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Abstract An increasing amount of evidence points to the
possibility that gestational and early childhood vitamin D de-
ficiency [25(OH)D < 40 ng/ml] cause some cases of autism.
Vitamin D is metabolized into a seco-steroid hormone that
regulates about 3% of the 26,000 genes in the coding human
genome. It is also a neurosteroid that is active in brain devel-
opment, having effects on cellular proliferation, differentia-
tion, calcium signaling, neurotrophic and neuroprotective ac-
tions; it also appears to have an effect on neurotransmission
and synaptic plasticity. Children who are, or who are destined
to become, autistic have lower 25(OH)D levels at 3 months of
gestation, at birth and at age 8 compared to their unaffected
siblings. Two open label trials found high dose vitamin D
improves the core symptoms of autism in about 75% of autis-
tic children. A few of the improvements were remarkable. The
vitamin D doses used in these children were 300 IU/KG/day
up to a maximum of 5000 IU/day (highest final 25(OH)D
level reached was 45 ng/ml). The other study used
150,000 IU/month IM as well as 400 IU/day [highest final
25(OH)D level was 52 ng/ml]. These two open label trials
were recently confirmed with a randomized controlled trial
(RCT) using 300 IU/kg/day with a maximum of 5000 IU/
day and resulted in effects similar to the two open label stud-
ies. In terms of prevention, a recent small study showed vita-
min D supplementation during pregnancy (5000 IU/day) and
during infancy and early childhood (1000 IU/day) significant-
ly reduced the expected incidence of autism in mothers who
already had one autistic child from 20% to 5%. Vitamin D is

safe; for example, over the last 15 years, Poison Control re-
ports there have been approximately 15,000 cases of vitamin
D overdose. However only three of these 15,000 people de-
veloped clinical toxicity and no one died. Given those facts,
practitioners might consider treating autism with 300 IU/kg/
day, and seek to prevent autism by supplementing pregnant
and lactating women (5000 IU/day) and infants and young
children (150 IU/kg/day) checking 25(OH)D levels every
3 months. These doses will increase 25(OH)D blood levels
to those recommended by the Endocrine Society. As the
American Academy of Pediatrics recommends vitamin D sup-
plementation during infancy and childhood, pediatricians and
family practitioners should evaluate the current evidence on
autism and vitamin D and act accordingly.
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Abbreviations
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ASD autism spectrum disorder
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Calcitriol 1,25(OH)D2

1 Introduction

An epidemic of autism appears to be underway in the United
States, reminiscent of another epidemic that swept Europe
250 years ago, with young children as the almost exclusive
victims of its devastating effects [1, 2]. That earlier disease
was vitamin D deficient rickets. Until recently it was an almost
unheard of condition among children in affluent countries.
Now the prevalence of rickets is rapidly growing in the

* John Jacob Cannell
jjcannell@vitamindcouncil.org

1 Vitamin D Council Inc., 1411 Marsh Street, Suite 203, San Luis
Obispo, CA 93401, USA

Rev Endocr Metab Disord (2017) 18:183–193
DOI 10.1007/s11154-017-9409-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-017-9409-0&domain=pdf


United States as evidenced by findings reported in the Mayo
Clinic Proceedings [3].

The other disease that is rapidly growing is autism spec-
trum disorder [ASD or autism], which is a common
neurodevelopmental disorder characterized by impaired com-
munication and repetitive behaviors. It has recently shown a
dramatically increased prevalence, (see Fig. 1) caused by ei-
ther improved surveillance, diagnostic substitution, over-
diagnosis and/or a true increase in prevalence. ASD is now
diagnosed in 1 of every 64 American 8-year-old children ac-
cording to the CDC. Scientists are desperately searching for
something that will both reduce the incidence of, and effec-
tively treat, the core symptoms of ASD [4].

The cause (s) of most autism is unknown. Multiple genetic
and environmental factors have been hypothesized as possible
etiologies, but nothing exists to prevent or treat the core symp-
toms of the disorder. This paper will make the case that vita-
min D deficiency, in utero and in early childhood, may be the
cause of a significant percentage of ASD. In 2008 Cannell
hypothesized, using epidemiological and in vitro data, that
vitamin D deficiency [25(OH)D < 40 ng/ml as defined by
the Endocrine Society], in pregnant women and children is
an important cause of some ASD [5]. In 2013, he hypothe-
sized that high doses of vitamin D would improve the core
symptoms of autism in some children [6].

2 Epidemiology

What is causing this dramatic increase in autism? One can get
clues from epidemiological data. Studies show autism is more
common in urban than rural areas, [7] in cloudy and rainy
areas, [8] in areas that get the least solar UVB [9] and in areas

with high air pollution [10]. As buildings, rain and clouds all
reduce surface UVB (UVB is that spectrum of sunlight that
triggers vitamin D production in the skin), these data are all
consistent with a vitamin D theory [11].

Does the vitamin D theory explain the multiple studies
showing air pollution is associated with autism? [10, 12, 13]
It is clear that air pollution dramatically reduces vitamin D
produced from UVB in sunlight [14, 15]. Furthermore, if air
pollution caused autism, wouldn’t the epidemic have occurred
during the 1950s and 60s, when air pollution wasmuchworse?

The U.S. government has not always recommended sun
avoidance for infants and toddlers. In 1931, the US govern-
ment advised mothers to make sure their infants were exposed
to sunlight frequently enough to get a suntan. [16] Infants
today, if they go into the sun, are usually covered in sunblock.
Likewise, toddlers avoid sunlight. [17] To make matters
worse, infants today are mostly weaned on unfortified fruit
juice [18]. In the 1960s, infants were weaned on vitamin D
enriched milk and mothers were advised to make sure their
children got Bfresh air and sunshine.^

It is not only air pollution and cloudy weather, but seasonal
factors, migration of dark-skinned immigrants to poleward
latitudes, birth order, gestational diabetes, preeclampsia, cae-
sarean section, autoimmune disease in the family and nutrition
are associated with autism [19, 20]. All of the above risk
factors can be explained by vitamin D, for example the
mother’s vitamin D levels are surely depleted by multiple
pregnancies and lactation; the recurrence risk for familial
ASD is 14.4% for an inter-birth interval of 18 months or less,
compared with 6.8% for an interval of 4 years or more [21].
Likewise, gestational vitamin D deficiency was associated
with a 2.66-fold risk for gestational diabetes [22] and in utero
exposure to gestational diabetes mellitus give children a 4.4

Fig. 1 Increase is the prevalence
of ASD in Indiana School from
1998 to 2016. (https://www.iidc.
indiana.edu/pages/increasing-
incidence-of-autism-spectrum-
disorders-continues-in-indiana)
open access
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adjusted odds ratio for ASD [23]. Caesarean section increases
the risk of autism [24], and low maternal vitamin D increase
the risk of C-sections up to four fold (which, in 2009, were at
an all-time high of 32% of all deliveries) [25]. Also, there is
some evidence for several different comorbidities of ASD
[26], such as seizures and GI problems (constipation and di-
arrhea) may be helped with vitamin D [27, 28].

If fetuses and infants destined to become autistic have low
levels of vitamin D in their brains, it is interesting that an
experiment of nature gives us an opportunity to see the per-
sonality of individuals whose brains contain pathologically
large amount of vitamin D in utero and infancy, which occurs
in the Williams syndrome [29, 30]. These children have long
been known as having an Bun-autistic^ personality; recent
research confirms these children are social, outgoing and gre-
garious [31], a personality that is the opposite of autism.

A resurgence of vitamin D deficiency due to sun avoidance
may now be threatening our children’s health, as well as that
of most adults. [32, 33] A 2015 Dutch study of 6100 young
children found only 33% had 25(OH)D > 20 ng/ml. (The
Endocrine Society recommends 40–60 ng/ml.) Even among
professional basketball players, the prevalence of
25(OH)D < 30 ng/ml is 79% [34]. But according to several
respected leaders in child and adult nutrition from across the
United States, the current increase in autism spectrum disor-
ders (ASD) may well be a direct consequence of significant
vitamin D deficiencies in pregnant women as well as their
infants and toddlers, as outlined in an comprehensive and
excellent recent review in Nutrients [35]. This insidious defi-
ciency is readily remedied – yet tragically ignored.

We know that certain autoimmune brain diseases, such as
multiple sclerosis, are much more common in high latitudes
where sunlight is scarce, and many scientists suspect that
those conditions are directly related to chronic or seasonal
vitamin D deficiencies. Significant positive association be-
tween latitude and the prevalence of autism has recently been
reported [35]. A 2013 study confirmed that children who live
in low UVB light have almost three times the prevalence of
ASD compared to children who live in sunny areas. [9].

One might expect that babies born in late winter would
have higher rates of autism if vitamin D deficiency were in-
volved, since their mothers would have spent most of their
pregnancies in fairly low-sunlight settings. One detailed re-
view of this topic concluded most studies find a late winter
increase in autism births. [35].

If adequate amounts of vitamin D prevent autism, one
would expect children with rickets to have an increased risk
of autism. At least two old papers addressed it, [36, 37] both
published before Kanner described autism in 1943. Both pa-
pers describe Bweak mindedness,^ Bfeeble minds,^ Bmental
dullness,^ Bodd introverted behavior,^ unresponsiveness and
developmental delays [38]. Even more intriguing, both papers
report that the mental condition in rachitic children improved

with vitamin D treatment. More recently, a 2015 study of 35
rachitic children found 25% of the rachitic children also
have autism as detected by standardized autism ratings scales
[39].

What is undeniable is that there has been a marked increase
in the number of children being diagnosed with autism over
the past 3 decades [13], (see Fig. 1 below), which show the
prevalence of ASD in Indiana schools over last 14 years. Most
agree that some of the increase is real and probably represents
an interaction between genes and an unknown Benvironmental
factor.^ [40] Some make the case that that the Benvironmental
factor^ might be air pollution, alcohol, mercury, pesticides or
obesity, fatty acids, endocrine disrupting chemicals [41] and
others [42]. However, take for example, obesity, which has
increased in unison over time with autism and indeed obesity,
especially paternal obesity, is a risk factor for autism. [43]
However, obesity is also a risk factor for vitamin D deficiency;
the prevalence of vitamin D deficiency was 35% higher in
obese subjects compared to the normal weight group. [44]
Likewise mercury, which can certainly impair brain function,
is removed from the body by glutathione in 3 different ways
[45]. And, as we will see, vitamin D significantly up-regulates
glutathione.

In a mostly white cohort in Iowa, 70% of 4-month-old
breastfed infants had mean 25(OH)D < 12 ng/ml (ideal range
40–60 ng/ml) [46]. The prevalence of severe vitamin D defi-
ciencywas 50% in summer and 79% in the winter. Fifty-seven
percent of infants who were followed for six months still had
vitamin D deficiency. In another study from Cincinnati, 18%
of exclusively breastfed infants aged 1 month had vitamin D
levels <10 ng/ml (in the rachitic range); 76% of the infants and
17% of their mothers had serum 25(OH)D < 20 ng/ml (ideal
range 40–60 ng/ml). [47].

Levels of vitamin D in most people in modern industrial-
ized countries are known to be much lower than those of fully
sun-exposed individuals [48]. Thus, our behavior has had the
paradoxical and unintended consequence of reducing our chil-
dren’s levels of a vital neurosteroid hormone that, in turn, can
influence the very organ of behavior itself, the brain.

The sun phobia and dramatic increase in sunblock use [49]
is mainly the result of the 1989AmericanMedical Association
Council on Scientific Affairs report, which warned Americans
against sun exposure, but did not include a word about vitamin
D [50]. The AMA did not recommend that Americans take
vitamin D supplements to make up for what the sun was no
longer making in the skin. In fact, in 2001, researchers at the
Centers for Disease Control reported that most children were
Badequately protected^ from sunlight.^ [51] That is, the sun
scare worked. Couple this with our movement from playing
outside to playing video games, and the fear modern mothers
have to let their child roam around the neighborhood, and you
have the perfect storm for the development of vitamin D de-
ficiency in infancy and toddlerhood.
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3 Mechanisms of action

The possible mechanisms of action that explain vitamin D
helping prevent and treat ASD have recently been extensively
reviewed [52–54]. They include reducing risk and severity
inflammatory cytokines through it anti-inflammatory effects
in the brain, (For example, Huang et al., recently concluded
that calcitriol can be used to alleviate neuro-inflammation
(mainly caused by oxidants and toxins [55]). Calcitriol also
enhances DNA repair mechanisms, has anti-autoimmune ef-
fects, raises seizure threshold, increases T-regulatory cells,
protects neural mitochondria and up-regulates glutathione,
the master antioxidant, which scavenges oxidative by-
products [6, 56]. (see below) Another mechanism is through
vitamin D’s effect on serotonin via direct genetic regulation of
serotonin’s rate limiting enzymes, both peripheral tryptophan
hydroxylase TPH1 and central TPH2. Activated vitamin D (a
steroid hormone) down-regulates peripheral TPH1, while up-
regulating central TPH2, thus explaining the serotonin para-
dox in ASD in which peripheral serotonin is increased but
central serotonin is decreased [57].

Autistic individuals have abnormalities in immune func-
tions similar to those affected by vitamin D deficiency, such
as increased inflammatory cytokine levels [19]. And we know
that much of the ongoing inflammation in autistic brains is the
result of oxidative stress, [58, 59] just where vitamin D^s
powerful anti-inflammatory properties are most useful (and
most critical) [60]. Regardless of the cause of the autoimmune
inflammatory state, vitamin D supplementation of the infants
and children is very likely to help because vitamin D up-
regulates production of dendritic (peacemaker) lymphocytes
that reduce the intensity of autoimmune attack by up-
regulating interleukin-10, an anti-inflammatory cytokine [61].

Activated vitamin D hormone (calcitriol) protects brain tis-
sue by reducing inflammatory cytokine levels [62], which,
when elevated, are strongly associated with cognitive impair-
ment in ASD. [63] Calcitriol also protects brain tissue by
stimulating production of neurotropins, chemicals that combat
toxicity from several sources, including toxic levels of intra-
cellular calcium [64]. Very recently, a RCT found vitamin D
(4000 IU/day), in a dose dependent manner, significantly in-
creased total antioxidant capacity and total glutathione (the
master antioxidant) levels in pregnant diabetic women
(P < 0.01) [65]. See Fig. 2.

We now understand that the seco-steroid downstream me-
tabolite of vitamin D, 1,25 (OH)2D (calcitriol), is a
neurosteroid hormone, directly responsible for many elements
of brain development and behavior and those vitamin D de-
pendent elements appear to be disrupted in autism. Other ex-
amples of neurosteroids include derivatives of estrogen, [66]
testosterone [67] and cortisol [68], which have effects on
many brain systems. Orally ingested vitamin D is actually a
pro-pre-hormone, which must be metabolized by the liver into

25-hydroxy vitamin D [25(OH)D], which then forms
calcitriol, the potent neurosteroid that helps control brain cell
growth, and acts on vitamin D receptor molecules found in
most brain cells from the very first days of embryo formation
[69].

The calcitriol neurosteroid hormone system is different
from all the body^s other steroid hormone systems. While
other steroid hormones are produced endogenously directly
from the body^s own natural store of precursor compounds
(cholesterol) the amount of calcitriol produced is completely
dependent on 25(OH)D availability, which, in turn, entirely
depends on vitamin D, which entirely depends on our behav-
ior. No other steroid hormone is so dependent on human
behavior.

So human behavior, be it the step into the sun, the step to
the supplements, the step into the shade, or the step to the
sunscreen, directly determine brain calcitriol levels. In the
case of the human fetus, the vitamin D neurosteroid calcitriol
is directly linked to very early cognitive development; its pres-
ence appears to have important implications for the develop-
ing baby^s brain [35].

4 Genetics

Genetic factors in the etiology of ASD are very important, as
demonstrated by high rates of concurrence in other family
members, particularly in twin studies; there is an excellent
recent review of the genetics of ASD [70]. Today’s consensus,
such as it is, posits that an interaction between genetic and
environmental factors causes most ASD. [40] What is not

Fig. 2 Effect of different doses of vitamin D supplementation on
oxidative stress, as assessed by a total antioxidant capacity and b
glutathione levels, in patients with gestational diabetes mellitus. Data
are presented as mean ± standard deviation. **P < 0.01 vs. control
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generally known is that a meta-analysis of 11 studies found
children with ASD have much lower 25(OH)D levels than do
controls. [71] That these differences may be genetic is sup-
ported by the fact that 25(OH)D levels of 1st trimester mothers
- destined to have a child with autism - are significantly lower
than their unaffected siblings and that autistic individuals have
significantly lower 25(OH)D at birth (both discussed in detail
below).

A recent study showed ASD is strongly associated with
polymorphisms of the genes that code for the vitamin D re-
ceptor, which are associated with both lower vitamin D levels
and ASD [72]. Others have found that a number of polymor-
phisms of the genes of vitamin D’s metabolic pathway are
associated with ASD severity (odds ratio up to 6) [73].
Common vitamin D metabolic polymorphisms predict signif-
icantly lower vitamin D levels in healthy Danish children and
adults [74].

Also, in a study of siblings who were discordant for ASD,
researchers found that the ASD siblings had lower 25(OH)D
levels at birth, showing ASD individuals are born with signif-
icantly lower vitamin D levels. [75] A recent larger study
found pregnant women with 25(OH)D < 10 ng/ml in the first
trimester had a two fold higher risk for ASD without mental
impairment but a six fold higher risk exits for immigrant vita-
min D deficient mothers. [76] A recent study of 4229 women
found those with 25(OH)D < 10 ng/ml in mid-gestation and at
birth had children with twice the risk of autistic traits as wom-
en who had levels >20 ng/ml (mid-gestation n = 2866,
β = 0.06, P < 0.001; cord blood n = 1712, β = 0.03,
P = 0.01) [77].

Very recently, researchers in China found the lowest quar-
tile of 25(OH)D levels of women in their first trimester were
associated with a fourfold risk of ASD in the subsequent off-
spring [78]. In the same study, higher levels of 25(OH)D were
associated with decreasing severity of ASD (R = −0.302,
P = 0.001). Maternal 25(OH)D in the lower 3 quartiles [1–3]
compared to the highest quartile [4] was associated with in-
creased odds of ASD diagnosis in offspring: [Odds Ratio
(OR), Q1: OR =3.99, (P = 0.001); Q2: OR =2.68,
(P = 0.006); Q3: OR =1.36, (P = 0.25)].

The above studies imply that at least some of the genes that
code for vitamin D’s metabolic pathways interact with vitamin
D in the environment to influence the ASD phenotype.
Ambient vitamin D overcomes genetic influences as evi-
denced by a study of 510 Vietnamese twins. [79] In this study,
the heritability of 25(OH)D was found to be 70% in the winter
(other studies have found a lower heritability) but during the
summer 25(OH)D became 100% environmentally determined
due to sunshine.

It appears likely that vitamin D is both the long sought
environmental and genetic factor that interacts with the envi-
ronment to determine some ASD phenotypes. If one is born
with the genetic tendency for ASD, that tendencymay interact

with environmentally or genetically determined low
25(OH)D, as the above studies imply. The result of such in-
heritance is low 25(OHD, starting in the first trimester, con-
tinuing at birth and early childhood, as shown by the de-
creased 25(OH)D levels in ASD children. It is important to
point out that most fetuses and infants and toddlers with low
vitamin D levels will not get autism; one still needs the genetic
predisposition. For those who do, the clinical trials below
imply that high dose vitamin D during gestation (enough to
obtain 25(OH)D between 40 and 60 ng/ml) and during infan-
cy and early childhood (40–60 ng/ml) may prevent most ASD
by overcoming the significant heritability of 25(OH)D levels.

5 Male/female ratio in autism

The fact that vitamin Dmetabolism differs markedly under the
effects of the sex hormones may go a long way towards
explaining yet another puzzling fact about autism, namely its
strong predilection for boys over girls. For example, re-
searchers in Sweden have shown that estrogen has effects on
developing brain tissue that serve to make it more responsive
to the neuro-hormonal growth-stimulating effects of calcitriol
– results which suggest that estrogen can enhance the benefi-
cial effects of vitamin D on the brain [80]. Injection of estro-
gen in quall resulted in significant increases of calcitriol. [81]
Women taking estrogen have 20% higher 25(OH)D as do
controls [82]. At the same time, testosterone significantly in-
hibits CYP27B1 (the gene that activates vitamin D) while
stimulating CYP24A1 (the gene that degrades calcitriol) ex-
pression in cultured trophoblasts [83].

Though complex, these studies do support the notion that
the developing brain of a female fetus, with its higher estrogen
levels, could make more efficient use of available vitamin D
than would the brain of a male fetus, with its higher testoster-
one levels. In a situation where there was plenty of vitamin D
present, such differences would go unnoticed - but introduce
the all-too-prevalent maternal and early childhood vitamin D
deficiency states, and, for some, the stage is set for ASD in
boys but a lower incidence in girls, which is of course precise-
ly the situation we see with autism^s gender discrimination.

6 Interventional studies

A recent propionic acid induced toxic rat model of ASD re-
ported that vitamin D, in amounts comparative to high-dose
human ones, exerted both a significant protective and treat-
ment effect, with the protective effect more robust than the
treatment effect [84].

A case report in Pediatrics described a child with both
rickets and autism. Remarkably, his autism essentially went
away after his rickets was treated with 150,000 IU/month IM
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as well as 400 IU/day PO. [85] A 3-month Egyptian open
study of 122 subjects with ASD, found serum 25(OH)D levels
were inversely correlated with severity on the Childhood
Autism Rating Scale (CARS) with (R = 0.5 and p < 0.001)
[86]. This open label trial of high-dose vitamin D (300 IU/kg/
day up to a maximum of 5000 IU/day) in 83 of those 122
subjects with ASD found significant clinical improvement
(mean CARS went from 37 to 30). Approximately 75% of
the 83 supplemented ASD children improved (P < 0.05) with
no evidence of toxicity. In fact, the highest 25(OH)D level in
these children after 3 months of 300 IU/kg/day was 45 ng/ml
(range 30–100 ng/ml). The five ASD children whose final
25(OH)D was >40 ng/ml had the most robust improvement
on the CARS.

It is important to point out that the CARS has limitations.
Scores depend on clinical judgment and it is no better than the
sample studied. Unlike CARS2, which involves parental in-
put, CARS generally does not. Like the rest of us, autistic
children may have good days and bad days, which will affect
the CARS.

Another open label study of 37 children aged 3–11 years
with ASD were treated for 3 months with large bolus doses
(150,000 IU/month given intramuscularly) together with
400 IU/day by mouth). They found significant vitamin D
treatment effects in ASD on standardized rating scales, again
with no evidence of toxicity [87]. The mean baseline level of
the treatment group was 21 ng/ml. After three [3] months of
high dose vitamin D, their mean 25(OH)D was 41 ng/ml with
the highest level at 55 ng/ml. Significant improvement was
found on the Autism Behavior Checklist (P = 0.038) and the
CARS (P = 0.016).

Yet another open label trial of 11 children with ASD stud-
ied changes in neurotropic factors as well as changes in the
Autism Behavior Checklist after administration of varying
amounts of vitamin D. Only small doses of vitamin D were
given and 25(OH)D > 20 ng/ml was considered adequate.
Nonetheless, a significant treatment effect on standardized
scales was found [88].

The first and only randomized controlled trial (RCT),
which studied 109 ASD children ages 3–10 using 300 IU/
kg/day up to a maximum of 5000 IU/day has been published
in a 2016 edition of the Journal of Childhood Psychology and
Psychiatry [89]. In this study all autistic children with
25(OH)D < 20 ng/ml were excluded from the study for ethical
reasons and treated with vitamin D. Baseline 25(OH)D of the
remaining 109 study children (mean age 5.4 years) was
around 27 ng/ml in both arms of the study (the FNB says
>20 ng/ml is adequate). After the 4-month study, mean
25(OH)D in the treatment group was 47 ng/ml and was un-
changed in the placebo arm. The highest 25(OH)D obtained
during this Bhigh dose^ treatment was 55 ng/ml, range: (40–
60 ng/ml). In a per protocol analysis, the total CARS scores
significantly decreased (improved) in the vitamin D group

while the placebo group remained unchanged (mean treatment
CARS ± SD; 30.3 ± 5.9 versus placebo 36.4 ± 6; p = <0.001
respectfully), again with no evidence of toxicity. Younger chil-
dren responded better than older children.

This RCT, if duplicated, has a number of implications.
First, the treated ASD children had 25(OH)D levels that are
considered normal by many people. Second, the fact that high
dose vitamin D helped some of the treated children, may im-
ply that traditional doses (600 IU/day) will have little or no
effect. Third, some of the children (about 25%) did not re-
spond at all, supporting the belief that autism is a multifacto-
rial disease. However, it may be that severe vitamin D defi-
ciency in utero causes a phenotype that cannot be rescued by
postnatal vitamin D.

In terms of prevention, an open label study of 20 infants
born to mothers who already had one child with ASD, found
5000 IU/day of vitamin D given to the pregnant mothers and
1000 IU/day to the resultant child up to the age of 3 years
reduced subsequent ASD incidence to 5% instead of the
20% rate consistently reported in the literature for mothers
who already had one or more autistic children [90]. The two
children (5%) who developed autism in spite of the treatment
each had mild autism with only one of two autism scales
positive, and may have responded to higher doses during
age 2 and 3. For example, the 300 IU/kg/day dose, as used
above in the interventional studies, would be 4500 IU/day for
a 15 kg 3-year-old.

7 Dose of vitamin D that may help autism

There is a lot of controversy about what 25(OH)D levels are
ideal, with the 2010 Food and Nutrition Board stating levels
above >20 ng/ml is adequate. However, the Endocrine Society
says levels of 40–60 ng/ml are ideal, which may require doses
pediatricians are not comfortable with. Also, in the RCT above
the treatment children had 27 ng/ml at baseline. In the past,
adequate vitamin D levels have been defined with a biomarker,
parathyroid hormone, which tends to be elevated when
25(OH)D levels are low with a flexion point at 20 ng/ml.

However, there is a better biomarker: the 25(OH)D blood
levels lactating mothers need to provide substantial amounts
of vitamin D in their breast milk for their suckling infants.
That level appears to be 40 ng/ml and, for the average lactating
woman, requires at least 6600 IU/day for the sucking infant to
achieve >30 ng/ml [91]. The amount of vitamin D intake
required for infants to achieve a 25(OD)D level greater than
40 ng/ml is unknown.

The fact that most human breast milk has little to negligible
vitamin D is odd as most of us think of breast milk as the
perfect food. This paradox is probably of our own making
and is because the vast majority of lactating women are vita-
min D deficient. The problem is so widespread that Danish
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authors, after studying the D content of breast milk, recently
reported that exclusively breastfed infants receive <25%
(110 IU/day) of the daily dose of vitamin D recommended
by the Food and Nutrition Board (FNB) during the first year
of life [92].

Levels of vitamin D in most indoor workers in modern
industrialized countries are known to be much lower than
those of fully sun-exposed individuals. Thus, our behavior
has had the paradoxical and unintended consequence of re-
ducing our children’s levels of a vital neurosteroid hormone
that, in turn, can influence the very organ of behavior itself,
the brain. In fact, it may take 10,000 IU per day for lactating
women for their suckling infants to obtain levels between 40
and 60 ng/ml, levels the Endocrine Society recommends.

Large populations of pregnant women putting small
amounts of vitamin D in their mouths – in the form of prenatal
vitamins (400 - 600 IU) – instead of generating large amounts
in their skins, is novel to human brain development [5]. Since
we no longer receive as much sun exposure as we did 3–4
decades ago, we need to either go back into the sun or pay
closer attention to how much vitamin D we to get orally.
25(OH)D levels have been falling [93] as sun protection for
children has been increasing [94].

The case for high dose oral supplementation (5000–
10,000 IU/day) for healthy adults is made when one considers
that skin production of vitamin D is so remarkable and robust.
In fact, just 20 min of summer sunbathing (10 min on each
side) at solar noon by a fair-skinned adult, produces about
20,000 units of vitamin D within 24 h [95]. To get the same
amount orally, a pregnant woman would have to drink 200
glasses of milk at 100 IU per glass (and risk fluid intoxication)
or take 50 standard prenatal multivitamins, which usually con-
tain 400 IU per tablet, (and risk vitamin A intoxication) to
receive the same input as the sun.

Obviously, infants, toddlers and children need adequate
vitamin D, although we do not know what that is. It may
simply be whatever dose is required to obtain levels between
40 and 60 ng/ml.

8 Summary

There seems to be little doubt that at least some of the increase
in autism over the last 25 years is real, and not just a result of
over-reporting and over-diagnosis by anxious parents and
physicians. There’s equal certainty that we also face an epi-
demic of vitamin D deficiency as we steadily move away from
old ways that exposed us to more vitamin D producing
sunlight.

The vitamin D theory of some cases of autism has signifi-
cant support as outlined above. Several reviews on autism and
vitamin D have been recently published. For example, in an
exhaustive and excellent review, Mazahery et al. concluded

that, until more data are available, practitioners should consid-
er vitamin D as a possible preventive and treatment measure
for ASD [35]. Wang et al., in a meta-analysis of 25(OH)D
levels in ASD, concluded that the reduced vitamin D levels
in autistic children may have clinical consequences and that
all children with ASD should have their 25(OH)D level
checked and supplemented if low [71]. Kočovská et al., in a
family study, showing autistic children have lower 25(OH)D
levels than their first degree relatives, concluding that low
vitamin D levels may be involved in aberrant brain develop-
ment leading to autism [56]. Finally, Patrick and Ames, writ-
ing in FASEB, concluded that vitamin D is necessary for nor-
mal brain development and that vitamin D deficiency is prob-
ably the main cause of autism [57].

To my knowledge, only one randomized controlled trial is
currently underway (using a small dose of only 2000 IU/day),
whichwill leavemany autistic individualswith 25(OH)D<40 ng/
ml. The above studies suggested the best treatment effect is with a
25(OH)D levels in the 40 ng/ml range. The 2000 IU/day ongoing
study may be enrolling older autistic subjects, which may be a
problem as weight is a main determinate of dose response [96].

We desperately need more studies that adequately supple-
ment pregnant women and their children such as those by
Hollis and Wagner. [97–99] Future studies of pregnancy and
lactation should not use Food and Nutrition Board (FNB)
doses. FNB dose recommendations are to advise an individual
not under a physician’s care the dose to take, on his/her own,
to prevent rickets and osteomalacia. The FNB went out of its
way to stress that when patients are under a doctor’s (or re-
searcher’s) care, they were free to use whatever dose they
thought appropriate. Nor do the FNB recommendations con-
strain the American Academy of Pediatrics or the Congress of
Obstetricians and Gynecologists. Like the Endocrine Society,
these organizations are free to come up with their own
recommendations.

While we are awaiting further RCTs, it seems prudent to
maximize vitamin D status in pregnant women, lactating
women, infants and young children, as the Endocrine
Society recommends, aiming for levels found in humans liv-
ing in a sun-rich environment (46 ng/ml) [100].

To prevent autism, pregnant and lactating women may
have to take up to 10,000 IU/day to get their 25(OH)D above
40 ng/ml [99, 101]. Children, from infants at the breast to 3-
year old toddlers to 6-year-old first graders, may have to take
150 IU/lb/day not to exceed 5000 IU/day unless regular
25(OH)D levels are obtained. This means that to try to prevent
(not treat) autism, a 20-lb child should take 2000 IU/day and a
nursing infant about 1000 IU/day. If the lactating mother is
taking 10,000 IU/day, the infant will get all the vitamin D it
needs from their mother’s milk but the infant should take
1000 IU/day right after weaning. We know these preventative
doses are safe from the above controlled trials, which used
twice the dose but only obtaining midrange 25(OH)D levels.
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To treat individuals with autism with vitamin D, it may be
sensible to choose a dose we know works, that being 300 IU/
kg/day with a maximum of 5000 IU/day.

The open study [(Saad et al.) [86] above reports that only 5
children exceeded levels of 40 ng/ml at the end of the study,
and the authors noted that those 5 children responded best to
treatment. Even the unusual dosage regimen used in China to
treat autism (150,000 IU/month delivered intramuscularly
combined with 400 IU/day PO for 3 months) did not result
in toxicity, with the highest 25(OH)D level at 52 ng/ml.
Perhaps future RCTs need to be individualized, checking
25(OH)D every two months and adjusting the dose accord-
ingly until all children are between the 40–60 ng/ml range the
Endocrine Society recommends.

The American Academy of Pediatrics (AAP) recommends
all healthy infants up to the age of one year take 400 IU/day
(10 mcg) of vitamin D and 600 IU/day (15 mcg) after the first
birthday to prevent rickets. This dose may help prevent some
autism but is much lower than the dose used above in the
Stubbs et al. preventative study. However, research has shown
that about 70% of American toddlers do not take any vitamin
D at all, despite the AAP recommendation [102]. Also, only
20% of American infants get the paltry 400 IU/day the AAP
recommends [103]. It is unknown if parents simply ignore the
pediatrician’s advice or if pediatricians are forgetting to rec-
ommend vitamin D supplements for infants and toddlers.

The scientific data that vitamin D will prevent or help treat
autism is preliminary. However, that does not relieve practi-
tioners from using all current available scientific evidence to
make a risk benefit analysis of whether or not to treat or sup-
plement their patients with vitamin D up to 40 - 60 ng/ml, the
levels recommended by the Endoccrine Society.
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