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Abstract

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition. Omega-3 fatty acids
insufficiency has been linked to ASD. This umbrella meta-analysis was performed to
investigate the effects of omega-3 supplementation on clinical manifestations in participants
with ASD. Based on PRISMA statement, databases including Web of Science, PubMed, and
Scopus were systematically searched for published meta-analyses on the effect of omega-3
supplementation on ASD. To assess the risk of bias, the assessment of multiple systematic
reviews (AMSTAR)-2 was utilized. The outcomes were core and non-core symptoms of ASD
including social withdrawal/lethargy, cluttering speech, hyperactivity, irritability, and
stereotypy. Seven meta-analyses eventually remained in the umbrella review. The results
revealed that omega-3 fatty acids supplementation caused a significant reduction in cluttering
speech in studies conducted on age <8 years (ES= -0.30; 95% CI: -0.55, -0.06; P=0.02).
Omega-3 supplementation caused a significant reduction in hyperactivity in participants <8
years (ES= -0.30; 95% CI: -0.55, -0.06; P=0.02) and in participants who received the
supplements for more than 14 weeks (ES= -0.30; 95% CI: -0.55, -0.06; P=0.02). A dosage of
<1000 mg/d of omega-3 supplementation led to a significant increase in the stereotypy/
restricted and repetitive interests and behaviors (ES= 0.19; 95% CI: 0.03, 0.35; P=0.02).
This umbrella review revealed that omega-3 fatty acid may be a beneficial supplement to
control cluttering speech and hyperactivity in children lower or equal to 8 years old with
ASD.

Keywords: Autism spectrum disorder; omega 3; cluttering speech; irritability; hyperactivity;

stereotypy; umbrella meta-analysis
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Introduction

Autism Spectrum Disorder (ASD), which is increasingly being known as Autism Spectrum
Condition (ASC), is a neurodevelopmental condition distinguished by restricted and
repetitive interests and behaviors (RRIB), and also challenges in social interaction and
communication (1). In addition to the complications of autistic children, parents of autistic
children have several family conflicts due to care demands, mental health challenges,
difficulties with community integration for their children, and financial issues of autism-
related costs (2). The prevalence of ASD has been increased globally, with an estimated
prevalence of 100 out of every 10,000 people in 2022 (3). Despite extensive investigation, the
exact etiology of ASD remained unclear, with a consensus pointing towards a complex
interplay of genetic alterations, maternal obesity, diabetes or immune system disorders,
maternal history of smoking, alcohol, substance abuse (4-7), preterm birth, birth difficulty
leading to periods of oxygen deprivation to the baby’s brain, fever/infections, altered zinc-
copper cycles, which regulate metal metabolism in the body, and environmental factors such
as diet and prenatal exposure to contaminants (8-12). Moreover, the association between ASD
and these risk factors can be influenced by dietary components. For example, the relationship
between ASD and maternal smoking appears to be mediated by low maternal fish
consumption.

In recent years, there is an increasing focus on the impact of dietary intervention on the
development and management of ASD (13). Among these, omega-3 fatty acids, particularly
very long-chain polyunsaturated fatty acids (LC-PUFAS) found in fish oil and certain plant
oils, have gained more attention (14). Omega-3 fatty acids as crucial components of brain
play a significant role in the development and functioning of the brain (15). Eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) as two types of very LC-PUFAs are vital for
maintaining the fluidity of cell membranes, facilitating communication between neurons, and
supporting the growth and repair of brain tissue. Moreover, the anti-inflammatory properties
of omega-3 fatty acids may improve neuroinflammation, which is considered as a pathogenic
mechanism for neurological disorders (16). Furthermore, the neuroprotective effects of
omega-3 fatty acids are thought to be beneficial in preserving brain function and preventing
cognitive decline (17).

Children with ASD were reported to have low blood concentrations of omega-3 LC-PUFAs
(18, 19). Several studies investigated the effects of omega-3 supplementation in individuals

with ASD (20-23). These investigations are varied widely in terms of methodology, dosage,
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composition of omega-3 used, and duration of supplementation (21, 24) and their results were
contradictory, some studies reported improvements in symptoms such as hyperactivity (25,
26), communication (27), and social interaction (28), while some others found no significant
effects (26, 28, 29). So, the present umbrella review of meta-analysis was executed to assess

the clinical effectiveness of omega-3 supplementation in improving ASD symptoms.

Methods

This umbrella review of meta-analyses was executed utilizing the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (30). The protocol of this
meta-analysis was registered in PROSPERO (ID: CRD42024498733).

Search strategy

From 1990 up to December 2023, three international databases including PubMed, Scopus,
and Web of Science were systematically searched for the existing meta-analyses on the
omega-3 supplementation in participants with ASD. The search strategy was developed using
the following Medical Subject Heading (MeSH) terms and keywords: (((((("Fatty Acids,
omega-3"[Mesh]) OR  "Eicosapentaenoic  Acid”"[Mesh]) OR  "Docosahexaenoic
Acids"[Mesh]) OR "Linolenic Acid"[Mesh]) OR ((((((("omega 3"[Title/Abstract]) OR
("omega-3 fatty acid"[Title/Abstract])) OR (“Eicosapentaenoic Acid"[Title/Abstract])) OR
("Docosahexaenoic Acids"[Title/Abstract])) OR (“Linolenic Acid"[Title/Abstract])) OR
("lipoic acid"[Title/Abstract])) OR (“ethyl-eicosapentaenoic acid"[Title/Abstract]))) AND
((("Autism  Spectrum  Disorder"[Mesh]) OR  "Child Development Disorders,
Pervasive"[Mesh])  OR  (((((("autism"[Title/Abstract])) = OR  ("autism  spectrum
disorder"[Title/Abstract])) OR ("ASD"[Title/Abstract])) OR ("Asperger”[Title/Abstract])) OR
("Pervasive development disorder"[Title/Abstract])) OR ("PPD"[Title/Abstract])))) AND
((("Systematic Review" [Publication Type]) OR "Meta-Analysis" [Publication Type]) OR
(("Systematic Review"[Title/Abstract]) OR ("Meta-Analysis"[Title/Abstract]))). Additionally,
to enhance the sensitivity of search strategy, the wild-card term "*" was used. The entire
search strategy is described in Supplementary Material 1.

Eligibility criteria

In this meta-analysis of meta-analyses, the studies with following conditions were included:
(1) systematic review and meta-analysis; (2) publications exploring the effect of omega-3
supplementation in participants with ASD. Observational studies, quasi-experimental studies,

case reports and case-series, animal studies, letters, reviews, and commentaries were
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excluded from the analysis. The PICO of this umbrella review was as follows:
Population/Patients (P: participants with ASD); Intervention (I: omega-3 fatty acids
supplementation); Comparison (C: placebo or standard treatment); Outcome (O: social
withdrawal/lethargy, cluttering speech, hyperactivity, irritability, and stereotypy/RRIB).
Methodological quality assessment

The included meta-analyses were assessed by one of the researchers (H.A) and checked by
the second author (S.D). To assess the risk of bias, the assessment of multiple systematic
reviews (AMSTAR)-2 was utilized. This tool is designed to assess the quality of systematic
reviews which has 16 items with 7 critical domains (containing items 2, 4, 7, 9, 11, 13, and
15) answering with a “No meta-analysis” or “No” or “Partial Yes” or “Yes” operators.
Overall quality is rated as “Critically low”, “Low”, “Moderate”, and “High” (31).

Data extraction

The acquired data was extracted by one of investigators (F.B) and checked by another
researcher (H.A). The publication year, country, the included studies, study duration, quality
assessment scales, the outcomes, and the first author of the study and participants’
characteristics encompassing sample size, age, range and mean of dosage of omega-3
supplementation in randomized controlled trials (RCTs) were inserted in a predesigned
Microsoft World table.

Data synthesis and statistical analysis

For statistical analysis with effect sizes and confidence intervals, random-effects restricted
maximum likelihood model was utilized to execute this umbrella meta-analysis. Using the 12
index, between-study heterogeneity was evaluated. Generally, 1, index exceeding 50% was
considered as a high heterogeneity (32). Subgroup meta-analysis was conducted considering
sample size, study duration, age, the included articles, dosage, and the study quality to
identify the sources of potential heterogeneity. For estimating the impact of each study on the
pooled effect size of the meta-analysis, sensitivity analysis considering the Leave-one-out
Method was performed. The funnel plot inspection and Begg’s rank correlation and Egger’s
weighted regression tests were conducted to identify any publication bias (33, 34). In cases of
publication bias, Duval & Tweedie “trim and fill” analysis was performed. STATA version 16
(Stata Corporation, College Station, TX, US) was used for all statistical analyses with

considering a significant level of P < 0.05.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

Results

Study selection

Meta-analysis of RCTs with publication years ranging from 2011 to 2021 were included in
the present study. As shown in Figure 1, through the initial systematic searches, 99 eligible
articles were retrieved. After removing duplications, 76 records were screened in the
title/abstract’s evaluation phase, of which 60 papers were excluded. Afterwards, based on the
research topic, 16 studies were obtained for assessing full-text, of which 9 studies were
excluded because of miscellaneous reasons including one systematic review without meta-
analysis (35), one study in various populations (36), two irrelevant articles (14, 37), and five
studies that had no data of interest (21, 29, 38-40).

Demographic characteristics of the included studies

The characteristics of the included articles are presented in Table 1. The combined sample
size in these meta-analyses was 1398 participants. The sample size varied from 40 to 405.
The average age of meta-analyses was 7.68 years. Of 7 meta-analyses selected, two studies
were executed in the United states (41, 42), one study in China (26), one study in New
Zealand (22), one study in Poland (43), one study in Spain (44), and one study in United
Kingdom (38). Seven meta-analyses evaluated the impact of omega-3 supplementation on
social withdrawal/lethargy (n= 6), cluttering speech (n= 6), hyperactivity (n= 6), irritability
(n=6), and stereotypy/ repetitive and restricted interests and/or behaviors (RRIB) (n=7). In
addition, some studies evaluated other outcomes containing internalizing, externalizing,
functional communication, adaptive skills, cognition, aggression, quality of sleep, self-harm,
and attention.

Results of methodological quality assessment

Based on the AMSTAR-2, the findings of the quality assessment are shown in Table 2. From
seven meta-analyses of RCTs, one meta-analysis was of high quality (42), four were low
quality (22, 38, 41, 43), and two were critically low quality (26, 44).

Effect of omega-3 fatty acid supplementation on social withdrawal/lethargy

The six meta-analyses that reported the impact of omega-3 on social withdrawal/lethargy
were entered into this umbrella meta-analysis (Fig. 2A) and the results indicated no
significant impact of omega-3 on social withdrawal/lethargy in ASD participants (ES= -0.22;
95% CI: -0.78, 0.35; P= 0.45). However, a significant between-study heterogeneity was
observed (I = 76.86%, P<0.001). The evidence of small-study effect was not observed

(Egger’s (P=0.32) and Begg’s tests (P=1.00). Publication bias analysis demonstrated that the
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shape of funnel plot was asymmetric (Fig. 3A). Moreover, trim and fill analysis, which is a
method based on the addition of studies to the funnel plot so that it becomes symmetrical
aimed at both identifying publication bias and adjusting results for it, was performed with six
studies and found no publication bias (ES= 0.04; 95% CI: -0.15, 0.22; P>0.05).

Effect of omega-3 fatty acid supplementation on cluttering speech

Cluttering is another language problem found in autism that can result in fast, unclear
conversations Some signs of cluttering speech include rapid talk, syllables that run together,
excessive filler words and repetitions, and abnormal pauses (45). Cluttering may be caused
by a combination of genetic factors, neurological differences, and language development
issues (46). As shown in Figure 2B, the overall effect size from six studies indicated that
there was no significant link between omega-3 supplementation and cluttering speech in
participants with ASD (ES= -0.22; 95% CI: -0.78, 0.35; P= 0.45). Although, there was a
significant between-study heterogeneity (1> = 76.86%, P<0.001). Subgroup analysis
according to the age revealed that cluttering speech was significantly reduced in studies
conducted on age <8 years (ES= -0.30; 95% CI: -0.55, -0.06; P=0.02) (Table 3). The
significant small-study effects with performing Egger’s and Begg’s tests was assessed
(P=0.32 and 1.00, respectively). However, visual inspection of funnel plot showed an
asymmetric shape (Fig. 3B). The trim and fill analysis found no publication bias (ES= 0.04;
95% ClI: -0.15, 0.22; P>0.05).

Effect of omega-3 fatty acid supplementation on hyperactivity

The results of this umbrella meta-analysis indicated that there was no significant effect of
omega-3 on hyperactivity in participants with ASD (ES= -0.13; 95% CI: -0.48, 0.22; P>0.05)
(Fig. 2C), although a significant between-study heterogeneity was observed (1* = 45.60%,
P=0.05). After subgroup analysis based on age and study duration, there were significant
reductions in hyperactivity in participants <8 years (ES= -0.30; 95% CI: -0.55, -0.06; P=0.02)
and in participants who received omega-3 fatty acid supplementation for more than 14 weeks
(ES=-0.30; 95% CI: -0.55, -0.06; P=0.02) (Table 3). The evidence of small-study effect was
not observed (Egger’s test P=0.61 and Begg’s tests P=1.00). Publication bias analysis
demonstrated that the shape of funnel plot was asymmetric (Fig. 3C). In accordance to that,
the trim and fill analysis was performed with six studies and found no publication bias
(SMD= ES=-0.13; 95% CI: -0.33, 0.07; P>0.05).
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Effect of omega-3 fatty acid supplementation on irritability

No significant effect of omega-3 on irritability was observed (ES= 0.09; 95% CI. -0.12, 0.30;
P>0.05) (Fig. 2D) with a low between-study heterogeneity (I* = 0%, P=0.89). Regarding
subgroup analysis, the result did not change. The Egger’s (P=0.73) and Begg’s (P= 1.00)
tests found that the overall ES did not change by the exclusion of any individual study.
Additionally, asymmetric shape of funnel plot confirmed presence of publication bias (Fig.
3D). The trim and fill method found no publication bias (ES: 0.09; 95% CI: -0.12, 0.30;
P>0.05).

Effect of omega-3 fatty acid supplementation on stereotypy/RRIB

Based on 7 included papers, the results found no significant effect of omega-3 fatty acid
supplementation on stereotypy/RRIB (ES= 0.01; 95% CI: -0.29, 0.31; P=0.95) (Fig. 2E) with
high between-study heterogeneity (1> = 64.30%, P=0.01). After analyzing subgroups based on
various dosages which were used in the included meta-analyses, the results showed that
omega-3 fatty acid supplementation with a dosage of <1000 mg/d led to a significant increase
in the stereotypy/RRIB (ES= 0.19; 95% ClI: 0.03, 0.35; P=0.02) (Table 3). Small-study effect
was not found using Egger’s (P=0.45) and Begg’s (P= 1.00) tests. The shape of funnel plot
was not symmetric (Fig. 3E). By using trim and fill analysis, no publication bias was detected
(ES: 0.01; 95% CI: -0.29, 0.31; P>0.05).

Discussion

This is the first umbrella review to clarify the effect of omega-3 supplementation in the ASD
population. The results revealed that cluttering speech had a significant reduction in studies
conducted on age <8 years. There were significant reductions in hyperactivity in participants
<8 years and in participants who received omega-3 fatty acid supplementation for more than
14 weeks. No significant benefit was found regarding the effect of omega-3 supplementation
on social withdrawal, lethargy, and irritability. Similarly, a recent review found that omega-3
fatty acids are ineffective for ASD symptoms, whereas omega-3 fatty acids combined with
vitamin D may improve behavior and social interactions (14). In contrast, a 2017 study
provided some evidence that omega-3 fatty acids may alleviate lethargy in children with
ASD, as reported by parents in two different trials. However, these positive indications were
in contrast to other trials that showed an increase in externalizing behaviors and a decline in
social skills. Additionally, a review examining various nutritional interventions, including
omega-3 supplements, found that while many studies reported improvements in the

behavioral symptoms of children with ASD, the wide variability in outcomes across these
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studies precludes a definitive conclusion regarding the most effective nutritional intervention
strategy (47).

Our study did not observe a significant effect of omega-3 on cluttering speech in all
participants with ASD. Yet, when focusing on children aged 8 and younger, a subgroup
analysis indicated significant improvements. This finding is in contrast to a meta-analysis of
RCTs, which reported no effect of omega-3 on the symptoms of ASD, such as speech
function (14). On the other hand, Bent et al. in a systematic review identified a wider array of
benefits, with omega-3 supplementation linked to improvements in language and learning
skills, suggesting that the supplement's effectiveness may vary across different domains and
age groups (35).

Based on a meta-analysis, the prevalence of hyperactivity among ASL individuals is 38.5%
(48). In our study, we found that omega-3 supplementation did not lead to a significant
change in hyperactivity levels among the general population of ASD participants. However,
positive effects were observed for specific groups including children aged 8 or younger and
those who received omega-3 supplementation for more than 14 weeks. These results are in
contrast to one meta-analysis of RCTs, which did not identify any benefits of omega-3 in
reducing hyperactivity in ASD participants (22). Nonetheless, some individual studies
suggest that omega-3 fatty acids may help alleviate hyperactive symptoms in people with
ASD, highlighting the potential for omega-3 to be beneficial in particular contexts or
subgroups within the ASD population (26).

In the present umbrella review, we found that omega-3 supplementation did not significantly
reduce irritability in participants with ASD, as evidenced by the consistency of results across
studies, shown by the low heterogeneity. This result remained unchanged even after
performing subgroup analysis. This is in line with published meta-analyses of RCTs that
reported no benefits from omega-3 in alleviating irritability in participants with ASD (22).
However, there are conflicting reports; one study highlighted that omega-3 supplementation
led to improvements in general health and behavior according to parental observations (35).
The results of the present study indicated that omega-3 supplementation had no effect of
stereotypy or RRIB in individuals with ASD. This is in line with previous research, which
concluded that omega-3 fatty acids did not significantly reduce RRIB in ASD (42). However,
a small number of studies suggest that omega-3 may offer some benefit in improving
symptoms of stereotypy in ASD (22, 26). Sub-group analysis of our research found that
omega-3 supplementation with a dose of less than 1000 mg may increase the stereotypy or
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RRIB in individuals with ASD. These contradictory results may be due to the existing high
heterogeneity and small sample size of the included meta-analyses and systematic reviews. In
line with this result, a recent study on the association between maternal prenatal fish intake
and child autism-related traits found that intake of some type of fish was associated with
higher Social Responsiveness Scale (SRS) scores (indicative of higher levels of ASD traits)
(49). It is possible that in low doses of omega-3 supplements extracted from fish oil, the
effects of toxicants may outweigh the beneficial effects of omega-3. Also, in some studies,
the exact type of omega-3 fatty acid was not specified, and different types of omega-3 fatty
acids may have different effects on brain function (50).

Our comprehensive review on omega-3 supplementation and ASD was implemented with
stringent methodology including a detailed search across databases, selection of the most
extensive meta-analyses per outcome, and strict adherence to the inclusion criteria. Focusing
exclusively on randomized controlled trials ensures strong and reliable causal inference
regarding the effects of omega-3 fatty acids on ASD. However, the present study has some
limitations. There was high heterogeneity across meta-analyses in terms of dosage,
participant age, and study duration, which complicates the interpretation of results. The
quality of some included studies has reported to be highly questionable. Variations in the
methodological quality of included meta-analyses, from high to critically low, may affect the
quality of the results obtained. The presence of publication bias, suggested by asymmetric
funnel plots, indicates a potential overrepresentation of positive findings. Furthermore, the
outcomes measured may not cover all relevant ASD symptoms. Small sample sizes in some
studies may reduce statistical power, and differences in populations limit the generalizability
of results. In addition, the severity of ASD, the type of omega-3 fatty acids, and the blood
level of omega-3 fatty acids were not mentioned in the included meta-analyses and it was not
possible to perform sub-group analyses based on the severity of the disease and different
types of fatty acids. This review is also reliant on the risk of bias within primary studies.
There is a lack of long-term effect data and possible underreporting of adverse effects. Future
research on omega-3 fatty acids in ASD should prioritize large-scale, well-designed trials
with long-term follow-ups to confirm the obtained results and strengthen the evidence base
for public health practice. Future studies should standardize supplementation protocols and
include diverse populations to enhance generalizability. A broader range of ASD-related
outcomes should be assessed, and efforts to understand the biological mechanisms of omega-

3 effects on ASD are needed. Reporting the adverse effects and ensuring all results are
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published will reduce publication bias, providing a clearer picture of the effect of omega-3 on
ASD symptoms.

Conclusion

This umbrella meta-analysis revealed that omega-3 fatty acid supplementation may be
beneficial to reduce cluttering speech and hyperactivity in children lower or equal to 8 years
old with ASD. Also, omega-3 fatty acid may improve hyperactivity in participants who
receive omega-3 fatty acid supplements for more than 14 weeks. Supplementation with
omega-3 does not significantly impact other symptoms of ASD including social withdrawal,
hyperactivity, and irritability. Further studies with longer duration and various dosage of
different types of omega-3 fatty acids are required to illuminate these particular aspects and
to discover the underlying mechanisms of the effects of omega-3 fatty acids on ASD

symptoms.

Conflict of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data generated or analyzed during this study are included in this published article and its
supplementary material.

Ethics approval

None.

Acknowledgments

None.

Author Contributions

H.A: systematic search; risk of bias assessment, preparing the figures; F.B, S.Kh: study
selection, data extraction; AP, MGh: conceptualization, drafting the manuscript; S.D:
conceptualization, supervision and critically editing the manuscript. All authors approved the

final version for submission.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

References

1. Lord C, Cook EH, Leventhal BL, Amaral DG. Autism spectrum disorders. Neuron.
2000;28(2):355-63.

2. Rfat M, Kocak O, Uzun B. Parenting Challenges in Families of Children with a
Diagnosis of Autism Spectrum Disorder: A Qualitative Research Study in Istanbul. Global
Social Welfare. 2023:1-10.

3. Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, et al. Global
prevalence of autism: A systematic review update. Autism research. 2022;15(5):778-90.

4. Thapar A, Fowler T, Rice F, Scourfield J, Van Den Bree M, Thomas H, et al. Maternal
smoking during pregnancy and attention deficit hyperactivity disorder symptoms in offspring.
American Journal of Psychiatry. 2003;160(11):1985-9.

5. Banderali G, Martelli A, Landi M, Moretti F, Betti F, Radaelli G, et al. Short and long
term health effects of parental tobacco smoking during pregnancy and lactation: a descriptive
review. Journal of translational medicine. 2015;13:1-7.

6. Rumrich IK, Vdhdkangas K, Viluksela M, Hanninen O. Chained risk assessment for
life-long disease burden of early exposures—demonstration of concept using prenatal maternal
smoking. International Journal of Environmental Research and Public Health.
2020;17(5):1472.

7. Jaitner A, Vaudel M, Tsaneva-Atanasova K, Njglstad PR, Jacobsson B, Bowden J, et
al. Smoking during pregnancy and its effect on placental weight: a Mendelian randomization
study. BMC Pregnancy and Childbirth. 2024;24(1):238.

8. Fu JM, Satterstrom FK, Peng M, Brand H, Collins RL, Dong S, et al. Rare coding
variation provides insight into the genetic architecture and phenotypic context of autism.
Nature genetics. 2022;54(9):1320-31.

9. Shiani A, Sharafi K, Omer AK, Kiani A, Karamimatin B, Massahi T, et al. A
systematic literature review on the association between exposures to toxic elements and an
autism spectrum disorder. Science of The Total Environment. 2023;857:159246.

10. Sierra-Arregui T, Llorente J, Minguez PG, Tgnnesen J, Pefiagarikano O.
Neurobiological mechanisms of autism spectrum disorder and epilepsy, insights from animal
models. Neuroscience. 2020;445:69-82.

11. Rodop BB, Baskaya E, Altuntas I, Erbas O. Nutrition Effect on Autism Spectrum
Disorders. Journal of Experimental and Basic Medical Sciences. 2021;2(1):007-17.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

12.  Crump C, Sundquist J, Sundquist K. Preterm or early term birth and risk of autism.
Pediatrics. 2021;148(3).

13. Karhu E, Zukerman R, Eshraghi RS, Mittal J, Deth RC, Castejon AM, et al.
Nutritional interventions for autism spectrum disorder. Nutrition reviews. 2020;78(7):515-31.
14.  Jiang Y, Dang W, Nie H, Kong X, Jiang Z, Guo J. Omega-3 polyunsaturated fatty
acids and/or vitamin D in autism spectrum disorders: a systematic review. Frontiers in
Psychiatry. 2023;14.

15. Martins BP, Bandarra NM, Figueiredo-Braga M. The role of marine omega-3 in
human neurodevelopment, including Autism Spectrum Disorders and Attention-
Deficit/Hyperactivity Disorder—a review. Critical Reviews in Food Science and Nutrition.
2020;60(9):1431-46.

16.  Gorji A. Neuroinflammation: the pathogenic mechanism of neurological disorders.
MDPI; 2022. p. 5744.

17. Kerdiles O, Layé S, Calon F. Omega-3 polyunsaturated fatty acids and brain health:
Preclinical evidence for the prevention of neurodegenerative diseases. Trends in Food
Science & Technology. 2017;69:203-13.

18. Bell J, MacKinlay E, Dick J, MacDonald D, Boyle R, Glen A. Essential fatty acids
and phospholipase A2 in autistic spectrum disorders. Prostaglandins, Leukotrienes and
Essential Fatty Acids. 2004;71(4):201-4.

19.  Vancassel S, Durand G, Barthelemy C, Lejeune B, Martineau J, Guilloteau D, et al.
Plasma fatty acid levels in autistic children. Prostaglandins, Leukotrienes and Essential Fatty
Acids (PLEFA). 2001;65(1):1-7.

20.  Amminger GP, Berger GE, Schéafer MR, Klier C, Friedrich MH, Feucht M. Omega-3
fatty acids supplementation in children with autism: a double-blind randomized, placebo-
controlled pilot study. Biological psychiatry. 2007;61(4):551-3.

21.  Agostoni C, Nobile M, Ciappolino V, Delvecchio G, Tesei A, Turolo S, et al. The role
of omega-3 fatty acids in developmental psychopathology: a systematic review on early
psychosis, autism, and ADHD. International journal of molecular sciences.
2017;18(12):2608.

22. Mazahery H, Stonehouse W, Delshad M, Kruger MC, Conlon CA, Beck KL, et al.
Relationship between long chain n-3 polyunsaturated fatty acids and autism spectrum
disorder: systematic review and meta-analysis of case-control and randomised controlled
trials. Nutrients. 2017;9(2):155.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

23. Le Roux C. Use of omega-3 for improving behavioural outcomes in autism spectrum
disorder in children: A review of the literature. Australian Journal of Herbal Medicine.
2015;27(3):105-10.

24, Bent S, Bertoglio K, Ashwood P, Bostrom A, Hendren RL. A pilot randomized
controlled trial of omega-3 fatty acids for autism spectrum disorder. Journal of autism and
developmental disorders. 2011;41:545-54.

25. Bent S, Hendren RL, Zandi T, Law K, Choi J-E, Widjaja F, et al. Internet-based,
randomized, controlled trial of omega-3 fatty acids for hyperactivity in autism. Journal of the
American Academy of Child & Adolescent Psychiatry. 2014;53(6):658-66.

26.  Cheng Y-S, Tseng P-T, Chen Y-W, Stubbs B, Yang W-C, Chen T-Y, et al.
Supplementation of omega 3 fatty acids may improve hyperactivity, lethargy, and stereotypy
in children with autism spectrum disorders: a meta-analysis of randomized controlled trials.
Neuropsychiatric disease and treatment. 2017:2531-43.

27.  \Woigt RG, Mellon MW, Katusic SK, Weaver AL, Matern D, Mellon B, et al. Dietary
docosahexaenoic acid supplementation in children with autism. Journal of Pediatric
Gastroenterology and Nutrition. 2014;58(6):715-22.

28. Doaei S, Bourbour F, Teymoori Z, Jafari F, Kalantari N, Torki SA, et al. The effect of
omega-3 fatty acids supplementation on social and behavioral disorders of children with
autism: a randomized clinical trial. Pediatric Endocrinology Diabetes and Metabolism.
2021;27(1):12-8.

29.  de Andrade Wobido K, de S& Barreto da Cunha M, Miranda SS, da Mota Santana J,
da Silva DCG, Pereira M. Non-specific effect of omega-3 fatty acid supplementation on
autistic spectrum disorder: systematic review and meta-analysis. Nutritional neuroscience.
2022;25(9):1995-2007.

30. Moher D, Liberati A, Tetzlaff J, Altman DG, Group* P. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Annals of internal medicine.
2009;151(4):264-9.

31.  Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a
critical appraisal tool for systematic reviews that include randomised or non-randomised
studies of healthcare interventions, or both. bmj. 2017;358.

32. Higgins JP, Altman DG, Ggtzsche PC, Jini P, Moher D, Oxman AD, et al. The

Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. Bmj. 2011;343.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

33. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994:1088-101.

34.  Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a
simple, graphical test. bmj. 1997;315(7109):629-34.

35. Bent S, Bertoglio K, Hendren RL. Omega-3 fatty acids for autistic spectrum disorder:
a systematic review. Journal of autism and developmental disorders. 2009;39:1145-54.

36. Donovan S, Dewey K, Novotny R, Stang J, Taveras E, Kleinman R, et al. Omega-3
fatty acids from Supplements Consumed before and during Pregnancy and Lactation and
Developmental Milestones, Including Neurocognitive Development, in the Child: A
Systematic Review. 2022.

37.  de Pablo GS, Jorda CP, Vaquerizo-Serrano J, Moreno C, Cabras A, Arango C, et al.
Systematic review and meta-analysis: efficacy of pharmacological interventions for
irritability and emotional dysregulation in autism spectrum disorder and predictors of
response. Journal of the American Academy of Child & Adolescent Psychiatry.
2023;62(2):151-68.

38. De Crescenzo F, D’Alo GL, Morgano GP, Minozzi S, Mitrova Z, Saulle R, et al.
Impact of polyunsaturated fatty acids on patient-important outcomes in children and
adolescents with autism spectrum disorder: a systematic review. Health and quality of life
outcomes. 2020;18:1-12.

39. Colak H, Sariyer ET, Nogay NH. The effect of nutritional interventions reducing
oxidative stress on behavioural and gastrointestinal problems in autism spectrum disorder.
International Journal of Developmental Neuroscience. 2023;83(2):135-64.

40.  Li Y-J, Li Y-M, Xiang D-X. Supplement intervention associated with nutritional
deficiencies in autism spectrum disorders: A systematic review. European journal of nutrition.
2018;57:2571-82.

41.  James S, Montgomery P, Williams K. Omega-3 fatty acids supplementation for autism
spectrum disorders (ASD). Cochrane Database of Systematic Reviews. 2011(11).

42. Zhou MS, Nasir M, Farhat LC, Kook M, Artukoglu BB, Bloch MH. Meta-analysis:
pharmacologic treatment of restricted and repetitive behaviors in autism spectrum disorders.
Journal of the American Academy of Child & Adolescent Psychiatry. 2021;60(1):35-45.

43.  Horvath A, Lukasik J, Szajewska H. -3 fatty acid supplementation does not affect
autism spectrum disorder in children: a systematic review and meta-analysis. The Journal of
nutrition. 2017;147(3):367-76.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Accepted manuscript

44, Fraguas D, Diaz-Caneja CM, Pina-Camacho L, Moreno C, Duran-Cutilla M, Ayora
M, et al. Dietary interventions for autism spectrum disorder: a meta-analysis. Pediatrics.
2019;144(5).

45, Louis KOS, Schulte K. Defining cluttering: The lowest common denominator.
Cluttering: Psychology Press; 2011. p. 233-53.

46. Goral-Potrola J, Zielihska J, Jastrzebowska G, Tarkowski Z. CLUTTERING:
SPECIFIC COMMUNICATION DISORDER. Acta Neuropsychologica. 2016;14(1).

47.  Diaz Vargas D, Leonario Rodriguez M. Effectiveness of nutritional interventions on
behavioral symptomatology of autism spectrum disorder: a systematic review. Nutr Hosp.
2022;39(6):1378-88.

48. Rong Y, Yang C-J, Jin Y, Wang Y. Prevalence of attention-deficit/hyperactivity
disorder in individuals with autism spectrum disorder: A meta-analysis. Research in Autism
Spectrum Disorders. 2021;83:101759.

49.  Vecchione R, Vigna C, Whitman C, Kauffman EM, Braun JM, Chen A, et al. The
association between maternal prenatal fish intake and child autism-related traits in the EARLI
and HOME Studies. Journal of autism and developmental disorders. 2021;51:487-500.

50. Bos DJ, van Montfort SJ, Oranje B, Durston S, Smeets PA. Effects of omega-3
polyunsaturated fatty acids on human brain morphology and function: What is the evidence?

European Neuropsychopharmacology. 2016;26(3):546-61.

https://doi.org/10.1017/5S0954422424000325 Published online by Cambridge University Press


https://doi.org/10.1017/S0954422424000325

Table 1. The characteristics of the included meta-analyses and systematic reviews.
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Study, Included | Location, | Participants | Age | Intervention (Range and | Omega 3 | Quality Outcomes
date studies Duration | (n) (yrs) | mean of dose and duration) type assessment
scale
James et -Social wit_hdrawal/letngrgy NS
al. 2011, USA 10 g1 | 650-1500 mg/d (1075 mg/d) | 5.\ . | Cochrane ;ngggt"ygﬁs speech
(40) 2007-2011 6-12 wks (9 wks) EPA 5.5/8 _Hyperactivity
-Irritability
-Hyperactivity ™°
-Lethargy °*
-Stereotypy °* "
NA -Inappropriate speech
;:Ihe”gzme?t China 200-1500 mg/d (1206.66 mg/d) Jadad -Irritability ™ _
(2'5) 6 2007-2015 194 7.7 6-24 wks (14.7 wks) 467/5 &SCIlnlcaI Global Impression-Improvement
-Social Responsiveness Scale
-Dropout rate ¥
;lfszate of discontinuation due to side effects
Health Canada | g o) interaction 3
Quality -Communication scores
Mazahery New 240-1540 mg/d (1025 mg/d) Appraisal - Repetitive and restricted interests and
etal. 2017 | 4 Zealand 107 8.4 6-16 wks (10 wks) DHA and | Tool for behaviors S *
(21) 2007-2015 EPA Experimental L ONS
. -Hyperactivity
Studies -Irritability NS
11.5/15
-Irritability N>
-Lethargy
-Stereotypy ° "
Horvath et EIL-': e -mg;%%mg speech ™
al. 2017 5 Poland 183 6.7 200-1540 mg/d (1112 mg/d) Cochrane -Internalizing ®
(42) 2007-2015 ' 6-24 wks (14.4 wks) 6/8

-Externalizing®

-Functional communication N
-Social skills N®

-Behavioral ™

-Adaptive skills°
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-CGI-1 overall™®

-Social awareness ®
-Social cognition
-Social communication™®
-Social motivation N®
-Autistic mannerisms N°

-Autistic general psychopathology "
-Global severity ™
-Cognition

glraggig et Spain 259 g1 | 240-1500 mg/d (814.6 mg/d) | NA Cochrane ~Hyperactivity and irritability N
: 2007-2017 ' 6-24 wks (13.7 wks) 4.3/6 -Language (general) 5*
(43) itk
ocial-autistic
-Stereotypies and restricted and repetitive
behaviors®
-Hyperactivity ™
-Aggression ®
-Irritability N
-Anxiety 5*
De -Adaptive functioning NS
Crescenzo United EPA and -Social interaction
et al. 2020 Kingdom | 405 7.3 205021\,\5,32 (Tg/\?vg)o 1.3 mg/d) DHA fARf;Z‘DE -Restricted and repetitive interests and
(37) 2007-2018 ' behaviors
-Communication
-Quality of sleep ™®
-Self-harm™®
-Attention
-Hyperactivity and disruptive behaviors *
Zhou et al. . .
USA 650-1500 mg/d (896.8 mg/d) -Restricted, repetitive and patterns of
2021 (41) 2007-2019 | 210 75| 6-48 wks (16 wks) NA NA behaviors

N: number; Yrs: years; WKks: weeks; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; NS: non-significant; S: significant; GRADE:

Grading of Recommendations Assessment, Development and Evaluation; NA: not available
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Table 2. Results of methodological quality assessment of the included meta-analyses via AMSTAR 2.
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Study QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QL0 Q11 Q12 Q13 Q14 Q15 Q16 Overall
James et al. 2011 (40) Y Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Low

Cheng et al. 2017 (25) Y N Y PY Y Y N Y Y N Y Y Y Y N Y Critically low
Mazahery et al. 2017 (21) Y PY N Y Y Y Y Y Y Y Y Y Y Y N Y Low

Horvath et al. 2017 (42) Y N Y Y Y Y Y Y Y Y Y Y Y Y N Y Low

Fraguas et al. 2019 (43) Y N Y Y Y Y Y Y Y N Y Y Y Y N Y Critically low
De Crescenzoetal.2020(37) Y N Y Y Y Y Y Y Y N Y Y Y Y Y Y Low

Zhou et al. 2021 (41) Y PY Y Y Y Y Y Y Y Y Y Y Y Y Y Y High

Abbreviations: Y, Yes; PY, Partially Yes; N, No; Questions: Q1- Did the research questions and inclusion criteria for the review include the components of PICO? Q2- Did the report of the

review contain an explicit statement that the review methods were established prior to the conduct of the review, and did the report justify any significant deviations from the protocol? Q3-

Did the review authors explain their selection of the study designs for inclusion in the review? Q4- Did the review authors use a comprehensive literature search strategy? Q5- Did the

review authors perform study selection in duplicate? Q6- Did the review authors perform data extraction in duplicate? Q7- Did the review authors provide a list of excluded studies and

justify the exclusions? Q8- Did the review authors describe the included studies in adequate detail? Q9- Did the review authors use a satisfactory technique for assessing risk of bias (RoB)

in individual studies that were included in the review? Q10- Did the review authors report on the sources of funding for the studies included in the review? Q11- If meta-analysis was

performed, did the review authors use appropriate methods for the statistical combination of results? Q12- If meta-analysis was performed, did the review authors assess the potential

impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis? Q13- Did the review authors account for RoB in individual studies when

interpreting/discussing the review results? Q14- Did the review authors provide a satisfactory explanation for and discussion of any heterogeneity observed in the review results? Q15- If

they performed quantitative synthesis, did the review authors conduct an adequate investigation of publication bias (small-study bias) and discuss its likely impact on the review results?

Q16- Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review
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Table 3. Subgroup analysis for omega-3 supplementation on outcomes in ASD participants.

Biochemical test Effect size ESs (95% CI) P-within 1°(%) P-
(number) heterogeneity

Hyperactivity

Overall 6 -0.13(-0.48, 0.45 45.60 0.05
0.22)

Sample size (subjects)

>110 4 -0.13(-0.47, 0.48 56.82 0.10
0.22)

<110 2 0.42(-5.04,5.88) 0.88 78.67 0.03

Duration (weeks)

>14 3 -0.30(-0.55, - 0.02 0 0.80
0.06)

<14 3 0.13(-2.18,2.45) 0.91 65.53 0.08

Age (years)

>8 3 0.13(-2.18,2.45) 0.91 65.53 0.08

<8 3 -0.30(-0.55, - 0.02 0 0.80
0.06)

Included articles

>5 3 -0.13(-0.48, 0.46 66.46 0.05
0.22)

<5 3 0.59(-3.28, 4.46) 0.77 58.70 0.08

Dosage (mg)

>1000 4 -0.15(-1.88, 0.86 40.69 0.17
1.57)

<1000 2 -0.03(-0.51, 0.91 75.18 0.04
0.46)

Quality

Critically low 2 -0.06(-0.62, 0.83 79.35 0.03
0.50)

Low 4 -0.11(-1.83, 0.90 40.54 0.17
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1.60)

Inappropriate speech

Overall -0.22(-0.78, 0.45 76.86 <0.001
0.35)

Sample size (subjects)

>110 -0.05(-0.50, 0.83 72.94 0.01
0.40)

<110 -1.08(-3.61, 0.40 46.47 0.17
1.45)

Duration (weeks)

>14 -0.27(-0.66, 0.16 27.89 0.38
0.11)

<14 -0.41(-2.11, 0.64 72.88 0.02
1.30)

Age (years)

>8 0.13(-2.18,2.45) 0.91 65.53 0.08

<8 -0.30(-0.55, - 0.02 0 0.80
0.06)

Included articles

>5 -0.04(-0.50, 0.85 80.19 <0.001
0.41)

<5 -1.23(-3.39, 0.27 23.45 0.39
0.93)

Dosage (mg)

>1000 -0.80(-1.93, 0.17 37.47 0.27
0.34)

<1000 0.18(-0.16, 0.52) 0.29 47.80 0.17

Quality

Critically low -0.05(-0.80, 0.89 91.13 <0.001
0.69)

Low -0.62(-2.06, 0.40 52.50 0.13

0.81)
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Irritability

Overall 0.09(-0.12,0.30) 0.42 0 0.89

Sample size (subjects)

>110 0.09(-0.12,0.30) 0.41 0 0.64

<110 0.03(-1.82,1.88) 0.98 0 0.87

Duration (weeks)

>14 0.00(-0.27,0.27) 0.98 0 0.72

<14 0.23(-0.12,0.57) 0.20 0 0.96

Age (years)

>8 0.23(-0.12,0.57) 0.20 0 0.96

<8 0.00(-0.27,0.27) 0.98 0 0.72

Included articles

>5 0.09(-0.13,0.30) 0.43 0 0.58

<5 0.21(-1.57,2.00) 0.81 0 0.74

Dosage (mg)

>1000 0.02(-0.33,0.38) 0.90 0 0.88

<1000 0.12(-0.14,0.39) 0.36 0 0.35

Quality

Critically low 0.13(-0.12,0.38) 0.32 0 0.40

Low -0.01(-0.40, 0.96 0 0.88
0.38)

Social

withdrawal/lethargy

Overall -0.22(-0.78, 0.45 76.86 <0.001
0.35)

Sample size (subjects)

>110 -0.05(-0.50, 0.83 72.94 0.01
0.40)

<110 -1.08(-3.61, 0.40 46.47 0.17
1.45)

Duration (weeks)

>14 -0.27(-0.66, 0.16 27.89 0.38
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0.11)

<14 3 -0.41(-2.11, 0.64 72.88 0.02
1.30)

Age (years)

>8 3 -0.41(-2.11, 0.64 72.88 0.02
1.30)

<8 3 -0.27(-0.66, 0.16 27.89 0.38
0.11)

Included articles

>5 3 -0.04(-0.50, 0.85 80.19 <0.001
0.41)

<5 3 -1.23(-3.39, 0.27 23.45 0.39
0.93)

Dosage (mg)

>1000 4 -0.80(-1.93, 0.17 37.47 0.27
0.34)

<1000 2 0.18(-0.16,0.52) 0.29 47.80 0.17

Quality

Critically low 2 -0.05(-0.80, 0.89 91.13 <0.001
0.69)

Low 4 -0.62(-2.06, 0.40 52.50 0.13
0.81)

Stereotypy/RRIB

Overall 7 0.01(-0.29,0.31) 0.95 64.30 0.01

Sample size (subjects)

>110 5 0.05(-0.23,0.33) 0.71 65.20 0.02

<110 2 -0.22(-2.03, 0.81 75.03 0.05
1.59)

Duration (weeks)

>14 4 -0.01(-0.38, 0.94 65.82 0.02
0.35)

<14 3 -0.04(-0.98, 0.94 69.35 0.05
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0.90)

Age (years)

>8 3 -0.04(-0.98, 0.94 69.35 0.05
0.90)

<8 4 -0.01(-0.38, 0.94 65.82 0.02
0.35)

Included articles

>5 3 -0.04(-0.41, 0.85 73.64 0.02
0.33)

<5 4 0.09(-0.88, 1.07) 0.85 63.96 0.04

Dosage (mg)

>1000 4 -0.24(-1.08, 0.57 51.44 0.07
0.60)

<1000 3 0.19(0.03,0.35) 0.02 0 0.58

Quality

Critically low 2 -0.07(-0.69, 0.82 87.17 0.01
0.55)

Low 4 -0.03(-0.93, 0.96 56.68 0.06
0.88)

high 1 0.23(-0.01,0.47) 0.06 - -

Abbreviations: ESs: effect sizes; CI: confidence interval; RRIB: restricted and repetitive
interests and behaviors
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Records identified from databases (n
=99)

- PubMed: 36

- Scopus; 62

- Web of Science: 1

!

Records removed before screening:
Duplicate records removed

(n=23)

Records screened

Records excluded
(n=60)

(n=176)

Reports sought for retrieval

(n=16)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=16)

Reports excluded (n=9)
- No data of interest (n= 3)
- Irrelevant articles (n=2)
- Different populations(n= 1)
- Systematic review without

meta-analysis (n=1)

Studies included in umbrella meta-
analysis
(n=7)
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Figure 1. PRISMA flow chart of selected meta-analyses and systematic reviews
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Figure 2. The forest plot of the effect of omega-3 fatty acid supplementation on social
withdrawal/lethargy (A), cluttering speech (B), hyperactivity (C), irritability (D), and
stereotypy/RRIB (E) in ASD patients utilizing ES with 95% CI.
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Figure 3. The funnel plot of the effect of omega-3 fatty acid supplementation on social
withdrawal/lethargy (A), cluttering speech (B), hyperactivity (C), irritability (D), and
stereotypy/RRIB (E) in ASD patients utilizing Trim-and-fill method.
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