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Abstract

Introduction: Preterm birth (<37 weeks) adversely affects development in behavioural, cognitive and mental health
domains. Heightened rates of autism are identified in preterm populations, indicating that prematurity may confer
an increased likelihood of adverse neurodevelopmental outcomes. The present meta-analysis aims to synthesise
existing literature and calculate pooled prevalence estimates for rates of autism characteristics in preterm
populations.

Methods: Search terms were generated from inspection of relevant high-impact papers and a recent meta-analysis.
Five databases were searched from database creation until December 2020 with PRISMA guidelines followed
throughout.

Results: 10,900 papers were retrieved, with 52 papers included in the final analyses, further classified by assessment
method (screening tools N=30, diagnostic assessment N=29). Pooled prevalence estimates for autism in preterm
samples was 20% when using screening tools and 6% when using diagnostic assessments. The odds of an autism
diagnosis were 3.3 times higher in individuals born preterm than in the general population.

Conclusions: The pooled prevalence estimate of autism characteristics in individuals born preterm is considerably
higher than in the general population. Findings highlight the clinical need to provide further monitoring and
support for individuals born preterm.
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Introduction
Preterm birth is defined as birth occurring at a gesta-
tional age of less than 37 weeks [1] and accounts for 15
million births worldwide each year [2]. Many infants
born preterm experience immediate and significant
health complications, which often lead to extended pe-
riods of hospitalisation on neonatal units [3]. Longitu-
dinal research demonstrates that even babies born
preterm who do not present with immediate health

complications show a significant increased likelihood for
later adverse neurodevelopmental outcomes such as in-
tellectual disability [4, 5]. This increased likelihood per-
severes across the lifespan, with employment rates,
educational qualifications and socioeconomic status
negatively impacted into adulthood [6]. As a result of
medical and technological advances, survival rates for in-
fants born preterm are rising [7]. It is therefore of grow-
ing importance to quantify the neurodevelopmental
trajectory of children born preterm.
Preterm birth is associated with heightened rates of

autism when compared to birth that occurs at term [8,
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9]. Autism is characterised by impairments in social
communication and social interaction, and restricted
patterns of repetitive behaviour [2, 10, 11]. Advances in
understanding of subtle and nuanced manifestations of
autism now mean that individuals can be identified earl-
ier, with diagnoses as early as 2 years old shown to be
stable over time [12]. Advances in research also highlight
that individuals may display difficulties in isolated areas
comparable to those with autism, yet do not meet the
criteria for formal diagnosis [13]. Considering the pres-
ence of these broader autism characteristics or an atyp-
ical autism phenotype is therefore imperative when
aiming to meet individual needs regarding support and
service use.
A notable increased prevalence of autism has been

identified for those born very preterm (4–6%) [14].
Lower birth weight, earlier gestational age at birth and
male gender have been associated with heightened rates
of autism in preterm samples [15]. Historically, clinical
resources were focussed towards those very preterm
births (<32+0/7 weeks), who represent around 10% of all
preterm births [16], with infants born closer to the term
often considered to be as biologically mature as term-
born infants [17]. Recent literature has documented a
shift in understanding the needs of those born
moderately-late preterm (32–36 weeks of gestation),
who represent the majority of all preterm births [18]. Al-
though children born moderate-late preterm often
present without immediate medical complications, they
are still at greater risk for adverse neurodevelopmental
outcomes and even at greater risk of infantile mortality
than those born at term [19]. In an attempt to recognise
the difficulties which those born closer to term experi-
ence, the definition ‘near term’ was changed to ‘late pre-
term’ to acknowledge that infants born closer to term
are still at heightened risk, with clinicians now consider-
ing gestational age and subsequent increased likelihood
as a continuum [20]. It is therefore important that the
synthesis of the current literature regarding neurodeve-
lopmental outcomes reflects this and considers out-
comes across gestational age without being limited to
those born at the earliest gestations.
A previous meta-analysis examined studies identify-

ing the prevalence of children who met clinical cut-
off for autism using comprehensive diagnostic assess-
ments [9]. A pooled estimate of 7% was returned.
This strategy was important in identifying the rates of
preterm children who are likely to obtain diagnoses.
It does not, however, address three vital concerns: (i)
studies using diagnostic assessments have tended to
focus on very preterm samples at the expense of
moderate-late preterm samples. Current literature
shows a clear bias within assessment methods and
population samples, in which diagnostic assessments

are used more in very preterm populations [21, 22],
whereas screening measures are utilised more in
moderate-late preterm groups [23]. (ii) Studies using
clinical cut-off on diagnostic assessments may miss
children born preterm who show atypical presenta-
tions. Research suggests prematurity may impact de-
velopment through distinct pathways, leading to
distinct behavioural phenotypes and potentially alter-
nate profiles of autism behaviour [24]. (iii) Studies
using diagnostic assessments provide no quantification
of those children who show sub-threshold difficulties
with social communication, interaction and restricted
repetitive behaviours. Screening tools are used more
commonly in preterm populations as a method of risk
stratification that is both cost and time effective [25].
Addressing these concerns is vital to ensure that
prevalence rates are better understood in (i) all chil-
dren born preterm, (ii) children with atypical presen-
tations and (iii) children whose traits may cause
significant difficulties, but may fall short of full diag-
nostic criteria identified via screening tools.
In summary, heightened rates of autism have been

identified in individuals born preterm. While methods of
early identification in high-risk samples have become
more reliable, the precise profile of autism characteris-
tics in individuals born preterm is not well documented.
Most recent prevalence rates confirm that preterm pop-
ulations are high-risk groups, yet meta-analytic ap-
proaches have excluded screening measures, meaning
they have focussed mainly on very preterm groups, and
those with the most typical and severe presentations.
Therefore, the present systematic review and meta-
analysis aim the following:

i. Synthesise existing literature and calculate pooled
prevalence estimates for autism based on diagnostic
and screening measures of autism characteristics in
preterm samples.

ii. Compare pooled prevalence estimates in the
preterm population with estimates of autism in the
general population

iii. Identify participant characteristics that may be
associated with autism characteristics in preterm
samples

Method
Search strategy
Before a search was undertaken, the study was preregis-
tered on PROSPERO (Available at: https://www.crd.york.
ac.uk/prospero/display_record.php?ID=CRD4201
9125412). Search terms were generated from inspection
of relevant high-impact papers and recent meta-analyses
(See Table 1). Additionally, we hand-searched a recent
meta-analysis to identify further publications [9].
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Study selection
Initial searches returned 10,900 responses that were sys-
tematically assessed for suitability and inclusion (Fig. 1).
An initial automatic ‘de-duplication’ process was run
using EndNote software, with the corresponding re-
searcher then manually inspecting for any that were

missed. Papers were then assessed in three stages. For
the first stage of selection, we used predefined inclusion
and exclusion criteria to assess the titles/abstracts for in-
clusion. In the second stage, we reviewed papers against
stage two criteria in full text (see Supplementary Table 1
& Supplementary Table 2 in supplementary materials

Table 1 Search terms used to search Ovid MEDLINE, Ovid PsychINFO, Ovid Embase, Ovid Embase Classic and PubMed from the
beginning of creation to late January 2020

Search
terms

#1 Autism “autis*”, “autism*”, “autistic*”, “ASD”, “autism spectrum disorder*”, “PDD-NOS”, “PDDNOS”, “ unspecified PDD”, “pervasive developmental
disorder*”, “pervasive developmental disorder not otherwise specified”, “Asperger*”, and “Asperger* syndrome”. The premature search
terms included premature*”, “preterm”, “prematur*”, “low birth weight”.

#2 Preterm “premature*”, “preterm”, “prematur*”, “low birth weight”.

Fig. 1 A flow chart detailing papers included and excluded at each stage of screening and review

Laverty et al. Journal of Neurodevelopmental Disorders           (2021) 13:41 Page 3 of 12



for additional information). Finally, for the third stage,
we rated all included papers against a multi-level quality
matrix described below.
To eliminate the risk of researcher bias, two additional

researchers screened a subsample of papers at both
stages 1 and 2 outlined above (19%). They then com-
pleted quality ratings against the quality weighting
framework for all included papers. A good level of reli-
ability between the two independent researchers was ob-
tained (weighted Cohen’s Kappa 0.7). Where
discrepancies were identified, an agreement was made
between the two raters.

Quality criteria
The quality of all studies that progressed to stage three
of the review process was assessed using standardised
quality weighting criteria to control for threats to valid-
ity. The quality effects model extends the random-effects
model, allowing for papers rated as higher quality to be
given more weight in estimates of prevalence three key
areas were assessed; autism assessment, sample identifi-
cation and study design (Table 2).
A visual matrix of quality weighting is presented in

Table 3, alongside study characteristics and outcome
data. From each paper, data were then extracted and the
number of participants meeting cutoff for an autism
diagnosis was taken.

Statistical analysis
All estimated prevalence rates for autism in preterm
samples were extracted from papers remaining in the
final stage of review. These estimates were collated based
upon the type of assessment tool used; screening tools
or diagnostic assessments. These data were analysed to
generate two pooled prevalence estimates, with random-
and fixed-effects models created for both. Fixed-effects
models assume equal weighting of studies, with any
error attributed to sampling error, whereas random-
effects models allow the true effect to vary between stud-
ies, with weighting fluctuating between studies [73]. To

calculate the random-effects model within the current
study, the restricted maximum-likelihood estimator was
used. This estimator is more robust than traditional
DerSimonian-Laird estimates in non-normal distribu-
tions of effect, as the method restricts the likelihood esti-
mates to control for underestimation and minimise bias
[74]. This decision was supported from analysing the
Quantile-Quantile plots (see Supplementary Figure 1 in
supplementary materials), which suggested the fixed-
effects model did not conform to normal distribution. A
quality effects model (QEM) for each assessment
method was also produced to assess the impact of meth-
odological variation as defined and weighted by the qual-
ity framework outlined above, and this quality effects
estimate was compared to the random-effects estimate
(see Supplementary Figure 2 in supplementary mate-
rials). In order to explore the prevalence of autism
amongst individuals born preterm in comparison to
rates amongst the general population, odds ratios (OR)
with 95% CI were generated. This analysis compared the
random-effects pooled prevalence estimates from diag-
nostic assessment methods with the most recent total
population surveillance prevalence estimate for autism
diagnosis (one in 54) [75]. This particular population
surveillance was chosen given its use of gold standard
assessments and diagnostic and statistical manual defini-
tions to confirm the diagnosis. Data from this paper
were also referenced by the CDC and others widely sup-
port the conservative estimate of 1 in 54 as a representa-
tive and inclusive population estimate.

Results
Prevalence of autism characteristics in individuals born
preterm
52 studies were included in the final meta-analysis; 23
screening tools only, 22 direct assessment only and 7
both. Pooled prevalence estimates of autism using ran-
dom- and fixed-effects models were generated for both
screening tools and diagnostic assessment (See Figure 2).

Table 2 Quality Criteria for autism Assessment, Sample Identification and Study Design

0 – Poor 1 – Adequate 2 – Good 3 - Excellent

Autism
Assessment

Not
specified /
reported
Clinical
judgement
only

Informant report / self-report instrument
Screening instrument
Clinical judgement against specified
diagnostic criteria (DSM-5 or ICD 10)

Diagnostic instrument / interviews
-

Consensus from multiple assessments,
including at least one diagnostic
instrument

Sample
Identification

Not
specified /
reported

Single restricted or non-random sample
(specialist clinic or previous research
study)

Multiple restricted or non-random
samples (multi-region specialist
clinics)

Random or total population sample

Study
Design

Not
specified /
reported

Case series Historically identified cohort (e.g.,
via patient records)

Prospective cohort
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Screening tools
The fixed-effects model generated a weighted prevalence
estimate of 11% (z = 31.89, p = <.001; 95% CI 0.1018;
0.1151%) for autism characteristics in individuals born
preterm. The random-effects model generated a preva-
lence estimate of 20% (z = 7.97, p = <.001; 95% CI 14.98;
24.75%). The random-effects model extended with a
quality weighting estimated a prevalence of 21% (z =
8.39, p = <.001; 95% CI 16.38; 26.37%).

Diagnostic assessments
The fixed-effects model generated a weighted prevalence
estimate of 1% (z = 73.54, p = 0; 95%, CI 1.36; 1.43%) for
autism characteristics in individuals born preterm. The
random-effects model generated a prevalence estimate
of 6% (z = 5.8, p = <.001; 95% CI 3.74; 7.57%). The
random-effects model extended with a quality weighting
estimated a prevalence of 9% (z = 8.17, p = <.001; 95%
CI 7.19; 11.74%).
In summary, the prevalence of autism characteristics

was explored in individuals born preterm for both
screening tools and diagnostic assessments in turn, with
estimates ranging across the models created. Both fixed-
effects models revealed high levels of heterogeneity (I2 =
97.3–97.8%) indicating that the fixed-effects model is
not appropriate given it could not be concluded that
studies were conducted under similar conditions. The
random- and quality-effects models that account for

variability between studies and quality respectively pro-
duced estimates between 6 and 21% (screening tools;
random-effects model - 20%; quality effects model -
21%; diagnostic assessments; random-effects model - 6%;
quality effects model - 9%).

Sources of heterogeneity Analyses investigating influ-
ential studies did not identify any differences associated
with increased prevalence rates (see Supplementary
Figure 3 in supplementary materials).

Publication bias Visual inspection of funnel plots cre-
ated to detect publication bias showed a broad symmet-
rical distribution. Given the subjective nature of the
visual inspection, linear regression analysis was con-
ducted to statistically test for asymmetry [76]. A non-
significant result (p = 1.494) suggested no evidence of
publication bias, exaggerated estimates of smaller studies
or the inclusion of poor quality studies.

Comparing pooled prevalence estimates in the preterm
population with estimates of autism in the general
population
To explore the prevalence of autism amongst individuals
born preterm in comparison to rates amongst the gen-
eral population, odds ratios (OR) with 95% CI were gen-
erated. In the case of diagnostic assessments, OR
analysis suggested the odds of an autism diagnosis were

Fig. 2 Fixed- and random-effects pooled prevalence estimates for autism characteristics in individuals born preterm using screening and
diagnostic tools
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3.3 times higher in individuals born preterm than in the
general population (95% CI 0.24–47.60).

To identify participant characteristics that may be
associated with autism characteristics in preterm samples
To explore participant characteristics associated with
autism characteristics, the influence of participants’ age
at assessment and gestational age on prevalence rates
were assessed using a meta-regression (Table 4). Both
meta-regressions revealed no significant associations be-
tween age at assessment (screening tools, p =.118; diag-
nostic assessment, p =.579) or mean gestational age
(screening tools, p =.192; diagnostic assessment, p =.579)
and prevalence of autism characteristics. Due to insuffi-
cient data, it was not possible to assess the profile of aut-
ism characteristics in individuals born preterm and
consider how this differed from individuals born at term.

Discussion
The prevalence of autism characteristics in individuals
born preterm was systematically reviewed and meta-
analysed. This was the first study to meta-analyse data
across both diagnostic and screening tools. Due to the
inclusion bias present in studies using diagnostic assess-
ments, this meta-analysis therefore provides novel esti-
mates of prevalence across gestational age. The use of a
robust and standardised search strategy improves the ac-
curacy of estimates, with stringent inclusion and exclu-
sion criteria considerably enhancing the internal validity
of findings. Overall, autism characteristics were esti-
mated to have a prevalence rate of between 6 and 20%
for individuals born preterm, dependent upon assess-
ment method used. The odds of an autism diagnosis
were 3.3 times higher in individuals born preterm than
in the general population. Both meta-regressions re-
vealed no association between age at assessment or ges-
tational age and autism characteristics in preterm
samples. Results have significant clinical importance for
both individuals born preterm and the provision of
services.
Autism characteristics were present in 6–20% of pre-

term individuals in the current study. This is consider-
ably higher than general population estimates (1.5%;
[75]) and consistent with a recent meta-analysis of

autism in preterm individuals that included only diag-
nostic tools (7%; [9]). The current study confirms and
extends the findings that preterm individuals are more
likely to have difficulties consistent with an autism diag-
nosis and also show heightened rates of autism charac-
teristics compared to the general population.
The inclusion of data from papers that used screening

tools is a key strength of the current study, as these
prevalence estimates capture a broader range of autism
characteristics. One consideration when comparing
screening measures to diagnostic assessments is that the
differing tools are perhaps asking different questions;
one surrounding the presence and levels of autism char-
acteristics while the other only identifies those that reach
diagnostic cutoff. It has previously been suggested that
screening measures are not as valid as diagnostic assess-
ments [77], over-identifying the individual likelihood of
autism [78]. Nevertheless, screening measures are in-
creasingly used to help reduce clinical waiting lists and
enable earlier access to support, which has been shown
to improve outcomes [79]. The results from this meta-
analysis suggest that 1 in 5 children born preterm war-
rants further assessment for autism, and as such, future
research should quantify the extent to which screening
tools within preterm samples generate prevalence esti-
mates similar to diagnostic tools through the consider-
ation of their psychometric properties.
High levels of heterogeneity were identified during

analysis (I2 = 97.3–97.8%). A potential reason for the
high heterogeneity could be the variability in both sam-
ple identification and populations studied. Studies with
poorly identified samples (inclusive of all gestational
ages) provided lower prevalence estimates of autism
characteristics, while studies with well-defined samples
consistently comprised individuals born very preterm,
where rates of autism characteristics identified are not-
ably higher than those born closer to term [80]. This has
wide implications for future research; studies of neuro-
developmental outcomes should adhere to classifying
groups using standard definitions of prematurity and
consider these outcomes across all gestational ages.
While samples continuously use differing definitions of
prematurity, the ability to assess these groups robustly
decreases.

Table 4 Participant characteristics influencing the prevalence of autism diagnosis in individuals born preterm

Covariate Estimate S.E. Z p Lower 95%CI Upper 95%CI

Screening tools

Age at assessment −0.00010 0.0005 −1.9172 .0552 −0.0021 0.0000

Gestational age −0.0080 0.0144 −0.5546 .5791 −0.0362 0.0202

Diagnostic tools

Age at assessment −0.00005 0.0004 −1.3022 .1928 −0.0012 0.0002

Gestational age −0.0175 0.0112 −1.5602 .1187 −0.0394 0.0045
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To explore the influence of gestational age on preva-
lence estimates of autism characteristics, both meta-
regressions were conducted on available data. No signifi-
cant associations were found between the gestational age
of participants and autism characteristics. Previous re-
search has highlighted an increase in autism prevalence
amongst those born very preterm when compared to
those born closer to term [45, 61]. Although the results
of the current analysis suggest no significant difference,
caution must be taken with interpreting this result. A
noteworthy limitation of this analysis was the lack of
power and clarity in sample descriptions reporting ef-
fects across included studies. As mentioned previously,
the most well-defined populations are often those born
very preterm, with most of the current studies simply
providing a mean gestational age. It is vital future re-
search clearly defines participant groups so that out-
comes can be rigorously stratified.
Further analysis was conducted to explore any mediat-

ing effect age of assessment had upon autism prevalence
estimates, with no significant associations found. Re-
search highlights the reliability of diagnosis as young as
24 months [81], and the beneficial impact this can have
upon service use and support [82], the current study did
not identify a significant difference in prevalence based
upon the age of assessment, although more research
would be needed to confidently rule out any effect of
age. While this could suggest the stability of autism
across the lifespan, there was again a large amount of
missing data surrounding the age of participants at as-
sessments. Research has highlighted the importance of
understanding the early behavioural phenotype of pre-
term infants, as early behaviours and increased likeli-
hood could all result in a later diagnosis of autism [70].
In line with World Health Organization (WHO) guid-
ance on routine early medical and developmental follow-
up after preterm birth [83], and with evidence that
poorer outcomes can be identified throughout the life-
span, it is important future research focuses on provid-
ing assessments and intervening at a younger age.
Due to insufficient data, it was not possible to assess

the profile of autism characteristics in individuals born
preterm and consider how this differed from autism
characteristics in individuals born at term. This high-
lights a substantial gap in the current literature, as sub-
scale scores for social communication and restricted
repetitive domains are consistently not reported, despite
diagnostic and screening tools providing these outputs.
While many studies utilised standardised assessment
methods that are well validated, the omission of reported
subscale scores significantly impacts any conclusions
that can be drawn from them. Recent literature high-
lights that individual characteristics and traits (often
measured separately through subscales of measures) are

often deemed more important than an overall ‘autism
severity’ score [84]. Similarly, current interventions tar-
get specific social cognitive differences and or divergent
social behaviours evidenced in individuals with autism
characteristics instead of a global level [85–88]. Without
precise documentation of the profile of autism evidenced
by individuals born preterm, it is not yet clear if inter-
ventions created for use in term populations with autism
can be successfully used for individuals born preterm.

Conclusion
The results of this meta-analysis are of significant clin-
ical importance. Following the publication of the WHO
recommendations for improving outcomes of those born
preterm, neurodevelopmental outcomes of preterm in-
fants are considered to be of particular importance [69].
Services offered to preterm individuals are lacking, with
further support deemed necessary in areas such as infant
neurodevelopment as well as more specific domains
such as feeding and sleeping. Current data show consid-
erably elevated prevalence of autism characteristics in in-
dividuals born preterm; it is therefore vital that services
providers reflect this increased likelihood in the support
and professional follow-up they offer.
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