
IOSR Journal of Computer Engineering (IOSR-JCE) 

e-ISSN: 2278-0661, p-ISSN: 2278-8727, Volume 28, Issue 1, Ser. 2 (Jan. – Feb. 2026), PP 94-98 

www.iosrjournals.org 

 

DOI: 10.9790/0661-2801029498                              www.iosrjournals.org                                               94 | Page 

The Intelligent Healthcare Revolution: Integrating Smart 

Patches, Power BI, And Predictive AI 
 

Diana Johnson, Dr Dona Johnson, Tom P Thomas 
(Data Analyst Tracks Private Limited, Trivandrum) 

(MDS, Pediatric And Preventive Dentistry) 

(Senior Data Scientist, Atlanta) 

 

Abstract 
The integration of wearable bioelectronics, cloud-based business intelligence, and machine learning is 

catalyzing a shift from reactive to proactive intervention across healthcare and industrial sectors. This article 

examines the technological synergy between smart patches, Microsoft Power BI, and predictive AI, highlighting 

their collective role in the "intelligent healthcare" revolution. Smart patches, characterized by their flexible, 

skin-adhesive design, provide continuous, medical-grade monitoring of physiological and biochemical markers, 

including heart rate, glucose levels, and wound inflammation. These devices offer a non-invasive alternative to 

traditional wearables, achieving higher patient compliance and enabling "closed-loop" therapeutic 

interventions that can reduce healing times by up to 25% (2, 5). 

To manage the resulting high-frequency data streams—part of a market projected to reach $15.7 billion by 

2030—Microsoft Power BI serves as a central orchestration hub (1). By utilizing Microsoft Fabric and AI-

driven features like Copilot and NFC-enabled reporting, the platform transforms raw biometric data into real-

time, actionable clinical dashboards (3, 4). The ultimate value of this integration is realized through predictive 

AI, which utilizes machine learning algorithms such as Random Forest and XGBoost to forecast clinical events. 

Empirical evidence suggests that these predictive models can reduce hospital readmissions by 73% by 

identifying subclinical anomalies before physical symptoms manifest (4, 7). This review concludes that the 

convergence of these technologies not only enhances individual patient outcomes but also optimizes 

institutional resource allocation, provided that emerging concerns regarding data security and generative AI-

driven privacy protocols are strictly addressed (8). 
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I. Introduction 
The global healthcare landscape is currently undergoing a paradigm shift from reactive treatment to 

proactive, personalized management. This transformation is driven by a powerful technological triad: Smart 

Patches, Microsoft Power BI, and Predictive AI. As the wearable patch market is projected to reach substantial 

growth by 2030, the ability to not only collect data but also interpret it through advanced business intelligence 

platforms has become a critical necessity for modern medicine (1). 

The global surge in non-communicable diseases (NCDs) has emerged as a critical public health crisis, 

largely propelled by modifiable behavioral risks such as physical inactivity and chronic sedentary habits (9). 

Emerging evidence suggests that sedentary behavior serves as an independent predictor of premature mortality 

and the progression of chronic illness, regardless of a patient's dedicated exercise periods (10,11). Consequently, 

the healthcare landscape is undergoing a digital transformation through the integration of Artificial Intelligence 

(AI) and wearable biosensors (12). These miniaturized devices capture continuous, real-time physiological 

metrics—including heart rate, thermal regulation, and glucose fluctuations—to facilitate early pathological 

detection (9,13). Among these technologies, wearable smart patches offer superior advantages for longitudinal 

health surveillance due to their integration within the Internet of Things (IoT) ecosystem (14,15). By 

synthesizing uninterrupted data streams through AI-driven predictive modeling, these systems convert raw 

behavioral data into actionable clinical insights and personalized interventions (16). This article evaluates the 

synergy between predictive AI, smart patch technology, and Power BI visualization platforms in mitigating 

health risks associated with sedentary lifestyles. 
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II. Smart Patches: The Frontline Of Continuous Bio-Sensing 
Smart patches represent a significant leap over traditional wrist-worn wearables. These flexible, skin-

adhesive devices provide medical-grade data collection without the signal interference typically caused by 

movement in bulkier devices (1). 

Multimodal Monitoring: Modern patches are capable of tracking a diverse array of physiological 

markers, including electrocardiograms (ECG), respiratory rates, skin temperature, and oxygen saturation (6). 

Active Therapeutics: Beyond simple monitoring, "smart bandages" have emerged that utilize 

integrated micro-sensors to detect the early stages of wound infection. By utilizing AI-driven feedback loops, 

these patches can automatically administer controlled electrical stimulation or drugs to accelerate the healing 

process by up to 25% (2, 5). 

Patient Compliance: Because they are non-invasive and often transparent, these patches offer higher 

patient compliance rates, particularly in elderly care and chronic disease management (4). 

 

Table 1: Comparative Analysis of Smart Patches vs. Traditional Monitoring Systems 

Feature Smart Patches (e.g., 

Adhesive Bio-sensors) 

Traditional 

Wearables (e.g., 

Smartwatches) 

Bedside/Clinical Monitors 

(e.g., Holter/ECG) 

Form Factor Ultra-thin, flexible, skin-
conformable adhesive. 

Rigid, wrist-mounted, or 
strapped device. 

Bulky, wired, non-portable 
console. 

Data 

Continuity 
Continuous (24/7); stays on during 

sleep/showering (1, 6). 

Intermittent; often 

removed for charging or 
comfort. 

High-fidelity but limited to 

clinical setting duration. 

Signal Quality High; minimizes motion artifacts 

via direct skin coupling (5). 

Moderate; prone to 

"noise" during physical 
activity. 

Gold Standard; highly 

accurate but restrictive. 

Biomarker 

Scope 

Biophysical 

(ECG) and Biochemical 

(Sweat/pH/Lactate) (1, 2). 

Primarily Biophysical 

(Heart Rate, SpO2). 

Primarily Biophysical (Multi-

lead ECG, BP). 

Power BI 

Integration 

Direct IoT streaming via 

Bluetooth/NFC (3, 6). 

Consumer app sync; 

requires export for BI 

analysis. 

Proprietary hospital systems; 

often difficult to export (4). 

Predictive 

Utility 
High; enables early detection of 

subclinical trends (7). 
Moderate; used mostly for 

lifestyle tracking. 
High; focused on immediate 

acute crisis alerts. 

Therapeutic 

Role 
Closed-loop; can deliver drugs or 

electrical stimulation (2, 5). 

Diagnostic/Monitoring 

only. 

Diagnostic/Monitoring only. 

 

Technical Aspects 

Mechanical Integrity: Unlike smartwatches, smart patches use flexible printed circuit boards (FPCBs) that move 

with the skin, which is crucial for reducing data gaps in Predictive AI models [1, 5]. 

 

Bio-chemical Interface: Smart patches are unique in their ability to perform microfluidic analysis of sweat, 

providing a deeper layer of metabolic data (glucose/cortisol) for Power BI dashboards that traditional devices 

cannot capture [2, 8]. 

 

Operational Impact: Because smart patches are disposable and low-profile, they allow for Remote Patient 

Monitoring (RPM) at a scale and cost-efficiency that bedside monitors cannot match, directly feeding the "Big 

Data" requirements of machine learning algorithms [4, 7]. 
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III. Power BI: Orchestrating The "Big Data" Of Biometrics 
The challenge of smart patches is the sheer volume of data they generate. Microsoft Power BI serves as 

the sophisticated analytical engine required to make sense of these constant data streams. 

Data Integration with Microsoft Fabric: Power BI now operates within a unified data ecosystem, 

allowing it to ingest high-frequency IoT (Internet of Things) data from patches and combine it with electronic 

health records (EHR) for a 360-degree view of patient health (4). 

Real-Time Accessibility: With the introduction of NFC-enabled reporting, clinicians can now tap their 

mobile devices against a patient’s smart patch to instantly load a real-time Power BI dashboard, providing 

immediate clinical decision support at the point of care (3, 6). 

Natural Language Interaction: The integration of Copilot into Power BI has democratized data science. 

Healthcare administrators can query the data using simple language—such as "Show me the trend of patient 

vitals over the last 24 hours"—to generate complex visualizations instantly (3). 

 

Table 2: Technical Integration Stack: From Bio-Interface to Power BI Dashboard 

 

IV. Predictive AI: From Descriptive To Prescriptive Insights 
While Power BI visualizes what is currently happening, Predictive AI uses historical data to forecast 

future events. This is where the true value of the "Smart Patch-Power BI" integration lies. 

 

Machine Learning Models: Algorithms like Random Forest and XGBoost are trained on thousands of hours of 

patch data to recognize the "digital signatures" of impending medical crises (5). 

 

Preventative Outcomes: In practical applications, predictive analytics have been shown to reduce hospital 

readmissions by 73%. By identifying subtle changes in heart rate variability or skin conductance that precede a 

cardiac event, the AI can alert medical staff hours before a physical symptom occurs (4, 7). 

Integration Layer Component / Protocol Technical Function Data Transformation 

Role 

1. Physical Layer Bio-Sensing Frontend Analog-to-Digital Converters (ADC) on 

Flexible PCB (1, 5). 

Converts raw voltage 

(ECG) or impedance 

(Sweat) into digital 
bits. 

2. Transport Layer BLE / NFC / Wi-Fi Low Energy Bluetooth (BLE 5.0) or Near-

Field Communication (3, 6). 

Transmits encrypted 

data packets to a 

gateway 
(Smartphone/Hub). 

3. Ingestion Layer Azure IoT Hub Cloud-based message broker for high-

velocity streaming (4, 7). 

Manages device 

identity and queues 

millions of biometric 

messages per second. 

4. Storage Layer Microsoft Fabric / 

OneLake 

Unified "SaaS" data lakehouse 

architecture (4, 8). 

Stores raw "bronze" 

data and refined "gold" 
clinical datasets. 

5. Analytics Layer Azure Machine 

Learning 

R/Python scripts or Automated ML 

(AutoML) (5, 7). 

Runs Predictive 

AI (XGBoost/Random 
Forest) to forecast 

health risks. 

6. Presentation Layer Power BI Semantic 

Model 

DirectQuery or Streaming Datasets in 

Power BI Service (3, 6). 

Visualizes "Real-

Time" vitals and 
"Predicted" risk scores 

on dashboards. 



The Intelligent Healthcare Revolution: Integrating Smart Patches, Power BI, And Predictive AI 

DOI: 10.9790/0661-2801029498                              www.iosrjournals.org                                               97 | Page 

Operational Efficiency: Predictive AI doesn't just benefit the patient; it optimizes hospital resources. By 

forecasting patient deterioration, Power BI can help hospital managers allocate staff and ICU beds more 

effectively, reducing overall operational costs (7). 

 

V. Data Integrity And The Future Of Connected Health 
As sensitive biometric data moves from the skin to the cloud, security remains paramount. The 

integration of Generative AI and Smart Contracts within the data pipeline is being explored to ensure that 

patient data remains encrypted and that access is strictly controlled through automated protocols (8). 

The future of this field points toward a "Closed-Loop" healthcare system where smart patches monitor, 

Power BI analyzes, and Predictive AI intervenes—all in real-time. This synergy ensures that healthcare is no 

longer a series of sporadic check-ups but a continuous, life-saving conversation between the body and 

technology. 

 

VI. Challenges And Limitations 
While the integration of Smart Patches, Power BI, and Predictive AI offers transformative potential, 

several critical limitations—ranging from hardware constraints to algorithmic biases—must be addressed for 

successful large-scale implementation. 

 

1. Hardware and Physiological Limitations of Smart Patches 

The primary hurdle for smart patches remains the physical interface between the sensor and human skin. 

Signal Stability and Noise: Motion artifacts and perspiration can degrade the signal-to-noise ratio, leading to 

inaccurate data collection (1). For example, biochemical sensors (tracking lactate or glucose) often face 

"biofouling," where proteins accumulate on the sensor surface, reducing accuracy over time (1, 6). 

 

Skin Sensitivity: Long-term adhesion can cause skin irritation or "contact dermatitis," limiting the duration a 

patient can wear the device and impacting continuous data flow (4). 

 

Battery and Power Constraints: Providing high-frequency data transmission to Power BI requires significant 

energy; currently, many patches struggle to balance thin, flexible form factors with sufficient battery life for 

multi-day monitoring (1, 5). 

 

2. Technical and Operational Bottlenecks in Power BI 

Despite its analytical power, Power BI faces specific challenges when handling high-velocity IoT data. 

Latency in Real-Time Processing: While Power BI supports streaming datasets, there is often a "processing lag" 

when visualizing massive, high-frequency biometric streams, which can be critical in emergency medical 

scenarios (3, 6). 

 

Interoperability Gaps: Integrating data from proprietary smart patch APIs into the Microsoft Fabric ecosystem 

often requires complex custom middleware, posing a barrier for smaller healthcare providers with limited IT 

resources (4, 7). 

 

User Over-Reliance: There is a risk of "alert fatigue" among clinicians; if Power BI dashboards trigger too 

many low-priority notifications, critical predictive alerts may be ignored (3, 4). 

 

3. Ethical and Algorithmic Risks of Predictive AI 

The "black box" nature of machine learning introduces significant risks in clinical and industrial 

decision-making. 

 

Algorithmic Bias: If the AI models (like Random Forest or XGBoost) are trained on datasets lacking diversity, 

the predictive outcomes may be less accurate for specific demographic groups, leading to "health inequities" (7, 

8). 

 

False Positives/Negatives: No predictive model is 100% accurate. A "false negative" in a cardiac patch could 

lead to a missed life-threatening event, while "false positives" result in unnecessary, costly medical 

interventions (5, 7). 

 

Data Privacy and Security: As sensitive biometric data is transmitted to the cloud, it becomes a target for 

cyberattacks. Even with Generative AI-driven security protocols, the risk of data breaches remains a primary 

concern for patients and regulators (8). 
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