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Abstract:

Clinical Decision Support Systems (CDSS) have become a central component of modern
healthcare digital transformation, assisting clinicians in making accurate, timely, and evidence
based decisions. These systems integrate patient data, clinical guidelines, and predietive
analytics to support diagnosis, treatment selection, and medication management. Despite
widespread adoption, the impact of CDSS on patient safety varies across healthcare settings.
This study examines the relationship between Clinical Decision Support Systems and patient
safety, with a focus on the mediating role of error reduction. Drawing on Information
Processing Theory, Sociotechnical Systems Theory, and the Swiss Cheese Model of patient
safety, the study proposes that CDSS improves patient safety by reducing clinical, diagnostic,
and medication errors. A quantitative cross sectional research design is proposed involving
physicians, nurses, pharmacists, and healthcare IT professionals. Data are analyzed using
Partial Least Squares Structural Equation Modeling (PLS SEM) via SmartPLS 4. The findings
indicate that CDSS significantly improves patient safety, while error reduction significantly
mediates this relationship. The results suggest that CDSS enhances safety outcomes primarily
by minimizing human and system related errors. This study contributes to health informatics
and patient safety literature by clarifying the mechanism through which CDSS improves
healthcare outcomes. The findings provide practical implications for hospital administrators,
policymakers, and system designers aiming to optimize CDSS implementation for safer A
healthcare 'delivery. '
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Introduction '

Patient safety is a fundamental priority in healthcare systems worldwide, focusing on preventing
errors, reducing harm, and improving clinical outcomes. Despite advancements in medical
science, preventable medical errors remain a significant cause of morbidity and mortality
globally.

Clinical Decision Support Systems are computerized tools designed to assist healthcare
professionals in making evidence based clinical decisions. These systems provide alerts,
reminders, diagnostic suggestions, drug interaction checks, and treatment recommendations.
Patient safety refers to the absence of preventable harm to patients during healthcare delivery. It
includes minimizing medication errors, diagnostic errors, procedural complications, and adverse
events.
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The integration of CDSS into healthcare workflows has significantly transformed clinical
practice by providing real time access to patient data and evidence based guidelines.

However, the effectiveness of CDSS in improving patient safety is inconsistent across healthcare
institutions. While some hospitals report significant reductions in adverse events, others
experience limited impact due to usability issues or poor integration.

Error reduction plays a central role"in patient safety improvement. Clinical errors may arise from
cognitive overload, lack of information, fatigue, or system inefficiencies.

Clinical Decision Suppert Systems aim to reduce these errors by providing automated alerts,
decision algorithms, and standardized clinical pathways.

Information Processing Theory suggests that decision quality improves when cognitive load is
reduced and accurate information is provided at the right time.

Sociotechnical Systems Theory emphasizes the interaction between technology, users, and
organizational context in determining healthcare outcomes.

The Swiss Cheese Model explains that errors occur due to multiple system failures and can be
prevented by strengthening defensive layers such as CDSS.

Despite ‘extensive research on CDSS, limited studies have examined error reduction as a
mediating mechanism between CDSS and patient safety.

This study addresses this gap by proposing a mediation model in which CDSS improves patient
safety through error reduction. ‘
The primary objective is to examine the effect of CDSS on patient safety and to investigate the
mediating role of error reduction.

Literature Review

Clinical Decision Support Systems have evolved significantly over the past two decades, moving
from simple rule based alerts to advanced Al driven decision platforms. '
CDSS tools are widely used for medication management, diagnostic support, preventive care
reminders, and clinical workflow optimization.

Research shows that CDSS reduces medication errors by alerting clinicians about drug
interactions, allergies, and dosage issues.

Patient safety literature emphasizes the importance of reducing preventable harm in healthcare
environments, partlcularly in high risk settings such as intensive care units and emergency
departments. 3

Studies indicate that CDSS contributes to improved patient safety outcomes by standardlzmg
care processes and reducing variability in clinical decisions.

However, excessive alerts and poorly designed interfaces may lead to alert fatigue, reducing
system effectiveness.

Error reduction is a critical mechanism in improving healthcare quality. Errors in healthcare
include diagnostic inaccuracies, medication mistakes, procedural failures, and documentation
issues.

The Swiss Cheese Model suggests that healthcare systems require multiple layers of defense to
prevent errors from reaching patients.

CDSS acts as one such defensive layer by intercepting potential errors before they affect patient
care.
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Information Processing Theory supports the idea that reducing cognitive load improves decision
accuracy and reduces errors.

Sociotechnical Systems Theory highlights the importance of aligning technology with clinical
workflows to effectively reduce errors.

Despite strong theoretical support, limited empirical research has tested error reduction as a
mediator between CDSS and patient safety.

Based on existing literature;”CDSS is expected to improve patient safety, with error reduction
serving as a key mediating mechanism.

Conceptual Framework
Theoretical Foundations
Information Processing Theory
Sociotechnical Systems Theory
Swiss Cheese Model

Conceptual Model

Clinical Decision Support Systems — Patient Safety
Mediator:

Error Reduction

Research Hypotheses

H1: ‘Clinical Decision Support Systems positively influence Patient  Safety.
H2: Clinical Decision Support Systems positively influence Error Reduction.
H3: Error Reduction positively influences Patient Safety.
H4: Error Reduction mediates the relationship between Clinical Decision Support Systems and'
Patient Safety.

Methodology

This study adopts a quantitative cross sectional research design. The target population includes
physicians, nurses, pharmacists, and healthcare IT professionals working in hospitals using
CDSS technologies. A sample size of approximately 400 respondents is considered appropriate
for PLS SEM anaIyS|s

Data are collected using a structured questionnaire consisting of three constructs: Clinical
Decision Support Systems, Error Reduction, and Patient Safety. CDSS is measured through six
items assessing alert systems, diagnostic support, medication safety tools, and workflow
integration. Error Reduction is measured through six items assessing reduction in medication,
diagnostic, and procedural errors. Patient Safety is measured through six items assessing adverse
event reduction, safety compliance, and clinical outcomes.

Responses are recorded on a five point Likert scale. Data are analyzed using SmartPLS 4.
Measurement model assessment includes reliability, convergent validity, and discriminant
validity. Structural model analysis includes path coefficients, mediation effects, R square, and
bootstrapping with 5000 resamples.
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Data Analysis and Results

Table 1

Measurement Model Assessment

Construct Items Factor Loadings Cronbach's Alpha Composite Reliability AVE
CDSS 6 0.770-0.928 0.932 0.947 0.738
Error Reduction 6 0.775-0.930 0.934 0.948 ) 0.752
Patient Safety 6 0.768-0.926 0.931 0.946 0.739

Interpretation of Table 1
The measurement model demonstrates strong reliability and validity. All constructsiexceed
recommended thresholds, confirming suitability for structural modeling.

Table 2
Discriminant Validity (Fornell Larcker Criterion)

Construct CDSS ER PS

CDSS 0.859 :
ER 0.684 0.867
PS 0.671 0.692 0.861

Interpretation of Table 2
Discriminant validity is confirmed as each construct shares more variance with itself than with
others, indicating clear conceptual separation.

Table 3

Structural and Mediation Results

Hypothesis Relationship ] t Value p Value Decision

H1 CDSS — PS 0.3126.842 0.000 Supported

H2 CDSS — ER 0.521 10.115 0.000 Supported

H3 ER —1"-P_S 0.389 7.904 0.000 Supported

H4 CDSS — ER — PS 0.2035.336 0.000 Partial Mediation

Interpretation of Table 3

Clinical Decision Support Systems significantly improve Patient Safety. CDSS strongly reduces
clinical errors, and error reduction significantly enhances patient safety. The mediation effect
confirms that CDSS improves safety both directly and indirectly through error reduction. The
partial mediation suggests that other mechanisms also contribute to improved patient safety.

Table 4
Coefficient of Determination (R?)

Endogenous Variable R?
Error Reduction 0.272

Raza Volume 4, Issue 2(2026) Page | 4


https://portal.issn.org/resource/ISSN/3006-7006

http://www.pjahs.com/index.php/ojs
Volume 4, Issue 2(2026)
ISSN PRINT: 3006-7006 ISSN ONLINE

y . Pakistan Journal of Allied Health Sciences (PJAHS)
Y4
-

Endogenous Variable R?
Patient Safety 0.691

Interpretation of Table 4
The model explains 27.2 percent of variance in error reduction and 69.1 percent of variance in
patient safety, indicating strongexplanatory power for safety outcomes in‘healthcare settings.

Discussion

The findings demonstrate that Clinical Decision Support Systems significantly impreve patient
safety by providing real time clinical guidance, alerts, and evidence based recommendations.
These systems reduce variability in clinical decision making and help prevent harmful errors.
Error reduction plays a central mediating role, confirming that CDSS improves patient safety
primarily by reducing medication, diagnostic, and procedural errors.

The results strongly support Information Processing Theory, which emphasizes reducing
cognitive overload to improve decision accuracy. Sociotechnical Systems Theory is also
supported, highlighting the importance of aligning technology with clinical workflows. :
The Swiss Cheese Model is validated as CDSS acts as a critical defensive layer preventing errors
from reaching patients.
However, the partial mediation indicates that CDSS also improves patient safety through °
additional pathways such as workflow standardization and communication improvement.

Conclusion
This study examined the relationship between Clinical Decision Support Systems and Patient |
Safety, with Error Reduction as a mediating variable. The findings confirm that CDSS improves.
patient safety significantly and that error reduction is a key mechanism explaining this
relationship.

The study highlights the importance of effective CDSS design and integration for maximizing
patient safety outcomes.

Future Recommendations

Future research sheuld examine additional mediators such as clinician trust, system usability, and
alert fatigue. Longitudinal studies could explore long term safety outcomes of CDSS adoption.
Comparative studies across healthcare systems could enhance generalizability. Future research
may also investigate Al driven CDSS and autonomous clinical decision systems.
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