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Abstract

- Helen O'Reilly’ - Jessica Bramham' - Michelle Downes’

Preterm birth is associated with an increased risk for autism spectrum disorder, with various factors proposed to underlie this
relationship. The aim of this systematic review was to provide a narrative synthesis of the literature regarding the prenatal,
perinatal and postnatal factors associated with autism spectrum disorder in children born preterm. Medline, Embase and
PsycINFO databases were searched via Ovid to identify studies published from January 1990 to December 2019. Original
studies in which a standardized diagnostic tool and/or clinical assessment was used to diagnose autism, along with a risk
factor analysis to identify associated predictors, were included. A total of 11 eligible studies were identified. Male sex,
being born small for gestational age and general cognitive impairment were the most robust findings, with each reported as
a significant factor in at least two studies. Comparisons across studies were limited by variation in risk factor measurement

and gestational age ranges investigated.
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Introduction

Autism spectrum disorder (ASD) is defined by deficits in
social communication and interaction as well as restrictive
and repetitive behaviors, interests and activities [1]. The
prevalence of ASD is higher in children born preterm com-
pared to those born at term [2, 3]; with decreasing gesta-
tional age associated with an increased risk of an ASD diag-
nosis [4-6]. Various risk factors from the prenatal period
to later childhood have been investigated in an attempt to
understand the relationship between autism and preterm
birth [3, 7, 8].

The developmental sociobiological vulnerability model,
first proposed by Healy et al. [9], attempts to integrate both
the biological and environmental factors that underlie the
association between preterm birth and various psychiatric
and neurodevelopmental disorders such as autism spectrum
disorder [9, 10]. According to this theory, very preterm
birth (caused by a combination of genetic factors, obstet-
ric issues and other variables) leads to alterations in typical
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neurodevelopment as a result of perinatal brain injury and/
or neonatal pain and stress. This leads to both structural and
functional changes in specific brain networks and presents
as deficits in cognition and social-emotional functioning.
These deficits increase the preterm born child’s social-
emotional vulnerability, which may be further mediated by
parent stress and mental health. As a result, children born
preterm are more vulnerable and at greater risk of negative
social experiences, such as bullying and exclusion, which
have been associated with increased stress-induced striatal
dopamine release and dopamine sensitization in mesolimbic
areas. The authors propose that this interplay of biological
vulnerabilities and environmental influences are associated
with increased risk for the later development of neurodevel-
opmental disorders such as ASD in children born preterm
[9, 10].

Research findings add support to the developmental
sociobiological vulnerability model in relation to the fac-
tors associated with autism in children born preterm. One
study reported that in a sample of children born preterm,
being born small for gestational age, internalizing behaviors
and maternal depression were significantly associated with a
positive screen for symptoms associated with ASD at 2 years
of age [11]. It should be noted that while studies show an
association between ASD and certain environmental factors,
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further research is needed to determine whether such factors
have a causal link to ASD. In adolescence, increased autism
spectrum symptoms have been associated with a low agar
score at birth [7], and another study found bronchopulmo-
nary dysplasia to be the only significant neonatal risk fac-
tor for autism symptoms at eight years in an extremely low
birth weight cohort (mean gestational age 26 weeks) [12].
The authors suggest this may be associated with recurrent
oxygen desaturation, which is linked to neonatal encepha-
lopathy [12].

Variation exists in the literature in relation to the risk
factors investigated and the tools used to assess for autism
in preterm populations. Some studies have adopted stand-
ardized diagnostic tools or clinical assessment [6, 13, 14]
while others have used parent screening questionnaires [7,
11, 12, 15]. Johnson et al. [3] investigated the utility of the
Social Communication Questionnaire, a parent report autism
screener, in identifying autism in extremely preterm (EP)
born children at 11 years of age. Using the established cut-
off score of 15 or greater, the authors found 16% of their EP
children screened positive for autism, whereas on diagnostic
assessment only 8% met the criteria for autism. The authors
suggested a higher proportion of EP survivors are affected
by difficulties associated with the autism spectrum than meet
the diagnostic criteria.

A high rate of positive screens using parent questionnaire
measures have been reported in other studies [15-17]. How-
ever using such screening measures in young children born
preterm, such as toddlers, can be problematic as those with
comorbid neurodevelopmental disabilities such as vision,
hearing and motor impairments may screen positive on these
measures due to their sensory or motor impairments rather
than due to true autistic traits, resulting in false-positive
cases [16, 17]. Specificity is likely to be compromised when
using screening tools in young preterm populations and at
risk cases should be monitored and followed-up with formal
diagnostic assessment [16, 18].

Autism screening tools are less time intensive compared
to diagnostic assessment procedures and so are appealing
for research purposes with large population cohorts [18].
Numerous studies have utilized these tools when investi-
gating antecedent risk factors for autism in young preterm
populations [11, 15, 16]. However given the previous find-
ings of false-positive screens in young children born preterm
with neurodevelopmental disabilities, these studies may be
confounded and not accurately reflect the risk factors spe-
cific to preterm children with autism confirmed through the
more robust methods of diagnostic assessment.

The aim of this systematic review was to provide a nar-
rative synthesis of the literature in relation to prenatal, peri-
natal and postnatal risk factors associated with ASD in chil-
dren born preterm, diagnosed either through assessment by a
clinician using internationally recognized diagnostic criteria
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or a standardized diagnostic tool. A synthesis of the litera-
ture on this topic was needed to help identify commonalities
across study findings, potential areas of future investigation,
and interventions which could be targeted.

Methods

The Preferred Reporting for Systematic Reviews and Meta-
analyses guidelines (PRISMA) [19] and the Center for
Reviews and Dissemination [20] guidance document on sys-
tematic reviews in health care were followed in the design
and reporting of this systematic review. The protocol out-
lining the proposed methodology for this systematic review
was submitted for registration on PROSPERO prior to com-
mencement. One revision was made to the protocol with
the addition of two further exclusion criteria. Conference
abstracts were excluded as the limited data available made
extraction difficult and the majority of abstracts were later
published as peer reviewed articles. Studies in which highly
specific preterm subgroups comprised the study sample were
also excluded, as these results would not be generalizable
to the preterm population on the whole. Examples include
studies whose samples consisted exclusively of preterm par-
ticipants with cerebellar injury [21], abnormal brain imaging
[22] or cognitive impairment [23].

Inclusion Criteria

Articles were included in the review if they meet the fol-
lowing criteria:

1. Research article with original data

2. Study population was born after January 1st, 1990,
to reflect changes in medical practice which led to
increased survival of preterm infants at that time [24, 25]

3. Study population born less than 37 weeks gestation or
with low birth weight (<2500 g)

4. Studies in which a diagnostic test was used to iden-
tify participants with ASD, such as the ADOS-2 [28],
ADI-R [27] or Development and Well-Being Assess-
ment (DAWBA) [29]

5. Include a risk prediction analysis (for example logistic
regression or relative risk analysis)

6. English language only

7. Published in peer reviewed journals

Exclusion Criteria

1. Screening tool used to assess for symptoms of ASD,
rather than standardized diagnostic tools or clinical
assessment
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2. Age of participants greater than 18 years at assessment
for ASD

Specific preterm subgroup

Animal studies

Conference abstracts

Study population born before the 1990’s

Study population born after 37 weeks gestation or with
birth weight > 2500 g

Nk w

Search Strategy

MEDLINE, EMBASE and PsycINFO databases were
searched via Ovid in December 2019. Three separate
search strategies were developed using free text terms and
controlled vocabulary associated with each database (for
example MeSH in Medline), as well as consulting search
strategies from systematic reviews on similar topics [2, 25].
These previous systematic reviews also guided the selection
of the search databases. The search strategies are outlined in
“Appendix”. Searches were limited to publications between
the 1st of January 1990 and the 16th of December 2019.
An English language restriction was applied. The literature
search was completed by one author (H.O.).

Study Screening and Selection

Using Covidence systematic review online software (Www.
covidence.org), two researchers (H.O. and C.C.) indepen-
dently undertook screening of the study titles and abstracts
without conferring. The reviewers individually decided
which papers to consider for full-text screening, and any
conflicts regarding the eligibility of specific articles were
subsequently resolved through discussion. The full texts of
all articles selected through the initial screening process
were then examined independently by the same researchers
to confirm they met the inclusion criteria. Following this, the
researchers discussed and agreed upon which papers would
be included in the review.

Data Extraction

One reviewer (H.O.) extracted the data from the selected
studies using a standardized form. The following data was
recorded from each study: author and location, year pub-
lished, year of birth for study cohort, gestational age or
weight at birth, the number of participants, study descrip-
tion, age at assessment for ASD, diagnostic methods used
in diagnosis of ASD, study exclusions, factors investigated,
and results. The references cited in all articles included for
data extraction were manually searched for further eligible
articles that were missed through the screening process.

Risk of Bias Assessment

As the inclusion of methodologically weak studies can
jeopardize the internal consistency of a systematic review,
it is important that the methodologic quality of studies is
thoroughly appraised with regards to their design, analysis,
conduct and interpretation, in order to reduce the oppor-
tunity for bias [41]. The modified version of the Qual-
ity in Prognosis Studies tool (QUIPS) [26] was used to
assess bias in the studies retrieved. This tool focuses on six
domains of bias in prognostic studies: study participation,
study attrition, prognostic factor measurement, outcome
measurement, confounding measurement and account, and
statistical analysis. Each domain is rated as having low,
moderate or high risk, with prompting questions covered
in each domain to inform the reviewer’s judgment on the
risk of bias. In addition, an overall risk of bias rating can
be assigned to each study based on the ratings achieved
across the six domains [26]. The risk of bias assessment
was completed by one author (H.O.).

Data Synthesis

Due to variability between studies in the risk factors inves-
tigated and the gestational ages of participants, a narrative
synthesis approach was used in order to give authors the
flexibility to bring coherence to the data [42]. The Center
for Reviews and Dissemination [20] guidance document
was followed in conducting the narrative synthesis. In
studies using logistic regression, the results of the final
adjusted model were extracted. A description of the study
characteristics is provided in Table 1, followed by a sum-
mary of significant factors categorized by pre-, peri- and
post-natal periods. Similarities and inconsistencies across
studies in the risk factors analyzed were also explored.

Results

A total of 4359 studies were retrieved from the initial lit-
erature search and were screened on title and abstract. Of
these 4300 were excluded as they did not meet the eligi-
bility criteria based on the information provided. The full
texts of the remaining 59 articles were reviewed for inclu-
sion in the study. Eleven studies were identified that met
the full set of eligibility criteria (see Fig. 1 for flow dia-
gram of study screening and selection). No further studies
were identified through the manual search of the reference
lists of the 11 studies.

@ Springer


http://www.covidence.org
http://www.covidence.org

Child Psychiatry & Human Development (2021) 52:841-855

844

uors
-sa13a1 onsi3of
9[qELIBAT)[NW UO

sisougerp
wisnne J0§ YSLI
jsurese Aderoy
pro1ass [ejewsod
pue Kypigiowr

wsTne 10y YSLI [eo130[0INAU ‘BIS pI023x uoneziuesio
pasearour A[jued -e[dsAp Areuow [eo1paw d1uon QourUdUIRW
-gudis e yym  -[ndoyouoiq ‘reak a3k jo 1ok | -09[2 y3noxy) yIeay oyroads
pajeroosse a1om  lIq ‘(YDS) 95k 910J9q paIp Io paure}oose © Jo BIEp
Kde1oy pro12)sod [euonelsas 10y uoneziuesio ‘Teuorssajord SIoqUIdW 0}
-1)109 Tejeuysod pue [[ewWS ‘Xas ‘so) douruUdUILW payienb Aq aseqejep Juejur
‘T10T-600T -9qeIp [euIs)eW esg o) BLIAILID A-INSA META [euoneu
woij yiq ‘a3e [euonelsad JO s1oquIow 10 AI-INSA SIe9A Q1 > pue [oRIs]
VDS ‘sorewr paje3nsaaul 133u0[ ou Sursn pasou Ieak 1 <Inq Sunjury Apnis [QRIST
‘SA)0qRIP [BUISIEIN [opow [eur{  UAIPI META  -Serp Ajeorurr) ‘payroads 10N aanoadsonoy £96v S00ST>  TI0T-6661 GIOT 'Te 30 YoNAOPIAR(T
yjeap 10 ‘Amnlur
peay onewnen
‘aons ‘sni
-eydoous ‘sni3
-UIuaW ‘OseasIp
1Ieoy [eIruad sasou
-uod ‘sary) -Serp wspne jo
9JBLIBAOD -edoreydooua Ansigax Anst3a1 9ye3s 0}
JueoyIuSIs Xas ondayide ‘suon Je)s y3noxy) paYuIf BIEp ‘S|
J[BIA "S[PAQ] WINIS -BuwuIOj[eW Urelq paure)Ioose -A9] winisaugew
-ouSeu [e1RUOU /snjeydasoIpAy ‘[euorssojord POpIOdAT YIIM
pue stsouserp sisougerp wispne  [e3ua3u0d ‘SI9p payienb Aq sypaq weyaxd
ws[ne udamloq 10J J[SLI puE S[o -IosIp onoua3d BLIID 6-ADI ITe Jo Apms
UONBIOOSSE  -AQT WINISAUSBIA A[11/umouy Sursn pasou s1edk 71 >1nq anuad 9[3urs vSn
JUBOYTUSIS ON WNIAS [BIBUOIN Joooussary  -3erp Aqreowur) poyroads JoN aAnadsonay GG8Y syoam £€>  010T—200C 810T ‘Te 39 uenyeqg
BIWAIA)OR] PUB wajard
sisougeIp wsnne A[owonxa
ud9M39q UOIS sisougerp wsnne uloq sjuejur Jo
-sa13a1 ons130] J10J Y[SLI pue eI 110105 [RUOIBA
UO UOTJBIO0SSE -01910Bq OU 10 C RENRINIREN
JueoyruSts oN - pejoadsns ‘Qmuysq SUON -SOdV % J-1aVv seak 0 -oxd enuoonny 688 SYeam 8> $00T—C00C 8I0C VSN ‘[e1e eeqeq
sroqunu
pares spoyjout DSV 10J Juowt juedon  ySom yIq 10
S)nsSoY -1)SQAUI SI0JOB{  SUOISN[OXd ApmS onsouderq -ssasse Je a3y uondriosop Apmg -led  oSe [euoneIsan YuIIg Jo JeAX  JBX uonedo[ ‘Apnig

SOIPN}S POPN[OUT JO SONSLIAOBIRYD) | d|geL

pringer

Qs



845

Child Psychiatry & Human Development (2021) 52:841-855

sisA[eue

SPI0DI [BOIPAW
wo1j P[0
A[oAT30adsonar

uoIssaIgar on sisougerp eJep [euIojew
-s130[ o[dnnuw uo DSV I0j s10308] pUeR [BIRUOIN
sisouSelp DSV YSH Se PauIwex "PAIO[0D
)M PIJBIOOSSE Q1om Aouejur ut sjurod aInseowr [euorssojoxd K[oanoadsoxd
Apueoyrusis a3ueyd YPImoI3 BIEp € UBY) payienb £q BJEP JIMOID)
Sem syjuouwr ¢ puUe J0)oeJ [RUOT) drow Juissiu BLIND Y I-Al (#L—0¢ oSuer) ‘Teadsoy anuod
0] WIS} WOIJ -Innu ‘o3e [euor)  J0 AB[Op [RIUSW -JNS{ Sursn syjuowr [°gt Jo 9[3urs & ur
JyS1om ur yImoI3 -)sa3 ‘Ui ¢ -do[oAdp 919A9S pasougerp a3e o3eI0AR JB uIoq sjuejur 3 0051 > pue
Jo[rews A[uQ 16 2100g Je3dy IM USIP[IYD Areorury - pesouSerp DSV MA'TA Jo Aprug 6S SYOOM €€>  L00T—#00T 910T ueder ‘[e 10 Lirfoyy
sisougerp
sisougerp DSV Wim paje
DSV JO s10191p -100sse (uon aseqejep aseqereq
-o1d jueogruSrs  -ounysAp [e1qo10d SPI0O3I [BOIPIW [OIe9sSY Q0UE
9q 03 uonoUNYsAp [eIeUOSU pUB ysnouiyy paure) -Insuj yIfeoyq
[€IQ2I199 [BIRUOAU ‘erse[dsAp Areu -I9JSE ‘[BUOISSIY [eUOIIEN UBM
pue I1opua3 ofewr -owrndoyouoiq -oxd payrfenb -Te], Y} WoIJ
y3rom yuIq ‘ropuag ‘Jy3rom a3e jo £Q eI pauTe}I0SE BIEp
punoj sisAfeue  [3IIq) SI0JORJ NSII S1BAA T 19)Je ND-6-ADI 3ursn Apnys
UoISSIZaI o1 [ejeUOQU PAJRST)  SPIOJAI [BIIPAW Sursn pasou uonendod ueBMIB],
-SISO[ QJELIPAD[NJA  -SOAUT [9POWI [EUL]  INOYIM URIP[IYD  -Serp A[redrur) steak 11-8 aanoadsonoy §T0°0¢ Syoam L€>  T00T—8661 €10C Te 10 Suemy
sIsouserp DSy
Ue JO YSLI Ioy31y
Apueoyusis je
Qr1om Jusureduar
AADIUS00 YIIMm
UIp[IYo pue
Asdoride yym urrajord
uaIp[IyD "Aojer juouLIredwt 9ATY A[owanxa
-edos Juounredunn -1u309 10 Asted uI0q SjuBJUT JO
/IOPIOSIp Yore  [BIqRI9d ‘Asdoqide 11040 [BUOT)BA
J10J pare[noed M UIP[IYD z -195qo 2An0ds VSN e e
ORI JSLI oAlIB[oY UL DSV 10§ 3Ty QUON -SOdV % d-1av sreok 07 -oxd enuednny 688 SYeam 8> $00T—C00T 8I10T 1o310qUSITH
sIoquINU
paes3 spoyiouw DSV Joj juow juedron  JySrom yuiIq 1o
s)nsoy -TJSOAUL SI0J08,]  SUOISNOXd Apmg onsouserq -ssasse Je a8y uonduosap Apmg -ted  oSe [euoneisen YMIg JO JBOX  TBOX uoneso] ‘Apmg

(ponunuoo) | sjqey

pringer

a's



Child Psychiatry & Human Development (2021) 52:841-855

846

Juw
-rredwt 9ARTUS00
INOYIIM USIP[IYD
ur YSLI pasearour
)M POJEIOOSse
UONIOLISAI

IMOIT [B19] 2I0AS
juow
-1redwt 9ARIUS00
[)m 9soy) ur
$10308J YSLI Jued
-gJIugIs xas oew
pue uonoJuI

[eUISeA-[BOIAIOD)
Juw
-rredwt 9ARTUS00
moyim p s

S[opow
uoIssaI3al
onsI3o[ [erwou
-[[W PaIpIO
-A[rerodwoy
Sursn juowrredwr
QATITUS 0 INOYIIM
PUE 1M USIpP[IYd

Aipqesip
Ten3oaq[aul
QIJAJS 0) uoI}
-Ippe ur jusw

urroyaxd
A[owanxa

UIP[IYd DSV I10J dd u1 DSv jo -1redwr Jojowr uIoq Sjuejyur Jo
YSIIJueoyIuSIs  S)JuUSpIoUE [ejeu Jo/pue [ensia 1I0Y0d [eUONBA
SYooM $7—€T -11d jo roqunu JueoyIugs z -195qo 2Anods
oSe [LUONEISOD)  © JO UONESNSAAU] P uaIp[iyy -soav » J-1av sreok 07 -oxd enuednny 688 $Y0OM 87> $00T-C00T LI0T VSN T8 ydosor
s1eak 9
Je sworqoxd
s10ad aA1searad
pue juourredurr
AANIU300 *¢
s1edk G'7
Je 9I00S INOTARYRq
UMBIPYIIM "7
readsoy
woij a31eydsIp SIBOA [ I8
Je X3s 9[ew ‘| DSV Jo sisouSerp
DSV ®© JOJ SI0)0€J YSII
)M PIJRIOOSSe se pajesdnsaAul sasou
Apueoyrugrs QI9M SIBOA g pue -3erp pousisse
$10J0€J SUIMO[[O] G'Z Ye sowod)no oYM SUBIDIUID
oy punoj syooda [eInoIABY2q om) £q symsar
¢ e pautoyrod pue oAnmu30o JO MI1AX puefaIy puefoI]
uorSSaIIox ‘pue s10)o8j] Kq pamof[oy pue 3 ur pue wop3ury
onsiSor asimdo)s [eyeuoau Sur ‘vamva syuIq 49 [re jo pajupn
JJeLIRAD[N]  -IOA0D SO[QBLIBA T QuoN  pejerdwiod juareg s1eok 11 Apmis eanoadsoig 61T Syjoom 97 > G661 010T ‘Te 30 uosuyof
sIoquINU
paes3 spoyiouw DSV Joj juow juedron  JySrom yuiIq 1o
s)nsoy -TJSOAUL SI0J08,]  SUOISNOXd Apmg onsouserq -ssasse Je a8y uonduosap Apmg -ted  oSe [euoneisen YMIg JO JBOX  TBOX uoneso] ‘Apmg

(ponunuoo) | sjqey

pringer

Qs



847

Child Psychiatry & Human Development (2021) 52:841-855

sIeak O 18 DSV
JO YSLI paseaIout

e olom [I-dVNS
uo a3uel Y31y jou

SISOUSEIp DSV
pue Kypiqeisur
o13oorsAyd

JO ainseawr e
‘(II-dVNS) £30

ng 93uel S[pprw -[o1sAy g 2oy wadyoxd
o) U 21008 © [eIRUOSN] 10J KJowonxo
yim syuegur AJuo 2109 Y31y Jo uloq sjueyur Jo
SIOPUNOJUOD JOJ  J[PPIW B UI9MIOq 110700 [eUOnBA
paisnlpe uors diysuonerar 7-Soav -195qO 9A1)Ods
-sa13a1 opsiSo] up Ay} pAe3nsaAu] QUON pue J-1av s1edk 0] -oxd anuoonny 688 SYoom 87>  $00T—C00C LI0T VSN Te 19 ueSo]
patojdxa a1om
‘eroe[ewoN N[
JenornuaAriad
onskd pue ‘o3eyl
-Jowoey [eruer
-oeIUI ‘uone|
-nuaA Aouanbaiy
Y31y ‘uone[nuoA
[ed1uByOIW
‘UOTIBIIOSNSAI oSe jo
wooI AIAT[P SIBaA 7 210J0q
91o0ddns ordon uerd yireay o
-our ‘uorsnjsuer}  3Jo] oym syued
‘BTWRIa)0Eq -1onJed ‘yaq SpI0JAI 8D
JSV ‘SI[0J01IUD Je s[eidsoy -1pout Yy3noxy)
JO YSLI pasearoul SuIZ1jo10oU  PAIIQJSuERI) oYM paure}Iedse
)M PIJBIOOSSE pue sisougerp sjuejur ‘a3e ‘feuorssojord BILIOJITRD)
J3eyriowory DSV Uoam)aq  [RUIQJBW JO XIS payirenb Aq UISY)ION UI STe)
[erueIoRnUI AUB UuoneIdosse Ay} ‘03e [euoneIsad BLIDIID 6-DI -1dsoy oyearad
29 UONR[NUAA  ‘S)OdM {¢>UI0q U0 BIBp JuIssiu Sursn pasou SIeoA 1 > pue 11 sso1oe Apms vSn
Kouanbaiy y3ryg sjuejur up  ym sjuedonreq  -Serp Aq[edtur) sIeh 7 < aanoadsonay 9¢8¢ SYooM $€>  L007—2007 +10T e 10 ZOITMaruzmy]
sIoquINU
paes3 spoyiouw DSV Joj juow juedron  JySrom yuiIq 1o
s)nsoy -TJSOAUL SI0J08,]  SUOISNOXd Apmg onsouserq -ssasse Je a8y uonduosap Apmg -ted  oSe [euoneisen YMIg JO JBOX  TBOX uoneso] ‘Apmg

(ponunuoo) | sjqey

pringer

a's



848

Child Psychiatry & Human Development (2021) 52:841-855

Table 1 (continued)

&

Results

Factors investi-

gated

Study exclusions

Study description Age at assess- Diagnostic
ment for ASC methods

numbers

ticipant
172

Par-
or birth Weight

Year Year of Birth Gestational age

Study, location

Springer

Children with

Univariate logistic

Parent completed Infants with

Prospective study 7 years

<30 weeks

2016 2001-2003

Ure et al. Aus-

cystic lesions in
cortical white

regression

genetic disor-

DAWBA,

of infants born

or<1250 g

tralia

models used to

ders or congeni-
tal infection

followed by
review of

very preterm at
a single centre

hospital in

matter on neona-

examine relation-
ship between

tal MRI were at

results by two
clinicians who
assigned diag-

noses

increased risk of

an ASC diagno-

sis at 7 years
Borderline asso-

ASC diagnosis

Melbourne

and neonatal

brain abnormali-

ties and neonatal
brain volumes

ciation between

reduced cer-

ebellar volumes
and later ASC

diagnosis

Study Characteristics

The majority of the studies were carried out in the USA
(n=6). Each of the following countries reported one study
each: Australia, Israel, Japan, Taiwan and the UK/Ireland.
Eight of the studies were population based or multi-center
and three studies used a single center hospital site. Six of
the studies prospectively followed a cohort of preterm born
infants, and one study adopted both prospective follow-ups
with retrospective linking to maternal and neonatal data.
The remaining four studies were retrospective and extracted
all data from medical records. In terms of diagnostic meth-
ods, the six prospective studies used one or more stand-
ardized diagnostic tool as part of the assessment (ADI-R
[27], ADOS [28] or DAWBA [29]), and diagnostic evalu-
ations were performed when the children were between 7
and 11 years of age in these studies. The other five studies
reported that cases were diagnosed by qualified professionals
using internationally recognized diagnostic criteria such as
the ICD-10 [30] or DSM-V [1]; two studies did not specify
the age at diagnosis, while the age varied from 2 to 11 years
in the other three studies.

Four of the studies came from the prospective multi-
center cohort of extremely low gestational age newborns
study (ELGAN study) [8, 13, 31, 32] and investigated infants
born extremely preterm (EP; <28 weeks gestation). The EPI-
Cure study followed a population based cohort of EP born
infants but only included those born at less than 26 weeks
gestation [3]. This lower gestational age, defined as birth at
25 weeks or less, is considered to be of borderline viability,
and is associated with a high prevalence of disability and
mortality [33]. Ure et al.’s [14] prospective single center
study investigated brain abnormalities in infants born at less
than 30 weeks gestation, classified as very preterm. Two
studies used birth weight to identify preterm births [34, 35],
both cohorts were comprised of infants born with very low
birth weight (VLBW; <1500 g). Ikejiri et al. [34] addition-
ally specified that all infants were born at less than 33 weeks
gestation; however the gestational age range was not detailed
in Davidovitch et al. [35]. Two studies investigated infants
born preterm (< 37 weeks gestation) and so included infants
with gestational ages from across the different preterm cat-
egories [6, 36]. Kuzniewicz et al.” [37] study retrospectively
examined outcomes for all infants born preterm but con-
ducted a risk analysis only on those infants born at less than
34 weeks gestation; this cut-off was chosen as all children
born before 34 weeks were admitted to intensive care and
thus had detailed neonatal records.

Prenatal Risk Factors

One study found that VLBW infants born to mothers with
diabetes mellitus were at increased risk of autism [35].
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Fig. 1 Flow diagram of study screening and selection

However Bakian et al. [36] found no association between
maternal diabetes and autism in the descriptive analysis of
their preterm born cohort. Joseph et al. [8] reported cervi-
cal-vaginal infections to be associated with a later autism
diagnosis in their EP participants with a comorbid cognitive
impairment. No other study investigated cervical-vaginal
infections as part of their analyses. Other non-significant
prenatal factors investigated either through univariate
descriptive analyses or multivariate modelling were mater-
nal hypertensive disorders, prenatal steroid therapy, antepar-
tum hemorrhage, chorioamnionitis, cervical insufficiency,
smoking in pregnancy, medication use, urinary tract infec-
tion, fever and periodontal infection [3, 8, 35].

Perinatal Risk Factors

Although several studies investigated various perinatal char-
acteristics including rupture of membranes, delivery mode
(vaginal versus caesarean section), delivery room resuscita-
tion, breech delivery, birth asphyxia and duration of labor [3,
6, 8, 34, 35, 37], these variables were not entered into their
prediction models as they were non-significant on initial

univariate exploration or did not come out as significant in
these models.

Postnatal Risk Factors

Neonatal Johnson et al. [3] investigated the association
between 23 neonatal and demographic variables against
a diagnosis of autism at 11 years in their EP born cohort.
Only male sex was reported to be a significant risk factor
for autism. This significant association between male sex
and autism was also reported by Davidovitch et al. [35],
Bakian et al. [36] and Hwang et al. [6] in their multivari-
ate regression models exploring a broader range of preterm
gestational ages. Joseph et al. [8] found male sex to be a
significant risk factor for ASD but only in EP children with
comorbid cognitive impairment. No other study investigated
sex as a predictor variable for ASD.

Davidovitch et al. [35] reported that postnatal steroid
therapy for the prevention or treatment of bronchopulmo-
nary dysplasia was a significant predictor of ASD in their
VLBW sample. However, this association between postna-
tal steroid treatment and autism was not found in another
study of VLBW infants [34] or in an EP born cohort [3].
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Davidovitch et al. also reported that being born small for
gestational age (SGA; birth weight below the 10th percentile
for gestational age) was a significant risk factor for an autism
diagnosis; a finding consistent with those of Joseph et al.
[8], who reported that EP children without cognitive impair-
ment that suffered fetal growth restriction were at increased
risk. Kuzniewicz et al. [37] also found a significant asso-
ciation between SGA and autism, which they entered as a
covariate in their analyses. In the exploration of their sample
characteristics, Ikejiri et al. [34] did not find an association
between autism and SGA although their sample size was
small (N=59).

In addition to male sex, Hwang et al. [6] found low birth
weight and neonatal cerebral dysfunction to be predictive
of autism in their regression model. An association between
low birth weight and autism was also reported by Davi-
dovitch et al. [35] and Bakian et al. [36] on initial univari-
ate exploration, however Davidovitch et al. excluded birth
weight from subsequent analyses due to its high correla-
tion with gestational age, and Bakian et al. reported that
birth weight was not a significant covariate in their mul-
tivariable regression model. Johnson et al. [3] and Ikejiri
et al. [34] also found no relationship between ASD and
birth weight in their univariate analyses. There was vari-
ability between these studies in how they investigated birth
weight, either maintaining the variable as continuous and
examining significant group differences or adopting various
categorical approaches. Hwang et al. [6] identified signifi-
cant cerebral dysfunction from medical records if medical
codes 779.0-779.2 from the International Classification of
Diseases, 9th Revision, Clinical Modified (ICD-9-CM) [38]
were specified. ICD-9-CM codes 779.0-779.2 encompass
convulsions in newborns; other and unspecified cerebral
irritability in newborns; and cerebral depression, coma and
other abnormal cerebral signs, but excludes intraventricular
hemorrhage, intrauterine cerebral ischemia, and cerebral
ischemia due to birth trauma [38]. None of the other studies
reviewed investigated these specific issues in their analyses.

Ikejiri et al. [34] found attenuated growth in weight dur-
ing early infancy to be the only significant risk factor for an
autism diagnosis. No other study reported weight-related
growth factors in their analyses. Gestational age was not a
significant predictor in their model, in keeping with the find-
ings of Bakian et al. [36], Davidovitch et al.[35], and John-
son et al. [3]. In contrast, Joseph et al. [8] found gestational
age to be a significant predictor of ASD in EP children with
and without cognitive impairment. Kuzniewicz et al. [37]
also found a significant association between gestational age
and autism diagnosis which they entered as a covariate in
their analyses. Differences in how gestational age was cat-
egorized between studies and the ranges of gestational ages
investigated may explain the variation in findings.
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Logan et al. [32] investigated whether a neonatal measure
examining physiological functioning, the revised Score for
Neonatal Acute Physiology (SNAP-II), was predictive of a
diagnosis of autism at 10 years. High scores indicate worse
physiological functioning and are associated with neonatal
mortality. A moderate but not a high SNAP-II score was a
significant risk factor. Johnson et al. [3] did not find a signifi-
cant association between an autism diagnosis and the clinical
risk index for babies (CRIB score), a similar measure of
physiological functioning to the SNAP-II [39].

High frequency ventilation and intracranial hemor-
rhage were the only significant predictor variables for ASD
reported by Kuzniewicz et al. [37]. Hwang et al. [6] found no
association between intraventricular hemorrhage, an intrac-
ranial hemorrhage subtype, and autism in their model. Ure
et al. [14] found that children without autism were more
likely to have an abnormal cranial ultrasound result, which
included intraventricular hemorrhage, while Johnson et al.
[3] did not find a significant association between autism
diagnosis and abnormal cranial ultrasound in their study.
Ikejiri et al. [34] did not find a significant association
between ASD and intraventricular hemorrhage or duration
of ventilation on univariate investigation.

Ure et al. [14] was the only study that used magnetic
resonance imaging (MRI) methods. The authors reported
that neonatal brain abnormalities on MRI, specifically cystic
lesions in cortical white matter, were associated with an
increased risk of ASD. As the authors point out, a limita-
tion of the study was the small number of preterm children
in their sample subsequently diagnosed with ASD (n=6).
Accordingly, the results need replication.

No association was found between bacteremia [31] or
neonatal magnesium levels [36] and a diagnosis of ASD.
Kuzniewicz et al. [37], Davidovitch et al. [35], and Ikejiri
et al. [34] also investigated neonatal infections as part of
their analyses but did not report a significant association to
ASD. No other study explored neonatal magnesium levels
as a predictor.

Early Childhood Two included studies investigated factors
in childhood associated with a diagnosis of autism. Johnson
et al. [3] conducted a stepwise multivariate logistic regres-
sion examining antecedent variables at three time points—
discharge from hospital, 2.5 years and 6 years. At 2.5 years
the only behavioral problem predictive of a later diagnosis
of autism was withdrawn behavior (as measured by the
Child Behavior Checklist). No neonatal factors were signifi-
cant. At 6 years, pervasive peer problems as measured by
the Strengths and Difficulties Questionnaire, and cognitive
impairment were independently associated with a diagnosis
of autism at 11 years; neonatal factors and behavioral out-
comes at 2.5 years were not significant in this model.



Child Psychiatry & Human Development (2021) 52:841-855

851

In keeping with the above findings, Hirschberger et al.
[13] found that at 10 years of age, children with cognitive
impairment had seven times the risk of a diagnosis of autism
relative to other extreme preterm children. In a separate risk
analysis, a history of epilepsy was also associated with an
increased risk of autism in this study.

Risk of Bias Assessment

The majority of studies included were rated as having an
overall low to moderate risk of bias using the revised QUIPS
tool [26]. See Table 2 for risk of bias ratings. Studies rated as
having a low risk of bias on the study participation domain
covered a wide population from multiple centers. Studies
rated as having a high risk of bias had a sample that was not
representative of the general population of preterm infants,
due to either the exclusion criteria applied, or recruitment
from a single center or from centers only accessible to those
with medical insurance (indicating underrepresentation of
those from lower socio-economic backgrounds). On the
study attrition domain, studies were rated as having high
to moderate risk of bias if the attrition rate was high, no
description of the demographics or characteristics of the
lost participants were provided, or the participants lost to
follow-up were representative of a specific subgroup (e.g.
from lower socio-economic backgrounds or with poor neu-
rodevelopmental outcomes).

Studies rated as low risk on the prognostic factor
measurement had a clear description of how risk factors
were measured. Those with moderate ratings had limited

Table 2 Risk of bias assessment

information on how risk factors were measured or used
imputation methods that were open to bias. For outcome
measurement, only studies in which ASD was diagnosed
by a qualified health professional using ICD or DSM
diagnostic criteria and/or through the use of standardized
diagnostic tools such as the ADOS-2 [28], ADI-R [27]and
DAWBA [29] were included in the review. Accordingly, no
study was rated as having a high risk of bias on outcome
measurement. Studies were rated as having a moderate
risk of bias on outcome measurement if data were ret-
rospectively collected from medical records with limited
information on how a diagnosis was reached other than
applied by a qualified professional. It is unclear in these
studies if diagnostic tools in addition to clinical interview
were used to inform the diagnostic decision. Prospective
studies in which participants were assessed for ASD as
part of the follow-up assessments using standardized tools
and/or clinical interview and retrospective studies in which
the details of the diagnostic procedure were thoroughly
described were rated as having a low risk of bias.

Confounding measurement bias was considered low
if important confounders were adjusted for in the analy-
ses and these were clearly defined and measured. Studies
were rated as having a low risk of bias on the statistical
analysis and reporting domain if the statistical method
chosen was appropriate to the study design and any model
building strategy was clearly detailed. Studies were con-
sidered to have a moderate risk of bias if appropriate sta-
tistical adjustments were not made, such as for multiple
comparisons.

Study author Risk of bias domains

Overall Study Rating

Study Study Attrition Prognostic Outcome  Confounding Statistical analysis
Partici- factor measure- measure- measurement &
pation ment ment account
Babataet al. (2018) Low High Low Low Low Low Low-Moderate
Bakian et al. (2018)  High Low Low Moderate  Low Low Low-Moderate
Davidovitch et al. High Low Low Low Moderate Low Low-Moderate
(2019)
Hirschberger et al. Low High Moderate Low Moderate Low Moderate
(2018)
Hwang et al. (2013) Low Low Moderate Moderate  Moderate Low Low-Moderate
Ikejiri et al. (2016) High High Low Moderate ~ Moderate Low Moderate
Johnson et al. (2010) Low Moderate Low Low Low Moderate Low-Moderate
Joseph et al. (2017)  Low High Low Low Low Low Low-Moderate
Kuzniewicz et al. High Low Low Moderate  Low Low Low-Moderate
(2014)
Loganetal. (2017)  Low High Low Low Low Low Low-Moderate
Ure et al. (2016) High Moderate Low Low Low Moderate Moderate

Each study was rated on 6 domains in which bias could potentially occur. Each domain is rated as having a high, moderate or low risk of bias

using the QUIPS tool guided by prompting items for each domain [26]
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Discussion

The aim of this systematic review was to provide a nar-
rative synthesis of the literature in relation to risk factors
associated with ASD, diagnosed either through assessment
by a clinician using internationally recognized diagnostic
criteria or using a standardised diagnostic tool, in children
born preterm. A total of 11 studies were identified that
met the eligibility criteria. The search was restricted to
articles published from 1990 onwards, however all studies
included in the review were published in the past decade,
with 8/11 studies in the last four year period, highlighting
the recent interest in this area. There was considerable
variability across studies with regards to the design (pro-
spective versus retrospective), sampling (population based
or multicenter versus single center site), the gestational
age range used, the risk factors investigated, as well as
the age at which the ASD diagnostic assessments were
completed. Despite this variability all studies were rated
as having a low to moderate risk of bias.

To identify commonalities and summarize the findings
from the individual studies, risk factors were separated
into pre-, peri- and post-natal. Although a number of pre-
natal predictors were investigated, only maternal diabetes
and cervical-vaginal infections were significantly asso-
ciated with an increased risk of ASD on multivariable
modelling. Joseph et al. [8] suggest that cervical-vaginal
infections may lead to inflammation as part of the immune
response and that this is associated with cerebral dam-
age in the preterm infant, increasing their risk of ASD.
This finding requires replication as it was the only study
reviewed that investigated cervical-vaginal infections as
an antecedent risk factor and was restricted to EP born
infants. However the sample size from this prospective
multicenter study was large (n=857) and thorough pro-
cedures were used in the diagnostic assessment process.
The significant finding in relation to maternal diabetes
[35] also requires further investigation due to contradic-
tory results found by Bakian et al. [36]. Furthermore, the
authors did not propose an explanation for this associa-
tion. No study reported the rupture of membranes, delivery
mode (vaginal versus caesarean section), delivery room
resuscitation, breech delivery, birth asphyxia or duration
of labor to be significant factors for ASD.

The majority of studies focused on risk factors in the
neonatal period. Five studies reported a significant asso-
ciation between male sex and autism [3, 6, 8, 35, 36].
This finding of a greater prevalence of ASD in males is
in keeping with trends in the general population; with one
proposal that autism is an extreme presentation of the typi-
cal male brain [40]. Thus this finding is unlikely related to
preterm birth, but rather the higher male to female ratio of
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ASD in the general population. Being small for gestational
age was reported as a significant risk factor in three stud-
ies [8, 35, 37]. Joseph et al. [8] suggest that both preterm
birth and SGA act like a double hit of risk factors, and
also indicate that inflammation or epigenetic phenomenon
might underlie this relationship between SGA and autism
in these infants. Two studies found low gestational age to
be a significant predictor for ASD [8, 37], which Joseph
et al. suggest is possibly due to the vulnerability of the
immature preterm brain, lack of neuroprotective factors,
inflammatory response and physiological instability. How-
ever this association was not reported by others [3, 34-36].
The variation in findings is likely due to differences in
how this variable was categorized across studies as well as
characteristics of the samples themselves, such as sample
size and range of gestational ages investigated.

Mixed findings were reported in relation to postnatal ster-
oid therapy, low birth weight, neonatal physiological func-
tioning, ventilation and intracranial hemorrhages, with some
studies finding them as significant predictors and others not-
ing no association to ASD. Single study factors identified
as significant include cerebral dysfunction [6], attenuated
growth in weight during early infancy [34] and cystic lesions
in cortical white matter [14]; however these findings require
further investigation. No evidence was found in support of
bacteremia [31] or neonatal magnesium levels [36] as ante-
cedents for ASD.

Two studies of EP births reported that cognitive impair-
ment in childhood was significantly associated with an
autism diagnosis [3, 13]. Johnson et al. [3] suggest that
preterm birth leads to alterations in normal brain develop-
ment, resulting in cognitive impairment and social and com-
munication difficulties. In addition the preterm infant may
experience an abnormal psychosocial environment which
may further impact on the development of the social brain.

The developmental sociobiological vulnerability model of
preterm birth [9, 10] proposes that structural and functional
brain changes are an important factor in the manifestation of
autism in children born preterm in combination with psycho-
social variables. The majority of the antecedents reviewed
in this paper were linked to ASD due to the alterations they
incite in the developing brain and thus add support to this
model. The model also suggests that cognitive impairment
results from damage to the developing brain which is linked
to greater socioemotional vulnerability in the preterm born
child. Accordingly, cognitive impairment was found to be
significantly associated with an autism diagnosis in two
studies [3, 13]. Lastly the developmental sociobiological
vulnerability model suggests that impaired social compe-
tence also increases socioemotional vulnerability and leads
to negative social experiences, which may increase the pre-
term child’s risk of neurodevelopmental disorders such as
autism. In line with this proposal Johnson et al. [3] found
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withdrawn behavior at 2.5 years of age and pervasive peers
problems at 6 years were associated with a diagnosis of
autism at 11 years.

Limitations

A limitation of this review was the inability to combine find-
ings across studies through meta-analysis or draw greater
conclusions due to the variation in methodologies used and
how predictor variables were measured. For example, while
group differences (ASD vs Non-ASD) in birth weight were
explored across a number of the studies, some measured the
variable as continuous and others treated it as categorical,
with varying categorizations used. Additionally birth weight
was identified as a predictor in some studies, but as a covari-
ate in others. Differences in risk factor measurement as well
as the gestational age ranges investigated demonstrate how
findings can easily differ across studies, and this presented
a further challenge in drawing comparisons or combining
findings. It should also be highlighted that different diagnos-
tic criteria and diagnostic approaches were used across the
studies which may have resulted in variation between studies
in case detection. This difference in diagnostic criteria and
diagnostic approaches may be another factor underlying the
variation in findings between studies.

Clinical implications

Children born preterm are at an increased risk of ASD [2-6]
and this highlights the need for clinicians to thoroughly
investigate pregnancy and birth complications in their ini-
tial assessments with clients, whether through self-report
or collateral interview with a parent. In addition to ascer-
taining information on prematurity, attention should be paid
to the risk factors highlighted above, particularly maternal
infections during pregnancy, size for gestational age, cogni-
tive development and any early behavioral or socialization
concerns.

It should be highlighted that a number of other risk fac-
tors identified through this systematic review may be impor-
tant to investigate during clinical assessment, such as mater-
nal diabetes, intracranial hemorrhage or reduced growth
in infancy, however due to the mixed findings reported or
limited evidence in support of them, their underlying role
in the development or presentation of ASD in preterm born
children is unclear and the results need to be interpreted
with caution.

A further implication is the need to screen preterm
born children for ASD periodically throughout childhood,
particularly those in the lowest gestational age category
(<28 weeks gestation), given the increased risk of autism
in these children. This would help to identify children with
social difficulties who warrant further clinical investigation

and to ensure timely intervention and supports are made
available. However these screening tools have limitations
in young children born preterm in which high false-positive
rates have been found [16, 17], highlighting the need to
screen beyond early childhood when it may be easier to dif-
ferentiate between neurosensory impairments and symptoms
of autism.

Future Directions

A number of identified risk factors require further investiga-
tion, such as cervical-vaginal infections, brain abnormali-
ties on imaging, and early childhood behavioral indicators.
Larger birth cohorts covering a greater range of preterm
gestational ages should be used, to allow sub-analyses by
gestational age groupings.

Numerous studies were excluded from this review, as
screening measures were used to identify autistic symp-
toms rather than standardized diagnostic tools or clinical
assessment. However Johnson et al. [3] suggest that a greater
proportion of preterm survivors are affected by subclinical
social and communication difficulties associated with autism
than meet diagnostic criteria. An investigation as to whether
the risk factors associated with clinical versus subclinical
autistic features differ may be worthwhile, and may also
guide development of interventions for the different at-risk
groups. Broadening the inclusion criteria to include stud-
ies that used screening measures to assess for autism would
have increased the number of studies identified in this sys-
tematic review. However, screening tools have been shown
to have a high false-positive rate when used in toddlers due
to comorbid motor disorders and sensory impairments [16,
17]. Results may have been cofounded if studies that used
screening measures had been included, as the risk factors
identified may not be specific to autism but broader neurode-
velopmental impairments.

Summary

The prevalence of ASD is significantly higher in preterm
compared to term born children [2, 3]. Across studies, male
sex, being small for gestational age, and cognitive impair-
ment are the most consistent risk factors proposed to under-
lie this relationship. A number of other significant anteced-
ents from the prenatal and postnatal period were identified,
but these findings require replication in larger cohort studies.
To allow comparisons across studies, care needs to be taken
in how risk factors are measured.
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Appendix

Medline Search Strategy (Via Ovid)

(Preterm birth or Preterm infant).mp. or exp infant, pre-
mature, diseases/ or exp gestational age/ or exp infant,
low birth weight/ or exp infant, premature/ or exp pre-
mature birth/

autism.mp. or exp Autistic Disorder/ or exp autism spec-
trum disorder/ or exp Asperger Syndrome/ or exp child
development disorders, pervasive/ or exp Child Devel-
opment Disorders/ or pervasive developmental disorder.
mp.

1 AND 2

limit 3 to yr="1990 -Current"

Embase Search Strategy (via Ovid)

et

exp autism/ or ’autism spectrum disorder’.mp. or ’autis-
tic disorder’.mp. or ’child development disorders’.mp.
or ’kanners syndrome’.mp. or "pervasive developmental
disorders’.mp.

exp premature labor/ or exp prematurity/ or exp low
birth weight/ or exp gestational age/ or “preterm birth’.
mp. or “premature infant’.mp. or ’preterm infant’.mp.

1 AND 2

limit 3 to yr="1990 -Current"

PsycINFO Search Strategy (Via Ovid)

exp Premature Birth/ or exp pregnancy outcomes/ or
exp birth weight/ or preterm birth.mp. or preterm infant.
mp. or low birth weight.mp. or gestational age.mp. or
premature infant.mp. or premature labor.mp.

exp autism spectrum disorders/ or exp neurodevelop-
mental disorders/ or exp autistic traits/ or child devel-
opment disorders.mp. or aspergers syndrome.mp. or
pervasive developmental disorders.mp. or autistic*.mp.
1 AND 2

limit 3 to yr="1990 -Current"
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