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Abstract 
Introduction  There is global concern about the increasing 
prevalence of autism spectrum disorders (ASDs), which are 
early-onset and long-lasting disorders. Although ASDs are 
considered to comprise a unique syndrome, their clinical 
presentation and outcome vary widely. Large-scale and 
long-term cohort studies of well-phenotyped samples are 
needed to better understand the course of ASDs and their 
determinants. The primary objective of the multicEntric 
Longitudinal study of childrEN with ASD (ELENA) study is 
to understand the natural history of ASD in children and 
identify the risk and prognostic factors that affect their 
health and development.
Methods and analysis  This is a multicentric, longitudinal, 
prospective, observational cohort in which 1000 children 
with ASD diagnosed between 2 and 16 years of age will be 
recruited by 2020 and followed over 6 years. The baseline 
follow-up starts with the clinical examination to establish 
the ASD diagnosis. A battery of clinical tools consisting of 
the Autism Diagnostic Observation Schedule, the revised 
version of the Autism Diagnostic Interview, measures of 
intellectual functioning, as well as large-scale behavioural 
and developmental measurements will allow us to study the 
heterogeneity of the clinical presentation of ASD subtypes. 
Subsequent follow-up at 18 months and at 3, 4.5 and 6 years 
after the baseline examination will allow us to explore the 
developmental trajectories and variables associated with 
the severity of ASD. In addition to the children’s clinical and 
developmental examinations, parents are invited to complete 
self-reported questionnaires concerning perinatal and early 
postnatal history, congenital anomalies, genetic factors, 
lifestyle factors, medical and psychiatric comorbidities, and 
the socioeconomic environment. As of 1 November 2018, a 
total of 766 participants have been included.
Ethics and dissemination  Ethical approval was 
obtained through the Marseille Mediterranean Ethics 
Committee (ID RCB: 2014-A01423-44), France. We aim to 
disseminate the findings through national and international 
conferences, international peer-reviewed journals, and 
social media.

Trial registration number  NCT02625116; Pre-results.

Introduction
Autism spectrum disorders (ASDs), which 
affect 1% of children and adults, are neuro-
developmental disorders typically diagnosed 
in early childhood, with a higher prevalence 
rate among males than females.1 They are 
characterised by deficits in social communi-
cation associated with a pattern of repetitive 
and stereotyped behaviours and interests/
activities, of which the clinical presentation is 
highly heterogeneous.2 3 The causes are still 
unknown, but are believed to be complex 
and multifactorial, associated with both 
genetic and environmental factors that prob-
ably dynamically interact during critical time 
windows, especially the prenatal and early 
postnatal periods.4 5 ASDs are a major cause 
of morbidity and disability, as they begin in 
very early life, are long-lasting, and6 7 often 
associated with many other chronic medical 

Strengths and limitations of this study

►► This study will constitute one of the largest stud-
ies of children with accurate diagnoses of autism 
spectrum disorder (ASD) prospectively followed for 
6 years to assess their outcome trajectories.

►► It will simultaneously assess multiple domains, en-
abling an indepth analysis of the natural history of 
ASD and its clinical heterogeneity, and examination 
of the prognostic factors.

►► The representative nature of our sample is limited as 
children are being recruited in autism centres.
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conditions that may also have a major negative impact on 
functioning and outcome.8 9 

Although there is no cure for ASD, targeted behavioural 
and developmental interventions are employed, but 
the evidence is still limited concerning how, when and 
for whom their efficacy is optimal among the large spec-
trum of individuals with autism.10 The family burden is 
important and leads to higher stress and a lower quality 
of life (QoL) than for other chronic conditions, but the 
impact is highly variable depending on the clinical pheno-
type.11–14 The economic and societal impact associated 
with ASD is also substantial and growing. Thus adequate 
care, well-adapted support structures for affected individ-
uals and their families, and effective treatment to improve 
daily functioning and outcomes are crucial.15

The extreme heterogeneity in clinical presentation 
and outcome is one of the most frequently raised issues 
by families and policy makers. It is also one of the most 
striking and puzzling aspects of ASD, in terms of overall 
independence and changes in autistic symptoms and 
behaviours over time, and  in terms of aetiologies and 
personalised medicine.16 The marked heterogeneity of 
ASDs has led to suggestions that rather than being consid-
ered a single disorder, it might be constructive to reframe 
ASDs as ‘the autisms’, thereby giving consideration to 
multiple aetiologies and distinct clinical entities.17 18

Although the heterogeneity of ASD, including genetic 
variability and comorbidity, is well established,19 knowl-
edge concerning the developmental course of symptom 
expression that defines ASD and the determinants of 
the diverse trajectories is still limited, as most longitu-
dinal studies are limited by retrospective design, short 
time frames and infrequent follow-up of the popula-
tions.7 19–21 In addition, even though there is a significant 
body of evidence that predictors of autism exist in early 
childhood, probably in part as a function of the multiple 
genes involved, the myriad of environmental factors and 
the co-occurrence of medical and mental health dysfunc-
tions, small sample size, and high age at recruitment still 
limit the general predictive and clinical value of such 
parameters.

Examining and deconstructing the heterogeneity of 
outcome trajectories represent both a promising route 
and a challenge for our understanding of the causes of 
ASD and the development of biomarkers of risk, predic-
tion and stratification.22 Recent studies attempting to map 
developmental trajectories in ASD have been published 
over the last few years but, with rare exceptions,23 24 most 
did not combine a large sample of young children, multidi-
mensional data collection and long-term follow-up.20 25–27 
Thus, it has been stressed that studies have to be longitu-
dinal, prospective and multicentre, with large and multi-
dimensional-based data collection, and the recent trend 
has been to move the targeted times of enrolment to very 
early in childhood.28

Our study aims to create, examine and prospec-
tively follow  up a large cohort of children, who live in 
France, with an ascertained ASD diagnosis, evaluating 

the long-term natural history of ASD features to further 
identify patterns of outcome trajectories associated with 
multiple clinical, developmental, behavioural, environ-
mental and social variables. We are specifically interested 
in providing a multidimensional analysis of the predictors 
of the heterogeneity of the long-term outcome trajectories 
of children with ASD. Such a study has a high potential to 
influence national policies in many aspects of healthcare, 
health promotion and disease prevention, and ultimately 
the well-being of the population.

Methods and analysis
Study design
This is a multicentric, ongoing, prospective longitudinal 
cohort study.

Study setting
This study is taking place in France and involves 50% of 
all French autism research centres (n=13). According to 
national guidelines, ASD diagnosis has to be based on an 
exhaustive multidisciplinary process. It is mainly achieved 
in France in secondary settings, but with inconsistencies 
in practices across areas. For these reasons, the recruit-
ment was planed from tertiary centres. These centres, 
spread throughout the French territories, are specialised 
in the assessment and diagnosis of ASD and other neuro-
developmental disorders and respectful of best prac-
tices guidelines. Children were ordinarily referred from 
primary or secondary care by their family doctor, child 
psychiatrist or paediatrician. Recruitment started in 2012 
and will continue until 2020 to include 1000 participants.

Study population
The  inclusion criteria are  participants between 2 and 
16 years of age, referred for a first diagnostic established 
by a multidisciplinary clinical assessment to one of the 
13 autism research centres, diagnosed with pervasive 
developmental disorders (PDDs) or ASD according to 
the International Classification of Diseases  (ICD) 10 
(which was recommended in France at the onset of the 
study29 30), and whose parents read and speak French. 
After the publication in France in 2014 of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-5), 
all the children were diagnosed with this classification, 
and those diagnosed before as PDD were recoded using 
DSM-5.

The exclusion criterion is parental refusal.

Patient selection, recruitment and initial assessment
Participants were recruited nationally in public settings 
from tertiary centres in the course of a multidisci-
plinary assessment. After ascertaining patient eligibility, 
information concerning the study protocol was given 
to parents during a medical consultation by the autism 
research centre investigator and their written consent 
was collected. Parents/caregivers who agreed to partici-
pate received online questionnaires about their child.
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As of 1 November 2018, 844 children were eligible to 
participate in the study and written parental consent was 
obtained for 766 (acceptation rate: 91%). A flow chart 
describing the study protocol and selection of the chil-
dren participating in the multicEntric Longitudinal study 
of childrEN with ASD (ELENA) study is shown in figure 1. 
The geographical breakdown of the included participants 
is uneven (illustrated in online supplementary figure A), 
with most of the cases recruited from the south of France.

Follow-up assessments
Following the baseline clinical examination (wave  0), 
subsequent follow-ups take place at 18 months (W1) and 
at 3 (W2), 4.5 (W3) and 6 (W4) years after the baseline 
examination, consisting of alternate postal/online ques-
tionnaires alone (W1 and W3) and postal questionnaires 
and clinical examinations (W2 and W4) to assess the 
evolution of pervasive clinical and behavioural symptoms 
of the disorder. At each visit (W2 and W4), a clinical 
report summarising the results of the assessments and the 
clinician’s analysis concerning the child’s outcome since 
the previous visit is provided to parents and local health-
care or educational services designated by the parents.

Study outcomes
The primary study outcome consists of the scores for the 
three domains of the Vineland Scale (communication, 
socialisation and daily living skills) as highly correlated 
with intellectual measures and adequately translating the 
individual’s cognitive abilities in real life.31–33 The Vine-
land Scale can be used in all children for each monitoring 

of the follow-up, even in those where cognitive tests 
cannot be performed.34

The secondary outcomes include autistic symptoms, 
sensory profile, language level, intellectual functioning, 
individual and familial QoL, parental stress, and school 
achievement. Autistic status was also reviewed and 
discussed by a committee of trained clinicians (child 
psychiatrists, psychologists and speech therapist) to 
obtain a consensus on the ASD diagnosis according to the 
DSM-5 criteria.

Data collection and study measures
Data are collected by licensed psychologists from the 
multidisciplinary clinical assessments using standardised 
tools at baseline and at each follow-up visit (detailed in 
table 1). The medical data are completed directly online 
at every site on a data entry form created via specific soft-
ware (Ennov Clinical). This software respects the recom-
mendations of the Food and Drug Administration (FDA) 
concerning informatics systems for the management of 
clinical trials and standards (clinical data interchange 
standards consortium (CDISC), International Confer-
ence on Harmonization (ICH), good clinical practice 
(GCP) 2001/20/CE). In addition, parents complete 
online self-reported questionnaires. All data are anony-
mous and personally identifiable information is stored 
separately from the other data.

The ASD diagnostic process is based on a two-step 
procedure. First, a certified child psychiatrist or psychol-
ogist administers a battery of four clinical tools consisting 

Figure 1  Flow chart of the 615 children from the ongoing open ELENA cohort. ELENA, multicEntric Longitudinal study of 
childrEN with ASD; W, wave.
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Table 1  Measurements of the ELENA study at the four timepoints of the follow-up

Measurement

Assessment
W0: 
baseline

W1:
W0+18
months

W2:
W0+36
months

W3:
W0+54
months

W4:
W0+72
monthsDirect clinical observation of the child

ADOS-235 An individual’s behaviour in the areas 
of communication, reciprocal social 
interaction, imagination/creativity, and 
stereotyped behaviours and restricted 
interests.

✓ ✓ ✓

Psychometric tests Cognitive level (best estimate IQ).40
✓ ✓ ✓

PPVT-R51 Receptive vocabulary. ✓ ✓ ✓

Parental interviews ✓

ADI-R36 Reciprocal social interaction, 
language/communication, and 
restricted, repetitive and stereotyped 
patterns of behaviour and expressive 
language with item 31.

✓

VABS-II37 Adaptive level (three domains: 
communication, socialisation and daily 
living skills).

✓ ✓ ✓ ✓ 

Parents’ self-reported questionnaire

About the child Medical report 
(tailored From NIMH)

Prenatal and perinatal, medical/
health problems, diagnosis, current 
medication, current nutrition and so 
on.

✓

Interventions report Interventions, scholarship, age at 
first psychiatric advice, age at first 
interventions and so on.

✓ ✓ ✓ ✓ ✓

Sensory Profile61 Sensory symptoms (quadrants, factors 
and sections).

✓ ✓ ✓ 

ABC60 Challenging behaviours (irritability, 
lethargy/withdrawal, stereotypy and 
hyperactivity).

✓ ✓ ✓ 

CBCL59 Child’s specific behaviours, emotions 
and emotional problems.

✓ ✓ ✓ 

Kidscreen-2753 Child’s QoL. ✓ ✓ ✓ 

About the parents Medical report 
(NIMH)

Pregnancy. ✓ 

Sociodemographic 
report

Parental characteristics (marital status, 
professional status, financial, autism 
training and so on).

✓ ✓ ✓ ✓ ✓ 

HADS56 Depression/Anxiety. ✓ ✓ ✓ 

WCC-R54 Coping strategies (problem-focused 
coping, emotion-focused coping and 
seeking social support).

✓ ✓ ✓ 

PSI-4-SF55 Stress score. ✓ ✓ ✓ 

Par-DD-QoL11 Parental QoL (emotional and daily 
disturbances score).

✓ ✓ ✓ 

Biological data

Blood CGH array, sequencing 456 genes 
involved in intellectual disability.

One time during follow-up.

ABC, Aberrant Behavior Checklist; ADI-R, revised version of the Autism Diagnostic Interview; ADOS-2, Autism Diagnostic Observation 
Schedule; ASD, autism spectrum disorder; CBCL, Child Behavior Checklist; CGH= Comparative genomic hybridization; ELENA, multicEntric 
Longitudinal study of childrEN with ASD; HADS, Hospital Anxiety and Depression Scale; NIMH, NationalInstitute of Mental Health; Par-DD-
QoL, Parental-Developmental Disorder-Quality of Life; PPVT-R, Peabody Picture Vocabulary Test-Revised; PSI-4-SF, Parenting Stress Index, 
Fourth Edition Short Form; QoL, quality of life; VABS-II, Vineland Adaptive Behavior Scales, Second Edition W, wave; WCC-R, French Ways of 
Coping Checklist.
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of the Autism Diagnostic Observation Schedule (ADOS-
2),35 the revised version of the Autism Diagnostic 
Interview (ADI-R),36 a best estimate of the intellectual 
functioning level and the Vineland Adaptive Behavior 
Scales, Second Edition (VABS-II)37 (all items are detailed 
below). Second, a committee of trained clinicians and 
child psychiatrists or psychologists discuss and review 
all cases to obtain a consensus on the ASD diagnosis (at 
baseline and follow-up) according to the ICD or DSM-5 
criteria, which were the recommended classification in 
France until 2018.38 The ASD diagnostic tools, all avail-
able in French version and used in previous French 
prospective cohorts, are as follows:

►► The ADOS-235 is a semistructured, standardised ques-
tionnaire that assesses four domains of the individual’s 
behaviour: (1) communication, (2) reciprocal social 
interaction, (3) imagination/creativity, and (4) stere-
otyped behaviours and restricted interests. Beyond 
the ASD diagnosis, ADOS provides a measure of the 
severity of the symptoms encompassing the (1) social 
affect (involving communication and social interac-
tion items) and (2) restricted and repetitive behav-
iour (involving repetitive and stereotyped behaviour 
items). Based on this assessment, a 10-point ADOS 
severity score is determined for each participant.35 39

►► The ADI-R36 is a standardised semistructured parent/
caregiver interview. It consists of 93 items and explores 
the child’s early development, acquisition of language 
skills, language and communication functioning, loss 
of both speech and motor skills, social development 
and play, interests, and behaviour. Three scores are 
derived to assess abilities in communication, social 
reciprocity, and restricted and repetitive behaviour. 
A fourth score that assesses expressive language and 
speech is derived but does not enter into the ASD 
diagnosis clinical tools.

In addition to the ASD clinical tools, the clinical exam-
ination of the child includes the following:

 The best estimate of intellectual level (defined as the 
ratio of the developmental age scores on age and mul-
tiplied by 100) is based on an age-appropriate test ac-
cording to the approach of Howlin et al.40 An intellec-
tual quotient is derived from the Wechsler Intelligence 
Scales41–46 and Kaufman Assessment Battery for Chil-
dren.47 When it is not possible to derive an intellectual 
quotient (when the participants cannot understand 
the test instructions or requirements), a developmen-
tal quotient is determined based on revised psychoedu-
cational profile48 and developmental scales.49 50

VABS-II37 is a standardised semistructured interview 
administered to parents to evaluate children’s adap-
tive skills. From this questionnaire, three subscores 
are commonly derived that assess the child’s abilities 
in communication, daily living skills and socialisation. 
The VABS-II evaluation has already been performed 
in a subsample of the study at 18, 36 and 72 months of 
follow-up (n=329 at 18 months, n=158 at 36 months and 

n=23 at 72 months of follow-up as of 1 November 2018; 
see figure 1).
Child language assessment: (1) The Peabody Picture 
Vocabulary Test-Revised51 52 comprised 170 items de-
signed to evaluate the general receptive vocabulary of 
children and adolescents. It is administered by speech 
therapists with no time limit. For each item of the test, 
the examiner says a word and the participant then se-
lects the corresponding picture from among four pic-
tures presented on a page. (2) Expressive language 
and speech are clinically described according to three 
levels: (a) spontaneous and functional speech with 
sentences, (b) utterances or phrase speech, including 
at least five different words, and (c) the use of fewer 
than five words measured using item ‘number 19’ of 
ADI-R.

In addition to the children’s clinical and developmental 
examinations, parents are invited to complete web-based 
self-reported questionnaires including the following:

Sociodemographic information: parent’s age, marital 
status, educational level, socioeconomic status and sib-
lings.
Medically relevant information: pregnancy, birth and 
neonatal care, as well as information on early devel-
opment, medical diagnoses assigned to the child and 
medical observations (related to prescribed medica-
tion, diet and gastrointestinal outcomes).
Intervention: age at first intervention, type of interven-
tion, and mainstream or specialised school.
Psychosocial information concerning (1) parents’ per-
ception of their child’s QoL using the Kidscreen-27 Pa-
rental Form53; (2) parents’ perception of the impact of 
ASD on their QoL using the Parental-Developmental 
Disorder-Quality of Life11 14; (3) parents’ coping strat-
egies using the French Ways of Coping Checklist54 and 
parents’ stress level directly associated with their par-
enting role using the Parenting Stress Index, Fourth 
Edition Short Form55; and (4) parents’ anxiety and 
depression using the Hospital Anxiety and Depression 
Scale.56

Child’s behaviour collected through standardised 
scales consisting of the following:

1.	 The Child Behavior Checklist 1–5 and 6–1857–59 is a 
norm-referenced measure that assesses a wide range of 
emotional and behavioural disorders in children aged 
1.5–5 years and 6–18 years, respectively, consisting of 
two broadband scales and five different DSM-oriented 
scales. Briefly, children in the clinical or borderline 
clinical range are compared with children in the nor-
mal range for each of the seven scales. The construc-
tion and cut-off for each range and each scale are 
detailed in online supplementary methods.

2.	 The Aberrant Behavior Checklist60 is  a 58-item be-
haviour rating scale that measures behavioural prob-
lems across four domains: irritability, lethargy/with-
drawal, stereotypy and hyperactivity. For each domain, 
scores are computed and reduced to a scale of 100, 
with higher scores indicating higher levels of aberrant 
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behaviour. More details are provided in online supple-
mentary methods.

3.	 The Sensory Profile61 is  a caregiver questionnaire of 
125 items measuring sensory processing abilities. 
Results are presented in four quadrants: low registra-
tion, sensory seeking, sensory sensitivity and sensory 
avoiding. Lower scores indicate more severe sensory 
processing difficulties.

In addition, linkage of the ELENA study children to the 
anonymised French National Health Data Base will allow 
the group to collect data on medication, hospitalisation 
events and history since birth. Medical events and drug 
consumption during pregnancy will also be collected.

Data quality control procedures
The study is coordinated by the Autism Resources Center 
of Montpellier University (AB is the scientific coordi-
nator). We have implemented quality control procedures 
concerning training and data collection in all centres of 
the ELENA study. Meetings were organised in each centre 
before the beginning of enrolment to set up protocol 
procedures. We ensured that ADOS and ADI were admin-
istered and scored by qualified/certified personnel. We 
performed cross-site training for the administration and 
scoring of VABS-II. Regular phone meetings with inves-
tigators or staff involved in data collection are regularly 
held to discuss patient enrolment and problems encoun-
tered in conducting the study, and representatives from 
all centres meet in Montpellier once a year. Computer-
ised tests have been implemented to ensure the complete-
ness, consistency and reliability of data during data entry 
and before the statistical analysis. Each site investigator 
is responsible for their contribution to the ELENA study 
and is part of the ELENA group. The centres associ-
ated with the project are organised into a consortium. A 
steering committee and a scientific committee meet each 
year to ensure correct follow-up of the project.

Patient and public involvement
Based on our extensive experience of working in collab-
oration with patient and public involvement (PPI) repre-
sentatives, we included in our scientific committee two 
PPI representatives. They assisted the project research 
team to build the research proposal by paying attention 
to  the importance and relevance of the research ques-
tion for the  patient’s family as well as the acceptability 
of the research design for patients. Parents of ASD chil-
dren included in the ELENA cohort received a written 
summary of their child’s visit results and study updates 
through an annual newsletter and information on the 
ELENA cohort website (​www.​elena-​cohorte.​org).

Data analysis
We will use latent class growth modelling methods62 63 
to perform the clinical feature trajectories of children 
with ASD and further identify patterns of ASD clinical 
outcome trajectories based on the large panel of clinical 
and behavioural ASD features. We estimated that 107 

children with data for at least three timepoints of the 
follow-up will be necessary to successfully conduct these 
analyses.

Inclusion of 1000 children at baseline, even consid-
ering an attrition rate of 10% commonly observed in ASD 
cohorts,20 exceeds the minimal subject number required 
to achieve the first objective and will provide sufficient 
power to investigate the heterogeneity of factors (sociode-
mographic, family, comorbidities and diagnostic factors) 
associated with the preidentified trajectories within the 
entire population and in each childhood age group, for 
each gender and according to each ASD primary diag-
nosis, by multivariate analysis. Indeed, we estimated a 
minimal sample size of 250 participants to perform rele-
vant multivariate analyses according to (1) the number 
of available covariates (approximately 25) and (2) the 
recommendation of at least 10 participants for one 
single predictor.64 Finally, our objective is to obtain the 
largest sample possible to allow us to study the outcome 
according to criteria such as age and clinical subgroup. 
For a statistical power of 80% with an α at 0.05, a sample 
size of 1000 children is targeted to allow assessment of the 
determinants of the natural history of ASD and  its clin-
ical heterogeneity and the examination of the prognostic 
factors.

The report of this study will be prepared in accor-
dance with the guidelines set by the Strengthening 
the Reporting of Observational Studies in Epidemi-
ology statement for observational studies.65 Data will 
be collected and analysed by confirmed statisticians of 
the ELENA study. Χ2  tests (for categorical variables), 
Student’s t-tests and Fisher’s tests (for normally distrib-
uted continuous variables) and Mann-Whitney U/Krus-
kal-Wallis tests (for non-normally distributed continuous 
variables) will be used for the description of character-
istics and their comparison based on the primary ASD 
diagnosis. Missing data will be analysed and multiple 
imputation performed if required. Longitudinal rela-
tionships between risk factors and identified trajectories 
will be studied using multivariable linear and logistic 
regression models to assess factors associated with 
severity and specific long-term adaptive trajectories of 
ASD in childhood, based on the primary ASD diagnosis/
phenotype.

Methodological considerations
The primary limitation of this study is loss to follow-up 
and missing data points that would challenge the internal 
validity of the reported results of ELENA. However, our 
research team has extensive experience in achieving high 
follow-up rates in similar studies of long-term follow-up 
of patients.20 Efforts to minimise loss to follow-up will 
include respecting the time commitment of families and 
the use of formal tracking procedures of enrolled fami-
lies, including obtaining multiple contacts for arranging 
follow-up and the strong interpersonal skills of the study 
staff.

 on M
ay 26, 2021 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026286 on 19 June 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2018-026286
https://dx.doi.org/10.1136/bmjopen-2018-026286
www.elena-cohorte.org
http://www.elena.org
http://bmjopen.bmj.com/


7Baghdadli A, et al. BMJ Open 2019;9:e026286. doi:10.1136/bmjopen-2018-026286

Open access

Ethics and dissemination
The study poses no risk to participants and their fami-
lies. Signed informed consent is obtained from all 
participating families. Participation in the study does 
not interfere with the typical care patients receive in the 
autism centre. Clinical follow-up is provided by clinicians 
in the centres and, if necessary, participants are referred 
for additional clinical management (eg, rehabilitation, 
clinical psychology). Results from this study will be 
disseminated at national and international conferences 
and in peer-reviewed journals.

Significance and outlook
The study will provide indepth insight into the hetero-
geneity of the clinical presentation of ASD and associ-
ated factors. The prospectively collected clinical data will 
allow us to describe the outcome trajectories of ELENA 
participants for the 6 years following their inclusion and 
their determinants. The study results will inform clini-
cians, patients and their families of the expected course 
of ASD severity during childhood based on the ASD char-
acteristics obtained at the time of diagnosis. A detailed 
understanding of the importance of perinatal factors, 
socioenvironmental factors, comorbidities, early medical 
care and medical care of the mother during pregnancy 
will assist in targeting patients at high risk of unfavourable 
behaviours and clinical ASD trajectories, who are the most 
likely to benefit from specific interventions. This strategy 
is essential to guide optimal clinical care and follow-up of 
children with ASD.

In addition, we will investigate the prevalence of a broad 
autistic phenotype and psychiatric/neurodevelopmental 
disorders among siblings of ASD, as we are regularly 
collecting information about siblings in our database.

Prenatal and perinatal occupational and residential 
histories will be collected through a web-based question-
naire tailored from early life exposure assessment tool 
(ELEAT) (https://​eleat.​ucdavis.​edu/). Then, personal 
exposure to particulate matter (PM10, PM2.5) will be 
achieved through aerosol optical depth daily measure-
ments by satellite images (resolution  1  km) combined 
with other geographical data and calibrated with air 
quality monitoring station measurements. Personal expo-
sure to pesticides will be done using geographical infor-
mation systems and land use data (or public data from 
agricultural statistics) to determine the proximity and the 
type of crops within a 1 km radius around each home’s 
address. A pesticides matrix will convert the crops expo-
sure levels into pesticide exposure levels for each family 
of pesticides. The challenge is to determine the role 
of pesticides and air pollution in the aetiology of ASD, 
in comparison with  children without ASD from a large 
French birth cohort french longitudinal study of children 
(ELFE), as well as in the ASD severity and trajectories.

In addition, a biobank is intended, comprising blood 
samples from the antecubital vein and droplets from 
fingertips on dried blood spot (DBS) collected by experi-
enced  nurses during a centre visit. Genetic and epigenetic 

studies are scheduled across three tasks: (1)  to identify 
simple genetic abnormalities (such as monogenic Mende-
lian or simple digenic forms), (2) to understand complex 
genetic forms architecture, including digenic, oligogenic 
or polygenic multifactorial models, and (3)  to highlight 
epigenetic profiles on patient blood DNA. Patient exome 
sequencing and methylation profile on Illumina’s EPIC 
chip will be analysed by the National Center for Research 
in Human Genomics. Bioinformatics analysis will be 
performed in collaboration with a molecular genetics 
laboratory, first on a 400 ASD  genes panel, and if no 
mutation would be found on the whole online mendelian 
inheritance in man (OMIM) genes then complex genetic 
form architecture will be studied in collaboration with a 
bioinformatics company.
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