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conTEXT: Dietary interventions such as restrictive diets or supplements are common treatments
for young people with autism spectrum disorder (ASD). Evidence for the efficacy of these
interventions is still controversial.

oBJECTIVE: To assess the efficacy of specific dietary interventions on symptoms, functions, and
clinical domains in subjects with ASD by using a meta-analytic approach.

DATA sources: Ovid Medline, PsycINFO, Embase databases.

sTuDy SeLecTiON: We selected placebo-controlled, double-blind, randomized clinical trials
assessing the efficacy of dietary interventions in ASD published from database inception
through September 2017.

DATA EXTRACTION: Outcome variables were subsumed under 4 clinical domains and 17 symptoms
and/or functions groups. Hedges’ adjusted g values were used as estimates of the effect size of
each dietary intervention relative to placebo.

REsuLTS: In this meta-analysis, we examined 27 double-blind, randomized clinical trials,
including 1028 patients with ASD: 542 in the intervention arms and 486 in the placebo arms.
Participant-weighted average age was 7.1 years. Participant-weighted average intervention
duration was 10.6 weeks. Dietary supplementation (including omega-3, vitamin
supplementation, and/or other supplementation), omega-3 supplementation, and vitamin
supplementation were more efficacious than the placebo at improving several symptoms,
functions, and clinical domains. Effect sizes were small (mean Hedges’ g for significant
analyses was 0.31), with low statistical heterogeneity and low risk of publication bias.

umitations: Methodologic heterogeneity among the studies in terms of the intervention, clinical
measures and outcomes, and sample characteristics.

concLusions: This meta-analysis does not support nonspecific dietary interventions as treatment
of ASD but suggests a potential role for some specific dietary interventions in the management
of some symptoms, functions, and clinical domains in patients with ASD.
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Autism spectrum disorder (ASD)

is a group of complex
neurodevelopmental disabilities,
characterized by a set of core
symptoms involving social interaction
and communication impairment,
restricted interests, and repetitive
behaviors." Educational, psychosocial,
and pharmacologic interventions
appear to improve associated
psychiatric symptoms and
functioning in people with ASD,
especially if applied at early
developmental stages."? Yet few
treatments are efficacious for the core
symptoms of autism, with only early
and intensive treatments revealing
improvements on dyadic and/or
social interaction deficits.>* Many
patients with ASD and their relatives
seek alternative medicine and
nonmedicine treatment strategies.
For example, some 25% of people
with ASD use dietary interventions
such as restrictive diets (the most
common being gluten- and casein-
free diets) and nutritional
supplements such as vitamins,
minerals, amino acids, omega-3, and
herbal compounds.5 However,
results on the efficacy of dietary
interventions in ASD are still
controversial.®® This may be because
authors of most studies assess dietary
interventions as a whole, without
differentiating specific interventions,
or they assess treatment response as
a global measure, without focusing on
specific ASD core or associated
symptoms or clinical domains.'®

Using a meta-analytic approach, we
sought to assess the efficacy of
specific dietary interventions

(ie, restrictive diets or nutritional
supplements) relative to placebo
on specific symptoms, functions,
and clinical domains in subjects
with ASD.

METHODS

Search Strategies

Using the Preferred Reporting
Items for Systematic Reviews and

Meta-analyses (PRISMA) guidelines,
we conducted a systematic 2-step
literature search to identify
appropriate studies.'® To detect
restrictive diet and nutritional
supplement studies in patients with
ASD, we first performed

a computerized Ovid Medline,
PsycINFO, and Embase database
search from inception through
September 2017. We used 2 sets

of search terms, detailed in
Supplemental Table 4: (1) ASD terms
and (2) dietary intervention terms.
These searches were limited to
[clinical trial or randomized
controlled trial or controlled clinical
trial] and [English language]. Second,
we conducted a manual search of the
reference lists of the articles included
in the meta-analyses for any studies
not identified by the computerized
literature search.

Study Selection Criteria

The flowchart of the systematic
literature search strategy is shown in
Figure 1. The initial literature search
yielded 2631 studies. After removing
348 duplicates, we evaluated 2283
potential studies.

Two consultant psychiatrists and

a biochemistry specialist (D.F., M.d.M,,
and E.G.-V.) double screened all
articles in 3 phases with
discrepancies resolved through
discussion and consensus. In phase 1,
we screened the titles and abstracts
of the retrieved articles. We excluded
articles if they met any of the
following hierarchical exclusion
criteria: (1) they were not published
in English as original peer-reviewed
articles; (2) they did not include
patients with a diagnosis of ASD,
pervasive development disorder

2240 records identified
through computerized Ovid
Medline, PsycINFO, and Embase

43 additional records
identified through manual

search

database search

2283 abstracts screened

Phase 1: 2199 records excluded
1. Not published in English as original peer-reviewed articles:
11 studies
2. Not ASD, PDD, or Asperger syndrome diagnosis (according
to ICD-10, DSM-III-R, DSM-IV, DS-IV-TR, or DSM-5 criteria): 1630
3. Clinical efficacy of a dietary intervention not assessed: 517
4. <5 subjects in the ASD intervention group: 41

84 full-text articles assessed for
eligibility

Phase 2: 52 full text articles excluded
1. Not a DBRCT 27 studies
2. Not providing standardized mean differences or
enough data to calculate them: 3 studies
3. <5 subjects in the ASD intervention group
(when not specified in the abstract): 22 studies

Phase 3: 5 full-text articles excluded
4. Overlapping samples: 3 studies
5. Studies not contributing to a meta-analysis (<3 studies with
available data for the same intervention and outcome): 2

27 studies included in the meta-
analysis

FIGURE 1

PRISMA flow diagram of the systematic literature search strategy. DSM-5, Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition; ICD-10, International Classification of Diseases, 10th

Revision.
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(PDD), or Asperger syndrome
(according to International
Classification of Diseases, 10th
Revision; Diagnostic and Statistical
Manual of Mental Disorders, Revised
Third Edition [DSM-III-R]; Diagnostic
and Statistical Manual of Mental
Disorders, Fourth Edition [DSM-1V];
Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition Text
Revision [DSM-IV-TR]; or Diagnostic
and Statistical Manual of Mental
Disorders, Fifth Edition, criteria); (3)
they did not assess clinical efficacy of
a dietary intervention or they
assessed the efficacy of foods not
present in nature; and (4) there were
<5 subjects in the ASD intervention
group. Of the 2283 studies, 84 did not
fulfill any exclusion criterion and
qualified for phase 2.

Phase 2 consisted of a comprehensive
review of the full text of the articles.
We excluded studies if they met any
of the following hierarchical exclusion
criteria: (1) the study did not provide
standardized mean differences or
odds ratios or they could not be
calculated on the basis of
correlations, independent group
means, risk ratios, or 2 X 2
contingency tables; (2) there were
<5 subjects in the ASD intervention
group (for studies in which that
information was missing from the
abstract); and (3) the study design
was not a parallel or crossover
placebo-controlled, double-blind
randomized clinical trial (DBRCT).
Of the 84 studies, 32 qualified for
phase 3.

In phase 3, we used the following
hierarchical criteria to determine the
inclusion of studies with overlapping
samples to ensure that only
independent samples were included
in each of the meta-analyses: study
with (1) the largest sample and (2)
the most recent publication. When
data from at least 3 independent
studies assessing the efficacy of

the same type of intervention on

the same outcome variable

(ie, “symptom/function” or “clinical

domain”) were available, we included
the study for meta-analysis. Of the
32 studies, 27 original independent
studies met criteria for inclusion in
the final meta-analysis database.'?"3®

Data Extraction

Two researchers (M.d.M. and E.G.-V.)
extracted data from each eligible
study and 2 different researchers
(D.F. and C.M.D.-C.) double checked it.
Data extracted included publication
year, type of dietary intervention
(predictor variable), symptoms
and/or functions groups and clinical
domains (outcome variable),
duration of the intervention, sample
characteristics (clinical diagnosis,
proportion of girls and/or women,
age at baseline, age group (ie, child
and adolescent sample, adult
sample, mixed sample), clinical
and/or functional severity at baseline,
and intellectual functioning),
concomitant pharmacologic
treatment, baseline nutritional
deficits, country (or countries) where
the study was conducted, number

of sites, and statistics to calculate
effect sizes (ESs) for the meta-
analyses. In studies with a crossover
design, we extracted data from

just the first phase of the study to
avoid a carryover effect.®’

Classification of Dietary
Interventions

We divided dietary interventions into
restrictive diets and nutritional
supplements. There were <3
independent studies assessing the
same predictor variable and the same
clinical outcome in the case of
restrictive diets, so we excluded them
from phase 3. There were enough
studies to contribute to an
independent meta-analysis on the
clinical effect of 2 types of
nutritional supplements: omega-3
polyunsaturated fatty acids (including
a-linolenic acid, eicosapentaenoic
acid, docosahexaenoic acid, and

a combination of them) and vitamins
(including vitamin Bg, vitamin By,
vitamin C, vitamin D, folic acid, folinic

acid, and combinations of different
vitamins). Thus, we conducted

a meta-analysis on the global
efficacy of “dietary supplementation”
(including “omega-3/vitamin
supplementation/other
supplementation”) and 2 additional
subgroup meta-analyses on the
efficacy of “omega-3 supplement”
and “vitamin supplement.” The
interventions assessed in each of the
studies included in the meta-analyses
are shown in Table 1.

Classification of Outcome Variables:
Symptomatic Groups and Clinical
Domains

The 27 original independent studies
used 206 different instruments to
assess the various outcome variables.
To add evidence to the important
question of the efficacy of diets and
supplements for improving problem
behaviors in individuals with ASD and
the impossibility of conducting

a more straightforward analysis of
multiple studies with one sole end
point, we decided to combine end
points in a predefined and expert-
consensus manner. Two qualified
reviewers (M.P. and C.M.), both
consultant child and adolescent
psychiatrists with extensive clinical
and research experience in ASD,
independently classified the
instruments into a manageable
number of outcome variables, with
discrepancies resolved by discussion.
This allowed us to consolidate
outcome variables into 4 clinical
domains and 17 symptoms and/or
functions groups, on the basis of

a balance of (1) how symptoms are
organized in recent nosological
classifications and (2) the design
(target symptoms and subscales) of
the most common instruments used
to assess autistic symptoms and
associated psychopathology. Each
clinical domain included a range of
symptomatic groups: (1) “core
symptoms,” including pragmatic
language deficits, social deficits,
stereotypes, and restricted or
repetitive behaviors; (2) “associated
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2017%
Pusponegro

12.50 11.50

5.40 5.10

2-10

23

47

HV-TR

13 DS

Gluten and casein

supplementation

et al,

2015%
Rimland et al, Vitamin Bg

12.40 25.00 25.00

12.40

8-19

N/A

16

32

Not

reported
DSM-IV

1978%
Singh et al,

16.60 N/A N/A

18 13-30 17.90

26

37

A-B-C-D

1-2-3-7-9-11-13-14

Sulforaphane

2014%
Voigt et al,

6.50 16.70 16.70

24 3-10 5.80

22

C-D DSM-IV 38

2-13-14

Omega-3

2014%7
Yui et al,

15.50 14.30 0.00

6-28 13.90

16

A-D DSM-IV 13

4-7-9-13-14

Omega-3

2012%

Symptoms and/or functions groups: 1: Anxiety and/or affect; 2: autistic general psychopathology; 3: behavioral problems and impulsivity; 4: cognition; 5: communication; 6: global severity; 7: hyperactivity and irritability; 8: inflexible behavior; 9:

language (general); 10: language (pragmatic); 11: sensory and motor; 12: sleep; 13: social-autistic; 14: stereotypies and restricted and repetitive behavior. Clinical domains: A: associated symptoms; B: autism global; C: clinical global impression; D:

nuclear symptoms. DSM, Diagnostic and Statistical Manual of Mental Disorders; N/A, not available.

symptoms,” including deficits in
attention, irritability, behavioral
difficulties, cognition, language (not
pragmatic), anxiety and/or affect,
sleep, and sensory sensitivities; (3)
“autism global,” including “autistic
general psychopathology”; and (4)
“clinical global impression,”
including Clinical Global Impressions
(CGI) Scale®® ratings. Therefore, we
decided to use composite end points
with mutually exclusive categories of
symptoms that contribute to either
a full understanding of the clinical
picture of ASD (eg, language,
nonverbal communication, social
responsiveness) or functionally
relevant comorbidities (eg,
irritability, hyperactivity). We
conducted meta-analyses for each
of the 4 clinical domains and each
of the 17 symptoms and/or
functions groups. For further

details of the classification of the
outcome variables, see
Supplemental Table 5.

Quality Assessment

We assessed the quality of the 27
included studies using an item
checklist constructed for this review
inspired by the Cochrane
Collaboration’s tool for assessing risk
of bias*! and in previously published
quality assessments.*?** The
assessment evaluated the following
categories: (1) study design, such as
selection bias (random sequence
generation, allocation concealment),
attrition bias, role of the funding
source, and sample size; (2)
demographic and clinical
characteristics, such as clearly
reported inclusion and exclusion
criteria, accurate method of ASD
diagnosis, age, and sex reported; and
(3) results, such as reported drop-
out rates, clinical assessments,
statistical thresholds, and reporting
bias. We scored categories on a scale
of 0 to 2 and each study on a scale of
0 to 6, with higher values
representing greater quality (see
Table 1, Supplemental Table 6).
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Statistical Analysis

We entered data into an electronic
database and analyzed them with

a quantitative meta-analytical
approach using Comprehensive
Meta-Analysis Software version 2
(Biostat, Inc, Englewood, NJ).**
Standardized mean differences using
Hedges’ adjusted g were used as
estimates of the ES of each dietary
intervention (nutritional
supplementation) relative to
placebo. Pooled 95% confidence
intervals (CIs) were calculated. The
magnitude of Hedges’ g can be
interpreted by using Cohen'’s
convention as small (0.2-0.5),
moderate (0.5-0.8), or large
(>0.8).*® We included as outcomes
the mean overall differences
between dietary intervention and
placebo groups in change (ie, the
score change between end point and
baseline in the clinical test or scale
during the trial) in symptoms and/or
functions and clinical domains (as

a mean score of the symptoms and/
or functions comprising each
domain). If the change value was not
available for a certain scale, we used
end-point differences between
intervention and control conditions.
We minus transformed tests or
scales for which low scores indicate
better performance so that higher
scores always correspond to better
clinical outcomes. When pre-post
correlation value was not available
and could not be calculated, we used
an imputed default r value of 0.5.
Although the bias is notably small
for every scenario of imputation
strategies for pre-post correlation,*®
we decided to use an imputation of
r = 0.5 because this is a conservative
approach. On the basis of the known
clinical heterogeneity of ASD and the
methodologic heterogeneity of study
designs and outcome measures, we
expected that the estimates would
vary substantially between studies,
so we ran random-effects models. In
the random-effects analysis, each
study was weighted by the inverse of

its variance and the between-studies
variance.*” To explore if particular
studies influenced the random
weighted mean, we conducted an
“influence analysis” by studying the
effect of each individual study on the
overall estimate by excluding 1 study
at a time.*®

We assessed statistical heterogeneity
through visual inspection of forest
plots and using the Q statistic (a
magnitude of statistical
heterogeneity) and the I* statistic

(a measure of the proportion of
variance in summary ES attributable
to heterogeneity).*° I* values <30%
correspond to an irrelevant

amount of statistical heterogeneity.>®
We assessed publication bias by
visually inspecting funnel plots and
using Orwin’s fail-safe N,>! with
criterion for a “trivial” standardized
difference in means as 0.1 and
mean standardized difference in
means in missing studies as 0. This
generated the number of
unpublished studies required to
move estimates to a nonsignificant
threshold. Furthermore, we used
the linear regression method of
Egger et al®? to quantify the bias
captured by the funnel plot. When
the funnel plot or test statistics
suggested publication bias, we

used the Duval and Tweedie®®
trim-and-fill method to

estimate an ES corrected for
publication bias.

We used meta-regressions with

a random-effect model with
unrestricted maximum likelihood to
test effects of potential moderators
(study quality, year of publication,
duration of intervention, sample size,
mean age of the intervention group,
and percentage of girls and/or
women in the intervention group) on
ES estimates for significant meta-
analyses. We performed meta-
regressions for moderator variables
if at least 4 studies assessing the
same predictor and outcome variable
were available.

We performed a meta-analytic
subgroup analysis including studies
assessing only children and
adolescents (all participants

<18 years old). Because authors of
recent studies on the efficacy of
pharmacologic and dietary
supplement interventions in ASD
have reported a relevant moderator
effect of geographical location,'® we
performed a meta-analytic subgroup
analysis by region (classifying
studies into 3 groups: studies
conducted in the United States, in
Europe, and in other regions) instead
of just including this variable as

a potential moderator in the meta-
regressions.

We implemented false discovery rate
(FDR) correction for multiple
comparisons (37 analyses for meta-
analyses and 132 analyses for meta-
regressions) (https://brainder.org/
2011/09/05/fdr-corrected-fdr-
adjusted-p-values/). This function
computes the FDR threshold for

a vector of P values. The percentage
of tolerated false-positives was 5%
(g < 0.05).

RESULTS

General Characteristics of the
Included Studies and Study Samples

This meta-analysis includes 27
DBRCT studies,’®™® comprising an
overall sample of 1028 participants
with ASD, of which 542 were in
intervention groups and 486 in
placebo groups. The participant-
weighted average (PWA) intervention
duration was 10.6 weeks (range 1-24
weeks). PWA female percentage was
10.9% (range 0%-25%). All the
studies included children and
adolescents (<18 years old) and 4 of
them included mixed samples of
children, adolescents, and adults (age
range 2-60 years). The PWA age was
7.1 years. The main characteristics of
the included studies are shown in
Table 1, with further details in
Supplemental Table 7.
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Meta-analysis of the Efficacy of
Dietary Supplementation on Clinical
Outcomes (Specific Symptoms and/
or Functions Groups and Clinical
Domains)

We performed a total of 37 meta-
analyses, with 25 on the effect of
dietary intervention on symptoms
and/or functions groups (see Table 2)
and 12 on the effect of dietary
intervention on clinical domains (see
Table 3).

Meta-analyses revealed the following:

1. Dietary supplementation (omega-
3, vitamin supplementation, and/
or other supplementation) was
more effective than placebo in
treating the following symptoms
and/or functions groups: anxiety
and/or affect, autistic general
psychopathology, behavioral
problems and impulsivity, global
severity, hyperactivity and
irritability, language (general), and
social-autistic and stereotypies,
restricted and repetitive behaviors
(see Table 2). Dietary
supplementation (omega-3,
vitamin supplementation, and/or
other supplementation) was more
effective than placebo in treating
the following clinical domains:
core symptoms, associated
symptoms, autism global, and
clinical global impression
(see Table 3).

2. Omega-3 supplementation was
more effective than placebo in
treating the following symptoms
and/or functions groups: language
(general) and social-autistic (see
Table 2). Omega-3
supplementation was more
effective than placebo in treating
the following clinical domains:
core symptoms and associated
symptoms (see Table 3).

3. Vitamin supplementation was
more effective than placebo in
treating the following symptoms
and/or functions groups: global
severity, language (general),
stereotypies, restricted and

repetitive behaviors, behavioral
problems and impulsivity, and
hyperactivity and irritability (see
Table 2). Vitamin supplementation
was more effective than placebo in
treating the following clinical
domains: core symptoms,
associated symptoms, and clinical
global impression (see Table 3).

For all types of dietary intervention,
significant meta-analyses revealed
small ES relative to placebo, low
statistical heterogeneity, and low risk
of publication bias (see Tables 2 and
3). Forest plots of meta-analyses are
shown in Fig 2.

Meta-regression analyses revealed
that none of the putative moderators
(study quality, year of publication,
length of intervention, sample size,
mean age of the intervention group,
and percentage of girls and/or
women in the intervention group)
had a significant effect on the ES
estimates (see Supplemental Table 8).

Efficacy of Dietary Supplementation in
the Subsample of Children and
Adolescents

Twenty-three of the 27 DBRCT
studies included only children and
adolescents, comprising an overall
sample of 802 children and
adolescents with ASD, of which 411
were in intervention groups and 391
in placebo groups. Meta-analysis
including only these 23 studies
revealed comparable results (in terms
of the magnitude and direction of the
effect and statistical significance) to
those found using the whole group of
studies (see Supplemental Tables 9
through 10).

Meta-analytic Subgroup Analysis by
Geographic Region

The meta-analytic subgroup analysis
by location (United States, Europe,
and other regions) revealed that the
effect of dietary supplementation
(omega-3, vitamin supplementation,
and/or other supplementation) on 2
symptoms and/or functions (social-
autistic, and stereotypies, restricted

and repetitive behaviors) and 2
clinical domains (core symptoms and
associated symptoms) remained
significant only for studies conducted
in the United States but not in those
conducted in Europe. The magnitude
of the effect was similar in the
European and US studies for the
symptom and/or function
stereotypies, restricted and repetitive
behaviors and the associated
symptoms clinical domain, whereas
European studies revealed smaller
ESs than those of US studies in social-
autistic symptom and/or function
and core symptoms clinical domain.
For the symptom and/or function
language (general), the magnitude
and significance of the effect was
similar in both regions. Some studies
conducted in other regions were
similar to those conducted in United
States and others were more similar
to studies conducted in Europe (see
Supplemental Fig 3).

DISCUSSION

This meta-analysis revealed that in
people with ASD, dietary
supplementation (omega-3, vitamin
supplementation, and/or other
supplementation), omega-3
supplementation, and vitamin
supplementation were more
efficacious than placebo for
improving particular symptoms and/
or functions and clinical domains.
Most of the effective dietary
interventions had small ESs relative
to placebo. There was low study
statistical heterogeneity and low risk
of publication bias. For dietary
supplementation strategies as

a whole, we found the largest ES for
various ASD-associated symptoms
(eg, anxiety-affect, behavioral
problems and impulsivity; Hedges’ g
~0.5) and a significant improvement
(Hedges’ g ~0.3-0.4) in core
symptoms (eg, social-autistic
symptoms and stereotypies,
restricted and repetitive behaviors).
Omega-3 and vitamin
supplementation revealed similar ESs
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B Intervention Outcome Hedges' g (95% CI)
Associated symptoms Dietary supplementation (omega-3, vitamin, and/or other) -
Autism global Dietary supplementation (omega-3, vitamin, and/or other) ——
Global symptoms and/or functions Dietary supplementation (omega-3, vitamin, and/or other) —a—
Core symptoms Dietary supplementation (omega-3, vitamin, and/or other) -
Associated symptoms Omega-3 supplementation ——
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Global symptoms and/or functions Omega-3 supplementation R
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-1.00 -0.50 0.00 0.50 1.00
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FIGURE 2

Meta-analysis of dietary interventions on clinical outcomes in people with ASD. Uncorrected Hedges’ ¢ values and 95% Cls are shown. Because of
differences in the number of studies assessing each kind of intervention, the size of boxes is comparable between meta-analyses of the same intervention
but not between meta-analyses of different interventions. Significance and Cls are comparable between all the meta-analyses, regardless of the outcome
and the type of intervention. A, Meta-analysis of dietary interventions on symptoms and/or functions in people with ASD. B, Meta-analysis of dietary
interventions on clinical domains in people with ASD.

deficits and in associated symptoms.
Vitamins are active organic
compounds needed in small
quantities to sustain a healthy life.®

In our meta-analyses, vitamin
supplementation was associated with
statistically significant albeit small
improvements in most of the outcome

measures evaluated. Our findings are
not easy to interpret, but they
highlight the need for further
investigation into the various,
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nuanced factors that might influence
the efficacy of these interventions,
particularly for the nutraceuticals
with the largest effects because our
knowledge of the pathophysiology of
autism is still incomplete.

The efficacy of dietary
supplementation was not moderated
by study quality, year of publication,
length of intervention, sample size,
mean age of the intervention group,
or percentage of girls and/or women
in the intervention group. Along the
lines of the above-mentioned meta-
analysis of pharmacologic and dietary
supplement interventions in pediatric
autism,'® we found some differences
in the efficacy of interventions
between regions where the study was
conducted. In addition to between-
region differing methodologic aspects
or baseline differences in the severity
of symptoms in different regions
cohorts, we cannot rule out the
possibility that US and European
samples have different nutritional
statuses at baseline. Authors of 1 of
the European studies included in our
meta-analyses reported that patients
in the lower 50 percentile of omega-
3/omega-6 ratio at baseline show

a treatment effect with the intake of
omega-3 that is not found in patients
in the higher percentiles or in the
whole sample.

Our work was subject to several
limitations. First, there was great
methodologic heterogeneity among
the included studies in terms of the
intervention itself (eg, dosage,
duration), clinical outcome
measures, and sample
characteristics. Most of the outcome
variables were not clearly defined as
primary or secondary outcomes in
the original studies, and they were
highly heterogeneous. It was not
easy to classify them in

a manageable number of variables.
Second, there were small numbers of
DBRCTs for some of the dietary
interventions, which precluded
performing meta-analyses on the
efficacy of diet restriction

interventions. Third, most studies
(74.9%) did not assess the presence
of baseline nutritional deficits or
intolerances, which may be present
in a significant percentage of
children with ASD,%'"®® nor other
relevant demographic or clinical
baseline variables (including levels
of biochemical parameters to stratify
patients) that are associated with
distinct efficacy of dietary
interventions.®*®> Designers of
future trials testing dietary
interventions in ASD should account
for these factors. Fourth, we
analyzed outcome variables
regardless of whether they were
primary or secondary outcomes in
the original studies. This could have
led to an underestimation of the ES
for secondary variables. We decided
to include secondary outcome
variables to be able to conduct

a clinically relevant and
comprehensive assessment of the
efficacy of dietary interventions on
specific nuclear and associated
symptoms in people with ASD. Fifth,
ESs were strikingly similar for most
symptoms and/or functions groups
and clinical domains between
omega-3 and vitamins. It is unclear
whether this reflects a nonspecific
effect of these kinds of strategies or
whether further benefits could be
expected from combining both types
of supplements. The source data did
not make it possible to assess
potential interactions between
different supplementation strategies.
Sixth, the 4 clinical domains and the
17 symptoms and/or functions
groups were constructed by
combining different scales and tests
on the basis of a balance of the
organization of symptoms in recent
nosological classifications and the
design of assessment instruments.
Despite this, there might be some
heterogeneity among the resulting
categories in terms of internal
validity. Finally, most studies did not
report concomitant pharmacologic
treatment, and we could not control

for this important variable. However,
because we only included DBRCTs,
we do not expect significant
differences in concomitant
pharmacologic treatment between
intervention and placebo groups.

Because of the complexity and clinical
heterogeneity of ASD, there is no 1-
size-fits-all treatment.®® This meta-
analysis does not support a general
recommendation of dietary
interventions in ASD but suggests
that some well-defined interventions
could have a potential role in the
management of some core and
associated symptoms in these
patients. In this study, we also
highlight the need for better-designed
clinical trials assessing dietary
interventions in this population.

ABBREVIATIONS

ADHD: attention-deficit/
hyperactivity disorder
ASD: autism spectrum disorder
CGI: Clinical Global Impressions
CI: confidence interval
DBRCT: placebo-controlled,
double-blind randomized
clinical trial
DSM-III-R: Diagnostic and
Statistical Manual of
Mental Disorders,
Revised, Third Edition
DSM-IV: Diagnostic and Statistical
Manual of Mental
Disorders, Fourth Edition
DSM-IV-TR: Diagnostic and
Statistical Manual of
Mental Disorders,
Fourth Edition, Text
Revision
ES: effect size
FDR: false discovery rate
PDD: pervasive development
disorder
PRISMA: Preferred Reporting
Items for Systematic
Reviews and Meta-
analyses
PWA: participant-weighted
average
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