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Autism spectrum disorders in extremely preterm infants and
placental pathology findings: a matched case–control study
Imran N. Mir 1, Stormi P. White2, L. Steven Brown3, Roy Heyne1, Charles R. Rosenfeld1 and Lina F. Chalak1

BACKGROUND: The prevalence of autism spectrum disorders (ASD) is 5-fold higher in preterm (PT) infants born ≤28 weeks
gestational age (GA) as compared to the general population. The relationship between placental pathologic lesions and ASD in PT
infants has not been studied.
OBJECTIVES: The objective of this study was to determine the association of placental pathology with the occurrence of ASD in PT
infants born ≤28 weeks GA.
STUDY DESIGN: A matched case–control study to identify confirmed ASD cases (n= 16) and matched controls (n= 48) born at
Parkland Hospital between January 2012 and December 2015. Patients were matched using known variables associated with
increased risk of ASD in PT infants. Placental histology from all births was reviewed.
RESULTS: Children with ASD had 2-fold greater incidence of multiple placental pathologic lesions vs. matched controls [11/16
(69%) vs.16/48 (33%), respectively; P= 0.01]. In contrast, single placental pathologic lesions were not associated with ASD [5/16
(31%) vs. 21/48 (43%), respectively; P= 0.1].
CONCLUSIONS: In this study, we have demonstrated an association between the increasing complexity of histologic placental
lesions and the later risk for ASD in infants born ≤28 weeks GA. Thus, placental pathology findings may be valuable in further
understanding the prenatal pathologic processes underlying ASD in PT infants.
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IMPACT:

● PT infants with ASD have a 2-fold greater incidence of multiple placental pathologies.
● This is the first study to report an association between the complexity of histologic placental lesions and later risk of ASD in

infant born extremely PT (i.e., ≤28 weeks GA).
● This study reiterates the importance of examining placental pathologic lesions, since placental evidence of antenatal insults

correlates with postnatal morbidities and mortality in PT infants.

INTRODUCTION
Autistic spectrum disorder (ASD) is a neurodevelopmental
disorder in the category of pervasive developmental disorders
and is characterized by severe and pervasive impairment in
reciprocal socialization, qualitative impairment in communication,
and repetitive or unusual behavior.1 Children born significantly
preterm (≤28 weeks gestational age; GA) are at substantially
increased risk of ASD.2–6 The prevalence of ASD in children born
extremely preterm is 7.1% versus 1.5% in the general US
population.6,7 ASD risk decreases with increasing GA,6,8 15.0%
for 23–24 weeks, 6.5% for 25–26 weeks, to 3.4% for 27 weeks GA.6

The association between a child’s ASD risk and lower GA is
independent of intelligence quotient and global neurodevelop-
mental delays.6 Low GA is a marker of the immaturity and
vulnerability of the central nervous system as well as other
physiological systems that function to protect the developing
brain and, when perturbed, put the developing fetus at risk.9–11

Thus, variables that promote preterm birth might also be related
to the development of ASD. For example, maternal and fetal
inflammation associated with processes leading to extremely
preterm birth12–14 appear to be antecedents of ASD.15,16

Although the placenta is of fetal origin and composed solely of
fetal cells, its blood supply is derived from the maternal
uterine and fetal umbilical arteries, the former serving as the
source of placental and fetal oxygen and nutrient delivery.17

Both the placenta and fetus grow in the same intrauterine
environment during pregnancy, hence placental evidence of
antenatal insults correlates with morbidities and mortality in
preterm infants.18 Changes in placental histology may be
associated with altered placental function, and thus modification
in fetal outcomes.19,20 As such, the placenta is uniquely positioned
to directly influence fetal programming. However, the placenta
remains an underutilized source of information about exposures
during pregnancy.
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Interestingly, many of the known risk factors for ASD are
associated with evidence of placental inflammation and other
placental pathologic lesions. For example, preterm birth, maternal
obesity, elevated cytokines in amniotic fluid, pregestational
diabetes, and maternal infection during pregnancy are all risk
factors for the occurrence of ASD that are also associated with the
presence of placental inflammation or other placental pathologic
lesions.21–27

Recently, Straughen et al.28 reported that histologic evidence of
placental inflammation and maternal vascular malperfusion
pathology are associated with increased risk of ASD in children
born at term or near term. However, they did not correct for
multiple placental pathologic lesions (the presence of ≥2
pathologic lesions) and did not study extremely preterm infants,
that is, born ≤28 weeks GA. Raghavan et al.29 reported increased
incidence of ASD in preterm infants (<37 weeks GA) with placental
pathology. However, they also did not examine the occurrence of
multiple placental pathologic lesions and did not specifically study
the extremely preterm infants. Thus, the association of placental
pathologic lesions with definitive diagnosis of ASD in preterm
children born ≤28 weeks GA is not known. We hypothesize that
multiple placental pathologies are associated with increased
incidence of ASD in preterm infants born ≤28 weeks GA.
Accordingly, the objectives of this study were to determine the
association of placental pathology, including multiple placental
pathologic lesions with ASD in preterm infants born ≤28 weeks GA
by using a uniform classification of placental histopathology.

METHODS
Study design
A matched case–control study was conducted, examining children
with a diagnosis of ASD who were born ≤28 weeks GA. All the
children were born between January 2012 and January 2015 at
Parkland Hospital and Health Systems, Dallas, Texas. The study
was approved by the Institutional Review Board at the University
of Texas Southwestern Medical Center and Parkland Health and
Hospital System.

ASD assessment
Children born ≤28 weeks GA at Parkland Hospital routinely
undergo systematic standardized neurologic assessments and the
Bayley Scales of Infant and Toddler Development, Third edition
(Bayley III) at 22–26 months corrected age.30,31 They are also
screened for ASD using M-CHAT (The Modified Checklist for
Autism in Toddlers) screening tool at 24 months of age.32 M-CHAT
is a widely used simple parental screen that consists of 23 yes/no
items.32 Optimal age for administration is 18–24 months. There are
six critical questions and 17 non-critical questions. Children are
considered to have screened positive if they fail ≥2 of the six
critical items. These children were assessed at ~4 years of age by a
neuropsychologist using either the Autism Diagnostic Observation
Schedule, Second edition (ADOS-2)33 and/or Childhood Autism
Rating Scale, Second Edition (CARS-2)34 as part of a more
comprehensive assessment for a definitive diagnosis of ASD.
These two measures were chosen, in particular, as they are among
the most commonly used objective measures of autism. The
ADOS-2 is considered a gold standard measure in the assessment
of ASDs and consists of a standard set of interactions and activities
that sample the child’s social interaction, communication, and
behaviors. One of five modules is administered depending on the
age and expressive language skills of the person being evaluated
and provides cut-off scores for autism and ASD classifications. The
CARS-2 is a 15 item behavioral scale developed to identify children
with autism and has two forms: one for individuals assessed to
have average or above cognitive skills and deemed verbally fluent,
and one for individuals with expressive communication difficulties
and/or below average cognitive skills. The CARS-2 rates each of

the behaviors according to the frequency, intensity, duration, and
abnormality with higher scores are indicative of severe symptoms
of autism.
Electronic health records of all children born ≤28 weeks GA

between January 2012 and January 2015 at Parkland Hospital
were reviewed. We searched for the terms autism or Autistic
Disorder or Asperger Syndrome or Autistic Disorder or Pervasive/
or pervasive developmental disorder in their electronic medical
records. The charts of children with any of these presumed
diagnosis were reviewed by a psychologist (S.P.W.) to determine
whether or not an ASD diagnosis was definitive based on available
data in record (i.e., definitively diagnosed by a medical or
psychological professional with assessment data to support).
Controls were matched (1:3) for GA, sex, gestational diabetes,

and maternal age, as there is evidence that these variables are
associated with increased risk of ASD in children born preterm.35

Differences in maternal demographic and clinical variables by ASD
status were assessed using conditional logistic regression in order
to account for the matching inherent in the study design.

Placental pathology
Placentas from all preterm births at Parkland Hospital are routinely
sent for gross and histologic examination by a placental
pathologist according to a standing protocol previously
described.36 In brief, initial gross examination of the umbilical
cord, membranes, and placental disc is first performed. Placental
weight is obtained after removal of the umbilical cord, fetal
membranes, and non-adherent blood clots.37 The placental disk is
sectioned at 1–2 cm intervals and grossly examined for intrapar-
enchymal lesions. Representative sections of the umbilical cord,
fetal membranes, placental parenchyma, and any abnormalities
seen on gross exam are obtained and submitted for standard
histological examination. The pathologists at our institution use
the Redline classification for major placental findings.38 A priori
definition of a “significant placental pathology” was determined
by an independent pathologist blinded to the clinical outcomes.
This definition is standardized at our institution and excludes the
minor placental pathology in each major category of placental
pathologies that show little or no clinical consequence and are
present in most of the placental histological examinations of
normal term neonates. This definition of “significant placental
pathology” is based on modified Redline classification, published
by our group in 2015.39 “Significant placental pathology” includes
the following placental lesions: (1) acute histologic chorioamnio-
nitis with/without fetal inflammatory response: presence of
maternal inflammatory responses (acute subchorionitis or acute
chorioamnionitis) with or without fetal inflammatory responses
(vasculitis in the umbilical vessels and/or chorionic plate vessels)
was recorded as chorioamnionitis. The presence or absence of
fetal inflammatory response was separately recorded.40 (2) High-
grade villitis (HGV): patchy/diffuse chronic villitis with or without
obliterative fetal vasculopathy; chronic villitis was defined as the
presence of chronic inflammation of chorionic villi.41 High-grade
lesions (HGV) included inflammatory foci involving >10 villi/focus,
either limited in distribution (patchy) or more extensive (diffuse).42

(3) Maternal vascular underperfusion (MVU); MVU was defined by
distal villous hypoplasia, severe maternal decidual vasculopathy
(fibrinoid necrosis and/or acute atheromatous changes), and/or
infarcts involving >20% of the placental volume.39,43 (4) Fetal
thrombotic vasculopathy (FTV); the two variables of large vessel
thrombi and villous damage from reduced fetal perfusion
(avascular villi or villous stromal vascular karyorrhexis) were
grouped under the heading of FTV.44 (5) Patchy/diffuse villous
edema (VE); the morphologic variable of VE (patchy/diffuse VE)
was added to the classification, as it might represent fetal hypoxia,
or feto-maternal hemorrhage.45,46 (6) Small for GA (SGA)/large for
GA (LGA) placentas;47 trimmed placental weight <10th percentile
was defined as SGA placenta and >90th percentile was defined as
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LGA placenta.47 The presence of any one of the six lesions
described was defined as significant placental pathology without
overlap. The presence of >1 placental lesion noted above was
classified as overlapping placental pathology. We previously
reported 100% concordance between the routine placental
pathology report and independent review of placenta with
blinded pediatric pathologist (30). All placental pathology reports
were reviewed by a pediatric pathologist and neonatologist (Sarah
Johnson-Welch and I.N.M.), while blinded to clinical history and
the outcomes. All study patients were divided into three groups
based on placental pathology: (1) no placental pathology; (2)
significant placental pathology without overlapping lesions; and
(3) overlapping placental pathology (presence of >1 significant
placental pathologic lesion).

Data collection
Baseline maternal and infant characteristics, morbidities, and
mortality were compared. In addition to examination of the
electronic health record, data were obtained from the Parkland
NICU Database that is prospectively collected from all neonates
admitted to the Parkland Hospital NICU.

Statistical analysis
SPSS version 19 (IBM) was used to perform statistical analyses.
Descriptive statistics were calculated to compare neonates
between the two groups as described above. Categorical variables
were analyzed by χ2 test. Continuous variables were analyzed by
Student’s t test. A two-sided 0.05 level of significance was used for
all analyses. Differences in maternal demographic and clinical
variables by ASD status were assessed using conditional logistic
regression in order to account for the matching inherent in the
study design. In the logistic regression for multiple placental
pathologic lesions, we controlled for matching variables between
cases and controls, that is, GA, sex, gestational diabetes and
maternal age. Odds ratios (ORs) and 95% confidence intervals (CIs)
were also calculated using conditional logistic regression. When
models did not converge, for example, due to cells with zero
observations, we used logistic regression, included the matching

variables as covariates, and used smoothing. In such instances
where there were cells with zero observations, data were
smoothed by adding a single observation for zero cells with
covariate values set to the mean for that outcome category for
that cell.

RESULTS
Study population
Between January 2012 and January 2015, 248 neonates were born
at 23–28 weeks GA. After excluding neonates who received
comfort care, 238 were included. Out of them, 218 completed the
follow-up and underwent systematic standardized neurologic
assessments, the Bayley III and M-CHAT screening at 22–26 months
corrected age. Thirty-one (14%) were observed to have ASD/
Autism recorded in their electronic health records. Fifteen of 31
children had either a M-CHAT screen positive or suspected ASD/
Autism in their Problem List. Sixteen had a formal diagnosis of
ASD at ~4 years of age by a neuropsychologist using CARS-2 ST
and/or ADOS-2 (Fig. 1), resulting in a prevalence of ASD in preterm
infants born ≤28 weeks GA of 7.3%. The majority of cases were
male (69%). Cases and matched controls did not significantly differ
in any maternal and/or neonatal characteristics (Table 1).

Association of placental pathology with ASD
Acute histologic chorioamnionitis was the most prevalent
placental pathologic lesions in ASD cases and matched controls
[10/16 (63%) and 25/48 (52%), respectively; P= 0.47]. The ASD
group had an increased occurrence of LGA placentas vs. control
group [5/16 (31%) vs. 2/48 (4%), respectively, P < 0.01]; otherwise,
no other single placental pathologic lesions was associated with
ASD vs. matched controls [5/16 (31%) vs. 21/48 (43%), P= 0.1]
(Table 2). In contrast, children with ASD had 2-fold greater
occurrence of multiple placental pathologic lesions vs. matched
controls [11/16 (69%) vs.16/48 (33%), respectively; P= 0.01].
Logistic regression analysis revealed that the presence of multiple
pathologic lesions was significantly associated with an increased
risk for later diagnosis of ASD [OR= 6.5 (CI 1.6, 27.1). Among the

≤≤28 weeks’ GA born during the study period (n = 248)

Excluded:comfort care only (n = 10)

Excluded: only MCHAT screen positive and/or
suspected Autism in problem list (n = 15)

Eligible infants (n = 238)

Completed follow-up (n = 218)

ASD/Autism in medical chart (n = 31)

ASD diagnosis by ADOS-2 and/or CARS-2 (n = 16)

Died or lost to follow-up (n = 20)

Fig. 1 Flow Diagram of the Study Population. GA gestational age, ASD Autism Spectrum Disorder, ADOS-2 Autism Diagnostic Observation
Schedule, Second edition, CARS-2 Childhood Autism Rating Scale, Second Edition.
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multiple placental lesions, a combination of LGA placentas+
acute histologic chorioamnionitis with/without fetal vasculitis was
associated with the occurrence of ASD vs. controls [4/16 (25%) vs.
0/48, respectively, P < 0.01] (Table 3).

Other outcomes
The incidence of other neonatal morbidities and neurodevelop-
mental impairment (NDI) did not differ between ASD cases and
matched controls [grade IV IVH 1(6%) vs. 5 (10%), P= 0.6;
necrotizing enterocolitis 1(6%) vs. 3(6%), P= 1; bronchopulmonary
dysplasia 9 (56%) vs. 27 (56%), P= 1; NDI 9(60%) vs. 19 (53%), P=
0.6, respectively] (Table 4).

DISCUSSION
In this study, we examined the relationship between placental
pathology, including multiple placental pathologic lesions, and
ASD in preterm infants ≤28 weeks GA. The major finding of the
study is that children born extremely preterm with a definitive
diagnosis of ASD had a 2-fold greater incidence of multiple
placental pathologic lesions. Specifically, the combination of large
for GA placentas (placental overgrowth) and histologic chorioam-
nionitis with fetal vasculitis was associated with the later diagnosis
of ASD in this unique patient population. Placentas from ASD
cases were large for GA; otherwise, no other specific placental
pathologic lesion was associated with increased risk for ASD. We
also observed that M-CHAT screening for ASD did not have a good

positive predictive value for definitive diagnosis of ASD in children
born extremely preterm at ~4 years of age.
When considered in the context of existing literature, our

findings are consistent with Straughen et al.,28 who noted that
histologic evidence of both acute and chronic placental inflam-
mation, as well as maternal vascular malperfusion pathology, were
associated with increased risk of ASD. However, Straughen et al.
did not study the effects of placental pathology in children born
preterm, which by itself is an important risk factor for the
occurrence of ASD.6 In another study, using data from the Avon

Table 1. Maternal and infant characteristics in ASD cases and controls.

No ASD (n= 48) ASD (n= 16) P value

Maternal

Maternal age (years) 28 (22, 33)a 32 (27, 35) 0.06

Gravity 2 (1, 4) 2 (1, 5) 0.63

Race/ethnicity 0.07

White non-Hispanic 13 (27)b 3 (19)

Black non-Hispanic 30 (63) 10 (63)

Hispanic 5 (10) 3 (19)

Antenatal steroids 25 (54) 8 (54) 0.95

Maternal diabetes 6 (13) 2 (13) 1.00

Illicit drug use 0 (0) 0 (0) N/A

Preeclampsia (and PIH) 15 (31) 2 (13) 0.14

Antenatal magnesium 0 (0) 0 (0) N/A

PROM 22 (46) 5 (31) 0.31

Clinical chorioamnionitis 3 (6) 2 (13) 0.42

Cesarean delivery 20 (63) 8 (50) 0.38

Infant

Female 21 (44) 5 (31) 0.38

OB EGA (weeks) 26 (25, 29) 26 (26, 29) 0.47

Birth weight (g) 923 (778, 1218) 780 (720, 1068) 0.13

IUGR 0 (0) 2 (13) 0.06

Breech 2 (4) 2 (13) 0.23

Multiple gestations 7 (15) 2 (13) 0.84

Born due to PROM/PTL 34 (72) 10 (63) 0.46

Apgar scores

1 min 3 (2, 6) 3 (2, 4) 0.30

5min 7 (5, 8) 7 (4, 7) 0.68

10 min 7 (6, 8) 6 (4, 8) 0.10

ASD Autism Spectrum Disorder, OB EGA obstetric gestational age, IUGR
intrauterine growth restriction, PROM prolonged rupture of membranes,
PTL preterm labor, PIH pregnancy-induced hypertension, N/A not available.
aMedian (25th–75th centile).
bNumbers within parentheses are percentages.

Table 2. Distribution of significant single placental pathologic lesions
in ASD cases and controls.

Placental pathology No ASD
(n= 48)

ASD
(n= 16)

P value

No placental lesions 11 (23) 0 0.06

Only one placental lesion 21 (43) 5 (31) 0.1

SGA placenta 13 (27)a 7 (44) 0.21

LGA placenta 2 (4) 5 (31) <0.01

Histologic chorioamnionitis 25 (52) 10 (63) 0.47

Chorioamnionitis with fetal
vasculitis

18 (38) 8 (50) 0.38

Diffuse/patchy villous edema 2 (4) 1 (6) 1.00

High-grade villitis 0 1 (6) 0.25

Maternal vascular underperfusion 12 (25) 5 (31) 0.62

Fetal thrombotic vasculopathy 0 0 N/A

ASD Autism Spectrum Disorder, SGA small for gestational age, LGA large for
gestational age, N/A not available.
For pathologic lesions like diffuse/patchy villous edema, high-grade villitis,
and fetal thrombotic vasculopathy, the numbers are so low that no
conclusions can be made.
aNumbers within parentheses are percentages.

Table 3. Distribution of multiple placental pathologic lesions in ASD
cases and controls.

Multiple placental pathologies No ASD
(n= 48)

ASD
(n= 16)

P value

Multiple placental pathologic
lesions (>1 significant lesions)

16 (33)a 11 (69) 0.01

SGA placenta+ chorio. 4 (8) 3 (19) 0.25

SGA placenta+ chorio. with fetal
vasculitis

0 2 (13) 0.06

SGA placenta+MVU 7 (15) 4 (25) 0.34

SGA placenta+ FTV 0 0 N/A

LGA placenta+ chorio. 1 (2) 4 (25) 0.01

LGA placenta+ chorio with fetal
vasculitis

0 4 (25) <0.01

LGA+MVU 0 0 N/A

LGA+ FTV 0 0 N/A

Chorio.+MVU 4 (8) 0 0.56

Chorio.+ FTV 0 0 N/A

Chorio. with fetal vasculitis+MVU 4 (8) 0 0.56

Chorio with fetal vasculitis+ FTV 0 0 N/A

ASD Autism Spectrum Disorder, SGA small for gestational age, LGA large for
gestational age, Chorio histologic chorioamnionitis, MVU maternal vascular
underperfusion, FTV fetal thrombotic vasculopathy, N/A not available.
The numbers are very low for certain multiple placental lesions that no
conclusions can be made.
aNumbers within parenthesis are percentages.
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Longitudinal Study of Parents and Children, a population-based
birth cohort, Salafia et al.,48 reported that compared to placentas
of control infants, placentas of children with ASD had a statistically
significant 40% reduction in chorionic surface vascular branch
points, with 2 fewer branch generations and reduced extension of
the surface vessels to the chorionic plate edge. This study also was
restricted to only infants born term and near term. To our
knowledge, only Raghavan et al.29 examined the association of
placental pathology with the incidence of ASD in preterm infants;
however, they included a broader range of preterm births
(<37 weeks GA) and did not report on infants born extremely
preterm, in whom the prevalence of ASD is four times higher than
in the general population.
The underlying mechanism for greater likelihood of ASD among

extremely preterm babies with placental pathologies is complex
and poorly understood. It is possible that the presence of
inflammatory placental pathologic lesions are associated with
the activation of a fetal inflammatory response and release of
proinflammatory cytokines that could directly impact the imma-
ture brain and lead to neuroinflammation and increase suscept-
ibility to neurodevelopmental disorders, including ASD. Evidence
suggests that histologic chorioamnionitis is associated with the
presence of white matter brain lesions.49 Independent studies
have shown that white matter alterations are seen in ASD,
suggesting a underlying neural mechanism for this disorder.50

Alternatively, chronic placental pathologic lesions that manifest
early in pregnancy may alter placental angiogenesis and have
downstream effects on fetal angiogenesis and neurogenesis.51

Moreover, chronic exposure to low-level inflammation,52 hyper-
oxia,53 and hypoxia54 during development is associated with
changes in genes associated with synapse structure and
function.55 Furthermore, behaviors such as reduced social play

behavior and increased repetitive grooming are impaired in a
recently described rat model that combined the injuries of
inflammation and hypoxia.56

Interestingly, placentas from ASD cases in our study were large
for GA (placental overgrowth) as compared to controls. Studies of
the effects of famine on maternal, fetal, and placental weight have
long ago demonstrated that the weights of placentas and babies
decline when maternal nutrition is lacking.57 However, the timing
of exposure to famine seems important in placental growth. In
mothers who experienced famine around the time of conception
or in the first trimester of pregnancy, placental weight was greater
than expected for the fetal weight,58 thus following a placental
overgrowth phenotype with decreased placental efficiency.
Additional studies that demonstrated compensatory placental
growth in the suboptimal host include women with anemia.59 In a
guinea pig model of maternal hypoxia, investigators demon-
strated large placentas, due to increased trophoblast cell
proliferation, but decreased migration and invasion of maternal
vessels.60 This model showed a higher placental to birth weight
ratio indicative of placental overgrowth and placental inefficiency.
Placental overgrowth might act as a source of vascular steal,
forcing the fetal heart to perfuse the larger placenta at the
expense of fetal somatic and brain perfusion. Further studies are
needed to more fully characterize the placental overgrowth
phenotype and its effect on fetal development.
An additional finding of our study was that only ~50% of

children born ≤28 weeks GA with positive M-CHAT screening for
ASD at 24 months of age a had definitive diagnosis of ASD at ~4
years of age. This is consistent with recent reports.61,62 In a recent
study, Kim et al.61 reported that in preterm infants M-CHAT had a
sensitivity of 52%, a specificity of 84%, and a positive predictive
value of 20%. In other words, among extremely preterm children
with ASD, almost one-half were not correctly identified by the M-
CHAT at 2 years of age.61 As reported by others, the M-CHAT
should be interpreted cautiously when used to screen extremely
preterm infants, suggesting that the developmental impairments
frequently observed in this patient population may explain poor
prediction by M-CHAT screening tool. It also highlights the
importance of thoughtful evaluation of M-CHAT results—includ-
ing, perhaps, a review of the particular items acknowledged by the
caregiver. Perhaps, the M-CHAT needs to be modified for use in
preterm infants in order to improve the specificity of this
assessment tool. Thus, M-CHAT results should be interpreted with
caution in screening preterm infants. Given the neurodevelop-
mental complexity of these children, a more comprehensive
assessment for ASD would also be recommended.
The strengths of our study include a relative homogeneity of

the study subjects delivered and cared for at a single center, high
rate of follow-up (~90%) with systematic assessment of long-term
outcomes, and availability of placental histopathology in all
preterm infants delivered in our institution. We also assessed a
large variety of placental lesions, defined their significance a priori,
used a uniform method for classification that has been validated,
and assessed multiple lesions. Our study has some limitations,
including its retrospective nature and relatively small sample size.
Even though logistic regression was used to account for known
variables, it is possible that unknown confounders were not
accounted for. It is highly likely that multiple placental lesions
indicate an interaction between vascular and inflammatory
lesions; but they may also indicate severity of the vascular or
inflammatory insult. Future studies should explore role of such
lesions and the interaction in pathogenesis of neonatal
morbidities.
In summary, using a standardized placental pathology classifi-

cation, this matched case–control study showed that the presence
of multiple placental pathologic lesions increased the odds of ASD
occurring in extremely preterm infants. Further, our findings
support the emerging theory that prenatal risk factors may

Table 4. Distribution of neonatal morbidities in ASD cases and
matched controls.

Neonatal morbidity No ASD
(n= 48)

ASD
(n= 16)

P values

BPD: O2 at 36 weeks
(physiologic definition)

27 (56)a 9 (56) 1.00

Moderate to severe BPD 13 (27) 3 (19) 0.51

Grade 4 IVH 5 (10) 1 (6) 0.62

VP shunt 0 (0) 0 (0) N/A

NEC 3 (6) 1 (6) 1.00

Surgery for NEC 3 (6) 2 (13) 0.42

Sepsis (proven) 7 (15) 6 (38) 0.07

PDA treated (indocin or
surgically)

14 (29) 5 (31) 0.87

Ventilator days 5 (1, 23)b 7 (2, 14) 0.85

Bayley test results

Cognitive < 85 19 (53) 9 (60) 0.64

Cognitive < 70 2 (6) 3 (20) 0.11

Language < 85 22 (61) 12 (80) 0.19

Language < 70 9 (25) 6 (40) 0.28

Motor < 85 10 (29) 7 (47) 0.24

Motor < 70 3 (9) 4 (27) 0.10

Cerebral palsy 4 (11) 1 (6) 0.60

Passed hearing screen 47 (98) 16 (100) 0.56

ASD Autism Spectrum Disorder, BPD bronchopulmonary dysplasia, IVH
intraventricular hemorrhage, VP ventriculoperitoneal, NEC necrotizing
enterocolitis, PDA patent ductus arteriosus.
aNumbers within parentheses are percentages.
bMedian (25th–75th centile).
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contribute to the increased risk of ASD in extremely preterm
infants. Our findings suggest that placental pathology findings
may be valuable in shedding light on prenatal pathologic
processes underlying ASD. These observations should stimulate
the design of future clinical and mechanistic studies that could
provide further insight into our understanding of ASD in the
preterm infants. Importantly, our findings suggest that M-CHAT
results in children born extremely preterm should be interpreted
with caution, and a more comprehensive assessment for ASD
would be recommended as a future target.
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