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Background: While many studies have examined environmental risk factors for autism
spectrum disorder (ASD), much of the research focus has been on prenatal or perinatal factors.
Yet, the postnatal environment may affect the risk of ASD as well.

Objective: To determine whether a set of five postnatal variables are associated with ASD.
These variables are: acetaminophen exposure, antibiotic exposure, incidence of ear infection,
decreased duration of breastfeeding, and decreased consumption of oral vitamin D drops.
Materials and methods: An Internet-based survey was conducted. Participants were parents
living in the USA with at least one biological child between 3 and 12 years of age. Potential
participants were informed about the survey via postings on social media, websites, and listservs
and were offered an opportunity to participate in a raffle as well. Participants were also recruited
through the Interactive Autism Network.

Results: There were 1,741 completed survey responses. After exclusions, there remained
1,001 responses associated with children with ASD (cases) and 514 responses associated with
children who do not have ASD (controls). In this data set, doses of postnatal acetaminophen
(adjusted odds ratio [aOR] 1.016, CI: 1.003-1.032, p=0.026), courses of postnatal antibiotics
(aOR 1.103, CI: 1.046-1.168, p<<0.001), incidence of postnatal ear infection (aOR 1.137,
CI: 1.046-1.236, p=0.003), and decreased duration of breastfeeding (aOR 0.948, CI: 0.932-0.965,
p<0.001) are all associated with ASD when adjusted for eight demographic variables. A weak
association between oral vitamin D drop exposure and ASD was also found when adjusted for
breastfeeding and demographics (aOR 1.025, CI: 0.995-1.056, p=0.102).

Conclusion: This study adds to evidence that postnatal acetaminophen use, postnatal antibiotic
use, incidence of ear infection, and early weaning are associated with an increased risk of ASD.
It also finds that postnatal oral vitamin D drops are weakly associated with ASD when adjusted
for breastfeeding and demographics.

Keywords: ASD, folate, epidemiology, risk factor, postnatal

Plain language summary

In order to determine whether certain factors are associated with autism spectrum disorder (ASD),
we conducted an Internet survey among parents whose children have ASD and parents whose
children do not have ASD. Based on the response from this survey, we find that increased use
of acetaminophen among children under 2 years, increased use of antibiotics among children
under 2 years, increased cases of ear infection among children under 2 years, and early weaning
are associated with ASD. These results account for the associations with demographic variables.
In addition, we find a weak association between consumption of oral vitamin D drops and ASD

when accounting for associations with breastfeeding and demographics.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by restricted and repetitive behaviors
and deficits in social communication.! Evidence suggests
that both genetic and environmental factors are involved
in its etiology.>? While many studies have been conducted
to examine possible environmental risk factors for ASD,
much of the research focus has been on prenatal or perinatal
factors.> Yet other studies have found that some infants
with seemingly normal or near-normal development in early
infancy later regress into ASD.%’ This suggests that postnatal
factors may be of some importance as well.

Some potential postnatal risk factors that have been con-
sidered are decreased breastfeeding,® antibiotic exposure,’
ear infection,'® acetaminophen exposure,'! and decreased
vitamin D consumption.'? With respect to breastfeeding,
some studies have found that longer duration of breastfeed-
ing is associated with decreased risk of ASD,¥!3!* but one
large study found no such effect.'> With respect to antibiotics,
prenatal maternal exposure has been found to be associated
with ASD.!¢ Separately, there have been anecdotal reports of
regression into ASD following postnatal antibiotic exposure.'’
Two small case—control studies, one with 24 controls and
the other with 11 controls, found an association between
postnatal antibiotics and ASD.*'® With respect to ear infec-
tion, three small case—control studies found an association
with ASD,”!%" but one large case—control study found the
opposite.?’ With respect to acetaminophen, a case—control
study using Danish medical records found that prenatal
exposure is associated with ASD?! and a small case—control
survey study found that postnatal exposure is associated with
ASD." A recent review summarized evidence that postnatal
exposure may be a risk factor for ASD and concluded that
a rigorous study examining whether it increases the risk is
urgently needed.” With respect to postnatal oral vitamin D
exposure, some have inferred that it may reduce the risk based
on a variety of arguments,'*?** but others have suggested
that excessive multivitamin consumption in general during
infancy may increase the risk,” and one of the authors of
this study has offered some epidemiological evidence that
postnatal oral vitamin D is unlikely to decrease the risk.?

Therefore, with respect to these potential postnatal risk
factors for ASD, it would appear the effects of duration of
breastfeeding, ear infection, and oral vitamin D supplementa-
tion are unsettled. Postnatal antibiotics have been found to
be associated with ASD in two small studies, and postnatal
acetaminophen has been found be associated with ASD in one
small study that has yet to be replicated. The present study
was designed to examine these potential factors.

Materials and methods

Questionnaire

A survey was constructed using Qualtrics software. Partici-
pants were to be biological parents of children who were born
and resided in the USA, and at least one child of each par-
ticipant was to be between 3 and 12 years of age. The survey
had between 22 and 25 multiple-choice questions, depend-
ing upon whether the participant had a child with ASD.
Each participant with a child with ASD was asked questions
regarding the participant’s youngest child with ASD. Each
participant whose children did not have ASD was asked
questions regarding the participant’s youngest child between
3 and 12 years of age.

Most questions on postnatal exposures were focused on
the first 2 years of life. Five questions had an “Other” answer
with a textbox to permit entry of additional information. For
example, one question asked of ASD parents was, “Does
your child have a known genetic syndrome?” The set of
non-exclusive multiple-choice answers included “Fragile X”,
“Rett Syndrome”, “Tuberous Sclerosis”, “None”, and an
“Other” box where participants could enter other genetic
conditions.

Ethics

This study was approved by the Institutional Review Board
of Columbia University Medical School. All participants
whose responses were used in this study completed an elec-
tronic informed consent, which served as the first question
in the survey.

Recruitment

Potential participants were informed via postings, listservs,
and landing pages that the investigators were conducting
a short Internet-based research survey. Participants were
also offered the opportunity to enter a raffle for a $50 gift
card. To increase participation, especially among parents of
children who do not have ASD, participants were encour-
aged to share the survey with friends whose children do not
appear to have ASD. A thank you landing page that appeared
upon completion of the survey included buttons for sharing
the survey on Facebook and for sending an email about the
survey to friends.

Posts or emails about the survey were sent to the members
of 216 different groups (Table S1) as follows: 32 Autism
Society of America chapters, 160 other ASD-related groups,
20 general parenting groups, and 4 other groups. This was
done with the permission and often the direct involvement
of the leadership of each group. Of these groups, 196 were
Facebook groups, 18 were listservs, and 2 were websites.
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Some participants were recruited with the assistance of
the Interactive Autism Network (IAN) Research Database
at the Kennedy Krieger Institute, Baltimore, MD, which is
a partnership of Kennedy Krieger Institute and the Simons
Foundation and is approved by the Johns Hopkins Medicine
Institutional Review Board. The IAN Research Database has
been clinically validated,*”*® as well as verified by a review
of parent- and professional-provided medical records,?® and
participants must have received a professional diagnosis
of ASD.

To decrease the likelihood of bias, groups with strongly
held views on the etiology of ASD were not targeted for
recruitment. Nor were groups where vitamin supplementation
was a theme. The survey was referred to as “Developmental
Factors Survey”, and the specific factors being examined
were not disclosed in any of the recruitment materials. To
decrease the likelihood of survey fraud, the IP addresses of
participants were recorded and participants were asked to
provide their email addresses.

Exclusions

After the data were collected, case and control groups were
determined. Only responses from biological parents residing
in the USA who answered the survey questions regarding a
child between 3 and 12 years of age were included. Responses
were then separated into ASD and non-ASD buckets. The
ASD bucket as defined in this step included responses asso-
ciated with children who have ASD, autism, Asperger’s, or
pervasive developmental disorder-not otherwise specified
according to the survey respondent. While the latter three
diagnoses are no longer used, older children may have been
diagnosed with these conditions before 2014.%

The following were excluded from the ASD bucket: those
not diagnosed by a professional and those with a genetic con-
dition of high penetrance for ASD. As this study is focused
on potential postnatal risk factors, if a child’s diagnosis could
be attributed to a known genetic factor, which is by the nature
of genetics a prenatal factor, exclusion of these individuals
from the case set is justified.

One of the questions in the survey was whether the child
has attention-deficit/hyperactivity disorder, attention deficit
disorder, sensory processing disorder, apraxia, or some other
neurologic condition. Often, some symptoms of these dis-
orders are present in those with ASD?*!** and some of these
disorders appear to share some common genetic risk factors
with ASD.*3 Likewise, it seems conceivable that they
may share some non-genetic risk factors with ASD as well.
Therefore, survey responses on children with any of these
four conditions were excluded from the control group.

Construction of variables

An initial set of raw binary categorical variables was con-
structed based on the specific answers to eight questions from
the survey. For example, one question in the survey was on
breastfeeding duration, and five binary categorical variables
were constructed from the five answers to this question.

Using data from these same eight questions, a second dis-
tinct set of seven scaled exposure variables was constructed
to represent magnitudes of exposure by associating a number
with each answer of each of the questions of interest. These
seven scaled exposure variables are: breastfeeding (months),
antibiotic (courses), ear infection (number), acetaminophen
(doses), ibuprofen (doses), vitamin D drop (months X dose),
and folate (binary).

For example, the discrete answers to a question on the
number of courses of antibiotics provided up to the second
birthday were: “None”, “17, “2-3”, “4-77,*“8-15, “16+”, and
“I’'m not sure”. Each answer was associated with the number
corresponding to the lower bound in the respective range. Spe-
cifically, the corresponding numbers for these answers were 0,
1,2,4,8, 16, and not available (NA). This correspondence was
used to construct the scaled antibiotic variable.

While there were two questions related to vitamin D drops
in the survey (one for duration and the other for dose), a single
cumulative vitamin D drop exposure variable was included
among the seven scaled variables used in most analyses to
parsimoniously represent vitamin D drop exposure. Specifi-
cally, it was defined as a vitamin D drop duration variable
multiplied by a vitamin D drop dose variable.

Some research on prenatal folate suggests that maternal
supplementation around the time of conception is associated
with a decreased risk of ASD.3*38 Thus, the folate variable
was defined to be a binary categorical variable, with a value
of 1 if the respondent indicated that the biological mother
used prenatal folate for the entire pregnancy or just the first
trimester and a value of 0 otherwise.

Eight demographic variables were also constructed. Some
were scaled variables such as education where the answers
were assigned to ordinal numbers. Others were binary
categorical variables such as ethnicity, where “White (non-
Hispanic)” was associated with 0 and all other ethnicities
were associated with 1.

Two additional scaled exposure variables were defined.
One was a low-granularity antibiotic variable. The anti-
biotic question on the survey included six answers with
ranges. The ear infection variable included four answers
with ranges. Thus, the original antibiotic variable provides
data with greater granularity than the ear infection variable.
The low-granularity antibiotic variable was constructed to
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provide data at comparable granularity. Specifically, the top
three ranges for antibiotics were assigned to a single value
for this variable.

The other scaled exposure variable was a crude total
oral vitamin D variable, which was constructed to represent
the average amount of oral vitamin D consumed in the first
18 months of life from vitamin D drops, breast milk, infant
formula, and cow’s milk. It was calculated using answers
from survey questions and data from the literature, and was
normalized to 400 International Units (IU) per day, which
is the Recommended Dietary Allowance for oral vitamin D
for those <1 year old.*’

Breast milk, infant formula, and cow’s milk average
about 45 TU of vitamin D per liter,* 450 TU of vitamin D per
liter,* and 500 IU of vitamin D per liter,* respectively. The
latter two fluids have more vitamin D because they are highly
fortified.*'*? This variable assumed each infant received one
of these primary sources of sustenance at any given time
during its development. The primary source of sustenance for
each month of development was determined by the answer
to the breastfeeding question in the survey. For months 1
through 12, those who were not breastfed during that month
were assumed to receive infant formula. After 12 months,
those who were not breastfed for that time were assumed
to receive cow’s milk. The daily exposure to the primary
source of sustenance in any given month was assumed to be
600 mL, which is generally consistent with the literature on
consumption of breast milk and infant formula.***

Details on the encoding of the scaled exposure variables
and the encoding of the demographic variables are provided
in Tables S2 and S3, respectively.

Statistical analysis

Analyses were run using the R statistical package. Crude
Wald odds ratios (ORs) and CIs were computed for each
of the binary categorical variables. Pearson’s correlations
between each pair of the seven scaled exposure variables
were calculated.

A consistent set of covariates was determined objectively
for most logistic regressions using the following procedure.
A candidate set of covariates was defined to be the set of
eight demographic variables. For each of the seven scaled
exposure variables, a minimal set of covariates was selected
from this candidate set of covariates, using Akaike informa-
tion criterion (AIC) for a logistic regression of the scaled
exposure variable in question against the outcome of ASD.
AIC is a measure of relative model quality.* The superset of
covariates obtained from these seven minimal sets defined the
consistent set of covariates to be used in most analyses.

Logistic regressions were run to compute ORs and
adjusted odds ratios (aORs) for the seven scaled exposure
variables using a consistent set of covariates. In addition, six
models, each of which included pairs of potentially related vari-
ables, were constructed: 1) Antibiotic/Ear infection; 2) Low-
granularity antibiotic/Ear infection; 3) Acetaminophen/
Ibuprofen, an Analgesic model; 4) Breastfeeding/Vitamin D
drops; 5) Breastfeeding/Vitamin D drops excluding cases
with ASD siblings; and 6) Breastfeeding/Total vitamin D.

An additional analysis was run on prenatal folate, where
the underlying data set was enlarged to include those with
genetic conditions of high penetrance for ASD.

Separately, a multifactor ASD risk model was con-
structed. Candidate variables for inclusion in this model
consisted of the seven scaled exposure variables and the
eight demographic variables previously described. Vari-
able selection for this model was determined objectively
using AIC.*

Results

Cases and controls

The survey was opened to participants on April 5, 2017 and
was closed on May 29, 2017. There were 1,741 completed
survey responses.

Following the procedure described in the “Materials and
methods” section, the raw responses were pared down to case
and control groups as shown in Figure 1. Through the “Other”
textbox on the genetic syndrome question, some respondents
indicated that genetic testing was planned or that the child
had a common single-nucleotide polymorphism such as
MTHFR. As these answers do not qualify as known genetic
conditions of high penetrance for ASD, these responses
were not excluded from the case set. After exclusions, 1,515
responses were included in the primary case—control analy-
ses: 1,001 cases and 514 controls.

Demographics

Table 1 provides the demographic characteristics of the par-
ticipants. Case children were on average 1.8 years older than
controls, were much more likely to be male than controls,
and were somewhat more ethnically diverse than controls.
There was proportionally greater representation in the South
among cases than controls and, conversely, proportionally
less case representation in the Midwest than controls. Case
biological mothers were on average 1.2 years younger than
control biological mothers at the birth of the child and were
somewhat less educated than control biological mothers.
The survey respondents for both cases and controls were
overwhelmingly biological mothers.
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1,741 completed
surveys

4>| 29 non-biological parents |
4>| 5 possibly outside of USA |

4>| 78 on child <3 or >12 years |

A

1,629 surveys on 3-12
year olds in USA

A

A 4

1,066 response on child with ASD,

autism, Asperger’s, or PDD-NOS

563 responses on child without ASD

| 12 not diagnosed by professional |<—
| 53 with genetic conditions |<—

v

1,001 diagnosed non-
genetic ASD

Figure | Flow chart for participant inclusion.

—>| 49 ADD, ADHD, SPD, or apraxia

v

514 non-ASD, non-ADD,
non-ADHD, and so on

Abbreviations: ADD, attention-deficit disorder; ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; PDD-NOS, pervasive developmental

disorder—not otherwise specified; SPD, sensory processing disorder.

Of the groups targeted, the greatest number of responses
was generated by IAN. The “How did you hear about the
survey?” question did not have an explicit answer for [AN,
but many who learned about the survey through IAN selected
“Other” and filled in “IAN” or some variant in a textbox.
Due to the large number of participants who did this, these
responses have been separated from the residual “Other”
responses in Table 1.

ORs and aORs

Wald ORs for the set of categorical variables constructed
from the raw survey responses are reported in Table 2. Six of
the eight questions highlighted in this table have categorical
variables with statistically significant associations with ASD.
An alternative set of dose-dependent Wald ORs relative to
no exposure were computed on the categorical variables and
are reported in Table S4.

Correlations were computed between each pair of the
seven scaled exposure variables and are shown in Table 3,
withn’s and p-values in Tables S5 and S6, respectively. Many
questions in the survey included an “I’m not sure” answer,
or other answers that conveyed limited information. Thus,
some variables had missing data. Pairwise deletion was used
when computing correlations.

The consistent set of covariates was found to include all
eight of the candidate covariates as all eight were included in
the minimal sets of covariates for some of the seven scaled

exposure variables based on AIC. The eight covariates are:
gender, age of the child, ethnicity, Midwest, South, maternal
education, age of the mother at the time of birth of the child,
and relationship to the child. The latter two variables were
not present in some of the minimal sets.

Four of the seven scaled exposure variables were found
to have statistically significant associations with ASD when
adjusted for the eight covariates (Table 4). These four are:
duration of breastfeeding, doses of postnatal antibiotics,
doses of postnatal acetaminophen, and incidence of ear infec-
tion. Analogous results, where gender is not a covariate, are
shown in Table S7.

Additional analyses were run to determine whether
excluding the covariate for relationship or the covariate for
age of the mother would impact the results. Excluding either
of these covariates was found to have only minor effects.

Specialized general linear models

The Antibiotic/Ear infection model shows that only the
antibiotic variable is statistically significant when included
in a joint model with ear infection. The Low-granularity
antibiotic/Ear infection model shows that the same is true of
the low-granularity antibiotic variable in a joint model with
ear infection. Similarly, the Analgesic model shows that
the association between acetaminophen and ASD is weak
but still present, while any relationship between ibuprofen
and ASD is no longer evident in a joint model. Both the
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Table I Demographics

Variable Cases Controls
n 1,001 514
Age of child (mean, SD) 73(29) 55(.6)
Gender of child — male (n, %) 801 (80.0) 268 (52.1)
Ethnicity of child (n, %)
White (non-Hispanic) 773 (77.2) 438(85.2)
Hispanic/Latino 104 (10.4) 30 (5.8)
African American/Black 39 3.9) 5(1.0)
Asian 19 (1.9) I @.1)
Other 66 (6.6) 30 (5.8)
Regions of the USA (n, %)
Northeast 180 (18.0) 103 (20.0)
Midwest 240 (24.0) 176 (34.2)
South 362 (36.2) 108 (21.0)
West 219 (21.9) 127 (24.7)
Maternal age at birth of child (mean, SD) 30.0 (5.6) 31.2(4.6)
Maternal education (n, %)
Grade school or some high school 10 (1.0) 6(1.2)
High school 80 (8.0) 22 (4.3)
Some college 272 (27.2) 72 (14.0)
Bachelor’s or associate’s degree 394 (39.4) 208 (40.5)
Graduate or professional degree 244 (24.4) 206 (40.1)
I’'m not sure 1 (0.1) -
Relationship to the child (n, %)
Biological mother 978 (97.7) 497 (96.7)
Biological father 21 (2.1) 15 (2.9)
NA 2(02) 2 (04)
How did (the participant) hear about this survey? (n, %)
Autism Society of America chapter 92 (9.2) 7(1.4)
Autism or Asperger’s related group 443 (44.3) 24 (4.7)
Apraxia, ADHD, ADD, or SPD related group 14 (1.4) 4 (0.8)
General interest parenting group 145 (14.5) 86 (16.7)
Friend 160 (16.0) 377 (73.3)
Other 147 (14.7) 16 (3.1)
Interactive Autism Network gy -
Remaining other 36 (3.6) -

Note: %, Percentage of cases or controls.
Abbreviations: ADD, attention-deficit disorder; ADHD, attention-deficit/
hyperactivity disorder; NA, not available; SPD, sensory processing disorder.

Breastfeeding/Vitamin D drop models show that when
breastfeeding is included in a model, increased oral vitamin D
drop exposure is weakly associated with ASD. Likewise, the
Breastfeeding/Total oral vitamin D model shows that when
breastfeeding is included, increased total oral vitamin D
exposure is weakly associated with ASD. Statistics on these
paired variable models as well as the Folate only model with
additional genetic conditions are shown in Table 5. Results
for analogous models, where gender is not a covariate, are
shown in Table S&.

Multifactor model
Using AIC as the criterion for variable inclusion, the result-
ing multifactor risk model consists of the variables for

breastfeeding, antibiotics, vitamin D drops, gender, and five
other covariates. Table 6 provides statistics on this model.

Discussion

Demographics

While there is a high concentration of males among case
children, this is expected as male gender is a significant risk
factor for ASD.* In contrast, the male to female ratio among
control children is unremarkable.

The age difference between case and control children
can be explained by the survey design. Case parents were
asked questions about their youngest biological child with
ASD, while control parents were asked questions about their
youngest biological child between 3 and 12 years of age.
Hence, some case parents would have had a younger child
between 3 and 12 years. In addition ASD is often diagnosed
late.*” Thus, based on these two observations, one would
expect that case children would be somewhat older than
control children, which is what was found.

While control biological mothers were better educated
than case biological mothers in aggregate, both were better
educated than the female adult population of the USA
between 25 and 54 years of age.*®

The emphasis on friend recruitment of controls appears to
have been effective. As Table 1 indicates, 73.3% of control
respondents were friends of other respondents, while only
16.0% of cases were friends of other respondents. Studies that
rely on friend recruitment of controls often result in control
groups that are marginally less ethnically diverse and some-
what better educated than cases.* Thus, it is not surprising
that this pattern holds in this data set as well.

Potential bias

One type of bias that may have affected results in this study
is self-selection bias. This is sometimes called nonresponse
bias, and it comes about from differences between those
who choose to participate in a study and those who do not.*
A relevant question is whether this effect resulted in sys-
tematic bias in the answers to the exposure questions in
this survey. The beliefs of parents of children with ASD
regarding causes of ASD are not homogeneous.” > About
13% of parents of children with ASD consider vaccines to
be the major cause of ASD.*! Since none of the questions
in this survey relate to vaccines, this survey is unlikely to
have been of exceptional interest to these parents. About
55% of parents of children with ASD believe that genetics
is the major cause of ASD.! It seems likely that this survey
would not have been of exceptional interest to most of these
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Table 2 Categorical variables and ORs

Question?®/variable Cases Controls OR 95% ClI p-value
n (%) n (%)

Duration of breastfeeding?
Never breastfed 234 (23.4) 70 (13.6) 1.935 1.446-2.590 <0.0001*
3 months or less 277 (27.7) 80 (15.6) 2.076 1.575-2.735 <0.0001*
>3 months and up to 6 months 118 (11.8) 66 (12.8) 0.907 0.657-1.252 0.5527
>6 months and up to 12 months 155 (15.5) 90 (17.5) 0.863 0.649-1.147 0.3107
>12 months 217 (21.7) 208 (40.5) 0.407 0.323-0.513 <0.0001*

Courses of antibiotics up to second birthday?
None 194 (19.4) 141 (27.4) 0.667 0.519-0.858 0.0015*
| 174 (17.4) 132 (25.7) 0.638 0.492-0.826 0.0006*
2-3 282 (28.2) 133 (25.9) 1.196 0.938-1.526 0.1483
4-7 181 (18.1) 64 (12.5) 1.642 1.206-2.236 0.0015*
8-15 71 (7.1) 19 3.7) 2.086 1.242-3.504 0.0046*
16+ 18 (1.8) 4(0.8) 2.440 0.821-7.249 0.0975
I’'m not sure 81 (8.1) 21 (4.1) - - -

Ear infections up to second birthday?
None 341 (34.1) 230 (44.7) 0.644 0.517-0.802 0.0001*
| 179 (17.9) 115 (22.4) 0.764 0.587-0.994 0.0446*
2-3 208 (20.8) 76 (14.8) 1.533 1.149-2.044 0.0035*
>3 or persistent 246 (24.6) 84 (16.3) 1.694 1.286-2.230 0.0002*
I’'m not sure 27 (2.7) 9(1.8) - - -

Doses of acetaminophen up to second birthday?
None 54 (5.4) 45 (8.8) 0.652 0.432-0.986 0.0414*
1-3 174 (17.4) 91 (17.7) 1.096 0.825-1.456 0.5266
4-15 378 (37.8) 216 (42.0) 0.971 0.773-1.220 0.8029
16-63 191 (19.1) 107 (20.8) 1.006 0.768-1.317 0.9682
64+ 26 (2.6) 4(0.8) 3.743 1.298-10.793 0.0089*
I’'m not sure 178 (17.8) 51 (9.9) - - -

Doses of ibuprofen up to second birthday?
None 185 (18.5) 115 (22.4) 0.898 0.687-1.172 0.4279
1-3 167 (16.7) 91 (17.7) 1.064 0.800-1.415 0.6716
4-15 304 (30.4) 180 (35.0) 0.947 0.749-1.197 0.6495
16-63 141 (14.1) 74 (14.4) I.110 0.816-1.510 0.5067
64+ 17 (1.7) 6(1.2) 1.635 0.640-4.177 0.2993
I’'m not sure 187 (18.7) 48 (9.3) - - -

Duration of vitamin D drops as a baby?
No vitamin D drops 642 (64.1) 307 (59.7) 1.475 I.165-1.866 0.0012*
3 months or less 108 (10.8) 85 (16.5) 0.646 0.474-0.879 0.0053*
>3 months and up to 6 months 62 (6.2) 44 (8.6) 0.746 0.498-1.117 0.1534
>6 months and up to |2 months 50 (5.0) 30 (5.8) 0.898 0.563-1.432 0.6499
>12 months 31 (3.1) 18 (3.5) 0.931 0.515-1.682 0.8128
I’'m not sure 108 (10.8) 30 (5.8) - - -

Dosage of vitamin D drops as a baby?
No vitamin D drops 641 (64.0) 308 (59.9) 1.489 1.173-1.891 0.0010%*
Less than the standard dose 12 (1.2) 17 (3.3) 0.376 0.178-0.793 0.0077*
About the standard dose 220 (22.0) 149 (29.0) 0.738 0.577-0.945 0.0156*
More than the standard dose 7(0.7) 5(1.0) 0.760 0.240-2.408 0.6401
I’'m not sure 121 (12.1) 35 (6.8) - - -

Prenatal folate supplementation?
Yes, for the entire or nearly 788 (78.7) 421 (81.9) 0.849 0.634-1.137 0.2718
entire pregnancy
Yes, during the first trimester 55 (5.5) 29 (5.6) 0.985 0.620-1.566 0.9489
Yes, after the first trimester 45 (4.5) 15 (2.9) 1.587 0.876-2.876 0.1249
No 72(7.2) 34 (6.6) 1.109 0.726-1.693 0.6318
I'm not sure 41 (4.1) 15(2.9) - - -

Notes: *Questions in this table were edited for brevity. *p-values <0.05.
Abbreviation: OR, Wald Odds Ratio.
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Table 3 Correlation® matrix

Variable ASD Breastfeed  Antibiotic Ear infection =~ Acetaminophen Ibuprofen  Vitamin D drop Folate
ASD 1.00

Breastfeed -0.22 1.00

Antibiotic 0.13 —0.15 1.00

Ear infection 0.13 —0.14 0.64 1.00

Acetaminophen  0.07 —-0.07 0.38 0.25 1.00

Ibuprofen 0.04 -0.02 0.34 0.24 0.72 1.00

Vitamin D drop  -0.04  0.25 -0.03 —0.09 0.0l 0.02 1.00

Folate -0.04  0.05 -0.01 —-0.02 -0.01 —0.02 0.09 1.00

Note: *Regression coefficients computed by Pearson’s correlations with pairwise deletions.

Abbreviation: ASD, autism spectrum disorder.

parents either. However, some parents whose children have
ASD view environmental variables excluding vaccines as
potentially significant risk factors.’'>3 It seems likely that
the survey may have been of exceptional interest to some
of these parents. Thus, it seems plausible that such parents
participated disproportionately.

It also seems plausible that the views of parents on
potential risk factors may have been partly informed by their
experiences in the development of their own children. For
example, a mother of a child with ASD who did not breast-
feed and who later became superficially aware of some of the
existing research on potential benefits of breastfeeding might
be more inclined to believe that early weaning could be a risk
factor for ASD. This is a form of confirmation bias.

If this led to systematic bias on the answers to exposure
questions, then it seems probable that this would tend to
bias results toward aggregate participant views on whether
the variables examined are likely to be causative. As many
participants were highly educated, and there is some existing
medical literature related to many of the variables examined
in the study, it seems plausible that the survey results could
be biased toward what the existing medical literature sug-
gests is the general direction or hypothesized direction of
association of each of the potential risk factors with ASD.

Table 4 ORs and aORs

For example, as previously mentioned, some medical litera-
ture suggests that breastfeeding may be protective.®'*!* Hence,
the survey results could be biased in this direction. Such an
effect could bias results in favor of associations between ASD
and early weaning,®'>!* incidence of ear infection,”'*!” use of
acetaminophen,'?? and use of antibiotics.”!¥ Relatedly, some
of the existing literature seems to suggest that prenatal folate
and postnatal oral vitamin D could be protective, 223243638
However, the results from this study show no association
between prenatal folate and the risk of ASD, and the results
suggest that postnatal oral vitamin D is weakly associated
with increased risk of ASD. Thus, it would seem either this
type of confirmation bias did not significantly affect the
direction of the associations found in this study or its effects
vary significantly per variable.

Encouraging friends of participants to participate in a
study is known as snowball sampling.>* Thus, by construc-
tion, this study made use of snowball sampling in obtaining
some of its case participants and in obtaining the majority
of its control participants. Snowball sampling has been used
in a number of epidemiological studies on ASD.!*>-7 While
snowball sampling has the possibility of inducing biases
in a sample,’® some research suggests that in practice, this
concern may be overstated.” ¢! A key question in this study

Variable Mean loading Unadjusted Adjusted for demographics

Cases Controls OR 95% CI p-value aOR® 95% CI p-value
Breastfeeding (months) 7.30 10.62 0.935 0.920-0.949 <0.0001* 0.948 0.932-0.965 <0.0001*
Antibiotic (courses) 2.52 1.77 1.138 1.083-1.201 <0.0001* 1.103 1.046—1.168 0.0004*
Ear infection (number) 1.62 .19 1.208 1.123-1.301 <0.0001* 1.137 1.046—-1.236 0.0026*
Acetaminophen (doses) 7.78 6.31 1.015 1.003-1.028 0.018* 1.016 1.003-1.032 0.0259*
Ibuprofen (doses) 5.81 5.11 1.008 0.996-1.021 0.210 1.012 0.998-1.027 0.1106
Vitamin D drops (months X dose) 2.01 241 0.982 0.959-1.006 0.132 1.006 0.979-1.035 0.6654
Folate first trimester (binary) 0.88 0.90 0.785 0.547-1.110 0.177 1.054 0.703-1.566 0.7956

Notes: *Covariates for the aORs are gender, age of the child, ethnicity, Midwest, South, maternal education, age of the mother at the birth of the child, and relationship.

*p-values <0.05.
Abbreviations: aOR, adjusted odds ratio; OR, odds ratio.
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Table 5 Specialized general linear models

Model n Variable aOR* 95% ClI p-value
Antibiotic/Ear infection 1,388 Antibiotic (courses) 1.080 1.009-1.162 0.0322*
Ear infection (number) 1.055 0.942-1.180 0.3546
Low-granularity antibiotic/Ear infection 1,388 Low-granularity antibiotic (courses) 1.177 1.023-1.356 0.0239*
Ear infection (number) 1.013 0.884-1.160 0.8548
Analgesic 1,257 Acetaminophen (doses) 1.018 0.998-1.039 0.0892
Ibuprofen (doses) 1.000 0.979-1.020 0.9701
Breastfeeding/Vitamin D drops 1,327 Breastfeeding (months) 0.948 0.930-0.966 <0.0001*
Vit D drop (months X dose) 1.025 0.995-1.056 0.1024
Breastfeeding/Vitamin D drops 1,208 Breastfeeding (months) 0.949 0.930-0.968 <0.0001*
excluding >1 ASD child Vit D drop (months X dose) 1.025 0.994-1.057 0.1144
Breastfeeding/Total vitamin D 1,327 Breastfeeding (months) 0.963 0.941-0.986 0.0016*
Total oral D (norm dose) 1.562 0.928-2.664 0.0970
Folate including genetic conditions 1,505 Folate first trimester (binary) 1.077 0.719-1.5%96 0.7144

Notes: *Covariates for aORs are gender, age of the child, ethnicity, Midwest, South, maternal education, age of the mother at the birth of the child, and relationship.

*p-values <0.05.
Abbreviations: aOR, adjusted odds ratio; norm, normalized.

is whether the reliance on snowball sampling for much of the
control group induced systematic bias in the answers to the
exposure questions. As many of the control participants
were social media friends of cases, it seems likely that
some of the control participants had some exposures among
the variables under consideration in common with the case
participants who referred them. Such a scenario would tend
to make control responses more similar to case responses
than they would have been with a purely random sample
for controls. While this scenario could decrease the strength
of some of the associations found, it seems unlikely that it
would change the direction of such associations.

As this study is retrospective, the recall of participants is
a key consideration. As one might expect, some participants
selected the “I’m not sure” answer to some of the questions.
This was especially common for the questions related to
doses of acetaminophen, ibuprofen, vitamin D drops, and,
to a lesser extent, courses of antibiotics. Cases selected this
answer much more frequently than controls for each of these
questions. For example, for the question on the number of
doses of acetaminophen provided up to age two, 17.8% of
cases selected “I’m not sure” compared to 9.9% of controls.

Table 6 Multifactor model®

Variable aOR* 95% ClI p-value
Breastfeeding (months) 0.954  0.935-0.973  <0.0001*
Antibiotic (courses) 1.083 1.023-1.151  0.0076*
Vitamin D drops (months X dose) ~ 1.026 ~ 0.996-1.057  0.0928
Gender (male) 3.951 2.983-5.260  <0.0001*

Notes: *Covariates are age of the child, ethnicity, maternal education, Midwest, and
South (n=1,244). *p-values <0.05.
Abbreviation: aOR, adjusted odds ratio.

As previously noted, case children were on average 1.8 years
older than controls. Thus, one would expect case participants
to be more likely than control participants to select the “I’'m
not sure” answer. A relevant question is whether this dif-
ferential in recall affected the ORs and aORs.

The question on number of doses of acetaminophen
included answers, “None”, “1-37, “4—15”, “16-63”, “64+”,
and “I’'m not sure”. If a participant never provided acet-
aminophen to her child, or perhaps provided it just once due
to a high fever or some other novel event, it seems probable
that the participant would be able to recall this fact when
taking the survey. If the participant provided acetaminophen
frequently to her child for more mundane aches and pains,
it seems more likely that the participant would not be able to
recall the number of doses. This inference is consistent with
research on memory formation, which shows that recall for
novel events is superior to recall for common events.®? Thus,
it seems likely that children of respondents who selected the
“I’m not sure” answer on average received more doses of
acetaminophen than children of respondents who did not
select this answer. As mentioned, a greater proportion of case
participants selected “I’m not sure” than controls. This sug-
gests that exposure of case children to acetaminophen in this
survey may have been underestimated relative to controls,
which means that the ORs and aORs for acetaminophen may
have been underestimated as well. The same is true of the
other dose-dependent variables in this study.

Units
Numeric values for ORs, aORs, and Cls are dependent on
the units in which the underlying variable is measured.®
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For example, the variables for breastfeeding and cumulative
vitamin D drop exposure were measured in units of months
and months per normalized dose, respectively. If these
variables were annualized, the ORs, aORs, and CIs would
be greater in magnitude. Relatedly, while the aOR and CI
for the total vitamin D drop variable may seem unusually
large in nominal terms, this variable was defined in units of
anormalized dose of oral vitamin D per day. If this variable
were instead represented in units of IUs of oral vitamin D
per day, then the aOR and CI would be much smaller
in magnitude.

Gender as a covariate

While the main analyses in this study used gender as a covari-
ate, and its selection as a covariate was based on objective
criteria, there are reasons why analyses excluding gender may
also be relevant. First, as previously highlighted, existing
research shows gender is a significant risk factor for ASD,*
and the results from the multifactor risk model (Table 6)
confirm this. Hence, if another variable has a gender-specific
effect on risk, the inclusion of gender as a covariate may
diminish or possibly obscure an association of that variable
with ASD due to interaction effects. Second, based on the
survey design, none of the biological children of each of the
control respondents had ASD. Data on gender of the siblings
of each control child were not collected, and it seems plau-
sible that there may be correlation of some of the exposure
variables under consideration among siblings in the same
family. Thus, the gender-specific nature of some of the control
observations may be somewhat overstated, as only one gender
was represented per control family, but none of the children
in any of the control families had ASD. For these reasons,
readers may wish to peruse results in Tables S6 and S7,
where gender was not included as a covariate.

Breastfeeding

Breastfeeding durations for controls in this study were some-
what longer than those seen in other national surveys. For
example, the Centers for Disease Control found that 30.7% of
infants born in 2013 were breastfed for 12 months or more.®
This study found that 37.7% of controls were breastfed
for >12 months. The biological mothers of controls in this
study were more highly educated, and based on the ethnicities
of control children, less ethnically diverse than the national
population.*®® These characteristics are associated with
increased duration of breastfeeding.® Thus, the breastfeeding
durations for controls in this study are about what one would
expect given the demographics of the control population.

In this data set, longer duration of breastfeeding is associ-
ated with decreased risk of ASD when adjusted for any of
the other variables. This finding was robust across all models
examined. This finding is also consistent with many, but not
all, of the existing studies on breastfeeding and ASD %1315

This finding could conceivably reflect correlated variables
that are not examined in this study. For example, decreased
breastfeeding could reflect an insufficiently developed suck-
ling reflex in the infant or an inability to breastfeed due to
poor maternal health. Both could plausibly decrease the
number of those who were ever breastfed among cases.
However, for those in which breastfeeding was success-
fully initiated, it seems neither of these factors would lead
to appreciably shorter duration. Thus, it appears neither
of these factors could explain the significant differences
between cases and controls in the longer duration categorical
breastfeeding variables from Table 2.

Alternatively, this breastfeeding finding may reflect some
protective effect of breast milk. For example, breast milk
contains each of the following: bifidobacteria,®’” lysozyme,
lipoxins,® glutathione,” and anti-inflammatory cytokines.”
Literature suggests that relative to controls, children with
ASD in aggregate have lower levels or bifidobacteria and
lysozyme in the digestive tract,”? decreased levels of lipoxin
A4 and glutathione in plasma,”®” and increased levels
of inflammatory cytokines in plasma.” Therefore, a number
of possible components of breast milk could plausibly be
connected to these results on breastfeeding and ASD.

Ear infection and antibiotics

Table 2 shows that ORs for categorical variables for ear infec-
tion incidence increase monotonically with the number of
incidents of ear infection. In other words, the raw data suggest
ear infection is associated with increased risk of ASD. Table 4
shows that increased incidence of ear infection is associated
with ASD (aOR 1.137, CI: 1.046-1.236, p=0.003).

Three smaller studies have previously found such an
association between ear infection and ASD.>'*"” However, a
large study based on medical charts recorded prior to diagno-
sis found that those with ASD had fewer ear infections than
controls.? This study based on charts had an unusually high
percentage of controls with at least one ear infection during
the first 2 years of life. It also found the following: 1) margin-
ally higher rates of hospitalization for ear infection among
those later diagnosed with ASD, 2) higher rates of infection
during the first 30 days of life among those diagnosed with
ASD, and 3) marginal overrepresentation of those with 13 or
more infections among those with ASD. These data suggest

submit your manuscript

1408

Dove

Neuropsychiatric Disease and Treatment 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=158811.pdf
https://www.dovepress.com/get_supplementary_file.php?f=158811.pdf

Dove

Postnatal ASD risk factors survey

that this Rosen et al*” study might have obtained a different
result if the focus had been on ear infections that are unusually
severe, persistent, or in the very young. Therefore, the authors
would not disregard the findings in the present study and the
three smaller studies on an association between ear infection
and ASD based solely on the Rosen et al study.

Table 2 shows that ORs for categorical variables for anti-
biotic use increase monotonically with the number of courses.
Table 4 shows that increased exposure to postnatal antibiot-
ics is associated with ASD (aOR 1.103, CI: 1.046-1.168,
p<0.001). Two smaller studies have previously found such
an association, one of which also found an association with
ear infection.”!®

Antibiotics and ear infection are correlated variables. The
correlation coefficient in Table 3 is 0.64. This is expected, as
antibiotics are often used as a treatment for ear infection.”
A natural question is whether one of these variables is causative,
while the other is merely associated due to correlation.

Statistics for the Antibiotic/Ear infection model in Table 5
provide one way of examining this question. While the
antibiotic variable has a statistically significant association
with ASD in this model, the ear infection variable has no
meaningful association with ASD. An analogous result holds
in the Low-granularity antibiotic/Ear infection model where
the antibiotic variable is expressed with a granularity that is
comparable to that of the ear infection variable.

Similarly, the objective criteria used in constructing the
multifactor model result in inclusion of the antibiotic vari-
able and dropping of the ear infection variable. These results
suggest that the antibiotic variable is the more significant of
the two. Plausibly, the association of ear infection with ASD
could be primarily a result of antibiotic use being correlated
with ear infection.

If the association between antibiotics and ASD is fun-
damental, this may reflect the effect of antibiotics on the
microbiome. Specifically, antibiotic use in childhood is
associated with increased microbiome depletion and bacte-
rial dysbiosis,’”®” and children with ASD are more prone to
microbiome depletion and bacterial dysbiosis.’%

Acetaminophen and ibuprofen

As Table 2 shows, never being exposed to postnatal acet-
aminophen is associated with decreased risk of ASD (OR
0.652, CI: 0.432-0.986, p=0.041) and being exposed to
64+ doses of postnatal acetaminophen is associated with
increased risk of ASD (OR 3.743, CI: 1.298-10.793, p=0.009).
In addition, as Table 4 shows, increased exposure to postnatal
acetaminophen, in general, is associated with increased risk

of ASD (aOR 1.016, CI: 1.003-1.032, p=0.026). In contrast,
the analogous relationships between ibuprofen and ASD are
much weaker. The correlation coefficient between acetamino-
phen and ibuprofen is 0.72, which shows they are correlated.
This is not surprising as they are both analgesics. However,
the Analgesic model showed that the association between
acetaminophen and ASD is weakened but still present when
ibuprofen is included as a confounding variable. No such asso-
ciation is evident between ibuprofen and ASD when acetamin-
ophen is included as a confounding variable. In other words,
the association between postnatal acetaminophen and ASD
is much stronger than the association between ibuprofen and
ASD, and the latter weak association could come about solely
from ibuprofen use being correlated with acetaminophen use.

As neither analgesic variable is included in the multifactor
model, one cannot preclude the possibility that the association
between acetaminophen and ASD is due to correlation with
other variables. Specifically, from Table 3, acetaminophen
use is correlated with antibiotic use. However, the statistically
significant and distinct pattern of association exhibited by the
categorical acetaminophen variables and the relative strength
of the association of the scaled acetaminophen variable with
ASD relative to the scaled ibuprofen variable suggest that
the association with ASD is not merely due to its correlation
with antibiotic use.

The present study replicates findings from a small survey
study on postnatal acetaminophen use and ASD.!' Some
existing literature has already explored why acetaminophen
exposure could be a risk factor for ASD.!!?28! In this context,
the authors wish to highlight that children with ASD in aggre-
gate are likely to metabolize acetaminophen less efficiently
than unaffected children. In young children, sulfation is the
primary pathway for the metabolism of acetaminophen,®
and the antioxidant glutathione is critical for detoxifying a
residual by-product.®*3* Relatedly, research on acetamino-
phen in animal models suggests that acetaminophen has
greater toxicity in those where any of the following are in
short supply: sulfate, cysteine, S-adenosyl methionine, or
glutathione.?>* In children with ASD, the levels of free
sulfate,”” cysteine,’*’>°! S-adenosyl methionine,’*7>20!
and reduced glutathione’ 7! in plasma are on average
significantly lower than in controls. Hence, children with
ASD as a group would appear to be particularly prone to
acetaminophen toxicity.

Vitamin D drops
The “No vitamin D drop” variable (OR 1.475, CI: 1.165—1.866,
p=0.001) in Table 2 suggests that providing no vitamin D
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drops is associated with increased risk of ASD. Yet, there
are hints in the “3 months or less vitamin D drop” variable
(OR 0.646, CI: 0.474-0.879, p=0.005) and the “Less than
standard dose” (OR 0.376, CI: 0.178-0.793, p=0.008) vari-
able that shorter duration of exposure and lower doses are
associated with decreased risk of ASD.

The unadjusted OR in Table 4 for the cumulative post-
natal vitamin D drop variable (OR 0.982, CI: 0.959-1.006,
p=0.132) would seem to suggest that increased exposure to
vitamin D drops is weakly associated with decreased risk
of ASD. However, control mothers were better educated on
average than case mothers, and those with higher education
tended to use oral vitamin D drops. In addition, cases in this
study were somewhat older than controls, and older children
were somewhat less likely to have been exposed to oral
vitamin D drops. Thus, once one adjusts for confounding
variables, the association between vitamin D drops and ASD
no longer points in the direction of decreased risk.

Table 3 shows that the correlation between vitamin D
drops and breastfeeding is 0.25. In the USA, vitamin D
drops are recommended for children who are breastfed, since
infant formula is already fortified with vitamin D.*? Thus, it is
expected that these variables would be correlated. Yet, there
does not appear to be any associated reduction in ASD risk
due to vitamin D drop use. In models that include vitamin D
drops, breastfeeding, and demographic variables, the
vitamin D drop variable is weakly associated with increased
risk of ASD. Specifically, in the multifactor model, where
the AIC results in the inclusion of the cumulative vitamin D
drop exposure variable, it is weakly associated with ASD
(aOR 1.026, CI: 0.996-1.057, p=0.093).

This weak association goes in the opposite direction of
that hypothesized by most researchers who have considered
vitamin D supplementation in the context of ASD.!>232
It seems conceivable that a parent who has multiple children
with ASD might have provided vitamin D drops to a younger
child with ASD, following the diagnosis of an older child,
if the parent was exposed to media suggesting that vitamin D
might have a prophylactic effect on the development of
ASD. This scenario would tend to bias the results toward
case use of vitamin D drops. This scenario is also plausible,
since as early as 2008, some literature hypothesized that
vitamin D deficiency could be a risk factor for ASD.” To test
whether this media effect could be significant in this data
set, the specialized general linear model for breastfeeding
and vitamin D drops excluding those with multiple ASD
children was constructed as previously described. The
association between vitamin D drops and ASD under this
model was comparable to the model without this exclusion.

Therefore, the weak association between vitamin D drop use
and ASD does not appear to be due to a media effect.

One might wonder whether such a relationship would hold
if other sources of postnatal oral vitamin D were included
in an analysis. This was tested using the Breastfeeding/
Total vitamin D model. Based on p-values from Table 5,
the association between total oral vitamin D and ASD was
marginally stronger than the association between vitamin D
drops and ASD.

Thus, vitamin D drops as well as modeled total oral
vitamin D consumed were both weakly associated with ASD
in this sample when adjusted for breastfeeding. While none of
these results are statistically significant using a 0.05 thresh-
old, analogous results for both vitamin D drops and total
vitamin D are statistically significant if gender is not included
as a covariate (Table S8). These results seem to support Zhou
et al’s work suggesting that excessive nutrient intake may
be a risk factor for ASD.? Specifically, these results suggest
that excessive postnatal oral vitamin D exposure may be a
risk factor for ASD.

Prenatal folate

Unlike other variables in this study, prenatal folate could
plausibly affect genetic risk for ASD if taken prior to concep-
tion. Therefore, exclusion of those with genetic conditions
of high penetrance for ASD from the case set for analysis
on prenatal folate seems unjustified. The Folate including
genetic conditions model addresses this (Table 5). Yet,
statistics on the folate variable in this model are similar to
the statistics on the folate variable with genetic conditions
excluded (Table 4). None of the folate variables in Tables 2, 4,
and 5 have p-values or CIs that would suggest a firm relation-
ship between prenatal folate and risk of ASD.

A number of studies have found that prenatal folate
supplementation is associated with a decreased risk of
ASD,3¢389 and other studies have found that prenatal
folate attenuates the effect of other risk factors for ASD.%%
However, other studies, which in aggregate have received
much less attention, have found that prenatal folate supple-
mentation may not affect the risk of ASD,’”*® may be
associated with an increased risk of ASD,” may be associated
with a decreased risk of ASD when included in a multivitamin
but increased risk of ASD when consumed separately,'® or
may be associated with an increased risk of ASD at high
levels of supplementation and a decreased risk of ASD at
moderate levels of supplementation.'”!

Given the varied and conflicting results in the literature,
it is not surprising that the present study found no firm
relationship between prenatal folate and the risk of ASD.
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Three additional considerations are relevant when evaluating
this result. First, there was a single question in the survey on
prenatal folate, and no data were collected on prenatal folate
consumption prior to conception. Each of the studies that
found that prenatal folate reduces the risk of ASD included
some analysis of supplementation prior to conception.3-38%4
Second, the biological mothers in the present study appear to
be somewhat better educated on average than those in at least
three of the studies that found that prenatal folate reduces
risk.?%3794 Table 3 in the present study shows that prenatal
folate use in this data set is correlated with higher education.
Thus, there may be less variability in use of prenatal folate
in this sample with higher average education than there
were in some of the prior studies. Third, while fortification
of some foods with folic acid is mandatory in the USA, it is
not mandatory in three of the countries where studies found
that prenatal folate reduces risk.3¢38%192 Hence, a study
relying on a data set from the USA like the present one is
less likely to find supplementation is beneficial than those
based on data sets from countries where food fortification
is not mandatory.

While there are already many studies on prenatal folate
and ASD in literature, this study adds to evidence that pre-
natal folate supplementation has no significant effect on the
risk of ASD in some populations. However, the results of
this study are not inconsistent with the possibility that pre-
natal folate supplementation may reduce the risk of ASD if
consumed prior to conception, in moderate doses only, by
those in a less-educated demographic, or by those who do
not consume foods fortified with folate.

Strengths and limitations
Some limitations of this study arose from its reliance on data
from an Internet survey. While efforts have been made to
limit bias in this study and some of the analysis above sug-
gests that any bias in the results was limited, the raw data
collected from the survey were essentially unverified beyond
what could be gleaned from the participants’ answers. For
example, only children whose parents indicated that a diag-
nosis was made by a professional were included in the case
group, but whether such a diagnosis was actually made by
a professional for a particular child was not independently
verified. Relatedly, there was no uniformity in the type or
methodology of diagnosis among case participants.
Separately, as previously noted, there are some material
differences between case and control group demograph-
ics in this study. For example, the case and control groups
differed in aggregate on gender distribution, mean age of
child, maternal education, and, to a lesser extent, ethnicity.

While most of the key statistical measures used in this study
were adjusted to account for differences in these variables and
others, it would be desirable if the aggregate demographic
characteristics of the case and control groups had greater
similarity.

While using an Internet survey to build the underlying
data set led to some of the study’s limitations, this approach
was also responsible for some of its strengths. For example,
a relatively large sample size was obtained. Few ASD
survey studies have as many participants as this one has, and
this is especially true of postnatal ASD risk factor studies.
Relatedly, a large and diverse set of groups were used in
recruitment for this study, and participants came from all
regions of the USA. Therefore, the results of this study do not
have the limitation of potentially only applying to children
who were seen at a particular medical center or to children
whose parents are members of a particular organization.
In addition, using an Internet survey to collect the data for
this study minimized the probability of some types of bias
associated with personal interactions. For example, data
sets assembled via personal interviews have risks of bias
associated with inconsistencies in interviewer technique or
interviewer subjectivity.

Conclusion

This study adds to the evidence that increased duration of
breastfeeding is associated with a decreased risk of ASD
(aOR 0.948, CI: 0.932-0.949, p<<0.001). It finds that postnatal
acetaminophen (aOR 1.016, CI: 1.003—1.032, p=0.026), post-
natal antibiotics (aOR 1.103, CI: 1.046-1.168, p<<0.001), and
incidence of ear infection (aOR 1.137, CI: 1.046—1.236,
p=0.003) are associated with an increased risk of ASD.
While associations with each of these three latter variables
and the risk of ASD appear in the literature, this study serves
as replication. This study also finds that cumulative oral
vitamin D drop exposure is weakly associated with increased
risk of ASD when adjusted for breastfeeding and demograph-
ics (aOR 1.025, CI: 0.995-1.056, p=0.102). An analogous
result holds for modeled total oral vitamin D as well.
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