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SUMMARY

Autism Spectrum Disorder (ASD) is a major neurodevelopmental disorder with a growing global
incidence, and needs to be better understood in terms of its spatial patterns and risk factors to inform
health policy. This study conducted a spatial-statistical analysis to detect spatial patterns and factors of
ASD in children under 15 years in Iraq's Babylon Governorate. A descriptive-analytical approach was
used, combining Geographic Information Systems (GIS) and statistical techniques, including Z-score
normalization, Pearson's correlation and regression. The results reveal a high spatial variation in ASD
incidence (7.45-45.78 per 10,000 children) and a higher incidence in urban administrative units. Genetics
(34.5%) and heredity (31.5%) were the two most important factors; followed by environmental (13.9%),
neurological (10.4%) and psychological (9.7%) factors. But there were no significant correlations
between ASD incidence and other factors (r from -0.059 to 0.058), suggesting that ASD likely results
from a combination of factors, rather than by any one factor. This study shows the usefulness of
integration of spatial epidemiology and statistical methods to identify spatial inequalities and hotspots.
This study provides valuable insights for policy makers, by showing the need for enhanced diagnostic
services, health care services and targeted interventions in the under-serviced areas. Moreover, the paper
highlights the necessity of implementing integrated spatial-health strategies in order to comprehend the
regional differences in developmental disorders better and evidence-based decision-making to improve
the strategies of healthcare planning and early intervention.

Key words: autism spectrum disorder, spatial epidemiology, geographic information systems (GIS),
health geography, childhood disorders.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder with variable impacts on
social, communication and behaviour skills in children which usually manifests in early childhood and
persists into adulthood if not addressed by early intervention [5][8]. It's known to be a variable severity
spectrum disorder with impact on cognition, adaptive functioning and long-term psychosocial outcomes
[6]. ASD has received more attention in the last 20 years with a rise in prevalence and burden globally
[7]. Recent epidemiological reports consistently show an increase in the diagnosis (which could be due
to improved recognition and diagnosis but also potentially environmental and genetic causes), while
global burden studies also confirm its increasing burden in different regions and populations of the world
[12][19]

Like many other conditions, ASD has a multifaceted etiology, including genetic, neurobiological,
environmental and psychosocial factors. Genetic factors are considered to be important and recent
research has shown common and distinct genetic factors of ASD and other neurodevelopmental
disorders [13]. Neurobiological studies also demonstrate structural and connectivity differences of the
brain that influence behavior and cognition. Furthermore, environmental factors, including exposures
during pregnancy, maternal illness and pollutants have been shown to affect genetic factors for ASD.
Recent studies also highlight the importance of clinical evaluation, diagnosis, and treatment, which are
continually evolving in contemporary psychiatry [15], and advances such as digital behavioral
phenotyping in the early detection and treatment of ASD.

The prevalence of ASD varies globally, reflecting differences in health care, diagnostic procedures, and
sociocultural factors [2][17]. Large epidemiological and burden-of-disease studies show variations in
incidence and prevalence, which reflect differences in access to care and reporting systems [1][16]. This
highlights the need for a multidisciplinary approach to understanding these conditions from
epidemiological, clinical, and public health viewpoints. While the classification of mental disorders and
the evolution of psychiatric diagnostics have had a profound impact on understanding
neurodevelopmental and other behavioral disorders, current debates in psychiatry and diagnostics
continue to shape the recognition and interpretation of such conditions. Other research in behavioral and
developmental disorders also underscores the impact of impairment and diagnostic criteria in analyzing
complex disorders [3], while studies of developmental trauma and other related presentations highlight
co-existing and co-occurring issues of clinical populations [4].

Geographically, spatial epidemiology provides a description of spatial patterns of disease and
environmental and socio-demographic factors of disease distribution. Spatial epidemiology has
benefited from the application of Geographic Information Systems (GIS) to map clusters, measure
spatial inequalities and health care access [11][9]. Although there are many studies on ASD
epidemiology with spatial analysis in developed countries, there are very few in developing countries.
Babylon Governorate in Iraq is an interesting region for investigation because of its diversity,
urbanization and variations in health care services across administrative units [10]. A spatial analysis of
ASD prevalence in this region can provide information about spatial risk factors and health care services
[14].

Therefore, this study aims to investigate the spatial distribution of ASD in children in Babylon
Governorate and to identify and prioritise the main risk factors causing ASD using a spatial and
statistical integrated approach. By combining geographical and epidemiological analyses, the study will
help to improve planning and intervention programs and better understand ASD in this area [18][20].

Research Problem

While the incidence of autism spectrum disorder (ASD) in children is increasing in Babylon
Governorate, few studies have examined the geographical distributions of this disorder, as well as its
risk factors. The absence of geographical and epidemiological studies hinders the capacity of health
providers to plan for early diagnosis and treatment.
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Research Objectives
The main objectives of this study are:

1. To detect geographical pattern of childhood autism spectrum disorder (ASD) in Babylon
Governorate.

2. To identify the administrative areas that have high and low spatial distribution of autism.

3. To detect the correlation of autism prevalence with some variables.

4. To provide recommendations that could help in health policy and early diagnosis.
Research Hypothesis

H1: There is a significant spatial variation in the incidence of Autism Spectrum Disorder (ASD) across
the administrative districts of Babylon Governorate.

H2: Genetic and hereditary factors have a significant influence on the incidence of ASD among children
in the study area.

H3: Environmental, neurological, and psychosocial factors collectively contribute to the variation in
ASD incidence across different administrative districts.

Paper Organization

This paper comprises seven sections. Section 1 presents the background, problem statement and aims of
the study. Section 2 discusses the study area of this research. Section 3 describes the data and methods,
including spatial analysis using geographic information systems (GIS) and statistical analysis. Section
4 outlines the main causes of autism spectrum disorder, including genetic, neurological, environmental,
and psychosocial. Section 5 presents the main findings of the spatial and statistical analyses. Section 6
discusses the findings in detail, synthesizing the evidence. Finally, Section 7 presents the key findings
and suggestions for further research and health policy.

STUDY AREA
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Figure 1. Location of babylon governorate in iraq and its administrative divisions
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Babylon Governorate is an important historical and economic centre of Iraq. It includes several districts
and sub-governorates varying in population, economic activities and urbanization. Babylon Governorate
has a high proportion of children and adolescents with a number of child health concerns. There are
differences between urban and rural areas in housing conditions, health and education, which could
impact on the prevalence and diagnosis of developmental disorders (Figure 1).

Statistical Analysis

The Pearson correlation coefficient was used to test the association between ASD prevalence and
explanatory variables (Table 1):

The Pearson correlation coefficient was used to determine the relationship between the spatial
distribution of autism and the explanatory variables as indicated in equation (1). This is a measure of the
degree and the direction of the linear relationship between two variables.
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Table 1. Summary statistics
Category Genetic | Hereditary | Neurological | Psychological | Environmental
Governorate 31.5 34.5 104 9.7 13.9
Mean 33.79 31.77 10.42 9.09 14.94
Standard Deviation | 10.58 10.13 3.23 5.06 7.05
DATA AND METHODOLOGY
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Figure 2. Overall methodological framework for spatial analysis of autism spectrum disorder

In figure 2 illustrates the process adopted in this study to investigate the spatial patterns and risk factors
of Autism Spectrum Disorder (ASD) in Babylon Governorate. As shown, it begins with the collection
of data from hospital data and surveys in 2024, and then proceeds with data pre-processing
(cleaning, coding and geocoding). The data are then imported into a Geographic Information System
(GIS) for mapping and database development. Then, spatial and statistical analyses, such as Z-score
analysis, Pearson correlation, regression, and cluster analysis, are conducted to detect spatial patterns
and associations. These findings are then analyzed to present spatial patterns and factors affecting them
and draw conclusions and recommendations to assist with health planning and early intervention.
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Data Sources

The study relied on two main sources of data:
1. Official health records from hospitals and medical centers that diagnose developmental disorders.
2. Data from field surveys conducted in 2024 using questionnaires to families of autistic children.

3. The sample of the study was children under the age of 15 years who were diagnosed with autism
spectrum disorder.

Analytical Methods

The paper will use a mixture of statistical and spatial analysis to determine the distribution and
determinants of Autism Spectrum Disorder (ASD) in Babylon Governorate. Quantitative and geospatial
techniques allow integrating to have a complete view of not only the numeric relationships but also the
geographic patterns.

Descriptive Statistical Analysis

The initial statistical analysis to be used was the descriptive one, to summarize and organize the data
collected. The relative importance of various causal factors (genetic, hereditary, neurological,
psychological and environmental) was described using measures like mean, standard deviation, and
percentage distribution. This step offered a background knowledge of the dataset and identified the
differences between administrative units.

Pearson Correlation Coefficient

To determine the strength of relationships between ASD prevalence (dependent variable) and the chosen
independent variables and their direction, Pearson correlation coefficient analysis was performed. The
correlation coefficients are between -1 and +1 which implies negative, null and positive relationships.
This approach was useful in determining whether or not individual factors are a significant determinant
of ASD prevalence and the extent to which these associations exist.

Cluster Analysis

Cluster analysis was used to cluster administrative units, according to the similarity of ASD prevalence
and related factors. It was determined that the spatial clusters/patterns where some districts have similar
characteristics were identified using this method and therefore the potential high-risk or low-risk zones
were identified. Cluster analysis helps in improved regional classification and facilitates planning
interventions.

Spatial Distribution Analysis Using Geographic Information Systems (GIS)

The methodology was based on Spatial distribution analysis with the help of Geographic Information
System (GIS). The prevalence rates of ASD were mapped with GIS and the distribution was visualised
in the study area. To measure the difference between the mean and the deviations around the mean,
standard score (Z-score) mapping was used to indicate high or low prevalence of specific areas. This
spatial method helped to identify geographic trends, clustering behavior, and inequality of healthcare
accessibility, which is essential in making decisions concerning the health of the population.

In general, these analytical approaches are intertwined to provide a strong structure to comprehend the
multifactorial and spatial character of ASD prevalence in the research area.

These techniques were used to analyze the spatial variation of autism prevalence and to evaluate the
relationships between autism and selected explanatory variables (Figure 3).
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Figure 3. Geographical distribution of the rate of young people with autism spectrum disorder per 10,000 young
people according to the standard score and administrative units in babylon governorate for the year 2024

Table 2. Administrative units — genetic, hereditary, neurological, psychological, environmental factors

Adminis.trative (giraettil:e Standard H(;{;:':ii;y Standard Ni;:?:‘t:ig‘:zal Standard Pszl;:;:?i%':al Standard Em(];:l:':ils:tal Standard
Unit Importance) Score Importance) Score Importance) Score Importance) Score Importance) Score
Al-Hillah
District 18.5 -1.45 47.7 1.57 7.7 0.84 14.6 1.09 115 -0.49
Center
Abi Ghraq 312 0.24 25 0.67 14.6 1.29 18.8 1.92 10.4 -0.64
Sub-district
AlKifl
District 23.7 0.95 44.1 1.22 15.3 1.51 10.1 0.20 6.8 -1.15
Center
Al-Mahawil
District 239 0.93 373 0.55 134 0.92 7.5 0.31 17.9 0.42
Center
Al-Neel Sub- 25.7 0.76 372 0.54 114 0.30 5.7 0.67 20 0.72
district
AlTmam Sub- -y 4 072 17.2 -1.44 69 -1.09 6.9 -0.43 276 1.80
district
Kutha District | = 59 5 0.54 289 028 26 24 79 024 211 087
Center
Al-
Hashimiyah 232 -1.00 411 0.92 10.7 0.09 7.1 -0.39 17.9 0.42
District
Center
Al-Midhtiya 375 0.35 2038 -1.08 8.4 -0.63 8.3 -0.16 25 143
Sub-district
Al-Shomali 25 0.83 333 0.15 8.3 0.66 11.2 0.42 222 1.03
Sub-district
Al-Qasim
District 452 1.08 233 0.84 9.6 0.25 6.8 0.45 15.1 0.02
Center
Al-Taliah 26.5 -0.69 353 0.35 147 1.33 5.9 0.63 17.6 0.38
Sub-district
Al-Musayyib
District 51 1.63 294 0.23 9.8 0.19 39 -1.03 5.9 -1.28
Center
Saddat Al-
Hindiya Sub- 522 1.74 217 0.9 13 0.80 44 0.93 8.7 -0.89
district
Jurf Al-Nasr 463 118 17.1 145 97 022 2 255 49 142
Sub-district
Al-
Iskandariyah 29.8 038 48.9 1.69 10.6 0.06 43 0.95 6.4 121
Sub-district
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In table 2 indicates that the highest percentage in the governorate was for genetic causes (34.5%),
followed by hereditary causes (31.5%) and then environmental causes (13.9%) and then neurological
causes (10.4%), and the lowest percentage was for psychological causes (9.7%). Study those causes as
follows: table 2 Distribution of the relative importance of causes of autism spectrum disorder among
young people under 15 years of age according to the standard score and administrative units in the
Babylon Governorate for the year 2024.

CAUSES OF AUTISM SPECTRUM DISORDER

Genetic Factors

Genetics is thought to play the most important role in autism spectrum disorder (ASD). It has been
suggested that numerous genes may be involved in brain development and the pathways of
communication between neurons. Parents and siblings of children with autism are more likely to have a
child with autism.

Neurological Factors

Many people with ASD have been found to have neurological anomalies. Neuroimaging studies have
found structural and functional brain differences in brain connectivity. These may affect cognitive,
language, and social skills.

Environmental Factors

Pregnancy and early life environmental factors may contribute to the risk of developing autism. These
include maternal health issues, exposure to environmental toxins, and stress during pregnancy.

Environmental factors may influence genetic factors.

Psychosocial Factors
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Figure 4. Geographical distribution according to the standard score of genetic causes of autism spectrum disorder
among young populations according to administrative units in babylon governorate for the year 2024

Psychosocial factors such as family factors, parental knowledge, and educational support services are
crucial for early recognition and intervention of autism symptoms. While psychosocial factors do not
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cause autism, may affect the severity of developmental difficulties experienced by children with autism
(Figure 4).

RESULTS
Simple Correlation Coefficient (Pearson)

The Pearson simple correlation coefficient is used to measure the relationship between two variables.
The coefficient varies from (+1) to (—1). The closer to 1 the value is, the stronger is the relationship
between the variables. However, the value of the correlation becomes weaker as the value approaches
(0), which means no correlation. If it is positive, then it is a direct relationship, but if it is negative, then
it is an inverse relationship (Shahata, 2011, p. 390) (Table 3).

Table 3. Model of causes and independent variables spatially associated with autism spectrum disorder in babylon
governorate, 2024

X1 Genetic causes of autism spectrum disorder
X2 Hereditary causes of autism spectrum disorder
X3 | Neurological causes of autism spectrum disorder
X4 | Psychological causes of autism spectrum disorder
X5 | Environmental causes of autism spectrum disorder
From tables (4) and (5), it is clear that there are both inverse and direct correlation relationships (weak
and very weak) between the dependent variable (Y) (autism spectrum disorder) and the independent
causes as follows:

1. Weak positive and negative correlations were found with variables (X4, X5, X3, and X2), with
values of (—0.059, —0.059, 0.058, and 0.053), respectively.

2. A very weak negative correlation was observed with variable (X2), with a value of (—0.004).
Furthermore, table (4, 5) show correlations among the independent variables themselves, as follows:

1. Variable (X1: genetic causes of autism spectrum disorder) has a very strong negative correlation
with variable (X2), with a value of (—0.776*%*), indicating high statistical significance. It also
shows weak negative correlations with variables (X3, X5, and X4), with values of
(—0.242, -0.192, and —0.115), respectively.

2. Variable (X2: hereditary causes of autism spectrum disorder) shows weak negative and positive
correlations with variables (X5, X3, and X4), with values of (—0.228, 0.223, and —0.205),
respectively.

3. Variable (X3: neurological causes of autism spectrum disorder) has a moderate negative
correlation with variable (X5), with a value of (—0.430), and a very weak positive correlation with
variable (X4), with a value of (0.020).

4. Variable (X4: psychological causes of autism spectrum disorder) shows a weak negative
correlation with variable (X5), with a value of (—0.260).

Table 4. Correlation matrix between the rate of young population with autism spectrum disorder and its causes in
babylon governorate, 2024

Y | X1 X2 X3 X4 XS5
Y 1 | 0.053 | -0.004 0.058 | -0.059 | -0.059
X1 1 -0.776** | -0.242 | -0.115 | -0.192
X2 1 0.223 | -0.205 | -0.228
X3 1 0.020 | -0.430
X4 1 -0.260
X5 1
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Table 5. Simple correlation coefficients of factors affecting autism spectrum disorder in babylon governorate, 2024

Dependent Variable (Y) | Independent Variables | Correlation Coefficient
Autism prevalence rate X1 0.053

X2 -0.004

X3 0.058

X4 -0.059

X5 -0.059

This study shows weak associations between the spatial distribution of autism and the variables. This
would mean that autism is developed due to interactions of multiple factors, rather than one single cause
(Figure 5, 6).
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Figure 5. Geographical distribution according to the standard score of genetic causes of autism spectrum disorder
among young populations according to administrative units in babylon governorate for the year 2024
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Figure 6. Geographical distribution according to the standard score of neurological causes of autism spectrum
disorder among young populations under 15 years of age according to administrative units in babylon governorate
for the year 2024
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Table 6. Hypothesis validation results

Hypothesis Code Hypothesis Statement Method Used Result
There is a significant spat.iall Vari.ation 'in ASD GIS Spatial Analysis
Hl prevalence across administrative units of (Z-score, Mapping) Accepted
Babylon Governorate. ’
2 Genetic and hereditary factors significantly Descriptive Statistics & Partially
influence ASD prevalence. Pearson Correlation Accepted
H3 Environmental, neurological, and psychological Pearson Correlation Rejected
factors significantly affect ASD prevalence. Analysis

In table 6, the outcomes of the hypothesis testing show that although the spatial difference in ASD
prevalence is quite clear, the statistical correlations among ASD and its causal factors are weak in
general. This implies that the causes of ASD cannot be reduced to any single dominant variables but are
instead multifactorial and complex and therefore necessitated the integration of spatial and
epidemiological analysis.

DISCUSSION

This study has established that there are significant spatial differences in Autism Spectrum Disorder
(ASD) prevalence among the administrative districts of Babylon Governorate, thus proving the spatial
variability of ASD. The GIS analysis has uncovered that ASD is relatively more prevalent in urban
compared to rural regions. This could be because of a mix of factors, including the high population
density, infrastructure of health care and awareness, and diagnostic ability in the cities. Therefore, the
spatial difference in the prevalence of ASD may also be attributed to the actual prevalence of ASD in
addition to differences in the accessibility of diagnostic services and reporting systems.

The regression analysis also gives an insight into the contribution of different causal factors to the
prevalence of ASD. Genetics and heredity factors were the most important ones, with 34.5% and 31.5%
of the variance, respectively, indicating the high genetic basis of ASD. In comparison, the neurological
(10.4%), environmental (13.9%), and psychological (9.7%) factors were not found to be of the same
significance. Although there are these differences, the low correlations (between -0.059 and 0.058)
between the prevalence of ASD and the individual variables, as shown in the Pearson correlation
analysis, indicate that no variable can be used to explain the spatial variation of ASD by itself. This may
indicate that individual factors alone cannot predict the spatial distribution of ASD, supporting the
current hypothesis that ASD is a complex disease and the combination of genetic, environmental, and
socio-demographic factors causes it.

As figure 7 indicates, the geographical distribution of the psychological causes differs between
administrative divisions, albeit with a small statistical impact. The figure demonstrates spatial variation,
which indicates variation in family, awareness, education, and support services. Psychological factors
might not be the direct causes of ASD, but might contribute to the early identification, treatment, and
severity of the symptoms, particularly in areas that have poor health facilities.

The other factors, which are environmental, are not significant statistically; however, should not be
ignored. Genetic factors may act together with other factors such as prenatal factors, maternal exposure
to environmental toxins, and early childhood developmental factors to influence ASD. This underlines
the necessity of a combined method of analysis combining genetic and environmental aspects. The
results of spatial clustering of ASD cases also suggest that there are environmental risk factors that might
be associated with environmental exposures, availability of health care facilities, or socio-economic
disparities.

The powerful approach of this study, which will enable us to consider simultaneously both spatial
clustering and determinants of ASD, is the use of Geographic Information Systems (GIS) and statistical
methods. This is a multifaceted method that can be used to identify the high-risk areas and guide the
policy of the population's health. The results highlight the importance of taking into account the spatial
aspects of health care, particularly in the developmental diseases such as ASD.

Technical Institute Bijeljina, Archives for Technical Sciences. Year XVIII — N ” 35 580



Maysaa Y. Al-Dujaili, R. et al: Spatial distribution ... ... Archives for Technical Sciences 2026, 35(1), 571-583

“'Sz‘ﬂ‘f “‘SI'O‘E u~1.s‘o"s “"2:'0"E “'ﬁi'D‘E M‘CE‘H'E u's'.an 45‘9"0“5 IS'Q;D‘E
¢ : (l /' THEMATIC MAP OF
é-« BAGHDAD GOVERNORATE r‘)‘ '(' \_.’,/‘ BABYLON GOVERNORATE |
2 Sy ~N
w¢. E
E s
E
\‘_\
WASIT
;.- GOVERNORATE
S
= ( Al-Alam Kosh
E- -
2 | ~:\/~.. \\/ / /?
KARBALA Al-Nile
- GOVERNORATE y ®
E- 1
=
® i madhatiya
E-| Legend |
@ @ District Center ® - \
@ Sub-District Al-Qasim \
L Governorate Boundary =
%—1 —-—-— District Boundary L\_/ -]
~~~~~~~~~~~ Sub-District Bounda
o @ Al-Hashimiya QADISIYA
I +0.50 and above ~ N GOVERNORATE
NAJAF
= _|| I 0.00 to +0.49 GOVERNORATE ¢ |
F || [ ]-0.01to0-0.49 et
= R o 5 10 20 30 40
[ ] -0.50 and below !.__;-, -1 A
I I I I I I I I I

Figure 7. Spatial distribution of psychological causes of autism spectrum disorder among children standardised
score and administrative division in babylon governorate in 2024

Regarding policy, the findings suggest the significance of policy measures in the areas that lack
diagnostic centers and have a lower level of awareness. Spatial disparities in the diagnosis and treatment
of ASD can be addressed by enhancing the capacity of specialized health-care services, enhancing early
detection initiatives, and raising awareness. Lastly, longitudinal data with the application of advanced
spatial statistical modeling should be considered in future research to inform temporal trends and
causality.

In a word, this study contributes to the development of a new area of research, namely, spatial
epidemiology, indicating that the prevalence of ASD depends on several multifaceted and spatially
heterogeneous factors. The results of this study can inform the health care planning in the region, which
in turn can result in improved diagnosis and treatment of children with ASD.

Recommendations

—_

. Establish specialized diagnostic centers for autism in all districts of Babylon Governorate.
2. Increase public awareness regarding early symptoms of autism.
3. Expand research using GIS to identify spatial clusters of developmental disorders.

4. Improve training programs for healthcare professionals dealing with autism.

9]

. Strengthen collaboration between universities, health institutions, and social organizations
CONCLUSION

This research adopted a hybrid GIS-epidemiological approach to map and explore the spatial distribution
and risk factors for Autism Spectrum Disorder (ASD) among children in the Babylon Governorate. The
findings revealed a large spatial variability in ASD prevalence (7.45-45.78 per 10,000 children) in the
administrative divisions, indicating clearly the existence of regional differences. Spatial analysis also
revealed a cluster in urban areas, suggesting that high prevalence might be a result of awareness and
availability of the services, and incidence. This spatial analytical model was able to predict the hotspots
for health service planning after standardization (Z-score). Overall, the results highlight that ASD is not
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due to a single factor, but is multifactorial (biological and environmental). This study demonstrates the
use of spatial and statistical analysis in public health. Future work should examine how to integrate more
sophisticated spatial statistics (e.g., hotspot analysis, Moran's I), predictive models and time series data
to discover temporal changes. This study should be extended to other regions and include exposure and
genetics to better understand and inform intervention strategies. Further studies are needed to include
more sophisticated spatial statistical methods like hotspot analysis (including hotspot analysis:
Getis-Ord Gi*) and spatial regression analysis to understand the prevalence of ASD in relation to
underlying patterns and relationships. To enhance generalizability of findings, the expansion of the
dataset by means of longitudinal studies and incorporation of larger and multi-regional samples would
help. Also, incorporation of environmental exposure information, accessibility of healthcare, and
socio-economic factors can help us realise more about the multifactoriality of ASD. Predictive analysis
can be further improved by the use of machine learning models and GIS, which can be used to identify
potential cases of illnesses and implement more specific and targeted interventions in the field of public
health.
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