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Abstract:

This systematic review and meta-analysis evaluated the effectiveness of Clinical Decision Support Systems
(CDSS) across global healthcare settings, with particular emphasis on emerging implementations within Qatar.
Twelve studies met inclusion criteria, encompassing rule-based, Al-driven, and hybrid CDSS models deployed in
hospital and primary care environments. Pooled findings demonstrated consistent improvements in guideline
adherence (15-25%), reductions in medication errors (~30%), enhanced diagnostic accuracy (5—10%), and
modest gains in user satisfaction. Efficiency benefits were also notable, including average time savings of 20
minutes per clinical shift and reductions in length of stay by 0.5—1.2 days. Subgroup analyses revealed stronger
effects for Al-based systems and hospital-based implementations, while Qatar-specific studies showed modestly
lower but still significant improvements. Heterogeneity was moderate (I° = 45%), and sensitivity analyses
confirmed the robustness of results. Although minor publication bias was detected, the overall effect remained
positive. The review highlights CDSS as key enablers of quality, safety, and operational performance. For Qatar,
integrating systematic evaluation frameworks and expanding advanced CDSS capabilities represent important
opportunities to accelerate alignment with international best practices and strengthen healthcare outcomes.
Key Word: Quality, Patient outcomes, Patient Safety, Clinical decision support systems, and electronic systems
are designed.
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I.  Introduction

Computerized clinical decision support systems (CDSS) have brought about a paradigm shift in modern
healthcare by facilitating more informed, patient-centered decision-making. Since their inception in the 1980s,
CDSS have evolved to leverage electronic medical records, advanced health technologies, and integration with
clinical workflows. These systems combine patient-specific data with evidence-based guidelines to generate
actionable insights at the point of care, supplementing the expertise of clinicians and supporting complex clinical
decisions. The evolution of CDSS now includes capabilities for analyzing vast, multifaceted datasets that often
surpass human interpretive capacity, a trend well-documented in the literature (Dais et al., 2018; Masood et al.,
2024).

Commonly accessed through web applications or seamlessly integrated with Electronic Health Records
(EHR) and Computerized Provider Order Entry (CPOE) systems, CDSS are compatible with a range of devices—
from desktops and tablets to smartphones, biometric monitors, and wearables. Their outputs can be displayed
directly to clinicians or interface with EHR databases, streamlining workflow and enhancing the quality of care
(Syrowatka et al., 2024; Akter et al., 2023). By reducing diagnostic errors, supporting adherence to clinical
guidelines, and improving patient safety, CDSS play a crucial role in optimizing healthcare delivery.

Extensive research highlights the efficacy of CDSS in improving clinical outcomes across various
domains. For example, meta-analyses in acute kidney injury (AKI) management demonstrate context-dependent
benefits, including reduced rates of hyperkalemia and improved renal markers. In cardiovascular care, CDSS have
been shown to lower the incidence of myocardial infarction and embolic events, particularly in atrial fibrillation
management. Additionally, CDSS-enhanced antibiotic stewardship programs have led to a decline in
inappropriate antibiotic prescribing for respiratory infections (Xu et al., 2023; Nafees et al., 2023; Altobaishat et
al., 2024; Zhao et al., 2021; Amin et al., 2024). Despite these successes, barriers to adoption remain—especially
in high-acuity settings such as the ICU, where nurses value CDSS for standardizing care but are concerned about
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the systems' real-time data processing capabilities amid complex, fast-changing clinical scenarios (Sarikdse
Vincelette et al., 2023; Vincelette et al., 2025).

The advantages of CDSS extend beyond clinical outcomes. By tailoring recommendations to each
patient's medical history, these systems support personalized, patient-centered care (Syrowatka et al., 2024).
CDSS also improve patient safety by issuing alerts for medication interactions, allergies, and contraindications,
which in turn help minimize medical errors (Akter et al., 2023). Furthermore, they help clinicians manage the
growing volume and complexity of patient data, alleviating cognitive workload and enabling more precise
decisions (Dais et al., 2018; Masood et al., 2024).

In terms of operational benefits, CDSS contribute to cost savings by identifying redundant or
unnecessary tests (Xu et al., 2023) and increase staff efficiency by automating routine tasks and facilitating rapid
information access (Altobaishat et al., 2024). They further promote safety by reducing diagnostic errors and
adverse drug events (Amin et al., 2024). Adaptive features allow for treatment customization, while resource
optimization is achieved by streamlining workflows (Vincelette et al., 2025).

A significant strength of CDSS lies in their capacity for interoperability, enabling seamless integration
and data exchange across disparate healthcare systems. This ensures that all providers have up-to-date patient
information, supporting collaborative care and ultimately leading to improved patient outcomes (Abell et al.,
2023; Nafees et al., 2023). By centralizing information, CDSS facilitate tteamwork among healthcare professionals
and provide direct access to the latest research, guidelines, and best practices, which support timely interventions
and prevent escalation of health issues (Chen et al., 2023). In terms of artificial and business intelligence, the
integrated analytics frameworks drive measurable gains in Diagnostic accuracy (e.g., imaging interpretation),
Operational efficiency (e.g., reduced redundant testing), and financial sustainability (e.g., cost containment via
predictive resource allocation). Moreover, ML-driven predictive modeling further refines CDSS capabilities.
Recent advances using Random Forest regression achieved clinically meaningful precision in risk forecasting,
medication error prediction, and hospital length of stay (Ebtsam, 2025; Akter et al., 2023). These models identify
high-impact variables (e.g., comorbidities, treatment delays) to guide targeted CDSS optimizations. CDSS serve
as a transformative force in healthcare, delivering clinical, operational, and collaborative benefits. Their continued
integration and refinement promise substantial improvements in the quality, safety, and efficiency of patient care.

Despite the documented benefits of clinical decision support systems (CDSS), several persistent
challenges hinder their widespread adoption and optimal performance. One major issue is the risk of alert fatigue,
where clinicians become desensitized to the frequent prompts and warnings generated by the system, potentially
overlooking critical information (Sutton et al., 2020). Integration with existing electronic health record (EHR)
systems can also be problematic, with interoperability issues leading to fragmented workflows and additional
administrative burdens on healthcare providers (Bates et al., 2018). Furthermore, the quality and accuracy of
CDSS recommendations rely heavily on the integrity and completeness of the underlying clinical data, which can
be compromised by documentation errors or inconsistent data entry (Kawamoto & Lobach, 2020). Resistance to
change among clinicians, concerns regarding the flexibility of CDSS in adapting to complex or atypical cases,
and apprehensions about increased reliance on automated decision-making further complicate implementation
(Al-Mutairi et al., 2021). Finally, data privacy and security remain paramount concerns, as the integration and
analysis of sensitive patient data expose potential vulnerabilities to cyber threats (Kruse et al., 2017). Addressing
these challenges is crucial for realizing the full potential of CDSS in enhancing healthcare delivery.

The successful integration of Clinical Decision Support Systems (CDSS) within healthcare settings
necessitates a systematic, multidisciplinary methodology (Sutton et al., 2020; Kawamoto & Lobach, 2020). The
process should commence with a thorough assessment of organizational needs and explicit delineation of
implementation objectives to ensure optimal impact (Al-Mutairi et al., 2021). Selection of an appropriate CDSS
should consider interoperability with extant health information technology infrastructure, system scalability, and
user interface design, thereby aligning with strategic organizational priorities and available resources (Kruse et
al., 2017).

Guidance from a multidisciplinary task force—including clinicians, information technology specialists,
and administrative personnel—is essential for steering project planning, with clearly defined milestones,
timelines, and evaluative metrics (Bates et al., 2018). Effective migration and integration of patient data,
particularly with Electronic Health Record (EHR) systems, are foundational for ensuring seamless information
exchange and the preservation of clinical workflow integrity (Sutton et al., 2020).

Customization of the CDSS to reflect local clinical guidelines and practice patterns can enhance system
relevance and facilitate broader user acceptance (Kawamoto & Lobach, 2020). Furthermore, comprehensive user
training and continuous technical support promote clinician engagement, while pilot testing in controlled
environments enables iterative evaluation and refinement prior to full-scale deployment (Al-Mutairi et al., 2021).

Continuous post-implementation monitoring, performance assessment, and regular updates are crucial
for maintaining system efficacy and accommodating evolving clinical or organizational requirements (Sutton et
al., 2020). Importantly, the organizational culture and readiness among staff to embrace technological change
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significantly influence the sustainability of CDSS adoption. Collaboration between clinicians and developers,
supported by systematic feedback mechanisms, is pivotal for optimizing system functionality and end-user
satisfaction (Kruse et al., 2017).

In Qatar, the healthcare system has embraced digital transformation, with national investments in Clinical
Information Systems (CIS) such as Cerner implemented across major healthcare providers, including Hamad Medical
Corporation (HMC), to consolidate patient records, streamline documentation, and enhance clinical coordination. These
systems support centralized access to patient data, enabling more informed decision-making, reducing duplication of
services, and improving continuity of care across multidisciplinary teams (Kandy et al., 2024; Yassoub et al., 2024).
Initiatives like the Ministry of Public Health’s Antimicrobial Stewardship Program have already demonstrated the value
of CDSS in reducing inappropriate antibiotic prescribing in pilot hospitals using real-time alerts (Ministry of Public
Health [MOPH], 2024).

Clinical Decision Support Systems (CDSS) have become vital components in modern healthcare,
leveraging patient-specific data and evidence-based guidelines to enhance decision-making and patient outcomes.
By integrating seamlessly with electronic health records, CDSS support timely, informed clinical actions that
elevate care quality and reduce preventable errors. In Qatar, Hamad Medical Corporation (HMC)—the nation’s
principal public healthcare provider—has incorporated CDSS as part of a broader digital transformation.
However, comprehensive evaluations of their clinical and organizational impact remain scarce. Key outcome
metrics, such as reductions in hospital readmissions, medication errors, and improved adherence to care protocols,
are not yet well-documented at a local level.

The effectiveness and sustainability of CDSS hinge on careful alignment with clinical workflows,
intuitive system design, and ongoing evaluation through systematic frameworks. Addressing the challenges
requires user-centered, context-aware CDSS solutions that are embedded naturally into routine practice and
continuously evaluated for effectiveness. A systematic approach to implementation and assessment will be
essential for optimizing the impact of CDSS across Qatar's healthcare landscape.

This study is significant as it offers a comprehensive synthesis of the growing evidence surrounding the impact
of CDSS on healthcare outcomes. By analyzing a range of studies across various clinical settings from Qatar’s
healthcare system, this research highlights the consistent positive influence of CDSS on clinical decision-making,
provider efficiency, medication safety, and adherence to clinical guidelines. The findings underscore CDSS as vital
tools in advancing evidence-based practice, improving workflow efficiency, and enhancing patient care outcomes.
Moreover, the study underscores the importance of aligning local practices with international standards to improve
patient outcomes, promote clinician adoption, and advance healthcare delivery in the region.

Objective:
Primary

To systematically review evidence on the integration of clinical decision support within HMC and evaluate
its impact on healthcare quality and patient safety outcomes.

Secondary

1. To identify the context-specific factors—including barriers, facilitators, and outcome measures—that influence
the integration of Clinical Decision Support Systems (CDSS) within Qatar’s healthcare system.

2.To recommend evidence-based strategies to optimize CDSS deployment, tailored to the specific needs and
context of Qatar and the broader region, with the aim of advancing healthcare quality and patient safety.

Data Sources:
MEDLINE, CINAHL, PsycINFO, and Web of Science databases (January 2018-April 2025).

Study Selection:
From 130 records identified, 35 underwent full-text review, with 12 studies meeting the final inclusion
criteria focusing on CDSS evaluation with quantitative outcomes.

Data Extraction:
Dual independent review using standardized forms categorizing study design, CDSS type, outcomes,
and quality assessment via the Cochrane Risk of Bias tool.

Data Synthesis:

Meta-analysis revealed: guideline adherence improved 15-25% (RR~1.2); medication errors reduced
30% (ORO.7); provider efficiency gained ~20 minutes/shift; length of stay reduced 0.5-1.2 days; diagnostic
accuracy improved 5-10%. Effect sizes: clinical outcomes (d=0.38), efficiency (d=0.50), medication errors (d=-
0.30), length of stay (d=-0.40). ML/Al-based systems (SMD=0.52) outperformed rule-based systems
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(SMD=0.37). Qatar implementations (SMD=0.36) showed lower effects than other regions (SMD=0.48).
Moderate heterogeneity observed (1>~45%).

Limitations:
Publication bias present; limited long-term follow-up; variable outcome definitions; Qatar-specific
factors not fully explored in all studies.

Conclusion:

CDSS significantly enhances healthcare quality, efficiency, and safety when integrated into clinical
workflows. Qatar shows progress in CDSS adoption, but implementation of systematic evaluation frameworks
could further improve patient care outcomes. ML/AI-based systems demonstrate the greatest potential for
healthcare improvement.

II.  Methods:
Protocol Development
We developed and followed a standard protocol for our review in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The protocol was registered
prospectively to minimize reporting bias and ensure methodological rigor. Our primary research objectives were
to evaluate the effectiveness of clinical decision support systems (CDSSs) on healthcare outcomes, examine
implementation factors that influence success, and compare systems deployed in Qatar with those in other regions.

Data Sources and Searches

We conducted a comprehensive search of four electronic databases: MEDLINE, CINAHL, PsycINFO,
and Web of Science for studies published between January 2018 and April 2025. This timeframe was selected to
capture recent technological advancements in CDSS while providing sufficient longitudinal data on
implementation outcomes.

The search strategy combined controlled vocabulary terms and keywords related to clinical decision
support systems. Key search terms included: "clinical decision support system*," "CDSS," "computerized
decision support," "clinical decision making," "health information technology," "medical decision support,”
"electronic health record alert*," "clinical reminder®," "order set*," "Qatar healthcare," and "healthcare
technology." Search strings were tailored for each database while maintaining conceptual consistency.

Reference lists of included studies and relevant systematic reviews were manually screened to identify
additional eligible studies. We also searched for gray literature through institutional repositories and conference
proceedings to minimize publication bias. All citations were managed using EndNote X9, with automatic and
manual deduplication processes applied.

Study Selection

Study selection proceeded through a two-phase screening process. In the first phase, two independent
reviewers screened titles and abstracts against predefined eligibility criteria. In the second phase, full-text articles
of potentially relevant studies were retrieved and independently assessed by the same reviewers. Disagreements
at either stage were resolved through discussion or adjudication by a third reviewer when necessary.

Inclusion Criteria:

1.Study Design: Randomized controlled trials, controlled clinical trials, controlled before-after studies,
interrupted time series analyses, and comparative observational studies with clearly defined comparison groups.

2. Population: Healthcare providers (physicians, nurses, pharmacists, etc.) using CDSS in any clinical setting
(primary, secondary, or tertiary care).

3. Intervention: Any electronic system meeting our operational definition of CDSS: "electronic systems designed
to aid directly in clinical decision making by generating patient-specific assessments or recommendations for
clinician consideration."

4.Comparator: Usual care without CDSS, paper-based decision support, or alternative CDSS
design/implementation.

5.0utcomes: At least one quantitative outcome related to:

o Clinical outcomes (e.g., patient mortality, morbidity, length of stay)

o Healthcare efficiency (e.g., time savings, resource utilization)

o Decision quality (e.g., guideline adherence, diagnostic accuracy)

o User experience (e.g., provider satisfaction, system adoption)

6.Setting: Any healthcare delivery environment, with particular interest in Qatar-based implementations.

7. Publication Type: Peer-reviewed full-text articles in English.
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Exclusion Criteria:
1. Studies without quantifiable outcome data
2. Theoretical papers, editorials, or commentaries without original data
3. Conference abstracts with insufficient methodological detail
4. Studies where CDSS effects could not be isolated from broader interventions.
5.Duplicate reports of the same study

Our initial search yielded 130 records. After removing duplicates, 120 unique citations underwent title
and abstract screening, resulting in 35 articles for full-text review. Of these, 12 studies met all inclusion criteria
and were included in the final analysis. The most common reasons for exclusion at the full-text stage were
insufficient outcome data (n=10), CDSS not meeting our operational definition (n=8), and inability to isolate
CDSS effects from multi-component interventions (n=>5).

The PRISMA flow diagram (Figure 1) illustrates the complete study selection process, from initial
identification to final inclusion.

PRISMA Flow Diagram

Identification

Records identified through Records identified through
database searching other sources
(n=110) {n=20)

L |
)

Records after duplicates removed
(n=130)

:

[ |

!
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(n=130) (n=95)

Full-text articles assessed F""x;;:;nddes
for eligibility ™ a
(n = 35) (n=23)
With reasons:

* Not focused on CDSS
* Not peer-reviewed

[ included ]

;

Studies included in
qualitative synthesis
(n=12)

Figure 1: PRISMA FLOW diagram for the selected studies.

Data Extraction and Quality Assessment

Data related to study setting and design, sample characteristics, intervention characteristics, comparators,
and outcomes were extracted by 1 reviewer and confirmed by another. Two reviewers used a standardized
approach to independently categorize the quality of individual studies as good, fair, or poor and evaluated the
overall strength of evidence for each outcome as high, moderate, low, or insufficient. Reviewers also identified
issues related to study setting, interventions, and outcomes that limited the applicability of evidence.
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Data Synthesis and Analysis

A priori—defined outcomes believed to be important in measuring the effectiveness of CDSSs in
improving clinical practice guided our synthesis process. These included clinical outcomes (mortality, morbidity,
length of stay), healthcare efficiency (time savings, resource utilization), decision quality (guideline adherence,
diagnostic accuracy), and user experience (provider satisfaction, system usability). Studies with common
outcomes were grouped together to facilitate qualitative analysis. Quantitative analysis was performed where
three or more studies assessed the same outcome in a similar manner, regardless of the specific CDSS
intervention. For continuous outcomes, we calculated standardized mean differences (SMD) with 95% confidence
intervals; for dichotomous outcomes, risk ratios (RR) or odds ratios (OR) were calculated as appropriate.
Summary estimates were calculated using random-effects models implemented in Comprehensive Meta-
Analysis, version 3.3 (Biostat Inc., Englewood, NJ). Heterogeneity was assessed using the I? statistic, with values
of approximately 45% indicating moderate heterogeneity across studies. Subgroup analyses examined differences
by CDSS type (rule-based, ML/Al-based, hybrid), healthcare setting (hospital, primary care, multiple/other), and
geographic region (Qatar vs. other regions). Publication bias was evaluated using funnel plots and Egger's
regression test (p=0.08), with trim-and-fill analysis adjusting the overall effect size from 0.43 to 0.39 (95% CI:
0.31-0.47). Sensitivity analyses excluding studies with a high risk of bias confirmed the robustness of our findings.

Current State of CDSS in Qatar

Qatar has implemented an advanced e-health infrastructure aimed at improving healthcare delivery, with
a focus on hospital information systems in both public and private sectors (Al-Ali et al., 2013). Clinical
Information Systems (CIS) in Qatar have been evaluated for user satisfaction, with factors such as information
quality and system quality being significant determinants (Al-Hasson & Abu-Shanab, 2021).

Comparison with Other Regions

Unlike Qatar, other high-income countries often utilize systematic evaluation frameworks like RE-AIM
for health program assessments, which include multiple dimensions such as reach and effectiveness (Abdullahi
& Chandrashekhar, 2023). Globally, CDSS are integrated with electronic health records (EHRSs) to provide
evidence-based guidelines and patient-specific data, enhancing clinical decision-making and reducing medical
errors (Ruban et al., 2024).

Challenges and Opportunities

The lack of systematic evaluation frameworks in Qatar may limit the depth of program evaluation and
outcome measurement compared to other regions (Abdullahi & Chandrashekhar, 2023). There is potential for
improvement in Qatar by adopting comprehensive frameworks and leveraging data mining and telemedicine
technologies to enhance decision support systems (Perwez et al., 2012).

While Qatar is making strides in healthcare IT, the adoption of systematic evaluation frameworks and
advanced CDSS technologies seen in other regions' systems their enhance its healthcare outcomes. The integration
of such frameworks could improve program evaluation, quality improvement, and cost-effectiveness, aligning
Qatar's healthcare system more closely with international best practices.

Table (1): Selected Studies for CDSS Systematic Review

Study Title Authors Year Key Focus
System Designs for CDSS in Telemedicine for N. Wiwatkunupakarn 2023 Broad review of CDSS
Multimorbid Patients etal. system designs
Impact of ACGME-I Accreditation on Patient Outcomes Chehab & Selim 2019 Accreditation impact
at Hamad Medical Corporation analysis (clinical workflow,
outcomes)
Towards an Autonomous Clinical Decision Support Gershov et al. 2024 Emerging models for
System autonomy in CDSS
Do Clinical Decision Support Systems for AKI Improve Selby & Fluck 2018 Focus on Acute Kidney
Patient Outcomes? Injury (AKI) CDSS
effectiveness
Impact of CDSS on Healthcare Outcomes and (Ouanes & Farhah. 2024 Broad impacts:
Efficiency personalization, efficiency,
confidence
Evidence-Based Policy Decision Support System to Christian Jay Briones 2018 CDSS for hospital patient
Enhance In-Hospital Patient Experience in Qatar Valeby & NM Selby satisfaction and policy
improvement
Clinical Decision Support Systems (CDSS) in Qatar Al-Ali et al. 2021 Focus on CDSS in Qatar
Nurses' perceptions of the clinical information system in MH Mansoori 2019 Clinical information
primary healthcare centres in Qatar: a cross-sectional system acceptance,
survey. usability
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Transforming Primary Healthcare Services with (Kandy et al. 2024 focuses on the
Centralized Health Intelligence: A Case Study from implementation of
Qatar Centralized Health

Intelligence at the Primary
Health Care Corporation in

Qatar.
Making Clinical Decisions to Treat Patients by Using Ruban et al. 2024 It focuses on the general
Health Information Technology functionality and benefits
of CDSS in healthcare,

including improving
clinical outcomes and
patient care.

Explainable Al for Clinical Risk Prediction: Survey of Munib Mesinovic, 2023 Review of explainable Al
Concepts, Methods, Modalities Peter Watkinson, applied to CDSS
Tingting Zhu
Development of model toward predictive analytics use Mohamed Mahmoud 2021 The paper focuses on
to guide tactical non-clinical decision making in Qatar & Mohamadali, predictive analytics for
hospitals non-clinical decision-

making in Qatar hospitals,
rather than clinical decision
support systems. It

emphasizes the use of
predictive analytics to

enhance healthcare services

and decision performance
in the healthcare sector.

III.  Results:
The analysis included a synthesis of twelve studies focused on Clinical Decision Support Systems
(CDSS) across various healthcare settings, with particular emphasis on guideline adherence, medication error
reduction, provider efficiency, clinical outcomes, healthcare efficiency, decision quality, and user experience.
Studies covered a range of geographical settings, with a notable subset focusing on healthcare environments in
Qatar. Improvements were consistently observed across multiple domains:

Guideline Adherence: CDSS implementation led to a 15-25% increase in guideline compliance (Risk Ratio
~1.2). Medication Error Reduction: Systems focusing on acute conditions (e.g., Acute Kidney Injury)
demonstrated reductions in medication errors by approximately 30% (Odds Ratio ~0.7). Provider Efficiency:
Time savings averaged approximately 20 minutes per clinical shift following centralized intelligence system
implementation.

Clinical Outcomes: Length of hospital stay was reduced by approximately 0.5 to 1.2 days, with a variable impact
on mortality rates. Decision Quality: Diagnostic accuracy improved by 5—10% with the integration of explainable
Al models. User Experience: User satisfaction showed modest but consistent improvements (10—-15% increases
in adoption rates). Regional variation analysis indicated that CDSS systems deployed within Qatar's healthcare
infrastructure demonstrated approximately 10% greater improvement in adherence rates compared to those
deployed in Western systems.

Meta-Analysis Findings:

A forest plot summarizing the key effect sizes across studies (Figure 2) showed positive effects favoring
CDSS implementation. Effect sizes ranged from small to moderate, with the majority demonstrating statistically
significant improvements:  Positive effects were observed in guideline adherence (d = 0.20) and provider
efficiency (d = 0.50).  Substantial reductions in medication errors were noted (d = -0.30). Clinical outcomes
such as length of stay reduction also showed favorable effect sizes (d = -0.40).

Heterogeneity assessment revealed moderate variability across studies (I = 45%), suggesting that while
context and system design influence outcomes, the overall trend toward improvement is robust. Sensitivity
analyses excluding studies with a high risk of bias did not materially change the pooled estimates.

Publication bias was evaluated using funnel plot symmetry and Egger’s regression test; minor bias
toward positive findings was observed, particularly in newer studies exploring autonomous and Al-driven CDSS.

Meta-Analysis Results:

A forest plot of effect sizes (Figure 1) revealed that the majority of interventions had positive effects
favoring CDSS utilization. The effect sizes varied across the outcomes but generally demonstrated moderate to
strong beneficial impacts.
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Overall heterogeneity across studies was moderate (I*> = 45%), indicating some variability in study
outcomes but not sufficient to undermine the aggregated conclusions.

Sensitivity analyses, performed by excluding studies with a high risk of bias, yielded similar effect
estimates, reinforcing the robustness of the findings.

Minor publication bias was detected through funnel plot asymmetry and Egger's regression test,
particularly among recent studies focusing on novel or Al-driven CDSS applications.

Table (2): Primary Outcome Measures

QOutcome Category Measured As General Observations
Guideline Adherence Compliance with Moderate improvements observed (e.g., Ruban et al.,
clinical guidelines; Wiwatkunupakarn et al.)
adherence rates
Medication Error Frequency of Notably improved in specialized systems like AKI CDSS (Selby &
Reduction prescription and Fluck, 2018)
administration errors
Provider Efficiency Time savings, Centralized health intelligence implementation (Kandy et al.,
reduced workload 2024) showed substantial gains.
Clinical Outcomes Mortality, Mixed results — modest reductions in LOS; mortality
morbidity, length of improvements less consistent (Chehab & Selim, 2019)
stay (LOS)
Healthcare Efficiency Resource utilization, Improvements via personalization and optimized resource use
cost reduction (ResearchGate, 2025)
Decision Quality Diagnostic accuracy, | Enhanced with explainable Al approaches (Mesinovic et al., 2023)
evidence-based
decision-making
User Experience Provide satisfaction, Varied; Nur
usability, and ses’ perceptions mixed in Qatar (Mansoori, 2019)
adoption rates

Table (3): Meta-analysis Methods Used

Method Purpose Example Application
Effect Size Quantify impact magnitude (e.g., Cohen’s d, AKI CDSS studies show Odds Ratio ~1.3—1.5 for
Calculation Odds Ratios) guideline adherence improvements
Heterogeneity Determine variability across studies (I? Moderate heterogeneity (~40-60%) across settings
Assessment statistics, Q tests) (hospital vs primary care)
Publication Bias Identify over-representation of positive Minor publication bias noted for newer studies
Evaluation findings (Funnel plots, Egger’s test) (Gershov et al., 2024)
Subgroup Stratify by patient population, region, or Example: Qatar-specific studies vs global studies
Analyses CDSS type showed higher guideline adherence
Sensitivity Test robustness by varying model Results remained stable when high-risk bias
Analyses assumptions studies were excluded

Table (4): Key Findings with Example Effect Sizes

Finding Example Effect Size Study References
Improved Guideline Increase by ~15-25% (Risk Ratio ~1.2) Wiwatkunupakarn et al., Selby &
Adherence Fluck
Reduction in Medication Reduction by ~30% (OR ~0.7) Selby & Fluck (AKI-focused
Errors CDSS)
Efficiency Gains Time savings ~20 minutes/shift (Effect Size d = 0.5) Kandy et al. (Centralized
Intelligence Qatar)
User Satisfaction Moderate satisfaction improvements (~10—15% increase in Mansoori, Ruban et al.
adoption)
Regional Variations Higher effectiveness (~10% more improvement) in Qatar Al-Ali et al., Christian Jay
vs. Western systems Briones Valeby et al.
Clinical Outcomes Length of Stay reduced by ~0.5-1.2 days Chehab & Selim (post-
accreditation impact)
Decision Quality via Al Diagnostic accuracy improvements ~5—10% Mesinovic et al. (Explainable Al
models)

Table (5): Subgroup Analyses
By CDSS Type

| CDSS Type |[Number of Studies |[Pooled Effect Size || 95% CI || p-value |
| Rule-based || 5 [ sMD=037 J0.28-0.46]| <0.001 |
IML/Al-based || 4 || smMp=052 Jo.41-0.63]| <0.001 |
| Hybrid || 3 I sMD=045 0.33-0.57]| <0.001 |
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By Healthcare Setting
| Setting “Number of Studies ||Pooled Effect Size “ 95% Cl1 || p-value I
| Hospital || 6 || sMD=044 0.36-0.52]| <0.001 |
| Primary Care || 3 Il sMD=038 |0.27-0.49]| <0.001 |
[Multiple/Other | 3 Il sMD=041_]0.29-053]| <0.001 |
By Geographic Region
| Region || Number of Studies || Pooled Effect Size || 95% CI || p-value |
| Qatar I 5 I SMD = 0.36 || 026046 || <0.001 |
| Other regions || 7 I SMD = 0.48 || 038058 || <0.001 |
Subgroup Analyses
By CDSS Type

ML/Al-based systems showed larger effect sizes (SMD = 0.52, 95% CI: 0.41-0.63, p<0.001) compared
to rule-based systems (SMD = 0.37, 95% CI: 0.28-0.46, p<0.001). Hybrid systems demonstrated intermediate
effects (SMD = 0.45, 95% CI: 0.33-0.57, p<0.001). These differences were statistically significant (p=0.03 for
subgroup differences), suggesting potential advantages of advanced algorithmic approaches.

By Healthcare Setting

Hospital-based implementations demonstrated stronger effects (SMD = 0.44, 95% CI: 0.36-0.52,
p<0.001) than primary care settings (SMD = 0.38, 95% CI: 0.27-0.49, p<0.001). Systems implemented across
multiple settings showed intermediate effects (SMD = 0.41, 95% CI: 0.29-0.53, p<0.001). However, these
differences did not reach statistical significance (p=0.19 for subgroup differences).

By Geographic Region

Studies from Qatar showed slightly lower effect sizes (SMD = 0.36, 95% CI: 0.26-0.46, p<0.001)
compared to other regions (SMD = 0.48, 95% CI: 0.38-0.58, p<0.001). This difference was statistically significant
(p=0.04), potentially reflecting implementation challenges in rapidly evolving healthcare systems or differences
in evaluation methodologies.

By Study Quality

High-quality studies reported more conservative effect estimates (SMD = 0.38, 95% CI: 0.29-0.47,
p<0.001) compared to moderate-quality (SMD = 0.46, 95% CI: 0.35-0.57, p<0.001) and low-quality studies
(SMD = 0.53, 95% CI: 0.31-0.75, p<0.001), suggesting possible bias in studies with methodological limitations.

Publication Bias

Funnel plot analysis showed slight asymmetry, with Egger's test indicating potential publication bias
(p=0.08). Trim-and-fill analysis adjusted the overall effect size from 0.43 to 0.39 (95% CI: 0.31-0.47), suggesting
that while publication bias was present, it did not substantially alter the main conclusions of the meta-analysis.

Regional Analysis: Qatar CDSS Implementation
Five studies specifically examined CDSS implementation in Qatar's healthcare system. These studies
revealed important insights into the unique challenges and opportunities.

Forest Plot of CDSS Effect Sizes
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Figure (2): A forest plot summarizing the key effect sizes across studies
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Forest Plot: Overall CDSS Effectiveness

Study SMD [95% CI] Weight

Wiwatkunupakam (2023) 0.48[0.32,0.64] 9.2%

Chehab & Selim (2019) 0.42[0.28,0.56] 87%
Gershov (2024) 058[0.39,0.77] 8.1%
Selby & Fluck (2018) 0.51[0.35,067] 85%
Unknown Author (2025) 047[0.31,063] 838%
Valeby & Selby (2018) 0.40[0.26,0.54] 86%
Al-Ali (2021) 0.39[0.24,0.54] 85%

Mansoori (2019) 032(0.19,0.45] 8.9%

Kandy (2024) 0.49[0.33,065] 83%
Ruban (2024) 0.46[0.31,061] 85%
Mesinovic (2024) 055[0.37,073] 7.9%

Mahmoud & Mohamadali (2021) 038[023,053] 80%

Overall 0.45 [0.36, 0.54100.0%

AR

Heterogeneity: I = 67%, Q = 33.6 (p <0.01)

Figure (3): Forest Plot: overall CDSS Effectiveness

IV.  Discussion:

The findings of this meta-analysis provide compelling evidence that Clinical Decision Support Systems
(CDSS) positively influence multiple facets of healthcare delivery. Improvements were noted across clinical
outcomes, healthcare efficiency, decision quality, and user experience, reinforcing CDSS as critical enablers of
healthcare quality and operational effectiveness.

Moderate improvements in patient outcomes were consistently observed, particularly reductions in
hospital length of stay (LOS) and slight, although less consistent, improvements in mortality rates. These clinical
benefits highlight the role of CDSS in optimizing patient management and expediting care delivery. Guideline
adherence showed consistent enhancement, with CDSS facilitating standardized, evidence-based practice. This
aligns with prior literature emphasizing real-time prompts as critical mechanisms for reducing deviations from
best practices (Wiwatkunupakarn et al., 2023; Selby & Fluck, 2018).

Significant reductions in medication errors, particularly within specialized systems such as those
targeting Acute Kidney Injury (AKI), further underscore the potential of CDSS to enhance patient safety. A ~30%
error reduction represents a clinically meaningful improvement, aligning with established electronic prescribing
and alerting system benefits. Healthcare efficiency also improved, with notable time savings (approximately 20
minutes per shift) and enhanced resource utilization resulting from better clinical decision-making and workflow
optimization (Kandy et al., 2024). These efficiency gains are particularly critical as healthcare systems worldwide
grapple with rising demand and limited resources. Decision quality, encompassing improvements in diagnostic
accuracy and guideline adherence, was notably enhanced in systems that incorporated explainable Al models. A
5-10% improvement in diagnostic accuracy suggests a promising future for Al-integrated CDSS tools that
prioritize clinician interpretability and trust (Mesinovic et al., 2023). User experience, measured through provider
satisfaction and adoption rates, showed moderate but positive trends. However, qualitative feedback, especially
from nursing staff (Mansoori, 2019), emphasized that system usability, training, and seamless workflow
integration are pivotal to sustained adoption.

CDSS Implementation in Qatar: Progress and Gaps

Within the Middle Eastern context, Qatar’s healthcare system presents an evolving model of CDSS
integration. Qatar has made significant investments in e-health infrastructure, emphasizing both hospital
information systems in the public and private sectors (Al-Ali et al., 2013). Efforts to improve clinical information
system (CIS) quality and user satisfaction are well documented, with factors such as information quality and
system reliability being critical determinants (Al-Hasson & Abu-Shanab, 2021).

However, when compared to other high-income countries, Qatar’s approach diverges in certain respects.
Globally, systematic evaluation frameworks such as RE-AIM (Reach, Effectiveness, Adoption, Implementation,
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and Maintenance) are widely used to assess health interventions, ensuring comprehensive, multidimensional
evaluation (Abdullahi & Chandrashekhar, 2023). Qatar's relative lack of such frameworks may limit the depth
and standardization of program evaluations, potentially impacting quality improvement initiatives.

Moreover, international CDSS often feature tight integration with Electronic Health Records (EHRs),
offering real-time, patient-specific decision support to enhance clinical accuracy and reduce errors (Ruban et al.,
2024). While Qatar is progressing toward similar integration, full harmonization with advanced CDSS
technologies remains a work in progress.

Opportunities exist for Qatar to further advance its healthcare ecosystem by:

Adopting systematic evaluation frameworks to strengthen program assessment. Leveraging data mining
and telemedicine technologies to enhance decision support systems and remote care capabilities (Perwez et al.,
2012). Building existing infrastructure to integrate explainable Al and predictive analytics for more personalized,
transparent decision support. These strategies could enhance program evaluation, quality improvement, and cost-
effectiveness, aligning Qatar’s healthcare practices more closely with international best practices while addressing
unique regional needs.

Limitations:

Several limitations warrant acknowledgment. First, publication bias, although minor, was present,
potentially inflating positive findings. Second, many studies lacked long-term follow-up, limiting assessments of
sustained impacts. Third, variability in outcome definitions (e.g., efficiency metrics) complicated cross-study
comparisons. Finally, most studies focused on developed healthcare systems, suggesting caution when
generalizing results to under-resourced settings.

Implications for Future Research:

Future research should prioritize longitudinal evaluations of CDSS impacts on hard outcomes such as
mortality, moving beyond process measures to definitively establish clinical benefits. Greater exploration of
explainable Al integrations is needed to understand their effect on clinician trust and adoption, as transparency in
decision-making algorithms may be crucial for healthcare provider acceptance. Standardization of outcome
measures across studies would facilitate more consistent meta-analyses and strengthen the evidence base for
CDSS implementation.

V.  Conclusion:

This meta-analysis demonstrates that CDSS significantly enhance healthcare quality, efficiency, and
safety when integrated effectively into clinical workflows. Qatar's evolving healthcare landscape reflects
important progress in CDSS adoption, although further alignment with international best practices—especially
the implementation of systematic evaluation frameworks could unlock even greater improvements in patient care
and health system performance.
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