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Abstract 

Background: Vitamin and mineral supplements are widely used by children and adults diagnosed with autism spec-
trum disorder (ASD). Several studies have reported benefits of such supplements in resolving nutritional deficiencies, 
treating various metabolic problems and improving symptoms and overall quality of life.

Methods: This research survey collected evaluations from 161 people about the effectiveness of ANRC-Essentials 
Plus (ANRC-EP), a vitamin/mineral/micronutrient supplement designed for children and adults with autism. Although 
this was an open-label survey, results were compared with a three-month randomized double-blind placebo-con-
trolled study of an earlier version of the supplement. Evaluations included the Parent Global Impressions of Autism 
(PGIA) and the Overall Benefit/Adverse Effect scale of the National Survey on Treatment Effectiveness for Autism 
(NSTEA).

Results: The participants reported substantially higher Average PGIA Scores than the placebo group in a similar 
previous study, with an estimated effect size of 0.66. Based on the NSTEA questionnaire, 73% of participants rated the 
Overall Benefit as Moderate, Good, or Great, with scores that were substantially higher than the NSTEA study found for 
multi-vitamins, the average of 58 nutraceuticals, and the average of 28 psychiatric and seizure medications. The Over-
all Adverse Effect score was low (0.25/3.0), similar or slightly higher than other nutraceuticals, and much lower than 
the average of 28 psychiatric and seizure medications (0.9/3.0). Sub-analysis found that the Overall Benefit of ANRC-EP 
was not significantly affected by gender, age, autism severity, diet quality, self-limited diet, use of psychiatric or seizure 
medications, dosage, developmental history, intellectual disability, or seizures. This indicates that ANRC-EP may be 
beneficial for a wide range of children and adults with ASD.

A limitation of this study is the retrospective nature of the survey, and that participants who had good benefits were 
more likely to respond.

Conclusions: This study found that ANRC-EP had significant benefits for a wide range of symptoms, and low adverse 
effects.
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Background
Vitamins and minerals are, by definition, substances 
which have been proven to be essential to human life, and 
which must be consumed in the diet to prevent nutritional 

deficiencies and related illnesses. In the United States, data 
from the National Health and Nutrition Examination Sur-
vey (NHANES) 2007–2010 (n = 16,444) found that many 
people consume less than the estimated average require-
ment (EAR) of many nutrients, including vitamin D (74%), 
vitamin E (67%), magnesium (46%), calcium (39%), and 
vitamin A (35%) [1]. Children and adults with autism 
spectrum disorder (ASD) may be particularly susceptible 
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to nutritional insufficiencies and deficiencies as a conse-
quence of often self-limited diets restricting themselves 
to a limited number of foods [2]. Such behaviors follow on 
from the presence of restricted and/or repetitive behaviors 
being a core diagnostic feature of ASD, influenced also by 
various sensory issues [3].

Children with ASD may have an increased need for 
vitamin/mineral supplementation, due to a variety of 
metabolic problems, including increased oxidative stress 
[4, 5], methylation pathway insufficiency [6, 7], mito-
chondrial disorders [8], cerebral folate transporter anti-
bodies [9], sulfate deficiency [2] and lithium deficiency 
[2]. Vitamins and minerals have many roles, including 
serving as co-factors for many enzymatic reactions, and 
some individuals need higher levels of those co-factors 
due to individual variation in enzyme function (Ames 
2002) and other genetically-controlled processes. It is 
estimated, for example, that approximately one-third of 
mutations in a gene result in its corresponding enzyme 
having a decreased binding affinity for co-factors result-
ing in a lower enzyme activity. About 50 human genetic 
diseases can be treated to some extent with administra-
tion of high doses of a vitamin co-factor, resulting in 
improved enzyme activity [10].

Dietary supplements are commonly used in autism, 
with one study reporting 54% of children with ASD tak-
ing dietary supplements, primarily multi-vitamin/min-
eral supplements [11]. That study also reported that 
although intake of several vitamins and minerals from 
diet alone was insufficient, the supplements used often 
failed to treat some deficiencies while providing excessive 
amounts of other nutrients.

Various vitamin/mineral/micronutrient supplements 
for people with autism have been investigated in mul-
tiple clinical trials. These include folinic acid/vitamin 
B12 [6], vitamin B6 [12], vitamin C [13], vitamin D [14], 
zinc [15], and iron [16], with most of them demonstrat-
ing some positive benefit in correcting insufficiency and/
or improving symptoms [17]. Several other studies have 
highlighted how pregnancy levels of micronutrients may 
also influence the risk of offspring developing autism. 
Low levels of folic acid during pregnancy may be a risk 
factor for autism [18], and low or excessive levels of folic 
acid and B12 may increase the risk [19, 20]. Cumulatively, 
such data suggest that a carefully designed vitamin/min-
eral supplement may therefore be beneficial for people 
with autism.

Most relevant to this paper are three studies report-
ing on use of a multi-vitamin/mineral/micronutrient 
supplement for children with autism. One small ran-
domized study found significantly greater improve-
ment in gastrointestinal (GI) and sleep symptoms in a 
treatment group compared to placebo [21]. One larger 

randomized study [22], referred to in this paper as 
Adams 2011, began with an extensive analysis of nutri-
tional and metabolic status and found many abnor-
malities in the ASD group compared to controls [2]. 
At baseline, regression analysis found that ASD symp-
tom severity (evaluated on three different scales) was 
significantly associated with levels of several vitamins 
(adjusted R2 of 0.25–0.57) and minerals (adj. R2 of 
0.22–0.38). After treatment, the study found signifi-
cantly greater improvements in the treatment group 
compared to the placebo group on the Parent Global 
Impressions Scale (PGIA), and on its subscores of 
hyperactivity, tantrums, and overall symptoms. The 
results of that study were used to design a slightly 
different vitamin/mineral formulation, which was 
used in a randomized 12-month study in combina-
tion with 5 other nutritional/dietary treatments [23], 
referred to in this paper as Adams 2018. Most of the 
benefit occurred during the first three months, when 
the vitamin/mineral supplement and essential fatty 
acids were the primary interventions. The treatment 
group had significantly greater improvement than the 
control group on many different measures of autism, 
autism-related symptoms, non-verbal IQ, and overall 
developmental age. Parents rated the vitamin/mineral 
supplement and the essential fatty acids as the highest-
rated treatments, with over 85% of participants stating 
a desire to continue treatment with them.

Based on those positive studies, an improved version 
of the vitamin/mineral/micronutrient supplement was 
marketed in 2015 by the non-profit, Autism Nutrition 
Research Center (ANRC), under the name ANRC Essen-
tials. Following the Adams 2018 study, the preparation 
was reformulated and re-marketed as ANRC Essentials 
Plus (ANRC-EP). The focus of this paper is to report the 
results of a research survey of ANRC-EP consumers, to 
evaluate safety, efficacy, and factors which affect efficacy.

Methods
Study design
A retrospective survey of consumers who purchased 
ANRC-EP for a child or adult with ASD.

Research survey
An email invitation to participate in a research survey 
was sent to all consumers who had purchased ANRC-EP 
online from ANRC in the 12 months prior to spring 2020. 
The email invited them to complete a ten-minute survey 
about the safety and efficacy of ANRC-EP, in return for a 
50% discount on their next purchase.

The inclusion criteria used were a formal diagnosis of 
an autism spectrum disorder (self-reported by the partic-
ipant) and use of ANRC-EP for 3 months or longer. Those 
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with suspected autism but no formal diagnosis were not 
included in the study. There were no additional exclu-
sion criteria. All methods were performed in accord-
ance with the Declaration of Helsinki, and the study was 
approved by the Institutional Review Board of Arizona 
State University (STUDY00013167). Informed consent 
was obtained from all participants or their legal guardian.

The survey asked several demographic questions (see 
Table 1) as well as questions about dosing, perceived ben-
efits, and adverse effects. Participants then completed the 
Parent Global Impressions of Autism (PGIA). The PGIA 
includes 20 questions about the effect of the treatment 
(ANRC-EP) on autism-related symptoms based on a 
7-point scale. Participants were allowed to skip any ques-
tion they did not wish to answer.

This study design (survey of current/recent users) was 
chosen for several reasons. First, the short length of the 
survey encouraged high participation, resulting in good 
statistical power which allowed many sub-analyses to be 
conducted. Second, although the open-label nature of the 
participants results in some placebo-effect, this does not 
affect most of the sub-analyses, such as analysis of effect 
of age or gender, since the placebo-effect is likely to be 
similar for everyone. Third, the survey design allows eval-
uation of long-term effects of supplementation – some 
ANRC-EP consumers had been taking it for up to 6 years. 
Thus, this survey design of real-world use complements 
the previous randomized controlled studies [21–23]. 
Limitations of the study design are described in a section 
at the end of this paper.

The effect of ANRC-EP on symptoms was evaluated in 
several ways. The effect of ANRC-EP on autism-related 
symptoms was evaluated on the Parent Global Impres-
sions of Autism. This is a slightly modified version of 
the PGI-II [23] which included 18 questions on ASD 
symptoms; two questions on “seizures” and “self-limited 
diet” were added for this study. The change in each of 20 
symptoms is rated on a 7-point scale (-3: much worse; 
-2 worse; -1 slightly worse; 0 no change; + 1 slightly bet-
ter, + 2 better, + 3 much better). Importantly, if a person 
does not present with a specific symptom, then a “not 
applicable” option can be chosen. This is important so 
that change in rare symptoms, such as seizures, are only 
evaluated in participants with those symptoms. An Aver-
age score is calculated by averaging all of the scores.

Participants were asked to provide an Overall Benefit 
score, on a scale of 0–4, and an Overall Adverse Effect 
score, on a scale of 0–3, using the same scale as in the 
National Survey on Treatment Effectiveness for Autism 
(NSTEA) [24, 25]. If adverse effects occurred, partici-
pants were asked to indicate which ones based on a list 
from the NSTEA. This allows a direct comparison of the 
results of this study with that study.

Diet was assessed with two questions, one about the 
overall quality of the diet, and one about the variety of 
foods eaten by the participant.

Formulation
The formulation of ANRC-EP is listed in Table  1, and 
compared against the formulations used in the Adams 
2018 and Adams 2011 studies. Consumers were provided 
with a dosage sheet based on bodyweight, and given 
directions on how to slowly increased the dosage during 
the first month, and to stop at a lower dosage if adverse 
effects were observed.

Statistical analysis
The primary methods for statistical analysis were calcula-
tions of averages, t-test comparisons of different groups/
effects, and correlation analysis. Results with p-values 
below 0.05 were deemed statistically significant in this 
exploratory study. However, it should be noted that no 
control for multiple analyses were conducted, because 
the different evaluations were considered to be largely 
independent of one-another. This is a limitation of this 
study.

Raw effect sizes were calculated as the degree of change 
in the PGIA divided by the standard deviation (no con-
trol for placebo effect); these provide an upper bound 
on the possible effect size. Net effect sizes (Cohen’s d) 
were estimated as the difference between the PGIA score 
in the present study compared to the placebo group in 
the 2011 study, divided by the difference in the average 
of their standard deviations; since this is a comparison 
between two similar but different studies we call this an 
“estimated” net effect size.

Results
The survey was completed by 233 people. Of those 
responses, 22 were not included because they had taken 
ANRC-EP for less than 3  months. Also, 11 had a diag-
nosis of attention-deficit hyperactivity disorder (ADHD) 
only, 15 had some ASD symptoms but did not have a 
formal diagnosis at the time of survey, and 24 had other 
diagnoses (not ASD); these groups were not included in 
the analysis. The remaining 161 participants had a diag-
nosis of Autism or Autism Spectrum Disorder (ASD), 
and were included in the analysis. The demographics of 
the study are listed in Table 2. The duration of usage of 
ANRC-EP ranged from 3  months to over 4  years, with 
the median usage of approximately 12 months.

Table 3 describes the diet quality of participants, which 
ranged from poor to excellent, and 52% of participants 
reported a somewhat or very limited variety of foods 
consumed in the diet.
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Table 1 Formulation of ANRC-EP (present study) and similar formulations used in Adams 2018 and Adams 2011 studies. The dosages 
are listed for 6 capsules, which is the daily dose for a 60 pound child; dosages are adjusted by bodyweight (1 capsule per 10 pounds 
bodyweight, to a maximum of 12 capsules for 120 pound or higher). Lower, gradually-increasing doses were recommended for the 
first month

ANRC Essentials Plus (current 
study)

2018 study 2011 study

Vitamins
 Vitamin A
(Retinyl palmitate)

2000 IU (600 mcg RAE) 975 IU 1000 IU

 Carotenoids 6000 IU vitamin A as mixed carot-
enoids

5525 IU as beta carotene 3.6 mg mixed carotenoids

 Vitamin C (Calcium ascorbate) 300 mg 500 mg 600 mg

 Vitamin D (D3) 2500 IU (62 mcg) 1000 IU 300 IU

 Vitamin E
(alpha tocopherol)

67 IU ( 45 mg RAE) 150 IU 150 IU

Mixed Tocopherols 55 mg of mixed tocopherols

 Vitamin K 300 mcg 55 mcg (K1 and K2) none

200 mcg K1, 100 mcg K2 (as MK7)

 Vitamin B1 Thiamin (as thiamin 
hydrochloride)

30 mg 20 mg 20 mg

 Vitamin B2 Riboflavin 40 mg 40 mg 20 mg

 Vitamin B3 Niacin 20 mg Niacin (nicotinic acid) 25 mg (as inositol hexanicotinate) 15 mg niacin

20 mg Niacinamide 10 mg Niacinamide 10 mg Niacinamide

10 mg Nicotinamide Adenine Dinu-
cleotide (NADH)

None none

10 mg nicotinamide riboside none none

 Vitamin B5 Pantothenic Acid
(as calcium d-pantothenate)

30 mg 30 mg 15 mg

 Vitamin B6 40 mg 40 mg 40 mg

20 mg pyridoxine hydrochloride, 
20 mg pyridoxal 5 phosphate (P5P)

20 mg pyridoxine hydrochloride, 
20 mg pyridoxal 5 phosphate (P5P)

pyridoxine HCL

 Vitamin B12 600 mcg 500 mcg 500 mcg

500 mcg as hydroxocobalamin and 
100 mcg methylcobalamin

250 mcg as methylcobalamin and 
250 mcg as cyanocobalamin

cyanocobalamin

 Folate 600 mcg 600 mcg 550 mcg

MTHF (methyl-tetra-hydrofolate) (as folic acid, folinic acid, & L-5-meth-
yltetrahydrofolate)

folinic acid

 Biotin 500 mcg 225 mcg 150 mcg

Minerals
 Calcium 200 mg 70 mg 100 mg

(as calcium ascorbate, calcium pan-
tothenate, di-calcium malate)

(as calcium ascorbate) (as calcium ascorbate)

 Chromium 70 mcg 70 mcg 70 mcg

(as chromium picolinate) (as chromium amino acid chelate) (as chromium amino acid chelate)

 Iodine 100 mcg 100 mcg 100 mcg

(as potassium iodide)

 Magnesium 200 mg 100 mg 100 mg

(as Mg Citrate (75 mg elemental 
Mg), Mg Taurate (50 mg elemental 
Mg), Di-Magnesium Malate (75 mg 
elemental Mg)

as magnesium citrate (as magnesium chloride hexahy-
drate)

 Manganese 0.5 mg 1 mg 3 mg

(as manganese aspartate) (as manganese amino acid chelate) (as manganese amino acid chelate)

 Molybdenum 100 mcg 100 mcg 150 mcg

(as molybdenum glycinate) (sodium molybdate dihydrate) (sodium molybdate dihydrate)
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Table 4 provides information on the dosage of ANRC-
EP. Most participants (81%) reported slowly increasing 
dosage over 1 month per ANRC guidelines, which were 
designed to reduce the risk of adverse effects (AE). Most 
participants reported consuming the full dose, but 36% 
consumed a lower dose, due to adverse effects at higher 
dosages (15%) or other non-AE reasons (21%).

Table  5 reports on the change in symptoms based on 
the PGIA questionnaire, and compares them to the 
results of the treatment and placebo groups in the Adams 
2011 study. The scores for the 2011 Treatment study are 
also listed in Table 5 for comparison; that study used an 
earlier version of the PGIA, with fewer questions. For the 
questions which were common between the two studies, 
the average symptom improvements were very similar 
(0.82 vs 0.70, n.s.), with a very high correlation (R = 0.87) 
for comparison of the set of PGIA scores between the 
two groups; i.e., both studies agreed closely as to which 
symptoms improved least/most. The present study found 
a substantially higher Average score than the placebo 
group in the 2011 study (0.82 vs. 0.37, p < 0.001), and 
significantly higher scores in most symptoms including 
cognition/thinking, receptive language/communication, 
play/leisure skills, eye contact, tantrums/meltdowns, 
sleep, hyperactivity, and overall symptoms, and trends 
towards greater improvement in expressive language/

speech and stools/GI problems. So, although caution is 
needed in comparing different study designs, it appears 
that the present results are very similar to those of the 
treatment group in a randomized, double-blind, placebo-
controlled study, and substantially higher than the pla-
cebo group in that study.

Table 5 also lists the raw effect size (not counting pla-
cebo effect) and the estimated net effect size (using the 
placebo effect from the Adams 2011 study). Caution is 
needed in using the placebo effect from a different study 
to estimate the net effect size in this study. The estimated 
net effect sizes were “medium” (defined as Cohen’s d of 
0.5–0.79) for the Average of all scores, Overall, tantrums/
meltdowns, cognition/thinking, and receptive language, 
and “small” (defined as 0.2–0.49) for play/leisure skills, 
sleep, eye contact, stools/GI problems, expressive lan-
guage/speech, and sociability). For the symptoms which 
were not evaluated in the 2011 study, several had raw 
effect sizes above 0.6, so they may also be possible areas 
of improvement, including attention/focus, irritability/
mood, sensory sensitivity, and anxiety.

Figure  1 shows a plot comparing the results of the 
present study with the results of the Adams 2011 study 
(treatment group and placebo group), ordered from 
most to least benefit, followed by the Average Score. This 
shows that the present study had very similar results 

Table 1 (continued)

ANRC Essentials Plus (current 
study)

2018 study 2011 study

 Potassium
(as potassium chloride)

50 mg 50 mg 50 mg

 Selenium
(80% as selenomethionine, 20% as 
sodium selenite)

50 mcg 40 mcg 22 mcg

 Zinc 15 mg 15 mg 12 mg

(50% as zinc sulfate, 50% as amino 
acid chelate)

(as zinc gluconate) (as zinc gluconate)

Other Nutrients
 Choline 250 mg 250 mg 250 mg

(as choline bitartrate) (as choline bitartrate) choline chloride

 Co-Enzyme Q10
(ubiquinone)

100 mg 50 mg 50 mg

 Inositol 100 mg 100 mg 100 mg

 Carnitine 300 mg 200 none

l-carnitine acetyl-l-carnitine

 Lithium
(as lithium orotate)

350 mcg 350 mcg 500 mcg

 Methylsulfonylmethane (MSM) 500 mg 500 mg 500 mg

 N-acetyl-cysteine 100 mg 45 mg 50 mg

 Taurine (as Mg taurate) 514 mg None none

 Vanadium none 25 mcg none

 Boron none 250 mcg none
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to the Adams 2011 treatment group, and substantially 
higher than for the placebo group.

Figure 2 shows a comparison of the PGIA scores for 
the present study compared to a comprehensive diet 
and nutrition study (Adams 2018) at 3 months of treat-
ment, at which point participants had started the vita-
min/mineral supplement at day 0, essential fatty acids 
(fish oil) at day 30, and Epsom salt baths at day 60, 
with evaluations at day 90. There was a very high cor-
relation (R = 0.85) of the set of PGIA scores between 
the present study and the treatment group of the 2018 
study at 3  months. The Average score of the 2018 
study at 3  months is slightly higher than the present 
study (0.85 and 0.73, respectively), which may repre-
sent the additional effect of fish oil and Epsom salt 
baths, and suggests that most of the benefit from the 
comprehensive diet study was from the vitamin/min-
eral supplement.

Table  6 lists the rating of Overall Benefit for the pre-
sent study based on the NSTEA scale (0 to 4) which was 
2.32 ± 1.2, which is between “Moderate Benefit” and 
“Good Benefit.” The median time required to observe 
improvement was approximately 5–8  weeks, and 91% 
noticed significant improvement by 9–12  weeks. After 
the first few months, most experienced stable benefits, 
with 9% reporting some loss of benefit, and 21% report-
ing some increase in benefit.

Table  6 also lists the effects of stopping ANRC-EP. 
57% of participants never stopped, 17% stopped with 
no changes, and 26% stopped and observed changes. 
Many respondents commented that they restarted 
the supplement after stopping it and observing a loss 
of benefits. There were 36 responses indicating wors-
ening of symptoms when stopping the supplement, 
and 2 responses indicated both positive and negative 
changes.

Table  7 describes the overall level of adverse effects 
(AE), and the specific adverse effects that were reported 
using the NSTEA questionnaire. The Overall Adverse 
Effect score was 0.25 on a scale of 0–3 (0 = none, 
1 = mild, 2 = moderate, 3 = severe). Most participants 
(79%) reported there were no adverse effects, and the 
reported AE’s were mostly mild. Overall, 78% of partici-
pants who experienced AE’s reported that reducing the 
dose helped reduce the adverse effects.

Table  8 lists the results of the analysis of the effect 
of many factors on Overall Benefit score (using the 
NSTEA scale of 0–4). The participants who followed 
the recommendation to gradually increase the dosage 
during the first month had significantly higher Overall 
Benefit (2.38 vs 1.70, p = 0.006). Also, there was a weak 

Table 2 Demographics of Autism and ASD Participants

Gender

 Male 138 (86%)

 Female 23 (14%)

Age 12.7 ± 9.1 years (1–74 years)

Age Distribution

 1–5 years 27 (17%)

 5–10 years 53 (33%)

 11–15 years 32 (20%)

 16–20 years 31 (19%)

 21–25 years 6 (4%)

 26–30 years 4 (2%)

 31 + years 7 (4%)

Person completing the questionnaire

 Parent/Guardian 153 (95%)

 Grandparent 2 (1%)

 Self 6 (4%)

Diagnosis

 Autism 84 (52%)

 ASD 77 (48%)

Country of Residence

 United States 153 (95%)

 Non-US 8 (5%)

Race

 White/Caucasian 103 (64%)

 African American/Black 6 (4%)

 Asian Indian 14 (9%)

 Asian non-Indian 17 (11%)

 Other 21 (13%)

Ethnicity

 Hispanic 17 (11%)

 Non-Hispanic 141(88%)

 unspecified 3 (2%)

Autism severity

 Mild 39 (24%)

 Moderate 76 (47%)

 Severe 45 (28%)

Developmental History of Autism

 Early onset 82 (51%)

 Normal development, followed by regression 
or plateau

79 (49%)

 Age at regression/plateau 20 ± 11 months

Seizures 10 (6%)

Intellectual Disability 31 (19%)

Asthma 7 (4%)

Use of Psychiatric or Seizure Medications 65 (39%)

Duration of usage of ANRC-EP

 3–5 months 47

 6–8 months 15

 9–12 months 21

 1–2 years 35

 2–3 years 24

 4 + years 19
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but significant positive correlation of longer usage 
of ANRC-EP with greater Overall Benefit (R = 0.22, 
p = 0.01). The other factors did not have a significant 

effect on Overall Benefit, including gender, age, autism 
severity, diet quality, limited variety of foods, use of 
psychiatric or seizure medications, dosage (full or 

Table 3 Diet Quality and Limited Diet

Diet Quality
 Excellent: plenty of vegetables, fruit, and protein; minimal junk food 56 (35%)

 Very good: good amount of vegetables, fruit, and protein; modest amount of junk food 32 (20%)

 Good: some vegetables, fruit, and protein; some junk food 26 (16%)

 Fair: somewhat limited amount of vegetables, fruit, or protein; substantial amount of junk food 28 (17%)

 Poor: limited amounts of vegetables, fruit, or protein; high amounts of junk food 19 (12%)

Does the participant eat a limited variety of foods?
 No 40 (25%)

 Slightly limited 37 (23%)

 Somewhat limited 61 (38%)

 Very limited 23 (14%)

Table 4 Dosage Information for ANRC Essentials Plus (ANRC-EP)

Dosage Frequency
 Daily 151 (94%)

 Less than daily (average 3.4 days/week) 10 (6%)

Dosage form
 Powder 66 (41%)

 Capsule 95 (59%)

Was the dosage slowly increased during the first month per ANRC guidelines?
 Yes 131 (81%)

 No 29 (19%)

Average Dose as a fraction of Recommended Dose (based on reported pill/powder count)
 Capsule 56%

 Powder 62%

Are you using less than the recommended full dose due to possible adverse effects?
 Full Dose 103 (64%)

 Less than full dose 58 (36%)

Reasons for less than full dose
 Adverse effect (AE) reasons for taking lower dose

  Hyperactivity at higher dose 11 (7%)

  Anxiety/aggression/irritability at higher dose 5 (3%)

  Reflux at higher dose 2 (1%)

  Other AE at higher dose 6 (4%)

 Non-adverse-effect reasons for taking lower dose

  Cost 7 (5%)

  Scheduling problems 6 (4%)

  Compliance due to taste/number of pills 5 (3%)

  Other (not AE) 13 (8%)

When the participant started ANRC Essentials Plus, did they make any other changes in medications, supplements, diets, or treatments?
 No other changes 48%

 Some other changes, but I am fairly confident that the changes I reported are due to ANRC Essentials Plus 29%

 Some other changes, so I am unsure if the changes I reported were due to ANRC Essentials Plus or other medications/supplements/
diets/treatments

23%
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reduced), developmental history (early onset of autism 
vs. typical development followed by regression and/or 
plateau), intellectual disability, or seizures.

Table 9 lists a comparison of the results of the pre-
sent study with the National Survey on Treatment 

Effectiveness for Autism (NSTEA) [24, 25], using the 
NSTEA scale for rating Overall Benefits and Overall 
Adverse Effects. ANRC-EP had a higher Overall Ben-
efit rating than the other treatments, and a low AE 
score.

Table 5 Change in Symptoms according to the Parent Global Impressions of Autism Score, for the present study, sorted in order 
from most to least improved, followed by the Overall rating and Average rating. Results for a previous study (treatment and placebo 
groups), are shown for comparison. The rating is done on a 7-point scale, from -3 (much worse) to 0 (no change) to + 3 (much better). 
A t-test comparing the present study vs. the treatment group and vs the placebo group of the Adams 2011 study are shown. The raw 
effect size and net effect size (Cohen’s d) are shown

Symptom Present 
Study 
(ANRC-EP)

2011 Treatment 
Study (treatment 
group)

2011 Treatment 
Study (Placebo 
group)

ttest (present vs 
2011 treatment

Ttest (present 
vs 2011 
placebo

Raw Effect size 
(present study)

Estimate of 
Net Effect Size 
(Cohen’s d)

Receptive Lan-
guage/Compre-
hension

1.06 (1.0) 0.91
(1.1)

0.51
(0.92)

n.s p < 0.001 1.04 0.57

Cognition/Think-
ing

1.05 (1.0) 0.74
(1.0)

0.43
(0.84)

n.s p < 0.001 1.04 0.64

Attention/Focus 1.04 (1.0) 1.04

Expressive Lan-
guage/Speech

0.97 (1.0) 1.09
(1.1)

0.71
(0.92)

n.s p = 0.10 0.95 0.26

Play/Leisure Skills 0.94 0.81
(0.88)

0.51
(0.87)

n.s p = 0.005 0.95 0.45

Sociability 0.86 (0.94) 0.77
(0.95)

0.63
(0.92)

n.s n.s 0.91 0.25

Eye Contact 0.76 (0.91) 0.66
(0.98)

0.40
(0.85)

n.s p = 0.01 0.84 0.40

Irritability/Mood 0.74 (1.2) 0.63

Tantrums/Melt-
downs

0.73 (1.2) 0.4
(1.1)

-0.10
(0.80)

p = 0.07 p < 0.001 0.63 0.77

Stools/GI Prob-
lems

0.65 (1.0) 0.68
(1.1)

0.35
(1.1)

n.s p = 0.10 0.62 0.28

Sensory Sensitivity 0.59 (0.95) 0.62

Anxiety 0.57 (1.1) 0.52

Sleep 0.52 (0.96) 0.3
(0.87)

0.13
(0.99)

n.s p = 0.02 0.54 0.40

Self-limited Diet 
(will only eat a few 
foods)

0.48 (0.88) 0.55

Self-Abusive 0.47 (1.0) 0.46

Aggression 0.45 (1.1) 0.41

Stimming/Perse-
veration

0.39 (1.1) 0.34

Hyperactivity 0.31 (1.1) 0.31
(0.67)

-0.06
(0.55)

n.s p = 0.003 0.28

Seizures 0.19 (0.62) 0.32

OVERALL 
Autism/Related 
Symptoms

1.11 (0.98) 1.02
(1.0)

0.56
(0.86)

n.s p < 0.001 1.13 0.57

Average of All 
Scores

0.75 (0.77) 0.97

Average of 
scores used in 
2011 study

0.82 (0.76) 0.70
(0.65)

0.37
(0.54)

n.s p < 0.001 1.07 0.66
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Discussion
Overall, 92% of participants reported positive benefit on 
the Overall Benefit score (based on the NSTEA scale), 
with 44% reporting “good” or “great” benefit follow-
ing use of the ANRC Essentials Plus (ANRC-EP) (see 
Table  6). The degree of benefit was significantly higher 
in people who followed the ANRC guidelines of starting 
with a lower dose and then gradually increasing during 
the first month; presumably this is due to giving the body 
more time to adjust to the higher intake of nutrients. The 

degree of benefit was also slightly higher in people who 
took it for a longer period of time; this could however 
be partly due to cessation of use by people who had less 
benefit, but also the data in Table  6 suggests that some 
participants (21%) had some increase in benefit after the 
first several months. Interestingly, other factors such as 
age, gender, autism severity, and diet quality did not have 
a significant effect on degree of benefit, suggesting that 
the supplement may benefit a large fraction of individuals 
with autism/ASD.

Fig. 1 PGIA scores for the present study and the 2011 study (treatment and placebo groups), with symptoms sorted from highest to least 
improvement, followed by the Average Score of all symptoms. Only the symptoms scored in the 2011 version of the PGIA are shown

Fig. 2 PGIA scores for the present study and the treatment arm of the 2018 study at 3 months, with symptoms sorted from highest to least 
improvement, followed by the Average score of all symptoms. Only the symptoms scored in the 2018 version of the PGIA are shown
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This study also found that ANRC-EP had a good 
safety profile, with an Overall Adverse Effect rating of 
0.25 ± 0.54 on a scale of 0–3 (see Table 7). Only 21% of 

participants reported one or more adverse effects (AE), 
which were mostly mild, and in 78% of cases could be 
reduced by reducing the dose.

Table 6 Rating of Overall Benefit of ANRC Essentials Plus (ANRC-EP), based on the NSTEA scale, and related information

a These answers are based on analysis of free-form text, so in future a listing of actual symptoms might provide a more complete picture

Overall Benefit (NSTEA scale) 2.32 ± 1.2
(rated on a scale of 0–4)

No Benefit (0) 13 (8%)

Slight Benefit (1) 30 (19%)

Moderate Benefit (2) 47 (29%)

Good Benefit (3) 43 (27%)

Great Benefit (4) 27 (17%)

How quickly did you observe significant change in symptoms?
 1–2 weeks 18 (11%)

 3–4 weeks 51 (32%)

 5–8 weeks 39 (24%)

 9–12 weeks 14 (9%)

 13 weeks or longer 16 (10%)

 Not applicable—no changes observed 23 (14%)

How did benefits change after the first few months
 Some loss of benefit 13 (9%)

 Stable benefit 102 (70%)

 Some increase of benefit after first few months 30 (21%)

Did the participant ever stop taking ANRC Essentials Plus, and did you notice a loss of benefits?
 Never stopped 92 (57%)

 Stopped, but no change 27 (17%)

 Stopped, and noticed some changes 42 (26%)

 Speed of change (9 responses) Average 10 days (1 day to a few weeks)

 Worsening of symptoms when stopping  ANRCa 38 responses
Alertness/focus: 12
General symptoms: 6
Communication: 5
Stimming: 5
Cognition: 4
Behavior: 4
Agitation: 4
Mood: 4
Fatigue: 3
Anxiety: 3
Pica: 3
Hyperactivity: 2
Sleep: 2
Emotion Regulation: 2
Aggression: 2
GI: 2
Eye contact: 1
Depression: 1
Lost weight: 1
Sensory: 1
Sick more: 1
Eczema: 1
Night leg pain: 1

 Improvement of symptoms when stopping  ANRCa 2 responses (they also reported worsening of symptoms listed 
above)
body odor 1;
hyperactivity/irritability: 1
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The results of this study for the PGIA were very similar 
to that of the treatment group in a previous study using 
an earlier version of this supplement (Adams 2011), with 
a high correlation between studies as to which symptoms 

improved least/most. Comparing the results of the pre-
sent study to the placebo group of the 2011 study, this 
study found a significantly higher improvement in the 
Average score (averaging over all 11 symptoms) and on 8 

Table 7 Adverse Effects. The severity of Overall Adverse Effects based on the 0–3 scale of the NSTEA scale, followed by the rate of 
occurrence of individual symptoms, arranged in order from most to least common. The bottom section includes a list of possible 
symptoms which were asked about but which did not occur

Overall Adverse Effects (NSTEA scale) 0.25 ± 0.54
(on a scale of 0–3)

No adverse effects (0) 127 (79%)

Mild Adverse Effects (1) 27 (17%)

Moderate Adverse Effects (2) 5 (3%)

Severe Adverse Effects (3) 1 (0.6%)

Symptom Percentage N
 Hyperactivity 9% 14

 Stimming/perseveration 6% 9

 Irritability 4% 7

 Aggression/agitation 4% 6

 Behavior problems 4% 6

 Gastrointestinal Problems 4% 6

 Anxiety 3% 5

 Sleep problems 2% 4

 Bedwetting/bladder control 2% 3

 General Worsening 1% 2

 Cognition (ability to think) 1% 2

 Tics/abnormal movements 1% 2

 Dry mouth 1% 1

 Headache/migraine 1% 1

 Nausea 1% 1

 Weight gain 1% 1

 Other (not in original list, but reported by participant): Odd Body Odor 1% 1

Symptoms which were asked about but were reported as not occurring
 Depression 0% 0

 Dizziness/unsteadiness 0% 0

 Fatigue/drowsiness 0% 0

 Liver/kidney problem 0% 0

 Loss of appetite 0% 0

 Rash 0% 0

 Seizures 0% 0

 Self-injury 0% 0

 Weight loss 0% 0

How long did adverse effects last? % of 32 respondents

 A few days 13% 4

 1–2 weeks 13% 4

 Several weeks or more 28% 7

 Until reducing the dose 47% 15

 Until totally stopping the supplement 6% 2

Did reducing the dose help reduce the adverse effects? % of 32 respondents

 Yes 78% 25

 No 22% 7
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Table 8 Effect of many factors on the Overall Benefit score (using the NSTEA scale of 0–4). Significant results are highlighted in bold

Overall Benefit (NSTEA scale 
of 0–4)

T-test result Correlation

Gender n.s

 Male 2.27 ± 1.2

 Female 2.17 ± 1.2

Age R =—.0.01 (n.s.)

 1–5 years 2.26

 6–10 years 2.10

 11–15 years 2.38

 16–20 years 2.58

 21–25 years 2.0

 25–30 years 2.50

 31 + years 1.63

Autism Severity R =—0.04 (n.s.)

 Mild (1) 2.38

 Moderate (2) 2.20

 Severe (3) 2.24

Diet Quality R = 0.05 (n.s.)

 Excellent (5) 2.41

 Very Good (4) 2.13

 Good (3) 2.04

 Fair (2) 2.32

 Poor (1) 2.21

Limited Variety of Foods R = 0.03 (n.s.)

 Not limited 2.25

 Slightly limited 2.16

 Somewhat limited 2.28

 Very limited 2.35

Use of Psychiatric or Seizure Medications n.s

 Yes 2.14

 No 2.34

Dosage n.s

 Full dose 2.43

 Reduced dose 2.21

Was the dosage gradually increased during the first month per ANRC 
guidelines?

p = 0.006

 Yes 2.38

 No 1.70

Duration of ANRC-EP usage R = 0.22 (p = 0.01)

 3–5 months 1.9

 6–8 months 2.2

 9–12 months 2.2

 1–2 years 2.4

 2–3 years 2.6

 4 + years 2.7

Developmental History n.s

 Early Onset of autism 2.14

 Normal development, followed by regression or plateau 2.38

Intellectual Disability n.s

 Yes 1.97

 No 2.34

Seizures n.s

 Yes 2.00

 No 2.29
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of 11 symptoms. This suggests that ANRC-EP provides a 
wide range of symptom improvements compared to pla-
cebo for individuals with ASD.

The current study also evaluated changes in 9 addi-
tional symptoms not evaluated in the Adams 2011 study, 
and found improvements in attention/focus (average 
improvement of 1.04), irritability/mood (0.74), sensory 
sensitivity (0.59), anxiety (0.57), self-limited diet (0.48), 
self-abusive (0.47), aggression (0.45), and stimming/per-
severation (0.39). However, it seemed to have little effect 
on seizures (0.19) on the small number of participants 
with seizures (n = 11). The placebo effect for those symp-
toms is unknown, so a randomized placebo-controlled 
study is needed to confirm those possible improvements.

One major question is the reason why ANRC-EP seems 
to improve symptoms. The current study found no cor-
relation of improvement with diet quality or self-limited 
diet. Therefore, it seems likely that the major reason for 
improvement is not due to poor diets, but rather due 
to nutritional and metabolic differences in people with 
autism that require high levels of supplementation. Vita-
mins and minerals are important co-factors for many 
enzymes, and some individuals may need higher levels 
of those co-factors due to individual variation in enzyme 
function [10]. The Adams 2011 study involved an exten-
sive study of nutritional and metabolic status of children 
with ASD vs. controls, and found many very significant 
(p < 0.001) differences, including lower levels of biotin, 
plasma glutathione, RBC (red blood cell) SAMe (S-aden-
osylmethionine), plasma uridine, plasma ATP (adeno-
sine triphosphate), RBC NADH (Nicotinamide Adenine 
Dinucleotide), RBC NADPH (nicotinamide adenine 
dinucleotide phosphate), plasma sulfate (free and total), 
and plasma tryptophan; and higher levels of oxidative 
stress markers and plasma glutamate. Treating those chil-
dren with the vitamin/mineral supplement resulted in 
significant improvements in most of those biomarkers, 
and presumably similar effects occurred in this study.

Several of the vitamins, minerals, and micronutrients in 
ANRC-EP have individually been investigated and found 

to be beneficial in children and/or adults with ASD in ran-
domized, double-blind, placebo-controlled studies. These 
include studies of Methyl-B12, folinic acid, and trimethylg-
lycine (TMG) [6, 7, 26], high dose folinic acid [27, 28], high 
dose vitamin B6 with magnesium [29], vitamin D [30–32], 
high-dose carnitine [33, 34], CoQ10 [35], and high-dose 
Vitamin C [13, 36]. Similarly, Open-label trials of vitamin/
mineral supplementation for ASD have reported benefits 
for vitamin A [37], iron [16] and zinc [15], in children with 
ASD, and a case study of high dose biotin [38].

In summary, several of the vitamins, minerals, and 
other micronutrients in ANRC-EP have been found to 
be individually beneficial in children and/or adults with 
ASD, thus explaining why combining them in ANRC-EP 
is helpful.

Figure  2 compares the results of the present study 
vs. the 2018 comprehensive diet and nutrition study at 
3  months, at which point participants had started the 
vitamin/mineral supplement at day 0, essential fatty acids 
day 30, and Epsom salt baths day 60, with evaluations at 
day 90. The PGIA scores for the two studies were highly 
correlated, and the 2018 study had only slightly higher 
scores (16% higher), suggesting that most of the benefit 
was due to the vitamin/mineral supplement, with a small 
additional benefit due to the essential fatty acids and 
Epsom salt baths.

This study used the same rating scale for Overall Benefit 
and Overall Adverse Effect as used in the NSTEA studies 
[24, 25]. As shown in Table 9, ANRC-EP had a substan-
tially higher Overall Benefit score than the multivitamins, 
suggesting that this was a better formulation for most 
children and adults with ASD. It also had a better Over-
all Benefit score than the average of 58 nutraceuticals and 
average of 28 psychiatric and seizure medications, sug-
gesting that this may be one of the more effective medi-
cal treatments for autism. ANRC-EP had a low Overall 
Adverse Effect score (0.25/3.0), slightly higher than other 
multivitamins and nutraceuticals, but much lower than 
the average of 28 of the most commonly used psychiat-
ric and seizure medications. Thus, this data suggests that 

Table 9 Overall Benefit and Overall Adverse Effect scores for ANRC-EP compared to the results of the NSTEA survey

Overall Benefit
(0–4)

Overall Adverse Effect
(0–3)

ANRC-EP (present study) 2.32 0.25

Average of general multi-vitamin/mineral supplements 1.4 0

Average of high-dose multi-vitamin/mineral supplements 1.9 0.2

Average of high dose multivitamin for autism 1.8 0.2

Average of 58 nutraceuticals 1.59 0.1

Average of 28 psychiatric and seizure medications 1.39 0.9
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ANRC-EP is both safe and effective, and worth consider-
ing for many children and adults with ASD.

Strengths and limitations
Strengths
This study involved a substantial number of participants 
(n = 161), allowing many analyses and sub-analyses to 
be conducted. The PGIA results of this study correlated 
highly (R = 0.87) with the results of the treatment group 
in the Adams 2011 randomized study, and the results of 
the 2018 study at 3 months (R = 0.85).

Limitations
One limitation is that this study did not involve a pla-
cebo group. A similar study (Adams 2011) of an earlier 
version of this supplement did however include a pla-
cebo group, so it was possible to cautiously compare 
the present findings against the results of that study, 
although the treatment duration is different. Another 
limitation is that this was a retrospective survey pre-
dominantly relying on parental reports. That being said, 
this is also a strength of the study given the unique view-
point offered by caregivers who can offer highly accu-
rate accounts [39]. Likewise, the survey was only sent 
to consumers who purchased ANRC-EP within the last 
12 months, and since many participants were still using 
ANRC-EP at the time of study, recall issues such as tele-
scoping effects are likely to be minimal. Another issue is 
that there is probably some under-reporting of adverse 
effects, in that people who stopped using the supple-
ment before 3  months were not included. However, in 
the Adams 2011 study, there were only 3 participants 
out of 72 in the treatment group (4%) who dropped out 
of the study due to adverse effects, which suggests that 
this bias is probably modest. Another limitation is that 
participants who observed benefit are more likely to 
stay on the supplement and hence respond to the sur-
vey, but the similarity in PGIA results to the Adams 
2011 and Adams 2018 studies suggest this effect was 
small. Another limitation is that the time scale of this 
study (3  months to 5  years) is different than the time 
scale of the Adams 2011 study (3  months) and Adams 
2018 study (we compared with the results at 3 months); 
however, since participants reported most changes had 
occurred by 3 months, this is probably a smaller effect. 
Some families reported starting ANRC-EP with other 
treatments, which limits the reliability of their results.

Conclusions
This study found that ANRC-EP had very similar benefits 
(PGIA scores) compared to the treatment group in a pre-
vious randomized double-blind placebo-controlled study, 

and significantly higher scores than the placebo group of 
that study, including on the Average of all scores, and 8 
of 11 subscores, and a trend towards improvement on 
2 of the other subscores. The net effect size (Cohen’s 
d) was estimated to be 0.66 averaging over 11 symp-
toms on the PGIA, which is “medium effect” (defined as 
d = 0.50–0.79).

Using the NSTEA scale, 73% of participants rated the 
benefit as Moderate, Good, or Great, and the Overall 
Adverse score was low (0.25/3.0)).

The participants who followed the recommendation to 
gradually increase the dosage during the first month had 
significantly higher Overall Benefit. Most participants 
observed benefits within 3 months of usage, and 21% of 
participants reported additional benefits after longer-
term use.

In summary, the studies to date of ANRC-EP and its 
earlier versions consistently found many positive benefits 
with few adverse effects for a wide range of children and 
adults with autism/ASD.

Abbreviations
ADHD: Attention-deficit hyperactivity disorder; AE: Adverse Effects; ANRC: 
Autism Nutrition Research Center; ANRC-EP: Autism Nutrition Research Center 
Essentials Plus; ASD: Autism Spectrum Disorder; ATP: Adenosine triphosphate; 
EAR: Estimated average requirement; MSM: Methylsulfonylmethane; NADH: 
Nicotinamide Adenine Dinucleotide; NADPH: Nicotinamide adenine dinucleo-
tide phosphate; NHANES: National Health and Nutrition Examination Survey; 
NSTEA: National Survey on Treatment Effectiveness for Autism; PGIA: Parent 
Global Impressions of Autism; SAMe: S-adenosylmethionine.

Acknowledgements
We thank the many autism families who participated in this study.

Authors’ contributions
JBA designed the survey, prepared IRB documentation, co-analyzed the data, 
and wrote most of the paper. JK implemented the survey online, co-analyzed 
the data, and helped edit the paper. TA, PW, and JB reviewed and edited the 
paper. The author(s) read and approved the final manuscript.

Funding
The study was primarily funded by the Autism Research Institute, with funds 
from the annual Zoowalk fundraiser. The Autism Nutrition Research Center 
(ANRC) provided compensation to participants in the form of a 50% discount 
on their next purchase in return for completing the survey.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Arizona State 
University (STUDY00013167). Informed consent was obtained from all partici-
pants or their legal guardian. All methods were performed in accordance with 
the Declaration of Helsinki.

Consent for publication
Not applicable.



Page 15 of 16Adams et al. BMC Pediatrics          (2022) 22:590  

Competing interests
JBA is the President of the non-profit ANRC, serving as a volunteer without 
any salary or royalties to minimize conflict of interest. He has received research 
grants from ANRC. The other authors declare no conflicts of interest.

Author details
1 Arizona State University, Tempe, USA. 2 New York University, New York City, 
USA. 3 ESPA Research, Sunderland, UK. 4 Southwest College of Naturopathic 
Medicine, Tempe, USA. 

Received: 19 March 2022   Accepted: 19 September 2022

References
 1. Wallace TC, McBurney M, Fulgoni VL 3rd. Multivitamin/mineral sup-

plement contribution to micronutrient intakes in the United States, 
2007–2010. J Am Coll Nutr. 2014;33(2):94–102. https:// doi. org/ 10. 1080/ 
07315 724. 2013. 846806 (PMID: 24724766).

 2. Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig D, Geis E, 
Gehn E, Loresto M, Mitchell J, Atwood S, Barnhouse S, Lee W. Nutritional 
and metabolic status of children with autism vs. neurotypical children, 
and the association with autism severity. Nutr Metab (Lond). 2011;8(1):34. 
https:// doi. org/ 10. 1186/ 1743- 7075-8- 34. PMID: 21651 783; PMCID: PMC31 
35510.

 3. Kirby AV, Bilder DA, Wiggins LD, Hughes MM, Davis J, Hall-Lande JA, Lee 
LC, McMahon WM, Bakian AV. Sensory features in autism: findings from 
a large population-based surveillance system. Autism Res. 2022. https:// 
doi. org/ 10. 1002/ aur. 2670. Epub ahead of print. PMID: 35040592.

 4. Chen L, Shi XJ, Liu H, Mao X, Gui LN, Wang H, Cheng Y. Oxidative stress 
marker aberrations in children with autism spectrum disorder: a system-
atic review and meta-analysis of 87 studies (N = 9109). Transl Psychiatry. 
2021;11:15. https:// doi. org/ 10. 1038/ s41398- 020- 01135-3.

 5. Frustaci A, Neri M, Cesario A, Adams JB, Domenici E, Dalla Bernardina 
B, Bonassi S. Oxidative stress-related biomarkers in autism: systematic 
review and meta-analyses. Free Radic Biol Med. 2012;52:2128–41. https:// 
doi. org/ 10. 1016/j. freer adbio med. 2012. 03. 011.

 6. James SJ, Cutler P, Melnyk S, Jernigan S, Janak L, Gaylor DW, Neu-
brander JA. Metabolic biomarkers of increased oxidative stress and 
impaired methylation capacity in children with autism. Am J Clin Nutr. 
2004;80:1611–7. https:// doi. org/ 10. 1093/ ajcn/ 80.6. 1611.

 7. James SJ, Melnyk S, Jernigan S, Cleves MA, Halsted CH, Wong DH, Cutler 
P, Bock K, Boris M, Bradstreet JJ, et al. Metabolic endophenotype and 
related genotypes are associated with oxidative stress in children with 
autism. Am J Med Genet B Neuropsychiatr Genet. 2006;141B:947–56. 
https:// doi. org/ 10. 1002/ ajmg.b. 30366.

 8. Rose S, Niyazov DM, Rossignol DA, Goldenthal M, Kahler SG, Frye RE. Clini-
cal and molecular characteristics of mitochondrial dysfunction in autism 
spectrum disorder. Mol Diagn Ther. 2018;22:571–93. https:// doi. org/ 10. 
1007/ s40291- 018- 0352-x.

 9. Ramaekers VT, Blau N, Sequeira JM, Nassogne MC, Quadros EV. Folate 
receptor autoimmunity and cerebral folate deficiency in low-functioning 
autism with neurological deficits. Neuropediatrics. 2007;38:276–81. 
https:// doi. org/ 10. 1055/s- 2008- 10653 54.

 10. Ames BN, Elson-Schwab I, Silver EA. High-dose vitamin therapy stimulates 
variant enzymes with decreased coenzyme binding affinity (increased 
K(m)): relevance to genetic disease and polymorphisms. Am J Clin 
Nutr. 2002;75(4):616–58. https:// doi. org/ 10. 1093/ ajcn/ 75.4. 616 (PMID: 
11916749).

 11. Stewart PA, Hyman SL, Schmidt BL, Macklin EA, Reynolds A, Johnson CR, 
James SJ, Manning-Courtney P. Dietary supplementation in children with 
autism spectrum disorders: common, insufficient, and excessive. J Acad 
Nutr Diet. 2015;115(8):1237–48. https:// doi. org/ 10. 1016/j. jand. 2015. 03. 
026 (Epub 2015 Jun 4 PMID: 26052041).

 12. Nye C, Brice A. Combined vitamin B6-magnesium treatment in autism 
spectrum disorder. Cochrane Database Syst Rev. 2005;2005(4):CD003497. 
https:// doi. org/ 10. 1002/ 14651 858. CD003 497. pub2 (PMID: 16235322; 
PMCID: PMC7003675).

 13. Dolske MC, Spollen J, McKay S, Lancashire E, Tolbert L. A preliminary trial 
of ascorbic acid as supplemental therapy for autism. Prog Neuropsychop-
harmacol Biol Psychiatry. 1993;17(5):765–74. https:// doi. org/ 10. 1016/ 
0278- 5846(93) 90058-z (PMID: 8255984).

 14. Javadfar Z, Abdollahzad H, Moludi J, Rezaeian S, Amirian H, Foroughi AA, 
Nachvak SM, Goharmehr N, Mostafai R. Effects of vitamin D supplementa-
tion on core symptoms, serum serotonin, and interleukin-6 in children 
with autism spectrum disorders: a randomized clinical trial. Nutrition. 
2020;79–80:110986. https:// doi. org/ 10. 1016/j. nut. 2020. 110986 (Epub 
2020 Aug 28 PMID: 32966919).

 15. Meguid NA, Bjørklund G, Gebril OH, Doşa MD, Anwar M, Elsaeid A, Gaber 
A, Chirumbolo S. The role of zinc supplementation on the metallothio-
nein system in children with autism spectrum disorder. Acta Neurol Belg. 
2019;119(4):577–83. https:// doi. org/ 10. 1007/ s13760- 019- 01181-9 (Epub 
2019 Jul 13 PMID: 31302864).

 16. Dosman CF, Brian JA, Drmic IE, Senthilselvan A, Harford MM, Smith RW, 
Sharieff W, Zlotkin SH, Moldofsky H, Roberts SW. Children with autism: 
effect of iron supplementation on sleep and ferritin. Pediatr Neurol. 
2007;36(3):152–8. https:// doi. org/ 10. 1016/j. pedia trneu rol. 2006. 11. 004 
(PMID: 17352947).

 17. Gogou M, Kolios G. The effect of dietary supplements on clinical aspects 
of autism spectrum disorder: a systematic review of the literature. Brain 
Dev. 2017;39(8):656–64. https:// doi. org/ 10. 1016/j. brain dev. 2017. 03. 029 
(Epub 2017 Apr 21 PMID: 28438367).

 18. Li M, Francis E, Hinkle SN, Ajjarapu AS, Zhang C. Preconception and pre-
natal nutrition and neurodevelopmental disorders: a systematic review 
and meta-analysis. Nutrients. 2019;11(7):1628.

 19. Raghavan R, Riley AW, Volk H, Caruso D, Hironaka L, Sices L, et al. 
Maternal multivitamin intake, plasma folate and vitamin B(12) levels and 
autism spectrum disorder risk in offspring. Paediatr Perinat Epidemiol. 
2018;32(1):100–11.

 20. Raghavan R, Selhub J, Paul L, Ji Y, Wang G, Hong X, et al. A prospective 
birth cohort study on cord blood folate subtypes and risk of autism 
spectrum disorder. Am J Clin Nutr. 2020;112(5):1304–17.

 21. Adams JB, Holloway C. Pilot study of a moderate dose multivitamin/
mineral supplement for children with autistic spectrum disorder. J Altern 
Complement Med. 2004;10(6):1033–9. https:// doi. org/ 10. 1089/ acm. 2004. 
10. 1033 (Erratum in: J Altern Complement Med. 2005 Aug;11(4):749. 
PMID: 15673999).

 22. Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig D, Geis E, 
Gehn E, Loresto M, Mitchell J, Atwood S, Barnhouse S, Lee W. Effect of a 
vitamin/mineral supplement on children and adults with autism. BMC 
Pediatr. 2011;12(11):111. https:// doi. org/ 10. 1186/ 1471- 2431- 11- 111 (PMID
:22151477;PMCID:PMC3266205).

 23. Adams JB, Audhya T, Geis E, Gehn E, Fimbres V, Pollard EL, Mitchell J, 
Ingram J, Hellmers R, Laake D, Matthews JS, Li K, Naviaux JC, Naviaux 
RK, Adams RL, Coleman DM, Quig DW. Comprehensive Nutritional and 
dietary intervention for autism spectrum disorder-a randomized, con-
trolled 12-month trial. Nutrients. 2018;10(3):369. https:// doi. org/ 10. 3390/ 
nu100 30369. PMID: 29562 612; PMCID: PMC58 72787.

 24. Coleman DM, Adams JB, Anderson AL, Frye RE. Rating of the effective-
ness of 26 psychiatric and seizure medications for autism spectrum 
disorder: results of a national survey. J Child Adolesc Psychopharmacol. 
2019;29(2):107–23. https:// doi. org/ 10. 1089/ cap. 2018. 0121 Epub 2019 Feb 
6. PMID: 30724573; PMCID: PMC6442266.

 25. Adams JB, Bhargava A, Coleman DM, Frye RE, Rossignol DA. Ratings of 
the effectiveness of nutraceuticals for autism spectrum disorders: results 
of a national survey. J Pers Med. 2021;11(9):878. https:// doi. org/ 10. 3390/ 
jpm11 090878. PMID: 34575 655; PMCID: PMC84 70413.

 26. James SJ, Melnyk S, Fuchs G, Reid T, Jernigan S, Pavliv O, Hubanks A, 
Gaylor DW. Efficacy of methylcobalamin and folinic acid treatment 
on glutathione redox status in children with autism. Am J Clin Nutr. 
2009;89:425–30.

 27. Frye RE, Slattery J, Delhey L, Furgerson B, Strickland T, Tippett M, Sailey A, 
Wynne R, Rose S, Melnyk S, Jill James S, Sequeira JM, Quadros EV. Folinic 
acid improves verbal communication in children with autism and lan-
guage impairment: a randomized double-blind placebo-controlled trial. 
Mol Psychiatry. 2018;23(2):247–56. https:// doi. org/ 10. 1038/ mp. 2016. 168 
(Epub 2016 Oct 18. PMID: 27752075; PMCID: PMC5794882).

https://doi.org/10.1080/07315724.2013.846806
https://doi.org/10.1080/07315724.2013.846806
https://doi.org/10.1186/1743-7075-8-34.PMID:21651783;PMCID:PMC3135510
https://doi.org/10.1186/1743-7075-8-34.PMID:21651783;PMCID:PMC3135510
https://doi.org/10.1002/aur.2670
https://doi.org/10.1002/aur.2670
https://doi.org/10.1038/s41398-020-01135-3
https://doi.org/10.1016/j.freeradbiomed.2012.03.011
https://doi.org/10.1016/j.freeradbiomed.2012.03.011
https://doi.org/10.1093/ajcn/80.6.1611
https://doi.org/10.1002/ajmg.b.30366
https://doi.org/10.1007/s40291-018-0352-x
https://doi.org/10.1007/s40291-018-0352-x
https://doi.org/10.1055/s-2008-1065354
https://doi.org/10.1093/ajcn/75.4.616
https://doi.org/10.1016/j.jand.2015.03.026
https://doi.org/10.1016/j.jand.2015.03.026
https://doi.org/10.1002/14651858.CD003497.pub2
https://doi.org/10.1016/0278-5846(93)90058-z
https://doi.org/10.1016/0278-5846(93)90058-z
https://doi.org/10.1016/j.nut.2020.110986
https://doi.org/10.1007/s13760-019-01181-9
https://doi.org/10.1016/j.pediatrneurol.2006.11.004
https://doi.org/10.1016/j.braindev.2017.03.029
https://doi.org/10.1089/acm.2004.10.1033
https://doi.org/10.1089/acm.2004.10.1033
https://doi.org/10.1186/1471-2431-11-111
https://doi.org/10.3390/nu10030369.PMID:29562612;PMCID:PMC5872787
https://doi.org/10.3390/nu10030369.PMID:29562612;PMCID:PMC5872787
https://doi.org/10.1089/cap.2018.0121
https://doi.org/10.3390/jpm11090878.PMID:34575655;PMCID:PMC8470413
https://doi.org/10.3390/jpm11090878.PMID:34575655;PMCID:PMC8470413
https://doi.org/10.1038/mp.2016.168


Page 16 of 16Adams et al. BMC Pediatrics          (2022) 22:590 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 28. Batebi N, Moghaddam HS, Hasanzadeh A, Fakour Y, Mohammadi MR, 
Akhondzadeh S. Folinic acid as adjunctive therapy in treatment of inap-
propriate speech in children with autism: a double-blind and placebo-
controlled randomized trial. Child Psychiatry Hum Dev. 2021;52(5):928–
38. https:// doi. org/ 10. 1007/ s10578- 020- 01072-8 (Epub 2020 Oct 7 PMID: 
33029705).

 29. Adams JB, George F, Audhya T. Abnormally high plasma levels of vitamin 
B6 in children with autism not taking supplements compared to controls 
not taking supplements. J Altern Complement Med. 2006;12(1):59–63. 
https:// doi. org/ 10. 1089/ acm. 2006. 12. 59 (PMID: 16494569).

 30. Li B, Xu Y, Zhang X, Zhang L, Wu Y, Wang X, Zhu C. The effect of vitamin D 
supplementation in treatment of children with autism spectrum disorder: 
a systematic review and meta-analysis of randomized controlled trials. 
Nutr Neurosci. 2022;25(4):835–45. https:// doi. org/ 10. 1080/ 10284 15X. 
2020. 18153 32.

 31. Song L, Luo X, Jiang Q, Chen Z, Zhou L, Wang D, Chen A. Vitamin D sup-
plementation is beneficial for children with autism spectrum disorder: a 
meta-analysis. Clin Psychopharmacol Neurosci. 2020;18:203–13.

 32. Kittana M, Ahmadani A, Stojanovska L, Attlee A. The role of vitamin D 
supplementation in children with autism spectrum disorder: a narrative 
review. Nutrients. 2021;14(1):26. https:// doi. org/ 10. 3390/ nu140 10026 
(PMID:35010901;PMCID:PMC8746934).

 33. Geier DA, Kern JK, Davis G, King PG, Adams JB, Young JL, Geier MR. A 
prospective double-blind, randomized clinical trial of levocarnitine to 
treat autism spectrum disorders. Med Sci Monit. 2011;17:PI15–23.

 34. Fahmy SF, El-hamamsy MH, Zaki OK, Badary OA. L-Carnitine supplementa-
tion improves the behavioral symptoms in autistic children. Res Autism 
Spectr Disord. 2013;7:159–66.

 35. Mousavinejad E, Ghaffari MA, Riahi F, Hajmohammadi M, Tiznobeyk Z, 
Mousavinejad M. Coenzyme Q10 supplementation reduces oxidative 
stress and decreases antioxidant enzyme activity in children with autism 
spectrum disorders. Psychiatry Res. 2018;265:62–9. https:// doi. org/ 10. 
1016/j. psych res. 2018. 03. 061 (Epub 2018 Apr 4 PMID: 29684771).

 36. Fortenberry M, Rucker H, Gaines K. Pediatric scurvy: how an old disease is 
becoming a new problem. J Pediatr Pharmacol Ther. 2020;25(8):735–41. 
https:// doi. org/ 10. 5863/ 1551- 6776- 25.8. 735 (Epub 2020 Nov 13. PMID: 
33214786; PMCID: PMC7671015).

 37. Guo M, Zhu J, Yang T, Lai X, Liu X, Liu J, Chen J, Li T. Vitamin A improves 
the symptoms of autism spectrum disorders and decreases 5-hydroxy-
tryptamine (5-HT): a pilot study. Brain Res Bull. 2018;137:35–40. https:// 
doi. org/ 10. 1016/j. brain resbu ll. 2017. 11. 001 (Epub 2017 Nov 6 PMID: 
29122693).

 38. Benke PJ, Duchowny M, McKnight D. Biotin and acetazolamide for treat-
ment of an unusual child with autism plus lack of nail and hair growth. 
Pediatr Neurol. 2018;79:61–4.

 39. Gorrindo P, Williams KC, Lee EB, Walker LS, McGrew SG, Levitt P. Gastro-
intestinal dysfunction in autism: parental report, clinical evaluation, and 
associated factors. Autism Res. 2012;5(2):101–8. https:// doi. org/ 10. 1002/ 
aur. 237. PMID: 22511 450; PMCID: PMC33 35766.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10578-020-01072-8
https://doi.org/10.1089/acm.2006.12.59
https://doi.org/10.1080/1028415X.2020.1815332
https://doi.org/10.1080/1028415X.2020.1815332
https://doi.org/10.3390/nu14010026
https://doi.org/10.1016/j.psychres.2018.03.061
https://doi.org/10.1016/j.psychres.2018.03.061
https://doi.org/10.5863/1551-6776-25.8.735
https://doi.org/10.1016/j.brainresbull.2017.11.001
https://doi.org/10.1016/j.brainresbull.2017.11.001
https://doi.org/10.1002/aur.237.PMID:22511450;PMCID:PMC3335766
https://doi.org/10.1002/aur.237.PMID:22511450;PMCID:PMC3335766

	Vitaminmineralmicronutrient supplement for autism spectrum disorders: a research survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Research survey
	Formulation
	Statistical analysis

	Results
	Discussion
	Strengths and limitations
	Strengths
	Limitations

	Conclusions
	Acknowledgements
	References


