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NHS England uses a huge amount of clinical, operational, workforce, and financial data to support strategic planning and service improvement. However, information stored in numerous systems might make it difficult for decision-makers to gain quick access to consistent and reliable insights. 
This research provides a strategic data warehousing system that brings these various data sources together in a secure, well-governed analytical environment. 
The proposed design aims to improve data quality, provide accurate reporting and trend analysis, and enable evidence-based decision-making by delivering reliable dashboards and analytics. 
The system also complies with UK GDPR and NHS data security standards, ensuring the responsible administration of sensitive healthcare information.

[bookmark: __RefHeading___Toc4832_3679431991] Operational Systems versus a Data Warehouse

Operational systems, or Online Transaction Processing (OLTP) systems, support the daily activities of NHS England by processing transactions such as patient admissions, appointments and discharges. Systems including the Electronic Patient Record (EPR) and Patient Administration System (PAS) prioritise fast, accurate transaction processing to support clinical care [1], [2].

Although effective for operational activities, OLTP systems are not designed for large-scale analytical reporting. Data are distributed across multiple systems, making organisation-wide analysis complex and potentially affecting the performance of live services.

A data warehouse overcomes these limitations by integrating cleansed and historical data into a central analytical repository. This enables NHS England to analyse trends, monitor organisational performance and support evidence-based decision-making without disrupting operational systems [3], [4].

While modern architectures such as data lakes provide greater flexibility, they require more complex governance arrangements. Given NHS England's emphasis on data quality, regulatory compliance and consistent reporting, a governed dimensional warehouse remains the most appropriate solution. 

Figure 1 illustrates the relationship between operational systems and the proposed analytical environment.
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Figure 1: NHS England Data Warehouse Architecture









[bookmark: __RefHeading___Toc4834_3679431991] Data warehouse architecture and integration process

The proposed architecture separates data acquisition, transformation, storage and reporting into distinct layers, improving scalability, maintainability and system performance. Operational systems including the EPR, PAS, workforce, finance and specialist clinical applications provide data that are integrated into a central warehouse through a controlled Extract, Transform and Load (ETL) process.

Data are first extracted into a staging area, where duplicate records are removed, missing values identified and coding standards aligned using national classifications such as ICD-10 for diagnoses, OPCS-4 for procedures, and other relevant reference codes [2]. Performing these quality checks before loading improves the reliability of analytical reporting [4], [8].

The ETL process standardises information originating from multiple independent systems, creating a consistent view of organisational data. Although ETL introduces additional processing overhead, it protects operational systems from complex analytical workloads and improves confidence in reporting accuracy. Compared with cloud-based ELT approaches, ETL remains more appropriate for NHS England because data quality and governance can be assured before information enters the warehouse.

The integrated warehouse supports subject-oriented data marts for operational, financial, workforce and clinical reporting. Governance is embedded throughout the architecture using role-based access control, audit logging and compliance with UK GDPR and NHS information governance requirements, ensuring that sensitive healthcare information is managed securely while supporting evidence-based decision-making.

[bookmark: __RefHeading___Toc3174_1235626407] Normalised records versus dimensional modelling

Operational databases are highly normalised to minimise redundancy and maintain transaction integrity. This structure is appropriate for OLTP systems but becomes inefficient for complex analytical queries involving large volumes of historical data [1], [2].

Dimensional modelling addresses this limitation by organising data into fact and dimension tables that support fast and intuitive analysis. The proposed warehouse adopts a star schema, placing FACT_PATIENT_ACTIVITY at the centre of the model and surrounding it with conformed dimensions describing patients, providers, staff, diagnoses, procedures, locations, services and time.

Compared with a snowflake schema, the star schema offers simpler queries and better reporting performance, making it well suited to NHS England's analytical workload. Shared conformed dimensions also ensure that operational, workforce and financial reporting remain consistent across the warehouse.

Figure 2 and Table 3 illustrate the proposed dimensional model, which provides a scalable foundation for enterprise-wide reporting and performance analysis.

[bookmark: __RefHeading___Toc3176_1235626407] Source system identification
The effectiveness of a data warehouse depends largely on the quality and diversity of the data it integrates. NHS England uses multiple information systems to support healthcare delivery, including patient care, administration, workforce management, and financial planning. Individually, these systems provide valuable operational information; collectively, they offer a comprehensive view of organisational performance when integrated within a single analytical environment.

The proposed warehouse consolidates data from the Electronic Patient Record (EPR), Patient Administration System (PAS), workforce management systems, finance systems, specialist clinical applications, the NHS Organisation Data Service (ODS), the Learn from Patient Safety Events (LFPSE) service, and relevant public health datasets. Together, these sources provide the clinical, operational, workforce and financial information required to support strategic planning, service evaluation and performance monitoring across NHS England [4], [8].

Each source contributes a distinct perspective to organisational analysis. The EPR and PAS provide detailed information on patient pathways, admissions, outpatient activity and clinical outcomes. Workforce systems record staffing levels, absences and agency usage, enabling managers to examine how workforce capacity influences service delivery. Finance systems contribute information on expenditure, tariffs and budget performance, while specialist clinical systems such as laboratory and radiology applications provide additional clinical detail for service-specific analysis. Reference datasets, including NHS ODS, ensure consistent organisational coding, whereas patient safety and public health data provide valuable contextual information for governance, risk management and population health analysis.

Integrating these heterogeneous data sources presents several technical challenges. Differences in data structures, coding standards, update frequencies and identifier formats can reduce consistency if they are not carefully managed. Variations in clinical terminology, organisational codes and patient identifiers may also affect the accuracy of cross-system reporting. Consequently, the integration process must incorporate robust data validation, standardisation and reconciliation procedures to ensure that information remains accurate, complete and suitable for organisational analysis.

A further consideration is the balance between data completeness and data quality. Incorporating additional datasets can enhance analytical capability, but poorly governed or inconsistent data may reduce confidence in reporting outcomes. For this reason, only validated and appropriately governed data sources should be integrated into the enterprise warehouse. Applying consistent business rules and national coding standards throughout the ETL process ensures that information remains reliable and comparable across organisations and reporting periods.

The principal operational systems and the data they contribute to the warehouse are summarised in Table 1 illustrating how multiple independent healthcare systems combine to support a single, trusted source of information for strategic decision-making.


	Source system
	What it provides
	Use in the warehouse

	EPR / patient record system
	clinical history, diagnoses, procedures, outcomes
	patient and activity data

	PAS
	admissions, appointments, transfers, discharges
	activity and pathway data

	Workforce system
	staffing, shifts, absences, agency usage
	workforce fact data

	Finance system
	costs, budgets, expenditure, tariffs
	finance fact data

	Clinical systems
	lab results, radiology, theatre activity
	specialist clinical analysis

	NHS ODS
	trust and site reference data
	provider dimension

	LFPSE and public health sources
	safety events and population data
	governance and context


Table 1. Source systems feeding the warehouse.

[bookmark: __RefHeading___Toc4838_3679431991] Star schema design
The proposed data warehouse is organised around a dimensional star schema that supports efficient analytical processing while remaining straightforward for both technical and non-technical users. Unlike highly normalised operational databases, the star schema is designed to optimise read-intensive workloads, making it particularly suitable for management reporting, performance monitoring and business intelligence applications [2], [3].

At the centre of the model is the FACT_PATIENT_ACTIVITY table, which records measurable healthcare events such as admissions, outpatient attendances, length of stay, referral-to-treatment waiting times and readmissions. These measurable events form the basis of organisational performance analysis and allow NHS England to monitor service delivery consistently across different providers and reporting periods.

Surrounding the central fact table are a series of conformed dimension tables describing patients, time, providers, staff, diagnoses, procedures, locations and services. These dimensions provide the contextual information required to interpret operational activity from multiple perspectives. For example, a single patient activity record can be analysed according to geographical region, clinical specialty, diagnosis, reporting period or healthcare provider without requiring complex database queries. This multidimensional approach enables decision-makers to investigate trends, compare organisational performance and identify factors influencing healthcare outcomes.

A key strength of the proposed design is the use of conformed dimensions, which are shared across multiple fact tables. This allows operational, financial and workforce datasets to use common definitions for dimensions such as provider, date and staff, ensuring that performance indicators remain consistent throughout the warehouse. Without conformed dimensions, departments could develop conflicting business definitions, leading to inconsistent reporting and reduced confidence in organisational data. Their adoption therefore supports both technical consistency and effective information governance.

The warehouse also incorporates additional fact tables for finance and workforce information. Rather than functioning as isolated datasets, these tables complement patient activity data by allowing analysts to examine relationships between clinical performance, staffing capacity and financial expenditure. For example, increases in waiting times can be evaluated alongside workforce shortages or budget pressures, providing a more comprehensive understanding of organisational performance than would be possible using separate operational systems.

Although more complex modelling techniques, such as Data Vault or highly normalised snowflake schemas, can provide greater flexibility for large-scale enterprise integration, they often require more sophisticated querying and increase implementation complexity. For the analytical requirements of NHS England, the star schema represents a practical balance between performance, simplicity and maintainability. Its intuitive structure reduces query complexity, improves dashboard responsiveness and supports self-service reporting for analysts and management users without extensive database expertise.

The proposed dimensional model therefore provides a robust foundation for enterprise analytics by integrating clinical, operational, workforce and financial information within a consistent framework. It supports efficient historical analysis, enables reliable organisational reporting and allows performance indicators to be examined across multiple dimensions without compromising usability. The complete schema is illustrated in Figure 2, while Table 3 summarises the principal fact and dimension tables that underpin the proposed warehouse design.
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Figure 2. NHS England Star Schema.

The central fact table should be FACT_PATIENT_ACTIVITY, because it captures the main clinical events that NHS England needs to analyse. Around it, the dimensions supply the context needed to examine activity by time, provider, staff group, diagnosis, location, and service type [1][2]. Separate fact tables such as FACT_FINANCE and FACT_WORKFORCE can reuse the same conformed dimensions, which allows financial, operational, and workforce analysis to remain consistent across the warehouse [2][3].

Table 2. can be used here to show the star-schema design for NHS England in detail, illustrating a central fact table linked to conformed dimensions such as patient, date, provider, staff, diagnosis, procedure, location, and service.

	Table name
	Type
	Main role
	Example key fields
	NHS England purpose

	FACT_PATIENT_ACTIVITY
	Fact
	Stores measurable patient events
	activity_key, patient_key, date_key, provider_key, staff_key, diagnosis_key, procedure_key
	Tracks admissions, discharges, outpatient attendances, length of stay, RTT days, readmissions, and tariff value.

	DIM_PATIENT
	Dimension
	Describes the patient
	patient_key, NHS_number, age_band, gender, ethnicity, deprivation_decile, ICS_area
	Supports analysis by demographic group, inequality, and population health context.

	DIM_DATE
	Dimension
	Describes time
	date_key, date, month, quarter, year, financial_year, week
	Supports trend analysis across days, months, quarters, and reporting periods.


	DIM_PROVIDER
	Dimension
	Describes Trust or provider
	provider_key, trust_name, site, region, specialty, care_setting
	Enables comparison across hospitals, regions, and service settings.

	DIM_STAFF
	Dimension
	Describes workforce context
	staff_key, staff_id, role, band, contract_type, department
	Supports workforce analysis, staffing pressure, and rota-related reporting.

	DIM_DIAGNOSIS
	Dimension
	Describes clinical condition
	diagnosis_key, ICD10_code, description, category, chapter
	Allows analysis by diagnosis type, case mix, and clinical burden.

	DIM_PROCEDURE
	Dimension
	Describes treatment or intervention
	procedure_key, OPCS_code, description, procedure_group
	Supports analysis of treatment activity and procedure-level performance.

	DIM_LOCATION
	Dimension
	Describes geography and site
	location_key, hospital, ward, clinic, region, ICS
	Enables analysis by site, ward, region, and care pathway location.

	DIM_SERVICE
	Dimension
	Describes service line
	service_key, service_type, specialty, care_pathway, urgency
	Supports reporting by acute, outpatient, community, mental health, and specialist services.

	FACT_FINANCE
	Fact
	Stores financial measures
	finance_key, provider_key, date_key, tariff_code, cost, budget, variance
	Tracks treatment cost, tariff income, and budget adherence.




	FACT_WORKFORCE



	Fact
	Stores workforce measures
	workforce_key, staff_key, date_key, shift_hours, agency_hours, sickness_days
	Supports staffing, absence, and agency-cost analysis.

	AGG_MONTHLY_PERFORMANCE
	Aggregate
	Summarises monthly indicators
	month_key, provider_key, RTT_breaches, bed_occupancy_pct, readmission_rate
	Provides high-level executive reporting and dashboard performance measures.


Table 2. Star-schema design for NHS England.


[bookmark: __RefHeading___Toc3178_1235626407] Data marts and schema

Data marts improve access to enterprise data by presenting information relevant to specific management functions. Rather than querying the entire warehouse, senior managers can access focused datasets that support timely and informed decision-making.

For NHS England, operational data marts provide measures such as patient flow, bed occupancy and referral-to-treatment waiting times. Financial marts support budget monitoring through expenditure, tariff and variance analysis, while clinical quality marts present indicators including readmissions, patient safety incidents and treatment outcomes. Workforce marts contribute staffing, sickness absence and agency usage data, enabling workforce performance to be evaluated alongside operational activity [3], [4], [8].

By simplifying complex analytical environments, data marts improve reporting efficiency and encourage wider use of organisational data. However, independently developed marts may create inconsistent business definitions if governance is weak. Building all marts from shared conformed dimensions within the enterprise warehouse ensures consistent reporting while allowing departments to access information tailored to their operational needs. 

Table 3. summarises the proposed management data marts.

	Data mart
	Primary users
	Core measures
	Decision use

	Operational
	CEO, service leads
	bed occupancy, RTT, waits
	capacity and flow

	Finance
	Finance Director
	cost, tariff, variance
	budget control

	Clinical quality
	Medical Director
	readmissions, incidents, outcomes
	quality improvement

	Workforce
	HR, planners
	sickness, agency, overtime
	staffing decisions


Table 3. Data marts for board reporting.
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A well-designed integration strategy is fundamental to the success of any enterprise data warehouse because the quality of analytical outputs depends directly on the quality of the data being integrated. In NHS England, operational information originates from multiple independent systems that differ in structure, coding standards, update frequency and ownership. Consequently, integration involves more than simply transferring data between systems; it requires systematic validation, standardisation and reconciliation to ensure that information remains accurate, consistent and suitable for strategic analysis.

The proposed integration process follows an Extract, Transform and Load (ETL) approach. Data are first extracted from operational systems into a dedicated staging environment, where they undergo validation before entering the warehouse. During transformation, duplicate records are removed, inconsistent formats are standardised, missing values are addressed where appropriate, and clinical information is aligned with nationally recognised coding standards such as ICD-10 and OPCS-4. These activities improve data quality while establishing a consistent foundation for organisation-wide reporting.

One of the principal challenges during integration is the reconciliation of data generated by systems developed independently over many years. Patient identifiers, provider codes, workforce classifications and financial records may follow different structures, making direct integration unreliable. Establishing common business rules and mapping local values to national standards is therefore essential to ensure that equivalent information is interpreted consistently across the warehouse. Without these controls, reporting inaccuracies could undermine confidence in management information and reduce the effectiveness of evidence-based decision-making.

The proposed loading strategy also reflects the differing operational requirements of NHS England. Patient activity and workforce information should be refreshed regularly to support operational reporting, while financial information can be updated less frequently in line with accounting cycles. This differentiated approach balances reporting requirements with system performance, ensuring that resources are used efficiently without placing unnecessary demands on operational systems.

Although ETL remains the preferred approach for highly governed healthcare environments, it is not without limitations. Transformation processes require ongoing maintenance as operational systems evolve, and large-scale data processing can introduce delays between data creation and availability for reporting. Modern cloud platforms increasingly employ Extract, Load and Transform (ELT) techniques, where transformations occur after loading into scalable analytical environments. However, given NHS England's emphasis on governance, regulatory compliance and data quality, validating and standardising data before loading provides greater assurance that analytical outputs are accurate and trustworthy.

The proposed integration and loading process is summarised in Table 4, which illustrates how source systems are transformed into conformed dimensions and fact tables before being loaded into the enterprise warehouse. By applying consistent transformation rules and controlled loading schedules, the proposed approach establishes a reliable analytical platform capable of supporting operational reporting, strategic planning and long-term performance evaluation across NHS England.



Table 4 can be used here to show the source-to-target steps more clearly.

	Target table
	Source system
	Key transformations
	Load frequency


	DIM_PATIENT
	PAS, EPR, Demographics
	de-duplicate NHS number; standardise codes; pseudonymise
	Nightly

	DIM_PROVIDER
	NHS ODS, directories
	map codes; validate hierarchy; enrich region
	Weekly

	DIM_STAFF
	ESR
	standardise bands/roles; mask identifiers
	Nightly

	DIM_DIAGNOSIS
	Clinical coding
	map SNOMED to ICD-10; validate standards
	Monthly (on code updates)

	FACT_PATIENT_ACTIVITY
	EPR, PAS, clinical systems
	resolve surrogate keys; calculate LOS; filter duplicates
	Nightly (near real-time for emergency data)

	FACT_FINANCE
	Finance systems
	apply tariff lookups; calculate variances
	Monthly

	FACT_WORKFORCE
	ESR, rota systems
	standardise shifts; calculate WTE; tag agency
	Weekly

	AGG_MONTHLY_PERFORMANCE
	Derived from fact tables
	aggregate KPIs; apply target flags
	Monthly


Table 4. Integration and loading plan.
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Data quality and governance are fundamental to the success of a data warehouse because the value of analytical insights depends on the accuracy and reliability of the underlying data. Regardless of how sophisticated the warehouse architecture is, poor-quality data can lead to misleading reports, inappropriate resource allocation and ineffective decision-making. Within NHS England, where information supports both operational management and patient care, maintaining high standards of data quality is therefore a strategic as well as a technical requirement.

The proposed warehouse should incorporate recognised dimensions of data quality, including accuracy, completeness, consistency, validity, timeliness and uniqueness. Clinical records must accurately reflect patient activity, mandatory fields should be complete, coding standards must be applied consistently across organisations, and information should be updated at appropriate intervals to ensure that management reports remain relevant. Applying these quality controls during the ETL process reduces errors before data enter the warehouse and increases confidence in the information presented through dashboards and analytical reports.

Maintaining data quality requires continuous governance rather than one-off validation during system implementation. Data quality should be monitored through automated validation rules, exception reporting and routine audits that identify duplicate records, missing values, coding inconsistencies and unexpected changes in data volumes. Establishing measurable quality indicators enables NHS England to monitor improvements over time while providing assurance that the warehouse continues to produce reliable information for strategic decision-making.

Effective governance also depends on clearly defined organisational responsibilities. Data owners should be accountable for the quality and lawful use of information within their respective domains, while data stewards oversee the implementation of data standards, metadata management and quality assurance procedures. This division of responsibility promotes accountability, supports consistent business definitions and ensures that organisational data remain trustworthy throughout their lifecycle.

Because the warehouse processes highly sensitive personal and clinical information, information governance must be embedded within every stage of its design and operation. Compliance with the UK General Data Protection Regulation (UK GDPR), the Data Protection Act 2018, and the Caldicott Principles requires that personal information is processed lawfully, proportionately and only for authorised purposes. Practical safeguards should therefore include role-based access control, data pseudonymisation where appropriate, encryption during storage and transmission, comprehensive audit logging and regular access reviews. These measures protect patient confidentiality while ensuring that authorised users can access the information necessary to perform their responsibilities [6], [7], [10], [11].

Metadata management also plays an important role in maintaining long-term consistency within the warehouse. Recording the origin of datasets, transformation rules, data definitions and refresh schedules improves transparency and allows analysts to understand how information has been processed before it appears in reports. Well-managed metadata supports reproducibility, simplifies troubleshooting and assists future maintenance as NHS information systems continue to evolve.

Although implementing comprehensive governance introduces additional administrative and technical overhead, the benefits substantially outweigh the associated costs. Strong governance reduces reporting errors, improves organisational confidence in analytical outputs and supports compliance with statutory and regulatory obligations. For NHS England, where strategic decisions directly influence healthcare delivery and public resources, investing in robust data quality and governance is essential to ensuring that the warehouse functions as a trusted source of organisational intelligence rather than simply a repository of integrated data.

[bookmark: __RefHeading___Toc4840_3679431991]Conclusion
A data warehouse would allow NHS England to unify fragmented operational, clinical, workforce, and financial data in a way that supports better leadership decisions. The most suitable design is a governed dimensional warehouse with conformed data marts, a carefully managed integration process, and clear data quality controls. In that form, the warehouse becomes not just a reporting tool, but a practical foundation for strategic and operational improvement.
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