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Abstract

Background: An infant’s presentation at delivery may be an early indicator of developmental
differences. Non-vertex presentation (malpresentation) complicates delivery and often leads to
caesarean section, which has been associated with neurodevelopmental delays, including autism
spectrum disorder (ASD). However, malpresentation could be an early sign of an existing
developmental problem that is also an upstream factor from caesarean delivery. Little research
has been done to investigate the association between malpresentation and ASD.

Objectives: We examine the association between malpresentation at delivery and ASD and
whether this association differs by gestational age.

Methods: We used data from the Study to Explore Early Development (SEED), a multisite,
case—control study of children with ASD compared to population controls. The foetal presentation
was determined using medical records, birth records and maternal interviews. We defined
malpresentation as a non-vertex presentation at delivery, then further categorised into breech and
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other malpresentation. We used multivariable logistic regression to estimate the adjusted odds ratio
(aOR) for the association between malpresentation and ASD.

Results: We included 4047 SEED participants, 1873 children with ASD and 2174 controls. At
delivery, most infants presented vertex (7= 3760, 92.9%). Malpresentation was associated with
higher odds of ASD (aOR 1.31, 95% confidence interval [CI] 1.02, 1.68) after adjustment for
maternal age, poverty level, hypertensive disorder and smoking. The association was similar for
breech and other types of malpresentation (aOR 1.28, 95% CI 0.97, 1.70 and aOR 1.40, 95% ClI
0.87, 2.26, respectively) and did not differ markedly by gestational age.

Conclusions: Malpresentation at delivery was modestly associated with ASD. Early monitoring
of the neurodevelopment of children born with malpresentation could identify children with ASD
sooner and enhance opportunities to provide support to optimise developmental outcomes.
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BACKGROUND

Autism spectrum disorder (ASD) is characterised by a range of persistent challenges

in social communication and interaction across multiple contexts, as well as restricted,
repetitive patterns of behaviour, interests or activities.! For 2023, the prevalence of ASD
was estimated to be 28.0 per 1000 children in the United States.2 Children with ASD can
face great health challenges and may experience economic burdens when navigating societal
structures.3

ASD is likely a result of complex gene—environment interactions impacting development
during gestation and early life.#> The fetal and neonatal periods are critical stages in brain
development that are vulnerable to adverse events. Studies have found sub-optimal labour
events, including caesarean delivery, to increase the likelihood of ASD®7; however, findings
are mixed.8-10 Sub-optimal conditions at delivery are complicated and interconnected. The
limited data and ability to adjust for confounding by indications of caesarean delivery

limit the causal interpretation of caesarean delivery as causal. Upstream indications for
caesarean delivery that have also been associated with ASD include labour dystocia,!!
abnormal fetal heart rate12.13 and hypertensive disorders during the pregnancy period and
foetal malpresentation at delivery.13-16

Malpresentation at delivery, or failure to turn, could result from foetal disorders,1”
insufficient intrauterine space,'8 abnormal maternal thyroid functions,1® foetal growth
restriction.1” These conditions, specifically maternal thyroid dysfunction or foetal
intrauterine growth restriction, have been associated with delayed child neurodevelopment.20
Malpresentation could serve as an early marker of problems in foetal development that
ultimately manifests in ASD during childhood, but the association between malpresentation
and child neurodevelopment has not been well studied.

Most infants present in a vertex (head down) position at delivery.?! Foetal malpresentation
includes breech, shoulder, compound, face and brow presentations22; among these, breech
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presentation is the most common.23 The foetus changes position often in early gestation; the
probability of a foetus turning into a vertex presentation increases as gestation progresses,?!
making malpresentation less common in term births.

Evidence regarding risks associated with malpresentation is mixed. Four studies?4-27
examined the association between foetal presentation and ASD, nearly all focusing on
breech presentation specifically. Two record-based studies found malpresentation was
moderately associated with an elevated risk of ASD but lacked confirmation of ASD.25:27
Prior studies also had limited information to classify malpresentation.2>26 Only one study
accounted for the gestational age-dependency of malpresentation.26

We used detailed information on pregnancy, delivery and rigorous confirmation of ASD
among children participating in the Study to Explore Early Development (SEED) to
disentangle associations between malpresentation and ASD while considering potential
differences in this association by gestational age.

METHODS
Study population

SEED is a case-control study aiming to identify risk factors for ASD and other
developmental disabilities.28 Children with potential ASD were ascertained through multiple
clinical and special education programs that provide evaluation or support for children with
ASD or related developmental conditions. Children enrolled as controls were identified by
randomly sampling state vital records.

Children eligible for SEED during three phases of enroliment and data collection were
required to have been: (1) born in the study catchment area during the periods of 20032006,
2008-2011, or 2014-2017; (2) between 30 and 68 months of age during study participation;
(3) resident in multi-county catchment areas in California, Colorado, Georgia, Maryland,
North Carolina, Pennsylvania, Missouri or Wisconsin at the time of participation and (4)
lived with a knowledgeable caregiver (defined as parent or caregiver who was able to legally
consent to the child’s participation and birth record access and consistently cared for the
child since he or she was 6 months of age or younger) who could communicate in English
(or Spanish in California or Colorado). We restricted this analysis to singleton children
(considering intra-uterine crowding prevents foetuses from turning to a vertex presentation
in multiple gestations), children whose biological mothers were the caregivers completing
the interview (>99% of participants),28 and children who were classified into an ASD case
group or population control group (POP) based on results of the developmental evaluation.2®

Children with a wide range of birth and developmental challenges were recruited to SEED
to screen for ASD among children with developmental disabilities and identify children with
ASD who may not already have received a diagnosis. We restricted our analysis to those
with confirmed ASD and those recruited as population controls from birth records because
extensive heterogeneity among those with other developmental delays limits the ability to
interpret findings.
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Case status

All children who participated in the study were initially screened for possible ASD using the
social communication questionnaire (SCQ).30 Children with a previous diagnosis of ASD
and those who screened positive on the SCQ (SCQ score > 11) received an extensive ASD-
specific assessment. Children participated in the Autism Diagnostic Observation Schedule
(ADOS)3! and their caregivers completed the Autism Diagnostic Interview-Revised (ADI-
R). The ADOS/ADI-R package is a validated and reliable measurement for ASD and is
considered the gold standard for ASD diagnosis. Studies have reported that the instruments’
sensitivity ranges from 86 to 100 per cent and specificity with other developmental
disabilities from 73 to 100 per cent.32 Classification of ASD for this study required children
to meet either (1) ASD criteria on the ADOS algorithms and autism criteria on the ADI-R;
or (2) ASD criteria on the ADQS algorithms and one of the three relaxed criteria on the
ADI-R.29 Untestable children or those who did not complete the ADOS or ADI-R were
classified as possible ASD and excluded from this analysis.

Children randomly sampled from birth records who had no previous diagnosis of ASD and
screened negative on the SCQ (SCQ score < 11) were classified as population controls
(POP).

Exposure

Information regarding a presentation at delivery was obtained from multiple sources:
medical records for maternal labour and child’s delivery, maternal interviews and birth
records. We found strong agreement for breech presentation between maternal interviews
and medical records (x = 0.61, 95% CI 0.53, 0.69) and modest agreement for overall
malpresentation between medical records and birth records (x = 0.57, 95% CI 0.49,
0.66).33 We defined malpresentation as a non-vertex presentation at delivery. Classification
of malpresentation was determined using the following approach: malpresentation was
reported in the medical record (when available); when the medical record was not available,
malpresentation was reported during the maternal interview or birth record. The final
classification of presentation at delivery was vertex or malpresentation. When available
information indicated ‘breech’, breech presentation was further distinguished as a subset of
malpresentation.

Covariates

We used a directed acyclic graph (DAG) (Figure 1) to identify potential confounders
based on a review of the literature.14:34-36 For potential confounding, the minimally
adjusted covariate set included maternal age at birth of a child, smoking during pregnancy;,
hypertensive disorders of pregnancy and household income. Maternal age at delivery was
derived from birth records. Maternal smoking (ever/never during pregnancy) came from
maternal interviews. Indications of hypertensive disorders included pre-existing chronic
hypertension, preghancy-induced hypertension, pre-eclampsia, eclampsia and HELLP
syndrome (Hemolysis, Elevated Liver enzymes and Low Platelets) derived from maternal
interviews and medical records. The poverty index was derived by applying the federal
thresholds to parent-reported income 12 months before the child’s birth from the maternal
interview. Income as a percentage of the federal poverty level (FLP) was categorised into
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4 groups, ‘Less than or equal to 138%’, ‘Greater than 138 to less than or equal to 250%’,
‘Greater than 250 to less than 400%’ and ‘Greater than or equal to 400%’.

We assessed differences in the association by gestational age because infants typically turn
before term, thus, malpresentation at or after term may reflect aberrant development during
pregnancy. Gestational age at delivery was based on a best clinical estimate from birth
records and categorised into preterm (<37 weeks) or term (= 37 weeks).3”

Though factors like parity, race, ethnicity and caesarean delivery were considered potential
confounders in other studies, they were not included as covariates in this analysis. Parity was
very weakly associated with malpresentation in our sample and not shown to be a risk factor
for ASD in a recent meta-analysis.” Race and ethnicity are social constructs that are often
used as a proxy for socioeconomic status and associated with access to healthcare; in our
study, we had information on household income, which may better capture socioeconomic
status and healthcare access.38

Statistical analyses

We described the distribution and compared proportions of maternal and child characteristics
and delivery details for both ASD and POP groups. We fit logistic regression models to
estimate adjusted odds ratios (aOR) and the 95% Wald confidence intervals (Cl) of ASD
using the minimally sufficient adjustment covariate set. We chose the functional form of
each covariate with the smallest Akaike information criterion (AIC).3% Model diagnostic
plots were also used to check the model performance.

To further distinguish the effect of breech from other malpresentation, we analysed the
association between malpresentation and ASD separately for breech presentation and other
malpresentation. We used stratified models to examine the potential for the association
between malpresentation and ASD to differ by pre-term. We did not adjust for caesarean
delivery because it was likely the result of malpresentation (a descendent of malpresentation
on the causal pathway).#0 All analyses were conducted in SAS version 9.4 software (SAS
Institute, Inc., Cary, NC, USA).

Sensitivity analysis

We conducted two sets of sensitivity analyses. To explore whether race and ethnicity would
act as a potential confounder in addition to household income, we conducted a sensitivity
analysis using race as a covariate. (Figure 1).

Moreover, because one SEED site with supplemental data found that maternal education
was differently distributed in the participation of POP and ASD groups,*! we conducted
sensitivity analyses including maternal education as a covariate to evaluate the potential for
maternal education to impact our results.

Missing data

Minimal data were missing for individual variables: income relative FPL (3.9%), maternal
smoking (1.1%), maternal hypertensive disorders (0.4%) and gestational age (0.3%).
Because cumulative missing was 5.7%, we assumed missing at random and conducted
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multiple imputations (chained equations with a logistic regression imputation model for
missing binary data and a multinomial imputation model for missing categorical data). We
generated 50 independent imputed datasets.

2.8 | Ethics approval

The SEED study was approved by the Institutional Review Board of the US Centers for
Disease Control and Prevention as well as that of each participating site.

3| RESULTS

From the total SEED sample (n7=5308), we included 4056 participants in our analysis
(Figure 2), 1879 with ASD and 2177 as population controls (POP). Most participants
(88.9%) had two or more sources available to identify the child’s presentation at delivery
(Table 1); 287 children were classified with malpresentation at delivery, with 215 further
classified as breech. Overall, 58.5% of mothers were 30-39 years old at delivery (Table 2).
Most mothers (59.7%) were college graduates or higher, 61.3% were Non-Hispanic White
and 18.0% were Non-Hispanic Black. Most families (52.9%) had an income above or equal
to 400% of the federal poverty level (FPL).

Compared with POP, the biological mothers of children with ASD were more likely to

be Non-Hispanic Black, have lower household income, have lower education and have a
smaller proportion with low or healthy body mass index (BMI) (Table 2). The distribution
of children with vertex or malpresentation did not vary markedly by participant demographic
characteristics. For children delivered with malpresentation, mothers were more likely to
have higher pre-pregnancy BMI (23.6% vs 18.8%) and maternal hypertension (23.3% vs
18.0%); the distribution of household income was similar to those with vertex presentation.
Malpresentation at delivery occurred more frequently among children with ASD (8.1%)
compared to POP (6.3%); children with ASD were also more regularly delivered preterm
(12.5% vs 7.6%) and by caesarean (37.7% vs 29.2%) compared to POP children. Most
children with malpresentation were delivered by caesarean delivery (82.9%), with 185
(86.0%) children presenting breech and 53 (73.6%) children with other malpresentation
delivered by caesarean.

Overall, malpresentation at the time of delivery was associated with higher odds of ASD
(aOR 1.31, 95% CI 1.02, 1.68) (Table 3). The association was similar when examining
breech presentation (aOR 1.28, 95% CI 0.96, 1.70) separately from other malpresentation
(aOR 1.40, 95% CI 0.87, 2.26).

When stratified by pre-term birth status, the association between malpresentation and ASD
was similar among pre-term and term births, although imprecise for pre-term births due to
the small sample size (Table 4). Among term births, the point estimate was higher for the
association between other malpresentation and ASD than for breech and ASD.

We observed a stronger association between malpresentation and ASD among children born
by vaginal delivery (aOR 1.30, 95% CI 0.72, 2.33) than by caesarean delivery (aOR 1.03,
95% CI 0.78, 1.38), though estimates are imprecise. (Table S1). Overall, results were not
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altered by additional adjustment for maternal education (aOR 1.31, 95% CI 1.02, 1.68; Table
S2) or maternal race/ethnicity (aOR 1.32, 95% CI 1.03, 1.70; Table S3).

4| COMMENT
4.1| Principal findings
Overall, we found that malpresentation at delivery was associated with a 31%-increased

odds of ASD. While malpresentation was more common among pre-term infants, the
association between malpresentation and ASD was similar among pre-term and term births.

4.2 | Strengths of the study

This study improves on previous investigations in several ways. SEED conducted
standardised high-quality evaluation of ASD using gold-standard assessment tools to
confirm developmental status. SEED also collected detailed information on obstetric
conditions, as well as health information on the infant’s health at and after delivery.

Many prior registry-based studies lacked confirmation of ASD and details on potential
confounding factors. SEED’s detailed data provided confidence in ASD classification

and allowed control for critical covariates. Information on malpresentation was available
from multiple sources. We prioritised information from the medical record based on prior
validity studies,*2-44 but also found the agreement between sources in our study to be
generally high. While medical records were most useful in distinguishing breach from other
malpresentation, we expect the bias due to the misclassification of conditions related to
labour and delivery to be small. Finally, our results were robust to the alternate adjustment
sets (adding maternal education or race and ethnicity) and were not strongly biased by those
factors.

4.3 | Limitations of the data

The ability to draw clear inferences from this investigation has some limitations. First,

while we had a robust adjustment for confounding, the potential remains for residual
confounding by unmeasured factors that might cause malpresentation and may also be
associated with ASD, such as maternal thyroid dysfunctions or foetal disorders. Second,
exposure classification relied on three available sources of data. Medical records were
collected years after the child’s birth from numerous hospital systems and were not available
for all children (missing rate approximately 30%). The maternal interview was conducted 3-
5 years after pregnancy and subject to recall bias; thus, data on obstetric complications and
the specificity of the malpresentation may be incomplete. However, the ability to combine
multiple data sources increased our confidence in the characterisation of the presentation

at delivery. We prioritised medical records and compared discrepancies that may result in
misclassification of exposure. Only 6.2% had discordant classification on malpresentation.
Moreover, bias coming from misclassification was non-differential and would bias the
results to null. Finally, because malpresentation was relatively rare, the results stratifying on
pre-term were very imprecise, and we did not have sufficient power to fully interrogate the
potential for differences across gestational age or potential mediation by caesarean section.

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2025 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 8

Interpretation

4.4.1| The association between malpresentation and ASD—Our findings are
consistent with the limited previous research on the association between malpresentation and
ASD, which has mainly focused on breech presentation, rather than malpresentation more
broadly defined.24-26:45 Nested case—control studies from Utah and from Denmark reported
associations between breech presentation and ASD (aOR 2.10, 95% CI 1.11, 3.9826 and risk
ratio = 1.63, 95% CI 1.18, 2.26),2° respectively. A Canadian cohort study*® and another
Danish registry study?“ reported similar estimates of effect, but one without estimates of
precision.2# While several previously reported measures of association were of similar
magnitude to our results, additional information on their precision such as 95% CI and
methods to control for bias would allow support better comparison to our results.

For foetuses with malpresentation, due to the pressure exerted by the birth canal and
surrounding structures, it is more likely for them to experience foetal bradycardia or
asphyxia.#647 Moreover, malpresentation sometimes can happen with other obstetric
complications, such as prolonged labour.*8 During prolonged labour, the injury could occur
due to the excessive process of foetal head moulding, leading to head injury and several
disorders on the foetal head.4®

Upstream determinants of malpresentation could be associated with child
neurodevelopment, such as maternal hormones or foetal disorders.1”19 For example,
maternal thyroid function has been shown to be associated with the risk of foetus not turning
to vertex and child neurodevelopment, 195051 byt SEED did not have such information with
sufficient detail to allow us to distinguish the potential influence of these underlying factors
on malpresentation and ASD. Identifying the potential influence of these factors on the
development of ASD might be helpful in future studies.

4.4.2 | Stratification by gestational age on the association between
malpresentation and ASD—When stratified by gestational age, the association between
malpresentation and ASD was primarily observed among term, rather than pre-term
deliveries; but we had limited power to fully explore associations by gestational age
category. Malpresentation is more common at younger gestational ages. While this study
does not explore the underlying biology, we hypothesised that malpresentation among term
infants may reflect delays in turning associated with early neurodevelopmental differences
that later manifest as ASD. A study of vaginal breech delivery that used detailed data

from the Finland Medical Birth Register and the Hospital Discharge Register reported

no increase in risk of neurodevelopmental outcomes among extremely pre-term and very
pre-term infants with breech presentation; however, among moderate to late pre-term births,
breech was associated with an increased risk of ASD compared to children with vertex
presentation.>2 However, because of the low prevalence of pre-term, breech presentation and
ASD, the results of this and most studies have been very imprecise and should be interpreted
with caution. Larger studies are needed to explore this important question.

4.4.3| Malpresentation and caesarean delivery—Breech and other
malpresentation are strong indications for cesarian delivery. Nearly, all children presenting
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breech were delivered by caesarean, precluding further evaluation of differences in
association by mode of delivery. However, there was variability in the mode of delivery

for those with other types of malpresentation. The association between malpresentation and
ASD was stronger for malpresenting children delivered vaginally than by caesarean. Prior
research found vaginal delivery of non-vertex infants to be challenging and convey injury,>3
lower Apgar score at 1 and 5 minutes,> and higher risk of neonatal asphyxia.” The

Term Breech Trial in 2000 demonstrated a reduced risk of perinatal and neonatal mortality,
or serious morbidity, with planned caesarean delivery compared with vaginal delivery for
breech presentation.>® Following that trial, caesarean rates for breech presentation increased
substantially. However, little published information is available for developmental risks
associated with mode of delivery for malpresentation other than breech. Our observation of
a slightly stronger association between malpresentation and ASD among children born by
vaginal delivery than by caesarean delivery could support concerns about associated risks of
brain injury and later development delay.>8-57 Whereas, we acknowledge that stratifying on
mode of delivery, which temporally occurs after malpresentation at delivery, may bias the
interpretation of associations between malpresentation and ASD. Furthermore, we lacked
details about the timing of inter-related complications related to the mode of delivery, thus
extra caution is necessary for a causal interpretation. Researchers should continue to study
the developmental effects of vaginal delivery of malpresenting infants.

CONCLUSIONS

Malpresentation at delivery was modestly associated with ASD in these data. While prior
reports have focused on the association between caesarean and ASD, these data suggest
that upstream factors of caesarean delivery, like malpresentation or its antecedents, could be
contributing to that association with ASD. Further studies are necessary to understand the
biological mechanisms through which this association operates.

Future well-powered studies should explore whether gestational age modifies these
associations with ASD and whether malpresentation is a risk factor or more generally,

an early sign of aberrant foetal development, perhaps resulting from other underlying
endogenous and exogenous influences during pregnancy. Despite the need for additional
research with more power to investigate whether the association is causal, our results should
prompt new investigations to unravel complex inter-relationships among perinatal events and
conditions involved in the aetiology of ASD during intrauterine development. Furthermore,
several studies have shown the benefits of early diagnosis and pre-emptive intervention

or support to optimise development at a later age.>® Malpresentation has a prevalence of
3-4% in the general population; early monitoring of neurodevelopment among children born
with malpresentation could identify children with ASD sooner and enhance opportunities to
support their development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis
Study question

This study examined malpresentation, a common and important indication for caesarean
delivery and its association with ASD.

What isalready known

As caesarean delivery has been consistently shown to be moderately associated with ASD
from different studies, this study explored the association between malpresentation, an
indication for caesarean delivery and ASD.

What the study adds

By addressing limitations from previous studies, this study shed light on understanding
the ASD etiological mechanisms and emphasised early monitoring of neurodevelopment
among children born with malpresentation to enhance opportunities to support
development among children with ASD.
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Race/
Ethnicity
Maternal |
age SES
(Poverty)

Maternal

smoking Hypertensive

disorders

Prete rm Intrauterine
birth growth
restriction

Caesarean
delivery

Malpresentation
at delivery

ASD

FIGURE 1.
Direct Acyclic Graph on malpresentation and autism spectrum disorder. ASD, Autism

Spectrum Disorder; SES, Socioeconomic Status.
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ASD and POP children from SEED1, SEED 2 and
SEED 3 (n =5308)

-

—> | Exclusion 1: Not index child (n = 98)

g

—> | Exclusion 2: Multiple births (n = 302)

p
5 | Exclusion 3: Did not complete clinical visits
\(n = 852)

[Total exclusions (n = 1252, 23.6%)

Total analytical sample: (n = 4056) ]

FIGURE 2.
Study flowchart. ASD, Autism Spectrum Disorder; POP, Population Controls; SEED, Study

to Explore Early Development.
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Data sources to identify infant presentation at delivery m the Study to Explore Early Development Phases 1-3,
data collection years 2007-2020.

Data source available N

Birth record, maternal interview, medical record 1587
Birth record and maternal interview 1363
Medical record and maternal interview 659
Birth record and medical record 7
Maternal interview only 403
Birth record only 21
Medical record only 10
Missing 9

39.1
33.6
16.2
0.2
9.9
0.5
0.2
0.2
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