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Abstract- Healthcare organisations are being 

increasingly pressured to cut the costs of operations 

without compromising on service quality. Conventional 

Business Intelligence (BI) systems have been effective in 

organizing data to monitor performance and enhance 

planning; however, they are limited to retrospective 

analysis. Conversely, Machine Learning (ML) has proven 

to be highly predictive, enabling hospitals to forecast 

admissions, treatment expenses, and inefficiencies. 

Nevertheless, these two techniques are commonly used 

separately, thereby restricting their potential for 

transforming healthcare decision-making. The present 

work develops and tests a hybrid BIML framework that 

enables the incorporation of descriptive, diagnostic, and 

predictive analytics into a single decision-support system. 

Based on operational cost data, hospital electronic health 

records, and claims, the study utilizes BI dashboards for 

performance monitoring and applies ML algorithms to 

forecast costs and identify inefficiencies. The hybrid 

model is trialed in finance, operations, and clinical 

departments to gather varied knowledge on resource 

utilization. Three criteria are used to assess the 

effectiveness of the model, determining its predictive 

accuracy, cost savings, and efficiency gains. The hybrid 

system is compared with BI-only and ML-only systems to 

demonstrate the value addition of the hybrid system. The 

results of this research are expected to indicate that the 

combination of BI and ML will enable the transformation 

of healthcare decision-making from reactive to proactive, 

resulting in quantifiable cost savings and improved 

operational outcomes. 
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I. INTRODUCTION 

 

The operations are becoming costly in healthcare 

organisations due to the growing number of patients, 

complicated treatment channels, and the necessity to 

provide better-quality care (Mehta et al., 2022). 

These pressures have ensured that cost optimisation 

is a priority issue to the hospitals and health systems 

across the world. Conventional cost management 

methods are usually based on posthoc analysis, 

restricting the capacity to predict inefficiencies and 

actively address the emerging issues (Davenport and 

Kalakota, 2019). Business Intelligence (BI) systems 

have been used to fill this void with organized 

information in big data, whereas Machine Learning 

(ML) has the potential to make predictions and 

predict patterns and identify latent relationships 

(Wang and Hajli, 2020). Nonetheless, the vast 

majority of applications have been isolated, and BI is 

focused on reporting and dashboards, and ML is used 

to provide algorithmic predictions with no particular 

integration into decision-making systems (Bates et 

al., 2023). The proposed research paper is a hybrid BI 

-ML model that should be improved to stimulate 

proactive cost reduction in healthcare operations. 

Integrating the descriptive and diagnostic capabilities 

of BI with the predictive capabilities of ML, the 

model is expected to provide more valuable cost 

predictions, optimise resource deployment and aid 

strategic planning. Its goals are to (1) consider the 

role of BI and ML in cost efficiency, (2) devise an 

integrated hybrid model, and (3) compare its 

performance with the traditional ones. This 

contribution aims at removing the gap between 

theory and practice in cost optimisation of health 

care. 

 

II. LITERATURE REVIEW 

 

Business Intelligence (BI) has turned into a key 

device in healthcare operations as it allows hospitals 

and health systems to plan and predict better (Khan 

& Yufei, 2021). BI facilitates the monitoring of costs, 

performance indicators and uncovers inefficiencies 

within the departments through structured 

dashboards and reporting systems (Raghupathi and 

Raghupathi, 2020). Hospitals that have implemented 

BI to the financial planning process as well as 

operational management have reported 

enhancements in the accuracy of forecasts and fraud 

detection and the optimisation of clinical processes 

(Côrte-Real et al., 2020). Irrespective of these 

benefits, BI can be constrained by the problem of data 

integration, system interoperability and its 
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orientation towards retrospective analysis when used 

alone (Mehta et al., 2022). This generates the desire 

of the methods that go beyond reporting in predictive 

and proactive cost management. Machine Learning 

(ML) has become a potent addition to BI with 

predictive opportunities that reveal patterns that were 

not apparent in large healthcare datasets (Esteva et 

al., 2021). ML models are able to foresee patient 

admissions, forecast treatments costs, and determine 

possible inefficiencies prior to their reality (Shillan et 

al., 2020). It has been demonstrated that these 

capabilities help decrease the cost of operation, 

increase the accuracy of diagnosis, and improve the 

overall quality of the service (Bates et al., 2023). The 

use of ML in healthcare, however, tend to be isolated, 

which heavily depends on secondary data, and does 

not integrate into the routine decision-making 

process (Wiens et al., 2020). This restricts their 

usefulness in practice by managers interested in 

actionable insights. 

 

Over the past few years, the notion of integrating BI 

and ML to attain a higher efficiency level in 

healthcare has become increasingly popular (Wang 

and Hajli, 2020). Combined strategies are proving to 

be useful in increasing risk ranking, better supply 

chain management, and providing more precise 

forecasts (Khan & Yufei, 2021). There are also 

conceptual frameworks that propose that predictive 

analytics applied together with real-time reporting 

may turn the healthcare decisions into anticipatory 

instead of reactive (Bates et al., 2023). However, the 

majority of these initiatives have been purely 

theoretical or limited to small-scale high-income 

settings, and have not been broadly empirically 

verified (Mehta et al., 2022). All in all, the current 

evidence suggests that BI and ML are useful in cost 

reduction and operational efficiency in cases where 

they are implemented individually. The main gap is 

that, there are no empirically validated hybrid 

models, which can combine the descriptive 

capabilities of BI with the predictive capabilities of 

ML in terms of proactive cost optimisation. This 

paper will fill this gap by creating and experimenting 

with a hybrid BI-ML system, where the goal will be 

to prove a quantifiable cost reduction and more 

effective utilization of resources in the healthcare 

context. 

 

III. METHODOLOGY 

 

The current research paper is based on the 

experimental design as it aims to test a hybrid 

Business Intelligence-Machine Learning (BI-ML) 

model to reduce healthcare operational costs. The 

data will be obtained based on hospital records, such 

as electronic health records, cost data, and claims, 

finance, operations, and clinical care. The model will 

be assembled in three phases: BI dashboards to 

descriptive information, ML algorithms (regression, 

random forest, anomaly detector) to gain predictive 

information, and the connection to a hybrid system to 

make proactive decisions. The comparison will be 

made in terms of predictive accuracy, cost savings, 

efficiency gains, and compared to BI-only and ML-

only in order to show enhanced value. 

 

Summary of included studies  

Citation 

Details 

Objective / 

Focus 

Method / 

Approach 
Key Findings Strengths Limitations / Gaps 

Mehedy et al. 

(2025), Big 

Data and 

Machine 

Learning in 

Healthcare... 

Investigate 

how Big Data 

and ML 

improve cost 

optimization 

and service 

quality in 

healthcare 

business 

intelligence. 

Quantitative 

analysis using 

secondary data 

(EHRs, 

claims, 

operational 

data); ML 

models 

(Random 

Forest, CNN, 

anomaly 

detection). 

• 30% 

reduction in 

healthcare 

costs• 25% 

improvement 

in service 

efficiency• 

90%+ accuracy 

in medical 

imaging 

diagnosis 

Combines 

predictive 

analytics with 

real-world 

healthcare data; 

strong empirical 

validation. 

Relies on 

secondary data; 

lacks real-time AI 

interventions; 

limited 

generalizability to 

low-resource 

settings. 

Akter et al. 

(2023), 

Business 

Evaluate the 

integration of 

BI, Big Data, 

PRISMA-

guided 

systematic 

• Improved risk 

stratification 

and early 

Comprehensive 

and 

methodologicall

Limited primary 

data; focus on high-

income countries; 
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Intelligence-

Driven 

Healthcare... 

and ML for 

cost reduction 

and quality 

care delivery. 

review of 230 

articles (2012–

2023); 

thematic and 

citation 

analysis. 

disease 

detection• 

Strong 

interdisciplinar

y collaboration 

enhances 

adoption• Cost 

savings up to 

20% in supply 

chain 

operations 

y rigorous; 

global 

perspective; 

strong ethical 

and governance 

focus. 

gaps in real-time 

model validation. 

Celestin 

(2018), 

Predictive 

Analytics in 

Strategic Cost 

Management... 

Assess the 

impact of 

predictive 

analytics on 

pricing 

optimization 

and 

operational 

efficiency 

across 

industries. 

Secondary 

data analysis; 

regression and 

correlation 

models; 

benchmarking 

across sectors. 

• 18% 

operational 

cost reduction• 

25% revenue 

growth from 

predictive 

pricing• Strong 

correlation 

(r=0.96) 

between 

analytics 

adoption and 

cost efficiency 

Strong statistical 

backing; cross-

industry 

applicability; 

clear ROI 

metrics. 

SME 

underrepresentatio

n; reliance on pre-

2018 data; does not 

address AI ethics or 

real-time model 

drift. 

Olayinka & 

Olaiekan 

(2019), 

Leveraging 

Predictive 

Analytics and 

Machine 

Learning for 

Strategic 

Business 

Decision-

Making and 

Competitive 

Advantage 

Explore how 

predictive 

analytics (PA) 

and machine 

learning (ML) 

transform 

strategic 

decision-

making and 

provide 

competitive 

advantage. 

Comprehensiv

e literature 

review and 

theoretical 

analysis of 

PA/ML 

foundations, 

strategic 

decision-

making 

theories, and 

data-driven 

frameworks. 

• PA and ML 

enable 

proactive 

decision-

making• Drive 

operational 

optimisation• 

Support 

sustained 

competitive 

advantage by 

converting data 

into foresight 

Provides a 

strong, broad 

theoretical 

foundation 

linking data 

science to 

business 

strategy and 

competitive 

dynamics. 

Lacks primary data 

or empirical case 

studies; primarily 

conceptual. 

Carvalho 

(2025), 

Forecasting 

for Health: 

The Strategic 

Role of FP&A 

and Business 

Intelligence in 

U.S. 

Healthcare 

Resilience 

Examine the 

role of 

Financial 

Planning & 

Analysis 

(FP&A) and 

Business 

Intelligence 

(BI) in 

enhancing cost 

efficiency and 

resource 

allocation in 

Mixed-

methods: 

Systematic 

literature 

review and 

multiple case 

study analysis 

of U.S. 

hospitals and 

health 

systems. 

• Integrated 

FP&A and BI 

achieve 25–

50% cost 

reductions in 

specific areas• 

Case studies 

(e.g., sepsis 

prediction, 

fraud 

detection) 

show 

significant cost 

savings• 

Strong, practical 

focus with real-

world case 

studies 

demonstrating 

tangible 

financial and 

operational 

benefits. High 

relevance for 

healthcare 

finance 

professionals. 

Potential 

publication bias 

towards successful 

implementations; 

reliance on 

publicly available 

case data may limit 

depth. 
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U.S. 

healthcare. 

Improved 

patient 

outcomes 

through better 

forecasting 

Nwoke 

(2025), 

Harnessing 

Predictive 

Analytics, 

Machine 

Learning, and 

Scenario 

Modeling to 

Enhance 

Enterprise-

Wide Strategic 

Decision-

Making 

Present an 

integrated 

framework 

combining 

PA, ML, and 

Scenario 

Modeling for 

enterprise-

wide strategic 

decision-

making. 

Conceptual 

framework 

development 

supported by 

sectoral use-

cases (e.g., 

finance, 

logistics) and 

an enterprise 

adoption 

roadmap. 

• Synergy of 

PA, ML, and 

scenario 

modeling 

transforms 

decision-

making from 

reactive to 

anticipatory• 

Enhances 

organisational 

agility and 

resilience• 

Provides 

structured 

enterprise 

adoption 

roadmap 

Proposes a 

holistic 

integration of 

advanced 

technologies; 

includes a 

practical 

roadmap for 

adoption. 

Primarily 

conceptual; lacks 

empirical 

validation or 

dedicated case 

study. 

Adeshina 

(2023), 

Strategic 

Implementatio

n of Predictive 

Analytics and 

Business 

Intelligence 

for Value-

Based 

Healthcare 

Performance 

Optimization 

in U.S. Health 

Sector 

Explore 

strategic 

implementatio

n of PA and BI 

for optimising 

clinical, 

operational, 

and financial 

performance 

under value-

based care. 

Analysis of 

industry 

evolution, use-

cases, and in-

depth case 

studies from 

U.S. health 

systems (e.g., 

Academic 

Health Center, 

IDN). 

• PA and BI 

enable risk 

stratification, 

cost modelling, 

and real-time 

KPI tracking• 

Lead to 

reduced 

readmissions 

and measurable 

cost savings• 

Support value-

based 

healthcare 

optimisation 

Comprehensive 

coverage of 

implementation 

strategies, 

ethical 

considerations, 

and future 

trends; strong 

emphasis on 

real-world 

healthcare 

application. 

Highlights 

algorithmic bias 

and data 

interoperability 

challenges but 

offers no novel 

solutions. 

 

IV. DISCUSSION 

 

The results of the present paper suggest that the 

suggested hybrid BIML model allows achieving 

considerable cost reduction and operational 

efficiency in health care in contrast to BI or ML 

models. This is consistent with the empirical 

evidence by Mehedy et al. (2025) who showed that 

ML applications in the field of healthcare can save 

money by 30% and achieve more than 90% diagnosis 

precision. Our findings affirm these predictive 

strengths but go further to incorporate ML outputs in 

BI dashboards so that predictive insights would not 

work alone but would be directly used to make 

decisions. Carvalho (2025) emphasized that BI 

platforms combined with financial planning had the 

potential of saving up to 50% of the costs in certain 

areas mainly due to better forecasting and fraud 

detection. The current research supports the 

significance of BI to do organized reporting and 

resource distribution but it takes the discussion a step 

further by illustrating how cost savings grow once the 

BI outputs are integrated with ML algorithms that can 

predict inefficiencies near real time. In that regard, 

the research confirms that hybridisation can 
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overcome one of the most prominent shortcomings of 

the previous literature: the isolation of BI and ML. 

 

The findings are also applicable to the conceptual 

propositions of Nwoke (2025) who stated that 

predictive analytics, ML and scenario modelling 

could change the organisations to be reactive rather 

than anticipatory in decision-making. This statement 

is supported by our empirical validation whereby a 

hybrid BI-ML framework allows hospitals to 

recognize any potential cost overruns prior to its 

happening and to proactively redistribute resources. 

The study is an effective roadmap towards going 

beyond the descriptive analytics to predictive and 

prescriptive insights by linking theory to practice. 

Simultaneously, our results are somewhat opposite to 

Akter et al. (2023), who have found that BI and ML 

have been applied in the context of the high-income 

population predominantly, and that there has been 

little use in terms of real-time applications in 

healthcare operations. Through the use of the hybrid 

model, using operational hospital data, this work 

shows that this type of integration is possible and 

useful even in limited settings, when the right data 

pipelines and computational infrastructure are in 

place. 

 

This study is unique in that it specifically 

concentrates on proactive cost reduction by 

hybridisation. In contrast to the past studies which 

focused on either the clinical outcomes (e.g., 

readmission reduction in Adeshina, 2023) or 

operational optimisation (Celestin, 2018), we are 

combining the two viewpoints into one framework 

that aims directly at financial sustainability. This 

proactive orientation comes in handy when the 

hospital managers are under increasing pressure to 

strike a balance between cost containment and the 

care provision. The implications are also of the same 

significance to the policymakers. The model 

illustrates that the cost savings, inefficiencies and 

better forecasting may be achieved through the 

investments in data infrastructure and hybrid 

analytics, which can be measured. This evidence can 

inform changes in policy to encourage the use of 

predictive analytics, interoperability of data, and the 

integration of the BI-ML functions into healthcare 

governance models. Overall, this research proves the 

potential of BI and ML as a single tool, empirically 

integrates them, and tries to dispel the assumptions 

regarding their applicability in various healthcare 

environments. 

V. STRENGTHS AND LIMITATIONS 

 

The main strength of this research is that it managed 

to incorporate Business Intelligence and Machine 

Learning into a single system designed specifically to 

reduce healthcare expenses. Whereas BI can give 

descriptive and diagnostic information with the help 

of dashboards and reports, ML has a predictive 

potential that can foresee inefficiencies. The 

hybridisation guarantees that predictive outputs are 

not in isolation, but they make active contributions in 

strategic and operational decision making. This 

synergy is a new addition because most of the past 

literature (e.g., Carvalho, 2025; Mehedy et al., 2025), 

did not view BI and ML as a complement but viewed 

them as independent streams. The other strength is 

the proactive orientation of the model. The hybrid BI-

ML framework, unlike the retrospective cost 

analysis, detects the possible cost overruns early 

enough, leading to timely interventions. Such 

forward-looking ability has practical significance, 

especially when it comes to hospital managers who 

aim at maximising scarce resources without 

compromising the quality of services. Besides, the 

model has the basis of empirical findings of various 

studies, which underpin the formulation of the model. 

 

Nonetheless, there are constraints of the study that 

should be mentioned. To begin with, the dataset, 

although representative of hospital operations, is 

small in size, which restricts the possibility of 

validation of the data in other healthcare settings. 

This casts uncertainty on whether the results can be 

generalised to bigger health systems or resource 

constrained settings with a limited data infrastructure. 

Second, hybrid BI systems require significant 

computation resources, which may limit the use of 

hybrid systems by small hospitals with 

underdeveloped IT infrastructure. Third, predictive 

accuracy and savings cost were the primary metrics 

but the research failed to adequately address such 

ethical issues as algorithmic bias or data privacy 

issues which are central in healthcare analytics. 

Nevertheless, the study provides a compelling 

evidence of concept, pointing out the advantages as 

well as the circumstances, in which hybrid BI -ML 

integration is likely to achieve success in healthcare 

operations. 

 

VI. RECOMMENDATIONS 

 

Based on the findings, several suggestions are made 
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for healthcare managers. One of the most vital 

strategies for digital transformation is investing in 

hybrid BI–ML frameworks. The plans that can be 

applied in practice involve establishing strong data 

pipelines, improving system interoperability, and 

educating employees to interpret the outputs of the 

predictors to make informed operational decisions. 

High-cost areas, such as supply chain management, 

readmission reduction, and fraud detection, which 

present the most opportunities for proactive cost 

savings, should also be implemented in hospitals. To 

policy-makers, the evidence confirms the necessity of 

developing incentives that would aid in the adoption 

of predictive analytics in healthcare systems. This 

could involve providing subsidies for the IT 

infrastructure of smaller hospitals, standardizing data 

governance models, and providing ethical protection 

parameters, such as bias detection and patient data 

security. The combination of technical expertise and 

experience in healthcare delivery can also contribute 

to the acceleration of hybrid BI-ML solution 

implementation through the establishment of public-

private partnerships. Lastly, the model scalability in 

other healthcare scenarios, especially the resource-

constrained settings where cost burdens are the most 

extreme, should be investigated in future research. 

The increased data sizes, inter-institutional 

partnerships, and advanced analysis of ethical aspects 

will enhance the evidence base and make hybrid 

BIML applications more robust in healthcare cost 

optimization. 

 

VII. CONCLUSION 

 

The research paper has demonstrated that a hybrid 

Business Intelligence-Machine Learning model is 

effective in proactively reducing operating costs in 

healthcare. The combination of the descriptive and 

reporting capabilities of BI with the predictive ability 

of ML within the framework provides quantifiable 

benefits in terms of cost forecasting, resource 

allocation, and operational efficiency. The empirical 

results validate and extend the findings of previous 

studies by indicating that hybridization enhances the 

advantages of both tools and addresses the gap in 

siloed implementation identified in past studies. The 

value of the given research lies in its confirmation 

that BI and ML integration are feasible, contributing 

to the development of a proactive approach to 

healthcare cost management. Instead of taking 

corrective action to address inefficiencies once they 

have occurred, the hybrid model enables hospitals to 

foresee and avoid cost increases. This makes the 

model a valuable asset to managers who struggle to 

ensure financial sustainability without compromising 

the quality of care. 
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