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ABSTRACT

Objective: This study was aimed to assess the incidence of and risk factors for autism spectrum disorder (ASD) among preterm infants born <29
weeks’ gestational age (GA).

Methods: A retrospective cohort study of infants born <29 weeks’ GA admitted to two tertiary neonatal intensive care units (2009 to 2017) and
followed >18 months corrected age (CA) at a neonatal follow-up clinic. The primary outcome was ASD, diagnosed using standardized testing
or provisional diagnosis at >18 months CA. Patient data and 18-month CA developmental outcomes were obtained from the local Canadian
Neonatal Follow Up Network database and chart review. Stepwise logistic regression assessed factors associated with ASD.

Results: Among 300 eligible infants, 26 (8.7%) were diagnosed with confirmed and 21 (7.0%) with provisional ASD for a combined inci-
dence of 15.7% (95% confidence interval [CI] 11.7 to 20.3). The mean follow-up duration was 3.9 + 1.4 years and the mean age of diagnosis
was 3.7 + 1.5 years. Male sex (adjusted odds ratio [aOR] 4.63, 95% CI 2.12 to 10.10), small for gestational age status (aOR 3.03, 95% CI 1.02
t0 9.01), maternal age >35 years at delivery (aOR 2.22,95% CI 1.08 to 4.57) and smoking during pregnancy (aOR 5.67,95% CI 1.86 to 17.29)
were significantly associated with ASD. Among ASD infants with a complete 18-month CA developmental assessment, 46% (19/41) had no
neurodevelopmental impairment (Bayley-I111<70, deafness, blindness, or cerebral palsy).

Conclusions: ASD is common among infants born <29 weeks” GA and possibly associated with identified risk factors. Such findings emphasize
the importance of ASD evaluation among infants <29 weeks’ GA and for continued reporting of developmental outcomes beyond 18-months

of corrected age.
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The outcomes of extreme preterm infants born <29 weeks’
gestational age (GA) have markedly improved throughout the
past decades (1-3), yet over 17% of survivors are diagnosed
with significant neurodevelopmental impairment (sNDI) at
18-month corrected age (CA) (4). The standardized 18-month
neurodevelopmental evaluation has limitations as it may over di-
agnose some impairments or prove too early to capture others
(5). Autism spectrum disorder (ASD) is an important long-term
neurodevelopmental morbidity that is typically diagnosed after
2 years of age and is therefore not recorded in most neonatal fol-
low-up studies. ASD is defined by the Diagnostic and Statistical
Manual of Mental Disorders (DSM)-5 as a deficit in social

communication as well as repetitive and restrictive patterns of
behavior which present early in the development of the child
(6). Although the exact etiology of ASD is unclear, a common
hypothesis suggests a multifactorial pathogenesis that includes
a combination of genetic susceptibilities as well as external
stressors from intrauterine and immediate postnatal life (7,8).
In 2015, the prevalence of ASD in Canada was 1 in 66 children
(1.5%) among all children aged S to 17 years old (9). A recent
systematic review estimated that over 7% of preterm infants born
<37 weeks’ GA are diagnosed with ASD, which suggests a cor-
relation between prematurity and risk of ASD (7). However,
few studies have focused on risk factors among infants born <29
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weeks” GA. Similarly, it remains unclear if the high incidence of
ASD in extremely preterm infants is due only to antenatal risk
factors or whether postnatal factors, such as neonatal morbidities
and therapeutic interventions, also contribute. Therefore, we
aimed to assess the incidence of and explore risk factors for ASD
among preterm infants born <29 weeks’ GA.

METHODS

Study population and eligibility criteria

This retrospective cohort study included preterm infants born
<29 weeks’ GA from January 1, 2009, to December 31, 2017,
who were admitted to two tertiary-care neonatal intensive care
units (NICUs), survived to NICU discharge and were followed
at the Montreal Children’s Hospital - McGill University Health
Center neonatal follow-up (NNFU) clinic. We excluded infants
with a major congenital anomaly, who died or who did not have
at least one follow-up visit at 18 months CA. The study sample
size was based on a sample of convenience. This study was
approved by the Institutional Research Ethics Board, and pa-
rental consent was waived.

Data collection

Data on pregnancy, delivery, infant characteristics, and ne-
onatal morbidities were obtained from the local Canadian
Neonatal Network (CNN) database. Information on 18-month
CA standardized neurodevelopmental assessments and socio-
environmental factors were obtained from the local Canadian
Neonatal Follow-Up Network database (CNFUN) (10). The
CNN and CNFUN are national standardized databases devel-
oped using operation manuals detailing precise definitions for
data abstractors (4,10-12). Electronic charts of eligible infants
were reviewed to collect information regarding ASD diagnosis
at >18 months CA. Patient data from the CNN and CNFUN
databases were linked to chart review data by unique patient
record number.

Variable definitions

Potential risk factors were categorized as perinatal, socioeco-
nomic, and postnatal factors. Perinatal factors included ma-
ternal characteristics (maternal age, hypertension, diabetes,
chorioamnionitis, antenatal steroids, use of assisted reproduc-
tion technologies, and smoking during pregnancy) and infant
characteristics (GA, birth weight, sex, multiple births, caesarean
delivery, small for GA status <10th percentile (13), Apgar score
at S minutes, Score for Neonatal Acute Physiology version-II).
Socioeconomic factors included maternal factors (education,
employment, place of birth, and relationship status), number of
adults at home, number of children at home, primary language
spoken at home, and the number of languages to which the child
was regularly exposed. Postnatal factors included length of stay,
postnatal systemic steroid use, and neonatal morbidities (severe
neurological injury [grade >3 intraventricular hemorrhage or
periventricular leukomalacia visible on cranial ultrasound] (14),
retinopathy of prematurity stage >3 (15), bronchopulmonary
dysplasia [supplemental oxygen or respiratory support at 36
weeks’ corrected GA] (16), Bell stage >2 necrotizing enteroco-
litis (17), and late-onset sepsis).
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Outcome assessment and definitions

In the NNFU clinic, infants born <29 weeks are evaluated at
4-,9-,18, and 36-month CA and at S years old, with additional
visits planned as needed. Infants are evaluated by an interdisci-
plinary team, including a paediatrician specialized in neonatal
follow-up, an occupational therapist, physiotherapist, psycholo-
gist, and speech therapist. Based on 18-month CA assessments,
significant NDI was defined as one or more of the following
conditions: motor, language, or cognitive Bayley Scales of Infant
Development, Third Edition (Bayley-III) score <70, cerebral
palsy with Gross Motor Function Classification Scale > 3, bilat-
eral visual impairment, hearing aid, or cochlear implants (10).

In the NNFU clinic, paediatricians specialized in development
assessment used the DSM-$ (2013) criteria for autism spectrum
disorder or the DSM-IV-TR (2000) criteria for autistic dis-
order/Asperger’s disorder/pervasive developmental disorder-
not otherwise specified (18) to give a provisional diagnosis of
ASD (19). Infants with a provisional diagnosis of ASD were
then referred to an interdisciplinary ASD clinic for standardized
evaluation using the Autism Diagnostic Observation Schedule
(ADOS, ADOS-2) (19).

For this study, the primary outcome of ASD was defined as
a confirmed ASD diagnosis using standardized testing or a pro-
visional ASD diagnosis made in the NNFU clinic (awaiting
formal evaluation) at >18 months CA. The inclusion of provi-
sional diagnosis of ASD made in NNFU clinic was based on
our preliminary data that indicated a strong positive predictive
value of provisional diagnoses for subsequent confirmed ASD in
our setting: 26/29 (89.7%) infants with provisional ASD who
were formally evaluated had a subsequent confirmed diagnosis.
However, we cannot ascertain possible bias due to preconceived
diagnostic expectations from the multidisciplinary team and the
parents.

Statistical analyses

Unadjusted comparisons between infants with ASD and those
without were made using the Chi-square test for categorical
variables and the Student’s t-test or Wilcoxon rank-sum test for
continuous variables, as appropriate.

To account for the chronological order in which risk factors
may contribute to ASD, analyses were conducted in two steps.
First, multivariable logistic regression with stepwise selection
(P<0.2 for model entry and P<0.05 to stay in the model) was
used to identify perinatal factors that were significantly asso-
ciated with ASD (perinatal model). Second, socioeconomic
factors and postnatal factors that were significantly associated
with ASD in the univariate analysis (P<0.05) were introduced
in the multivariable perinatal model. Crude odds ratios (OR)
and adjusted odds ratios (aOR) with corresponding 95% con-
fidence interval (CI) were calculated. Collinearity between
variables was evaluated using the variance inflation factor (VIF).
We did not make adjustments for multiple comparisons (20).
The 18-month outcomes are presented for descriptive purposes
but were not integrated into the multivariate analysis as timing of
evaluation correlated with ASD diagnosis rather than serving as
an independent risk factor.

To evaluate potential biases, we conducted two sensitivity
analyses. To assess potential biases due to the length of follow-up,
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Infants born <29 weeks’ gestation from

January 1 2009 to December 31% 2017

admitted to neonatal intensive care unit
and surviving to discharge

N=365
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Excluded N= 65
* Major congenital anomalies (13)
* Death before 18 months corrected
follow-up visit (5)
Lost to follow-up (47)
* No follow up information (34)
*  Follow-up <18 months corrected

(13)

Infants followed >18 months
corrected age

N=300
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provisional diagnosis N=21

ASD N=1253

Figure 1. Flow diagram of study population.

we compared subsets of infants born before 2016 and those born
in 2016 or later. To assess potential biases due to differing diag-
nostic criteria of ASD used in our study, we conducted analyses
using confirmed ASD only and a provisional diagnosis of ASD
as separate outcomes. Statistical analyses were performed in R
version 3.6.1 using Tidyverse version 1.3.0. A two-sided P value
<0.05 was considered statistically significant.

RESULTS

The final study population included 300 infants (Figure 1).
Compared with infants followed for >18 months CA, infants lost
to follow up were born at later GAs, had higher birth weights and
had a shorter length of NICU stay (Supplementary Table 1).

Of the 300 infants included in analyses, 47 (15.7%, 95%
CI 11.7 to 20.3) had ASD, of whom 26 (8.7%, 95% CI 5.7 to
12.4) had a confirmed diagnosis, and 21 (7.0%, 95% CI 4.4 to
10.5) had a provisional diagnosis. The age at the most recent
follow-up visit for children with a confirmed diagnosis was sig-
nificantly higher than for those with a provisional diagnosis (S
[4;5] versus 3 [2;4] years, P<0.01). Although patient character-
istics and the incidences of NDI/ sNDI were similar between
groups, children with provisional ASD diagnosis had a higher
median Bayley-III cognitive score than children with confirmed
ASD (median Bayley-III language and motor scores were
also numerically but not statistically significantly different;
Supplementary Table 2).

Infants with ASD were more often male, born to mothers >35
years old and born to mothers who smoked cigarettes during

pregnancy compared to infants without ASD (Table 1). After
stepwise selection, four perinatal factors were found to be signif-
icantly associated with ASD: male sex, small for GA status, ma-
ternal age >35 years, and smoking during pregnancy (Table 2).
No significant collinearity was observed between these variables
(all VIFs < 1.07). Socioeconomic and postnatal factors were sim-
ilar between infants with and without ASD (Table 3) and were
consequently not added to the multivariable perinatal model.

Infants with ASD had higher rates of NDI, sNDI, and lower
median Bayley scores at 18-months CA compared to those
without (Table 4). Among the 41 infants with ASD and com-
plete 18-month CA neurodevelopmental evaluation, 19 (46%)
did not have sNDI at that time. Of note, among infants with
sNDI and those without, 35% and 9% had ASD, respectively.

Age at most recent follow-up for children with and without
ASD was similar, which is evidence that the likelihood of de-
veloping ASD during the follow-up period was comparable
(Table 4).

Sensitivity analyses among infants born before 2016, between
2016 and 2017, among children with confirmed ASD and among
children with provisional diagnosis of ASD showed similar effect
directions (association between ASD and identified risk factors)
(Supplementary Table 3).

DISCUSSION

In this Canadian retrospective cohort study, the confirmed, pro-
visional, and combined incidences of ASD were 8.7%, 7.0%, and
15.7%, respectively among premature infants born <29 weeks’
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Table 1. Comparison of perinatal factors among children with and without ASD (confirmed or provisional diagnosis)

Perinatal factors Confirmed/provisional ASD N No ASD N P value
N=47 N=253

Maternal characteristics
Maternal age 34 (8) 46 32 (6) 251 0.09
Maternal age <35 years 26 (57) 46 183 (73) 251 0.04
Maternal age >335 years 20 (43) 68 (27)
Hypertension 8(17) 46 34 (14) 251 0.65
Diabetes 3(7) 46 21(8) 251 1.00
Chorioamnionitis 22 (54) 41 118 (54) 219 1.00
Antenatal steroids 43 (93) 46 231(92) 251 1.00
Assisted reproduction technologies used 14 (30) 47 51(21) 240 0.28
Smoking during pregnancy 8 (18) 45 11(5) 236 <0.01

Infant characteristics
Gestational age (weeks) 26 [24;27] 47 26[25;27] 253 0.28
Gestational age, < 26 weeks 18 (38) 47 95 (38) 253 1.00
Gestational age, 26-29 weeks 29 (62) 158 (62)
Birth weight (grams) 770 [692;970] 47 880 [740;1060] 251 0.11
Male sex 36 (77) 47 115 (46) 251 <0.01
Multiple births 13(28) 46 72 (29) 251 1.00
Caesarean delivery 27 (59) 46 152 (61) 251 0.94
Small for gestational age 7 (15) 46 15 (6) 250 0.06
Apgar at S min <7 21 (46) 46 120 (48) 251 091
SNAP-II score >20 12 (27) 45 79 (31) 251 0.64
Birth year

2009-2013 21 (45) 4 121 (48) 25 0.81
2014-2017 26 (55) 7 132 (52) 3

Data presented as n (%) or median [IQR].
ASD Autism spectrum disorder; SNAP Score for Neonatal Acute Physiology.

Table 2. Stepwise logistic regression analyses for perinatal risk
factors associated with autism spectrum disorder (confirmed or
provisional)

Perinatal risk factors Adjusted odds ratio (95% CI)

Maternal characteristics

Maternal age
<35 years Reference
>35 years 2.22 (1.08-4.57)

Smoking during pregnancy 5.67 (1.86-17.29)
Infant characteristics
4.63 (2.12-10.10)

3.03(1.02-9.01)

Male sex

Small for gestational age

GA. We identified significant perinatal risk factors for ASD in
this population including male sex, maternal age >3$ years,
small for GA, and cigarette smoking during pregnancy. The in-
cidence of ASD in our cohort was higher than that reported in
the general population (1.5%) (9), which reinforces previous
findings on the increasing incidence of ASD with decreasing
GA (21-24). Such an association may be attributable to bio-
logical factors, socioeconomic determinants of health, as well as
enhanced monitoring of these high-risk infants (25).

Previous cohorts of premature infants, including a systematic
review on ASD (median GA 28 weeks) have reported a 7.0% in-
cidence of ASD, which is similar to the confirmed ASD rate in
our cohort but below our combined confirmed/provisional rate
of ASD (7). On the one hand, the systematic review by Agrawal
et al. may underestimate the rate of ASD since it included studies
of infants born in the late 1990s and early 2000s, whereas the
prevalence of ASD within the general population has increased
in the past decades due to increased awareness and broadened
criteria/understanding of ASD (7,9,26). On the other hand, our
rate of ASD may be overestimated since we included a provi-
sional diagnosis in the primary outcome. Children in our study
were evaluated and diagnosed earlier (mean age 3.7 £ 1.5 years)
yet may not continue to meet ASD criteria over time (27).

We found that perinatal factors (male sex, small for GA status,
maternal age, and cigarette smoking during pregnancy) are as-
sociated with higher odds of ASD among our study population.
This is consistent with previous studies among different GA
groups (28). Male sex has consistently been associated with
ASD in the general population, likely due to differences in neuro-
anatomy, genetic predispositions, and hormonal factors (28,29).
Parental ages have also been previously identified as risk factors
for ASD (30). Despite controversial previous findings, we report
a significant association between cigarette smoking during preg-
nancy and ASD (28,31). This variability between studies may
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Table 3. Comparison of socioeconomic and postnatal factors among children with and without ASD (confirmed or provisional diagnosis)

Confirmed/provisional N No ASD N P value
ASD N=253
N=47
Socioeconomic factors
Maternal post-secondary education completed’ 35(76) 46 184 (74) 249 0.90
Mother employed or student 22 (48) 46 141 (57) 249 0.35
Mother born in Canada 26 (59) 44 132 (53) 247 0.60
Single parent at birth 3(7) 45 4(2) 233 0.09
>1 adult at home at 18 months corrected age 42 (91) 46 222 (90) 246 1.00
>1 child at home at 18 months corrected age 29 (63) 46 140 (57) 249 0.52
Primary language English or French 29 (64) 45 180 (74) 242 0.23
Child exposed to >1 language 31(69) 45 178 (74) 236 0.64
Postnatal factors
Length of stay (days) 117 [89;133] 46 100 [76;125] 251 0.08
Postnatal systemic steroids 22 (48) 46 108 (43) 250 0.67
Severe neurological injury 10 (22) 46 33(13) 251 0.20
Severe retinopathy of prematurity 5(11) 44 30(12) 245 1.00
Bronchopulmonary dysplasia 21 (46) 46 88 (35) 251 0.23
Necrotizing enterocolitis 6(13) 46 19 (8) 251 0.25
Late-onset sepsis 19 (41) 46 78 (31) 251 0.23
Data presented as n (%) or median [IQR].
ASD Autism spectrum disor{ier,
‘Includes pre-university CEGEP programs unique to the Quebec education system.
Table 4. Comparison of 18-month corrected age follow-up outcomes among children with and without ASD (confirmed or provisional
diagnosis)
Confirmed/provisional N No ASD N P value
ASD N=253
N=47
Neurodevelopmental impairment’ 29 (69) 42 95 (41) 229 <0.01
Significant neurodevelopmental impairment 22 (54) 41 41(18) 228 <0.01
Cerebral palsy 4(10) 40 13 (6) 229 0.29
Bayley III cognitive <70 5(14) 36 8(5) 170 0.08
Bayley I1I cognitive score 85[70;95] 36 95[90;105] 170 <0.01
Bayley III language <70 20 (56) 36 28 (17) 164 <0.01
Bayley III language score 64 [56;81] 36 89 [74;97] 164 <0.01
Bayley I1I motor <70 9 (26) 35 11(7) 167 <0.01
Bayley I1I motor score 76 [68;91] 35 94 [85;100] 167 <0.01
Hearing loss* 0(0) 40 4(2) 227 1.00
Bilateral visual impairment 0(0) 33 2(1) 155 1.00
Age at most recent follow-up visit (years) 43;5] 47 43;5] 253 0.33

Data presented as n (%) or median [IQR].

Bayley-III scores at 18 months corrected age were not available for all infants. Reasons for a missing score in one or more categories include: child was uncooperative during the
evaluation, impairment was too severe for evaluation to be performed, child was absent at the 18-month corrected age visit, parents refused their child’s score to be collected in the

Canadian Neonatal Follow-Up Network database.

ASD Autism spectrum disorder; Bayley-III Bayley Scales of Infant Development, Third Edition.

Neurodevelopmental impairment: one or more of the following conditions: motor, language or cognitive Bayley-III score <85, cerebral palsy with Gross Motor Function

Classification Scale > 1, unilateral or bilateral visual impairment, sensorineural or mixed hearing loss.

*Hearing loss requiring hearing aids or cochlear implants.

be due to cigarette use serving as a surrogate for socioeconomic
factors and physiological factors, such as intrauterine growth
restriction and increased predisposition to preterm delivery
(28,31,32). Likewise, small for GA status was associated with

ASD. This could indicate that intrauterine growth disruption
contributes to the development of ASD through shared genetic
mechanisms and may overlap with other prenatal risk factors

such as pre-eclampsia and placental pathology (25,33).



We did not find that GA at birth significantly contributes to
the risk of ASD in our cohort of infants born <29 weeks. This
could be explained by the small sample size or the possibility
that GA does not further increase the risk of ASD within such
a high-risk population. Neither postnatal steroid exposure nor
neonatal morbidities was associated with ASD in our cohort.
Similarly, a recent cohort study of nearly 5000 very low birth
weight infants with morbidity rates similar to ours did not find
an association between ASD and neonatal morbidities (23).
While our study may have been underpowered to detect signif-
icant associations between postnatal steroid use and ASD, this
may also reflect differing clinical practices surrounding steroid
administration between sites.

There are conflicting findings on the role of socioeconomic
conditions serving as risk factors for ASD (34-36). It has been
previously suggested that the association was mitigated by
under-diagnosis, lower referral frequency, and hindered access
to quality care within minority groups (34,36,37). We did not
observe an association between socioeconomic factors and ASD
in our cohort of children. This may be explained by Canada’s
publicly funded healthcare system that secures access to ASD re-
sources regardless of parental socioeconomic conditions.

The 18-month CA standardized assessment correlated with
the risk of ASD as all Bayley-III scores were lower among infants
with ASD. This is similar to previous studies that found preterm
infants with low Bayley-III scores were more likely to develop
ASD than those with a high and stable cognitive performance
trajectory but may also be due to enhanced monitoring of
infants with lower Bayley-III scores (38). Nevertheless, 19/41
(46%) infants with ASD did not have an sNDI at 18-month CA.
Since the majority of follow-up registries of extremely preterm
infants focus on 18-month CA outcomes, ASD is not routinely
reported in many NNFU neonatal follow-up studies, yet has a
profound impact on the patient, family, and educational system
(36). Early identification of children with symptoms suggestive
of ASD can result in earlier diagnoses which then lead to prompt
access to multidisciplinary services (39-41). The 18-month CA
outcomes in our cohort were comparable to those reported in
larger cohorts of infants born <29 weeks’ GA, which suggests
that our findings may be generalizable to other settings (4).

Strengths and limitations
This was one of few studies that assessed the incidence of ASD in
a contemporary cohort of infants born <29 weeks (7). We used
a validated dataset reflecting current practices and conducted
multiple sensitivity analyses that showed consistent results.
This study has some limitations. First, the absence of data on
children lost to follow up might have increased the incidence
of ASD since infants lost to follow up were born less prema-
turely and in an overall better state of health than their followed
counterparts. Second, although the positive predictive value of
the paediatricians’ provisional diagnoses of ASD was high, the
inclusion of provisional ASD in the primary outcome may over-
estimate the incidence of ASD. However, misclassifying infants
with a provisional diagnosis as non-ASD or excluding them
would also lead to biased estimates, and our sensitivity anal-
ysis among infants with confirmed ASD showed overall sim-
ilar results. Third, school-age function could not be evaluated
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as children were <7 years of age at the time of the study. Since
the mean length of follow-up was approximately 4 years, it is
possible that mild cases of ASD may diverge from the standard
criteria of diagnosis over time.

Preterm infants born <29 weeks” GA are at high risk of ASD.
Perinatal factors (sex, maternal age, small for GA status, and cig-
arette smoking during pregnancy) were associated with ASD.
These findings emphasize the need for enhanced surveillance
and evaluation for ASD among preterm infants <29 weeks’
GA. Additional larger cohort studies are required to better un-
derstand risk factors, progression, and interventions for ASD
among extremely preterm infants.

SUPPLEMENTARY DATA

Supplementary data are available at Paediatrics & Child Health
Online by searching for pxac06S.
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