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Abstract 
This report proposes a strategic enterprise data warehouse for NHS England. The solution addresses the fragmented nature of operational, workforce, financial and clinical data currently stored across multiple systems. By integrating information from Electronic Patient Records, Patient Administration Systems, workforce platforms, financial applications and specialist clinical systems, NHS England can establish a single-trusted source of information for strategic decision-making. The proposed warehouse will support operational efficiency, patient flow management, workforce planning, financial control and quality improvement. Tailored data marts provide focused information for executives while maintaining consistency across the organization. The report also presents a dimensional modelling approach, ETL framework and governance strategy that enables secure, reliable and scalable analytics without disrupting healthcare operations.














Introduction
NHS England manages one of the most complex healthcare environments in the world. Healthcare services are delivered through hospitals, community providers, specialist centers and Integrated Care Systems. Although operational systems perform effectively within individual organizations, information is often fragmented and difficult to analyze collectively. This creates challenges when attempting to monitor performance nationally or make evidence-based decisions. A strategic data warehouse provides a solution by consolidating information from multiple systems into a unified analytical platform. The following report explains how a data warehouse can support NHS England’s objectives and improve healthcare delivery across England.

OLTP vs Data Warehouse
Online Transaction Processing systems are designed to support day-to-day healthcare activities [1]. NHS England relies on systems such as EPR platforms, PAS applications, workforce systems and finance systems to process thousands of transactions every day. Examples include patient admissions, appointment bookings, diagnostic requests, discharge records and payroll transactions. These systems prioritize speed, availability, security and accuracy because they directly support clinical and operational processes.

A data warehouse serves a different purpose. Instead of processing individual transactions, it consolidates data from multiple systems and organizes it for analysis as per Fig.1 [2]. Information is stored historically, enabling long-term trend analysis and strategic reporting. Rather than asking what happened to a specific patient today, leaders can analyze patterns across years, organizations and regions.

OLTP systems are highly efficient for operational tasks but are not optimized for analytical workloads. Complex reporting can reduce performance, and operational databases often contain inconsistent formats across organizations. A data warehouse overcomes these limitations by integrating information into a common structure.

For NHS England, the warehouse would enable executives to monitor bed occupancy, referral-to-treatment performance, workforce shortages, elective backlogs, patient outcomes and financial sustainability through a single source. Consequently, OLTP systems continue supporting healthcare delivery while the warehouse supports strategic management and organizational improvement.


Data Warehouse Architecture & ETL

The recommended architecture for NHS England’s proposed data warehouse follows a multi-layered enterprise design that supports the integration of data from numerous healthcare systems while ensuring operational continuity. This architecture is designed to provide a single, trusted source of information for decision-making, performance monitoring, and strategic planning across the NHS [2]. The architecture consists of source systems, a staging area, ETL processes, an enterprise data warehouse, and subject-specific data marts.
At the lowest level are the operational source systems that support day-to-day healthcare activities. These include Electronic Patient Record (EPR) systems, Patient Administration Systems (PAS), workforce management applications, financial systems, laboratory information systems, radiology systems, and quality management platforms. Each system serves a specific operational purpose and acts as the authoritative source of data for its respective function. These systems remain independent and continue to process transactions efficiently without modification.
Data from these operational systems is extracted into a staging area. The staging layer acts as a temporary repository where raw data from different sources is consolidated before being integrated into the data warehouse. This layer is critical because it separates operational systems from analytical processes, reducing risks and preventing performance degradation. The staging area also provides a controlled environment where data can be checked, validated, and prepared for further processing [3].
The transformation layer applies a range of business rules and data quality procedures to ensure consistency and reliability. Duplicate patient records are identified and removed, coding standards such as ICD-10 diagnosis codes are aligned, and organisational identifiers are standardised across NHS trusts and regions. NHS numbers are validated, incomplete records are investigated, and data from workforce, financial, and clinical systems is converted into a common format suitable for enterprise-wide analysis. These transformation activities ensure that data from different sources can be compared accurately and used confidently by decision-makers [4].
Following transformation, the cleansed and integrated data is loaded into the enterprise data warehouse as showed in Fig.1. The warehouse stores historical and current information organised around key business subjects such as patients, hospitals, clinical services, workforce performance, finance, and quality outcomes. From this central repository, specialised data marts can be developed to meet the reporting needs of executives, finance teams, and clinical leaders.
[image: ]A key advantage of this architecture is that it does not disrupt healthcare services. ETL processes operate in a read-only manner, meaning operational systems continue functioning normally while copies of data are extracted. Data extraction can occur overnight or through incremental updates that minimise system load. As a result, NHS England can achieve a comprehensive, near real-time view of performance across regions, enabling leaders to identify bottlenecks, monitor capacity, improve patient outcomes, and support evidence-based decision-making without affecting frontline healthcare delivery [5].


Figure 1 Data Warehouse Architecture & ETL





Data Marts for Management Decision-Making
Data marts are specialised subsets of the enterprise data warehouse that are designed to meet the information needs of specific user groups within NHS England. Rather than requiring managers and executives to navigate a large and complex enterprise-wide database, data marts provide focused access to relevant information that supports efficient reporting, analysis, and decision-making. While each data mart serves a different purpose, they all draw data from the same central warehouse, ensuring consistency, accuracy, and a single version of the truth across the organisation.
The Chief Executive requires a strategic performance data mart that provides a comprehensive overview of healthcare delivery and organisational performance across England. This mart should include key performance indicators such as referral-to-treatment (RTT) waiting times, emergency department performance, elective care backlogs, bed occupancy rates, patient outcomes, workforce capacity, and financial performance measures. Data should be available at national, regional, and provider levels to enable benchmarking and trend analysis. Interactive dashboards would allow the Chief Executive and senior leadership team to identify underperforming areas, monitor progress against national targets, and support long-term strategic planning [6].
The Finance Director requires a dedicated finance data mart focused on financial management and resource allocation. This mart should integrate information relating to budgets, expenditure, national tariff income, service-line costs, workforce expenditure, and cost-per-patient metrics. Financial data could be analysed by NHS Trust, specialty, service type, region, and time. Historical and current financial trends would support forecasting, budgeting, and investment decisions. Predictive analytics could also be incorporated to help identify future financial pressures and opportunities for cost optimisation while maintaining service quality [7].
The Medical Director requires a clinical quality data mart that focuses on patient outcomes and quality-of-care indicators. This mart should contain measures such as mortality rates, readmission rates, hospital-acquired infection statistics, patient safety incidents, treatment effectiveness indicators, and patient satisfaction scores. By analysing these metrics across specialties, hospitals, and regions, clinical leaders can identify variations in care quality, investigate root causes of poor performance, and implement targeted quality improvement initiatives. The mart would also support compliance monitoring against national clinical standards and regulatory requirements.
Additional data marts should be developed to support workforce planning and operational management. Workforce marts can provide insights into staff vacancies, agency spending, overtime usage, sickness absence rates, and workforce productivity. Operational marts can focus on bed utilisation, theatre capacity, ambulance handover delays, patient flow, and waiting list management. These insights enable managers to address capacity constraints and improve service efficiency.
[image: ]The primary advantage of data marts is accessibility. Users receive information tailored to their responsibilities rather than searching through large volumes of detailed data as showed in Fig.2. Because all marts are derived from the same enterprise warehouse, reporting remains consistent across departments, promoting collaboration, evidence-based decision-making, and organisational alignment throughout NHS England.
Figure 2 Data Marts for Management Decision-Making
OLTP Normalization vs Dimensional Modelling
Operational systems within NHS England commonly use highly normalised database structures to support day-to-day healthcare activities. Normalisation is a database design technique that organises data into multiple related tables to minimise duplication, improve storage efficiency, and maintain data integrity. For example, patient details, appointments, admissions, diagnoses, treatments, and staff records are typically stored in separate tables and connected through primary and foreign keys. This structure ensures that information is recorded only once and can be updated consistently across the system. Such designs are highly effective for Online Transaction Processing (OLTP) environments, where thousands of transactions must be processed quickly and accurately every day. Examples include registering patients, scheduling appointments, recording treatments, and updating workforce information [8].
Although normalised structures are ideal for operational processing, they are less suitable for analytical reporting. Complex management reports often require data from many different tables, resulting in lengthy queries and slower performance. For a large organisation such as NHS England, which manages data across multiple hospitals, community services, specialist centres, and regions, these limitations make it difficult to perform large-scale analysis efficiently.
To address this challenge, data warehouses use dimensional modelling rather than highly normalised structures. Dimensional models are specifically designed for reporting, business intelligence, and decision support. They consist of fact tables, which contain measurable business events and performance metrics, and dimension tables, which provide descriptive context for analysis. The design is intentionally simple and intuitive, making it easier for managers, analysts, and executives to access information without extensive technical knowledge.
Within NHS England, a central Fact Patient Activity table could contain key measures such as treatment costs, appointment volumes, waiting times, length of stay, readmission rates, and patient outcome scores. Surrounding this fact table would be several dimension tables, including Patient, Hospital, Time, Treatment, Staff, and Service dimensions. These dimensions allow users to analyse performance from different perspectives. For example, treatment costs can be examined by hospital, specialty, region, or time, while patient outcomes can be compared across demographic groups and service types [9].
The resulting structure is known as a star schema because the dimension tables radiate outward from the central fact table (see Fig.3). A major advantage of the star schema is improved query performance. Since fewer table joins are required compared to a normalised database, reports can be generated much faster. This enables NHS England analysts and executives to identify trends, monitor performance targets, evaluate service effectiveness, and support evidence-based decision-making. Dimensional modelling therefore transforms operational data into strategic information that supports planning, performance management, resource allocation, and continuous improvement across the healthcare system.
Source System Identification
The warehouse should integrate a comprehensive range of internal and external data sources. Internal systems include Electronic Patient Records, Patient Administration Systems, pathology systems, radiology systems, theatre management applications, workforce platforms, payroll systems, finance systems, patient experience databases and incident reporting solutions. These sources provide detailed operational information relating to patient care, workforce activity and financial performance.
External data sources include Office for National Statistics datasets, demographic forecasts, deprivation indices, public health statistics, national tariff schedules, UK Health Security Agency information and Integrated Care System reports. Combining internal and external data allows NHS England to understand both organizational performance and wider population health trends.
Star Schema Design
The recommended design uses multiple star schemas centered on major business processes. The primary schema is Fact Patient Activity. Each row represents a healthcare event such as admission, outpatient consultation, diagnostic procedure or treatment episode. Measures include treatment cost, waiting time, length of stay, appointment count and outcome score. These metrics support operational, clinical and financial analysis. 
Dim Patient stores NHS number, age band, ethnicity, gender and region. Dim Hospital stores hospital, region and service characteristics. Dim Time contains reporting periods including day, month, quarter and year. Dim Treatment includes diagnosis codes, procedure codes and specialty information. Dim Staff contains workforce details including role, grade and department. Dim Service categorizes activity into acute care, community services, mental health and specialist services.
[image: ]Figure 3 Fact Patient Activity schema


A second schema supports finance. Fact Finance contains expenditure, budget, tariff income and variance measures. Dimensions include hospital, service, region and time. This enables detailed analysis of financial performance.
It enables the analysis of budgets, expenditure, tariff income, cost per patient, service line costs and financial performance by time, region and hospital.
[image: ]
Figure 4 Fact Finance schema


A third schema supports workforce management. Fact Workforce includes vacancies, sickness absence, overtime, agency costs and staffing levels. Dimensions include staff role, department, hospital and time.
It enables analysis of staff levels, vacancies, absence, overtime and workforce productivity by role, department and hospital.

[image: ]Figure 5 Fact Workforce schema


Master data is managed through dimensions. Metadata tables document source systems, transformation rules, ownership and lineage. Aggregate tables store monthly indicators such as occupancy rates, RTT performance and average treatment costs.
This structure enables executives to analyze healthcare delivery from multiple perspectives. Performance can be evaluated by region, hospital, service, specialty, patient cohort or time. The warehouse remains scalable and can accommodate future requirements including population health analytics and advanced predictive modelling.



Data Marts
The Operations Data Mart focuses on service delivery and capacity management. Fact Operations stores occupancy rates, waiting list counts, ambulance delays and theatre utilization. Dimensions include hospital, service, region and time [10].
The Finance Data Mart focuses on expenditure and budget control. Fact Finance contains spending, income and variance measures linked to hospital, service and time dimensions. Decision-makers can identify cost pressures and monitor efficiency.
The Clinical Quality Data Mart focuses on patient outcomes. Fact Quality stores mortality indicators, readmission rates, infection measures and safety incidents. Dimensions include patient, treatment, hospital and time.
The Workforce Data Mart supports workforce planning. Fact Workforce contains vacancy levels, sickness absence, agency expenditure and overtime usage. Dimensions include staff role, department, hospital and time [11].
Together these marts provide targeted analytical environments while ensuring consistency through the enterprise warehouse architecture [12].

ETL Plan
Extraction begins by collecting data from EPR, PAS, finance, workforce and quality systems. Data is transferred into a secure staging environment where validation checks are applied.
Transformation activities include cleansing duplicate records, validating NHS numbers, standardizing diagnosis codes, harmonizing organizational identifiers and converting data into common formats. Business rules ensure consistency across regions and trusts.
Aggregations are created for executive dashboards and performance reporting. Monthly indicators, regional summaries and trend measures are calculated during transformation.
Loading occurs first into dimension tables and then into fact tables. Incremental updates minimize processing overhead and support timely reporting. Metadata records capture lineage, ownership and audit information throughout the process.




Data Quality & Governance
Strong governance is essential for successful implementation. Data must be accurate, complete, timely and consistent. Validation rules should identify missing values, duplicate records and coding errors during ETL processing. Data stewardship responsibilities must be clearly defined and ownership assigned to appropriate departments.
Security controls should follow role-based access principles. Sensitive information must be protected in accordance with UK GDPR, NHS information governance standards and cybersecurity policies. Regular auditing, metadata management, quality monitoring and change control processes are required to maintain trust and ensure regulatory compliance throughout the warehouse lifecycle.



Conclusion
A strategic enterprise data warehouse will provide NHS England with an integrated and trusted source of information for decision-making. By consolidating patient, workforce, financial and operational data, leaders can gain a comprehensive understanding of healthcare performance across England. Data Marts provide targeted insights for executives while dimensional modelling supports efficient reporting and analysis. The proposed ETL framework ensures reliable integration without disrupting healthcare services. Combined with strong governance and quality management, the warehouse will support operational efficiency, improved patient outcomes and long-term sustainability.
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