normal distributions by logarithmic transformations.

Demographics and clinical characteristics of participants and baseline FA levels were compared among groups (ASD vs. reference) using the Student’s t-test for unpaired samples for parametric data and by the Mann–Whitney U-test for data with the asymmetric distribution. Categorical data were analyzed by χ2 or Fisher’s exact test. “The analysis comparing the effects of treatment in FA levels and symptoms score for ASD over 6 months was conducted using ANOVA mixed-designs plus the Bonferroni correction for repeated measures.” Treatments and time were included as fixed effects and the interactions between interventions and time were also tested. If significant main effects or interaction effects were observed, post hoc analysis with Sidak correction was performed. Associations between the severity of ASD symptoms and nutritional status (considering FA) were assessed using the Pearson coefficient. The primary method of analysis is intention-to-treat. All statistical tests were two-tailed, and the values of p < 0.05 were considered to indicate statistical significance. Statistical Package SPSS, version 23 by IBM (SPSS Inc., Chicago, Illinois, United States), was used for these analyses.




RESULTS


Patients’ Demographic and Anthropometric Characteristic

Initially, 57 ASD children were selected for this study. In the reference group, 60 children were initially recruited, and only one was excluded after a celiac disease diagnosis was performed (Figure 1). In the ASD subgroup with dietary intervention with DHA, 19 children were finally studied (3 did not continue with DHA supplementation and another 2 could not complete the analysis). Children who discontinued the DHA intervention were not included in the analysis. The placebo subgroup included 25 ASD children, and the reference group 59 (Figure 1).

Table 2 shows the demographic and anthropometric characteristics and the plasma lipid profiles of the healthy reference group and the placebo and intervention groups for ASD children at baseline. No differences were observed between ASD and the healthy reference children for any of these considered variables except for a decrease in serum triacylglycerol levels in the intervention group (60.5 ± 19.5 vs. 52.1 ± 12.8 mg/dl, p = 0.02).


TABLE 2. Demographic, anthropometric, and serum lipid profile in children with autism spectrum disorders (ASDs) compared with a control group and by subgroups by DHA intervention or placebo.

[image: Table 2]
Dietary intake showed no significant differences between the intake of fish and shellfish that represent the most important food group contributing to omega-3 PUFA consumption: ASD group: 2.5 ± 1 servings per week vs. Reference group: 2.6 ± 1.1; p = 0.22. The average daily intake of EPA + DHA in ASD children was about 0.125 g/day, like that of the healthy population of reference.



Plasma and Erythrocyte Fatty Acid Profiles Baseline and After Intervention

Tables 3, 4 show the FA profiles in plasma and erythrocytes, respectively. Data between the reference group and ASD children at baseline, and after 6 months of intervention between the ASD subgroups (DHA vs. placebo) were compared.


TABLE 3. Comparison of plasma fatty acid profile between reference group and ASD children.
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TABLE 4. Comparison of fatty acid profile in erythrocytes profile between reference group and ASD children.
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At baseline, children with ASD had significantly higher plasma percentages of palmitic acid (16:0) (p = 0.011) and total saturated fatty acids (SFA) (p = 0.043) and the lower percentages of linoleic acid (18:2 n-6) (p = 0.012) and total PUFA n-6 (p = 0.009). The percentages of the minority acids, pentadecanoic (15:0) (p = 0.008), and eicosadienoic (20:2 n-6) (p = 0.013) were higher in ASD than in the reference children (Table 3).

After 6 months of dietary intervention, the ASD group intervened with the DHA enriched product significantly increased the plasma percentage of DHA (p = 0.001) and those of n-3 PUFA (p < 0.001) and total PUFA (p = 0.003). Both the placebo and the intervened ASD groups decreased the percentage of oleic acid. However, the ratio MUFA/PUFA decreased significantly only in the ASD group with DHA intervention. Concerning the interaction of treatment per time, only γ-linolenic acid (GLA) (18:3 n-6) and dihomo-gamma-linolenic acid (DGLA) (20:3 n-6) decreased significantly in the ASD group of intervention with DHA, with an increase in EPA and DHA.

In the analysis of erythrocyte fatty acids at baseline, minor but significant differences for the FA profiles were found between the reference and the ASD group, characterized by the lower percentages of palmitic acid (16:0) (p = 0.027) and EPA (p = 0.02), and higher of palmitoleic acid (16:1 n-7) (p = 0.04), margaric acid (17:00) (p = 0.01), docosapentaenoic acid (DPA) (22:5 n-3) (p = 0.004) and DHA (p = 0.014) in the ADS group. After the intervention in the ASD group that received DHA, the levels of this FA significantly rose (3.66 ± 1.06% vs. 6.12 ± 1.4%, p < 0.001) and palmitic acid (p = 0.033) and EPA (p = 0.042) also increased, while stearic acid (18:0) and arachidonic acid (AA) (20:4 n-6) decreased. So, the increased levels of n-3 PUFA and decreased levels of n-6 PUFA were found, while the unsaturation index was fairly maintained. About the interaction of treatment per time, only palmitic acid, DHA (both with an increase), and AA (a decrease) showed significant differences.

Parents were called every 2 months, and no adverse effects were found in children during the intervention with DHA or placebo. An adequate tolerance and adherence were registered in the 54 children until the trial finished.



Plasma Cytokines

Comparing plasma cytokines at baseline between the reference and ASD groups, the higher levels of NGF were detected in ASD children as has been previously reported by our group (40).

Table 5 presents the plasma cytokines in children with ASD at baseline and after 6 months of treatment with the DHA supplement or placebo. No major changes were observed for plasma cytokines due to the treatment or interaction of treatment per time. Nevertheless, from baseline to the final intervention, NCAM plasma levels increased in both the placebo and the group with DHA supplement. A significant increase in cathepsin D (p = 0.002) and ICAM (p = 0.047) was observed in the group that received treatment. No significant correlations between the plasma levels of cytokines and fatty acids in plasma and erythrocytes were observed either at baseline or after the intervention.


TABLE 5. Plasma cytokines levels in children with ASDs at baseline and after 6 months with DHA intervention or placebo.
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Clinical Test for Autism Spectrum Disorder Children Evaluation

En general, incrementoe en los puntajes de los test aplicados implica empeoramiento de los sintomas, excepto en las distintas areas del test de Battelle donde es a la inversa.

The principal results of the ASD test are presented in Table 6. No differences were observed in the test scores between the two groups of ASD before the intervention. After 6 months of intervention, there was a significant decrease in the CARS score in both groups. When repeating the SDQ tests at 6 months, a significant decrease was observed in the areas of emotional symptoms (p = 0.04), conduct problems (p = 0.02), and impact on quality (p < 0.001) of life in ASD group with PUFAs treatment, but always in the range for ASD children score. However, in the area that assesses the main characteristic of autism for this group, we did not detect differences in the pro-social behavior and relationship with other children. When applying the Battelle test to both groups at 6 months, a significant improvement was observed in the areas of receptive (p = 0.001), expression p = 0.017) and communication (p = 0.001), in the placebo ASD group. In the different areas of assessment with the PDDBI test, only an increase in the “social approach behaviors” area in both groups was observed. No significant correlations were observed between plasma and erythrocyte FA levels with test scores or with FA intakes (data not shown).


TABLE 6. Clinical test for ASD children evaluation at baseline and after 6 months with DHA intervention or placebo.
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DISCUSSION

In the present study, at baseline, the FA profiles of both plasma and erythrocytes in this cohort of Spanish ASD children can be considered within the normal ranges without major differences compared with the healthy reference group. After 6 months of supplementation with 800 mg/day of DHA there was an increase in DHA levels in plasma and erythrocytes, as expected, without changes in the clinical evaluation associated with this treatment. We observed a high adherence to the treatment without any serious adverse outcomes and even a beneficial decrease in triacylglycerol plasma concentrations as has been reported in the use of n-3 LC-PUFA supplements in other adult pathologies (41).

There are no adequate standardized ranges for FA concentrations or percentages in children. Petersen et al. refer, for children between 0 and 3 years old, healthy levels for DHA about 2–4%, similarly as other authors have reported (42, 43). Moreover, Drover et al. indicated that a DHA-standard concentration of 0.32% ensures an adequate cognitive function (44). Indeed, in our sample of ASD children, there are no deficiencies related to FA that could contribute to the origin or evolution of this pathology. This result discards the hypothesis suggested by some authors about the alterations of FA concentrations in patients with ASD, especially related to a deficit in DHA if children have a regular intake of fish and shellfish as it occurred in our Spanish sample. In addition, it should be considered that during pregnancy or in infants under 2 years of age, there might be an omega-3 PUFA deficiency associated with the lower intakes of those fatty acids and this could also contribute to brain dysfunction later in life; however, this situation would not be directly related to ASD (45). A meta-analysis (46) of fifteen case-control studies (n = 1,193), most of them were done in children younger than 12 years and most using an intake of EPA and DHA ranged from 0.70 to 0.84 g/day and 0.24 to 0.70 g/day, respectively, found that, compared with typically developed individuals, the ASD group had lower plasma EPA, DHA, and AA, without significant reduction in the total n-6 PUFAs and a lower ratio of total n-3 to total n-6 fatty acids. These relative deficiencies have been justified by digestive or microbiota alterations as deficiencies in digestive enzymes (20) or an increase in intestinal permeability (“leaky gut”) associated with gastrointestinal (GI) inflammation. Low-mild gut inflammation and augmented intestinal permeability have been reported in ASD children associated with dysbiosis and GI symptoms (21). However, altered intestinal permeability could also be related to alteration in the plasma membrane of enterocytes due to a potential derangement of their fatty acid profile and essential fatty acid and long-chain PUFA deficiency.

Our results at the basal time show normal concentrations in DHA/EPA with some significant differences between the percentage of some plasma and erythrocyte FA in children with ASD compared with those of reference. Nevertheless, some of them are little quantitatively assessable, such as pentadecanoic acid 15:0, margaric acid 17:0, arachidic acid 20:0, and eicosadienoic acid 20:2 n-6, as their contents are very low and the interpretation to establish clinical changes is difficult. Nevertheless, these could be explained in part by the highly selective eating patterns of these children with ASD. Relevant data after the evaluation of the intake in these children have been recently published by our group (33). In fact, the decrease in linoleic acid, which has already been reported in other cohorts of autistic children (47, 48) would be justified by the high intake of dairy products, which in turn explain the relative increase in the percentage of some saturated fatty acids, e.g., palmitic acid, and odd FA, namely, margaric acid.

The role of FA in the membranes of different cells and in the neurotransmitters supports the hypothesis that DHA supplements would improve the symptoms of ASD (15). The different mechanisms of involvement of n-3 PUFA levels in the etiology of ASD have been suggested as defects in enzymes involved in the DHA and EPA production from α-linolenic acid (ALA), known as FA desaturases (FADS), by deficiencies in its process of cell membrane incorporation, or an alteration in its metabolism, e.g., through a possible dysfunction in mitochondrial PUFA oxidation (49, 50). These FA alterations would justify the higher incidence of ASD in boys, because girls appear to have a higher conversion rate of ALA into DHA, associated with the higher hepatic expression of PUFA desaturase enzymes, and probably longer DHA half-life in plasma compared with boys (51). However, in this study, n-3 PUFA normal levels in erythrocytes in ASD children seem to ensure a normal activity in membranes and in other cells.

The clinical trials with DHA supplementation in ASD are very heterogeneous, in age ranges and also in the doses used and the duration of the administration. Here, as the literature refers, the levels of 800 mg of DHA were used because lower levels do not seem to be effective (24) and with a duration of 6 months to reach steady-state levels in erythrocytes (52). Moreover, in our study there is an indirect verification of the intake of intervention oils, not only due to the elevation of plasma DHA and EPA confirmed in the n-3 LC-PUFA treated ASD group as reported by other authors (17, 53), but also the increase in erythrocytes reflecting the prolonged intake and the adherence during the 6 months without problems in the absorption or metabolism. In addition, Parellada et al. observed an improvement in the omega6/omega3 ratio in the erythrocyte membrane without modification in oxidation levels and clinical improvement associated with this treatment in ASD children (54).

Here, after 6 months of treatment, the ASD group intervened with the DHA enriched product, increased the plasma percentage of DHA and those of total PUFA and PUFA n-3 that contributed to an enhanced unsaturation index (concentration of the unsaturated product proportional to the sum of the unsaturated product and the saturated substrate) in a balanced way. Nevertheless, the percentage of AA was lower in the erythrocyte for the DHA intervened group suggesting that the consumption of the DHA supplement would limit the synthesis and/or incorporation of AA to cell membranes. In this regard, it is well known that increased LC-PUFA inhibit the delta-6 and delta-5 FA desaturases. As AA is a key compound in the synthesis of eicosanoids and infant growth, an excessive intake of DHA might compromise the appropriate development of ASD children (55, 56).

The efficacy of DHA supplementation has been measured mainly by assessing the modifications of the symptoms of ASD through validated tests (15–17). The results obtained in the present study show that there is no clinical improvement after treatment with DHA/EPA. Although the subscales of the SDQ showed “friendly and helpful behavior” and “impact on the child’s life” improved in the ASD children who received the treatment; however, in certain areas of the Battelle test (receptive, expressive, and total items), the improvement was in the placebo group. So, these data should be interpreted with caution. DHA treatment does not seem to be directly related to the evolution in the central symptoms of autism and that changes in certain areas may be due to the continuous learning strategies and psychotherapies from both patients and parents. In fact, these ASD children are subjected to intensive behavioral therapies after the diagnosis, so a little progression in psychomotor development is expected, but not directly associated with this therapy with PUFAs if there are no significant differences between the groups in blood levels. Therefore, other factors can intervene in the improvement of these variables over time. There are a number of non-quantifiable biases in these studies related to the behavioral therapies applied to these children dependent on family or support teams that cannot be avoided in quality although they do not solve the origin of problem (3, 57, 58).

Besides, although some studies have reported a little improvement in hyperactivity symptoms in ASD patients treated with DHA, in this study, there were no relevant differences in scores in the PDDBI, SDQ, and CARS scales after the trial to find differential clinical responses. In fact, in contrast with other clinical trials and meta-analyses that assessed the efficacy of omega-3 FA in hyperactivity in ASD (59, 60), in our study, there was no statistical significance in the subscale of the SDQ-hyperactivity.

Eicosapentaenoic and DHA have immunomodulatory, anti-inflammatory, and anti-oxidant properties, and both have important roles in brain function and structure and the neurotransmitter system (61). In fact, the increase in the prevalence of ASD has been partly justified by the variation in the dietary profiles of the population with an increase in dietary pro-inflammatory omega-6 PUFA, through meat and processed food, and a decrease in anti-inflammatory omega-3 PUFA, present mainly in seafood. There are already several studies which suggested that a low proinflammatory status could contribute to the pathogenesis of ASD (62, 63). Moreover, changes in inflammatory cytokine levels in patients with ASD by administering PUFA or associations with the clinical evolution have been scarcely evaluated. Only Bent et al. reported in a clinical trial a negative correlation between IL-2 and hyperactivity (17), while other authors (16) did not find associations with the PUFA treatment.

In the present work, different plasma cytokines were measured in ASD children before and after the treatment with DHA. We did not observe changes in cytokine levels due to treatment, although an increase in cathepsin and ICAM was shown after 6 months of the trial, which can be justified by the passage of time, because of the increment in both groups although it was significantly higher in the ASD group. The role of ICAM-1 in driving the inflammatory response and the newly emerging roles of ICAM-1 in epithelial injury-resolution responses, as well as immune cell effector function in inflammation and tumorigenesis, have been described. Cathepsin D is related to apoptosis and elevations have been detected in the brain of autistic subjects, suggesting a relationship between this molecule and ASD pathogenesis (64, 65). However, it is difficult to determine the significance of the elevation of these two molecules in this study and its possible relationship with the disease.

The principal limitation of this work is the sample size since it is difficult to carry out nutritional interventions in children with ASD for a long time and to take blood samples for analysis. In fact, analysis by sex was not performed since, considering that ASD is highly prevalent in boys (83%), a subdivision by sex would have implied taking larger samples. Moreover, the sample size could have conditioned the failure to find relevant differences in secondary outcomes, such as ASD clinical scores and plasma cytokines. However, the sample is having been adequate according to the estimation based in the principal variable for statistical analysis. In the statistical calculation, a loss of follow-up rate of 5% was estimated and the primary method of intention-to-treat was used to avoid biases for patient dropout. A sample from only one center for the present trial, using a fixed dose for DHA and time of administration, and a determined battery of tests (not especially based on hyperactivity) and biomarkers measurements, are some other limitations for this study.

Methods are different from other trials making it difficult to compare all these results in a future meta-analysis. Notwithstanding, patients with ASD were selected younger than 7 years to maximize the effect of the major neuronal plasticity in this stage of development. Moreover, there was a homogeneus pediatric sample, with a well-matched age range and sex distribution, and with a rigorous method in the supplementation and analysis for concentrations in plasma and erythrocyte FA profile as the principal strengths. Possible biases between the two randomized groups have been the controlled monitoring levels of FA and the scores in the psychological testing with no differences between them.

There are often contradictory results in the published clinical trials. Thus, there seems to be insufficient evidence to recommend omega-3 FA supplementation to all children with ASD. Based on anecdotal experiences on non-randomized trials, we cannot exclude that there might be a subset of patients with ASD who could need these supplements. About omega-3 FA in ASD children studies, it is neccesary to consider appropriate doses, time for treatment, and biochemical biomarkers, to evaluate the effects in metabolism, and adequate tests to discriminate the evolution in neurological and psychological items in children with this pathology.



CONCLUSION

In the present study, children with ASD exhibit an appropriate omega-3 FA status. The intervention for 6 months with a DHA supplement, despite increasing plasma and erythrocyte DHA, did not improve the tests of evaluation of ASD nor did modify the levels of plasma cytokines. Dietary intervention with DHA in childhood ASD was not effective; therefore, it must be very cautious with the prescription of these dietary supplements, without a confirmed deficiency or altered metabolism in specific biomarkers.
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Behenic acid 22:0 0.82 £ 0.22 0.86 £ 0.11 0.84 +£0.14 0.92 +0.14P 0.88 £ 0.07 09 +0.14 0.018
Lignoceric acid 24:0 0.64 £0.37 0.77 £0.23 0.8+0.24 0.88 +0.24 0.74 £0.25 0.76 £0.22
MUFA 22.29 + 3.59 2291 +274 23.39 + 3.05 21.94 + 2.37 22.04 £2.24 20.70 + 1.572 0.029 0.004

yristoleic acid 14:1 0.01 £0.03 0.007 £ 0.02 0.003 £ 0.01 0.004 £+ 0.01 0.01 £0.02 0.01 £0.01
Palmitoleic acid 16:1 n-7 1.01 £0.49 0.98 £ 0.35 1.00 £ 0.33 0.94 +£0.26 0.99 + 0.37 0.81 + 0.28°
Oleic acid 18:1 n-9 20.08 + 3.36 20.63 + 2.54 21.05 +2.89 19.7 + 2.29° 19.80 + 22 18.52 + 1.342:b 0.027 0.005
Eicosenoic acid 20:1 0.01 £0.08 0.01 £0.01 0.001 £0.01 0 0.01 £0.02 0.01 + 0.03? 0.01
Nervonic 24:1 n-9 1.22 £ 043 1.27 £0.3 1.33+0.24 1.28 £ 0.30 1.21 £0.38 1.34 £0.38
PUFA n-6 40.62 + 4.75 38.68 + 2.83* 38.42 + 3.44 39.64 + 3.46 3893+ 1.72 39.39 + 3.49
Linoleic acid (LA) 18:2 n-6 31.49 + 4.41 29.69 + 2.99* 29.61 £ 3.57 30.87 + 3.51 29.91 +£2.02 30.32 + 3.67
Gamma-linolenic acid 18:3 n-6 0.35 £ 0.24 0.28 £0.22 0.24 +£0.25 0.26+0.2 0.30 + 0.22 0.21 + 0.15° 0.044
Eicosadienoic acid 20:2 n-6 0.17 £ 0.16 0.25 + 0.14* 0.20+0.14 0.19+0.16 0.26 £0.12 0.21 £0.13
Dihomo-y-linolenic acid (DGLA) 20:3 n-6 1.61 £0.44 1.57 £0.3 1.66 £ 0.22 1.62 + 0.45 1.56 + 0.22 1.16 + 0.282:P 0.04 0.008 0.001
Arachidonic acid (AA) 20:4 n-6 6.99 +£1.33 6.87 £1.07 6.79 +1.05 6.72 +1.05 6.87 £1.14 6.88 +£0.84
PUFA n-3 2.89 £ 0.92 3.27 £1.26 3.43 +1.36 3.23 + 0.99 3.34 + 1.14 6.27 + 2.502:P < 0.001 <0.001 < 0.001
Alfa-linolenic acid 18:3 n-3 0.35 £ 0.39 0.31 £ 0.21 0.27 £ 0.18 0.22 +£0.17 0.37 £ 0.25 0.33 £0.22
Eicosapentaenoic acid (EPA) 20:5 n-3 0.26 £ 0.24 0.40 £ 0.44 0.44 +0.45 0.28 + 0.21 0.35 + 0.33 1.21 + 0.752P < 0.001 0.003 < 0.001
Docosapentaenoic acid 22:5 n-3 0.52 £ 0.26 0.6 +0.18 0.68 +£0.13 0.58 + 0.21 0.60 £ 0.20 0.68 £0.24
Docosahexaenoic acid (DHA) 22:6 n-3 1.756 £ 0.71 1.77 £ 0.69 1.89+0.75 1.87 £ 0.74 1.76 + 0.64 3.82 + 1.052: < 0.001 <0.001 < 0.001
PUFA 43.52 + 4.64 41.40 + 4.19* 41.23 + 3.58 43.15+4.13 41.61 + 4.88 45.11 + 12,95 0.046
PUFA > 18C n-6 8.78 £ 1.56 8.7 +1.17 8.66 +1.19 8:5=+1.16 87115 8.31 £0.96 < 0.001 <0.001 < 0.001
PUFA > 18C n-3 2.54 +£0.83 278 £1.12 291 +1.24 2.73 +£ 0.93 2.73 +£ 0.93 5.61 + 1.832:b < 0.001 <0.001 < 0.001
SFA/MUFA 1.69 £+ 0.52 1.564 £0.23 149+ 0.24 1.57 £ 0.21 1.6 +£0.22 1.67 £0.13 0.05 0.02
MUFA/PUFA 0.52 £ 0.10 0.58 £ 0.13 0.60+£0.14 0.54 +0.13 0.55 + 0.12 0.45 + 0.182:0 0.036 0.008
Unsaturation index 4.04 £0.78 3.81 £ 0.41 3.88 + 0.44 3.9 + 0.42 3.76 + 0.39 4.25 + 0.482: 0.004 0.003

Comparison between baseline and after 6 months of treatment with DHA intervention or with placebo in ASD group.

SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acid. “Results are expressed as percentages of total fatty acids except for the unsaturation index which was obtained as the
sum of the percentages of each fatty acid multiplied by the corresponding number of double bonds.” *p < 0.05 value between reference vs. ASD total. 2p < 0.05 value between intergroup; °p < 0.05 value between
intragroup.

The values of p for “intervention” are the “intergroup” differences. The Time is the difference between times considering both groups of intervention at the same time (not separately).

The column “Time x Intervention” gives the difference “intergroups” adjusted by time. Bold font indicates statistical significance.
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Reference
n:59

Ages (Month) 48.8 +£18.3
Sex (Boy) 46 (77%)
Weight (kg) 171 +£4.5
Height (cm) 101.9 £+ 11.1
BMI (kg/m?) 16.2+£1.7
Cholesterol (mg/dl) 168.7 + 31.6
HDL cholesterol (mg/dl) 469+ 129
LDL cholesterol (mg/dl) 97.8+24.8
Triacylglycerol (mg/dl) 67.7+31.7

ASD
n:54
43.76 £ 11.2
45(83%)
16.9 £ 3.5
102.7 £ 8.3
159+1.7
168.2 + 29.9
471 +£10.3
107.3 £ 26.9
67.3 £ 23.1

ASD placebo n:25

Baseline Final intervention

419+ 1141
22 (88%)

169+ 3.5

101.8 £8.5

16.1+£1.5
176.2 £29.3 173.2+35.3
46.39 + 11.2 48.3 + 1
114.7 £ 2568 111.6+£3
73.3 £26.7 64.4 +16.2

ASD intervention *

Baseline Final intervention

457 +11.2
14 (74%)
171+ 36
103.8 + 8.3
15.4+1.8
166.1 + 25.5
49.2 +10.2
106.1 + 25.1
521 + 12.8°

160.7 £ 29.6
45.6 8.8
102.7 £ 28.5
60.5 +19.5

ASDs, autism spectrum disorders; BMI, body mass index; DHA, docosahexaenoic acid.
ap < 0.05 value intragroup. Data are given as the mean + SD.
*ASD intervention: 3 did not continue with DHA supplementation and another 2 could not complete the analysis. N baseline: 25; N final intervention: 19.
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Placebo Intervention P-value
Plasma cytokines N Baseline Final intervention N Baseline Final intervention Time
BDNF (ng/L) 25 5.84 +£4.13 5.32 £4.42 19 5.92 +£5.48 5.22 £ 3.46
Cathepsine D (ng/L) 25 167.28 £ 174.22 195.51 + 65.46 19 106.64 + 42.35 223.62 4+ 139.120 0.008
MPO (ng/L) 25 160.03 £ 269.59 111.20 +£ 96.88 18 201.42 £+ 285.51 136.85 + 141.59
NCAM (g/L) 25 388.41 + 63.58 427.05 + 82.06° 19 372.67 + 73.01 430.69 + 85.69° 0.001
PAI-1 (/L) 25 79.55 £+ 52.62 71.39 + 31 19 67.128 + 41.21 77.57 £ 34.79
RANTES (ng/L) 25 80.18 + 54.58 69.67 £45.73 19 73.02 £ 53.55 67.21 + 55.69
ICAMSs (ng/L) 25 170.75 £+ 33.59 177.66 - 39.85 19 166.03 + 34.05 189.45 + 53.05° 0.07
VCAMSs (ng/L) 25 1071.70 £ 179.36 1,163 £ 220.45 19 1048.77 £ 275.36 11563.46 + 321.78 0.028
HGF (pg/ml) 25 172.77 £ 62.29 165.85 + 50.77 19 186.65 +81.74 171.81 & 80.95
IL6 (pg/ml) 7 254 +£ 283 1.3+1.14 8 2.57 £1.85 412+ 4.70
IL8 (pg/ml) 22 246 £ 2.71 1.83 £2.37 19 3.76 £ 3.59 421 +£5.58
MCP (pg/ml) 25 132.62 + 73.86 111.15 + 31.67 19 142.59 + 62.51 135.56 + 46.042
NGF (pg/ml) 4 8.62 £ 8.20 10.17 £13.12 8 11.62 £9.04 11.98 + 13.26
TNFa (pg/ml) 25 3.25 +£1.563 3.33 £0.88 19 3.562 £1.49 3.51+£1.32

BDNF, brain-derived neurotrophic factor; MPO, myeloperoxidase; NCAM, neuronal cell adhesion molecule; PAI, plasminogen activation inhibitory factor; 1 RANTES,
regulated on activation normal T cell expressed and secreted; ICAM, intercellular adhesion molecule; VCAM, vascular cell adhesion molecule; HGF, hepatocyte growth
factor; IL, interleukin; MCP-1, monocyte chemotactic protein; NGF, nerve growth factor; TNFa, tumor necrosis factor a.

Data are given as the mean + SD. p < 0.05 value between intergroup Pp < 0.05 value between intragroup. Bold font indiicates statistical significance. The value of p for
intervention and Time x intervention in all variables were non-significant.

The values of p for “intervention” are the “intergroup” differences. The Time is the difference between times considering both groups of intervention at the same time (not
separately). The column “Time x Intervention” gives the difference “intergroups” adjusted by time.
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Fatty acids (%) Placebo n:25 Intervention n:19 P-value

Reference ASD total Baseline Final Baseline Final Intervention Time Time x
N:59 N:54 intervention intervention intervention

SFA 49.08 £ 3.97 48.4 £2.35 47.79 £ 2.02 47.61 £2.19 48.64 + 2.27 49.02 +£3.25
Myristic acid 14:0 0.21 + 0.1 0.25 + 0.08* 0.26 + 0.08 0.20 + 0.08° 0.25 + 0.08 0.254008 0.032
Palmitic acid 16:0 28.94 + 3.83 27.71 + 3.46* 27.72 & 3.08 27356 +3.10 26.91 + 3.07 28.03 + 3.77° 0.032
Margaric acid 17:0 0.19 + 0.05 0.21 + 0.04* 0.21 £0.04 0.21£005 0.23 £ 0.04 028 £005
Stearic acid 18:0 1664 £2.17 15.59 £+ 1.49 15.13+ 1.4 1588+ 1 16.37 + 1.392 15.99 +1.62 0.014
Arachidic acid 20: 0 0.29 + 0.11 0.35 + 0.13* 0.31 £0.09 0.32 £0.08 0.35 + 0.1 0.33 £ 0.11
Behenic acid 22:0 1.11£0.34 1.2 +£0.29 146 +£03 1134025 1.24+0.28 118 £0.81
Lignoceric acid 24:0 2.76 +0.89 3.06 £0.84 298 £0.77 3.05 +£0.78 3.26 £ 0.90 2.97 £ 0.81
MUFA 17.3+2.35 17.72 +1.78 18.15+1.43 1797 +:1.68 17.61 £1.69 17.839+:1.22
Palmitoleic acid 16:1 n-7 0.19 + 0.12 0.21 + 0.09* 0.23 £0.08 0.20 £0.08 0.20 £ 0.08 0.21 £0.06
Oleic acid 18:1 n-9 1421 £2 14.09 £1.72 1442 +1.3 1428 £1.42 13.76 + 1.68 13.67 +1.43
Nervonic 24:1 n-9 2.90 + 0.94 3.41 £ 0.95* 3.5 +0.96 3.48 +0.91 3.65 +0.89 3.51 £ 0.91
PUFA n-6 28.29 £4.65 271 4+2.69 2727 283 28.09 + 2.05 27.08 + 2.42 24.83 + 2.20%P 0.005 0.001
Linoleic acid (LA) 18:2 n-6 18185611 11.93 £2.43 12156 +£2.38 12.7 +1.88 12.1 £2.39 11.6 + 1.522
Eicosadienoic acid 20:2 n-6 0194+ 0.08 0.2 £0.05 0.20 £ 0.05 0.20:£005 R214+005 0.22 £008
Dihomo-y-linolenic acid (DGLA) 20:3 n-6 1.08 + 0.30 1.19 + 0.25* 12 +025 1.16 £0.26 1.16 + 0.25 1+0.30° 0.05
Arachidonic acid (AA) 20:4 n-6 1888+ 2.29 13.58 + 1.88 1870 +1.85 14.02 + 1.69 13.61 £ 1.77 11.99 + 1.35%P 0.025 0.038 0.001
PUFA n-3 5.3+4.07 587 +1.89 587 £1.01 5.76 + 1.65 6.27 + 1.84 8.97 + 2.192: 0.001 0.001 0.001
Eicosapentaenoic acid (EPA) 20:5 n-3 1.27 + 3.83 1.01 + 1.03* 0.82 +0.7 0.82:41.02 1.234+1.82 1.561+£1.45 0.042
Docosapentaenoic acid 22:5 n-3 1.10 + 0.44 1.32 + 0.36* 1.38 + 0.38 1.23 + 0.34° 1.36 £ 0.31 1.33+£0.34 0.032
Docosahexaenoic acid (DHA) 22:6 n-3 2.92 +1.04 3.52 + 1.25* 3.75+1.4 3.59+1.4 3.66 + 1.06 6.12 + 1.42:b 0.002 <0.001 <0.001
PUFA 33.6 +£4.88 32794283 33.24 +1.96 34.86 +1.87 33.36 £ 2.49 3384257
PUFA > 18C n-6 14.97 £2.25 14.78 £ 1.86 149 +1.79 15.39 + 1.38 14.7 + 1.82 13 £ 1.422:0 0.005 0.000
PUFA > 18C n-3 5.3+ 4.07 587 +1.89" 597 + 181 5.76.+1.65 6.27 + 1.84 8.97 + 2.19%:P 0.001 0.001 0.001
SFA/MUFA 2.89 +0.46 2.76 £0.35 2.65 £0.29 267 081 2784032 28840289
MUFA/PUFA 0.52 £+ 0.09 0.54 +0.07 0.54 + 0.05 0.53 +0.06 0.53 + 0.06 0.51 +0.05

Comparison between baseline and after 6 months of treatment with DHA intervention or with placebo in ASD group.

SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acid. Results are expressed as percentages of total fatty acids except for the unsaturation index, which was obtained as the
sum of the percentages of each fatty acid multiplied by the corresponding number of double bonds.

0 < 0.05 value between reference vs. ASD total. 2p < 0.05 value between intergroup; °p < 0.05 value between intragroup. The values of p for “intervention” are the “intergroup” differences. The Time is the difference
between times considering both groups of intervention at the same time (not separately). The column “Time x Intervention” gives the difference “intergroups” adjusted by time. Bold font indicates statistical significance.
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Placebo n:25 Treatment n:19 P-value

TEST AREAS Baseline Final Baseline Final Intervention  Time Time x
intervention intervention Intervention
CARS 33.01 + 6.84 28.98 + 5.48 32.22 + 8.68 28.69 + 7.74° <0.001
sDQ Emotional symptoms 1.56+18 1.6+1.6 1.8+1.5 1.2+ 1.4°
Conduct problems 2:6 1.7 244+16 35+2 26 +1.3°
Hyperactivity 72+24 T2 7.1 k2. 6.5+26 NS
Relations with Peers 53=%2 5+16 54+16 48 +1.7
Prosocial behavior 28+1.5 3.5+ 2.2 4.1 4289 38424
Impact B 2.1 248 +21 3.9+26 1.7 £ 2.4° 0.002 0.033
BATTELLE Personal/social 43.8+13.9 50.1 +20.4 43.8 +£16.4 41.7 £20.8
Adaptive 53.9 + 14.1 49.4 £19.2 48.8 +16.2 452 +£18.1
Gross motor 722+17.2 66.6 + 25.5 61.8+13.7 55.6 + 20
Fine motor 69.3+16.9 67.45+22.5 64.5 +20.7 59.4 +20.8
Total motor 70.4+12.5 68.64 + 20.2 65.4 +£15.6 60.4+21.4 NS
Receptive 48.6 £22.3 60.20 + 23 44.9 £ 25.9 42,9 + 25,32 0.027 0.007
Expressive 44.8 + 18.2 55.6 + 25.3° 47.6 £ 24.1 442 +£27.4 0.032
Communication 44.5 + 16.7 57.9 + 24.5° 44.7 £ 23.2 43.2 £ 253 0.014 0.007
Cognitive 75.8 +20.1 79 +28.8 68.9+24.4 60.7 + 21.8°
Battelle total 57.8+13.2 62 +21.6 54.3 +£16.3 52.3+21.8
PDDBI Sensory 49.6+9.2 47 +£7.9 5194128 5141238
Ritual score 52.4 +8.9 51.8 + 8.1 52.7+£11.8 49.6 +10.6
Social pragmatic problems 475+ 9.1 481+ 6.4 478+ 8.8 479+7.5
Semantic pragmatic problems 49.3+9.9 49.3+94 474 +93 48.9 £ 10.1 NS
Social approach behaviors 52.1+9.9 55.4 + 8.9P 48.8 + 11.7 51.9 + 11.6° 0.001
Expressive language 51.19 +£ 10.38 53.54 + 11.93 51.7+12.6 52.3+13.3
Score autism 48.96 + 8.857 46.38 £ 7.161° 493 +12.4 48.3+12.9 0.05

CARS, Childhood Autism Rating Scale Test; SDQ, Strengths and Difficulties Questionnaire; PDDBI, Pervasive Developmental Disorders Behavior Inventory.

Data are given as the mean + SD. 2p < 0.05 value between intergroup; ®p < 0.05 value between intragroup.

NS, non-significant. The values of p for “intervention” are the “intergroup” differences. The Time is the difference between times considering both groups of intervention
at the same time (not separately). The column “Time x Intervention” gives the difference “intergroups” adjusted by time. Bold font indicates statistical significance.





