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Abstract In Lebanon, no estimate for autism prevalence

exists. This cross-sectional study examines the prevalence

of Autism spectrum disorder (ASD) in toddlers in nurseries

in Beirut and Mount-Lebanon. The final sample included

998 toddlers (16–48 months) from 177 nurseries. We sent

parents the Modified Checklist for Autism in Toddlers (M-

CHAT) for screening, and a self-administered question-

naire (associated factors). We imputed missing M-CHAT

data with successful answers. Since there were no follow-

up interviews for the M-CHAT, we used the positive pre-

dictive value (0.058) from a large study for prevalence

estimates. ASD prevalence was 1 in 66 children (compa-

rable to US). Ratios were: male/female: 1.05; Beirut/

Mount-Lebanon: 1.2. Using a more representative sample

and ascertaining results are needed for better prevalence

estimates in Lebanon.

Keywords Prevalence � Autism spectrum disorder

(ASD) � Toddlers � Nurseries � Beirut � Mount Lebanon

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental

disorder that is characterized by impaired social communi-

cation and interactions, repetitive behaviors, restricted

interests and persistence on sameness (American Psychiatric

Association 2013a). Once considered rare, ASD is now

increasing in prevalence. For example, in 2010, The Center

for Disease Control and Prevention (CDC) estimated the

prevalence of autism to be 1 in 68 children, approximately

two times higher than the estimate of 2000. These estimates

come from data collected from health and special education

records of 8 year-old children in 11 areas in theUnited States

in 2010 through the Autism and Developmental Disabilities

Monitoring (ADDM) network (CDC 2014a). Furthermore,

CDC reported a mean ASD prevalence of 1 % based on

studies conducted inAsia, Europe andNorthAmerica, which

is 19 times higher than the median prevalence estimate of

autism of 5.2 per 10,000 found by Fombonne in a 1999

review of 23 studies (CDC 2014b; Fombonne 1999). In a

recent review of 43 studies in 17 countries, Fombonne (2009)

found a 20.6 per 10,000 average prevalence of autism, a

fourfold increase from his 1999 review. This increase in the

number of autism cases may be attributed to several factors

including the growing awareness of the condition, the

expanded definition of autism or a true increase in incidence

of autism (NIMH 2012).

Despite the abundance of research on autism world-

wide, there is a scarcity of studies on autism burden in the

Eastern Mediterranean Region and a wide variation in

reported prevalence among the few small scale studies

conducted. For instance, the prevalence of ASD was esti-

mated to be 29 per 10,000 in the United Arab Emirates

when using a DSM-IV diagnosis of pervasive develop-

mental disorder (PDD) (Eapen et al. 2007) compared to 4.3
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per 10,000 in Bahrain (Al-Ansari and Ahmed 2013). The

Sultanate of Oman had an even lower prevalence of 1.4 per

10,000 in children less than 14 years based on data

retrieved from all hospitals and social institutions that offer

targeted services to ASD patients (Al-Farsi et al. 2011). On

the other hand, evidence from child psychiatry clinics in

the Kingdom of Saudi Arabia (KSA) points to a higher rate

of ASD, with 1250 per 10,000 in children younger than

18 years (Al-Habeeb et al. 2012). Further anecdotal evi-

dence from KSA suggests that this number is even higher

with a predicted prevalence of autism of 1 in 50 children

(Saudi Gazette Report 2014).

In Lebanon and neighboring Arab countries (Syria,

Jordan, Palestine), there are no estimates on the prevalence

of autism. However, the prevalence of pervasive develop-

mental disorders was found to be 1 % in adolescents in

Beirut (F. Maalouf, personal communication, February 26,

2015). In addition, data collected at the American

University of Beirut Medical Center (AUBMC) Special

Kids Clinic indicate that the number of pediatric patients

with ASD is increasing. The lack of data coupled with the

increasing number in clinics underscore the necessity of

studying the prevalence of ASD in Lebanon.

Identification of autism cases occurs at different ages,

most commonly when kids are in school around the age of

8 years (Fombonne 2009). Evidence based research has

shown that intensive behavioral intervention implemented

at an early age stage improves learning and communication

and enhances social and verbal skills (Autism Speaks

2012). Promising interventions can start as early as the first

year of life and are beneficial in reducing the stress on

parents and the cost of later treatment (Koegel et al. 2014).

Treatment and care for autism are very costly and are

estimated at *3 million US dollars over the individual’s

lifespan with a total of 35 billion US dollars for all autistic

people annually (Moldin and Rubenstein 2006). This

highlights the importance of early diagnosis and treatment.

The objective of this study was to assess the prevalence

of autism spectrum disorder in toddlers aged between 18

and 30 months in nurseries in Lebanon using a screening

instrument, and to calculate gender and governorate

specific rates.

Methods

This was a cross-sectional study of children in nurseries

located in two governorates in Lebanon.

Participants

The target population was children, from both genders and

all ethnic groups, aged 18–30 months going to nurseries in

the capital city, Beirut and Mount Lebanon (ML) the latter

being the largest governorate in Lebanon with 41.06 % of

the population. The two governorates represent 50 % of the

Lebanese population (CAS 2009). Moreover, the choice of

the two governorates lies in the fact that the percentage of

Lebanese children 0–4 years attending registered nurseries

in these areas is higher than in other governorates (12 %

for Beirut and Mount Lebanon as compared to 1, 2 and

2.6 %, respectively, for the North, South and Bekaa gov-

ernorates) (MOPH 2014; CAS 2009). Moreover, nurseries

in the other governorates are more dispersed and fewer in

number compared to those in the capital and ML. There are

36 nurseries in Beirut and 190 in Mount Lebanon versus 26

nurseries in the Bekaa, 30 nurseries in the North and 19

nurseries in the South (MOPH 2014). Excluded were

children with both non-Lebanese parents and children in

nurseries in Palestinian camps because this is part of a

larger study examining the genetics of autism in the

Lebanese population.

The sampling frame was a listing of registered nurseries

in the syndicate of nurseries provided by the Ministry of

Public Health. The frame was updated during field work by

spot checking. Updating the frame has two main benefits:

decreasing selection bias and reaching a larger population.

A minimum sample size of 2610 was required, correcting

for a finite population. Given the high expected non-re-

sponse rate, we decided to include all eligible children.

A total of 177 registered and unregistered nurseries in

Beirut and Mount Lebanon were reached between February

and September 2014 (Fig. 1). Of these, 32 nurseries were

in Beirut with 27 registered and 5 unregistered. There were

145 nurseries in Mount Lebanon of which 126 are regis-

tered and 19 unregistered. From these nurseries, a total of

1216 children between 9 and 74 months, a wider age range

than required, responded to the survey. Nine hundred

nighty eight children between 16 and 48 months of age

were included in the study. The age range was expanded

from 18–30 to 16–48 months. The lowest bound was

changed from 18 to 16 months since the screening instru-

ment has been validated for toddlers aged 16–30 months

(Robins et al. 2001).The upper bound was expanded from

30 to 48 since the screening instrument has been previously

used in other studies for children that are up to 48 months

old (Albores-Gallo et al. 2012; Glascoe et al. 2006).

Screening Instrument and Other Data Collection

Tools

Two instruments for data collection were used: the Modi-

fied Checklist for Autism in Toddlers (M-CHAT) as a

screening tool for Autism Spectrum Disorder and a short

structured questionnaire developed by researchers in this

study.
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The M-CHAT is an extension of the CHAT (Checklist

for Autism in Toddlers). It comprises 23 yes/no questions

answered by parents of children aged 16–30 months. The

psychometric properties of M-CHAT with a follow-up

questionnaire are very good, with a sensitivity of 0.87, a

specificity of 0.99, a positive predictive value of 0.80,

which is 0.36 without follow-up interview, and a negative

predictive value of 0.99 (Robins et al. 2001). In a more

recent study, Robins (2008) reported the positive predictive

value to be 0.57 with follow-up interview and 0.058 when

the follow-up interview is not conducted. The discrepancy

between the positive predictive value in the initial study

and the 2008 study could be explained by two major lim-

itations of the 2001 study: results might have been inflated

due to combining respondents from the early intervention

group and the unselected population and lack of longitu-

dinal data to obtain accurate measures (Robins and

Dumont-Mathieu 2006). Previously the scoring system of

the M-CHAT was based on either failing at least three

items or failing at least two critical items (critical items

being items number 2, 7, 9, 13, 14 and 15, see Table 3).

The latest recommended scoring of the M-CHAT is based

only on the total scoring system, with the child being at risk

for ASD if he/she fails 3 items or more, disregarding

whether items are critical or not (Robins 2013). The

M-CHAT developed originally in English is now available

in many languages (Arabic, Chinese, Czech, Dutch, and

others), but has not been validated in all (Robins 2013).

The Arabic version was validated in a study involving

participants from nine Arab countries (Egypt, Kuwait,

Jordan, Lebanon, Oman, Qatar, Saudi Arabia, Syria and

Tunisia). The Arabic M-CHAT has a sensitivity of 0.86, a

specificity of 0.80 and a positive predictive value of 0.88

(Seif Eldin et al. 2008). Permission to use the Arabic

version of the M-CHAT was obtained from both the initial

team who developed it and from the team who validated it

in Arabic (Drs. Robins and Rashad).

A small structured questionnaire was also developed and

administered. It included characteristics of the children

(birth weight, vaccines, age at first word, frequency of vis-

iting a pediatrician, history of being diagnosed with autism);

factors related to pregnancy and delivery (maternal com-

plications and moral support); and socio-demographic and

behavioral characteristics of the parents (education level,

occupation, and family history of mental health problems).

Procedures

After securing the approval of the Institutional Review

Board (IRB) at the American University of Beirut (AUB), a

support letter addressed to nursery directors and the list of

nurseries were obtained from the Ministry of Public Health.

Then, the investigators approached nursery directors (from

registered and unregistered nurseries) and explained to

them the aims of the study. If directors consented to par-

ticipate in the study, field workers provided them with a

number of envelopes equivalent to the number of children

between 18 and 30 months of age in their nurseries. A

closed box with a unique identifier for each nursery was

placed at the nursery for parents to put back the envelopes

once they completed filling the questionnaires. Each

envelope contained a small memo prepared by the research

5187 
eligible 
children

1216 
respondents 

(9-74 
months)

1036 (16-
48 months)

Non-response = unreachable nursery directors after 
numerous attempts; nursery directors not able to 
decide whether to partake in the study; refusal to 

participate from directors  

177 
participated

36 non-
response

1 only open 
during school 

hours 

214 eligible 
nurseries

998 (with 5 or 
less items 

missing on the 
M-CHAT)

38 (more than 
5 items 

missing) 
(3.7%)

180 (˂16 or 
>48 months)

(14.8%)

Fig. 1 Study participation flowchart
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team that explains the study in brief of which the director

of the nursery was aware. It also contained a consent form

comprising detailed explanation of the study and address-

ing risks and benefits of the study to the parents, a small

questionnaire that was prepared and the M-CHAT. The

questionnaire that could accommodate information for two

children and two copies of the M-CHAT were provided to

account for twins or two children in this age category.

Since the study was anonymous and there were no means

for researchers to contact parents whose child(ren) was/

were potentially autistic, a fact sheet with information

about signs and symptoms of ASD and names and tele-

phones of some centers that deal with the diagnosis and

treatment of ASD was also provided in the file. Nursery

directors were asked to give the file to parents of eligible

children at pick-up or drop-off from the nursery. Parents

who consented to participate then filled the questionnaire

and the M-CHAT form, placed them in a sealed envelope

that was provided, and dropped it in the closed box at the

nursery. Field workers made several visits to nurseries to

collect the boxes which were then delivered to the uni-

versity and opened by the research team.

Statistical Analysis

Data were entered using software EpiData version 3.1. The

major statistical challenge in this study was related to the

M-CHAT. One hundred sixty respondents (16 %) did not

answer five or less items of the M-CHAT. Missing data on

five or less items of the M-CHAT was imputed by replacing

missing values with the most frequent answer by all

respondents to each item (in this case the successful answer).

Since no follow-up interview for the M-CHAT was con-

ducted to ascertain results, the final prevalence estimate was

obtained by multiplying results of the M-CHAT by the

positive predictive value of M-CHAT without interview

determined in a large scale study (0.058) (Robins 2008). For

descriptive analysis, frequencies and percentages (for cate-

gorical variables) and means and standard deviations (for

continuous variables) were generated. Prevalence of ASD

was computed with a 95 % confidence interval. Gender and

governorate specific rates were calculated.

Results

Population Profile

The characteristics of the sample are presented in Table 1.

The average age of toddlers was 27.6 (±6.8) months with

54 % of the toddlers being males. Being the first born child

represented more than half of the study population (58 %).

The majority of mothers and fathers had at least a

bachelor’s degree (83 and 64 % for mothers and fathers,

respectively), and were employees or self-employed during

the past 12 months (79 and 100 % for mothers and fathers,

respectively). A higher proportion of the sample was from

Mount Lebanon (78 %). A total of 15 toddlers had already

been diagnosed with autism by a physician (1.5 %) as

reported by parents in the questionnaire. Four were

females, ten were males and one was of unknown gender.

Table 1 Description of the study population (N = 998)

Variables N (%)a

I. Characteristics of the child

Gender

Male 537 (53.9)

Female 460 (46.1)

Age (months) 27.6 ± 6.8b

Governorate

Beirut 217 (21.7)

Mount Lebanon 781 (78.3)

Birth order between brothers/sisters

First 564 (57.9)

Second 327 (33.6)

Third or more 83 (8.5)

Previously diagnosed with autism by MD

Yes 15 (1.5)

No 975 (98.5)

II. Parents’ socio-demographic information

Highest educational level (mother)

Primary and less 1 (0.1)

Elementary and secondary 57 (5.8)

Professional diploma 107 (10.8)

University 574 (57.9)

Higher education (masters, Ph.D…) 252 (25.4)

Highest educational level (father)

Primary and less 20 (2.0)

Elementary and secondary 166 (16.9)

Professional diploma 170 (17.3)

University 418 (42.7)

Higher education (masters, Ph.D…) 206 (21.0)

Professional status, last 12 months (mother)

Housewife 201 (20.6)

Employee 660 (67.5)

Self-employed 108 (11.0)

Unemployed 9 (0.9)

Professional status, last 12 months (father)

Employee 596 (61.1)

Self-employed 380 (38.9)

a Numbers do not always add up to 998 (100 %) due to missing

values
b Mean and standard deviation for continuous variables

J Autism Dev Disord (2016) 46:514–522 517

123



Prevalence Rates of Autism Spectrum Disorders

Prevalence rates according to the M-CHAT without follow-

up and corrected prevalence rates are presented in Table 2.

Out of 998 toddlers, 263 (26 %) failed 3 or more items of the

23 items of theM-CHAT, and hencewere labeled as possibly

having ASD. Using a positive predictive value of 0.058, the

final prevalence estimate of ASD was 1.53 % [95 % CI

0.77–2.29]. The male to female ratio was 1.05 (1 in 65 for

males and 1 in 67 for females). The Beirut toMount Lebanon

ratio was 1.2 (1 in 57: Beirut and 1 in 68: Mount Lebanon).

Out of the 15 children diagnosed by a physician as having

ASD, 10 were captured by the M-CHAT.

The percentages of failures in each item of the M-CHAT

are summarized in Table 3. Item 1 (does your child enjoy

being swung, bounced on your knees?) was the most

commonly failed item (22.7 %), followed by item 7 (does

your child ever use his/her index finger to point, to indicate

interest in something?) (16.7 %), followed by item 6 (does

your child ever use his/her index finger to point, to ask for

something?) (13.9 %). When segregated by gender, male

toddlers’ top 3 failed items were 1, 7 and 6 (22.3, 17.1, and

15.3 %, respectively). While for females, the two most

failed items were the same as for male toddlers (items 1

and 7: 23.3 and 16.3 %), however, the third most failed

item for females was item 4 (does your child enjoy playing

peek-a-boo/hide-and-seek?) (12.8 %). The least failed item

for both genders was item 16 (does your child walk?) (0

and 0.9 % failed for males and females respectively).

Discussion

Results from this cross-sectional study estimated a preva-

lence of ASD of 153 per 10,000 which is similar to the

prevalence of 147 per 10,000 reported by the CDC (CDC

2014a). Prevalence found in this study is higher than

published figures from Arab nations such as the United

Arab Emirates (29 per 10,000) (Eapen et al. 2007), Bahrain

(4.3 per 10,000) (Al-Ansari and Ahmed 2013), the

Sultanate of Oman (1.4 per 10,000) (Al-Farsi et al. 2011).

Prevalence among Lebanese toddlers is also higher than

among Israeli Arabs (12 per 10,000) (Davidovitch et al.

2013). The prevalence of 153 per 10,000 in this study is

almost seven times higher than the average prevalence of

20.6 per 10,000 reported in a 2009 review by Fombonne.

Difference in prevalence might be due to different age

groups selected. In our study, we chose to study toddlers

(16–48 months old) attending nurseries, while most studies

include a population of school children with a mean age of

8 years (Fombonne 2009). Additionally, data on autism

estimates in the US coming from the CDC Autism and

Developmental Disabilities Monitoring (ADDM) Network

was collected from 8 year-old children (CDC 2014a). In

Oman, the population studied was 0–14 years of age (Al-

Farsi et al. 2011). Data collection methods might also

affect prevalence estimates. Prevalence estimates based on

a screening instrument such as the one used here are usu-

ally much higher than estimates which are based on med-

ical records data such as the one of the Sultanate of Oman,

especially that researchers in the latter study used DSM-IV

criteria which might also explain the lower prevalence rates

(Al-Farsi et al. 2011) (153 compared to 1.4 per 10,000).

This is also supported by Fombonne (2009) who reported

in a review of 43 studies related to pervasive develop-

mental disorders that population-based surveys yielded

higher estimates than studies that used passive data col-

lection techniques.

Furthermore, changes in diagnostic criteria and in the

availability of services have been linked to increased

estimates (Fombonne 2009). A study conducted in North-

ern Finland found that the prevalence of autism changes in

the same data with different diagnostic criteria (Kielinen

et al. 2000). Even when using the same instrument, such as

the M-CHAT, for screening, it is hard to compare between

different studies since the categorization of those at risk of

ASD has changed. Initially, a child was at risk of ASD if

he/she failed any 3 items or two critical items of the

M-CHAT, whereas now risk of ASD is defined by failing

any 3 items (Robins 2013).

Table 2 Gender, governorate specific prevalence rates of ASD with 95 % CI

Prevalence ASD, according to

M-CHAT N (%)

Prevalence ASD

corrected (M-CHAT

prevalence*0.058) %

Prevalence

ASD (95 % CI)

Total 263 (26.4) 1.53 0.77–2.29

Gender

Male 144 (26.8) 1.55 0.51–2.59

Female 118 (25.7) 1.49 0.38–2.60

Governorate

Beirut 66 (30.4) 1.76 0.01–3.51

Mount Lebanon 197 (25.2) 1.46 0.62–2.30
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While, the male to female ratio in this study (1.05:1) is

not consistent with data coming from the US (5:1), Bahrain

(4:1), Oman (3:1) and 4.2:1 as a mean ratio derived from

43 studies worldwide (CDC 2014a; Al-Ansari and Ahmed

2013; Al-Farsi et al. 2011; Fombonne 2009), there is a

growing literature that gender ratio differences in autism

are exaggerated. In fact, a recent study using the Spanish

version of the M-CHAT in the Canary Islands reported the

male to female ratio to be 0.8:1 (Sevilla et al. 2013) which

questions the accuracy of the existence of a gender gap.

Furthermore, a prospective prevalence study in the Faroe

Islands of 15–24 year olds found a male to female ratio of

1.2:1 in the 2009 follow-up as compared to 5:1 in the 2002

original study, which might be due to lack of understanding

of the clinical presentation of autism in females (Kocovska

et al. 2012). Another study comparing diagnosed ASD

cases in Jordan, Egypt and Saudi Arabia established male

to female ASD ratios of 1:1 and 1.3:1, respectively in

Jordan and Egypt (Amr et al. 2012). The apparent gender

gap is proving to be the result of a boy-centric aspect to the

diagnosis. This is especially relevant to the type of

restrictive behaviors affecting girls and boys. For example,

girls tend to have more socially appropriate restricted

interests than boys (Skuse and Mandy 2015). Females with

ASD also have more developed social skills than boys with

ASD. A recent study found that females with ASD had

similar scores on the friendship questionnaire like typically

developing males (Head et al. 2014). The fact that symp-

tomatology and underlying neuroanatomy of the brain

differs in autistic girls versus boys lends credence to this,

particularly with regards to Magnetic Resonance Imaging

(MRI)/Diffusion Tension Imaging (DTI) results pertaining

to the corpus callossum and differing size of specific cal-

lossal-cortex projections (Nordahl et al. 2015). Addition-

ally, it is well-known that IQ impacts sex ratios in autism.

For lower IQ levels (\70), girls have more social

Table 3 Number and percentage ‘‘fail’’ for each item of the M-CHAT, total and by gender

Item number Items failed

Male

(N = 537)

N (%)

Female

(N = 460)

N (%)

Total

(N = 998)

N (%)

1. Does your child enjoy being swung, bounced on your knees? (No) 120 (22.3) 107 (23.3) 227 (22.7)

2. Does your child take an interest in other children? (No) 22 (4.1) 15 (3.3) 37 (3.7)

3. Does your child like climbing on things, such as stairs? (No) 14 (2.6) 14 (3.0) 28 (2.8)

4. Does your child enjoy playing peek-a-boo/hide-and-seek? (No) 61 (11.4) 59 (12.8) 120 (12.0)

5. Does your child ever pretend, for example, to talk on the phone or take care of dolls, or pretend

other things? (No)

72 (13.4) 35 (7.6) 107 (10.7)

6. Does your child ever use his/her index finger to point, to ask for something? (No) 82 (15.3) 57 (12.4) 139 (13.9)

7. Does your child ever use his/her index finger to point, to indicate interest in something? (No) 92 (17.1) 75 (16.3) 167 (16.7)

8. Can your child play properly with small toys (e.g. cars or bricks) without just mouthing,

fiddling or dropping them? (No)

30 (5.6) 36 (7.8) 66 (6.6)

9. Does your child ever bring objects over to you (parent) to show you something? (No) 45 (8.4) 30 (6.5) 75 (7.5)

10. Does your child look you in the eye for more than a second or two? (No) 52 (9.7) 56 (12.2) 108 (10.8)

11. Does your child ever seem oversensitive to noise? (e.g., plugging ears) (Yes) 67 (12.5) 48 (10.4) 115 (11.5)

12. Does your child smile in response to your face or your smile? (No) 6 (1.1) 2 (0.4) 8 (0.8)

13. Does your child imitate you? (e.g., you make a face-will your child imitate it?) (No) 37 (6.9) 31 (6.7) 68 (6.8)

14. Does your child respond to his/her name when you call? (No) 7 (1.3) 9 (2.0) 16 (1.6)

15. If you point at a toy across the room, does your child look at it? (No) 13 (2.4) 9 (2.0) 22 (1.6)

16. Does your child walk? (No) 0 (0.0) 4 (0.9) 4 (0.4)

17. Does your child look at things you are looking at? (No) 49 (9.1) 31 (6.7) 80 (8.0)

18. Does your child make unusual finger movements near his/her face? (Yes) 46 (8.6) 40 (8.7) 87 (8.7)

19. Does your child try to attract your attention to his/her own activity? (No) 37 (6.9) 36 (7.8) 73 (7.3)

20. Have you ever wondered if your child is deaf? (Yes) 59 (11.0) 38 (8.3) 98 (9.8)

21. Does your child understand what people say? (No) 19 (3.7) 15 (3.3) 34 (3.4)

22. Does your child sometimes stare at nothing or wander with no purpose? (Yes) 42 (7.8) 31 (6.7) 74 (7.4)

23. Does your child look at your face to check your reaction when faced with something

unfamiliar? (No)

49 (9.1) 48 (10.4) 97 (9.7)

() Failed M-CHAT answer for the item
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communication impairment and less cognitive ability

compared to boys. For those with higher levels of IQ

([70), girls have lower prevalence of restricted interests.

Also, a higher non-verbal IQ than a verbal IQ is used as a

clinical indication of ASD. This discrepancy is less

apparent in girls rendering it harder to them to be diag-

nosed as having ASD. Furthermore, females with ASD and

low IQ are often misdiagnosed as just being intellectually

disabled (Frazier et al. 2014). Consequently, DSM-V cri-

teria account more to this gender difference in diagnosis:

‘‘In clinic samples, females tend to be more likely to show

accompanying intellectual disability, which suggests that

girls without accompanying intellectual disability or lan-

guage delays may go unrecognized, perhaps because of

subtler manifestation of social and communication diffi-

culties’’ (American Psychiatric Association 2013b).

Indeed, in the current study when asked if the child was

previously diagnosed by a physician as having ASD, the

male to female ratio was 2.5:1, a gender ratio that is dif-

ferent from the one based on the M-CHAT. The 2.5–1 male

to female ratio as diagnosed by physicians is comparable to

results found among the 55,266 children 7–12 years old in

a study in South Korea in a general population sample.

Additionally, the South Korean study found the male-to-

female ratio to be 5.1:1 in the high probability group,

suggesting that the gender gap in ASD is smaller in the

general population as compared to a high-risk population

or group (Kim et al. 2011).

The main strength of this study is that it is the first

prevalence study to be conducted on a population-based

sample in Lebanon. We also tried to reach out to all

nurseries in the two selected governorates to participate in

this study including nurseries certified by the syndicate of

nurseries and the Ministry of Public Health and those

uncertified. In Lebanon, there are no national surveillance

systems or national registries from where we could extract

information about prevalence or incidence of autism as was

done in other studies (CDC 2014a; Fombonne 2009).

Consequently, screening in nurseries of a restricted geo-

graphical area provides a sound choice for a first explora-

tory study to be followed by a larger, more inclusive study

in the future. Though nurseries are not used commonly for

data collection, a French study looking at sex differences in

social development used a nursery school to conduct their

study (Barbu et al. 2011). We believe that reaching out to

parents through nurseries is a good alternative since it

allowed inclusion of working parents. If the study is to be

conducted on a national scale, it would be important to

think of an alternative way of collecting data in rural areas

where fewer children might attend nurseries.

The low response of parents does not necessarily lead to

selection bias. We have been informed by the nursery

directors and staff that parent participation rate in surveys

is usually low and is not necessarily related to refusing to

answer the questionnaire on autism, but simply could be

due to lack of attention to the forms sent home with the

toddlers by the nursery staff/directors.

One of the limitations of the current study was the

completeness of data. Some parents missed filling some of

the items of the M-CHAT. To remedy that, we checked that

at least each item has 80 % completeness and that no

specific items were left unanswered. We imputed data by

replacing missing items by the most frequent answer (in

this case: success in an item) for M-CHAT forms that were

not missing more than 5 of the 23 items (20 %). Though

838 respondents (84 %) had answered all 23 items of the

M-CHAT, data imputation for the rest of the study par-

ticipants could have impacted the true prevalence figures.

Replacing missing data with the most frequent answer by

all respondents to each item which is in this case the suc-

cessful answer (not failing the item) could have led to

decrease the true prevalence of ASD in toddlers. Addi-

tionally, the M-CHAT has been validated for toddlers aged

16–30 months, both English and Arabic versions (Robins

et al. 2001; Seif Eldin et al. 2008). We extended the upper

age limit to 48 months to expand sample size as there are

precedents for using the M-CHAT for children above

30 months (Albores-Gallo et al. 2012; Glascoe et al. 2006).

Another limitation of this study is that we did not conduct

the follow-up interview for the M-CHAT to ascertain

results. This was not possible due to the fact that this was

an anonymous study and we expected parents to be more

reluctant to participate if their child(ren) and their identi-

fication had to be provided. Although it would have been

ideal to conduct a follow-up interview or to have a PPV for

the Arabic M-CHAT, to account for this issue, we used the

positive predictive value of 0.058 as determined by Robins

(2008) for the first stage M-CHAT. Another study con-

ducted by Chlebowski et al. (2013) established a very

similar PPV for stage one M-CHAT at 0.06. Although the

M-CHAT is considered a good screening tool for ASD

(Chlebowski et al. 2013), the cultural differences in its item

responses render it tough for international comparison of

results (Albores-Gallo et al. 2012). Moreover, although the

Arabic M-CHAT has been validated, there is still room to

improve the tool and its validation in Arab countries. The

validation study was a pilot study that was not compre-

hensive of all Arab countries and most children that were at

risk of ASD according to the M-CHAT were initially a

high risk group (Seif Eldin et al. 2008).

Finally, the representativeness of the sample and the

generalization to the whole Lebanese toddler population

might be affected by the fact that 12 % of Lebanese chil-

dren 0–4 years are attending registered nurseries Beirut

and Mount Lebanon (MOPH 2014; CAS 2009). The socio-

demographic characteristics of parents of children who
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answered the questionnaires might differ from those in the

general population. In the sample, 83 and 64 % of mothers

and fathers respectively have at least a university degree as

compared to 23 and 17 % of Lebanese residents aged

30–34 years and 35–38 years, respectively (CAS 2009).

This might be due to two things: parents with higher

education being more prone to responding and/or parents

with higher education tending to put their children more in

nurseries versus parents with lower education. This could

be explained by the fact that holders of university degrees

are more likely to be in the workforce, thus needing to put

their children in nurseries while they are at work. On

another note, 11 % of mothers and 39 % of fathers in the

study are self-employed. Given that the big majority of

respondents hold a university degree, these results are

comparable to the general Lebanese population as 21 % of

people working with a university education in Lebanon are

either employers or self-employed (CAS 2009).

Although the prevalence of ASD in this study is based

on only two governorates, and does not reflect a national

estimate, the magnitude should be of concern and a follow

up on the issue by researchers and policy makers is war-

ranted. It is worth noting that the areas not surveyed in this

study, specifically the Bekaa and the North governorates,

have high consanguinity rate, and therefore a higher inci-

dence of autism is expected. Because of the stigma asso-

ciated with autism, Arab parents in many neighboring Arab

countries or in the US are not open about their children’s

disability and are often hesitant to acknowledge autism

symptoms and to seek care (Hijazi 2014). With the recent

consensus that there has been an increase in the prevalence

in autism globally and regionally, enhancing awareness of

parents and more efforts for systematic assessment and

early screening programs at the primary care levels con-

ducted by pediatricians or family doctors is called for.

Further investigation is needed to understand the pattern

of health services for children with ASD, the burden of care

and coping of caregivers including extending observations

to a wider geographical area and ascertainment of cases.

Awareness should be increased in parents and physicians

for early diagnosis and the implications of early interven-

tion in ASD, as it results in better outcomes for children

with ASD and stress reduction for parents (Autism Speaks

2012; Koegel et al. 2014).
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