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BACKGROUND: Oxytocin is a neuropeptide hormone that plays a key
role in social behavior, stress regulation, and mental health. Synthetic oxyto-
cin administration is a common obstetrical practice, and importantly, previ-
ous research has suggested that intrapartum exposure may increase the
risk of neurodevelopmental disorders, such as autism spectrum disorder.
OBJECTIVE: This study aimed to examine the association between
synthetic oxytocin exposure during labor and autism spectrum disorder
diagnosis in the child.
STUDY DESIGN: This population-based retrospective cohort study
compared 2 cohorts of children: (1) all children born in British Columbia,
Canada between April 1, 2000 and December 31, 2014 (n=414,336
births), and (2) all children delivered at Soroka University Medical Center
in Be’er-Sheva, Israel between January 1, 2011 and December 31, 2019
(n=82,892 births). Nine different exposure groups were examined. Cox
proportional hazards models were used to estimate crude and adjusted
hazard ratios of autism spectrum disorder in both cohorts on the basis of
induction and/or augmentation exposure status. To further control for con-
founding by indication, we conducted sensitivity analyses among a cohort
of healthy, uncomplicated deliveries and among a group that was induced
only for postdates. In addition, we stratified our analyses by infant sex to
assess for potential sex differences.
RESULTS: In the British Columbia cohort, 170,013 of 414,336 deliver-
ies (41.0%) were not induced or augmented, 107,543 (26.0%) were
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exposed to oxytocin, and 136,780 (33.0%) were induced or augmented
but not exposed to oxytocin. In the Israel cohort, 51,790 of 82,892 deliv-
eries (62.5%) were not induced or augmented, 28,852 (34.8%) were
exposed to oxytocin, and 2250 (2.7%) were induced or augmented but
not exposed to oxytocin. On adjusting for covariates in the main analysis,
significant associations were observed in the Israel cohort, including
adjusted hazard ratios of 1.51 (95% confidence interval, 1.20−1.90) for
oxytocin-augmented births and 2.18 (95% confidence interval, 1.32
−3.57) for those induced by means other than oxytocin and not aug-
mented. However, oxytocin induction was not significantly associated with
autism spectrum disorder in the Israel cohort. In the Canadian cohort,
there were no statistically significant adjusted hazard ratios. Further, no
significant sex differences were observed in the fully adjusted models.
CONCLUSION: This study supports that induction of labor through
oxytocin administration does not increase the risk of autism spectrum dis-
order in the child. Our international comparison of 2 countries with differ-
ences in clinical practice regarding oxytocin administration for induction
and/or augmentation suggests that previous studies reporting a significant
association were likely confounded by the underlying indication for the
induction.
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Introduction

O xytocin, a neuropeptide hormone
produced by the hypothalamus,

enhances social behavior and bonding,
promotes stress regulation, and improves
mental health.1 Oxytocin also promotes
the progress of labor and delivery by
initiating uterine contractions during
labor, and synthetic oxytocin is often
given during labor induction and
augmentation.2 Worldwide, up to 50%
of induced deliveries use synthetic
oxytocin.3,4 Lower plasma levels of oxy-
tocin have been reported in children
diagnosed with autism spectrum disor-
der (ASD) compared with neurotypical
children.5 Oxytocin, which crosses the
placenta, is hypothesized to desensitize
and down-regulate oxytocin receptors,
thereby increasing the risk of neurodeve-
lopmental disorders, including ASD.6−8

Thus, intrapartum administration of
synthetic oxytocin has raised concerns
about a possible association with
increased risk of ASD in the exposed
child.

The evidence linking synthetic oxyto-
cin to ASD is contradictory. Although
certain studies have reported no
association,9,10 others have reported ele-
vated odds ratios11,12 or hazard ratios
(HRs).13 Importantly, the quality of pre-
vious studies is varied; thus, these con-
tradictory results may be explained by
confounding indications for oxytocin
administration (eg, induction for fetal or
maternal health concerns that may
themselves be associated with increased
risk of ASD), dose and duration of oxy-
tocin administration, or quality of the
ASD case ascertainment method.14

Infant sex may also be important, given
that previous studies have found an asso-
ciation between intrapartum oxytocin
and ASD in males but not in females.15,16

Considering the widespread use of
oxytocin in labor, further research is
warranted into the potential association
between intrapartum synthetic oxytocin
exposure and diagnosis of ASD. This
study aimed to address the main meth-
odological limitations of previous work
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Why was this study conducted?
Research evidence linking intrapartum synthetic oxytocin administration to
autism spectrum disorder (ASD) in children is contradictory, possibly because
of methodological limitations such as confounding by indication and quality of
ASD case ascertainment. Considering the widespread use of oxytocin in labor,
and reports of lower plasma levels of oxytocin among children with ASD, this
obstetrical exposure warrants further investigation.

Key findings
Induction of labor through oxytocin administration does not increase the risk of
ASD in children.

What does this add to what is known?
Our international comparison of population-based data from British Columbia,
Canada and Israel suggests that previous studies reporting a significant associa-
tion between induction with oxytocin and ASD were likely confounded by the
underlying indication for induction.

Original Research
by: (1) using high-quality clinical data
on ASD diagnosis and oxytocin expo-
sure; (2) including data on many poten-
tial confounders; and (3) controlling for
potentially confounding indications for
induction. A notable contribution to
existing literature is our comparison of
population-based data from British
Columbia (BC), Canada, where oxyto-
cin is regularly used for induction and
augmentation, and hospital-based data
from a large maternity hospital in Israel,
where oxytocin is primarily used for
augmentation and rarely for induction.
This comparison enabled us to deter-
mine whether intrapartum exposure to
oxytocin was associated with increased
risk of ASD regardless of indication for
induction or augmentation.

Materials and Methods
Study design, data sources, and
study population
Our 2 retrospective cohorts included:
BC, Canada (population of»5.1 million)
and Soroka University Medical Center
(SUMC) in Be’er-Sheva in Israel’s south-
ern district (population of »1.2 million).
Our Canadian cohort included children
born between April 1, 2000 and Decem-
ber 31, 2014 and followed up until clini-
cal diagnosis of ASD, death, or the study
end date of December 31, 2016. Cana-
dian data sources included clinical ASD
diagnostic data from the BC Autism
Assessment Network (median age at
2 AJOG MFM August 2023
assessment: 5.4 years)17 and data from
the BC Ministry of Education, the BC
Perinatal Data Registry,18 the BC
Consolidation File,19 and BC Vital Statis-
tics.20 Ethics approval for the Canadian
analysis was obtained from the Univer-
sity of British Columbia Clinical
Research Ethics Board.

Our Israeli cohort included children
whose mothers were members of the
Clalit Health Services (CHS) system
and who were delivered at SUMC in
Be’er-Sheva, Israel between January 1,
2011 and December 31, 2019. CHS is
Israel’s largest healthcare maintenance
organization serving »70% of the citi-
zens in southern Israel. Most births in
southern Israel are delivered at SUMC,
which is the only medical center where
children insured by CHS can receive an
ASD diagnosis (ie, high correspondence
with mothers insured by CHS). Chil-
dren were followed up until clinical
diagnosis of ASD, death, or the study
end date of December 31, 2021. Data
were obtained from the computerized
database of SUMC that includes
detailed information on antenatal,
intrapartum, and postpartum maternal
and infant care for all hospital deliver-
ies. Clinical ASD diagnostic data were
obtained from the autism database of
the Azrieli National Centre for Autism
and Neurodevelopment Research,21

which contains data on nearly all chil-
dren diagnosed with ASD at SUMC. In
Israel, over half of the children are diag-
nosed with ASD before the age of 3, and
>90% receive their diagnosis before the
age of 6. Ethics approval for the Israeli
analysis was obtained from the SUMC
Helsinki committee.
We excluded nonsingleton pregnan-

cies because they have a unique set of
inherent risks that differentiate them
from singleton pregnancies. Further, we
excluded cesarean deliveries because
oxytocin is not administered for
planned cesarean delivery, and emer-
gency cesarean deliveries are already
indicated as higher risk. We removed
these deliveries with the aim of con-
structing a low-risk cohort with as little
confounding as possible. Finally, we
excluded pregnancies that were both
induced by means other than oxytocin
and augmented by means other than
oxytocin because these pregnancies lack
relevance to the research question.

Exposure assessment
We examined 9 different exposure
groups that were not mutually exclusive:
(1) those who received no induction or
augmentation of labor by any means
(reference group); (2) those who received
oxytocin in any form (either for induc-
tion or augmentation); (3) those who
were induced with oxytocin; (4) those
who were augmented by oxytocin; (5)
those who were both induced and aug-
mented by oxytocin; (6) those who were
augmented with oxytocin without induc-
tion (went into labor spontaneously); (7)
those who were induced by other means
(including prostaglandins, artificial rup-
ture of membranes, or another method,
not specified) and augmented with oxy-
tocin; (8) those who were induced by
other means and not augmented; and (9)
those who were not induced but who
were augmented using other means.

Outcome
In BC, diagnostic assessment for ASD
has been standardized within the BC
Autism Assessment Network since 2004
and must be informed by 2 instruments:
the Autism Diagnostic Observation
Schedule (ADOS or ADOS-2) and the
Autism Diagnostic Interview-Revised
(ADI-R). The assessment also draws on
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clinical history, evaluation of develop-
mental status, and reports from schools
and other relevant clinicians. Private
practitioners (ie, pediatricians, psychia-
trists, or psychologists) can also diag-
nose children in BC using the same
assessment tools. We identified cases
diagnosed by private practitioners
through linkage to data held by the BC
Ministry of Education.
In Israel, diagnosis of ASD requires

diagnostic assessments by a develop-
mental psychologist and either a pediat-
ric neurologist or child psychiatrist
according to Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edi-
tion (DSM-5) criteria. All participating
children at SUMC completed an intake
interview, assessment with the ADOS-2
test, and a cognitive evaluation using
either the Bayley Scales of Infant and
Toddler Development, third edition
(Bayley-III) or the Wechsler Preschool
and Primary Scale of Intelligence, ver-
sion 3 (WPPSI-III).
Covariates
We included the following maternal
sociodemographic variables: maternal
age, neighborhood income quintile
(Canada), socioeconomic status quintile
(Israel), and location of residence (urban,
semiurban, or rural; Canada) or ethnicity
(Bedouin, Jewish; Israel). We also exam-
ined pregnancy conditions and risk fac-
tors that could have influenced fetal
health, including: nulliparity, smoking
during pregnancy, gestational or preex-
isting diabetes mellitus, pregnancy-
induced hypertension, or other types of
hypertension (including hypertensive
renal disease, proteinuria, high blood
pressure, or a prescription for antihyper-
tensive medication). Under labor and
delivery characteristics, we included year
of delivery, epidural use, and administra-
tion of antibiotics during labor and
delivery. Neonatal characteristics
included were sex, birthweight, gesta-
tional age, small-for-gestational-age,
large-for-gestational-age,22 and presence
of a congenital malformation (ICD-10-
CM [International Classification of
Diseases, Tenth Revision, Clinical Modi-
fication] codes of Q00 to Q99).

Statistical analysis
We compared the characteristics across
exposure groups using standardized
mean difference (SMD), which is the
absolute value in the difference in means
of a covariate across the various exposure
groups divided by the standard deviation
in the exposed group. On the basis of
previous guidelines, a difference in cova-
riates is considered too different for reli-
able comparison if the SMD is >0.1.23

We then estimated associations between
induction and augmentation status and
ASD in the child using Cox proportional
hazards models, and calculated robust
standard error estimates by clustering
between multiple deliveries to the same
mother. We added the 4 classes of cova-
riates sequentially to the regression mod-
els to understand which covariates were
important confounders in the relation-
ship between oxytocin induction and
augmentation status and ASD. Model 1
adjusted for maternal sociodemographic
characteristics. Model 2 added preg-
nancy conditions and risk factors. Model
3 additionally controlled for labor and
delivery features. Finally, Model 4 added
the neonatal characteristics.

To better control for confounding by
indication, we performed a healthy
cohort subgroup analysis, excluding
maternal and neonatal conditions that
could be associated with ASD and labor
induction and/or augmentation. We
performed an additional sensitivity
analysis among the healthy cohort using
only Canadian data in which we
included only postdate inductions,
eliminating all inductions done for con-
cerns regarding fetal or maternal health.
These detailed data on indication for
induction were not available in Israel.
We also stratified by infant sex. All
analyses used R statistical software (R
Core Team, Vienna, Austria).24

Results
The initial cohort included 617,570
deliveries of 391,215 women in BC
between April 1, 2000 and December
31, 2014, and 102,204 deliveries of
47,943 women in Israel between Janu-
ary 2011 and December 2019. As out-
lined in Figures 1 and 2, after
exclusions, the total cohort for the pri-
mary analysis included 414,336 and
82,892 births in BC and Israel, respec-
tively. In BC, 170,013 (41.0%) of these
deliveries were not induced or aug-
mented, 107,543 (26.0%) were exposed
to oxytocin during induction and/or
augmentation, and 136,780 (33.0%)
were induced or augmented but not
exposed to oxytocin. In Israel, 51,790
(62.5%) of these deliveries were not
induced or augmented, 28,852 (34.8%)
were exposed to oxytocin during induc-
tion and/or augmentation, and 2250
(2.7%) were induced or augmented but
not exposed to oxytocin. The children
were followed up for a mean of
8.43 years in the BC cohort and
4.33 years in the Israeli cohort.
Although we examined 9 groups, as

outlined in the methods section above,
for parsimony, Tables 1 (Israel) and 2
(Canada) present characteristics across
the 4 primary groups of interest: the
unexposed group and the groups
induced, augmented, and both induced
and augmented by oxytocin. In both
Israel and Canada (Tables 1 and 2), all 3
exposed groups were more likely to
have diabetes mellitus and pregnancy-
induced hypertension, and to have
received an epidural compared with the
unexposed group. In addition, in Israel
(Table 1), the 3 exposed groups were
more likely to be of Jewish ethnicity, to
belong to a higher socioeconomic status
quintile, and to be nulliparous at birth
compared with the nonexposed group.
In Canada (Table 2), the 3 exposed
groups were more likely to live in urban
areas and less likely to be nulliparous at
birth compared with the nonexposed
group.
Compared with the unexposed

groups, the oxytocin-induced group
had a more recent year of delivery in
both countries, and a higher rate of
small-for-gestational-age neonates only
in Israel. The oxytocin-augmented
group had a lower maternal age than
August 2023 AJOG MFM 3



FIGURE 1
Cohorts and exclusion criteria for Israel

Karim. Exogenous oxytocin during labor and autism spectrum disorder. Am J Obstet Gynecol MFM 2023.
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the unexposed group in Israel and a
longer length of first stage of labor in
both countries. The oxytocin-induced
and augmented group also had a more
recent delivery year in both countries
and a higher rate of small-for-gesta-
tional-age neonates in Israel.
When assessing the crude associa-

tions between oxytocin induction and/
or augmentation and risk of ASD in the
total cohort, we found that any oxytocin
exposure, any oxytocin augmentation,
oxytocin augmentation without induc-
tion, and oxytocin augmentation in
people who were induced by other
means were all associated with
increased unadjusted HRs in both Can-
ada and Israel (Table 3). In Canada,
where oxytocin is the primary method
for induction, we also observed a
4 AJOG MFM August 2023
significant association of oxytocin
induction and both oxytocin induction
and augmentation with the risk of ASD
(HR, 1.26; 95% confidence interval [CI],
1.17−1.35; and HR, 2.38; 95% CI, 1.06
−5.32; respectively). In Israel, where
other means of induction are more
commonly used than oxytocin, the asso-
ciation between other induction without
augmentation and ASD was significant
(HR, 2.37 [95% CI, 1.46−3.85]).

Although adjustment for covariates
attenuated the HRs in both countries,
many associations remained statistically
significant in Israel, including adjusted
HRs (aHRs) of 1.51 (95% CI, 1.20
−1.90) for oxytocin-augmented births
and 2.18 (95% CI, 1.32−3.57) for those
induced by other means and not aug-
mented. In contrast, none of the
associations remained statistically sig-
nificant in the fully adjusted models in
Canada. In Canada, most of the
observed associations were no longer
significant after adjusting for labor and
delivery factors (Model 3; eTable 8).
In the analysis stratified by child sex,

the findings were consistent for the
male offspring (eTable 2). For the
female offspring, no significant associa-
tions were observed between any expo-
sure group and ASD in the fully
adjusted models for both Canada and
Israel (eTable 3).

Healthy cohort subgroup analysis
After excluding maternal and neonatal
conditions that could be associated with
ASD, we also observed an increased risk
of ASD in offspring exposed to any oxy-
tocin, oxytocin augmentation, oxytocin
augmentation without induction, and
other means of induction with oxytocin
augmentation compared with the unex-
posed group in both Canadian and
Israeli cohorts in the unadjusted analy-
sis, with unadjusted HRs ranging from
1.32 (95% CI, 1.22−1.43) to 2.69 (95%
CI, 1.76−4.10) (Table 4). On adjusting
for covariates, the associations were
attenuated and lost statistical signifi-
cance in the Canadian cohort. In Israel
but not Canada, any oxytocin exposure,
oxytocin augmentation, oxytocin aug-
mentation without induction, and other
means of induction without augmenta-
tion remained significantly associated
with ASD in the fully adjusted models
(aHR ranging from 1.51 [95% CI, 1.16
−1.95] to 2.02 [95% CI, 1.16−3.52]).
Supplemental eTables 4 and 5 show the
healthy cohort subgroup analyses strati-
fied by offspring sex.

Sensitivity analysis
To further control for confounding by
indication, the Canadian analysis
including only postdate inductions
revealed significant associations
between any oxytocin exposure, oxyto-
cin induction, oxytocin augmentation,
and oxytocin augmentation without
induction and ASD in unadjusted mod-
els (HRs ranging from 1.29 [95% CI,



FIGURE 2
Cohorts and exclusion criteria for British Columbia, Canada
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1.02−1.61] to 1.32 [95% CI, 1.20−1.45])
(eTable 1). No statistically significant
associations remained following adjust-
ment for covariates. Results were con-
sistent when stratified by sex (eTables 6
and 7).

Comment
Principal findings
In this population-based retrospective
cohort study, no associations were
found in the primary analysis between
oxytocin induction and risk of ASD in
the child after adjusting for maternal
sociodemographic characteristics, preg-
nancy conditions and risk factors, labor
and delivery characteristics, and neona-
tal characteristics.

Clinical implications
On the basis of our international com-
parison, we observed important differ-
ences in oxytocin use between our 2
cohorts that shed light on a probable
confounding by indication leading to
the association between oxytocin
induction and ASD. Although oxytocin
was the most common means of induc-
tion in BC, it was not commonly chosen
as the method for induction in Israel.
Thus, the statistically significant unad-
justed association in Canada, coupled
with the significant fully adjusted asso-
ciation with induction by other means
in Israel, could together be interpreted
as resulting from confounding by indi-
cation for induction. In addition, our
findings illustrate that on controlling
for characteristics associated with dys-
functional labor and infection (eg, epi-
dural and antibiotic use) in Model 3,
the associations are substantially attenu-
ated and lose significance, further indi-
cating confounding by indication.
Finally, this hypothesis is further
strengthened by our finding of no asso-
ciation in the group that was induced
only for postdates. Together, these
results propose that the common
obstetrical practice of administering
oxytocin for labor induction is unlikely
to increase the risk of ASD.

Research implications
Oxytocin augmentation remained sig-
nificantly associated with ASD in the
fully adjusted models in Israel; however,
this association was fully attenuated in
Canada. Considering these findings, we
cannot rule out the possibility that
augmentation of labor with oxytocin
may be associated with increased risk of
ASD in the child. Thus, further research
should examine the relationship
between augmentation with oxytocin
and ASD and compare it with other
means of augmentation.

Results in the context of what is
known
The finding that oxytocin use in labor
was not significantly associated with
increased risk of ASD is supported
by other large population studies.25,26

Although there are many contradictory
reports in the existing literature, includ-
ing several studies that find a significant
and positive association,11−13 it seems
that studies that best controlled for con-
founding factors tended to report no
significant association. For example,
Oberg et al10 conducted a large
August 2023 AJOG MFM 5



TABLE 1
Characteristics by oxytocin induction and augmentation status for Israel

Variable

Not induced or
augmented
N=51,790

Induced labor
with oxytocin
N=710

SMD (oxytocin-
induced vs
unexposed)

Augmented labor
with oxytocin
N=28,668

SMD (oxytocin-
augmented vs
unexposed)

Induced and augmented
with oxytocin
N=526

SMD (oxytocin-induced
and augmented vs
unexposed)

Maternal sociodemographic characteristics

Age, mean y (SD) 28.8 (5.7) 28.5 (5.7) 0.053 28.0 (5.5) 0.149 28.5 (5.7) 0.051

Age categories, n (%) 0.034 0.145 0.038

<20 1928 (3.7) 31 (4.4) 1491 (5.2) 23 (4.4)

20−29 28,794 (55.6) 397 (55.9) 17,385 (60.6) 298 (56.7)

30−39 19,491 (37.6) 264 (37.2) 9155 (31.9) 189 (35.9)

≥40 1569 (3.0) 18 (2.5) 635 (2.2) 16 (3.0)

Income quintile, n (%) 0.263 0.243 0.304

1 33,457 (64.7) 347 (49.2) 14,786 (51.7) 240 (46.1)

2 4423 (8.6) 94 (13.3) 3135 (11.0) 80 (15.4)

3 7849 (15.2) 155 (22.0) 5916 (20.7) 118 (22.6)

4 4420 (8.6) 78 (11.1) 3721 (13.0) 59 (11.3)

5 1533 (3.0) 31 (4.4) 1024 (3.6) 24 (4.6)

Ethnicity, n (%) 0.342 0.278 0.394

Bedouin 35,179 (67.9) 365 (51.4) 15,629 (54.5) 257 (48.9)

Jewish 16,611 (32.1) 345 (48.6) 13,039 (45.5) 269 (51.1)

Pregnancy conditions and risk factors

Parity, n (%) 0.610 0.591 0.679

Nulliparous 7503 (14.5) 288 (40.6) 11,370 (39.7) 230 (43.7)

Multiparous 44,275 (85.5) 422 (59.4) 17,296 (60.3) 296 (56.3)

Smoked during pregnancy, n (%) 319 (0.6) 7 (1.0) 0.041 262 (0.9) 0.034 6 (1.1) 0.056

Diabetes mellitus, n (%) 181 (0.3) 26 (3.7) 0.238 418 (1.5) 0.117 20 (3.8) 0.244

Pregnancy-induced hypertension, n (%) 818 (1.6) 68 (9.6) 0.354 1113 (3.9) 0.142 52 (9.9) 0.363

Other hypertension, n (%) 131 (0.3) 5 (0.7) 0.065 163 (0.6) 0.049 5 (1.0) 0.090

Labor and delivery characteristics

Year of delivery, n (%) 0.102 0.080 0.133

2010−2014 22,079 (42.6) 271 (38.2) 11,202 (39.1) 201 (38.2)

(continued)
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Original Research
population-based study, including a sib-
ling analysis to account for unmeasured
environmental and genetic factors.
They reported a significant association
between labor induction (method not
specified) and ASD in their main
cohort, but no association was present
in their sibling analysis.10 The lack of
association in the sibling analysis sup-
ports the assertion that the association
between oxytocin induction and aug-
mentation and ASD may be a result of
confounding, particularly confounding
by the indication for induction or aug-
mentation. The Oberg et al10 findings
also suggest that unmeasured differen-
ces between groups could have an
important role and may explain the
positive relationship between oxytocin
augmentation and ASD that persists in
the Israel cohort.
Strengths and limitations
Our study is strengthened by the
international comparison and the high
quality of the case ascertainment data
in both BC and Israel, where we had
access to clinical data on ASD diagno-
sis made by specialists trained in
assessing ASD, an improvement over
the use of health administrative data
to confirm a case of ASD.27 This study
was limited by its observational
design; thus, residual confounding
likely remains, particularly in the rela-
tionship between oxytocin augmenta-
tion and ASD that persists in the
Israel data. This is evident when com-
paring the Israel cohort characteristics
of the oxytocin augmentation
−exposed and unexposed groups. Sig-
nificant differences existed in ways
that would predispose toward a worse
prognosis for women exposed to oxy-
tocin augmentation, such as likelihood
of diabetes mellitus and pregnancy-
induced hypertension. The observa-
tional design also limits causal infer-
ences in this potential relationship.
Finally, the lack of information on
genetics and dose/duration of oxytocin
exposure meant that we were unable
to exclude children with known
genetic causes of ASD or analyze dose
−response associations.
August 2023 AJOG MFM 7



TABLE 2
Characteristics by oxytocin induction and augmentation status for British Columbia, Canada

Variable

Not induced or
augmented, N
N=170,013

Induced labor
with oxytocin
N=42,328

SMD (oxytocin-
induced vs
unexposed)

Augmented labor
with oxytocin
N=66,756

SMD (oxytocin-
augmented vs
unexposed)

Induced and augmented
with oxytocin
N=1541

SMD (oxytocin-induced
and augmented vs
unexposed)

Maternal sociodemographic characteristics

Age, mean y (SD) 30.33 (5.5) 30.67 (5.6) 0.060 30.00 (5.5) 0.062 31.54 (5.4) 0.222

Age categories, n (%) 0.080 0.057 0.208

<20 5623 (3.3) 1229 (2.9) 2440 (3.7) 28 (1.8)

20−29 71,838 (42.3) 17,443 (41.2) 29,842 (44.7) 545 (35.4)

30−39 87,178 (51.3) 21,689 (51.2) 32,466 (48.6) 878 (57.0)

≥40 5374 (3.2) 1967 (4.6) 2008 (3.0) 90 (5.8)

Income quintile, n (%) 0.053 0.041 0.130

1 39,176 (23.8) 10,444 (25.6) 16,166 (25.2) 404 (28.9)

2 33,676 (20.5) 8689 (21.3) 13,444 (20.9) 298 (21.3)

3 33,367 (20.3) 7882 (19.3) 12,365 (19.3) 245 (17.5)

4 31,784 (19.3) 7449 (18.2) 11,904 (18.5) 248 (17.7)

5 26,392 (16.1) 6365 (15.6) 10,318 (16.1) 205 (14.6)

Location of residence, n (%) 0.182 0.209 0.613

Urban 111,945 (66.4) 31,325 (74.6) 50,176 (75.8) 1385 (90.5)

Semiurban 34,925 (20.7) 6743 (16.1) 9889 (14.9) 90 (5.9)

Rural 21,820 (12.9) 3934 (9.4) 6136 (9.3) 56 (3.7)

Pregnancy conditions and risk factors

Parity, n (%) 0.221 0.566 0.280

Nulliparous 101,448 (59.7) 20,634 (48.7) 21,701 (32.5) 706 (45.8)

Multiparous 68,556 (40.3) 21,693 (51.3) 45,054 (67.5) 835 (54.2)

Smoked during pregnancy, n (%) 15,005 (8.8) 4521 (10.7) 0.063 6623 (9.9) 0.038 98 (6.4) 0.093

Diabetes mellitus, n (%) 9470 (5.6) 4933 (11.7) 0.218 5471 (8.2) 0.104 279 (18.1) 0.396

Pregnancy-induced hypertension, n (%) 2093 (1.2) 4515 (10.7) 0.407 3061 (4.6) 0.201 111 (7.2) 0.300

Other hypertension, n (%) 1471 (0.9) 2986 (7.1) 0.321 2062 (3.1) 0.160 100 (6.5) 0.302
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TABLE 2
Characteristics by oxytocin induction and augmentation status for British Columbia, Canada (continued)

Variable

Not induced or
augmented, N
N=170,013

Induced labor
with oxytocin
N=42,328

SMD (oxytocin-
induced vs
unexposed)

Augmented labor
with oxytocin
N=66,756

SMD (oxytocin-
augmented vs
unexposed)

Induced and augmented
with oxytocin
N=1541

SMD (oxytocin-induced
and augmented vs
unexposed)

Labor and delivery characteristics

Year of delivery, n (%) 0.129 0.054 1.905

2000−2004 53,316 (31.4) 10,840 (25.6) 19,406 (29.1) 0

2005−2009 56,300 (33.1) 14,890 (35.2) 23,396 (35.0) 0

2010−2014 60,397 (35.5) 16,598 (39.2) 23,954 (35.9) 1541 (100.0)

Epidural, n (%) 23,971 (14.1) 22,100 (52.2) 0.885 46,554 (69.7) 1.365 976 (63.3) 1.171

Antibiotics during labor, n (%) 37,757 (22.2) 18,658 (44.1) 0.478 25,998 (38.9) 0.369 638 (41.4) 0.421

Length of first-stage labor, mean h (SD) 5.59 (4.34) 5.40 (4.32) 0.044 10.77 (6.76) 0.912 5.78 (4.44) 0.043

Neonatal characteristics

Sex, n (%) 0.008 0.016 0.013

Male 85,159 (50.1) 21,371 (50.5) 33,977 (50.9) 782 (50.7)

Female 84,849 (49.9) 20,957 (49.5) 32,779 (49.1) 759 (49.3)

Birthweight, mean g (SD) 3401.35 (511.38) 3360.30 (549.25) 0.077 3430.52 (491.01) 0.058 3318.06 (521.38) 0.161

Gestational age, mean wk (SD) 38.75 (1.74) 38.61 (1.90) 0.078 38.99 (1.66) 0.142 38.45 (1.76) 0.174

Small-for-gestational-age, n (%) 11,080 (6.5) 3256 (7.7) 0.046 4538 (6.8) 0.011 128 (8.3) 0.068

Large-for-gestational-age, n (%) 5352 (3.1) 1541 (3.6) 0.027 2099 (3.1) <0.001 44 (2.9) 0.017

Congenital malformation, n (%) 8065 (4.7) 2528 (6.0) 0.055 3529 (5.3) 0.025 61 (4.0) 0.039

Length of follow-up, mean y (SD) 8.37 (4.53) 7.90 (4.39) 0.105 8.17 (4.48) 0.044 2.73 (0.73) 1.736
SMD, standardized mean difference.
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TABLE 3
Associations between induction and augmentation status and risk of autism spectrum disorder in offspring in the total cohort

Exposure group/number of observations Country Exposed, n (%) Unadjusted risk difference Unadjusted hazard ratio (95% CI) Adjusted hazard ratios (95% CI)a

No induction or augmentation (reference)

Number of children Israel 51,790

Canada 170,013

ASD cases Israel 177 (0.3) 0.0000 1.00 1.00

Canada 2202 (1.3) 0.0000 1.00 1.00

Any oxytocin exposure (induction or augmentation)

Number of children Israel 28,852 80,642

Canada 107,543 277,556

ASD cases Israel 208 (0.7) 0.0038 2.20 (1.80−2.69) 1.51 (1.20−1.89)

Canada 1723 (1.6) 0.0031 1.27 (1.19−1.35) 1.04 (0.96−1.13)

Oxytocin-induced

Number of children Israel 710 52,500

Canada 42,328 212,341

ASD cases Israel 5 (0.7) 0.0036 2.15 (0.88−5.24) 1.41 (0.57−3.51)

Canada 667 (1.6) 0.0028 1.29 (1.18−1.41) 1.04 (0.94−1.15)

Oxytocin-augmented

Number of children Israel 28,668 80,458

Canada 66,756 236,769

ASD cases Israel 207 (0.7) 0.0038 2.21 (1.80−2.70) 1.51 (1.20−1.90)

Canada 1062 (1.6) 0.0030 1.26 (1.17−1.35) 1.03 (0.94−1.13)

Oxytocin induction and oxytocin augmentation

Number of children Israel 526 52,316

Canada 1541 171,554

ASD cases Israel 4 (0.8) 0.0042 2.34 (0.87−6.30) 1.40 (0.51−3.88)

Canada 6 (0.4) �0.0091 2.38 (1.06−5.32) 1.43 (0.63−3.24)
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TABLE 3
Associations between induction and augmentation status and risk of autism spectrum disorder in offspring in the total cohort (continued)

Exposure group/number of observations Country Exposed, n (%) Unadjusted risk difference Unadjusted hazard ratio (95% CI) Adjusted hazard ratios (95% CI)a

Oxytocin augmentation without induction

Number of children Israel 23,846 75,636

Canada 54,993 225,006

ASD cases Israel 164 (0.7) 0.0035 2.06 (1.66−2.54) 1.88 (1.87−1.90)

Canada 879 (1.6) 0.0030 1.24 (1.15−1.34) 1.02 (0.93−1.12)

Other induction and oxytocin augmentation

Number of children Israel 4296 56,086

Canada 10,222 180,235

ASD cases Israel 39 (0.9) 0.0057 3.19 (2.25−4.51) 1.78 (1.20−2.64)

Canada 177 (1.7) 0.0044 1.31 (1.12−1.53) 1.03 (0.86−1.23)

Other induction without augmentation

Number of children Israel 2243 54,033

Canada 28,946 198,959

ASD cases Israel 18 (0.8) 0.0046 2.37 (1.46−3.85) 2.18 (1.32−3.57)

Canada 411 (1.4) 0.0012 1.01 (0.91−1.12) 1.02 (0.91−1.15)

Other augmentation without induction

Number of children Israel 7

Canada 107,834 277,847

ASD cases Israel 0

Canada 1306 (1.2) �0.0008 0.91 (0.85−0.97) 0.96 (0.89−1.03)
ASD, autism spectrum disorder; CI, confidence interval.
aAdjusted for maternal age, income quintile (Canada), socioeconomic quintile (Israel), location of residence (urban, semiurban, or rural; Canada), ethnicity (Bedouin, Jewish; Israel), nulliparity, smoking during pregnancy, gestational or preexisting diabetes mellitus, preg-
nancy-induced hypertension, other hypertension, year of delivery, epidural, antibiotics during labor, infant’s sex, birthweight, gestational age, small-for-gestational-age, large-for-gestational-age, and congenital malformation.
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TABLE 4
Associations between induction and augmentation status and risk of autism spectrum disorder in offspring among healthy mothersa and healthy neonatesb

Exposure group/number of observations Country Exposed, n (%) Unadjusted risk difference Unadjusted hazard ratio (95% CI) Adjusted hazard ratios (95% CI)c

No induction or augmentation (reference)

Number of children Israel 45,605

Canada 123,178

ASD cases Israel 156 (0.3) 0.0000 1.00 1.00

Canada 1379 (1.1) 0.0000 1.00 1.00

Any oxytocin exposure (induction or augmentation)

Number of children Israel 24,704 70,309

Canada 67,688 190,866

ASD cases Israel 168 (0.7) 0.0034 2.07 (1.66−2.57) 1.52 (1.19−1.94)

Canada 984 (1.5) 0.0033 1.32 (1.22−1.43) 1.10 (0.99−1.21)

Oxytocin-induced

Number of children Israel 517 46,122

Canada 24,338 147,516

ASD cases Israel 4 (0.8) 0.0043 2.42 (0.90−6.53) 1.50 (0.54−4.14)

Canada 337 (1.4) 0.0027 1.31 (1.16−1.47) 1.14 (1.00−1.30)

Oxytocin-augmented

Number of children Israel 24,558 70,163

Canada 44,281 167,459

ASD cases Israel 167 (0.7) 0.0034 2.07 (1.66−2.57) 1.52 (1.19−1.94)

Canada 649 (1.5) 0.0035 1.33 (1.21−1.46) 1.07 (0.96−1.20)

Oxytocin induction and oxytocin augmentation

Number of children Israel 371 45,976

Canada 931

ASD cases Israel 3 (0.8) 0.0047 2.53 (0.81−7.92) 1.41 (0.44−4.53)

Canada <5
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TABLE 4
Associations between induction and augmentation status and risk of autism spectrum disorder in offspring among healthy mothersa and healthy neonatesb

(continued)

Exposure group/number of observations Country Exposed, n (%) Unadjusted risk difference Unadjusted hazard ratio (95% CI) Adjusted hazard ratios (95% CI)c

Oxytocin augmentation without induction

Number of children Israel 20,905 66,510

Canada 37,894 161,072

ASD cases Israel 139 (0.7) 0.0032 1.98 (1.58−2.49) 1.51 (1.16−1.95)

Canada 556 (1.5) 0.0035 1.32 (1.19−1.45) 1.06 (0.94−1.19)

Other induction and oxytocin augmentation

Number of children Israel 3282 48,887

Canada 5456 128,634

ASD cases Israel 25 (0.8) 0.0042 2.69 (1.76−4.10) 1.57 (0.98−2.49)

Canada 91 (1.7) 0.0055 1.43 (1.15−1.77) 1.22 (0.96−1.54)

Other induction without augmentation

Number of children Israel 1867 47,472

Canada 16,306 139,484

ASD cases Israel 14 (0.8) 0.0041 2.21 (1.28−3.82) 2.02 (1.16−3.52)

Canada 196 (1.2) 0.0008 0.97 (0.84−1.13) 1.05 (0.90−1.23)

Other augmentation without induction

Number of children Israel 6

Canada 76,996 200,174

ASD cases Israel 0

Canada 810 (1.1) �0.0007 0.91 (0.83−0.99) 0.94 (0.86−1.03)
ASD, autism spectrum disorder; CI, confidence interval.
aExcludes mothers with gestational or preexisting diabetes, pregnancy-induced hypertension, other hypertension, or smoking during pregnancy;
bExcludes neonates born with a congenital malformation, small- or large-for-gestational-age, or Apgar < 7 at 5 mins;
cAdjusted for maternal age, income quintile (Canada), socioeconomic quintile (Israel), location of residence (urban, semiurban, or rural; Canada), ethnicity (Bedouin, Jewish; Israel), nulliparity, smoking during pregnancy, gestational or preexisting diabetes mellitus, preg-
nancy-induced hypertension, other hypertension, year of delivery, epidural, antibiotics during labor, infant’s sex, birthweight, gestational age, small-for-gestational-age, large-for-gestational-age, and congenital malformation.
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Original Research
Conclusions
This study’s findings indicate that induc-
tion of labor through oxytocin adminis-
tration does not increase the risk of ASD.
Our international comparison, healthy
cohort subanalysis, and postdates-only
sensitivity analysis suggest that previous
studies reporting a significant association
were likely confounded by the underlying
indication for induction. &

Supplementary materials
Supplementary material associated with
this article can be found in the online ver-
sion at doi:10.1016/j.ajogmf.2023.101010.
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