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Online: 08 December 2023 constraints, and persistent data-security vulnerabilities. Intelligent Edge Computing

(IEC), a distributed architecture, addresses these weaknesses by enabling data

processing and Al-driven decision support directly at the point of data generation,

Keywords thereby reducing dependence on remote cloud servers. This study used a mixed-
Edge Computing, method design involving 315 healthcare IT professionals from 25 U.S. hospitals.
Artificial Intelligence, Regression modeling, correlation analysis, and ¥* testing were applied to assess
Cloud Computing, changes in system performance, latency patterns, energy-efficiency indicators, and
System Optimization, compliance outcomes before and after IEC implementation. Regression outputs
Healthcare Data indicated that IEC variables were strong predictors of overall system performance,

reflected by R = 0.85, R?=0.72, F = 196.5, p = 0.001. Performance improvement was
primarily driven by edge-node density and AI load-balancing efficiency, with
coefficients of B = 0.62 and = 0.57, respectively, both significant at p <0.001. > tests
showed notable differences in system-usage frequency across job roles (> = 18.9, df =
2, p=0.001), while gender-based variation was not statistically meaningful (p = 0.29).
IEC deployment produced a 26% increase in operational efficiency, a 29% cost
reduction, and a 17% improvement in HIPAA compliance. Integrating IEC into cloud-
based healthcare systems enhances performance, scalability, and regulatory
compliance, positioning it as a critical solution for next-generation clinical data
infrastructures.

1. Introduction

Healthcare systems in the United States are undergoing rapid digital transformation, driven by
advances in information technology, big data analytics, and artificial intelligence (AI). To manage
the escalating volume of electronic health records, diagnostic imaging, and telemedicine data, the
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sector increasingly relies on cloud-based data management platforms (Hartmann et al., 2019).
These platforms enhance data accessibility and support near real-time decision-making, thereby
facilitating more effective collaboration among healthcare professionals. However, conventional
cloud architectures are under pressure as medical data volumes are projected to exceed several
zettabytes per year (Sodhro et al., 2018). As a result, healthcare organizations face serious
challenges in processing clinical data, including network latency, security vulnerabilities, and
degraded network performance that can contribute to Health Insurance Portability and
Accountability Act (HIPAA) violations. Centralized data centers, which underpin traditional cloud
systems, introduce communication delays that can impair the functioning of time-sensitive clinical
applications (Alrazgan, 2022). In remote patient monitoring, tele-ICU services, and analytics
based on wearable health sensors, clinical outcomes may hinge on millisecond-level
responsiveness. Transferring large-scale medical datasets over long network paths to centralized
servers can delay diagnosis and treatment, affecting 3-4% of emergency telehealth encounters
according to national digital health performance statistics (Singh & Chatterjee, 2021).
Continuous exchange of patient information across external networks also increases exposure to
cyberattacks, unauthorized access, and data-integrity risks. Consequently, there is an urgent need
to augment centralized computing with an intelligent, distributed infrastructure capable of
performing local data processing while maintaining integration within a scalable end-to-end
network (Chen et al., 2018).

Intelligent Edge Computing (IEC) directly addresses these limitations by relocating key data-
processing tasks closer to the points of data generation. Through distributed intelligence, IEC
enables local preprocessing, encryption, and filtering at the network edge within hospital servers,
IoT gateways, or smart medical devices before only refined or aggregated information is forwarded
to the cloud (Wang & Wang, 2021). This architectural shift reduces latency, lowers backbone
network traffic by an estimated 30-40%, and improves overall system dependability. When
combined with Al-based optimization algorithms, IEC supports edge-level real-time diagnostics,
anomaly detection, and predictive decision support, thereby diminishing reliance on centralized
infrastructure (Rathi et al., 2021). In practice, integrating IEC with cloud computing allows
healthcare organizations to improve both clinical and administrative performance. Al-enabled
edge nodes can, for example, process medical images locally to deliver immediate diagnostic
insights to clinicians, while IoT-based monitoring solutions can trigger instant alerts for
arrhythmias, hypoxia, or critical blood-pressure fluctuations (Rajavel et al., 2021). This integrated
architecture accelerates patient care delivery and mitigates privacy risks by limiting the volume
and sensitivity of data transmitted over wide-area networks. In addition, IEC enhances
interoperability and scalability and supports adherence to U.S. data-governance frameworks,
including HIPAA and the Health Information Technology for Economic and Clinical Health
(HITECH) Act (Rahmani et al., 2017).

Despite rapid technological progress, there remains a shortage of robust, empirical evidence
quantifying how IEC improves cloud-based healthcare environments. Much of the existing work
is still grounded in theoretical formulations or laboratory simulations rather than evaluations
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conducted in real-world healthcare settings (Tuli et al., 2019). The present study addresses this
gap by examining the extent to which IEC enhances system performance, data-processing
efficiency, security and regulatory compliance, and user satisfaction in U.S.-based healthcare
organizations. Using data from 315 participants across 25 hospitals, the study applies correlation
(r), regression (R?), and chi-square (¥?) analyses to rigorously assess the operational impact of IEC-
enabled architectures. The findings are intended to guide healthcare leaders and policymakers in
designing high-performance, secure data infrastructures that can sustain and accelerate the ongoing
national digital transformation of healthcare.

2. Materials and Methods
2.1 Study Design and Participants

This study adopted a mixed-method, cross-sectional design to examine the impact of Intelligent
Edge Computing (IEC) on cloud-based healthcare data management systems in the United States.
Data were collected from 315 participants, including healthcare IT professionals, clinicians, and
data analysts employed in 25 hospital facilities. A stratified random sampling strategy was used to
ensure representation across different hospital sizes, professional roles, and stages of IEC
implementation. Eligibility required a minimum of twelve months of professional experience with
IT infrastructure, cloud platforms, or edge-system management.

System performance was evaluated by integrating self-reported survey data with operational
system logs capturing latency, throughput, energy consumption, and compliance-related metrics.
Prior to data collection, the study protocol received approval from the relevant ethics committee,
and all participants provided informed consent. This design enabled the researchers to quantify
IEC-related performance changes while also characterizing adoption patterns and operational
challenges within real-world hospital environments, resulting in a comprehensive assessment of
IEC effectiveness (Abirami & Chitra, 2020).

2.2 Data Collection Instruments

Assessment of IEC implementation in healthcare settings relied on two primary data sources:
structured questionnaires and system-generated performance logs (Sharma et al., 2022). The
survey instrument included 5-point Likert-scale items (1 = strongly disagree to 5 = strongly agree)
to rate perceived system latency, data throughput, operational costs, energy consumption, HIPAA
compliance, and user satisfaction. Additional open-ended questions captured qualitative feedback
on IEC implementation barriers, facilitators, and perceived benefits.

A pilot test was conducted with 20 healthcare IT professionals, yielding a Cronbach’s alpha of
0.91, indicating excellent internal consistency and confirming clarity and reliability of the items.
Triangulation of subjective user responses with objective performance indicators from system logs
strengthened both the validity and reliability of the findings. This multi-source strategy enabled
precise quantification of IEC’s impact on system behavior alongside detailed user perspectives,
supporting a holistic evaluation of IEC effects on healthcare data management and providing a
solid foundation for subsequent inferential statistical analyses (Han et al., 2019).
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2.3 Statistical Analysis

Quantitative analyses were conducted using SPSS version 28. Descriptive statistics means,
standard deviations, frequencies, and percentages were first computed to summarize participant
demographics, institutional characteristics, baseline system performance, and IEC adoption levels
(Cleff, 2013). Multiple linear regression models were then estimated to examine how IEC-related
variables (edge-node density, Al load-balancer efficiency, latency optimization, and data-security
measures) predict overall system performance (Plonsky & Ghanbar, 2018). Model quality was
evaluated using R and R? values.

To assess pre-post changes associated with IEC deployment, paired-sample t-tests were applied to
key indicators, including latency, throughput, operational costs, and energy consumption
(Backhaus et al., 2021). Pearson correlation coefficients (r) were used to determine the strength
and direction of bivariate associations between technical IEC features and system-level outcomes
(Endriyas et al., 2019). Chi-square (y?) tests were employed to analyze whether IEC adoption and
user satisfaction varied significantly by staff role, gender, or hospital size. Statistical significance
was set at p = 0.05, and effect sizes were reported using Cohen’s d to indicate the practical
relevance of observed differences (Tarvainen et al., 2013).

2.4 Ethical Considerations

The study adhered to all applicable ethical guidelines and institutional regulations. Participant
confidentiality was safeguarded through data anonymization procedures and the use of encrypted,
access-restricted storage systems. Written informed consent was obtained from all respondents,
who were clearly informed of their right to withdraw at any stage without penalty.

Data collection procedures, including survey administration and system-log monitoring, were
designed to be minimally intrusive and to avoid any interference with patient care or clinical
workflows. No patient-identifiable information was accessed or stored. To enhance the credibility
of the findings, survey responses were systematically cross-checked against aggregated system-
performance records, ensuring that reported perceptions aligned with objectively measured
outcomes. The use of stratified random sampling reduced the risk of selection bias, and the
application of appropriate statistical techniques supported the robustness and reliability of the
analyses.

3. Results
3.1 Demographic Characteristics of Respondents

The study collected responses from 315 healthcare professionals working in diverse hospital
settings across the United States.

Table 1: Demographic Characteristics of Respondents
Demographic Variable Category Frequency (n) Percentage (%)
Gender Male 177 56.2
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Female 138 43.8
Age Group 18-25 years 42 13.3
26-35 years 117 37.1
36-45 years 89 28.3
Above 45 years 67 213
Job Role IT Specialist 103 32.7
Clinical Administrator 91 28.9
Nurse/Technician 76 24.1
Physician 45 14.3

The sample demonstrated a reasonably balanced gender distribution, with 56.2% of participants
identifying as male and 43.8% as female. Most respondents were in the 26-45-year age group,
which accounted for approximately two-thirds of the total sample, indicating a predominance of
mid-career professionals actively engaged in contemporary digital health infrastructures. In terms
of professional roles, IT specialists constituted 32.7% of the participants, while clinical
administrators represented 28.9%, reflecting a strong presence of both technically oriented and
managerial staff involved in cloud-based healthcare data management. Hospital size also varied
within the sample; 41.6% of respondents reported working in large institutions with more than 500
beds, suggesting that the findings capture experiences from complex, high-volume healthcare
environments. Regarding professional experience, 38.4% of respondents had between five and ten
years of work experience, implying that many participants were familiar with both legacy systems
and newer cloud-based architectures. Educational profiles further reinforced this picture, as a
majority held postgraduate degrees, making the cohort highly suitable for evaluating the
performance and organizational implications of Intelligent Edge Computing (IEC) in healthcare
institutions (Jamil et al., 2019).

3.2 Intelligent Edge Computing Adoption and Awareness
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Figure 1: Awareness and Adoption Levels of Intelligent Edge Computing

Figure 1 presents the levels of [EC awareness and adoption among the surveyed professionals. The
data indicate that IEC has already gained substantial conceptual traction in U.S. healthcare
organizations. Overall, 82% of participants reported that they understood the fundamental concepts
of IEC, while 68% stated that their hospitals had partially or fully implemented IEC-based
solutions in their networks. In addition, 74% of respondents indicated that they had received formal
training or had previous work experience related to edge cloud integration technologies. At the
same time, 18% of participants reported limited or no understanding of IEC applications, revealing
persistent knowledge gaps that could impede effective deployment. Awareness levels were highest
among IT specialists, which is consistent with their technical responsibilities and ongoing exposure
to infrastructure innovation. These findings suggest that, although IEC awareness is high and
adoption is progressing, many institutions still lack complete organizational roadmaps for
standardized implementation, governance, and workforce development. Consequently, the results
emphasize the necessity of structured knowledge transfer, targeted training, and institution-wide
capacity-building programs to realize the full benefits of IEC in healthcare environments (Talaat
et al., 2020).

3.3 Performance Improvements After IEC Implementation
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Figure 2: Comparative System Performance Before and After IEC

Figure 2 compares core performance indicators for cloud-based healthcare data systems before and
after IEC implementation. Across all major metrics, IEC deployment was associated with
substantial improvements. Network latency optimization increased from 78% prior to IEC
adoption to 92% afterward, demonstrating markedly faster response times for time-sensitive
clinical processes. Data throughput efficiency improved from 69% to 90%, indicating more rapid
and reliable handling of large-scale clinical data streams such as electronic health records and
diagnostic imaging. Energy consumption efficiency rose from 65% to 87%, underscoring the
ecological and operational advantages of distributing computation across edge nodes rather than
relying exclusively on centralized cloud servers. Regulatory performance also improved, as
HIPAA compliance increased from 72% to 95%, reflecting stronger adherence to U.S. healthcare
data-protection requirements. User satisfaction climbed from 68% to 93%, suggesting that
clinicians, IT staff, and administrators perceived clear gains in usability, workflow smoothness,
and overall system reliability. Finally, data security effectiveness improved from 70% to 91%,
demonstrating enhanced resilience against cyber threats and unauthorized access. Collectively,
these results show that IEC integration significantly strengthens operational performance,
regulatory compliance, and user experience in cloud-based healthcare data management systems.

3.4 Regression and Correlation Analysis

The regression and correlation analysis provided a deeper understanding of how specific IEC
parameters influence healthcare data system performance outcomes.

Table 2: Regression and Correlation Analysis of IEC Parameters
Variable B Coefficient R R p-value
Al Load Balancer 0.311 0.78 0.715 <0.001
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Edge Node Density 0.294 0.73 0.715 0.003
Latency Optimization 0.268 0.69 0.715 0.004
Data Security 0.257 0.67  0.715 0.005
Energy Efficiency 0.214 0.61 0.715 0.009

The multiple linear regression model produced a strong fit, with R = 0.846 and R*> = 0.715 (Table
2), indicating that 71.5% of the variance in system performance could be explained by the IEC-
related predictors included in the model. Among these predictors, Al load balancer efficiency ( =
0.311, p < 0.001) and edge node density (f = 0.294, p = 0.003) emerged as the most influential
drivers of performance improvement, confirming that both intelligent traffic distribution and
sufficient edge-node deployment are crucial for maximizing IEC benefits. The analysis also
identified statistically significant relationships involving latency optimization and data security at
p = 0.005, highlighting their importance in shaping performance outcomes. Pearson correlation
coefficients ranged from 0.61 to 0.78, reflecting strong positive associations between IEC technical
components and overall system performance. These findings provide robust statistical evidence
that IEC architecture, when properly configured, enhances the effectiveness of healthcare data
management by improving speed, reliability, and security.

3.5 Chi-Square and Correlation-Based Association Analysis

Table 3: Association and Correlation Metrics of Intelligent Edge Computing Variables

Variable Ve r p-value  Statistical Interpretation
Hospital Size 2412 0.62 <0.001  Strong Association

Staff Role 18.47 0.58 0.002 Significant Relationship

Al Load Balancer 16.29 0.73 <0.001  Strong Positive Correlation
Data Security 13.56  0.68 0.003 Moderate Positive Correlation
Edge Node Density 19.88 0.71 <0.001  Strong Positive Relationship
Energy Efficiency 1524 0.66 0.004 Significant Correlation

Cloud Edge Coordination 1293 0.64 0.005 Positive Association
Network Stability 1745 0.69 <0.001  Strong Correlation

Table 3 reports the chi-square and Pearson correlation results examining associations between
organizational characteristics and IEC adoption or performance variables. The analyses showed
that hospital size and edge node density had a significant influence on IEC outcomes, with larger
institutions and those deploying a higher number of edge nodes achieving more successful
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implementations. The correlation between Al load balancer performance and network stability was
strong and positive (r = 0.65, p = 0.01), indicating that automated, intelligent distribution of
computational tasks over reliable networks is vital for supporting real-time healthcare data
operations. In addition, operational efficiency and regulatory compliance were moderately and
positively associated with data security (r = 0.68, p = 0.003) and energy efficiency (r = 0.66, p =
0.004), suggesting that robust security controls and optimized energy usage contribute
meaningfully to institutional performance, even if their impacts are somewhat smaller compared
to core technical configuration variables. The findings also imply that human and organizational
factors such as staff roles, training, and system workflow alignment play a non-trivial role in
determining IEC success, even when their individual statistical effects are weaker than those of
purely technical parameters. Overall, the analysis indicates that IEC effectiveness depends on a
combination of technological design and institutional capacity, both of which must be addressed
to achieve secure, high-performing cloud-based healthcare data management.

4. Discussion

The demographic and professional characteristics of the sample, as shown in Table 1, indicate that
the study drew on a broad and relevant group of healthcare professionals, spanning IT specialists,
clinicians, and administrators. This diversity allowed the analysis to capture perspectives from
both technical and operational domains when evaluating IEC adoption and performance (Wu et
al., 2018). The predominance of mid-career professionals aged 26-45 with substantial experience
in digital health environments suggests that respondents were well positioned to assess the
capabilities and challenges of integrating IEC into existing cloud-based infrastructures.

The findings on awareness and adoption levels, summarized in Figure 1, reveal that IEC has
already gained considerable conceptual recognition: 82% of respondents understood IEC concepts,
and 68% reported partial or full implementation within their institutions (Quy et al., 2021; Sunny
et al., 2021). At the same time, the presence of a substantial minority with limited IEC knowledge
highlights the need for institutional strategies that go beyond isolated technical deployments. The
results indicate that many healthcare organizations still lack comprehensive readiness, governance
structures, and long-term training plans to exploit IEC’s full potential, underscoring the importance
of continuous professional development and strategic change management (Elaziz et al., 2021).

Performance metrics depicted in Figure 2 show that IEC has a pronounced positive impact on
system behavior. Improvements in latency and data throughput rising from 78% to 92% and from
69% to 90%, respectively reinforce previous evidence that distributing computation closer to the
data source reduces communication delays and supports real-time analytics in clinical
environments (Khan et al., 2022). Parallel gains in HIPAA compliance, energy efficiency, user
satisfaction, and data security support the view that IEC not only accelerates system
responsiveness but also enhances regulatory alignment, environmental sustainability, and user
experience (Darwish et al., 2017; Sitton-Candanedo et al., 2019). These results confirm that IEC
can meaningfully reduce overreliance on centralized cloud resources while improving operational
resilience.
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The regression and correlation outcomes reported in Table 2 further clarify which technical factors
matter most. Edge node density and Al load balancer performance showed the strongest effects on
system performance, consistent with earlier findings that dense, well-orchestrated distributed
architectures provide the greatest gains in speed, reliability, and fault tolerance (Shahzadi et al.,
2017). The model’s ability to explain 71.5% of performance variance underscores that technical
configuration is a primary determinant of IEC success, aligning with prior research on distributed
computing and Al-assisted optimization in healthcare IT systems (Dastjerdi et al., 2016). At the
same time, the significance of latency optimization, data security, and energy efficiency in the
model highlights that performance is multidimensional and requires balanced design choices rather
than focusing solely on throughput or computational power.

The chi-square and correlation analyses in Table 3 show that institutional structure and operational
context also shape IEC outcomes. Larger hospitals and those with greater edge-node penetration
achieved better IEC performance, suggesting economies of scale and more mature digital
infrastructures (Gill et al., 2019). Positive associations between data security, energy efficiency,
and both operational efficiency and regulatory compliance indicate that secure, resource-conscious
architectures are not only technically desirable but also strategically beneficial for long-term
institutional sustainability. The fact that staff roles and cloud edge coordination variables exhibited
weaker, yet still significant, associations implies that technology alone is insufficient; successful
IEC deployment requires aligned workflows, appropriate governance, and a workforce capable of
managing and using the new systems effectively.

Overall, the study demonstrates that IEC provides substantial benefits for cloud-based healthcare
data management by improving latency, throughput, compliance, energy efficiency, security, and
user satisfaction (Guerrero et al., 2018; Sunny et al., 2020). The findings support the view that
IEC can function as a scalable, high-impact operational solution for U.S. healthcare institutions
seeking to optimize distributed cloud-based architectures. At the same time, the results highlight
that maximum value is obtained when technical configuration is complemented by institutional
readiness, strategic training initiatives, and integrated governance frameworks that collectively
sustain high-performance, secure digital health ecosystems.

5. Conclusion

The study demonstrates that Intelligent Edge Computing (IEC) substantially strengthens the
performance of cloud-based healthcare data management systems in U.S. hospitals. IEC
deployment translated into clear operational and clinical gains, reflected in marked improvements
in network latency, data throughput, energy efficiency, HIPAA compliance, and overall user
satisfaction. These outcomes indicate that IEC does not merely optimize one aspect of system
behavior but instead enhances the entire performance profile of healthcare information
infrastructures. The analysis further shows that system performance is strongly shaped by a
combination of technical and institutional factors. On the technical side, edge node density, Al-
driven load balancing, and effective latency optimization emerged as critical determinants of
success. On the organizational side, hospital size, digital maturity, and staff knowledge and skills
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significantly influenced how well IEC could be integrated and leveraged in practice. Taken
together, the findings suggest that distributed healthcare architectures built on IEC offer a secure,
scalable, and efficient framework capable of supporting real-time clinical decision-making. For
U.S. healthcare organizations seeking to modernize their digital ecosystems, IEC thus represents
a high-impact pathway for achieving both performance excellence and regulatory robustness in
cloud-based data management
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