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Introduction: Very preterm birth is an important risk factor for autism spectrum disorder (ASD). The aim of this
study is the early detection of ASD risk, using a follow-up protocol, in children weighing less than 1500 g at birth
or born before 32 weeks of gestation.

Methods: This is a prospective longitudinal study in which a total of 133 very premature babies were monitored to
the age of 2 years with the M-CHAT autism screening test and, in the event of a positive result, the Autism
Diagnostic Observation Schedule (ADOS-2).

Results: 53 cases (4 out of 10) screened positive, and the rest negative. Among the positives, the ADOS-2 was
administered in 50 cases, of which 24 scored above the ASD cutoff point. The average age of detection was 25.39
months. The results suggest an estimated prevalence of ASD in the very premature population of 18.46 %.
Conclusions: The application of the follow-up protocol in the very premature population is effective for early

detection of ASD.

1. Introduction

Autism spectrum disorder (ASD) is a neurological development dis-
order characterised, according to the Diagnostic and Statistical Manual
of Mental Disorders [1], by deficits in communication and social inter-
action, and restrictive and repetitive behaviour patterns. Recent publi-
cations indicate that while the current prevalence is around 2.7 % in the
general population [2], this is increasing, making it a global public
health issue [3]. However, premature babies are particularly vulnerable
to neurological morbidity. This vulnerability increases as gestational age
and birth weight decrease [4], with ASD prevalence considerably
higher, up to 6 %, in the premature population [5], and up to 20.8 % in
the very premature population (less than 32 weeks of gestation) [6].

Due to the strong association between extreme prematurity and the
risk of ASD, the Spanish Neonatology Society [7] recommends applying
a follow-up protocol for children up to 32 weeks of gestation and/or up
to a birth weight of 1500 g. This consists of common action guidelines
that aim to standardise activities according to good practice criteria,

ideally up to 7 years of age, or even until adolescence [7]. The protocol
recommends specialised ASD screening with the Modified Checklist for
Autism in Toddlers (M-CHAT) for all premature babies between 18 and
24 months of age and, if positive, performing a formal assessment.
Currently, the age of ASD detection varies a great deal, although a
recent meta-analysis places it at an average of 60 months [8]. Lowering
the age at detection to 24 months is essential, as early interventions can
improve developmental and social adaptation prospects for people with
ASD [9]. The main goal of our study is to identify subjects at high risk of
ASD around 24 months of age using the Spanish Neonatology Society
follow-up protocol [7] for children weighing less than 1500 g at birth or
born before 32 weeks of gestation. As a secondary objective, we aim to
determine the estimated prevalence of ASD in very premature babies.

* Corresponding author at: Carles Soldevila, 26, 2-3, 0840, Santa Maria de Palautordera (Barcelona), Spain.

E-mail address: marta.marins@autonoma.cat (M. Marin Soro).

https://doi.org/10.1016/j.braindev.2024.08.006

Received 10 May 2024; Received in revised form 5 August 2024; Accepted 26 August 2024

Available online 5 September 2024

0387-7604/© 2024 The Japanese Society of Child Neurology. Elsevier B.V. CC BY-NC-ND 4.0 This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:marta.marins@autonoma.cat
www.sciencedirect.com/science/journal/03877604
https://www.elsevier.com/locate/braindev
https://doi.org/10.1016/j.braindev.2024.08.006
https://doi.org/10.1016/j.braindev.2024.08.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.braindev.2024.08.006&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Marin Soro et al.
2. Material and methods
2.1. Study design and participants

This is a prospective longitudinal study in which premature babies
were followed up from birth until 4 years old. The study was approved
by the Clinical Research Ethics Committee at Vall d'Hebron Hospital,
Barcelona in October 2019.

Between 2019 and 2020, neonates born before 32 weeks gestation or
weighing less than 1500 g at birth and admitted to the hospital's
Neonatal Intensive Care Unit (NICU), were included in the study. Chil-
dren with severe motor impairment were excluded.

Taking the findings of previous meta-analyses [10,11] into account,
potentially relevant prenatal, perinatal, and postnatal data were
collected during admission (Table 1). Subsequently, the data were
supplemented with the hospital discharge report and recorded in a
comprehensive database. At 24 months, the M-CHAT-R/F was admin-
istered to the parents or primary caregivers face-to face at the hospital
or, in some cases, by telephone due to restrictions in place during the
COVID-19 pandemic. Children who screened positive for ASD were
formally assessed using the ADOS-2 T Module at the hospital by a
researcher clinically certified in ADOS with extensive clinical experi-
ence. They were recorded on video, with the prior authorisation of the
families, and scores for all 41 items were obtained. The range of concern
was established and a written report with the results and intervention
recommendations was given to the parents. Finally, subjects who
screened negative were monitored and assessed at 48 months with the
Childhood Autism Spectrum Test (CAST) with the aim of detecting
possible false negatives. Informed consent was obtained individually
from the parents or guardians of all study participants.

Table 1
Characteristics of the study population.

Variables Number of participants

(%)

Gestational age (days), mean (SD)
Birth weight (grams), mean (SD)

204.96 (19.58)
1139.89 (343.77)

Sex: male 68 (51.13)
Mother born abroad 67 (50.38)
Maternal age at pregnancy (years), mean (SD) 33.48 (5.55)
Paternal age at pregnancy (years), mean (SD) 36.22 (6.86)
Substance misuse - Mother (including tobacco and 18 (13.53)
alcohol)
Substance misuse - Father (including tobacco) 28 (21.37)
Mother's education: up to secondary 44 (33.08)
Father's education: up to secondary 50 (38.17)
Assisted reproductive technology 38 (28.57)
Dystocic delivery 111 (83.46)
Length of stay in NICU (days), mean (SD) 69.55 (36.02)
Twins 54 (40.60)
Preeclampsia 32 (24.06)
Incomplete corticosteroid maturation 21 (15.79)
IUGR 38 (28.57)
Chorioamnionitis 38 (28.57)
Abnormal Presentation (breech, transverse, buttocks) 59 (44.36)
Apgar 5 min < 7 (n = 131) 33(25.19)
Apgar 10 min < 7 (n = 118) 9 (7.63)
Umbilical artery pH <7.20 (n = 103) 9 (8.74)
Umbilical vein pH <7.28 (n = 108) 50 (46.30)
Length (centimetres), mean (SD) 36.88 (4.14)
Head circumference (centimetres), mean (SD) 26.23 (2.88)
Severe CNS abnormality 23 (17.29)
Ductus 31 (23.30)
BPD 37 (27.82)
ROP > 2 26 (19.55)
IVH > 2 15 (11.28)

Abbreviations: CNS = Central Nervous System. BPD = Bronchopulmonary
Dysplasia. ROP = Retinopathy of Prematurity. IVH = Intraventricular Hae-
morrhage. IUGR = Intrauterine Growth Restriction.
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2.2. Definition of the study variables

2.2.1. Modified Checklist for Autism with Follow-Up Interview (M-CHAT-
R/F)

The M-CHAT [12] is an autism screening questionnaire applicable
from 16 to 30 months of age. It consists of 23 items and the interview is
considered to be a screen positive if the child fails any two items on the
follow-up. The M-CHAT-R/F includes a follow-up interview [13] that
significantly improves the predictive values of ASD [14], with a pooled
sensitivity of 83 % and a pooled specificity of 94 % [15].

2.2.2. Autism Diagnostic Observation Schedule (ADOS-2)

The ADOS-2 [16] is a structured and standardised assessment tool for
autism through direct observation of the subjects' behaviour while they
perform different activities. The Toddler Module [17] is designed to
assess children between 12 and 30 months. It collects scores on 41 items,
based on language, social communication and relevant behaviours, and
establishes three ranges of concern: from little-to-no, from mild-to-
moderate, and from moderate-to-severe. For the clinical diagnosis of
autism, the most accurate cutoff is 12 points in nonverbal children and
10 points in children with some words. The area under the curve (AUC)
of these cutoff points is 0.92 and 0.96 respectively, indicating excellent
diagnostic validity [18].

2.2.3. Childhood Autism Spectrum Test (CAST)

The CAST [19] is an ASD screening tool applicable from 48 months
onwards consisting of 37 questions addressed to parents or caregivers. In
the Spanish version, the most accurate cutoff for a positive screen is set
at 15 points, with a sensitivity of 83.9 % and a specificity of 92.5 % [20].

2.3. Statistical analysis

2.3.1. Descriptive statistics

The R programming language version 4.2.2 (R Core Team, 2022) was
used for statistical analysis, and descriptive statistics were performed to
summarise the characteristics of the sample, as well as to present mea-
sures of central tendency, dispersion, and frequency of the variables of
interest.

2.3.2. Justification of sample size

For the determination of sample size, we performed power statistical
calculations using the function pwr.p.test in R. These analyses demon-
strated that our sample was adequate to identify a significant difference
in the prevalence of ASD in very premature babies. With a power of 90 %
and a significance level of 5 %, we assumed as a unilateral hypothesis
that this prevalence exceeds that of the general population. This pro-
vided a solid basis and increased the robustness of our statistical
findings.

3. Results
3.1. Characteristics of the participants

A total of 133 neonates weighing less than 1500 g or born before 32
weeks of gestation were included. Fig. 1 shows the study flow diagram.
Of the 133 infants, 68 were male and 65 were female, with a
gestational age of 204.96 + 19.58 days and a birth weight of 1139.89 +
343.77 g. All the characteristics of the participants are listed in Table 1.

3.2. M-CHAT-R/F

The M-CHAT-R/F screening of 133 very premature infants resulted
in 80 (60.15 %) negatives and 53 (39.85 %) positives. Of the negatives,
38 were girls (47.5 %) and 42 were boys (52.5 %); of the positives, the
distribution was 27 girls (50.94 %) and 26 boys (49.06 %). The average
chronological age at test administration was 22.72 + 3.01 months, and
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152
newborns under 1500g or 32 weeks
of gestation recruited

8 death
5 declined to participate
6 not located

133
followed up at 2 years of age

Fig. 1. Participants.

20.22 + 3.06 months corrected age.

3.3. ADOS-2

Of the 53 cases identified as positive, the assessment was completed
with ADOS-2 Module T in 50 (94.34 %) (Fig. 2), 35 of which were
administered to preverbal children or children with few words, and 15
to children with regular use of some words. There were 3 total losses, all
of them male children, which will be considered for the calculation of
descriptive statistics from this point onwards, reducing the total sample
from 133 to 130 subjects. On average, the test was applied at 25.39 +
3.78 months in chronological age, or 22.73 + 3.64 months in corrected
age.

3.3.1. Ranges of concern

The results of the 50 evaluable ADOS-2 cases showed that 20 subjects
(40 %) fell within the range of concern from little-to-no, 7 (14 %) from
mild-to-moderate, and 23 (46 %) from moderate-to-severe (Table 2).

Thus, of the total sample, 15.38 % obtained a range from little-to-no,
5.38 % from mild-to-moderate, and 17.69 % from moderate-to-severe
concern. Regarding sex differences, of the total number of girls in the
sample, 20 % are in the lowest concern range, 7.70 % in the intermediate
range, and 13.85 % in the highest concern range. In contrast, of the total
number of boys, the percentages are 10.29 %, 2.94 %, and 20.59 %
respectively.

3.3.2. ASD cutoff point

Of the 50 subjects assessed, subjects exceeded the most accurate
cutoff point for the diagnosis of ASD, which represents 18.46 % of the
total sample, while the remaining 26 were not at risk for ASD. This group
scores lower on the M-CHAT-R/F, with a mean of 3.92 + 3.39, compared

133
followed up at 2 years of age

80
negative screening (M-CHAT)

53
positive screening (M-CHAT)

3
Sample loss: 1 declined to
participate, 2 moved abroad

50
assessments (ADOS-2)

Fig. 2. General scheme of M-CHAT administration and ADOS-2T Module.
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Table 2
ADOS-2 module T results (%) classified by gender and rank of concern.

Moderate to severe
concern

Mild to moderate
concern

Little-to-no
concern

Boys 7 2 14
Girls 13 5 9
Total 20 (40 %) 7 (14 %) 23 (46 %)

to children who exceed the cut-off point, with a mean of 8.75 + 4.31. By
sex, 14 boys (21.54 % of the total) and 10 girls (15.38 % of the total) are
above the cutoff (Table 3).

3.4. CAST

Only 36 responses were obtained in the follow-up of negative
screenings with the CAST, (45 % of the sample), 34 of which confirmed
the negative result and the remaining 2 cases were positive, both with
borderline scores (exactly 15 points). According to these data, 94.44 %
of the subjects without ASD were correctly screened with the M-CHAT-
R/F.

4. Discussion

This study was designed to detect ASD early through the imple-
mentation of a follow-up protocol for very premature babies in the
healthcare system, as multiple previous studies identified prematurity
and low birth weight as risk factors for neurodevelopmental disorders.
The results suggest, as hypothesised, that the application of the follow-
up protocol is effective, as it allows the identification of subjects with a
high probability of ASD diagnosis around the age of two years, reducing
the average age of detection found in the literature by about three years
[8]. Interventions commencing before the age of 3 can have a greater
positive impact than those initiated after the age of 5 [21], making early
diagnosis (at 18-24 months) crucial in improving outcomes in children
with ASD, especially in cognitive, linguistic and socio-emotional func-
tioning [22]. It is important to note that early intervention has positive
effects not only on the individual but also on society, and it is ethical that
all children have access to such programmes [9]. The public health
system should provide support for diagnosis and treatment [2].

The results of our study suggest that 26 subjects, corresponding to 52
% of the sample who screened positive, are false positives. This is in line
with previous findings indicating that positive results on the M-CHAT
occur more frequently in very premature infants than in those born at
term [23], due to cognitive, visual, motor or auditory deficits.

However, regarding subjects who screened negative and were reas-
sessed at 48 months with the CAST, results showed that 94.4 % received
a new negative result. As such, the data suggest, in accordance with
previous studies [15], that the M-CHAT-R/F is a good screening tool,
especially for detecting negative cases. Nonetheless, since only 45 % of
the families responded to the CAST, these results must be interpreted
with caution.

To estimate the prevalence of ASD in our sample, we used the cut-off
point from the ADOS-2 Module for young children as it has demon-
strated excellent clinical validity [18]. The results suggest that 24 sub-
jects are at high risk of ASD diagnosis, representing an estimated
prevalence of 18.46 % in very premature babies. This is consistent with
the prevalence found in other studies with very premature populations

Table 3
Results of the 50 ADOS-2 Module T assessments by cut-off point.

Preverbal children with a score > 12 Verbal children with a score > 10

(N = 35) (N=15)
Boys 12 2
Girls 9 1
Total 21 3
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[6], significantly higher than that found in premature populations and
the general population [2]. However, a complete assessment in later
stages is required to confirm the diagnoses and verify the prevalence in
our sample.

Our study results revealed sex differences regarding proportion and
phenotype. With respect to the ratios between the sexes, there are dif-
ferences depending on diagnostic criteria. Specifically, when consid-
ering the highest concern range, the ratio of boys to girls is 1.8:1.
However, at the cutoff point for the diagnosis of ASD [18], the ratio is
slightly more even at 1.4:1. These results are similar to those found in
previous publications [6] and seem to indicate a more balanced sex ratio
in the very premature population than in the general population, which
is 3:1, respectively [24].

As for phenotype, the results obtained with the ADOS-2 Module T
indicate that it is more severe in males than in females, as the majority of
the boys evaluated (60.87 %) are in the most severe concern range,
while the majority of the girls (48.15 %) are in the lowest concern range.
This differs from the general population, in which girls diagnosed with
ASD present more severe symptoms than boys [25]. On the whole, it is
postulated that girls require a higher genetic load to be diagnosed with
ASD, hence there is a lower prevalence but greater severity [26]. We
hypothesis that prematurity, as an environmental factor, impacts the
brain development of girls and boys in different ways from the genetic
factors implied in children with mainly primary ASD. Further research
on these differences is warranted.

Some limitations of the study should be considered when interpret-
ing the results. Firstly, although the sample size calculation indicated
that the number of subjects was adequate, future studies should examine
larger samples to enhance statistical power and representativeness.
Moreover, as indicated in the Spanish protocol, appropriate follow-up
until adolescence [7] and a thorough assessment of ASD to confirm
the diagnosis would be advisable. Although the precision of the ADOS-2
cutoff point is high [18], it is possible that some cases may eventually
present altered neurodevelopment without meeting the criteria for ASD.
Lastly, only 45 % of the families responded in the follow-up of subjects
who screened negative. The low response may have been due to parents'
relief at receiving a negative result.

The present study has laid the groundwork for a range of future
research areas. Exploring the interactions between the variables in
Table 1 and the risk of ASD is essential. Detailed analysis of patient
backgrounds could help identify premature infants at high risk of
developing ASD. This knowledge would inform families of potential
risks when leaving the NICU, aiding in the early detection of ASD.

Knowledge on the early signs of ASD in premature newborns is scarce
and this is the first prospective longitudinal study on the matter [27].
This design allows the earlier detection of warning signs, which is
essential for designing individualised interventions before a formal
diagnosis, and better understanding their phenotype. Moreover, in our
sample, there is an equitable representation of the sexes, which re-
inforces the validity of our findings in relation to differences between
boys and girls. Lastly, the administration of the M-CHAT and the ADOS-2
was carried out by the same rater in all cases, which helps to ensure rater
reliability.

The main strength of our study lies in the fact that the imple-
mentation of a follow-up protocol in very premature babies, with a
particularly high prevalence of ASD, could lower the age of detection of
the disorder to around 24 months, which is essential for early diagnosis
and intervention. These would significantly improve the developmental
prospects and quality of life for people with ASD.
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