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Abstract
Background—An increasing number of women are utilizing fertility treatments, but little is
known about their relation to autism spectrum disorders (ASD).

Methods—To determine the association between maternal fertility therapy use and risk of having
a child with ASD, we conducted a nested case-control study within the Nurses’ Health Study II (n
= 116,430). Maternally reported diagnoses of ASD were confirmed through a supplementary
questionnaire and, in a subgroup, the Autism Diagnostic Interview-Revised. Controls were
randomly selected by frequency matching to case children’s year of birth. Associations were
examined by self-reported infertility and type of therapy using conditional logistic regression.

Results—In all, 9% of the 507 cases and 7% of 2,529 controls indicated fertility therapy use for
the index pregnancy. No significant associations with self-reported fertility therapies or history of
infertility were seen in primary analyses. In subgroup analyses of women with maternal age ≥35
years (n = 1,020), artificial insemination was significantly associated with ASD; ovulation
inducing drug (OID) use was significantly associated in crude but not adjusted analyses (odds
ratio 1.81, 95% CI 0.96–3.42). Results were similar by diagnostic subgroup, though within the
advanced maternal age group, OID and artificial insemination were significantly associated with
Asperger syndrome and pervasive developmental disorder not-otherwise specified, but not autistic
disorder.

Conculsion—Assisted reproductive therapy and history of infertility did not increase risk of
having a child with ASD in this study. However, the associations observed with OID and artificial
insemination among older mothers, for whom these exposures are more common, warrant further
investigation.
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Autism, a serious neurodevelopmental disorder affecting social behaviours and language, is
known to be strongly influenced by genetics. However, evidence from studies of pre- and
perinatal factors suggests the fetal environment may also have an important role.1–3 Recent
work has suggested that fertility therapies might be associated with autism and related
conditions, but specific associations are understudied and results are conflicting. It is known
that fertility therapies influence risk of multiple births, preterm delivery, and birthweight,4,5

all of which have also been associated with autism.6,7 Investigations report either no risk or
a moderately increased risk following the use of assisted reproductive therapies (ART) for
imprinting disorders, cerebral palsy, developmental disabilities and neural tube
defects.4,5,8–11 For autism specifically, the majority of available studies have assessed ART
or in vitro fertilisation (IVF), have not provided autism spectrum disorder (ASD)-specific
adjusted results due to small case numbers, and reports of associations across these studies
have been conflicting.12–17 In the few studies with adequate data, one study reported a lower
risk of autism among women who used ART,18 while one reported no association with
assisted conception overall.19 Few studies have assessed underlying infertility itself in
association with autism. Two small studies, each with limitations, reported an increased risk
of having a child with ASD among parents with a history of infertility.20,21 A large cohort
study did not see associations with different types of infertility, although information on
infertility diagnosis was not available for all participants. With the exception of one recent
study conducted in Denmark,19 prior work has been limited by small sample sizes, lack of
appropriate adjustment for confounding factors, and inability to investigate a range of
therapies in association with ASD specifically. The most recent and well-conducted
investigation of fertility therapies and ASD found potential associations in a subgroup
analysis for specific hormones used in fertility medications,19 but there are no large studies
on the topic in the United States (US) at this time.

As the prior work shows, questions remain regarding developmental effects of specific types
of fertility therapies, including not just ART subtypes but also use of ovulation-inducing
drugs (OID). As OID are often the first line of treatment in infertility,22 it is important to
investigate the potential effects of these drugs on the offspring. Only one other study has
specifically examined the relationship between OID use and ASD, and did not find a
significant association in primary analyses after adjustment for potentially confounding
factors, but did see significant relationships in certain subgroups.19 In addition, a recent
report found that children born after OID use had poorer perinatal health and more episodes
of hospitalisation than control children.23 The lack of research on these topics, particularly
in the US, as well as the inconsistency of research findings, highlights the need for further
investigation of infertility, fertility therapies and their potential effects on risk for ASD.

We therefore examined the relationship between history of infertility, use of fertility
therapies and risk of having a child with an ASD by conducting a nested case–control study
that consisted of participants from a large, well-established cohort, the Nurses’ Health Study
II (NHS II).
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Methods
Participants

The study population is drawn from participants in the NHS II, a prospective cohort of 116
430 female nurses aged 25–43 when recruited in 1989 and followed by biennial mailed
questionnaires to assess the incidence of cancer and other chronic diseases. The Partners
Health Care Institutional Review Board has reviewed and approved the methods of this
study, and completion and return of questionnaires sent by US mail constitutes implied
consent. In 2005, participants in the NHS II were asked to report about disorders in their
children, including autism, Asperger syndrome and ‘other autism spectrum.’ In 2009 we
initiated a nested case–control follow-up study in order to learn more about these women.
Controls were randomly selected and oversampled at a ratio of 4:1 using frequency
matching for years in which case mothers reported births (as at the time no information on
case year of birth was available). Figure 1 shows the details of this follow-up study mailing
of 656 cases and 2800 controls and outlines the study exclusions. Following exclusions, a
total of 3036 individuals were included in this analysis.

Case definition
Cases were defined as individuals with both maternal report of ASD on the 2005
questionnaire and maternal report of an autistic disorder, Asperger syndrome, pervasive
developmental disorder (PDD), or pervasive developmental disorder not otherwise specified
(PDD-NOS) diagnosis by a medical professional on our follow-up questionnaire.

The ASD diagnosis was validated by a trained professional who administered the Autism
Diagnostic Interview-Revised (ADI-R)24 over the phone to 50 randomly selected case
mothers who indicated willingness to complete the interview. Of these, 43 (86%) met ADI-
R cut-offs for a diagnosis of autism; the remaining individuals either missed the diagnostic
cut-off for full autism by one point on one domain (n = 6) or met the cut-off for one domain
(n = 1) and came close to cut-offs for the remaining domains. Reliability of telephone
administration of the ADI-R has been previously demonstrated.25

Exposure information
All exposures in this study were self-reported by nurse participants. Information on history
of infertility (defined as trying to get pregnant for 12 months or more without success) and
OID use was previously collected among all cohort participants on NHS II questionnaires
(all NHS II questionnaires are available online at http://www.channing.harvard.edu/nhs/
questionnaires/index.shtml). Types of ovulation drugs and infertility diagnoses were also
assessed on these questionnaires at multiple time points. This information was augmented by
the follow-up study questionnaire sent to the nested case–control study participants. The
follow-up questionnaire asked participants about diagnostic and pregnancy information for
the index child. Specifically, participants were asked whether they had used any of the
following fertility therapies for the index birth: IVF, intracytoplasmic sperm injection
(ICSI), gamete intrafallopian transfer (GIFT), zygote intrafallopian transfer (ZIFT), OID (as
pills or injections), use of sperm donor, egg donor, or frozen embryos, or ‘other’, with the
request to specify the type of other fertility therapy.

Statistical analyses
Univariate relationships and basic characteristics of infertility and fertility therapies were
assessed by comparing frequencies and descriptive statistics. Consistent with the Center for
Disease Control definition, fertility therapies involving manipulations of both the sperm and
the egg (including IVF, ICSI, GIFT, ZIFT, and use of donor or frozen eggs, sperm or
embryos) were grouped under the category of ART. The relationship between ASD and
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infertility and fertility therapy use, as a group and by types with sufficient numbers (those
with at least five exposed cases – this included in primary analysis OID, OID subtypes, ART
and artificial insemination), was assessed by conditional logistic regression, stratified by
child year of birth, with and without adjustment for potential confounders. To assess the
effect of different types of infertility, self-report of tubal, spousal, ovulatory and cervical
infertility, as well as of endometriosis or polycystic ovarian syndrome, was examined when
infertility was reported prospectively from NHS II questionnaires prior to the index birth.
Potential confounders in multivariate analyses included maternal and paternal age (as
continuous variables in years; assessed on follow-up questionnaire), race (as binary white/
other – as 93% of the NHS II are Caucasian), income (in five levels of household income in
US dollars), spouse education (in four categories: high school or less, 2 year college, 4 year
college, and graduate), birth order (as a continuous variable; assessed on the follow-up
questionnaire), pre-pregnancy smoking status (as a binary variable), pre-pregnancy body
mass index (BMI) (in four categories: <18.5, 18.5–<25, 25–<30, 30+), prior miscarriages
(binary) and prior induced abortions (binary). These covariates were assessed on the NHS II
questionnaires unless noted. Each potential confounder was assessed in association with
both the exposure and outcome and compared in models with and without the variable. As
prior miscarriages, prior abortions, pre-pregnancy BMI, pre-pregnancy smoking status and
spouse education were not associated with both the exposure and outcome, these variables
were not included in fully adjusted models (addition of these factors did not alter results).
Race and income were also not significantly associated with both exposure and outcome but
were included in adjusted models for face validity (removal of these factors from models did
not alter results).

In order to assess whether individual therapies may have different associations, we utilised
separate models for each type of therapy, in addition to creating indicator variables for
certain combinations of therapies. Specifically, for OID, separate groups were created for
individuals reporting OID use only, OID and another fertility therapy, or only another
fertility therapy (but no OID), and each of these groups was compared with the referent
group of no fertility therapy use. Likewise, to assess the effect of ART in comparison with
other therapies, individuals with ART and individuals with other (non-ART) fertility
therapies were compared with those with none (no category for ART and other fertility
therapy was created, as it is common procedure for individuals undergoing ART procedures
such as IVF and ICSI to receive OID injections and/or medications).

For all analyses, crude (adjusted for child year of birth only), maternal-age adjusted,
parental-age adjusted, and multivariate models were compared. In adjusting for maternal and
paternal age, we also examined the possibly non-linear relationship between these factors
and ASD non-parametrically with restricted cubic splines, a method that provides greater
flexibility in modelling the relationships between outcome and predictor variables.26,27

Tests for non-linearity of these factors used the likelihood ratio test, comparing the model
with the linear version of the term to the model with the linear and cubic spline terms. As
there was no evidence for non-linearity in the effect of parental age, results were adjusted
for these two factors as continuous variables in years.

The missing indicator method28 was used to handle the missing covariate data (we also
examined effects of using the complete case and imputed median value methods, but no
material differences according to these methods were noted). Missingness was <5% for race,
<10% for paternal education and paternal age and approximately 20% for income;
missingness was similar by case status.
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Subgroup and sensitivity analyses
We assessed relationships in the subgroup of women aged 35 or older at time of index birth
(the ‘advanced maternal age subgroup’); in this group exposures are more common. We also
examined associations according to diagnostic subgroup: autistic disorder, Asperger
syndrome, or PDD/PDD-NOS. For analyses with limited power, we collapsed the Asperger
and PDD groups to create a ‘mild ASD’ category. Associations by diagnostic subgroup were
also assessed among mothers with advanced maternal age.

A number of sensitivity analyses were also utilised to test the robustness of results. We
conducted the analyses in later birth cohorts in order to assess the extent to which increased
prevalence of fertility therapy use over time may have affected ability to observe
associations. We also conducted an analysis of the association of OID (the only fertility
therapy with previously collected information from previous NHS II questionnaires) with
ASD using only previously collected data from the biennial questionnaires, in order to
compare prospectively collected data to the retrospective reporting from the follow-up
questionnaires and examine the potential for recall bias. This analysis of OID, as well as the
analysis of infertility (which was also previously collected on biennial questionnaire) was
conducted not only within our study group with follow-up information but also within the
full eligible NHS II population.

Results
A total of 507 cases and 2529 controls were included in the primary analyses. Individuals
participating in our follow-up study did not differ from those not willing to participate on
demographic factors. Among our study group, fertility therapy use was slightly more
common among cases (9%) than controls (7%) in crude comparisons, although the chi-
squared test was not significant. Table 1 displays basic characteristics of the study group;
case mothers were slightly older at baseline than control mothers and were more likely to
have had pregnancy complications. Further, there was a higher proportion of male, first-born
and multiple births among case children. Distributions of other factors, including maternal
and paternal age, were similar between the groups. Comparing fertility therapy use, numbers
were small when broken out by type of therapy, but overall frequencies were similar for
different therapies in cases and controls in the full study group (Table 2). Only ‘other’
fertility therapy was noted more frequently among cases (P = 0.01), and this was primarily
driven by reports of artificial insemination (including intrauterine and intracervical
insemination). While fertility therapy use was much higher among the multiple births group,
the proportion using therapies did not differ between cases and controls. Examining
previously collected NHS II information on OID and infertility, no crude differences in
frequency of reporting were seen. Further, cases and controls had nearly identical
frequencies of self-reported types of infertility prior to index birth.

Crude and adjusted analyses for the primary study group are shown in Table 3. In adjusted
analyses, no significant associations with ASD for infertility or fertility therapy use overall
or by different types were seen (Table 3; infertility types not shown but all were non-
significant). Combination indicator models accounting for use of other therapies for ART
and OID also did not demonstrate significant associations with ASD in the primary analyses.
Artificial insemination was significantly associated with ASD in crude analysis, as was the
combination of OID and another fertility therapy in the combination therapy model, but after
adjustment for parental age and birth order, these associations were not significant.
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Subgroup results
In diagnostic subgroup analyses, which examined risk of different reported ASD diagnoses,
no significant associations were seen in the primary study group (data not shown). In the
advanced maternal age subgroup, which included only mothers aged 35 or older at time of
the child’s birth, fertility therapies were more common among case mothers than control
mothers; overall fertility therapy use was 14.6% in cases compared with 8.6% in controls (P
= 0.008). Examining types of therapies, OID and artificial insemination were more common
among case mothers, but there was no difference in prevalence of IVF or ART overall
between advanced maternal age cases and controls. Reported history of infertility was high
in this group (35%), but did not differ between cases and controls. After adjustment for
potential confounders, only the association with artificial insemination remained significant
[Table 4; odds ratio (OR) = 3.73 [95% confidence interval (CI) 1.38, 10.1], P = 0.009] when
assessing therapies in individual models. However, estimates for any fertility therapy, OID
and OID pills approached significance. In models examining combinations of therapies,
individuals using non-ART fertility therapies had nearly a doubling in risk of ASD
compared with those using no fertility therapies (OR = 1.92 [95% CI 1.03, 3.60], P = 0.04).
The majority of individuals in this category used either OID alone or OID and artificial
insemination.

When examining diagnostic subgroups within the advanced maternal age group, no
significant associations were seen for autism cases only. Because of limited power to assess
individual diagnoses, we combined Asperger syndrome and PDD/PDD-NOS cases to
examine associations with ‘mild ASD’. Both OID use and artificial insemination were
significantly associated with mild ASD in fully adjusted models, although confidence
intervals were wide (OR for OID: 2.12 [95% CI 1.06, 4.23], P = 0.03; and for artificial
insemination: 4.52 [95% CI 1.48, 13.9], P = 0.008). Consistent with these results, non-ART
therapy use was also significantly associated with mild ASD in the advanced maternal age
combination of therapy use model (OR = 2.23 [95% CI 1.13, 4.40]). Point estimates were
similar to those of the combined mild ASD group when PDD-NOS and Asperger syndrome
were examined separately, although confidence intervals were wide due to small numbers of
individuals.

Sensitivity analysis results
Sensitivity analyses assessing only those born later during follow-up to account for time
trends in therapy use did not alter results. In separate sensitivity analyses comparing OID
reporting from the NHS II questionnaire with our follow-up study questionnaire, agreement
was very high for those with both sources of information. Of those reporting OID use on the
follow-up questionnaire, 93% reported OID use on an NHS II questionnaire, and 84% had
use reported prior to the index birth; the majority of the remainder (n = 14) gave birth to
their child prior to collection of OID information on NHS II questionnaires. Results using
the previous reports of OID were similar to results from the follow-up report, and no
significant associations were found. Further, when examining whether the reasons for
infertility and type of OID were different between women reporting a child with ASD and
those without (information which was provided on the prospectively collected biennial
questionnaires), no significant differences were found. When examining these factors in the
full eligible NHS II cohort, OID was significantly more common among case mothers in
crude comparisons, but after adjusting for maternal age, birth order and year of birth, this
association did not persist.
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Comments
Findings from this cohort of nurses with nested case–control follow-up study information
did not show any strong associations with self-reported fertility therapies or infertility
overall. However, among mothers aged 35 or older, we saw significant associations with
ovulation drugs and artificial insemination, particularly when assessing risk of milder ASD
(reported diagnoses of Asperger syndrome or PDD/PDD-NOS).

This study has a number of strengths, including a large national sample, the ability to adjust
for confounding by many maternal characteristics that may influence risk of ASD, and
information on a range of fertility therapies not previously assessed in association with
ASD. However, a number of limitations should be noted when considering our results. Our
results may not be generalisable to other racial or socio-economic groups, which were
underrepresented in our study. We relied primarily on maternal report for both exposure and
outcome definition. Results in our diagnostic validation subgroup, however, suggest a high
degree of accuracy of maternal reporting of diagnosis, consistent with other studies that have
demonstrated the reliability of maternal report.29,30 We were not able to see children in
person and conduct measures such as the Autism Diagnostic Observation Schedule or
confirm diagnostic subgroups through in-person measures; however, the ADI-R has high
validity and is considered the ‘gold standard’ for autism diagnosis.24,31 For exposures, we
did not have records from fertility clinics to validate the therapies used, and
misclassification of therapies and infertility is possible. Further, there is potential for false-
positive reports in fertility therapies utilised. Specifically, although our follow-up
questionnaire asked about therapies used for the index pregnancy, we cannot rule out the
potential for reporting of treatments outside the time of conception. Such reporting could
bias results towards the null. However, the extent of such biases may be minimised in this
study population of nurses. It has been demonstrated that the reliability of reporting of
medical conditions and general information is very high in these women.32,33 A separate
validation study conducted within this cohort of reported ovulatory infertility demonstrated
high accuracy (95% concordance with medical records) and suggests a low degree of such
misclassification within this study group.34

We did not have sufficient numbers to examine all types of therapies, such as ICSI, GIFT,
ZIFT or IVF specifically, in adjusted or subgroup analyses. Our study was limited by fairly
wide confidence intervals and uncertain estimates for a number of analyses. An extremely
large study will be required to examine rare therapies in association with ASD. However, a
large cohort study from Denmark did not see an association between IVF and ASD,19 nor
have three other studies,14–16 although two had a very small number of ASD cases. Two
additional studies also did not find associations with IVF and developmental delay more
broadly.12,17

Our results from the advanced maternal age analyses are suggestive of an association
between OID and ASD. Associations with any fertility therapy, OID, and OID pills
approached statistical significance and may have been hampered by limited power.
However, as significant associations were only seen in subgroups, results should be
interpreted with caution. In secondary analyses utilising only previously collected OID
information from NHS II questionnaires, we did not see significant associations after
adjusting for potential confounders in either the primary study or the advanced maternal age
subgroup. However, that previously collected information is limited by the lack of
specificity to the index birth, in that we cannot be sure the OID reported on the biennial
questionnaire was used in the appropriate cycle actually resulting in the index birth. Our
analysis of previously collected OID information assessed ever report of OID, OID reports
at any time prior to the index pregnancy, as well as OID reported on only the questionnaire
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prior to the index birth. As questionnaires are answered every 2 years, even OID reported on
the prior questionnaire may not be in the relevant conception window, and thus there may
actually be a greater degree of misclassification in the previously collected cohort
information. Thus, the results from our follow-up study assessing fertility therapy use
specific to the index pregnancy are likely more accurate than those using the biennial
questionnaire information.

The largest magnitude of association seen in this study was with artificial insemination in
the subgroup of women with advanced maternal age, although confidence intervals were
wide due to small numbers of women in this subgroup. Consistent with associations seen for
individual therapies in this subgroup, we also saw a significant result when comparing
individuals using non-ART fertility therapies (which, in our study group, was primarily
accounted for by OID and artificial insemination combined) when compared with
individuals not using any fertility therapies. However, the finding with artificial
insemination should be considered preliminary not only due to the small numbers and
imprecise point estimates, but also due to the fact that our questionnaire did not have a
specific check box for artificial insemination. Rather, the questionnaire had an ‘other’
category, and participants wrote in artificial insemination, intrauterine insemination or
intracervical insemination to be included in this exposure category. We cannot rule out the
potential for biased recall particularly for this open-ended question; however, among those
checking off the ‘other’ box, cases and controls recorded the type of therapy used in equal
proportions.

Our findings of associations with artificial insemination and OID are consistent with the
largest study to date of assisted conception and ASD.19 Specifically, in Hvidtjørn and
colleagues’ cohort study utilising data from national registries in Denmark, OID was defined
as use with or without artificial insemination. That study found a significant association with
use of follicle stimulating hormone, a specific hormone included in some preparations of
OID and targeted in others, as well as a significant crude association with OID. The overall
adjusted OR for OID in their work was 1.20 [95% CI 0.99, 1.44]; however, because the
point estimate was adjusted for downstream consequences of therapy use it may be falsely
attenuated. A subgroup analysis of OID use in mothers who gave birth to female offspring
was significantly associated with ASD in adjusted analyses. In our study, we did not adjust
for factors downstream of exposure in final models, as doing so may introduce bias.36

However, in secondary analyses we did explore the effects of excluding those with multiple
births, gestational diabetes or low birthweight; results were materially unchanged.
Stratification by sex also produced similar results. More sophisticated methods, such as
Marginal Structural Models, are required for analyses of effects of potential modifiers,37,38

and such models should be considered in future analyses with adequate sample sizes.

Prior to this study and Hvidtjørn et al.’s work, no study has investigated OID independently,
and only one study reported adjusted results of the specific association between ASD and
ART.18 In Maimburg and Vaeth’s study of the ASD–ART association, conducted in
Denmark and including 461 cases, risk of autism was lower among women who used IVF
and ICSI compared with non-users.18 Their result may have been due to chance or low
statistical power as only 10 cases were identified as exposed; or, again, adjustment for
factors that are a result of fertility therapies may have falsely attenuated the association. Two
other studies did find increased risk of more broadly defined developmental disturbances
following ART, which may be consistent with our subgroup results.13,17

The significant associations we saw with OID and artificial insemination in the advanced
maternal age subgroup only could be due to chance. It is also possible that recall was
improved in this subgroup, because of the fact that the lag time between index birth and
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follow-up questionnaire was shorter within this group (by about 4–5 years). However, when
comparing agreement between previous biennial OID reports and follow-up OID reports,
agreement was similar and high for all age groups, suggesting difference in recall does not
fully account for differences seen by maternal age. An alternate explanation for associations
seen with OID in the advanced maternal age group is that utilisation of ovulation drugs
could stimulate the release of suboptimal oocytes that would not otherwise have gone on to
implantation, and this effect could be stronger among older women for whom oocyte quality
may already be reduced. Or, it may be that factors causing infertility or the biology of
infertility itself may underlie the associations seen, such as hormonal imbalances leading to
the indication for ovulation drugs, or structural, male factor, or other problems such as issues
with implantation leading to use of artificial insemination. We do not have the ability in
these data to assess which of these potential pathways is most likely, although we did not see
an association with infertility itself, or with different types of infertility prior to index birth.
These findings are consistent with Hvidtjørn and colleagues’ results. In other work, an early
pilot study found infertility was associated with a significant increase in risk of
schizophrenia and autism,20 while a case–control study found that autism case parents
reported infertility requiring medical intervention about twice as often as healthy control
parents,21 although numbers were small and the difference was not statistically significant.
Doornbos and colleagues9 found that infertility was three times higher in families with
children affected by imprinting disorders, which share some of the behavioural traits of
ASD. Further work investigating potential underlying pathways, and using large samples,
would be useful in attempting to explain associations seen with different fertility therapies.

In summary, this study did not find a significant increase in risk of ASD following maternal
self-reported infertility or overall fertility therapy use. The results from this and other
currently available studies suggest there is no strong risk of autism associated with ART
specifically, but continued research is needed to examine different types of treatments. In
particular, our results suggest women with advanced maternal age, independent of age itself,
may be at moderately increased risk of ASD with certain fertility therapies such as ovulation
drugs and artificial insemination. Considering the frequency of use of OID and the impact of
ASD on the affected individual and the family, more detailed investigations to clarify these
associations are warranted.
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Figure 1.
Nurses’ Health Study II autism nested case–control study. Case numbers as follows: 656
cases in nested case–control mailing; 582 cases responded; 51 cases not willing to
participate; 9 cases adopted; 12 cases with exclusionary diagnoses; 1 case missing year of
birth; 41 cases missing exposure information; 51 cases from pilot study; 507 cases in the
study group. aExclusionary diagnoses were the following genetic disorders associated with
autism spectrum disorders (ASD): fragile X syndrome, Down’s syndrome, tuberous
sclerosis, trisomy 18, XXY, Jacobsen syndrome (11q deletion), Rett’s disorder. bControls
with year of birth outside range of case births were not included in these
analyses. cIndividuals missing/skipping the fertility therapy question specific to index birth
on our follow-up study questionnaire were excluded. dA small pilot study conducted shortly
before the full nested case–control follow-up study collected identical exposure information.
Only individuals from the pilot study meeting all inclusion criteria were included.
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Table 1

Basic characteristics of the study group (n = 3036)

Variable
ASD mothers (n = 507)

n (%) or mean (std)
Control mothers (n = 2529)

n (%) or mean (std) P-valuea

Demographic characteristics

 Nurse’s age at baseline (years)

  24–29 154 (30%) 941 (37%) 0.004**

  30–35 233 (46%) 1115 (44%)

  36–42 120 (24%) 473 (19%)

  Mean age at baseline 32.4 (4.4) 31.6 (4.3) 0.0002***

 Raceb

  Caucasian 483 (95%) 2369 (95%) 0.93

  Other 23 (5%) 115 (5%)

 Income ($)

  <40 000 21 (4%) 114 (5%) 0.32

  40 000–74 000 142 (28%) 644 (25%)

  75 000–99 000 96 (19%) 426 (17%)

  100 000–149 000 88 (17%) 441 (17%)

  ≥150 000 51 (10%) 324 (13%)

 Spouse’s education

  High school or less 62 (12%) 363 (14%) 0.22

  2 year college 87 (17%) 388 (15%)

    4 year college 152 (30%) 854 (34%)

Graduate school 161 (32%) 756 (30%)

Reproductive and pregnancy characteristics

 Average number of children 2.6 (1.1) 2.7 (1.1) 0.03*

 Prior miscarriage or stillbirth 140 (28%) 779 (31%) 0.17

 Prior induced abortion 103 (20%) 409 (16%) 0.02*

 History of infertility 111 (22%) 571 (23%) 0.72

 Pregnancy complicationsc 87 (17%) 244 (10%) <0.0001****

 Maternal age (years)

  <20–24 28 (6%) 120 (5%) 0.24

  25–29 122 (24%) 519 (21%)

  30–34 192 (38%) 1034 (41%)

  ≥35 165 (33%) 856 (34%)

 Paternal age (years)

  <20–24 18 (4%) 60 (2%) 0.08

  25–29 93 (18%) 385 (15%)

  30–34 162 (32%) 880 (35%)

  ≥35 219 (44%) 1167 (46%)

Index child characteristics
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Variable
ASD mothers (n = 507)

n (%) or mean (std)
Control mothers (n = 2529)

n (%) or mean (std) P-valuea

 Mean year of birth 1989 (6.1) 1990 (6.1) 0.0003***

 First-born 222 (44%) 865 (34%) <0.0001****

 Multiple birth 22 (4%) 44 (2%) 00.0002***

 Male child 423 (83%) 1285 (51%) <0.0001****

Significance values for all tables:

*
P < 0.05,

**
P < 0.01,

***
P < 0.001,

****
P < 0.0001.

a
P-values from chi-squared tests for categorical variables and t-test for continuous variables; calculated among those not missing on the variable of

interest.

b
Numbers missing on variables above as follows: race 46 (1 case); income 689 (109 cases); paternal education 213 (45 cases); prior miscarriage 15

(4 cases); pregnancy complications 7 (3 cases); paternal age 52 (15 cases); multiple births 2 (1 case).

c
Includes gestational diabetes, preeclampsia, or pregnancy induced hypertension. When also including pregnancy complications listed under

‘other’ on our questionnaire (such as bleeding, placenta previa and preterm labour), there were 180 cases and 484 controls.

ASD, autism spectrum disorders; std, standard deviation.
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Table 2

Self-reported fertility therapy use and infertility according to case status in the study population (n = 3036)

Type of therapy
ASD mothers (n = 507)

n (%)
Control mothers (n = 2529)

n (%) P-value

Any fertility therapy 44 (9%) 173 (7%) 0.14

Ovulation-inducing drugs 32 (6%) 117 (5%) 0.11

 Pills 20 (4%) 74 (3%) 0.23

 Injections 11 (2%) 42 (2%) 0.43

 OID without ARTa 26 (5%) 100 (4%) 0.23

Any ART 12 (2%) 55 (2%) 0.79

 IVF 3 (0.6%) 26 (1%) 0.36

 ICSI 1 (0.2%) 12 (0.5%) 0.38

 Egg donor 2 (0.2%) 0 (0%) 0.002**

 Sperm donor 6 (1%) 23 (1%) 0.57

 Frozen embryo 0 (0%) 1 (0%) 0.65

 GIFT or ZIFT 3 (0.6%) 5 (0.2%) 0.11

Other fertility therapy 13 (3%) 28 (1%) 0.01*

 Artificial Insemination 8 (2%) 16 (0.6%) 0.03*

 Father procedures 2 (0.4%) 2 (0.1%) 0.07

 Surgical procedures 2 (0.4%) 4 (0.2%) 0.28

 Other 1 (0.2%) 5 (0.2%) 0.99

NHS II questionnaire information (previously collected)

Prior infertilityb 112 (22%) 575 (23%) 0.75

 Tubal infertility 9 (2%) 50 (2%) 0.76

 Ovulatory infertility 33 (7%) 201 (8%) 0.27

 Spousal infertility 26 (5%) 109 (4%) 0.41

 Cervical infertility 8 (2%) 51 (2%) 0.51

 Endometriosis 16 (3%) 75 (3%) 0.82

 Other infertility 19 (4%) 99 (4%) 0.86

Ever reported infertilityc 137 (27%) 687 (27%) 0.95

Prior OID use 62 (12%) 305 (12%) 0.92

Recent OID used 53 (10%) 265 (10%) 0.98

Ever reported OID use 82 (16%) 374 (15%) 0.43

a
Includes pills or injections, but excluding those used as part of an ART cycle. Significance information:

*
P < 0.05,

**
P < 0.01.

b
Infertility prior to index birth. Reported types of infertility listed are for those individuals with infertility prior to index birth; types may not sum to

total with prior infertility due to lack of information on infertility type or reporting of multiple types (these was no difference in frequency of
reporting of multiple types of infertility in cases and controls).

c
Through 2005; includes infertility after index birth.
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d
Defined as use only on the most recent NHS II questionnaire prior to child’s birth, within 0–2 years. Prior OID use is use at any time prior to the

child’s birth, and ever reported use includes reports after the child’s birth.

Self-reported information. Abbreviations as follows: ART, assisted reproductive technology; GIFT, gamete intrafallopian transfer; ICSI,
intracytoplasmic sperm injection; IVF, in vitro fertilisation; OID, ovulation-inducing drugs; ZIFT, zygote intrafallopian transfer.

ASD, autism spectrum disorders; NHS II; Nurses’ Health Study II.
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Table 3

Risk of autism spectrum disorders according to self-reported fertility therapy use and infertility in the study
population (n = 3036)

Type of therapy
Case exposed

n (%)
Crude (YOB)a
OR [95% CI]

Parental age adjustedb
OR [95% CI]

Fully adjustedc
OR [95% CI]

Infertility 112 (22%) 1.06 [0.84, 1.34] 1.00 [0.79, 1.28] 0.93 [0.73, 1.19]

Any fertility therapy 44 (9%) 1.41 [0.99, 2.00] 1.27 [0.88, 1.83] 1.11 [0.77, 1.62]

Any ART 12 (2%) 1.28 [0.67, 2.42] 0.83 [0.39, 1.74] 0.70 [0.33, 1.47]

Ovulation drugs (OID) 32 (6%) 1.49 [0.99, 2.25] 1.46 [0.96, 2.20] 1.32 [0.87, 2.01]

OID pills 20 (4%) 1.42 [0.85, 2.37] 1.43 [0.86, 2.38] 1.32 [0.79, 2.21]

OID injections 11 (2%) 1.45 [0.74, 2.86] 1.31 [0.66, 2.61] 1.18 [0.59, 2.36]

Artificial insemination 8 (2%) 2.83 [1.19, 6.75] 2.62 [1.09, 6.27] 2.17 [0.90, 5.21]

Models assessing combinations of fertility therapies

 No fertility therapies 463 (92%) Reference Reference Reference

 OID only 22 (4%) 1.30 [0.80, 2.11] 1.32 [0.81, 2.13] 1.20 [0.73, 1.95]

 OID + other fertility therapy 10 (2%) 2.25 [1.06, 4.75] 1.90 [0.88, 4.01] 1.66 [0.76, 3.60]

 Other (non-OID) fertility therapy 12 (2%) 1.20 [0.64, 2.28] 0.91 [0.46, 1.81] 0.76 [0.38, 1.51]

 No fertility therapies 463 (92%) Reference Reference Reference

 ART 12 (2%) 1.31 [0.69, 2.48] 0.85 [0.40, 1.78] 0.72 [0.34, 1.51]

 Other (non-ART) fertility therapy 32 (6%) 1.45 [0.96, 2.18] 1.45 [0.96, 2.18] 1.29 [0.85, 1.96]

Odds ratios and their 95% confidence intervals are shown.

a
All models were conditional logistic regression models stratified by child year of birth.

b
In models adjusting for maternal age only, results were very similar to crude (YOB adjusted) models.

c
Fully adjusted models included maternal and paternal age, race, income, and birth order. Results did not change when additionally adjusting for

prior miscarriages or stillbirths, prior induced abortions, or paternal education, nor when additionally adjusting for other types of therapies in OID,
ART, and AI models. Results in analyses restricted to singleton births only were materially unchanged.

ART, assisted reproductive technology; OID, ovulation-inducing drugs; YOB, year of birth.
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Table 4

Risk of autism spectrum disorders according to self-reported fertility therapy use and infertility in the
advanced maternal age subgroup (n = 1021)a

Type of therapy
Case exposed

n (%)
Crude (YOB)
OR [95% CI]

Fully adjustedb
OR [95% CI]

Infertility 61 (37%) 1.12 [0.79, 1.59] 0.97 [0.67, 1.40]

Any fertility therapy 25 (15%) 2.00 [1.22, 3.30] 1.58 [0.91, 2.75]

Any ART 8 (5%) 1.49 [0.67, 3.34] 0.85 [0.32, 2.23]

Ovulation drugs (OID) 16 (10%) 2.08 [1.13, 3.82] 1.81 [0.96, 3.42]

OID-pills 9 (6%) 2.41 [1.07, 5.43] 2.18 [0.95, 5.00]

OID-injections 8 (5%) 2.32 [0.99, 5.45] 1.79 [0.73, 4.36]

Artificial Insemination 8 (5%) 4.38 [1.67, 11.47] 3.73 [1.38, 10.1]**

Models assessing combinations of fertility therapies

 No fertility therapy 140 (85%) Reference Reference

 OID only 9 (6%) 1.78 [0.81, 3.88] 1.63 [0.73, 3.61]

 OID + other fertility therapy 7 (4%) 2.93 [1.14, 7.53] 2.30 [0.85, 6.20]

 Other (non-OID) fertility therapy 9 (5%) 1.79 [0.82, 3.90] 1.20 [0.50, 2.87]

 No fertility therapy 140 (85%) Reference Reference

 ART 8 (5%) 1.38 [0.59, 3.23] 0.94 [0.36, 2.48]

 Other (non-ART) fertility therapy 17 (10%) 2.28 [1.25, 4.18] 1.98 [1.06, 3.70]*

By diagnostic subgroup

Autistic disorder cases (45 cases, 856 controls)

 Infertility 19 (42%) 1.35 [0.73, 2.50] 1.18 [0.62, 2.25]

 Any fertility therapy 6 (13%) 1.64 [0.66, 4.04] 0.88 [0.28, 2.78]

Asperger syndrome and PDD-NOS cases (120 cases, 856 controls)

 Infertility 42 (35%) 1.03 [0.69, 1.56] 0.89 [0.58, 1.37]

 Any fertility therapy 19 (16%) 2.18 [1.25, 3.81] 1.82 [0.99, 3.34]

 OID 13 (11%) 2.38 [1.23, 4.63] 2.12 [1.06, 4.23]*

 Artificial insemination 6 (5%) 5.64 [1.91, 16.6] 4.60 [1.51, 14.0]**

Models assessing combinations of fertility therapies

 No fertility therapies 101 (85%) Reference Reference

 OID only 9 (8%) 2.41 [1.10, 5.30] 2.20 [0.98, 4.94]

 OID + other fertility therapy 4 (3%) 2.56 [0.80, 8.18] 2.08 [0.62, 6.95]

 Other (non-OID) fertility therapy 6 (5%) 1.76 [0.71, 4.40] 1.27 [0.46, 3.49]

 No fertility therapies 101 (85%) Reference Reference

 ART 5 (4%) 1.47 [0.55, 3.92] 1.01 [0.34, 3.09]

 Other (non-ART) fertility therapy 14 (12%) 2.65 [1.38, 5.10] 2.29 [1.16, 4.49]*

a
Advanced maternal age (≥35) sub-group included 164 autism spectrum disorders cases. Average year of birth in this subgroup was 1994. Fertility

therapies with <5 exposed cases are not shown in the table; no significant associations for such therapies were seen.

b
Adjusted as in Table 3.

ART, assisted reproductive technology; FT, fertility therapy; OID, ovulation-inducing drugs; PDD-NOS, pervasive developmental disorder not
otherwise specified; YOB, year of birth.
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