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Castilla y Len and they were offered an appointment to conduct a neuropsychological assessment.

The children who showed signs of ASD were referred to the diagnostic unit for
differential diagnosis.

Results: A total of 57 children completed full assessments, with 4 confirmed ASD
diagnoses. The estimated prevalence was 7.02%. There were statistically significant
weak correlations between ASD and gestational age (tb = -0.23), and birthweight
(tb = -0.25), suggesting there is a higher likelihood of developing ASD for those born
smaller or earlier in their gestation.

Conclusion: These results could improve ASD detection and outcomes for this

vulnerable population while also supporting and enhancing previous findings.
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1 | INTRODUCTION

Preterm birth refers to any birth before 37 weeks of gestation® and is
a key contributor to childhood morbidity.? It is more common in low
and middle-income countries, with 5,9% of births being preterm in
Spain in 2020.2 However, with improvements in neonatal care, the
rate of survival for prematurely born children has increased.*
Although there have been advances to reduce the incidence of
problems associated with premature birth, there is still a higher risk of
physical and neurodevelopmental disorders co-occurring for this
population, such as behavioral and learning difficulties and deficits in
executive function.’

Another factor that has been associated with neurologic
disability and diminished language development is low birthweight
(BW).° Very low birthweight (VLBW <1500g) or extremely low
birthweight (ELBW < 1000 g)” are often the result of preterm birth or
some form of growth restriction within the uterus. In fact, the
combination of low gestational age (GA) and low BW has been shown
to lead to a heightened risk of many physical and developmental
problems.®

Growth percentiles (GPs) are a way to view the measures of GA
and BW together. Newborns who are small for gestational age (SGA),
meaning lower than the 10th centile,” have not only more risk to be
born preterm, but also to develop more neonatal health difficulties in
the long term.!® In recent meta-analyses, preterm birth was
associated with a larger variety of neurodevelopmental trajectories,*!
while SGA and slow growth rate could lead to cognitive impairment
through childhood.'?> Measures to estimate fetal and postnatal
growth are still contentious regarding what factors better define
growth curves in different populations (see Cordova & Belford*® and
Easter'® for more details regarding preterm children).

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder whose symptoms usually appear in early childhood and is
characterized by difficulties in communication and social interaction,
in addition to presenting repetitive behaviors, stereotyped interests,
and unusual sensory behaviors that affect many areas of the daily
life.'* ASD has been linked with preterm birth, with a recent meta-
analysis reporting a preterm ASD prevalence of 7% (one in 14;
confidence interval [Cl] =4%-9%),'> which is higher than a preva-
lence of 2.3% (one in 44) found in the general population.'®” This
difference suggests there is a higher prevalence of ASD in the
population with premature birth. Hence, further study of the
expression of ASD in preterm birth samples can be seen as an
important contribution to this field.

It is important to note that the probability of an ASD diagnosis is
often calculated for the entire preterm population. For example, a
subject who was born with a GA of 36 weeks and another with a GA
of 25 weeks would be treated as part of the same group to be
compared to the general population or other groups as categorical
data (see Agrawal et al.'> and Wang et al.*®). However, there is the
possibility that a child with lower GA, BW or GP, within the preterm
population, would have a higher likelihood to develop ASD.

Given the results of the recent meta—analysis,15 GA, measured in
weeks, was hypothesized to be a potential risk factor of ASD.
Alternatively, BW, which is highly associated with GA, might be a
better way to estimate ASD risk, as it can be measured more
accurately than GA and could better represent the actual develop-
ment of the child. It was thought that GP may also be a good
predictor of ASD risk, where a lower GP would mean higher risk. Up
until now, there has not been any study in Spain that has analyzed the
prevalence in premature populations or evaluated the link between
ASD and BW, GA, or GP.

Therefore, the main objective of this research was to study the
frequency of ASD in a preterm birth and VLBW sample of children
born between 2009 and 2011 in the northwest of Spain. This
included gaining a better understanding of the relationship between
ASD and GA, BW, or GP.

2 | METHODS

2.1 | Case ascertainment

This was a cross-sectional study with a sample comprised of 133
children, which was the full sample of children born preterm, VLBW
and admitted to the neonatal intensive care unit (NICU) of
the Salamanca University Hospital between 2009 and 2011 (see
Figure 1). The study was performed during the period of 2018-2020
(when children were between 7 and 10 years old) and was put on
hold in February 2020 due to COVID-19.

Recruitment procedure was established in two stages to
ensure contact with the full sample. In the first stage, families
from the selected sample were contacted via written letter. The
letters enclosed information about the study, an informed consent
agreement and a postage paid return envelope for families to
return a signed copy of the informed consent, in the case that they
agreed to collaborate with the research. Once the research team
had received confirmation of participation, families were given an
appointment to undergo initial assessment for the study via phone.
In the second stage, families who did not respond to the letter
were contacted by telephone to briefly explain the study and ask
for collaboration. All parents who agreed to participate in the
study were asked to sign the informed consent form before any
evaluation took place.

2.2 | Assessments and measures

2.2.1 | Demographics and postnatal factors

Demographics and postnatal information were collected from
patien's clinical record from the NICU. A short questionnaire relating
to demographic and personal information was also given to the

parents.
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FIGURE 1 Sample selection, recruitment, and assessment flow diagram.

2.2.2 | Assessments

Wechsler Intelligence Scale for Children-fifth edition (WISC-V)*?
was used to measure cognitive development and the Autism
Diagnostic Observation Schedule-2 (ADOS-2) module 3%° was
applied to study ASD symptomatology and to support diagnostic
evaluation. Diagnostic and Statistical Manual of Mental Disorders-5
criteria for ASD were used as a diagnostic gold standard.'*

Positive cases on the ADOS-2 were referred to both the
diagnostic team from the research unit and the neuropaediatrician
from the National Health System (NHS) of the Salamanca University
Hospital to confirm the diagnosis.

2.3 | Data analyses

Frequencies were estimated using Wilson score interval with
continuity correction to compare the proportion of ASD in the
sample to general prevalence rates. Kendall's tb correlation
coefficient was calculated to see if there was any relationship
between GA, BW, GP, and ASD diagnosis. A th 2 0.13 (equivalent to a

Pearson's r of 0.2) but <0.27 (Pearson's r of 0.4) was considered a

weak association; 20.27 but <0.5 (Pearson's r of 0.7) as moderate;
and a tb 2 0.5 as a strong association. Statistically significant results
were evaluated at p < 0.05 and were onesided.

The sample was stratified based on the GA subcategories
recommended by the World Health Organization (WHO).?! GP at
birth were calculated with the GP calculator from the WHO?? using
the GA in weeks and the birthweight in grams reported in the NICU
records, alongside the children's sex.

Statistical analyses were performed using Statistical Package
Social Sciences (SPSS) for Windows (version 23; IBM SPSS Statistics).

3 | RESULTS
3.1 | Sample characteristics and prevalence of ASD
in the sample

A total of 133 children were included in the sample from the NICU of
which 119 were eligible for collaboration in the study (see Figure 1).
Of these, 64 agreed to participate, although only 57 completed
full assessments, of which 4 children received a confirmed ASD
diagnosis.
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TABLE 1 Sample characteristics.
Non-ASD
ASD cases cases
Gestational age (weeks) N=4 (%) N =53 (%)
24-27 (extremely preterm) 3 (75) 9 (17)
28-31 (very preterm) 1(25) 28 (53)
32-36 (moderate or late preterm) 16 (30)
Birthweight (g) N=4 (%) N =53 (%)
560-999 2 (50) 10 (19)
1000-1249 2 (50) 17 (32)
1250-1500 26 (49)
Growth percentiles for N=4 (%) N =53 (%)
gestational age

Percentile < 2.5 3 (75) 27 (51)
Percentile > 3-9 9 (17)
Percentile > 10-49 10 (19)
Percentile > 50-100 1 (25) 7 (13)
Sex N =4 (%) N =53 (%)
Male 3 (75) 24 (45)
Female 1 (25) 39 (55)
Assessment age (years) N=4 (%) N =53 (%)
7-8 1(25) 21 (40)
9-10 3(75) 32 (60)
1Q score N=4 (%) N =53 (%)
<69 1(2)
70-85 5(9)
86-99 20 (38)
100-115 4 (100) 25 (47)
2116 2(4)

Abbreviations: ASD, autism spectrum disorder; IQ, intellectual quotient.

Mean age for the total sample at evaluation (N =57) was 8.76
(SD=0.86) and the mean intellectual quotient (IQ) was 98.19
(SD =12.03). Of the four ASD cases, three (75%) were extremely
preterm and in the lowest 2.5 GP (see Table 1). Non-ASD cases were
mostly very or late preterm (83%), 51% had GP lower than 2.5, and
only a 13% were above median weight (GP = 50).

There was a 54% participation rate (N=119 and 64 families
willing to participate with the study, see Figure 1), giving a proportion
of 7.02% (95% Cl=2.27%-17.83%) of ASD cases in this sample. A
statistically significant weak correlation was found (tb=-0.23,
p <0.05) between GA and ASD diagnosis, suggesting a lower GA
increases the likelihood of ASD diagnosis (see Table 2). Similarly, the
correlation between ASD diagnosis and BW were statistically
significant as well (th=-0.25, p<0.05), although the strong
statistically significant association between GA and BW (tb =0.57,

TABLE 2 Kendall's tb correlations.

GA (week) BW (g) GP
ASD diagnosis ™ -0.23* -0.25* -0.05
p (unilateral) 0.03 0.01 0.34

N 57 57 57

Abbreviations: ASD, autism spectrum disorder; BW, birthweight; GA,
gestational age; GP growth percentile.

*p <0.05.

p < 0.01) could mean they are confounding factors. Three of the four
ASD cases had a GP < 2.5 and the other was the only case in the
whole sample that had a GP =90. However, GP did not show a
statistically significant correlation with ASD diagnosis in this sample
(see Table 2).

4 | DISCUSSION

The main aim of this research was to study the preliminary results of
ASD prevalence in preterm and VLBW children from the northwest
of Spain. The estimated ASD prevalence for this sample was 7.02%
(95% Cl=2.27%-17.83%), which, although the Cl is quite large, is
similar to the data shown in Agrawal et al.!®> Other European studies
reported a higher prevalence of 12.7% in a sample of very preterm
children (N = 55) at the age of 3 years old?%; or 11.9% in a cohort of
extremely preterm children (N=84) at 6.5 years old.?* Likewise,
another study with preterm children showed a higher prevalence of
15.3% in a VLBW sample (N = 59) with an average age of diagnosis of
approximately 4 years old.2®

Additionally, the prevalence rate of ASD reported by the Centers
for Disease Control and Prevention (2.3% or 1/44) is higher than
those found in Europe. For example, a roughly 12-fold increase is
seen when the rate found in this study is compared to the 0.59%
(95% Cl =0.48%-0.73%) population prevalence, reported by Fuentes

etal.?®

in a Spanish study; or similarly if European prevalence studies
are taken as reference.?”%° This highlights the increased likelihood of
ASD for very preterm and VLBW children in Spain and even with a
small sample size, these results are statistically significant.

Regarding GA and BW, both obtained a weak statistically
significant association with ASD diagnosis. In a meta-analysis that
used risk ratios, both GA lower than 36 weeks and low BW were
found to have significantly higher risk ratios for ASD.*® The current
study found a statistically significant relationship between GA and
ASD diagnosis, as well as between BW and ASD diagnosis, without
reducing the dimensionality of the data. Overall, the current study
suggests that treating GA and BW as continuous variables would
allow for a better modeling of the relationship with ASD, although
this would require a wider collaboration or data sharing to obtain
sufficient data.

In relation to GP, no association was found. However, three of

the ASD cases were SGA, while the other case was large for
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gestational age (LGA > 90th percentile), which was also the only LGA
in the sample. This result is in line with other studies that have shown
that both SGA and LGA have an increased risk of ASD, although the
increased risk of LGA has normally been found in at-term cases
instead of preterm.®1%2 These results suggest that a nonlinear
relationship may exist between GP and ASD.

4.1 | Limitations and future research

As mentioned before, the number of participants made it difficult to
obtain statistically significant results. As the VLBW criteria was quite
restrictive, with only around 0.22% of births being under 1500 g,
relaxing this criteria would lead to a larger sample size to evaluate.
Participation in this study was adequate (54% of the 119 families
which were contacted, see Figure 1), but there may be a participation
bias as to why some families refused to collaborate (4%) or were
unresponsive (20%).

Further research is needed with larger samples to generalize
evidence shown in this study, but as this is first study in Spain which
reports ASD prevalence data in a sample of preterm and VLBW
children, it can be seen as an important step towards better
understanding. The follow-up of different cohorts over time would
help to better describe ASD prevalence and characteristics in preterm
children and support the development of specific early detection

programs and interventions.

5 | CONCLUSIONS

This is the first study in Spain which reports preliminary ASD
prevalence data in a sample of preterm and VLBW children. The
estimated prevalence for the sample was 7.02% (95% Cl=of
2.27%-17.83%), suggesting a higher prevalence than the general
population. These results support the latest meta-analyses and
studies regarding ASD for preterm children. Furthermore, using GA
and BW as continuous variables was shown to be a potential method

to help predict ASD diagnosis.
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