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Abstract

Introduction: Screening for Autism Spectrum Disorders (ASD) using the Modified Checklist for 
Autism in Toddlers, Revised with Follow-up (M-CHAT-R/F) increases early detection, allowing early 
interventions and improving prognosis. This tool is part of the management in case of suspected ASD 
in several clinical guidelines. The objective of this article was to conduct the concurrent and discrimi-
nant validation and the reliability analysis of M-CHAT-R/F in the Chilean population. Patients and 
Method: This is the second stage of the cross-cultural adaptation of cross-sectional design. M-CHAT-
R/F was applied to a sample of 20 children with suspected ASD and 100 randomly selected healthy 
control children, aged between 16-30 months. Autism Diagnostic Observation Schedule (ADOS-2), 
considered as reference, was applied to the 20 patients of the clinical sample, to 20 children of the 
healthy control sample and to those cases of the healthy control sample with M-CHAT-R/F positive. 
Cronbach alpha was calculated, as well as M-CHAT-R/F and ADOS-2 correlation, sensitivity, and 
specificity analyses. Results: In the healthy sample, M-CHAT-R/F was positive in two patients, with 
one of them positive and the other one negative for ASD with ADOS-2 test. In the clinical sample, M-
CHAT-R/F was positive in all cases, three of them were negative in the ADOS-2 test. The Alfa relia-
bility of M-CHART-R/T was 0,889, the discriminant sensitivity and specificity were 100% and 98%, 
and the concurrent ones were 100% and 87.5% respectively. Conclusions: The Chilean M-CHAT-
R/F version was reliable, sensitive and specific, similar to the original test, which opens the possibility 
for its use in clinical samples and for research. Validating M-CHAT-R/F is an ongoing process which 
must be further developed.
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Introduction

Autism Spectrum Disorders (ASD) have become 
very relevant as a public health problem due to the sig-
nificant increase in their prevalence over the past two 
decades1. It is estimated that 1 out of every 68 children 
has ASD, which is four times more frequent in males2. 
Diagnosing ASD is not easy since there are no genetic 
tests or biological markers that detect it. Another diffi-
culty for early diagnosis is that during the first years of 
life, children with ASD can achieve normal develop-
ment in some areas, without parents or health profes-
sionals suspecting any alteration. Symptoms and signs 
suggestive of ASD may be subtle and appear gradually, 
therefore diagnosis is often made late3,4. Thus, most 
children are diagnosed after four years of age when it 
becomes evident that the demands of the environment 
exceed the child’s ability to respond5.

Current evidence shows that early ASD diagnosis 
improves the prognosis and long-term outcome of 
children with ASD6,7. Early detection allows for indivi-
dualized, multidisciplinary, and timely treatment that 
promotes better development of language and social 
skills, minimizing maladaptive behaviors8,9.

For the early ASD detection, the American Aca-
demy of Pediatrics (AAP) proposes universal screening 
for all children aged between 18 and 24 months, thus 
narrowing the gap between suspicion, diagnosis, and 
intervention10,11. This reinforces the importance of ha-
ving reliable screening instruments adapted to the local 
culture, which can be universally applied to all children 
in routine health check-ups6,12. Among these screening 
instruments recommended by the American Academy 
of Child and Adolescent Psychiatry (AACAP), the Mo-
dified Checklist for Autism in Toddlers (M-CHAT)13 
stands out, currently in its version M-CHAT-R/F (R/F: 
Revised with Follow-up), with sensitivity and specifi-
city over 80%, which incorporates a follow-up inter-
view (Follow-up)14. The use of this interview greatly 
reduces cases of false positives, avoiding unnecessary 
referrals to specialists. Its easy implementation due to 
a simplified score is also another advantage of the M-
CHAT-R/F over the M-CHAT14,15. It is applied to chil-
dren aged between 16 to 30 months, as is suggested as 
part of the management algorithm for suspected ASD 
in different clinical guidelines16-19. This instrument 
is validated in several countries such as Argentina20, 
Mexico21, Brazil22 and Spain23, but not so in Chile. Des-
pite this, it is the screening instrument recommended 
in the Clinical Practice Guideline for the Detection and 
Timely Diagnosis of Autism Spectrum Disorders of the 
Ministry of Health of Chile (MINSAL) and in the Te-
chnical Standard for the supervision of children aged 
0-9 years in the Primary Health Care of the country16,24.

The general objective of this work was to carry out 

the concurrent and discriminant validation, and relia-
bility analysis of the M-CHAT-R/F in a Chilean popu-
lation.

Patients and Method

The study was conducted in two phases. The first 
one was the cultural adaptation from the M-CHAT-
R/F in its European Spanish version. A content equiva-
lence, semantic, conceptual, and technical comprehen-
sion analysis was made in a purposive sample of UC 
Health Network users, thus designing the M-CHAT-
R/F Chilean version25 available with free access in the 
official website of the instrument www.mchatscreen.
org26. The second phase, and subject of this report, was 
a cross-sectional design study for the psychometric va-
lidation of the instrument M-CHAT-R and R/F. The 
study required the informed consent of the responsible 
adult of each participating child and was approved by 
the ethics committee of the Pontifical Catholic Univer-
sity of Chile.

Participants
The M-CHAT-R and R/F screening were applied 

on a non-random sample of 120 children aged bet-
ween 16 and 30 months, recruited from the UC Chris-
tus Health Network (Figure 1). Out of these, 20 chil-
dren (clinical sample) presented high clinical suspicion 
of ASD after the evaluation by specialists (pediatric 
neurologists and psychiatrists, and pediatricians), ac-
cording to the criteria of the Diagnostic and Statistical 
Manual of Mental Disorders, fifth edition (DSM-5) of 
the American Psychiatric Association27. Patients with 
epilepsy or anticonvulsant treatment, severe medical 
condition or physical disability that made impossible 
the application of a diagnostic instrument were exclu-
ded. The general population sample was made up of 100 
children attending well-child visits or general health 
checks without ASD suspicion. Children attending 
mental health care for other causes in the 6 months be-
fore the administration of the questionnaire were also 
excluded.

Instruments
- M-CHAT-R Chilean version: ASD screening ques-

tionnaire of 20 dichotomous questions (Yes/No) 
self-applied by the caregiver: Score < 2 is negative. 
Scoring between 3-7 points means moderate ASD 
risk, and indicates follow-up interview (R/F). Sco-
re > 8 points, means high ASD risk and indicates 
direct evaluation by a specialist26.

- R/F Chilean version: Structured questionnaire 
applied by a health professional after brief training. 
Only items with positive result in M-CHAT-R are 
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asked, following the flowchart proposed in the ins-
trument. If the R/F score for ’NOT PASS’ is > 2 
points, evaluation by a specialist is indicated26.

- ADOS-2: The Autism Diagnostic Observation 
Schedule (ADOS) in its second version ADOS-2 
is a standardized and semi-structured evaluation 
of communication, social interaction, interests 
and imaginative play, which defines the level of 
concern regarding the possible ASD diagnosis. It 
is considered the gold standard instrument in the 
MINSAL Clinical Guideline16. Since ADOS-2 is a 
semi-structured instrument, there is no specific 
validation in Chile. It has been established, within 
the rules of its application, that the evaluator 
makes a cultural adjustment, if necessary, during 
the session. The Spanish translation of the instru-
ment manual is duly validated28. This evaluation 

instrument consists of a set of precise activities, in 
a standardized context, where the evaluator obser-
ves certain behaviors relevant to the ASD diagno-
sis. There are four modules that are determined 
by the language level and age of the child. In this 
study, module T was applied, which is designed 
for children under 30 months of age, regardless of 
their language level. While ADOS-2 is considered 
the best test for diagnosing autism, the definitive 
diagnosis is still based on specialized multidiscipli-
nary clinical evaluation29.

Procedure (Figure 1)
The M-CHAT-R was applied by previously trai-

ned specialists doctors or medical residents to the en-
tire clinical and general population sample. The R/F 

Figure 1. Procedure Flowchart. Flowchart shows screening test results in general sample and clinical sample (n=120). In both samples M-CHAT-R 
was applied; those with moderate risk score (between 3 and 8) R/F follow up was done. ADOS-2 was applied to every positive result in M-CHAT-R/F 
and also in 20 toddlers randomly picked from the general sample. There was one positive and one negative ADOS-2 results in general sample, one 
patient did not complete evaluation. In clinical sample three were negative and seventeen were positive to ADOS-2 evaluation.
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was applied according to the questionnaire procedu-
re. ADOS-2 was applied to the entire clinical sample 
and in the general population sample to those patients 
with an M-CHAT score > 8 points or R/F score > 2 
points. In those cases, the parents were informed of 
the risk involved in a positive screening. Therefore, a 
non-blinded, standardized assessment (ADOS-2) was 
conducted simultaneously by three expert evaluators, 
but with separate instrument coding, discussing dis-
crepancies, if any, in order to reach consensus. For the 
discriminant analysis, 20 patients were randomly selec-
ted from the general population sample with negative 
M-CHAT-R who also were assessed with ADOS-2.

When other types of clinical diagnoses were detec-
ted during the evaluation, suggestions for treatment 
and referrals were made for each particular case.

Analysis
A sociodemographic descriptive analysis of the 

sample was performed, and both sub-samples were 
compared using non-parametric tests (Mann-Whit-
ney U test), and chi-square test for nominal variables. 
P < 0.05 values were considered statistically significant 
differences. The internal reliability of the M-CHAT-
R/F was calculated using Cronbach’s alpha. Concurrent 
validity was carried out through correlation analysis, 
comparing the results of M-CHAT-R/F and ADOS-2 
(considered gold standard) in both sub-samples and 
calculating sensitivity and specificity. Discriminant va-
lidity was estimated by comparing the high-risk clini-
cal diagnosis of ASD with the M-CHAT-R/F outcome.

Results

Sociodemographic characteristics
The clinical sample tended to include children ol-

der than 24 months, most of them were male (95%), 
and the caregivers were older than the caregivers of the 
general sample, with no statistically significant diffe-
rences in the achieved education level and the health 
care system (Table 1). There were statistically signi-
ficant differences between the age of the general and 
the clinical samples (22 vs 24 months respectively, 
p < 0.006) as well as differences in the distribution by 
sex: 58% males in the general sample, and 95% in the 
clinical sample which is statistically significant (chi-
square, p = 0.01).

Average scores of tests studied
The clinical sample showed significantly higher 

average scores than the general sample, both in M-
CHAT-R/F (9.1 vs 0.81) and in ADOS-2 (15 vs 2.7). 
(Table 2).

M-CHAT-R and R/F Behavior (See Figure 1):
In 90% of the general population sample, the M-

CHAT-R was negative and in 10% it was positive. The 
R/F was applied to this group of patients according to 
the flowchart proposed by the authors of the instru-
ment. Out of these, seven were negative (score < 1) and 
three patients continued with positive results. These 
patients were referred for evaluation by a specialist and 
application of ADOS-2 test, module T. In one case, 
the result was categorized as High Risk for ASD and 
in another case, the diagnosis was ruled out. The third 
case abandoned the protocol before the diagnostic eva-
luation.

To detect false negatives, 20 cases were randomly 
selected from the general population sample and the 
ADOS-2 test was applied to them, all with Low or No 
Risk for ASD results.

In the clinical sample with suspected ASD, both 
M-CHAT-R and R/F were positive in all subjects. This 

Table 1. Sample characteristics

General Sample Clinical Sample Total P value

N: 100 N: 20 N: 120

Mean Age in months (S.D) 22.03 24.85 22.47
*p = 0.0071

-4.22 -3.43 -4.22

Male Sex (%) 58.0 94.8 64.2 *p = 0.0012

Mean caregiver age in years (S.D) 28.87 34.61 29.79
*p = 0.1251

-13.06 -4.3 -12.27

Educational level (caregiver; > 8 years, %) 78.0 85.0 79.2
*p = 0.0012

W/D: 15.0 W/D:  10 W/D: 14.2

Health forecast FONASA (%) 38.0 35.0 37.5
*p = 0.7622

W/D: 19% W/D: 10% W/D: 17.5%

*Mean difference between general sample and overall clinical sample is statistically significant. W/D: Without Data. S.D: Standard Deviation. 
1. Mann-Whitney U test. 2. Chi-square test.
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sample was clinically evaluated and analyzed with the 
ADOS-2 test. In three cases, the result was Low or No 
Risk for ASD, and in the remaining 17, the result was 
High risk for ASD. These three false-positive cases co-
rresponded to patients with delayed language develo-
pment, that is, another neurodevelopmental disorder, 
but which does not interfere with pragmatic commu-
nication or social reciprocity.

Reliability: The internal consistency was analyzed 
for all items of the M-CHAT-R and for the R/F with a 
result considered adequate (Cronbach’s alpha = 0.889). 
This result is above the reliability level of the original 
instrument in this same version (Alpha = 0.79)14.

Validity
Discriminant validity: The contrast of M-CHAT-

R/F with clinical suspicion of ASD showed 100% dis-
criminant validity. (Table 3)

Concurrent Validity: The M-CHAT-R/F with the 
ADOS-2 diagnostic test showed a high correlation bet-
ween their scores (Pearson r = 0.849, p = 0.0001) and 
the sensitivity and concurrent specificity was 100% 
and 83.3% respectively (Table 3).

Discussion

In this work, we continue with the validation pro-
cess of the M-CHAT-R/F, already initiated with the 
cultural adaptation to Chilean Spanish25,26. Having a 
screening instrument that facilitates early screening 
for ASD may allow for early interventions and better 
prognosis in the development of children with ASD. 
The M-CHAT-R/F has been demonstrated to fulfill 
this purpose worldwide30.

In general terms, the Chilean instrument showed 
adequate internal consistency, and successfully distin-
guishes the healthy population from the one with a de-
velopmental disorder (Table 3).

When comparing this instrument with a standardi-
zed one for the ASD diagnosis such as ADOS-2, it pre-
sented high levels of sensitivity and specificity, similar 
to the original M-CHAT-R/F created by Robins et al14.

It is worth mentioning that in the clinical popula-
tion, false positives detected with the M-CHAT-R/F 
turned out to have other types of neurodevelopmental 
disorders, similar to that described in the validation 
of the original instrument by Robins et al31. Therefo-
re, these are children who likewise require evaluation 
and interventions by specialized child development 
teams32.

The male:female difference ratio observed in our 
study exceeds the one described in the literature, which 
indicates a ratio of 4 males per 1 female in ASD pa-
tients, even in the last prevalence studies33. However, 
in children younger than 30 months, this ratio is not 
as consistent due to a trend towards later detection of 
ASD cases in females34. The biases identification invol-
ved in this difference regarding the early diagnosis of 
ASD among boys and girls supports the development 
of current lines of research35.

It is observed that the average age of the children’s 
caregivers in the clinical sample is considerably higher 
than the general sample. This data is consistent with 
that described in the literature, where the age of the pa-

Table 3. Discriminant and concurrent Validity of M-CHAT

Test General 
sample

Clinical 
Sample

Total

n = 100 n = 20

M-CHAT positive at follow-up: n   3 20 23

Discriminant Validity (% total)  100,0

Test ADOS +

n

ADOS-

n

Total
n

M-CHAT positive at follow-up 18   4 22

M-CHAT negative at follow-up   0 20 20

Sensitivity (%) 100,0

Specificity (%) 83,3

Table 2. Average scores of tests in general and clinical sample

Test General Sample Clinical Sample Total Valor p1

n = 100 n = 20 n = 120

.M-CHAT-R/F:
- Mean
- SD

0.81
-1.21

9.10
-3.12

2.19
-3.52

0.000

ADOS-2:
- Mean
- SD

2.70
3.36

15.00
5.81

8.42
7.73

0.000

1. Mann-Whitney U test
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rents is a risk factor for ASD36. Finally, in this sample, 
we have a population that mostly has caregivers with 
higher technical or university education, something 
that is not necessarily representative of the Chilean re-
ality37, but that could characterize the user population 
of the UC-Christus Health Network.

Within the limitations of the study, the small num-
ber of the sample stands out, limited mainly by the 
availability of patients under 30 months of age with 
clinical suspicion of ASD in our network. Due to this 
difficulty, we designed a study with a 5:1 ratio between 
the general sample and the clinical one. Therefore, it 
is suggested to incorporate other national contexts to 
describe the behavior of the M-CHAT-R/F in a bro-
ader population that is representative of the Chilean 
reality.

Another methodological problem we faced in the 
design was the difficulty of blinding it to the ADOS-
2 application since parents, being aware of the result 
of the previous screening, came to this evaluation with 
diagnostic doubt, identifying as bias the over-interpre-
tation of the relationship between the two instruments. 
Both difficulties are a common barrier in the validation 
studies of screening/diagnostics instruments of ASD in 
this age range, which is an important methodological 
challenge to overcome29.

Despite the difficulties mentioned above, this 
work has resulted in the implementation of training 
for health professionals in primary care to imple-
ment this adapted version of the M-CHAT-R/F in the 
Well-Child Care Program for 18-month-old children 
in those who present risk factors for ASD such as 
children with a developmental delay in the langua-
ge and/or social areas in the Psychomotor Develop-
ment Evaluation Scale (Escala de Evaluación del De-
sarrollo Psicomotor-EEDP) test, siblings and children 
of patients with ASD, as well as cases where there is 
a direct clinical suspicion. On the other hand, this 
study is also considered an initial but important step 
for conducting studies of ASD prevalence in Chile 
in a population younger than 30 months. Determi-
ning the ASD prevalence, which is still unknown in 
our country, will allow us to measure the need and 
be able to distribute the necessary resources from the 
implementation of specialized health systems, as well 
as public policies that contribute to the well-being of 
these patients and their families.

Conclusion

The Chilean version of the M-CHAT-R/F was re-
liable, sensitive and specific similarly to that descri-
bed in the original study, which allows Chile to have 
a validated screening instrument for Autism Spectrum 

Disorder. Certain methodological limitations were ob-
served, such as the small sample and the difficulty of 
blinding in the diagnostic evaluation. Although the va-
lidation of clinical instruments is a continuous process 
which is constantly improved, this first step provides 
two very significant contributions: at the level of clini-
cal practice, it allows improving the diagnostic capacity 
in the early detection of ASD, and at the level of public 
health, the application of the same validated screening 
instrument achieves the standardization of early detec-
tion in primary care. In this way, an early diagnosis can 
be made, improving the prognosis and therefore the 
health burden.
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