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ARTICLE INFO ABSTRACT

Received: 29 Dec 2024 The study was carried out to demonstrate the level of gene therapy awareness within Saudi

society. This would be in the context of the existing cultural and hereditary genetic disorders.

The study was done through an online questionnaire in line with the knowledge, attitude, and

Accepted: 27 Feb 2025 practice model (KAP). The participants in the survey were from different areas, and the results
obtained were analyzed descriptively. The researchers in addition to the SWOT and PESTEL
strategic models and the Balanced Scorecard applied participated in the determination of the
outcomes that could be linked to the defined targets of the study. The result of this research was
the gap of knowledge that was evidently big, with 56% of the participants who are not aware of
’gene therapy’, and the majority of them being the imposition of unreliable media as a source,
while the other 68% was for the government implementing the initiatives if the information is
accurate. The study promotes the internet-based educational programs that cover the genetics
concepts and their applications on several issues, taking into account that it is caused by the
absence of a physical example, the constraints of the distance of impact, and self-bias source of
information.
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INTRODUCTION

The prevalence of genetic diseases represents a significant contemporary healthcare challenge due to the substantial
costs they impose on medical facilities and the long-term social and economic consequences. These diseases primarily
arise from inherited mutations that disrupt cellular and tissue functions, with effects ranging from minor disorders
to life-threatening conditions. Gene therapy stands as a major medical breakthrough which enables disease treatment
through direct modification of faulty genes at their molecular origin [ 1].

Modern medicine has witnessed the emergence of gene therapy as a revolutionary treatment method which enables
doctors to fix faulty genes at the molecular level to treat diseases [ 1 ].The innovative approach has created fresh
possibilities for treating rare genetic disorders as well as other diseases that lacked effective treatment methods[ 2 ]-

[1].

The achievement of gene therapy depends on multiple factors beyond scientific advancements. Healthcare systems
require public acceptance and understanding to successfully implement such therapies. The prevalence of genetic
diseases in Saudi Arabia makes this understanding essential. The local community’s perception of gene therapy has
become a vital research area because of its importance[ 3 ].

The social perception of gene therapy needs to be understood because it determines both present-day knowledge and
future health communication approaches. The public acceptance of gene therapies will directly affect their
implementation success in regions that have cultural or religious concerns about biomedical innovations. Health
authorities need to take into account the social values which determine health practices in Saudi Arabia. The research
highlights the need for targeted strategies which address ethical issues and provide education and cultural sensitivity
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to promote gene therapy awareness. The research helps expand knowledge about how Saudi Vision 2030 national
vision frameworks can support health innovation.

BACKGROUND

Studies conducted in Saudi Arabia reveal elevated rates of genetic diseases which scientists link to traditional
consanguineous marriage customs. The occurrence of rare diseases in the region primarily stems from recessive
genetic mutations which are responsible for these conditions [3]. The inherited medical conditions continue to strain
families and healthcare infrastructure which demands culturally sensitive scientific solutions for prevention and
treatment.

Healthcare institutions together with academic bodies now implement exome and genome sequencing technology
as advanced genetic diagnostic tools. These technological advancements enable better identification of genetic
conditions in early stages which leads to enhanced clinical treatment approaches [3]. The hospitals and genetic
centers in Saudi Arabia achieve better identification of inherited diseases that enable prompt medical interventions
and reproductive guidance. Advanced medical technology has brought progress but the society remains poorly
educated about these developments.

Public knowledge about genetic testing together with genetic counseling and gene therapy remains insufficient
despite recent technological developments. The research shows that people understand genetic testing to some
extent yet they remain uninformed about prevention methods and diagnostic processes and treatment choices [4].
The insufficient knowledge about medical innovations results in delayed diagnoses and incorrect health decisions
and diminished medical innovation adoption. Public media together with schools have insufficient resources to teach
genetic education which worsens the problem.

The Saudi Human Genome Program alongside other national initiatives demonstrate substantial progress in their
field. Public education campaigns together with data privacy and advanced data analytics outreach programs need
better enhancement according to [5]. The current level of community participation remains low because many Saudi
citizens remain unaware of the benefits their families and descendants could receive through program participation.

The implementation of gene therapy remains impractical because of expensive costs alongside intricate
manufacturing methods and restricted distribution networks. The existing healthcare frameworks face challenges to
implement gene therapy because of these obstacles [6]-[2]-[7]. The implementation of gene therapy requires
solutions for three critical logistical challenges which involve laboratory resources and skilled personnel and uniform
treatment procedures. The assessment of local people's understanding about gene therapy will guide upcoming
healthcare policies and create specific educational materials for the population needs.

RESEARCH QUESTIONS:
» RQ1: What is the level of public awareness about gene therapies?
« RQ2: What are the factors that influence the individuals perceptions and acceptance of these treatments?
LITERATURE REVIEW
A. Public Awareness and Perception in Saudi Arabia:

Studies conducted in Saudi Arabia highlight a moderate to limited awareness of genetic disorders and gene therapy
among the public. As emphasized by these papers [ 3 ][ 4 ] that while many participants are aware of genetic diseases,
they lack understanding of the importance of genetic counseling and premarital screening. Similarly, this study [ 5 ]
found that despite positive attitudes toward the Saudi Human Genome Program, knowledge about data privacy and
genetic technology remains poor. At the same time, these papers [ 8 ][ 9 ] further emphasize the societal and regional
disparities in awareness, particularly concerning consanguinity and rare disorders. And study [ 10] reinforced the
need for public education to enhance the understanding of DNA variants and their link to common diseases in Saudi
Arabia.
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B. Technological Advancements and Al in Gene Therapy Awareness:

Artificial intelligence and next-generation sequencing technologies are rapidly transforming the landscape of genetic
diagnostics and public awareness. These studies [ 11][ 12] illustrated how WGS is improving clinical diagnostics, while
study [ 13] explored machine learning’s role in detecting rare disorders. Other papers, like [ 14][ 15], discussed how
Al tools like Face2Gene and personalized diagnostic systems help bridge the awareness gap through better
diagnostics and patientspecific insights. A study [ 16] emphasized Als integration with big data and its role in
improving accessibility and accuracy in healthcare communication and awareness.

C. Policy, Equity, and Access to Gene Therapies:

Several papers focus on policy-related challenges and the need for equitable access to gene therapy. This study [ 17]
introduced a national multi-criteria framework to support decision- making. While [ 6 ]-[ 7 ] identified key barriers
such as high costs, regulatory complexities, and limited insurance coverage. Also, [ 18][ 19] stressed the ethical and
legal challenges in ensuring equitable access. As well as paper [ 20] highlighted India’s experience and called for
integrated government-industry-patient collaborations to improve accessibility.

D. Clinical Trials, Therapeutic Models, and Future Perspectives:

Research on clinical applications and therapeutic strategies underlines both the progress and limitations in gene
therapy for rare diseases. These studies [ 1 ][ 21] presented successful gene therapy applications using viral vectors.
Also, these studies [ 22][ 23][ 24] emphasized diagnostic efficiency and future integration into healthcare. Global
studies like [ 25][ 26][ 27] explored diagnostic delays and under-recognition of rare diseases. But [ 28][ 29] argued
for cost-effective models and national planning to scale gene therapy. At the same time, this paper [ 30] focused on
drug repurposing as an accessible and affordable alternative.

TABLE LITERATURE REVIEW

Reference [Focus Area Main Weaknesses Key Findings
[ 3][ 8]-[ 2] |Diagnosis & Genetic Limited sample diversity, focus on Demonstrated the utility of genetic
Test- specific testing
ing in Saudi Arabia regions or disorders, and reliance on |(especially WES) in identifying
exome sequencing without broader  |[mutations and the impact of
genomic integra- tion. consanguinity in Saudi populations.
[4] Public Awareness & Regional bias and reliance on online |High awareness of genetic diseases but
Per- self- lim-
ceptions reported data; limited generalizability |ited understanding of genetic testing
to all Saudi regions. prac- tices.
(1711193207 |Policy & Framework  |Lack of real-world application data; |Outlined initial frameworks for policy
De- concep- prior-
velopment tual and expert-driven approaches itization and multi-criteria decision-
without empirical validation. making in genetic therapy
implementation.
[ 5][ ][ ][ |AI & Data Sharing Challenges in data quality, privacy Positive attitudes toward AI and data
15] concerns, shar-
and lack of standardized integration [ing; studies showed improved
across platforms. diagnostic ef- ficiency using AI models
and machine learn- ing.
[e]-[ 7][ 22] |Access & Affordability [High cost of treatment, complex Identified key systemic barriers and
of regulatory pro-
Therapies pathways, and limited reimbursement |posed conceptual models to improve
strate- gies. patient access to gene therapies.
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[0 22]0 =0T

Clinical Applications of

Limited data from clinical trials; focus

Evidence supports the curative

28][ 20] Gene Therapy often potential of
on general or theoretical effectiveness |gene therapies for rare diseases and
rather than long-term outcomes. calls for further clinical research.
[2116] Newborn Screening & |Ethical concerns, limited pilot Emphasized the promise of early
Early Detection implementa- diagno-
tion data, and infrastructural sis using genetic newborn screening
challenges. (gNBS) and advanced predictive
models.
[18; Equity in Genetic Care |Barriers related to healthcare Highlighted inequities in access and

disparities,
cost, and limited access to advanced
tech- nologies.

stressed
the need for inclusive and equitable
therapeu- tic development.

(][0 2]

Genomic Strategies &
WGS

Resource limitations, lack of
standardization,

and translation of genomic data into
clinical practice.

WGS and related strategies
significantly im-

prove diagnostic yield and support
precision medicine approaches.

[?10=0]

Global Rare Disease
Chal-
lenges

Limited coordination across
countries, in-

sufficient funding, and fragmented
data sys- tems.

Called for global collaboration, unified
reg-

istries, and better integration of rare
disease policies and research
frameworks.

RESEARCH FRAMEWORK

This research adopts the Knowledge, Attitude, and Practice (KAP) model as its conceptual framework to examine
community awareness of gene therapies. The KAP framework is widely used in public health research [31] to assess
what people know (knowledge), how they feel (attitudes), and how they behave (practices) toward a particular health
issue. In the context of gene therapies, this model facilitates the identification of informational gaps, public
perceptions, and behavioral patterns that may influence acceptance and engagement with such innovative
treatments. The framework, as illustrated in figure 1, supports the development of targeted awareness interventions
by linking knowledge levels with attitudinal trends and health-related behaviors. It also helps explore how
sociodemographic factorssuch as age, education, and prior exposure to genetic conditionsmoderate each component
of the KAP triad. By structuring the research around this model, the study aims to generate actionable insights to
inform education campaigns, policy decisions, and future research on gene therapy acceptance.

Knowledge

Source of Knowledge Adoption Behavior

Support / Concerns’

FIG U R E 1 Conceptual framework based on the Knowl- edge, Attitude, and Practice (KAP) model.

METHODOLOGY
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This study aims to explore the level of community awareness regarding gene therapies and identify key factors
influencing public perceptions and understanding of these advanced treat- ments. In order to prepare for this
research, We designed and followed the subsequent work phases shown in figure 2

Review Literature Recommendations
r'—“—'\ -~
Building Surva Developing Balanced
u ¥ Scorecard
| |

F
h

e
Data Gathering and
Analysis

5

SWOT & PESTEL

S —

Y

FIG URE 2 Methodology Flowchart

DISCUSSION
A. Measure

We built an online survey that consisted of 14 questions and focused on 7 questions only to evaluate the public
awareness in the Saudi Arabian community toward gene therapy and de- fine the main challenges that affect its
adoption. Additionally, we measure how supportive the public community is of the government Initiatives related
to gene therapies. For the anal- ysis used in the survey, we analyzed the data with Excel and strategic analysis tools
such as SWOT, PESTEL, and BSC.

B. Data Collection and Samples

The online survey was distributed among different regions in Saudi Arabia, where 113 diverse participants
responded, including patients, caregivers, researchers, and interested indi- viduals from the general public. The
most common age group that responded was from 25 to 35 years (58%), and the high- est percentage of responses
came from the southern region (65.49%), which reflects that the responses were primarily from younger
individuals in that area.

C. Data Analysis

As shown in figure 3, 56% of the participants did not have any familiarity with gene therapies, whereas 44% of
them knew about them. This result shows there is a clear gap in awareness, which needs some supportive
awareness programs spatially in non-medical fields.

Familiarity Count of respondents

44% = No

®m Yes

FIG U RE 3 Familiarity with gene therapy
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figure 4 shows that 57% of participants knowledge about gene therapy through the media, which is the highest
percent- age, while 1% of people knowledge about these treatments through three less frequently used sources
such as general bi- ology studies, a child’s illness in one of the participants in the survey, and the Pbs (Public
Broadcasting Service). This result shows that the Saudi Arabian community is based on unreliable and imprecise
sources from a scientific view to get information.

First knowledge about gene therapy respons
1% 3 1%_ 1%

i

= Media (news, social media, etc.)

= Scientific Publications

= Medical Training

= Conferences & Workshops

=1 don't know

= From my son's illness

= From the study of general biology

= Pbs

FIG URE g Source of first knowledge

In figure 5 shows confidence levels in a range of 5 to 1 re- garding the understanding of gene therapy among
participants. They can choose the 5 scale for high confidence and the 1 scale if they are not sure about their
understanding of gene treat- ments. 38.36% refer to the medium confidence scale as 3 out of 5. While the highest
confidence scale is only around 22.95%. This shows that most of the participants had a general idea but lacked
dedicated knowledge.

confident in understanding gene therapies

confident scale

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%
percentage

FIG URE 5 confident in understanding gene therapies

It is evident in figure 6 that the highest percentage of partic- ipants, approximately 30.17%, chose early disease
prevention as the most prominent benefit of gene therapy, while others, approximately 26.03%, agreed that long-
term permanent treat- ment was the most prominent expected benefit of gene therapy. This reflects that Saudi
society has a general perception and understanding of the potential benefits, but there is still a need for greater
awareness of the precise medical details.

Main advantages of gene therapy

Reduce Dependence On Traditional Medicines | N NN
Possibility Of Long-Term Or Permanen Treaiment |
Tncrease Acearacy And Personalization Of Treatment - | NN
1Don'T Know i
Tarly Prevention of Diseases | A AR

0.00%  5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00%

FIG URE 6 Main advantages of gene therapy
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One of the gene therapies that concern participants is the safety and the side effects of using the gene therapy, as
well as the ethical concerns, with around 28.5% expressing worries about the safety and side effects, and 21.1%
about the ethi- cal concerns. This indicates that some anxiety exists due to a lack of information or
misunderstanding about technology. As shown in figure 7

Concerns about gene therapies
Uncertainty About Long Term Results

Safety And Side Effects

Ethical Concerns (E.G. Risks Of Genetic
Editing)

High Cost And Accessiviy
Cultural Or Religious Considerations || NN

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

FIG URE 7 Concerns about gene therapies

Around 68.14% of the participants expressed strong support for funding research and scientific initiatives in the
field of ge- netic therapy. This high level of public support highlighted the importance of including Saudi community
in the futures poli- cies and encouraging investments in this sector. Where these results suggest a good public
attitude toward advancing gene medicine in Saudi Arabia. As in figure 8.

level of support for government initiatives

Neutral. -
srongty suppor.
pp—

1 kind of oppose. .

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%

FIG URE 8 level of support for government initiatives

The result in figure 9 demonstrates that 28.3 % of the participants see public awareness as the most important
procedure to support the adoption of gene therapy, as well as research studies and government initiatives. In
contrast , around 37.1% do not have enough knowledge about what the effective procedures are , and this leads to a
need for more education for the community.

Main procedures to support the use of gene therapy

T ot o
Early screeing and detection - mmm—m—
Government Policy And Support n———————
Scientific studies and research - E——— —
Training and Education -
Developing freatments IEG_—_—_——

Public awareness

0.00% 5.00% 10.00% 1500% 20.00% 25.00% 30.00% 35.00% 40.00%

FIG URE 9 Main procedures to support the use of gene therapy
D. Contextual Analysis: PESTEL Framework

To better understand the external factors influencing public awareness and the adoption of gene therapies in Saudi
Arabia, a PESTEL analysis was conducted based on the survey findings. This framework provides a structured
assessment of the Political, Economic, Social, Technological, Environmental, and Legal factors that may affect the
national implementation of genetic therapies for rare diseases. The insights gathered from the survey responses
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were mapped into each of the six dimensions to reflect the broader healthcare and policy landscape. The following
figure 10 illustrates the key elements identified through this analysis.

Political

«  Swong governmental support for gene therapy
ﬁ initiatives
«  68% of respondents strongly support government

funding and national initiatives in this ficld.

*  High treatment costs are a major barrier 1o
adoption (mentioned by 25%).

*  Need for financial subsidies, insurance coverage,
and affordable access models.

Social
o 28%of participants identified lack of public

awareness as a key barrier,
i) ¢ Cultural and religious concerns cited by 11.79%
d may affect acceptance.
« 59% believe gene therapies should be a top
national healthcare priority.
PESTEL prionty
Analysis

«  Limited availability of specialized healthcare
q facilities for genetic therapies.
+  Shortage of trained professionals and technical
staff in this area.

Environmental

. *  Nomajor environmental barriers identified in the
: survey results, but in general need to compliance
with international medical standards.

Legal
m +  Regulatory and cthical constraints reporied by
5.53% of participants.

«  Need for updated legal frameworks regarding
gene therapy trials, patient rights, and bioethics,

FIGURE 10 PESTEL Framework
E. Strategic Assessment: SWOT Analysis

In addition to the external environmental scan, a SWOT analysis was developed to evaluate the strategic position of
genetic therapies in the Saudi healthcare context. This analysis highlights the internal strengths and weaknesses, as
well as the external opportunities and threats associated with public awareness, policy readiness, and implementation
capacity. The categories were derived directly from the survey data to ensure relevance and alignment with current
perceptions, barriers, and expectations. The following figure 11 summarizes the key strategic factors identified.

Strengths

+ Increasing interest among
youth and professionals

+  Strong public support for
government-led initiatives
(over 68%)

¢ Recognized benefits such as
early prevention and long-
term treatment potential

*  Launching national

campaigns

@ healthcare
infrastructure

+  Introducing specialized
education and training
programs

*  Aligning with Vision 2030
health sector transformation

goals

‘ SWOT
Analysis
Opportunities

+  Low public awareness
(28% identified it as a
barrier)

«  Shortage of qualified
healtheare providers
(13.5%

+  Over half (56%) of
respondents reported
limited familiarity with
gene therapies.

+ High cost and limited
accessibility

+  Ethical and religious
concems (over 20%)

+  Inadequate regulaiory
clarity

+  Concerns over safety, side
effects, and unknown
long-term outcomes

FIGURE 11 SWOT Framework
F. Strategic Assessment: BSC Analysis

The Balanced Scorecard (BSC) approach was employed to organize the results of this study, which investigates the
level of community awareness of gene therapy in Saudi Arabia. The survey responses were categorized into four
main perspectives: Financial, Customer, Internal Processes, and Learning and Growth. Each perspective includes
strategic objectives linked to key performance indicators (KPIs), which were either derived from the survey data or
suggested for future measurement. Where applicable, actual values were drawn from the survey data. Target values
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were estimated based on logical assumptions to address any information gaps and enhance public health awareness.
This is illustrated in the following table which presents the Balanced Scorecard summarizing the strategic objectives
and key performance indicators.

Note: The symbol (-) indicates that there were no current data available for this indicator.

TABLE Balanced Scorecard (BSC)
Perspective Objective KPI Target Actual Measurement Method /
Unit
Financial Support Public support for | = 80% 68.14% | Percentage of survey
research funding respondents supporting
funding funding (%)
Customer Increase Awareness of gene | = 70% 44% Percentage of participants
awareness of therapy correctly identifying the
gene therapy concept (%)
Improve Confidence in
confidence understanding (15 =4 3 Average score on 5-point Likert
scale) scale
Use scientific Scientific sources > 50% ~1% Percentage of total sources
sources used cited that are scientific (%)
Internal Improve Research process <6 8 Average duration per research
Processes research efficiency (time per = months months = cycle (in months)
methods study)
Number of > 5 Number of collaborations per
Increase interdisciplinary 10/year year
collaboration collaborations
Learning & Promote Student > - Number of students enrolled in
Growth education participation 500/year related activities
RESULTS

The survey results analysis demonstrates that the Saudi population increasingly understands the significance of
gene therapies. The survey results demonstrate that public understanding about gene therapy remains restricted
while most people learn about it through media channels instead of academic or clinical sources. The survey results
demonstrate that people lack confidence in their ability to understand gene therapy concepts thus requiring
immediate education and awareness programs. The research shows that people strongly back gene therapy research
and government programs despite their limited understanding of the subject. The current situation offers
policymakers an important chance to establish awareness programs which match community priorities.

CONCLUSIONS

The research has delivered important information about how the public of Saudi Arabia views gene therapy at
present. The country's drive to modernize healthcare and treat genetic disorders has not eliminated the ongoing
scientific knowledge deficit among the population. The majority of participants obtained their information from
non-academic sources while showing restricted knowledge about gene-based medical treatments. The results show
positive attitudes toward research and government involvement which indicates that better access to correct
information could increase public acceptance. The research contains specific boundaries that need recognition. The
online survey methodology excluded participants who were older than 65 years and those without consistent
internet access. The study sample came from a specific location and its small size prevents researchers from
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drawing conclusions that would apply to the general population. Self-reported assessments of knowledge might
contain biases because participants evaluate their own understanding. Future research needs to expand its
participant base while implementing qualitative methods to analyze how cultural and social factors affect public
opinions. The implementation of educational campaigns that unite healthcare providers with educators and media
professionals will enhance public knowledge and acceptance of gene therapy. The implementation of genetic
concepts in educational institutions along with strategic planning tools SWOT, PESTEL and Balanced Scorecard
will help develop policies and engage communities.
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