
Contents lists available at ScienceDirect

Journal of Steroid Biochemistry and Molecular Biology

journal homepage: www.elsevier.com/locate/jsbmb

A randomised controlled trial of vitamin D and omega-3 long chain
polyunsaturated fatty acids in the treatment of irritability and hyperactivity
among children with autism spectrum disorder
Hajar Mazaherya, Cathryn A. Conlona, Kathryn L. Becka, Owen Mugridgea, Marlena C. Krugera,
Welma Stonehouseb, Carlos A. Camargo Jr.c, Barbara J. Meyerd, Beatrix Jonese,
Pamela R. von Hursta,⁎

a College of Health, Massey University, New Zealand
b Commonwealth Scientific Industrial Research Organisation, Food and Nutrition Flagship, Australia
c Department of Emergency Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, USA
d School of Medicine, Lipid Research Centre, Illawarra Health & Medical Research Institute, University of Wollongong, North (BJ) fields Ave, Wollongong, NSW, 2522,
Australia
e University of Auckland, New Zealand

A R T I C L E I N F O

Keywords:
Vitamin D
Omega-3
Autism
Irritability
Hyperactivity
Children

A B S T R A C T

Irritability and hyperactivity are common in children with Autism Spectrum Disorder (ASD). Because pharma-
cological treatments may have adverse effects, and despite limited evidence, caregivers/parents often use dietary
supplements such as vitamin D and omega-3 fatty acids to address these behavioural symptoms. As a secondary
objective of the VIDOMA (Vitamin D and Omega-3 in ASD) trial, we evaluated the efficacy of vitamin D, omega-3
long chain polyunsaturated fatty acid [omega-3 LCPUFA; docosahexaenoic acid (DHA)], or both on irritability
and hyperactivity. New Zealand children with ASD (aged 2.5–8 years) participated in a 12-month randomized,
double-blind, placebo-controlled trial of vitamin D (2000 IU/day, VID), omega-3 LCPUFA (722 mg/day DHA,
OM), or both (2000 IU/day vitamin D + 722 mg/day DHA, VIDOM). The primary outcomes were the Aberrant
Behaviour Checklist (ABC) domains of irritability and hyperactivity. Biomarkers (serum 25-hydroxyvitamin D
[25(OH)D] and omega-3 index) and primary outcomes were measured at baseline and 12-months. Out of 111
children who completed baseline data collection, 66% completed the study (VID = 19, OM = 23, VIDOM = 15,
placebo = 16). After 12 months, children receiving OM (-5.0 ± 5.0, P= 0.001) and VID (-4.0 ± 4.9, P= 0.01)
had greater reduction in irritability than placebo (0.8 ± 6.1). Compared to placebo, children on VID also had
greater reduction in hyperactivity (-5.2 ± 6.3 vs. -0.8 ± 5.6, P= 0.047). Serum 25(OH)D concentration (nmol/
L, mean ± SD) increased by 27 ± 14 in VID and by 36 ± 17 in VIDOM groups (P < 0.0001), and omega-3 index
(%, median (25th, 75th percentiles)) by 4.4 (3.3, 5.9) in OM and by 4.0 (2.0, 6.0) in VIDOM groups
(P < 0.0001), indicating a good compliance rate. The results indicate that vitamin D and omega-3 LCPUFA
reduced irritability symptoms in children with ASD. Vitamin D also reduced hyperactivity symptoms in these
children.

1. Introduction

The core symptoms of Autism Spectrum Disorder (ASD) include

impaired social and communicative functioning and repetitive/stereo-
typic interests and behaviours. In addition to these, children with ASD
may often have problem behaviours, such as irritability (tantrum,
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aggression and self-injuries) and/or other neurodevelopmental dis-
orders, such as attention deficit hyperactivity disorder (ADHD) [1,2].
Approximately 20% of people with ASD exhibit irritability and ag-
gression at moderate to severe levels [2], and 67% have clinical co-
morbidity with ADHD [1]. Evidence suggests that co-occurrence of
problem behaviours and ASD is associated with a lower quality of life,
poorer adaptive functioning, higher psychiatric medication use, and
lower responsiveness to standard treatments as compared to children
with one disorder only [3–6].

There are several pharmacological agents (including atypical anti-
psychotics, antidepressants, oxytocin and modulators of glutamate) for
the treatment of ASD symptoms, mostly targeted at problem behaviours
[7]. Although the effect of pharmacological agents on core symptoms
has been investigated and their efficacy in the management of some
core symptoms has been shown due to very limited evidence their
routine use is not recommended [7]. Atypical antipsychotics, risper-
idone (age ≥ 5 years and ≥ 20 pounds) and aripiprazole (age ≥6
years), are the only FDA-approved medications for ASD which are used
for the treatment of problem behaviours [7]. Although they are con-
sidered effective, they do not work in all patients. Moreover, their ef-
ficacy before the age of five have not been investigated and their use
after the age of five are associated with both short- and long-term ad-
verse effects [8–10]. Accordingly, they are recommended only when
other treatment approaches have failed [7].

However, molecular targets of these pharmacological agents can be
used in the search for safer alternative treatments that can be also used
before the age of five years. Interventions that begin during this period
may have dramatic impact because ASD symptoms start emerging and
brain plasticity is at its peak during this period of life [11]. Neuro-
transmission (including serotonergic, dopaminergic and oxytocinergic
systems) and glutamatergic systems are the molecular targets of these
pharmacological agents [12–14]. On the other hand, multiple lines of
evidence suggest that vitamin D and omega-3 long chain poly-
unsaturated fatty acid (omega-3 LCPUFA) have important roles in
neurotransmission and glutamatergic systems [15–24].

A few randomised controlled trials have investigated the effect of
vitamin D and omega-3 LCPUFA, each individually, on core symptoms
and problem behaviours in children with ASD, however, the findings
are mixed [25–27]. In view of limited and inconclusive evidence and
high use of vitamin D and omega-3 LCPUFA/fish oil supplements
among populations with ASD [28,29], we tested the efficacy of vitamin
D and omega-3 for treatment of core symptoms of ASD in children and
found inconclusive results (VIDOMA trial, vitamin D and omega-3 in
ASD; under review). As the secondary objective, we tested the hy-
pothesis that dietary vitamin D, omega-3 LCPUFA or both together are
effective in reducing symptoms of irritability and hyperactivity in
children with ASD, using a randomised, double-blind, placebo-con-
trolled design. We also investigated the impact of changes in bio-
markers of vitamin D (serum 25(OH)D) or omega-3 LCPUFA (omega-3
index) on treatment response.

2. Material and methods

Study design and data collection methods for this study are de-
scribed briefly below, with further details reported elsewhere [30].

2.1. Study participants

New Zealand children were included if they were between 2.5 and
8.0 years, had a medical diagnosis of ASD confirmed by a develop-
mental paediatrician in accordance with the criteria listed in the
Diagnostic and Statistical Manual of Mental Disorders, version five (DSM-5)
[31], and onset of symptoms after 18 months of age. The lower limit of
2.5 years has been chosen based on the age criteria of the psychological
assessment tools, and the upper limit of 8 years has been chosen to
avoid the confounding effect of behavioural changes associated with

pubertal stage. Children were excluded if they were diagnosed as
having developmental delay since birth. Children were also excluded if
they failed to take corrective action for nutritional deficiencies identi-
fied at recruitment stage. Additional exclusion criteria were serum
25(OH)D ≥75 + 10 nmol/L (≥85 nmol/L) if they entered the trial in
winter and ≥105 nmol/L + 10 nmol/L (≥115 nmol/L) if they entered
the trial in summer. According to the Endocrine Society’s re-
commendation, concentrations of 75 nmol/L or more are proposed for
multiple clinical outcomes [32]. Two different cut-off points for ex-
clusion were applied due to a large seasonal variation in serum 25(OH)
D concentrations in New Zealand [33], and 10 nmol/L variation was
chosen because of the potential assay variability [34].

2.2. Study design and data collection

A 12-month randomised double-blind, placebo-controlled study
design was used (Fig. 1). Children who met the initial inclusion criteria
had a blood draw and were screened for nutritional deficiencies (in-
cluding vitamin D, iron and vitamin B12 deficiencies). Prior to rando-
misation, those deficiencies were addressed (refer to reference [30] for
the list of deficiencies and the strategies used to address them). Chil-
dren were then randomly assigned to one of four treatment groups,
each consuming four capsules per day for 12 months; vitamin D3 (2000
IU/day), omega-3 LCPUFA (722 mg docosahexaenoic acid (DHA)/day),
both, or placebo. The dosing regimens used in the current trial are
based on their safety, adequacy and practicality [30]. The treatment
materials were delivered in 750 mg gel capsules with a tear-off nozzle
manufactured and supplied by Douglas Nutrition Ltd (Auckland, NZ).
All study capsules were identical in appearance and were tasteless and
colourless. A third party not involved in any aspects of the study was
responsible for generating the randomisation sequence using the
Website Randomisation.com (http://www.randomization.com/) and
random block design in blocks of 4 and 8. Randomisation was stratified
by age (2.5–5.0 and 5.0–8.0 years old age groups) and severity of ASD
(mild, moderate, severe). Researchers, children, and caregivers were
blinded to treatment allocations until after data analysis.

Data were collected during participants’ visit to the Massey
University Human Nutrition Research Unit (HNRU), NZ at baseline and
after 12 months (Fig. 1). The Aberrant Behaviour Checklist (ABC), a
standardised psychological test was used to assess irritability and hy-
peractivity [35].

The ABC is a symptom checklist that measures psychiatric symp-
toms and problem behaviours across five domains of irritability/agi-
tation, lethargy/social withdrawal, stereotypic behaviour,
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Fig. 1. Schematic diagram of study design (2015–2017). VID, vitamin D; OM,
omega-3; VIDOM, vitamin D + omega-3. 1 For a list of reasons for not being
enrolled, being excluded, or drop out refer to Supplementary Table 1.
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hyperactivity/noncompliance and inappropriate speech. To note, due
to high prevalence of irritability and hyperactivity in children with ASD
[1,2] these domains were the pre-specified outcomes of present trial
and other domains were the exploratory outcomes. Having irritability
symptoms at high levels is defined as scores above 17 units (out of 45
units) [36], and having hyperactivity symptoms at high levels as scores
above 20 units (out of 48 units) [37].

The validity and reliability of the ABC has been demonstrated by the
initial examination of its clinical utility [35]. The ABC has been also
been shown to have high internal consistency, excellent test-retest re-
liability, moderate correlation with adaptive behaviour and robust
factor structure [38,39], and has been validated in children with ASD
[38] and commonly used in ASD intervention trials [40,41].

Caregivers also completed weekly online surveys to collect in-
formation regarding adverse events, supplement and medication use,
behavioural therapies and compliance. Compliance was calculated
using cumulative pill counts at the end of the study, and adherence was
measured as a percentage; (number of pills supplied minus number of
pills not taken)/number of pills supplied × 100. Compliance was also
confirmed by biomarker analysis (serum 25(OH)D and omega-3 index.

The study was registered with the Australian New Zealand Clinical
Trial Registry, ACTRN12615000144516. Ethical approval was granted
by Health and Disability Ethics Committees, NZ, Reference NO. 14/
NTA/113.

2.3. Biochemical analysis

Nutritional biomarkers were assayed from non-fasted venous blood
samples at baseline and one year (end of trial). These biomarkers in-
cluded full blood count, erythrocyte fatty acids, and plasma (or serum)
was measured for 25(OH)D, calcium, albumin, iron studies (iron, iron
binding capacity, ferritin, and transferrin saturation), vitamin B12 and
folate. Serum 25(OH)D was analysed using ADVIA Centaur Vitamin D
total assay which is standardised using internal standards (traceable to
LC/MS/MS). However, the assay was not certified by the Vitamin D
External Quality Assurance Standards (DEQAS). With the exception of
erythrocyte fatty acids, all other biomarkers were analysed at North
Shore Hospital (IANZ accredited). Erythrocyte fatty acids were analysed
at the University of Wollongong, Australia [30]. Omega-3 index then
was defined as the combined percentage of two omega-3 LCPUFA, ei-
cosapentaenoic acid (EPA) and DHA, in the red blood cell membrane
[42].

2.4. Statistical analysis

Because this analysis was an a priori secondary objective of the
VIDOMA trial [30], sample size calculation was not based on either
irritability or hyperactivity. In brief, it was calculated that 42 partici-
pants were required for each arm of the trial to demonstrate a clinically
significant difference at 80% power and 5% statistical significance.
Power calculations were based on a 17-unit difference between sup-
plemented groups and placebo in change from baseline to endpoint on
the Social Responsiveness Scale (SRS) total score, on a mean SRS and
standard deviation of 105 and 25 units in untreated children with ASD,
respectively [30].

Statistical analysis was performed using IBM SPSS version 24.0
(Armonk, NY). A two-sided P < 0.05 was considered statistically sig-
nificant. Variables were tested for normality using the Kolmogorov-
Smirnov, Shapiro-Wilk tests and normality plots. Non-normally dis-
tributed data were transformed into approximate normal distributions
by logarithmic transformations. The data were reported as mean ± SD
for normally distributed data, as median (25th, 75th percentiles) for
non-normally distributed data, and as frequencies for categorical data.
Baseline between-group differences were examined using analysis of
variance (ANOVA) for parametric data, the Kruskal-Wallis test for non-
parametric data and X2-test for categorical data.

The primary analysis, comparing the effects of treatment on irrit-
ability and hyperactivity as well as other ABC domains (as an ex-
ploratory analysis) over 12-months, was conducted using a pair-wise
mixed effects longitudinal models. Treatment (VID vs. placebo, OM vs.
placebo, and VIDOM vs. placebo) and time (baseline and endpoint)
were included as fixed effects, and participant was included as a
random effect to account for the repeated measures within individuals.
Thus interactions between treatments and time indicate differences in
efficacy. These were tested with and without considering the potential
effect of confounders. Potential confounding factors and effect modi-
fiers investigated within the models were compliance, medication use,
and therapy. Analysis was conducted on completers for each outcome
measure using data from those who completed assessments at both
timepoints (baseline and endpoint).

The relationship between change in biochemical markers (25(OH)D
and omega-3 index) (as continuous variables) and change in outcome
measures were assessed using Pearson correlations for normally dis-
tributed variables and Spearman correlations for non normally dis-
tributed variables.

3. Results

A flow diagram of the study design is presented in Fig. 1. Out of 117
families who were enrolled and were eligible for trial entry, 111 fa-
milies completed the baseline assessment of problem behaviours (the
baseline characteristics of these children are presented in Supplemen-
tary Table 2). Out of 111 children, 73 completed the study, with the
median follow-up of 54 (53, 55) weeks. The characteristics of these
children are presented in Table 1. The baseline demographic char-
acteristics did not differ between completers and non-completers,
however non-completers had significantly higher scores on irritability
(P < 0.001) and hyperactivity (P < 0.001) as well as other ABC do-
mains and lower omega-3 index than completers (Supplementary
Table 2).

Out of 73 children, 26 (36%) were characterised as having irrit-
ability symptoms at high levels [36] and 33 (45%) having hyperactivity
symptoms at high levels [37]. The four groups were similar at baseline
with respect to a range of demographic and clinical characteristics,
including ASD severity and mean scores on the ABC domains.

Over the one-year study period, 21% (15/73) of parents reported
their children taking medications for coexisting problem behaviours (3
children on risperidone, 2 on fluoxetine, 2 on clonidine, and 1 on me-
thylphenidate) and sleep disturbances (13 on melatonin, 13 children).
Medication use did not differ significantly across treatment groups.

Serum 25(OH)D concentration (nmol/L) increased by 27 ± 14 in
VID and by 36 ± 17 in VIDOM groups (P < 0.0001), and omega-3
index (%) by 4.4 (3.3, 5.9) in OM and by 4.0 (2.0, 6.0) in VIDOM groups
(P < 0.0001), indicating a good compliance rate (confirming the
capsule count). However, regarding the vitamin D group, the possibility
of cross-contamination or change in sun exposure habits (over the one
year study period) remains because serum 25(OH)D concentration in-
creased by 38% (-16, 61) in the placebo group.

The baseline, endpoint (after 12 months) and the changes in ABC-
irritability andhyperactivity scores as well as other ABC domains of
study populations across treatment groups are presented in Table 2. The
analysis of scores on irritability and hyperactivity showed a significant
effect of time (the difference between baseline and endpoint,
P < 0.001). Compared with placebo, both unadjusted and adjusted
analysis of the scores showed a greater reduction with VID (P= 0.007
unadjusted for covariates and P = 0.01 adjusted for covariates) and
with OM (P= 0.001 for both adjusted and unadjusted for covariates)
and a trend for a greater reduction with VIDOM (P= 0.06 unadjusted
for covariates and P= 0.09 adjusted for covariates) (Fig. 2A). The rate
of positive response (at least a 25% reduction in ABC-irritability score)
was 63% (12/19, P= 0.02), 74% (17/23, P= 0.003), and 53% (8/15,
P= 0.11) in VID, OM, and VIDOM groups, respectively, as compared
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Table 1
Characteristics of children who completed the study (n = 73) across treatment groups.

Characteristics * VID
(n = 19)

OM
(n = 23)

VIDOM
(n = 15)

Placebo
(n = 16)

P-values

Age, years, mean ± SD 5.3 ± 1.5 4.8 ± 1.5 5.4 ± 1.3 5.7 ± 1.0 0.25
Sex, n (%) 0.92
Male 16 (84) 18 (78) 13 (87) 13 (81)
Female 3 (16) 5 (22) 2 (13) 3 (19)
Ethnicity, n (%) 0.28
NZ European 11 (58) 9 (41) 10 (67) 6 (37)
Others 8 (42) 13 (59)5 5 (43) 12 (63)
Season of enrolment, n (%) 0.72
Summer 5 (26) 6 (26) 1 (7) 2 (13)
Autumn 5 (26) 9 (39) 4 (27) 6 (38)
Winter 5 (26) 5 (22) 6 (40) 6 (38)
Spring 4 (21) 3 (13) 4 (27) 2 (13)
BMI–for–age categories, n (%) 0.28
< 85th %ile (underweight or normal) 15 (79) 17 (74) 10 (67) 8 (50)
≥85th %ile (overweight or obese) 4 (22) 6 (26) 5 (33) 8 (50)
ASD severity (clinical diagnosis), n (%) 0.93
Mild 9 (47) 11 (48) 7 (47) 5 (31)
Moderate 7 (37) 10 (44) 6 (40) 8 (50)
Severe 3 (16) 2 (9) 2 (13) 3 (19)
Having symptoms of irritability, n (%) 0.88
Scores > 17 8 (42) 7 (30) 5 (33) 6 (38)
Having symptoms of hyperactivity, n (%) 0.58
Scores > 20 11 (58) 9 (39) 7 (47) 6 (38)
Time on study, weeks, median (25th, 75th percentiles) 55 (53, 57) 53 (52, 57) 54 (53, 57) 54 (53, 57) 0.59
Compliance, %, median (25th, 75th percentiles) 95 (92, 96) 95 (90, 97) 90 (77, 94) 94 (92, 97) 0.09
Therapy, n (%) 0.58
No 9 (48) 13 (55) 6 (36) 10 (60)
Yes 10 (52) 10 (45) 9 (54) 6 40)
Medication use, n (%) 0.26
No 14 (74) 19 (83) 10 (67) 15 (94)
Yes 5 (26) 4 (17) 5 (33) 1 (6)
Biochemical markers
Serum 25(OH)D, nmol/L, mean ± SD 68 ± 21 63 ± 24 60 ± 24 55 ± 27 0.47
Erythrocyte omega-3 index, %, median (25th, 75th percentiles) 5.3 (4.3, 5.5) 4.7 (4.3, 5.3) 4.5 (4.3, 5.3) 4.9 (3.9, 6.6) 0.77

BMI, body mass index (kg/m2); OM, omega-3; VID, vitamin D; VIDOM; vitamin D + omega-3.
* Where n (%) is reported, the percentage within each treatment group is reported.

Table 2
Problem behaviours (assessed using Aberrant Behaviour Checklist, ABC) in children with ASD across treatment groups and different time points and the change over
time.

ABC-domains Study groups P-values*

VID
(n = 19)

OM
(n = 23)

VIDOM
(n = 15)

Placebo
(n = 16)

Irritability VID vs. placebo (P= 0.01)
OM vs. placebo (P= 0.001)
VIDOM vs. placebo (P = 0.09)

Baseline 17 ± 7.8 14 ± 8.0 13 ± 8.2 13 ± 8.7
Endpoint 13 ± 7.7 9.1 ± 7.4 11 ± 8.4 14 ± 10
Change −4.0 ± 4.9 −5.0 ± 5.1 −2.7 ± 5.1 0.8 ± 6.1
Hyperactivity VID vs. placebo (P= 0.047)
Baseline 22 ± 9.6 17 ± 9.2 21 ± 12 20 ± 11
Endpoint 17 ± 11 14 ± 8.8 16 ± 11 19 ± 12
Change −5.2 ± 6.3 −3.4 ± 7.3 −4.5 ± 6.3 −0.8 ± 5.6
Lethargy OM vs. placebo (P= 0.02)
Baseline 9.2 ± 8.2 9.0 ± 8.3 7.7 ± 5.3 12 ± 8.3
Endpoint 7.4 ± 8.2 5.7 ± 5.9 6.3 ± 5.3 12 ± 9.0
Change −1.8 ± 4.3 −3.4 ± 4.8 −1.4 ± 3.5 0.0 ± 6.4
Stereotypy All active treatments vs. placebo (P> 0.1)
Baseline 5.1 ± 4.3 3.7 ± 3.19 3.0 ± 2.8 4.8 ± 3.9
Endpoint 4.4 ± 5.8 3.1 ± 4.1 2.7 ± 3.1 3.7 ± 2.9
Change −0.7 ± 3.3 −0.7 ± 3.3 −0.5 ± 2.2 −1.3 ± 2.4
Inappropriate speech All active treatments vs. placebo (P> 0.1)
Baseline 4.3 ± 3.2 3.7 ± 2.3 3.2 ± 2.8 3.8 ± 2.9
Endpoint 3.5 ± 3.4 2.9 ± 2.2 2.5 ± 2.6 3.9 ± 2.1
Change −0.8 ± 1.7 −0.8 ± 1.9 −0.7 ± 2.4 0.1 ± 2.6

ABC, Aberrant Behaviour Checklist; VID, vitamin D, VID; OM, omega-3; VI OM; vitamin D + omega-3.
Values are reported as mean ± SD.

* Pair-wise mixed effects longitudinal models. The analyses were adjusted for therapy, medication and compliance over the study period.
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with 25% (4/16) in the placebo group (Fig. 3A).
Both unadjusted and adjusted analysis of the scores on hyperactivity

revealed a greater reduction with VID than placebo (P= 0.04 un-
adjusted for covariates and P= 0.047 adjusted for covariates) (Fig. 2B).
The rate of positive response (at least a 25% reduction in ABC-hyper-
activity score) was 68% (13/19, P= 0.03), 48% (11/23, P = 0.30), and
47% (7/15, P= 0.38) in VID, OM, and VIDOM groups, respectively, as
compared to 31% (5/16) in the placebo group (Fig. 3B).

As an explanatory analysis, ABC-lethargy, -stereotypy and -in-
appropriate speech domains of study populations were also analysed
(Table 2). The analysis of scores revealed an effect of OM on lethargy,
with OM group having a greater reduction than placebo (P = 0.03
unadjusted for covariates and P= 0.02 adjusted for covariates).

As the secondary analysis, no relationship was observed between
change in serum 25(OH)D concentration or omega-3 index and change
in two outcomes (both r values ≤0.1 and P values > 0.10).

4. Discussion

The present trial provides clear evidence for the efficacy of long-
term treatment of irritability with omega-3 LCPUFA and vitamin D
supplements in children with ASD. Vitamin D was also efficacious in the
treatment of hyperactivity symptoms in these children. Although not a

Fig. 2. Vitamin D and omega-3 long chain polyunsaturated fatty acids reduce
symptoms of irritability and hyperactivity.
(2 A) Pattern of change (mean ± standard error) in ABC-irritability: greater
reduction with VID [F (1, 73) = 7.7, P= 0.007 (unadjusted) and F (1,
69) = 6.9, P= 0.01 (adjusted for covariates)] and OM [F (1, 73) = 12,
P= 0.001 (unadjusted), F (1, 69) = 13, P= 0.001 (adjusted for covariates)]
and a trend for a greater reduction with VIDOM [F (1, 73) = 3.6, P= 0.06
(unadjusted) and F (1, 69) = 3.0, P= 0.09 (adjusted for covariates)] than
placebo. (2B) Pattern of change (mean ± standard error) in ABC-hyper-
activity: a greater reduction with VID than placebo, F (1, 73) = 4.2, P= 0.04
(unadjusted for covariates) and F (1, 69) = 4.1, P= 0.047 (adjusted for cov-
ariates). VID, vitamin D; OM, omega-3; VIDOM, vitamin D+omega-3; placebo.

Fig. 3. Vitamin D and omega-3 long chain polyunsaturated fatty acids groups
have higher proportion of responders in relation to irritability and hyper-
activity.
(3 A) In relation to irritability: VID vs. placebo: x2 = 5.1, P= 0.02; OM vs.
placebo: x2 = 9.1, P= 0.003; VIDOM vs. placebo: x2 = 2.6, P= 0.11. (3B) In
relation to hyperactivity: VID vs. placebo: x2 = 4.8, P= 0.03; OM vs. placebo:
x2 = 1.1, P= 0.30; VIDOM vs. placebo: x2 = 0.8, P= 0.38. Responders are
defined as those who had ≥25% reduction in baseline irritability or hyper-
activity scores. VID, vitamin D; OM, omega-3; VIDOM, vitamin D+omega-3;
placebo.

H. Mazahery et al. Journal of Steroid Biochemistry and Molecular Biology xxx (xxxx) xxx–xxx

5



specific goal of this study, omega-3 LCPUFA was associated with a
greater reduction in the lethargy subdomain of ABC than placebo.

Regarding vitamin D, the findings of present trial confirm those of
Saad et al [26], but are inconsistent with those of Kerley et al [25]. Saad
et al (2018) randomly assigned 109 children with ASD to either vitamin
D (300 IU/kg/day not exceeding 5000 IU/day) or placebo for four
months, and demonstrated a greater reduction in irritability (-14
points) and hyperactivity (-9 points) than those observed in the current
study (-4 and -5 points, respectively) [26]. The larger reduction in Saad
et al’s study could be due to their use of a larger dose of vitamin D
supplement. Despite using the same dose of vitamin D as the present
trial and having comparable baseline irritability and hyperactivity
scores in their 38 subjects, Kerley et al (2017) did not find an effect of
vitamin D on irritability and hyperactivity symptoms [25], perhaps due
to the shorter trial duration (20 weeks) and lack of accumulative dose
over time. Vitamin D supplementation has also been shown to reduce
hyperactivity symptoms in populations with ADHD [43,44], providing
further evidence for a role of vitamin D in hyperactivity.

A recent meta-analysis of four omega-3 LCPUFA randomised con-
trolled trials in ASD (total n = 107) found no effect of treatment on the
symptoms of irritability, but a greater reduction, though not significant,
in the symptoms of hyperactivity [27]. The difference between omega-3
LCPUFA and placebo in change from baseline in hyperactivity score of
the present trial was comparable to that reported by the meta-analysis
(-2.6 and -2.1 points, respectively) [27]. Inconsistent with the findings
of this meta-analysis, the present trial found a greater reduction in ir-
ritability symptoms with omega-3 LCPUFA than placebo. The longer
study duration (one year) in the current trial could explain positive
findings. The study length of previous reports included in that meta-
analysis ranged from 6 to 26 weeks [36]. The beneficial effect of
omega-3 LCPUFA on irritability has been reported in populations with
other psychological and behavioural disorders (e.g. patients with bi-
polar disorder and persistent irritability [45] and patients with re-
current self-harm [46]).

Although taking both supplements (VID and OM) resulted in a
seemingly greater reduction in irritability and hyperactivity than pla-
cebo, the observed differences did not reach statistical significance,
probably due to low statistical power (only 15 subjects). To our
knowledge, no ASD intervention trials with these two nutrients is
available and therefore comparisons with other studies is not possible.

Previous reports suggest correlations between changes in serum
25(OH)D or omega-3 index and changes in cognitive and behavioural
outcomes in neurodevelopment disorders including ASD and ADHD
[40,47,48], which the present study could not confirm despite a sig-
nificant increase in both biomarkers.

The positive findings of the current study are supported by me-
chanistic evidence. Firstly, vitamin D receptors and 1α-hydroxylase
have been identified in different regions of the brain and sensing neu-
rons [49,50]. The active form of vitamin D has been shown to have an
important role in the neuronal differentiation, structure, function and
connectivity of the developing brain [51]. Also, omega-3 LCPUFAs,
mainly DHA, are necessary for normal development and functioning of
the brain [52]. Long-term DHA depletion results in significant losses in
brain DHA with consequent loss in brain function [53]. Furthermore,
vitamin D and omega-3 LCPUFA have been shown to have important
roles in neurotransmission systems which are reported to be disrupted,
at least, in a subset of individuals with ASD [27,54]. Finally, ASD is
considered a disease of inflammation and oxidative stress, and there is
strong evidence to suggest that vitamin D and omega-3 LCPUFA can
exert their roles in ASD through their anti-inflammatory, anti-oxidative,
and immunomodulatory properties [27,54].

To our knowledge, this is the first trial using the gold standard study
design (randed controlled placebo trial) to investigate the efficacy of
three interventions; vitamin D, omega-3 LCPUFA, or both in children
with ASD. Furthermore, major nutritional deficiencies were addressed
prior to trial entry to control for their potential confounding effects.

Also, the length of our study (one year) is worth noting; one year was
long enough to detect any potential beneficial effect of treatments on
behaviours and allowed us to control for seasonal differences in vitamin
D status and behaviour. Finally, the good compliance rate in those
completing the trial indicate that intervention was well-tolerated and
accepted. However, this study is limited by its relatively small sample
size and inadequate generalisability. Children who did not complete the
trial had higher scores on irritability and hyperactivity and lower
omega-3 index and whether the findings are applicable to these chil-
dren is not clear. It is plausible to suggest that these children would
benefit more from the intervention and if they were able to complete
the trial it would be possible to observe stronger relationship between
treatment and outcomes.

5. Conclusion

Our results support the use of vitamin D and omega-3 LCPUFA
supplements for treating irritability symptoms in children with ASD.
Vitamin D has also significant beneficial impact on hyperactivity in
these children. Future studies with a larger sample size are warranted to
investigate the impact of both nutrients on problem behaviours asso-
ciated with ASD, to replicate the findings of the current study, and to
explore the mechanistic pathways involved.
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