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Abstract

Introduction: Autism spectrum disorders (ASD) encompass a range of neurodevelop-
mental disorders that affect the patient’s communication and behavior. There are some
reports about the increasing prevalence of ASD in recent decades, mostly due to the
improvement in diagnosis and screening status. Few studies suggested a lower preva-
lence of ASD in North Africa and Middle East compared to more developed regions.
The aim of this study is to provide a comprehensive outlook of ASD in the region.
Methods: We used Global Burden of Disease (GBD) data from 1990 to 2019 in North
Africa and Middle East, which is one of the seven super regions of the GBD catego-
rization. In this study, we reported the epidemiologic indices, including prevalence,
incidence, and years lived with disability (YLDs) for ASD in the 21 countries of the
super region. We also compared these indices between the countries based on their
sociodemographic index (SDI) which was calculated according to income per capita,
mean education, and fertility rate.

Results: Age-standardized prevalence rate (ASPR) of ASD in the region is 304.4 (95%
uncertainty interval 251.2-366.1) per 100,000 in 2019 with less than one percentage
change since 1990. Age-standardized YLDs and incidence rates were 46.4 (30.4-67.5)
and 7.7 (6.3-9.3) per 100,000 in 2019. The ASPR was 2.9 times greater in males com-
pared to females in 2019. The highest age-standardized prevalence, incidence, and
YLD rates among the countries were seen in Iran in 2019 (370.3, 9.3, and 56.4 per
100,000, respectively). High SDI countries had higher age-standardized YLDs rates

compared to the other countries of the region.
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1 | INTRODUCTION

Autism spectrum disorders (ASD) are defined as a wide range of neu-
rodevelopmental disorders, including autism, pervasive developmental
disorder-not otherwise specified (PDD-NOS), and Asperger’s syn-
drome. According to the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5), the main features of ASD are persis-
tent social-communication deficits, restricted interests, and repetitive
patterns of behavior. The symptoms begin in early childhood and gen-
erally last throughout a person’s life (American Psychiatric Association,
2013). It can be sometimes diagnosed at 18 months or earlier (Hyman
et al, 2020). There has been a dramatic increase in the prevalence of
ASD in recent decades globally (Fombonne, 2001, 2020). Previously,
ASD was considered to occur mostly in Western countries which have
high technologies (Sanua, 1984). The Centers for Disease Control and
Prevention (CDC) has been tracking the data about ASD in the United
States since 1996; the estimated prevalence of ASD in 2000 was 6.7
per 1000 and it had raised to 16.8 per 1000 in 2014 and 18.5 per 1000
in 2016 (Autism and Developmental Disabilities Monitoring Network
Surveillance Year 2000 Principal Investigators; Centers for Disease
Control and Prevention, 2007; Autism and Developmental Disabilities
Monitoring Network Surveillance Year 2002 Principal Investigators;
Centers for Disease Control and Prevention, 2007; Baio et al., 2018;
Rice et al., 2010; Van Naarden Braun et al., 2015). Over the last two
decades, the increase in prevalence and knowledge of ASD has been
documented in other parts of the world as well (Fombonne, 2003).
However, there is no study about the epidemiology of ASD specifically
addressed to North Africa and Middle East to date.

ASD happens in all ethnic, regional, racial, and socioeconomic
groups, but the prevalence is varied among them, which might be
because of dissimilar diagnoses among these groups. ASD is more
prevalent in Caucasian children than Black or Hispanic children in the
United States (Baio et al., 2018). The diversity seems to diminish, but
the still existing discrepancy can be the outcome of stigma and var-
ied accessibility of health services (Hodges et al., 2020). Gender has
a determined impact on the prevalence of ASD as if ASD is more
prevalent in males compared to females, previously reported 4:1 ratio

Conclusion: In conclusion, the trends of age-standardized epidemiologic indices
remained approximately steady through the years 1990-2019 in the region. Though,
there was a wide discrepancy between the countries of the region. The difference of
YLDs among the countries of this region is related to the SDI of the countries. Mon-
etary and public awareness status are the SDI factors that may affect the quality of
life of ASD patients in the region. This study provides valuable information for govern-
ments and health systems to implement policies for maintaining the improving trend,
achieving more timely diagnosis, and bettering the supportive actions in this region.

developmental delay, developmental disability, disability-adjusted life years, epidemiology

(Fombonne, 2009). Recently, a meta-analysis reported a ratio of 3:1
(Loomes et al., 2017). Some studies suggest that females are more likely
to be overlooked, misdiagnosed, or diagnosed lately (Bargiela et al.,
2016; Giarelli et al., 2010; Russell et al., 2011).

The majority of North Africa and Middle East countries are consid-
ered developing and less developed (Prates & Baltar, 2020; Santos &
Santos, 2014). The prevalence of ASD in less developed countries is
lower compared to Western countries; it may be a result of stigma-
tization in these countries and the tendency of parents to send their
children to general education schools rather than special schools (Baird
et al., 2006; Samadi, 2008). Another reason might be the deprivation
of children with intellectual disabilities from educational services at
an early age and the screening before enrolling in elementary schools
(Hosseinpoor et al., 2005). It seems more probable that the lower
prevalence is due to a lack of diagnostic resources and other external
factors. Few studies have reported the epidemiology of ASD in North
Africa and Middle East. Overall, these reports suggest a lower preva-
lence of ASD in the Middle East compared to the Western countries
(Chiarotti & Venerosi, 2020).

This report provides the latest available estimates about the preva-
lence, incidence, and years lived with disability (YLDs) of ASD in North
Africaand Middle East nationally. It also describes the evolution of ASD
epidemiology in this area from 1990 to 2019.

2 | MATERIALS AND METHODS

ASD was defined as a group of five sub-disorders: Autistic disorder
(299), PDD, PDD-NOS (299.80), Rett’s disorder (299.8), Asperger’s dis-
order (299.8), and childhood disintegrative disorder (299.10) according
to the Diagnostic and Statistical Manual of Mental Disorders (fourth
edition, text revision DSM-IV-TR) (Cooper, 2000). But, it had been
incorporated into a single disorder in the DSM-5 (American Psychiatric
Association, 2013).

The Global Burden of Disease (GBD) inclusion criteria of studies
used for estimations, described in detail, are available elsewhere (GBD
2019 Diseases and Injuries Collaborators, 2020).
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2.1 | Data input

In this analysis, we have collected data from a systematic review done
for the Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2019. GBD 2019 cumulated a large number of input sources
to estimate mortality, causes of death and illness, and risk factors for
369 conditions in 204 countries and territories from 1990 to 2019.
The North Africa and Middle East, which is one of the 7 super regions
and one of the 21 regions of the GBD categorization, includes 21 coun-
tries: Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait,
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Sudan,
Syrian Arabic Republic, Tunisia, Turkey, United Arab Emirates, and
Yemen. The GBD study provides a standardized analytical approach
for modeling and estimating incidence, prevalence, and YLDs by age,
sex, cause, year, and location. Data sources for models are available
online at the Global Health Data Exchange website (Institute for Health

Metrics and Evaluation).

2.2 | Nonfatal estimates

Epidemiological outcomes for ASD were modeled using DisMod-MR
2.1, a Bayesian meta-regression modeling tool developed for GBD
epidemiological analyses. A meta-regression with Bayesian priors, reg-
ularization, and trimming (MR-BRT) analysis was used to run a nested
network meta-regression to estimate adjustments to alternative data
prior to running DisMod-MR 2.1. In addition, MR-BRT was used to run
a meta-regression analysis on the within-study sex ratios to estimate a
pooled sex ratio with a 95% uncertainty interval (Ul). Ul is defined as
a range of values that shows the certainty of an estimate (GBD 2016
Neurology Collaborators, 2019) and was generated for every metric
using the 25th and 975th ordered 1000 draw values of the posterior
distribution. In this study, we reported each incidence, prevalence, and
YLD estimates with its 95% UI.

We aimed to report the epidemiological status of ASD in terms of
annual prevalence, incidence, and disability-adjusted life-years (DALYs)
by age, sex, and country from 1990 to 2019 (GBD 2019 Diseases and
Injuries Collaborators, 2020). Calculating the age-standardized rates
was accomplished using the GBD standard population in this study.
DALYs are calculated as the sum of the years of life lost due to prema-
ture mortality and the YLDs for people living with the health condition.
In this study, we did not estimate premature mortality due to ASD;
because medical literature maintained that ASD does not affect life
expectancy directly and GBD does not report any deaths from ASD as
the underlying cause. As aresult, DALYs for ASD are equivalent to YLDs
(Baxter et al., 2014). As explained in the GBD 2019 Data Input Sources
Tool, nine scientific literature sources have been used as inputs, which
were directly related to North Africa and Middle East.

2.3 | Sociodemographic index

GBD uses a compound measure of lag distributed income per
capita, mean education for those ages 15 and older, and fertil-
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ity rate under the age of 25 for all areas in the GBD study to
define sociodemographic influence on health outcomes. Sociode-
mographic index (SDI) is expressed in five levels: high SDI, high-
middle SDI, middle SDI, low-middle SDI, and low SDI. We deter-
mined the ASD annual prevalence, incidence, and YLDs in all SDI
quintiles using the GBD Results Tool. SDI in the region ranged
from 0.34 in Afghanistan to 0.88 in the United Arab Emirates
in 2019.

2.4 | Health access and quality index

Health access and quality (HAQ) index provides estimations for the
personal health care access and the quality of each location by using
32 causes leading to death that would be preventable in the presence
of high-quality health care access. In other words, it predicts amenable
mortality. Principal components analysis was used to construct this
index on the basis of mortality-to-incidence ratios for cancers and risk-
standardization of death rates for non-cancer causes. HAQ index in the
region ranged from 26.91 in Afghanistan to 82.52 in Kuwait in 2019.

2.5 | Role of the funding source

The funder of the study had norole in study design, data collection, data
analysis, data interpretation, or writing of the report. All authors had
full access to the data in the study and had final responsibility for the
decision to submit for publication.

3 | RESULTS

3.1 | Prevalence
The number of prevalent cases of ASD in North Africa and Middle East
was 1105,582 (911,505-1326,857) in 1990 and increased by 70.0%
(68.7-71.5) to 1879,528 (1550,850-2261,649) in 2019. It forms 6.6%
of the whole world’s cases of ASD in 2019 (Table S1). Age-standardized
prevalence rate (ASPR) per 100,000 in males (446.6; 369.4-536.3) was
2.9 times greater than females (151.4; 122.3-184.1) in 2019 (Table 1).

The ASPR in North Africa and Middle East was 303.6 (250.4-365.5)
and 304.4 (251.2-366.1) per 100,000 in 1990 and 2019, respectively
(Figure 1). The ASPRs of ASD were the highest in Iran, Qatar, United
Arab Emirates; 370.3 (306.8-441.4), 344.7 (283.2-415.7), and 331.2
(271.9-400.8) in 2019. The ASPRs of ASD were the lowest in the
Syrian Arab Republic, Yemen, and Libya; 283.9 (231.3-345.4), 286.0
(234.6-347.0), and 286.5 (235.2-347.9) in 2019 (Table S1, Figure 2).
The interquartile range (IQR) of ASPR in the region declined from 1990
t0 2019 (21.4to 17.9 per 100,000 population).

ASPRs have been higher in countries with higher SDI among North
Africa and Middle East countries compared to the countries with lower
SDI.
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TABLE 1

% Change (1990-2019)

Year

2019

1990
Both

Female Male

Both Female Male Both

Male

Female

Age, metric

Measure

Location
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. _ 3.2 | Incidence
o< © ©
08¥ zT¢ . . . ‘
e Q The number of new ASD cases in North Africa and Middle East region
has increased by 1.8% (1.0-2.5) from 44,221 (36,225-53,111) in 1990
OL. < £ _ t045,002(36,857-53,912)in 2019 (Table 1). It forms 7.5% of the whole
0 8 pu i o world’s new cases of ASD in 2019. Age-standardized incidence rate
0 ' (ASIR) in males (11.4; 9.4-13.5) was 2.9 times higher than in females
uuj. - o T (3.9; 3.1-4.7) in 2019 (Table 1).
g 3 o < E E The ASIRs in North Africaand Middle East were 7.9 (6.5-9.5)and 7.7
0 =] (6.3-9.3) per 100,000 in 1990 and 2019, respectively (Figure 1). ASIRs
S of ASD were estimated to be the highest in Iran, Lebanon, and Sudan;
L 28 9.3 (7.7-11.1), 7.9 (6.4-9.5), and 7.7 (6.3-9.3) in 2019, respectively.
<« § § ':; ASIRs of ASD were estimated to be the lowest in Oman, Qatar, and Jor-
§_ g g ‘:f dan; 7.1 (5.8-8.5), 7.3 (5.9-8.7), and 7.3 (5.9-8.8) in 2019, respectively
N &3 (Table S1, Figure 2). The IQR of ASIR in the region declined from 1990
_ t0 2019 (0.24 to 0.16 per 100,000 population).
=
b
233 .49
Sz of 3.3 | YLDs/DALYs
O N
n The numbers of YLDs and DALYs are the same because of the nonfa-
&' ~ E tal nature of ASD. Although their absolute numbers are the same, the
§ g ?; 8 share of ASD from total YLDs and total DALYs is different. The all-ages
OIB‘ § g 3 YLDs of ASD in North Africa and Middle East comprised 6.7% of total
N NI YLDs in 2019, and the share of DALYs in the region is 0.17% of the
@ total. The all-ages YLDs rate of ASD in North Africa and Middle East
Lo g, has decreased by 4.1% (—6.2 to —1.9) from 49.3 (32.1-71.8) in 1990
o § (§ g to 47.25 (30.9-68.8) in 2019. Age-standardized YLDs rate (ASYR) in
§‘ 3‘3, @ g males (68.2; 44.7-99.2) was three times greater than females (23.0;
- © 15.0-33.4) in 2019 (Table 1).
S The ASYR of ASD in North Africa and Middle East was 46.3 (30.2-
8‘ S 8. 67.6) and 46.4 (30.4-67.5) per 100,000 in 1990 and 2019, respectively
3] ,3 § ; (Figure 1). ASYR of the region was the second lowest amongst all the
g* SHo § = super regions through 1990-2019. The ASYRs in 2019 were the high-
est in Iran, Qatar, and United Arab Emirates; 56.4 (37.0-81.7), 52.6
‘3 (34.0-75.9), and 50.5 (33.0-73.5) in 2019, respectively. The ASYRs in
gl E E. - 2019 were the lowest in the Syrian Arab Republic, Afghanistan, and
§ Oé’ 2 8 oi Yemen; 43.2 (28.6-63.4), 43.4 (28.6-62.8), and 43.5 (28.3-62.8) in
,C\S =d 8 g 2019, respectively (Figure 2). The IQR of ASYR in the region declined
- N Tz" from 1990 to 2019 (3.4 to 2.8 per 100,000 population).
§ E ASYR has been higher in countries with higher SDI among the
§ 'TEU g,_ g E :; region’s countries. Figure 3 shows the consistency of these results from
ﬁ g . g :a_.;' § g § 1990 to 2019 within a 10-year interval.
% = i’o w L= § E The YLDs number of prevalent cases was used as an indicator of the
§ E personal cost of illness for each patient. This ratio is 0.153 YLD per
o E patient for ASD compared to 0.108 YLD per patient for all causes in
E g 2019 in the region.
8 £ >
- c v
£ 4 | DISCUSSION
G S
% % Our study revealed a high epidemiologic rate in the region with a large
Z <

variation between countries by SDI and HAQ. The epidemiology of
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FIGURE 1 Allages number and age-standardized rate of incidence, prevalence, and years lived with disability (YLDs) for autism spectrum
disorders (ASD) by sex, 1990-2019, and 95% uncertainty interval.
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2019

Age-standardized rate
(per 100,000)

Prevalence

1990

2019

Age-standardized rate
(per 100,000)

B <286.8
o [286.8 to 290.8)
O [290.8 to 297.8)
m [297.810313.2)
= 23132

YLDs

1990

2019

Age-standardized rate
(per 100,000)

-]
a
a
=]
.2

<437

[43.7 to 44.4)

[44.4 to 455)

[455 to 47.8)
478

FIGURE 2 Comparison of age-standardized rate of incidence, prevalence, and years lived with disability (YLDs) among North Africa and

Middle East countries in 1990 and 2019.

ASD has not been well studied in the region, and more efforts are
needed to accurately assess the burden and address it. Our results
are of great value as they show the epidemiological status of disease
by country and allow health officials and others to design and imple-
ment programs to address ASD and monitor progress using future GBD

estimates.

Iran, Qatar, and United Arab Emirates had the highest all-ages rates
and ASPR of ASD in the region. These countries’ HAQ indices were
above the average of the region, which indicates that their popula-
tions had better access to health care facilities. Thus, higher reported
prevalence rates in these countries may reflect better diagnosis and

it does not prove the higher prevalence of ASD in these countries
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necessarily. Furthermore, these countries are considered to have bet-
ter sociodemographic status among the countries of the region. It
suggests there may be a correlation between ASD prevalence and
SDI components, including education, income, and fertility. A study
reported that physicians, teachers, and psychiatrists are those who
refer patients for clinical assessment the most among health and
education professionals (Albores-Gallo & Solis-Bravo, 2019), which
explains the relationship between higher education and income with
higher prevalence. Moreover, human and physical resources facilitate
identification and diagnosis, which are more accessible in high-income
countries (Samms-Vaughan, 2014). The decline of the IQR in our mea-
sures shows that the countries of the region have become more
equal in ASD prevalence, incidence, and cost of illness in recent
years.

The annual incidence of ASD in North Africa and Middle East
has increased between the years 1990-2019, whereas the ASIR has
decreased insignificantly and remained steady. The incremental trend
seen for incidence may be due to population growth. Nevertheless,
changes in ASIR over these years were insignificant. ASD can be diag-
nosed at 18 months or earlier; the sooner diagnosis happens, the
better outcomes of the treatment would be. Maureen et al. reported
that in middle and low-income countries the mean age at diagnosis
ranges between 45 and 57 months (Samms-Vaughan, 2014). One study
in 2005 reported the mean age at diagnosis in Pennsylvania, United
States of America (USA) is approximately 37 months (Mandell et al.,
2005), another study stated the mean age is about 38 months in the
USA (Rosenberg et al., 2011). Samms-Vaughan and Franklyn-Banton
(2008) reported Low maternal education as a risk factor for delayed
diagnosis.

The ASYR of ASD has increased by 0.37% from 1990 to 2019 in
North Africa and Middle East, whereas the global YLDs have decreased
by 0.75%. The gradual increasing trend in this region may be due to
improved public awareness, health care accessibility, screening, and
diagnostic substitution (Shattuck, 2006). The diagnostic substitution
refers to the change that many children are now being diagnosed
with ASD, whereas they were diagnosed with mental retardation and
learning disabilities previously (Shattuck, 2006).

DSM-5 was published in 2013, and DSM-IV-TR was used for ASD
diagnosis till 2013. A study in 2014 reviewed the effect of DSM-5 on
the epidemiology of ASD; 9%-54% of cases diagnosed with DSM-IV do
not qualify for DSM-5 (Tsai, 2014). This suggests the estimated number
of new cases in recent years could be more if the old version of DSM
was used. GBD used a crosswalk approach to adjust the estimate based
on the DSM-5 criteria as the reference definition.

The prevalence, incidence, and DALY of ASD were higher in
males compared to females in North Africa and Middle East same
as global estimations. The previous reports of male-to-female ratios
vary between 4:1 and 3:1 globally (Fombonne, 2009; Loomes et al.,
2017). Some reasons explain the ratio: (1) female autism phenotype;
presented with less overt restricted interests, (2) females’ tendency
to mask their autistic deficits through a process known as “camou-
flaging,” and (3) professionals, who play a role in diagnosis (family

physicians, teachers, pediatricians, psychologists, psychiatrists, etc.),
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assuming ASD as a male disorder (Bargiela et al., 2016; Frazier et al.,
2014; Mersch et al., 2015).

There are several factors affecting timely diagnosis and the quality
of life in ASD patients. Some of these factors are known to reduce the
delayed diagnosis of ASD such as increasing public awareness and pro-
moting primary care established on a surveillance and screening basis.
Furthermore, training of early detection of ASD for general physicians,
preschool educators, and other professionals who have contact with
children at early ages may lead to early diagnosis (Masri et al., 2013;
Samms-Vaughan & Franklyn-Banton, 2008). Even in the presence of an
accurate diagnosis, ASD patients and their families need medical sup-
port and facilities to help them live with their condition. These are some
qualities that are absent in many countries of this region. In this study,
we showed that countries with lower HAQ index and SDI require more
endeavor to equip folks, train medical personnel, establish more clinics,
and implement their databases.

We used GBD data for this study which is based on regional and
global reports and papers, so the numbers are affected by the research
done in each country. Availability and access to high-quality data is
a major issue in the North Africa and Middle East. There has been
progress in the diagnosis ability throughout the years, which we were
not able to consider in the analysis. The discrepancy in health care
availability and approaches among different countries of the region is
another factor that could affect the results; however, it was not doable
to completely investigate the effects in the analysis. For mental dis-
orders, there might be more limitations because of the stigma. Far
more than coping with the destructive effects of the mental disorder,
these patients have to face the difficulty of becoming excluded from
social groups and prejudices (Rossler, 2016). The incidence of ASD was
not available by age group, so we were unable to evaluate the age of
diagnosis and screening status in different countries of the region.

5 | CONCLUSION

In conclusion, ASD is an important cause of disability starting from
early childhood and lasting through a lifetime. Since most of our knowl-
edge of ASD comes from high-income countries, there is an urge
to fill in the knowledge gap. The prevalence and incidence of ASD
have increased in North Africa and Middle East; population growth,
improved public awareness, early detection, and promotion of primary
care may be the reasons behind the changes. Regarding the variation
seen in the quality of accessible health care in this region, the coun-
tries can focus on bettering their health care status to develop. This
report provides a general overview of the epidemiologic status of ASD,
using the GBD study 2019, for health care facilities, health policymak-
ers, and researchers to achieve a timely diagnosis, early intervention,

and better surveillance in this area.
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