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Abstract
The importance of early detection of autism spectrum disorder followed by early intervention is increasingly recognized.
This quasi-experimental study evaluated the long-term effects of a program for the early detection of autism spectrum
disorder (consisting of training of professionals and use of a referral protocol and screening instrument), to determine
whether the positive effects on the age at referral were sustained after the program ended while controlling for overall
changes in the number of referrals. Before, during, and after the program, the proportion of children referred before
3 years (versus 3–6 years) of age was calculated for children subsequently diagnosed with autism spectrum disorder
(N = 513) or another, non-autism spectrum disorder, condition (N = 722). The odds of being referred before 3 years of
age was higher in children with autism spectrum disorder than in children with another condition during the program
than before (3.1, 95% confidence interval: 1.2–7.6) or after (1.7, 95% confidence interval: 1.0–3.0) the program but was
not different before versus after the program. Thus, although the program led to earlier referral of children with autism
spectrum disorder, after correction for other referrals, the effect was not sustained after the program ended. This study
highlights the importance of continued investment in the early detection of autism spectrum disorder.
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Introduction
Autism spectrum disorder (ASD) can be reliably diagnosed
before 3 years of age and the diagnosis is remarkably stable
in both clinical (Kleinman et al., 2008; Lord et al., 2006;
Van Daalen et al., 2009) and high-risk samples (Brian et al.,
2015; Ozonoff et al., 2015). Over the last years, findings
have emphasized the importance of early identification and
treatment of ASD to children’s adaptive, social, and cognitive functioning (Zwaigenbaum et al., 2015a). Because of
the dynamic and plastic nature of the brain, very early interventions may alter the course of brain and behavioral
development in children with ASD (Webb et al., 2014), and
recent studies have provided evidence of the long-term
effectiveness of early interventions (Estes et al., 2015;
Pickles et al., 2016). In addition, family and society costs
for subsequent professional services may be reduced
(Penner et al., 2015; Peters-Scheffer et al., 2012).
Despite the benefits of early detection, the mean age at
diagnosis in daily clinical practice still lies around the late
preschool years or even later. A review of 42 studies

published from January 1999 through March 2012 found
that the mean age ranged from 38 to 120 months (Daniels
and Mandell, 2014). In order to lower the age at diagnosis,
strategies for the early detection of ASD have been developed and promising results have been obtained in some
non-randomized studies, showing positive effects on age
at diagnosis (Chakrabarti et al., 2005; Holzer et al., 2006;
Koegel et al., 2006), percentage of early identified ASD
cases (Swanson et al., 2014), and self-efficacy of primary
care providers (Mazurek et al., 2017). In a study that used
a control region, Oosterling et al. (2010) examined the
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effect of a screening approach for the early detection of
ASD that was integrated in routine developmental surveillance in a specific region of the Netherlands. This early
detection program involved (a) training of primary care
providers to recognize early signs of autism, (b) use of a
specially designed referral protocol that included the Early
Screening of Autistic Traits (ESAT) questionnaire (Dietz
et al., 2006; Swinkels et al., 2006), and (c) formation of a
multidisciplinary diagnostic team at the regional psychiatric academic center. After implementation of the screening
program, the mean age at ASD diagnosis decreased significantly by 19.5 months to an average of 63.5 months. In
the control region (without active investment in early
detection of ASD), the mean age at diagnosis did not
change significantly. Although this study provided valuable insight into strategies to improve the early detection of
ASD, the question remained whether positive effects are
sustained in the long term.
To our knowledge, only one study has investigated the
long-term effects of an early detection program (Holzer
et al., 2006). This non-randomized study examined the
effects of a 2-year program which contained the following
aspects: (a) familiarizing primary care providers with early
developmental problems, (b) informing pediatricians and
general health practitioners about a screening tool
(Checklist for Autism in Toddlers (CHAT); Baron-Cohen
et al., 1996), and (c) performing a diagnostic assessment
by a child neurologist, child psychiatrist, and/or child psychologist. With the program, the mean age at diagnosis
decreased by 1.5 years, but this effect was not sustained
after the program ended. These findings emphasize the
importance of a maintenance strategy. Additional understanding of long-term effects can be useful to help policymakers in developing effective programs that will have a
permanent effect.
The aim of this study was to evaluate the sustainability of
the integrated early detection program developed by
Oosterling et al. (2010). The age at referral was recorded of
children (aged 0–6 years) subsequently diagnosed with ASD
(N = 513) or a non-ASD condition (N = 722) before, during,
and after the early detection program. The program ended
when financial and staffing support ended, which affected
the training of primary care personnel in the recognition of
the early signs of ASD and in use of the referral protocol.
The multidisciplinary diagnostic team continued to function. We wanted to determine whether the positive effect on
age at referral was sustained after the program ended.

Methods
Study design and setting
To facilitate the early detection of ASD in the Netherlands,
our group used an integrated early detection program
(Oosterling et al., 2010), which was approved by the Dutch

Ethical Committee. In the current follow-up study, we performed a natural examination of the age at referral before
(January–December 2003), during (January 2004–December
2006), and 2 years after (January 2009–December 2011) the
early detection program. Even after the early detection program ended, the multidisciplinary diagnostic team at
Karakter Child and Adolescent Psychiatry University Centre
continued to provide highly specialized mental healthcare
for infants and toddlers in the region. However, the lack of
funding and staff meant that no specific effort was put into
training primary care providers to use the screening protocol, including the ESAT. The control region was not included
in this follow-up study because we did not receive permission from one of the institutions to use their data.
This study must be viewed in the context of the healthcare setting in the Netherlands. In general, children of all
ages can be referred to psychiatric assessment centers by
general practitioners, medical specialists (e.g. neurologist
or pediatrician), professionals from other mental health
services or institutions for language development, and primary care providers. Primary care providers can be the
doctors of well-baby clinics or members of specific infant–
toddler development teams. These independent infant–
toddler development teams work in close collaboration
with the doctors and nurses of well-baby clinics and provide parents who may have specific concerns about their
child’s development with easily accessible first-line care.
They also carry out case management, investigate children’s developmental problems in general, and when necessary, refer children to secondary or tertiary health
services for diagnostic assessment and treatment. To the
best of our knowledge, no changes in the healthcare policies or healthcare system (e.g. referral strategies) occurred
during the time frame of the study.

Participants
The sample included N = 1235 infants, toddlers, and preschoolers (aged 0–6 years) who were referred for clinical
psychiatric evaluation before (N = 119), during (N = 531),
or after (N = 585) the early detection program was implemented. Of these, 38%, 47%, and 37% were newly diagnosed with ASD as compared to non-ASD diagnoses,
respectively. Children with a non-ASD diagnosis had other
diagnoses (including absence of a psychiatric diagnosis).
This group reflected the general population of referrals in
Dutch child and adolescent psychiatry settings, including
two-thirds of the non-ASD referrals having externalizing
problems and a minority having internalizing or other
problems (see Table 1 for more demographics).

Early detection program
The early detection program comprised three components:
(a) training of primary care providers to recognize early
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Table 1. Participant characteristics by time point for the total sample (N = 1235).

Age at referral (years)
Male
Diagnosis ASD

Before (N = 119) 2003

During (N = 531) 2004–2006

After (N = 585) 2009–2011

Mean (SD) (%)
4.1 (1.6)
75.6
37.8

Mean (SD) (%)
3.7 (1.6)
74.8
47.1

Mean (SD) (%)
4.4 (1.5)
77.1
37.3

ASD: autism spectrum disorder; SD: standard deviation.

signs of autism, (b) use of a systematic screening protocol
including the ESAT, and (c) formation of a multidisciplinary diagnostic team. The training sessions aimed to raise
awareness and familiarize trainees with ASD (especially
its early signs) and the use of the referral protocol. In total,
39 sessions were delivered, of which 22 were for primary
care providers because they are most likely to refer young
children at risk for ASD. The remaining 17 sessions were
attended by other health professionals (e.g. general practitioners, speech and language therapists). Attendance was
compulsory for primary care workers, who were awarded
CME (continuing medical education) points. In the program, professionals were required to administer the ESAT
(with the assistance of the parents) before they referred
children younger than 36 months for assessment of ASD.
This 14-item questionnaire focuses on early social communication skills and restricted and repetitive behaviors in
children younger than 36 months (Dietz et al., 2006;
Swinkels et al., 2006). Children who failed 3 or more items
were considered to be at risk and underwent further assessment. For those children who screened negative with the
ESAT (failing <3 items), the referring professional had to
provide additional information showing that the child was
at risk. Within 2 weeks of referral, families were invited to
the Karakter Child and Adolescent Psychiatry University
Centre. A multidisciplinary team for infant psychiatry, specialized in the early diagnosis of ASD, carried out the diagnostic assessment of all referrals. More information about
the early detection program can be obtained from the last
author (I.J.O.).

Measures
Age at referral. To identify the long-term effects of the
early detection program, the age at referral was compared
before, during, and after the program. Data were retrieved
from electronic medical records. Since the early detection
program focused on children younger than 36 months of
age, a differentiation was made between referrals before
3 years of age (0–35 months) and 3 to 6 years of age
(36–83 months).
Cognitive functioning. Intelligence quotient (IQ) scores
were assessed with age-appropriate measures, most frequently the Mullen Scales of Early Learning (Mullen,

1995), the Psychoeducational Profile-Revised (Schopler
et al., 1990), the Snijders-Oomen non-verbal intelligence
test (Tellegen et al., 1998), and the Wechsler tests
(Wechsler, 1997, 2002). The level of cognitive functioning
was categorized in three groups: < 70, 70–89, and ⩾90.

Data analysis
Binary logistic regression modeling was used to evaluate
the long-term effects of the early detection program after it
ended while controlling for overall changes in the number
of referrals. The effect of diagnosis (ASD, non-ASD), time
point (before, during, and after the program), and the interaction diagnosis*time point on the likelihood that children
younger than 3 years (versus children aged 3–6 years) were
referred was investigated.
Binary logistic regression modeling was also used to
investigate the effect of other potential predictors (i.e. cognitive functioning and sex) on the age at referral of children diagnosed with ASD, using IQ (< 70, 70–89, and
⩾90), sex (male, female), and time point as potential predictors. The interaction effects IQ*time point and sex*time
point were also included in the model. If the interaction or
main effects were non-significant, predictors were dropped
from the final model.
Information about the level of cognitive functioning
was missing in 8.8% (n = 45) of the ASD cases (cognitive
data were unavailable for children with non-ASD diagnoses). Multiple imputation with the expectation maximization algorithm was used to account for the missing data in
the group of children with ASD.

Results
The use of multiple imputation only marginally changed
outcomes and did not alter conclusions. Below, we present
the results with multiple imputation.

Change in proportion of children referred
before 3 years
Figure 1 shows the change in proportion of children
referred before 3 years of age by diagnosis and time point.
Binary logistic regression analyses revealed that there was
a significant interaction effect for diagnosis*time point on
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Figure 1. Percentage of children referred before 3 years of age by diagnosis and time point with error bars representing 95%
confidence intervals.

the age at referral (χ(2) = 7.90, p = 0.019). The odds of
being referred before 3 years for children diagnosed with
ASD versus a non-ASD condition was significantly higher
during the program than before (3.1, 95% confidence
interval (CI): 1.2–7.6, p < 0.05) or after (1.7, 95% CI: 1.0–
3.0, p < 0.05) the program, but not before versus after the
program (1.8, 95% CI: 0.7–4.5, p > 0.05).

Predictors of age at referral for children with an
ASD diagnosis
Regarding ASD participants, there was no significant
overall interaction effect IQ*time point (χ(4) = 5.43,
p = 0.25), which implied that the effect of cognitive functioning on age at referral was not related to the effect of the
program. Nonetheless, the main effect of cognitive functioning on the age at referral was significant (χ(2) = 72.50,
p < 0.001). The odds of being referred before 3 years was
2.6 times (95% CI: 1.6–4.2, p < 0.001) and 10.0 times
(95% CI: 5.9–16.9, p < 0.001) higher if a child with ASD
had an IQ < 70 as compared to an IQ between 70 and 89
and an IQ ⩾ 90, respectively. The odds ratio for being
referred was 3.9 times (95% CI: 2.3–6.5, p < 0.001) higher
for children with ASD with an IQ between 70 and 89 than
for children with ASD with an IQ ⩾ 90. No significant
effects of sex were found. Figure 2 shows the percentage
of children with ASD referred before 3 years versus
between 3 and 6 years by level of cognitive functioning at
all three time points.

Discussion
This is the first quasi-experimental study to investigate the
sustainability of the effect of an integrated screening

program for the early detection of ASD after the program
ended. Results clearly underline the need for continued
investment: the odds of being referred before 3 years of
age for children with ASD versus non-ASD was higher
when the early detection program was implemented than
before or after its implementation, but not before versus
after the implementation of the program. Thus, although
the early detection program led to earlier referral of children with ASD when corrected for other referrals, the
effect was not sustained after the program ended. At all
times points, children with intellectual disabilities were
more likely to be referred before 3 years of age than were
children with a higher level of cognitive functioning.

Lack of sustainable effects and how to deal
with it
The findings suggest that the early detection program fulfilled its objective to improve the early detection of ASD
over the years of active investment, but the effect disappeared after active investment had faded out. This is in line
with the study of Holzer et al. (2006), who showed that a
decrease in mean age at diagnosis was not sustained 2 years
after implementation. In this study, the lack of financial
support was the major barrier, as was also noted by
Zwaigenbaum et al. (2015b) as one of the key barriers to
the early detection of ASD. The lack of financial support
ended the intensive collaboration between primary and
specialist care (e.g. no prompts were given to the primary
care providers), which may have resulted in a lack of
awareness among primary care providers. Additionally, no
training sessions were provided after the program ended,
which meant that experience and knowledge about early
detection were lost if staff left. Continuation of the
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Figure 2. Percentage of children with autism spectrum disorder at all time points by age at referral and level of cognitive
functioning with error bars representing 95% confidence intervals.

program, with training of personnel, would be expensive.
Given that the financing of mental healthcare is generally
under pressure, the question is how to develop effective
strategies that require minimal financial support but which
have a permanent impact.
In order to improve the early detection of ASD, collaboration within and between countries, with the sharing of
knowledge, is essential and will help to develop a standardized approach to the detection of ASD. As such, the
European network COST Action “Enhancing the Scientific
Study of Early Autism” (ESSEA) was initiated with a view
to increasing knowledge about the early signs of autism,
by combining techniques from cognitive neuroscience
with those from clinical sciences, and by reviewing the
state of art of early identification (Garcia-Primo et al.,
2014) and intervention (McConachie et al., 2015;
Salomone et al., 2016) practices in Europe. The COSTESSEA network inspired Dutch researchers and clinical
experts in the field of early autism to form a national interdisciplinary network in 2013. This network promotes collaboration in scientific studies, the exchange of knowledge,
and the translation of knowledge into practical tools (e.g.
for use in primary care practice). The network operates in
close collaboration with primary care providers and the
parents of children with ASD as experience experts. As
previously suggested by Miller et al. (2011), we strongly
believe that intensifying the collaboration between autism
experts, primary care providers, and parents will facilitate
the timely referral of children at risk for ASD.
Another key element in the early detection of ASD is
the availability and accessibility of knowledge for both
parents and healthcare professionals. In the Netherlands, a
state-of-the-art online platform is currently being developed which will provide parents and professionals with red

flag early signs of ASD and information about the diagnosis and relevant services. Also, e-learning and live online
learning (LoL) modules are being developed. The
e-learning module teaches professionals about the early
signs of ASD, whereas the LoL module involves the discussion of specific case studies of the professionals
themselves in a virtual online classroom and with the
support of an experienced clinician (Oosterling et al.,
2016; Van’t Hof et al., 2017). In the United States, similar
collections of web-based tools and courses are available
(http://www.autismnavigator.com and http://www.cdc.
gov/ncbddd/autism/actearly/), including a specific course
about early signs of ASD. These trends imply that e-health
technology can have a pivotal role in raising awareness
and maintaining the effects of early detection programs
without incurring high costs. Research into the effect of
these methods is required to evaluate their effectiveness.

The role of cognitive functioning in early
detection
Regardless of the time point, children with intellectual disabilities were more likely to be referred for assessment
before 3 years of age than were children with a higher level
of cognitive functioning. Previous research has shown that
children with cognitive impairment (IQ < 70) are younger
at the time of ASD diagnosis than higher functioning children (Mazurek et al., 2014; Shattuck et al., 2009). Children
with concurrent ASD and cognitive impairment may have
more obvious behavioral and developmental challenges,
which increase the likelihood of early detection. Vice
versa, high-functioning children may be better able to
compensate for their difficulties and/or may show more
subtle impairments at a preschool age. This is now also
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acknowledged in the Diagnostic and Statistical Manual of
Mental Disorders (5th ed.; DSM-5), which states that
“deficits may not become fully manifest until social
demands exceed limited capacities” (American Psychiatric
Association, 2013). On one hand, given their more subtle
symptoms, an early diagnosis is likely to be missed in
these children and consequently they will not benefit from
early intervention. On the other hand, it may simply not be
possible to detect ASD in this group at an early stage, and
attempts to do so might result in a high number of false
positives. This argues for repeat evaluation in early childhood around 4–6 years of age when potential problems in
social relationships with peers start to emerge.

Strengths and limitations
This study had several strengths, including the embedding
in a naturalistic context, a large sample size, and the use of
a non-ASD group. However, it also had some limitations.
To the best of our knowledge, there were no changes in the
healthcare system or policy during the period covered by
the study, although there may have been unknown changes
in clinical practice (e.g. availability of healthcare providers) that influenced referral practices and hence the age at
referral. Ideally, long-term effects should be examined in a
controlled study including the same regions as in the original study, but we did not receive permission from one of
the institutions in the control region to use their data.
However, by comparing referrals later diagnosed with
ASD with referrals diagnosed with other (non-ASD) conditions, the effect of the early detection program could be
examined while controlling for the most important potential confounders. Although our findings provide evidence
for the effectiveness of the program, the question remains
whether children who were referred before 3 years of age
had better outcomes than children referred later. For an
ultimate justification of early detection, the long-term
effects on child development and quality of life should be
investigated. Therefore, future studies should longitudinally follow-up children from the general population who
are randomly assigned to undergo (or not) a screening program, regardless of whether they screen positive or negative with regard to the likelihood of ASD. In addition, the
effectiveness of early interventions for young children
identified by means of an early detection program should
be further investigated.

Conclusion and clinical implications
In conclusion, although the program improved the early
detection of ASD, its effect was not sustained when the
financial support needed to train health professionals
ended. These findings highlight the importance of maintaining early detection through continuous investment in
active screening and ongoing training of primary care

providers. Given the evidence that screening programs
can detect autism in an early stage, long-term investment
merits a high place on the political agenda. Policymakers
and healthcare managers should consider specific strategies to overcome barriers when implementing (and
maintaining the effects of) early detection programs.
Although labels are needed to refer children to appropriate services, the ultimate goal of early detection is to
identify early signs, discuss concerns with families, and
guide parents in how to best support their child. Instead
of a “wait-and-see” approach, we strongly argue that
follow-up services and appropriate interventions will be
made available for at-risk children.
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