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Abstract
Objective: To estimate the prevalence, comorbidities, and service use of people with autism spectrum disorders (ASDs)
based on data from Quebec Integrated Chronic Diseases Surveillance System (QICDSS).

Methods: We included all residents up to age 24 eligible for health plan coverage who were in Quebec for at least 1 day from
January 1, 1996, to March 31, 2015. To be considered as having an ASD, an individual had to have had at least 1 physician claim
or hospital discharge abstract from 2000 to 2015 indicating one of the following ASD diagnosis codes: ICD-9 codes 299.0 to
299.9 or their ICD-10 equivalents.

Results: The QICDSS shows that the prevalence of ASD has risen steadily over the past decade to approximately 1.2% (n ¼
16,940) of children and youths aged 1 to 17 years in 2014 to 2015. The same prevalence was obtained using Ministry of
Education data. Common medical comorbidities included congenital abnormalities of the nervous system, particularly in the
first year of life. Psychiatric comorbidity was much more highly prevalent, especially common mental disorders like anxiety and
attention-deficit/hyperactivity disorder. Children and youths with ASDs made on average 2.3 medical visits per year compared
with 0.2 in the general population. Between 18 and 24 years old, the mental health needs of individuals with ASDs were met
less by medical specialists and more by general practitioners.

Conclusion: Information derived from this database could support and monitor development of better medical services
coordination and shared care to meet the continuous and changing needs of patients and families over time.
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Abrégé
Objectif : Estimer la prévalence, les comorbidités et l’utilisation des services des personnes souffrant des troubles du spectre
de l’autisme (TSA) d’après les données du Système intégré de surveillance des maladies chroniques du Québec (SISMACQ).

Méthodes : Nous avons inclus tous les résidents de 24 ans et moins admissibles au régime d’assurance-maladie qui étaient au
Québec au moins 1 journée entre le 1er janvier 1996 et le 31 mars 2015. Pour être considérée comme souffrant de TSA, une
personne devait avoir au moins une confirmation d’un médecin ou un registre des congés d’hôpitaux de 2000 à 2015 indiquant
l’un des codes suivants du diagnostic de TSA: les codes 299,0 à 299,9 de la CIM-9 ou leurs équivalents de la CIM-10.

Résultats : Le SISMACQ indique que la prévalence des TSA a augmenté régulièrement au cours des 10 dernières années pour
toucher approximativement 1,2% (n ¼ 16 940) des enfants et des adolescents âgés de 1 à 17 ans, en 2014-2015. La même
prévalence a été obtenue à l’aide des données du ministère de l’Éducation. Les comorbidités médicales communes étaient
notamment les anomalies congénitales du système nerveux, particulièrement dans la première année de vie. La prévalence de la
comorbidité psychiatrique était beaucoup plus élevée, spécialement les troubles mentaux communs comme l’anxiété et le
trouble de déficit de l’attention avec hyperactivité. Les enfants et les adolescents souffrant de TSA faisaient en moyenne 2,3 visites
médicales par année, comparativement à 0,2 dans la population générale. Entre 18 et 24 ans, les besoins de santé mentale des
personnes souffrant de TSA étaient satisfaits moins par des spécialistes médicaux et davantage par des omnipraticiens.

Conclusion : L’information tirée de cette base de données pourrait soutenir et surveiller le développement d’une meilleure
coordination des services médicaux et des soins partagés pour répondre aux besoins sans cesse changeants des patients et des
familles avec le temps.
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The prevalence of diagnosed autism spectrum disorders

(ASDs) has been on the rise since the late 1960s, with recent

studies reporting a prevalence of 1%.1,2 The US Centers for

Disease Control and Prevention (CDC) estimated a bigger

prevalence of ASDs at 14.6 per 1000 eight-year-old children

in 2012, but the rate varied considerably across regions, with

as much as a 3-fold difference between sites, possibly

reflecting disparities in access to specialised services.3

Uncertainties remain regarding the generalisability of results

as the CDC database does not provide a representative sam-

ple of the entire US population. It is therefore preferable to

use data from whole population registries to assess preva-

lence and associated medical conditions.4

Studies of medical health records have shown that more

than half of children with ASDs have at least 1 comorbid

disorder5-9 and that 41% have 2 or more.8 Several health

problems (psychiatric10-15 and medical16-21) are significantly

more prevalent among individuals with ASDs than in the

general population, with a mortality risk approximately 2

to 3 times greater than among same-sex peers in the general

population.21 However, most studies of the association

between ASDs and other health conditions were carried out

with small samples8-10,22 generally drawn from specialised

care settings.6,7,19,23 The few studies that have used a nation-

wide population administrative health database examined a

narrow range of comorbidities.5,13,16,17,20

Health service utilisation records indicate that, compared

with children without ASDs, those with ASDs make more

medical visits, make longer-term use of medication, have a

greater need for treatment and psychological counseling,

and are much more likely to receive physical or language ther-

apy.13 As adolescents with ASDs grow into adulthood, delivery

of their specialised care passes from paediatricians and child

psychiatrists to general practitioners supported by adult mental

health specialists. However, there is limited information on this

transition to adult care and the health service use of people

diagnosed with ASD into adulthood.24-28

Canada’s universal health care system covers 99% of the

population. It is administered by the provinces, and physi-

cians are mostly self-employed and paid on a fee-for-service

basis.29 The Public Health Agency of Canada (PHAC) has

been operating a Chronic Disease Surveillance System

(CCDSS) with aggregated administrative health data from

each province.30 The Quebec Integrated Chronic Disease

Surveillance System (QICDSS) covers a population of 8.2

million31 and collects information on prevalence, incidence,

mortality, and service use associated with health issues.

Against this background, we undertook a study with the

following objectives:

1. Estimate the prevalence of ASD from QICDSS

administrative data and compare it to the rate

obtained from Quebec Ministry of Education,

Recreation and Sports (MELS) data

2. Examine the prevalence and type of comorbidity

associated with ASDs

3. Describe the service utilisation profiles of people

with ASDs

Methods

Data Sources

The present study analysed longitudinal anonymized data

from the QICDSS, which links the following 5 administra-

tive health data sets31: 1) the health insurance registry, which
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provides information on demographics and health insurance

eligibility; 2) the physician claims database of all services

billed to the provincial health plan, which includes informa-

tion on diagnoses, procedures performed, and service setting

(i.e., private office, emergency room, etc.); 3) the hospita-

lisation discharge database, which covers diagnoses and

procedures received; 4) the vital statistics and death certif-

icates database; and 5) the pharmaceutical services data-

base, which covers prescription drug services received by

Quebec residents aged 65 and older. The QICDSS contains

data on all Quebec residents eligible for provincial health

insurance. The International Classification of Diseases,

Ninth Revision (ICD-9) was used to code diagnoses in the

physician billing database for the entire observation period.

In the hospitalisation database, the ICD-9 was used for the

period up to March 31, 2006, and the tenth revision

(ICD-10) was used thereafter.

Case Identification

We included all residents aged 24 and younger eligible for

health care coverage who were in Quebec at least 1 day from

January 1, 1996, to March 31, 2015. To be considered to

have an ASD, an individual had to have at least 1 physician

claim or hospital discharge abstract from 2000 to 2015 indi-

cating one of the following: ICD-9 codes 299.0 to 299.9 or

their ICD-10 equivalents, F84.0 to F84.9. It is noted that

these codes include childhood disintegrative disorder and

Retts syndrome, which are not perceived as an ASD in the

fifth edition of the Diagnostic and Statistical Manual of

Mental Disorders (DSM-5). We have nevertheless included

them because this longitudinal study covers the transition

from the DSM-4 to DSM-5. Our case definition fits the one

validated by Dodds et al.32

The ICD-9 codes used to identify comorbid conditions are

presented in Table 1 (see first column). A case was consid-

ered as incident in the first year a diagnosis was recorded. A

prevalent case was defined from the first year of diagnosis

and remained a case thereafter.

We used the following hierarchy to characterise health

service use: a) inpatient care, b) nursing home/care center

care, c) emergency room visits, d) outpatient psychiatric

contacts, e) outpatient pediatric contacts, f) general practi-

tioner office, and g) other medical specialist. In this scheme,

a person hospitalised in the past year was included only in

the “hospitalisation” category even though he or she might

have visited a hospital emergency room or a paediatrician.

Our prevalence results by region were validated against the

prevalence estimates compiled by the MELS for children

aged 4 to 17 years. Public education is mandatory until age

16 in Quebec, and the MELS keeps track of all children

residing in the province.

Table 1. Comorbidities of People Aged 1 to 17 Years, with and without ASDs, in First Year of Life and Lifetime, Quebec, 2014 to 2015.

First Year of Life Lifetime

With ASD
(n ¼16,940)

Without ASD
(n ¼1,447,660)

With ASD
(n ¼ 16,940)

Without ASD
(n ¼ 1,447,660)

Comorbidity (ICD-9 Codes)
Prevalence

(%) 99% CI
Prevalence

(%) 99% CI
Prevalence

(%) 99% CI
Prevalence

(%) 99% CI

Endocrine, nutritional and metabolic diseases,
and immunity disorders (240-279)

7.1 6.6-7.7 3.7 3.7-3.7 24.9 23.9-25.9 12.4 12.3-12.4

Mental disorders (290-319) 85.2 83.4-87.0 25.3 25.2-25.4
Substanceusedisorders (291-292and303-305) 2.1 1.8-2.4 0.7 0.6-0.7
Anxio-depressive disorders (296, 300, 311,

313)
34.2 33.1-35.4 7.7 7.6-7.7

Behavioral disorders (301, 302, 312) 13.2 12.5-13.9 2.2 2.1-2.2
Attention-deficit hyperactivity disorder

(314)
42.0 40.7-43.3 9.3 9.2-9.3

Developmental delay (315 and 317-319) 57.1 55.6-58.6 8.4 8.3-8.4
Intellectual disability (317-319) 6.0 5.5-6.5 0.2 0.2-0.2
Epilepsy (345) 1.3 1.1-1.5 0.3 0.3-0.3 8.4 7.9-9.0 1.3 1.3-1.3
Disorders of the eye and adnexa (360-379) 15.1 14.4-15.9 9.9 9.9-10.0 42.9 41.6-44.2 27.9 27.8-28.0
Diseases of the ear and mastoid process

(380-389)
30.0 28.9-31.1 27.8 27.7-27.9 83.1 81.3-84.9 69.6 69.4-69.8

Diseases of the circulatory system (390-459) 4.9 4.4-5.3 2.6 2.6-2.7 14.3 13.5-15.0 7.7 7.6-7.7
Diseases of the respiratory system (460-519) 56.9 55.4-58.4 51.3 51.2-51.5 92.7 90.8-94.6 84.0 83.8-84.2
Diseases of the digestive system (520-579) 28.3 27.2-29.3 20.2 20.1-20.3 63.3 61.7-64.9 45.5 45.3-45.6
Diseases of the genitourinary system (580-629) 11.3 10.7-12.0 6.8 6.8-6.9 38.4 37.2-39.6 28.1 28.0-28.2
Congenital anomalies (740-759) 20.7 19.8-21.6 13.6 13.5-13.7 34.1 32.9-35.3 20.1 20.0-20.2
Trauma (800-999) 15.2 14.4-16.0 11.7 11.6-11.8 69.0 67.4-70.7 55.5 55.3-55.6

ASD, autism spectrum disorder; CI, confidence interval; ICD-9, International Classification of Diseases, Ninth Revision.
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Regarding the data quality of the QICDSS, psychiatrists

and paediatricians entered the ICD-9 code in billing files in

95% of cases, and an internal medicine diagnosis code was

indicated in 94% of claims.

Moreover, the MELS data, against which we compared

our results, covered all students aged 4 to 17 years with

ASDs evaluated by a psychiatrist, child psychiatrist,

or physician as part of a multidisciplinary team.33,34 The data

related to the 2014 to 2015 school years. Children’s age was

estimated from their school grade. ASD prevalence was cal-

culated from the ratio of “total number of students with ASD

in a school year” to “total number of students in the school

year” multiplied by 10,000.

Data Analysis

We used lifetime prevalence, which meant that a person who

met the case definition at any age from birth to the end of the

observation period was counted as a case. Annual incidence

refers to the rate of new cases of ASDs identified in the

population over a year. Comparisons over time and between

regions were made using age-adjusted measures. Rates were

directly standardised according to the age structure of the

population of Quebec in 2001 and were derived for 15

regions of Quebec. To compare differences in ASD preva-

lence between regions, rates were estimated for people aged

4 to 17 years using QICDSS and MELS data.33,34 Prevalence

of comorbid diseases (with 99% confidence interval) was

calculated among people who used health services for ASDs

and compared against the prevalence of these diseases

among people who did not use such services (general popu-

lation). This was carried out for 2 time frames: first year of

life and after the first year of life. However, analyses of

comorbidities were restricted to individuals aged 1 to

17 years because information from birth might be missing

for older subjects given the QICDSS database was set up in

1996. We identified service utilisation based on service loca-

tion and type of physician seen (i.e., general practitioner,

psychiatrist, paediatrician, or other medical specialist). A

distinction was made between office and hospital-based

care, and the latter was subdivided into outpatient appoint-

ment, emergency room visit, or inpatient care. Hospital data

took precedence over community-based care, and inpatient

data took precedence over outpatient data. This hierarchy

took into account that a given individual could consult var-

ious professionals or use various health services over a given

period of time.

Results

Lifetime Prevalence and Annual Incidence of ASDs

The prevalence of ASDs was about 1.2%, representing

16,940 children aged 1 to 17 years in 2014 to 2015

(Figure 1A). Prevalence increased from 15 per 10,000 in

2000-2001 to 122 per 10,000 in 2014-2015, was higher

among boys, and was highest in the 5- to 14-year age group

(Figure 1B). The Ministry of Education data yielded exactly

the same provincial crude prevalence rate of 1.3% (see Que-

bec in graph of supplementary file).

Figure 1C shows the annual incidence of ASDs from

2000-2001 to 2014-2015. In 2014 to 2015, the incidence was

19 per 10,000, which translated into 2758 newly diagnosed

cases in the population aged 17 and younger. Incidence

among boys was 4 times as high as among girls. ASDs were

generally diagnosed before age 10 (Figure 1D).

The QICDSS and MELS data were remarkably similar for

some regions but very different for others (see graph in

supplementary file). For instance, in 2014 to 2015, the life-

time prevalence reported by the QICDSS for Estrie (155 vs.

61 per 10,000), Bas-St Laurent (125 vs. 88 per 10,000) and

the Outaouais (112 vs. 80 per 10,000) were very high com-

pared to those of the MELS. However, the MELS database

reported higher rates than QICDSS for some regions such as

Montérégie (205 vs. 183 per 10,000) Laval (172 vs. 152 per

10,000), and Lanaudière (126 vs. 104 per 10,000). In gen-

eral, the Montreal metropolitan area, which accounts for

nearly half of Quebec’s population, had the highest preva-

lence rates, followed by more semiurban and smaller

regions. Similarly, although ASD prevalence did vary some-

what for certain regions depending on data source, the dif-

ference in the number of cases observed between the

QICDSS (16,010 children aged 4-17 years) and MELS

(13,275 children aged 4-17 years) data did not alter the ordi-

nal ranking of the regions significantly.

Comorbidity Associated with ASDs

Table 1 compares levels of medical and psychiatric comor-

bidity in people with ASDs to those in the remaining popu-

lation (without ASDs). It presents both first-year-of-life and

lifetime prevalence. Overall, the proportion of individuals

with at least one of the diagnoses was higher among people

with ASDs than in the general population, irrespective of the

condition of interest. In the first year of life, this difference

was more pronounced for diseases of the digestive system,

congenital anomalies, and perinatal disorders. Later in life, a

higher proportion of people with ASDs had a mental disorder

compared with the general population, and this was true also

for specific conditions, including developmental delay,

attention-deficit hyperactivity disorder, and anxio-depressive

disorders. The frequency of congenital anomalies, behavioral

disorders, intellectual disability, and epilepsy was also higher

among people with ASDs.

Service Utilisation

People with ASDs had on average more than twice as many

health service contacts (5.8 vs. 2.7), most commonly for

reasons of mental illness (2.3 vs. 0.2), compared with those

without ASDs (data not shown). The mental health service

utilisation profile of people with ASDs indicated that before

age 10, ASDs were initially diagnosed by paediatricians,
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followed by psychiatrists; the inverse was true after age 10

(Table 2).

People with ASDs consulted mostly psychiatrists and paedia-

tricians and were more likely than individuals without ASDs to

be hospitalised or seen in emergency settings (Table 3). With

age, individuals with ASDs received fewer mental health ser-

vices, and the role of family physicians increased (Figure 2).

Discussion

Our findings support the value of the QICDSS as a register

for ASDs. This database covers 96% to 99% of all insured

individuals, accounting for 99% of the Quebec population.

Unlike previous work carried out in the United States, Fin-

land, and Thailand,13,16,17,20 our study was not restricted to

A-Lifetime prevalence by sex and year (1-17years) B- Lifetime prevalence by age group

C- Incidence by sex and year (1-17years)       D- Incidence by age group
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Figure 1. Lifetime prevalence and annual incidence of autism spectrum disorders by sex, year, and age group.
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an age group or localised areas. As our databases covered

practically the entire population, it allowed us to obtain a

representative prevalence of ASDs in Quebec by age group

and region and to investigate population-based determinants

that can vary between or within regions. Quebec’s school

board registers had been used previously to study the pre-

valence and possible determinants of neuro-developmental

disorders.35 We demonstrate here that linked health adminis-

trative databases produced similar prevalence and captured

regional differences attributed to school services availability.

The QICDSS shows that ASDs have risen steadily over

the past decade, reaching a lifetime prevalence of 12.2 per

1000 persons aged 17 years and younger in 2014 to 2015.

This is comparable to existing data that have yielded preva-

lence rates of 0.6% to 1.1%.1 However, compared with the

CDC’s data for 2012 (14.6 per 1000 children 8 years of

age),3 we obtained a slightly lower prevalence for children

8 years old (12.3 per 1000 in 2012). The annual incidence

rate followed the same growth trend over time and was esti-

mated at 1.9% in 2014 to 2015. The predominance of boys

over girls is also consistent with results from previous epi-

demiological studies.2 However, there was a 3-fold variation

in prevalence rates across regions of the province, with the

Montreal metropolitan area registering the highest. This is

consistent with an Australian study that showed people liv-

ing in rural areas had a lower prevalence of ASDs, possibly

because of lower service availability.36 Rates have been

shown to vary also in the United States (e.g., in an area

where both education and health care records were reviewed,

12.2 per 1000 in South Carolina vs. 24.6 per 1000 in New

Jersey, a 2-fold difference).3 The sites that used both educa-

tion and health care records reported a higher prevalence

than did sites that used only health care records. The provin-

cial estimates from the 2 data sources (i.e., health-QICDSS

and education ministries–MELS) were remarkably similar.

This might be explained by the fact that school boards

require that a child be diagnosed with an ASD before receiv-

ing school-based specialised services for ASDs.33,34 The dis-

parity in overall numbers between the 2 data sets may reflect

the possibility that the additional cases in the QICDSS

include cases such as Asperger’s syndrome, and these indi-

viduals do not receive services in school.

As reported in other research, people with ASDs had greater

comorbidity, although this varied by comorbid disorder and

life stage.5-10,13,16,17,20 Some comorbidities were particularly

common in the first year of life, while others were diagnosed

only later. The prevalence of comorbidity observed among

individuals with ASDs in other studies has varied, but this

could be explained by differences in research methodology.

The sampling frame is a capital factor, as studies that used a

clinical sample have tended to overestimate the association

between comorbidities and ASDs. Variations may also be due

to diagnostic practices. In the QICDSS, diagnoses are formu-

lated mainly by paediatricians and psychiatrists, as is the case

in clinical sample studies. These health professionals may be

reluctant to formulate a diagnosis of “intellectual disability” for

children with ASDs lest it result in these children being denied

special school services. Instead, they may prefer to hand down

an ICD-9 diagnosis of “developmental delay.”3 This would

explain why prevalence is much lower for intellectual disabil-

ity than for developmental delay (Table 1).

Average number of medical contacts was twice as high

among people with ASDs as in the general population. This

might be explained by the greater prevalence of comorbidity

among people with ASDs.13 However, the pattern changed

over time: most of the younger people saw psychiatrists and

paediatricians, but use of specialist mental health services

decreased considerably in young adulthood. This finding

echoes concern raised in the recent literature to the effect

that the transition to adulthood is associated with a break in

continuity of care provided by the health system for people

with mental disorders.25,27 Another explanation could be that

Table 2. Autism Spectrum Disorder Incident Cases 1 to 24 Years Old, by Type of Diagnosing Physician on First Visit and Age Group,
Quebec, 2014 to 2015.

Age Group, y

Type of Diagnosing Physician on First Visit, n (%)

Psychiatrist Paediatrician General practitioner Other Specialist Total

1-4 75 (8.2) 644 (70.2) 123 (13.4) 76 (8.3) 918 (100.0)
5-9 221 (20.1) 652 (59.3) 182 (16.6) 45 (4.1) 1100 (100.0)
10-14 188 (35.7) 259 (49.2) 67 (12.7) 13 (2.5) 527 (100.0)
15-17 104 (48.8) 69 (3.4) 30 (14.1) 10 (4.7) 213 (100.0)
18-24 97 (51.6) 15 (8.0) 66 (35.1) 10 (5.3) 188 (100.0)

Table 3. Hierarchical Mental Health Service Utilisation Profile of
People with and without ASD, 1-24 Years of Age, Quebec, 2014 to
2015.a

Mental Health Services

With ASD Without ASD

% 99% CI % 99% CI

Hospitalisation 1.9 1.7-2.2 0.3 0.2-0.3
Care center 1.2 1.0-1.4 0.1 0.1-0.1
Emergency room 2.8 2.5-3.1 0.8 0.8-0.8
Outpatient psychiatrist 17.7 17.0-18.5 1.0 1.0-1.0
Outpatient paediatrician 22.3 21.5-23.1 3.0 2.9-3.0
Family physician’s office 9.2 8.7-9.7 4.0 4.0-4.0
Other medical specialist 1.5 1.3-1.7 0.2 0.2-0.2
None 43.4 42.3-44.6 90.7 90.5-90.9

aASD, autism spectrum disorder; CI, confidence interval.
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the core symptoms of ASDs37,38 improve to such an extent

over time as to no longer require specialist services.

The QICDSS constitutes an inestimable source of infor-

mation for the surveillance of ASDs given that it documents

all health care services used by the Quebec population.31

However, it is not without limitations. First, as the

QICDSS was designed for administrative purposes, it may

be subject to a recording bias, especially regarding diagno-

sis. Databases and case definitions need to be validated

before they can be used for epidemiological purposes.39-41

However, studies have shown that diagnoses recorded in

medical records fully corresponded to entries in administra-

tive databases for other diseases, in Quebec as in other prov-

inces.40,42 In addition, Dodds et al.32 reported that

administrative health databases can clearly identify children

with autism. Second, since QICDSS data only include infor-

mation on people who use health care services, the case

definition only identifies people who have received a diag-

nosis or treatment from a physician. However, individuals

with ASDs can also be treated by other professionals, includ-

ing resource teachers, speech-language pathologists, and

psychologists, both in schools and in private clinics. The

QICDSS does not cover these cases and cannot report them.

We partly addressed this issue by comparing the results from

the QICDSS with rates from the MELS, which include diag-

noses made by psychologists and speech-language patholo-

gists working in both public and private schools. This gave

similar rates for most regions, although we accept that this

does not include psychologists and speech-language pathol-

ogists working in the community. We would suggest that

although administrative data probably underestimate the

prevalence of ASDs, they are still useful for identifying

temporal and regional trends among treated cases.

Conclusion

Our research confirms that ASDs have risen steadily in terms

of prevalence and incidence and that they vary considerably

across regions. It also demonstrates the QICDSS’s capacity

to identify associated comorbidities and their associated risk

factors. Furthermore, the measurement of health service uti-

lisation (for mental and other health reasons) across the life

trajectory of this disorder beginning in the first years of life

may shed light on the specific needs of people with ASDs

and on possible deficits in the service offer.

Our results may have implications for future research.

These include exploring the etiology of ASDs and the excess

mortality found in this condition, as well as investigating the

association between variations in health service availability

and the prevalence of ASDs. Finally, the QICDSS is a sur-

veillance system similar to those of other Canadian prov-

inces that provide aggregated data to the PHAC’s CCDSS,

and this could serve as a model for nationwide surveillance,

service planning, evaluation, and research on ASDs.
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