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Foreword

The MONARCH Project represents a significant achievement for the UK’s Armed Forces
community. For the first time, data from across the Armed Forces charity sector has been
securely, ethically, and rigorously consolidated into a single national platform - providing a
unique insight into the needs, experiences, and circumstances of veterans who have sought
charity support. This report sets out not only the scale and technical sophistication of that
achievement, but also the significant potential it holds for shaping more proactive and
effective support.

The MONARCH platform responds to a long-recognised challenge: while numerous
organisations across the UK deliver vital assistance to veterans, the evidence base guiding
policy and service provision has historically been fragmented. The absence of linked data,
coupled with the complexities of almonisation, meant that policymakers and practitioners
lacked a reliable picture of how and where veterans seek support. By bringing together
anonymised casework data from ten major Armed Forces charities - representing assistance
from more than 170 organisations - the MONARCH project addresses this gap.

What emerges from this work is more than a dataset; it is an enabling infrastructure.
MONARCH has created a resource capable of informing early intervention, improving
strategic planning, and enhancing the allocation of resources at local, regional, and national
levels. The platform has the potential to provide decision makers with the ability to
understand need, identify risk factors, observe trends, and support evidence-based service
development for years to come.

The commitment shown by the participating charities, the organisations who contributed to
the evaluation, and the veterans whose anonymised data has made this work possible,
reflecting a shared dedication to improving outcomes for those who have served.

The findings of the MONARCH project highlight both achievement and opportunity. They
demonstrate what is possible when collaboration, innovation, and evidence-based practice
come together. They also remind us that the work of supporting veterans is ongoing, and that
we must continue to strengthen data linkage, broaden representation, and refine our
understanding of needs across the entire Armed Forces Community.

The Armed Forces Covenant Fund Trust and the Forces in Mind Trust are proud to have
supported this important work.

Anna Wright Michelle Alston
Chief Executive Officer Chief Executive Officer
The Armed Forces Covenant Fund Trust Forces in Mind Trust

THE ARMED FORCES
COVENANT FUND TRUST

Funded by HM Government
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Map of Need Aggregated Research Study
Executive Summary
Purpose and Context

The MONARCH (Map of Need Aggregated Research) project represents the UK's
first consolidated dataset documenting the support needs and service use of military veterans
and the Armed Forces Community across the charity sector. Developed by the Northern Hub
for Veterans and Military Families' Research at Northumbria University, the MONARCH
platform provides a greater understanding of veterans needs which can directly inform
tailored service provision and increase understanding of those who may be at risk. In doing
so, this could facilitate early intervention for the veteran community at need prior to crisis
level.

Platform Development

The MONARCH platform brought together casework data from 10 Armed Forces
charities (incl. SSAFA, ABF, RAFA & Combat Stress) through a five-phase structured
development process. However, because of a/monisation, which involves combining and
standardising data across organisations, the dataset actually reflects support provided by an
additional 173 organisations beyond those original 10.

Phase 1 - Stakeholder Consultation: Focus groups with 29 representatives from
NHS England, NHS Wales, Armed Forces charities, and local government (October-
December 2023) identified requirements for veteran identification, geospatial
analysis' capabilities, and an accessible interactive platform with user guidance.

Phase 2 - Data Sharing & Ingestion: Ten charities contributed data through formal
data-sharing agreements with GDPR compliance. A secure upload portal was created
allowing each charity to submit datasets via unique password-protected URLs directly
into the SAS cloud environment?.

Phase 3 — Data Cleaning & Anonymisation: A secure hashing algorithm?
anonymised identifying data whilst enabling cross-dataset linkage using service
number, date of birth, and gender. An encryption salt* ensured data could not be
reverse engineered. Extensive data preparation (4-6 months) addressed
inconsistencies in charity data collection protocols, including validation of service
numbers, birth dates, and gender information, plus correction of misclassifications
and incomplete postcode data in order to enable comparative analysis.

Phase 4 — Data Almonisation, Aggregation and Harmonisation: In military
charities, the same individual is often supported by multiple charities for the same
issues. To account for this, the process of data aggregation eliminated double counting

! A detailed process which involves looking at data on a map to understand where specific things are happening and spot patterns or trends
across different locations.

2 An online platform that stores, analyses and visualises data using powerful tools without needing additional software on your computer.

3 A method that turns data into a fixed-length code so it can be securely stored and/or checked without revealing the original information.

4 A random extra value added to data before it is encrypted or ‘hashed’ to make it much harder for cyber attackers to guess or crack it.

MONARCH Project — Final Report for Funders




across 173 organisations. A Data Strategy Working Group refined 280 different
recorded needs into 51 distinct categories, mapped to 11 ‘All Party Parliamentary
Group’ complex need criteria and the World Health Organisation’s (WHO) three
health elements (physical health, mental health, social wellbeing).

Phase 5 - Data Visualisation: Built using SAS Viya (a platform already used by
MoD and government departments), the interactive platform presents census data,
veteran demographics, and needs analysis with dynamic filtering capabilities at local,
regional, and national levels. Custom map files were created to address boundary
misalignments, with attention to colour-deficiency accessibility and screen-size
responsiveness.

Platform Capabilities

The MONARCH platform enables policymakers, HM Government departments,
charities, and the NHS (and others) to identify risk factors for early intervention, understand
geographic variations in veteran needs and service provision, support evidence-based
resource allocation and service planning, in order to prevent veterans reaching crisis point
through proactive identification of emerging needs. The platform's aggregated dataset also
enables advanced secondary analyses, with research teams already developing machine
learning models to identify specific clusters of health and social care needs and Al predictive
models for risk factor identification.

Initial Evaluation Results

A three-month prototype evaluation (July-September 2025) with 17 stakeholders
revealed strong appreciation for multi-source data integration, geospatial analytical
capability, and evidence generation for service planning. However, users identified concerns
including missing NHS data contributions, accessibility issues (colour scheme problems for
colour vision deficiency, screen reader incompatibility), and unclear terminology affecting
non-specialist users.

Impact and Future Direction

MONARCH presents a model for a potential transformative shift from reactive to
proactive veteran support, providing the very first unified view of how UK veterans access
charity services. The platform supports the NHS 10-year plan's emphasis on early
intervention and crisis prevention whilst creating infrastructure for ongoing secondary
research to refine understanding of veteran needs and improve service delivery across the
entire support ecosystem.

Access Digitised

Access Executive
Interactive Report

Summary
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Introduction
Background

There is a substantial body of research on identifying the support needs of UK
military veterans (hereinafter referred to as ‘veterans’). These needs can be complex and
encompass both physical health conditions (e.g., hypertension®, ischaemic heart disease®, and
type two diabetes’); mental health conditions (e.g., post-traumatic stress disorder [PTSD] &
depression®); and social deprivation (e.g., homelessness & food insecurity®!?). Currently,
veterans in the UK receive support through the National Health Service (NHS) and other
statutory services in the same way as the general population, supplemented by the Armed
Forces charity sector. Both sectors operate a reactive approach to support provision (i.e.,
intervention is provided for veterans with a self-declared need). However, despite this support
infrastructure, research has highlighted the poor help-seeking behaviour from the veteran
population, with many only seeking support at the point of crisis!!*!%13,

Recent healthcare policy reflects a shift towards a more proactive stance to reduce the
instances of crisis, as exemplified in The NHS 10-year plan'*. Examining the veteran
population seeking support from the NHS or Armed Forces charity sector can provide
insights into key risk factors associated with specific conditions. Previous research has
suggested that individuals seeking support from this charity sector are younger/working age
and from non-officer ranks who live alone and are recipients of the War Pension Schemes
and/or other Armed Forces compensation schemes!>!®!7_ Identifying such risk factors can
enable earlier intervention prior to reaching crisis level and thus, can have significant
advantages for both organisational resources and veterans themselves. However, this work is
currently in its infancy with considerable scope for improvement.

° Finnegan, A. and Salem, K. (2024). Comparative study of hypertension, diabetes, dementia and smoking in military veterans and non-
veterans: a quantitative study using primary healthcare data. BMJ Mil Health. https://doi.org/10.1136/military-2024-002817

¢ Bergman, B.P., Mackay, D.F. and Pell, J.P. (2021). Trends in cardiovascular disease in Scottish military veterans: A retrospective cohort
study. BMJ Open, 11(7). https://doi.org/10.1136/bmjopen-2020-044465

7 Bergman, B.P., Mackay, D. and Pell, J.P. (2022). Type 2 diabetes in Scottish military veterans: A retrospective cohort study. BMJ Open,
12(2), https://doi.org/10.1136/bmjopen-2021-05743 1

8 Finnegan, A. and Randles, R. (2023). Prevalence of common mental health disorders in military veterans: using primary healthcare data.
BMJ Mil Health, 169(6), pp.523-528. https://doi.org/10.1136/bmjmilitary-2021-002045

° Cusack, M., Montgomery, A.E., Sorrentino, A.E., Dichter, M.E., Chhabra, M. and True, G. (2020). Journey to Home: development of a
conceptual model to describe Veterans' experiences with resolving housing instability. Housing Studies, 35(2), pp.310-332.
https://doi.org/10.1080/02673037.2019.1598551

19 Johnson, A., Serra, G., Tomietto, M. and Kiernan, M.D. (2024). Identifying the risk factors associated with food insecurity in the UK
veteran population: a nationwide survey. Journal of Nutritional Science, 13, p.63. https://doi.org/10.1080/02673037.2019.1598551

' Hoge, C.W., Castro, C.A., Messer, S.C., McGurk, D., Cotting, D.I. and Koffman, R.L. (2004). Combat duty in Iraq and Afghanistan,
mental health problems, and barriers to care. New England Journal of Medicine, 351(1), pp.13-22.
https://doi.org/10.1056/NEJMo0a040603

12 Kiernan, M.D., Osbourne, A., McGill, G., Greaves, P. J., Wilson, G. and Hill, M. (2018). Are veterans different? Understanding veterans’
help-seeking behaviour for alcohol problems. Health & Social Care in the Community, 26(5), pp.725-733.
https://psycnet.apa.org/doi/10.1111/hsc.12585

13 Randles, R. and Finnegan, A. (2022). Veteran help-seeking behaviour for mental health issues: A systematic review. BM.J Mil Health,
168(1), pp.99-104. https://doi.org/10.1136/bmjmilitary-2021-001903

14 The Department of Health & Social Care (2025). Fit for the future: 10 Year Health Plan for England — executive summary (accessible
version). Available at: https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future/fit-for-the-future-10-
year-health-plan-for-england-executive-summary#from-sickness-to-prevention-power-to-make-the-healthy-choice (Accessed: 16 February
2025).

15 Kiernan, M.D., Rodrigues, M., Mann, E., Stretesky, P. and Defeyter, M.A. (2022). The Map of Need: Identifying and predicting the spatial
distribution of financial hardship in Scotland’s veteran community. BMJ Mil Health, 168(1), pp.57-63. https://doi.org/10.1136/bmjmilitary-
2020-001718

16 Serra, G., Tomietto, M., McGill, A. and Kiernan, M. (2025). Developing a nationwide registry of UK veterans seeking help from sector
charities: A machine learning approach to stratification. European Journal of Public Health, 35(1), pp.5-10.
https://doi.org/10.1093/eurpub/ckae141

17 Serra, G., Turoldo, F., Tomietto, M., McGill, A. and Kiernan, M.D. (2025). Improving early intervention: identifying risk factors for UK
military veterans that access military charities: A case-control study and an Al-powered predictive model. European Journal of Public
Health, 35(5), pp.867-872. https://doi.org/101093/eurpub/ckaf140
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https://doi.org/10.1136/military-2024-002817
https://doi.org/10.1136/bmjopen-2020-044465
https://doi.org/10.1136/bmjopen-2021-057431
https://doi.org/10.1136/bmjmilitary-2021-002045
https://doi.org/10.1080/02673037.2019.1598551
https://doi.org/10.1080/02673037.2019.1598551
https://doi.org/10.1056/NEJMoa040603
https://psycnet.apa.org/doi/10.1111/hsc.12585
https://doi.org/10.1136/bmjmilitary-2021-001903
https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future/fit-for-the-future-10-year-health-plan-for-england-executive-summary#from-sickness-to-prevention-power-to-make-the-healthy-choice
https://www.gov.uk/government/publications/10-year-health-plan-for-england-fit-for-the-future/fit-for-the-future-10-year-health-plan-for-england-executive-summary#from-sickness-to-prevention-power-to-make-the-healthy-choice
https://doi.org/10.1136/bmjmilitary-2020-001718
https://doi.org/10.1136/bmjmilitary-2020-001718
https://doi.org/10.1093/eurpub/ckae141
https://doi.org/101093/eurpub/ckaf140

A wide range of agencies across the UK, including HM Government bodies, health
and social care systems, Armed Forces charities, and private-sector stakeholders, collect
substantial volumes of data from multiple sources to support the management of operational
processes and the delivery of services to veterans. These data points are subsequently used to
inform service development and the targeting of specific resources to meet identified needs
within individual organisations. However, such a process has been hampered by limited
connectivity and linkage between the different systems used by service providers. In addition,
the Armed Forces Charity Sector collaborates to support beneficiaries through a process of
‘almonisation” whereby multiple organisations contribute to the needs of an individual
through use of a case management system, such as MOSAIC, sponsored by the
Confederation of Service Charities (Cobseo), hosted and managed on behalf of the sector by
SSAFA (the Armed Forces charity).

The data challenge caused by almonisation is that one individual, with one need,
might be assisted by many organisations through almonisation, who all contribute to that
individual’s care. Historically, this has resulted in all of the organisations recording they have
helped the individual, resulting in the individual being counted numerous times across
different unlinked datasets. Therefore, the absence of effective data linkage across
organisations and the process of almonisation presents a significant risk of 'double counting'
individuals'® resulting in unreliable datasets and the potential for over-estimation of veteran
need on which current and future service provision decisions are based.

Moreover, accurate and reliable data is not always available, nor does it consistently
provide sufficient detail to support policy makers in identifying key risk factors.
Consequently, these limitations hinder the development of a comprehensive and accurate
understanding of the true scale of veteran need and patterns of service access at both regional
and national levels. A key challenge identified by the MoN project!® was the need to develop
a process to identify individuals anonymously in order to facilitate secure information-
sharing and database linkage, whilst simultaneously safeguarding individual privacy and
ensuring that all personal data remained confidential. Moreover, such a system had to support
the planning of future interventions and the efficient allocation of resources where needed. In
essence, all collected data must offer actionable insights, be continually updated and readily
accessible in a dynamic and responsive manner.

Map of Need Aggregated Research (MONARCH) Project

The MONARCH project was developed to deliver all the above aspects and map the
Armed Forces charity provision across the UK at a local, regional and national level?’,
something that had never previously been achieved. Having a resilient and future-proof
system is of paramount importance, thus, the overall aim of the MONARCH project was to
inform early intervention service provision and reduce instance of health and social care
crisis by UK veterans. In doing so, it had two key objectives:

1. The creation of a national, aggregated and dynamic visual data platform of Armed
Forces charity data that will provide appropriate information to service providers;

18 The process where the same veteran receives support from multiple organisations but appears in counts multiple times causing inflated
numbers.

19 The Armed Forces Covenant Fund Trust (no date) The Map of Need. Available at: https://covenantfund.org.uk/the-map-of-need
(Accessed 16 February 2026).

2 Ibid Kiernan et al., (n 12).
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2. The creation of a methodologically robust dataset for scientific investigation,
encompassing data design and different coding schemas.

A unified dataset showing how veterans use available services was subsequently created. The
collected data was transformed into an interactive dashboard designed to help policymakers,
HM Government departments, charities and the NHS better understand veterans' needs and
improve service delivery, with the intent of preventing crisis situations arising.

Development of the MONARCH Platform

The MONARCH project was the first UK initiative to consolidate casework data from
multiple organisations within the Armed Forces Charity Sector, and present it via a user-
friendly, online platform. Full ethical clearance from Health and Life Sciences Ethics
Department, Northumbria University was obtained before the project commenced (reference
number: 2055). As outlined in Figure 1, the procedure for its initial development was
separated into five distinct phases split within three broad categories: (i) development; (ii) the
platform itself, and; (iii) evaluation.

Figure 1: Procedure for development of the MONARCH platform.

41  Development of the MONARCH Platform

Data Sharing & Ingestion \ The MONARCH Platform

Data Cleaning & Anonymisation ) -
Data Aggregation & Harmonisation Opening Page

About MONARCH

Help & Support

Data Visualisation

3  Evaluating the MONARCH Platform

Mixed Methods Evaluation Using SUS

Qualitative Comments & Feedback

Due to some overlap of the processes, we have presented these as five separate sections (or
phases):

Stakeholder consultation

Data sharing and ingestion

Data cleaning and anonymisation
Data aggregation and harmonisation
Data visualisation

Nk W=

Each of the five phases are summarised below, however, please refer to Appendices A and B
(published papers) for more comprehensive information and explanations.
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Phase 1: Focus Groups with Key Policymakers

Four focus groups were conducted between October and December 2023 and included
representatives (N=29) from the NHS, various Armed Forces charities, and local government
across England and Wales. Participants were selected based on their role in making policy
and strategic decisions regarding veteran support. The research team aimed to recruit
individuals across diverse occupations and geographic regions, however, despite sustained
efforts, focus groups with policymakers from Scotland and UK Central Government could
not be organised due to scheduling constraints.

The focus groups aimed to establish: (i) what data were required to inform key policy
decisions; and (ii) how this information could be most effectively presented through a data
platform. All sessions were audio-recorded and lasted for a mean of 45 minutes (range = 38 —
49 minutes) and were facilitated by a MONARCH team member, with another team member

recording key points.

Braun and Clarke's

21

Thematic Analysis (TA) framework was used to inductively

analyse the focus group data. This approach was selected for its flexibility whilst providing a
structured and well-established analytical method. The six-stage process comprised of: (1)
familiarisation with the data; (ii) generating initial codes from transcripts; (iii) searching for
themes; (iv) reviewing themes; (v) defining and naming themes; and (vi) producing the
report. The MONARCH team possess extensive experience working with, and researching,
the ex-Armed Forces community with several members being veterans themselves. These
perspectives informed our interpretation whilst maintaining analytical rigour acknowledging
their reflexivity and positioning. Subsequent TA of the focus groups identified three main
themes which are outlined in Table 1 and explained in more detail below.

Table 1. Summary of Thematic Analysis

Themes

Sub-themes

Summary

Overview of services and
needs

Locations

Dataset

Identifying and evidencing needs
Resource planning & service
collaboration

Geospatial analysis

Pre-existing datasets
Autonomy and Accessibility
Concerns

Participants emphasised the need to identify
veteran populations, evidence complex needs, and
support resource planning whilst also preventing
crisis

Geospatial analysis at multiple levels (i.e., local,
regional, national) was deemed essential to
understand geographic variation in needs and
service provision

Participants requested an interactive online
platform compatible with existing datasets,
providing user autonomy for analysis while
including guidance to prevent data
misinterpretation and ensure GDPR compliance.
Concerns were raised about partial data coverage
(e.g. veterans not self-identifying),
misinterpretation risks, and the need for
controlled access with user guidance.

2! Braun, V. and Clarke, V. (2006). Using thematic analysis in psychology. Qualitative research in psychology, 3(2), pp.77-101.
https://doi.org/10.1191/1478088706qp0630a
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Theme 1: Overview of Services and Needs

Focus group participants outlined the key challenges of identifying veterans due to
organisations outside of the Armed Forces not routinely collecting this data and veterans
themselves not identifying with the term. Participants outlined the need to develop a complete
picture of the geospatial spread of veterans and their support needs, including understanding
the complexity and possible risk factors that may not be apparent at initial contact with
services. Such information would provide an evidence base for the allocation of targeted
resources at the macro level (i.e., county and national). In particular, the opportunity to
predict future need and identify risk factors could be valuable for identifying veterans who
have unmet needs and who were not engaging with services. This could enable early
intervention (facilitating a preventative approach) which could prevent veterans reaching
crisis. However, some participants were concerned about the impact this approach could have
on already strained services.

Information on veteran support use (e.g., the number of services available in
geographical regions) was seen as valuable for identifying gaps, evidencing resource
provision and impact, whilst also avoiding duplication and enabling collaboration with other
organisations. Providing this information was seen as enabling services with limited funding
to deliver effective services cost-efficiently.

Theme 2: Locations

It was clear that veterans’ needs varied across the UK, both nationally and locally, and
understanding these core differences could inform tailored resource provision. There was a
requirement for the MONARCH platform to include data from multiple organisations across
different regions of the UK which could highlight key challenges, available resources and
needs unique to specific locations. However, it was noted that any data provided would be
valuable. Participants requested different levels of geographical focus depending on their
occupation and information needs. For some, the ability to analyse data at a county level,
NHS Integrated Care Board (ICB), or by local authority would be useful, whereas others
requested only national level data.

Theme 3: Dataset

Participants described using pre-existing databases and tools to help them within their
role. The ability to link the MONARCH platform to these databases could enable them to
develop a complete picture of veteran needs. As such, an online platform would be most
applicable format and included numerous benefits in terms of accessibility and providing up-
to-date data.

There were varying opinions about how accessible the platform should be to users.
For some participants, the provision of figures and percentages would fulfil their information
needs and organisational requirements. Others spoke of needing direct access to the data to
analyse independently. Ultimately, participants advised that the platform needed to be
interactive and able to be tailored to the user’s needs. However, there were notable concerns
about the risk of data misinterpretation by those with limited experience or malicious intent
which could directly impact service provision and relationships with other organisations.
Based on this, participants advised that there should be tight controls over who would have
access to the platform, or at the very least, guidance on using and interpreting the data.
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Additional challenges included gaining access to focused and informative data, whilst still
adhering to data protection requirements and ensuring there was no risk of identification.
Finally, there were concerns about the platform providing skewed data as only individuals
who identified as veterans were included in the platform.

Summary

In summary, the focus groups highlighted the following points that should be
considered when developing the MONARCH platform:

e To outline the number of veterans across the UK and provide a comprehensive overview
of their needs (including unmet needs & identifying possible risk factors) at different

levels (e.g., nationally, ICB, regionally).

e To predict future need, enabling services to operate a proactive as opposed to a reactive

approach to support provision.

e To outline the available services for veterans across the UK to determine whether need

has been met and facilitate collaborations.

e The ability to merge, or use in conjunction with, other data platforms to provide an

overall picture of veteran need.

e To produce an interactive online platform that can be interrogated based on the user’s

information requirements.
e To be mindful of potential concerns, such as misinterpretation and biased analysis.

Many of the above points were achieved, or were in progress, at the end of the project, except

for providing information on the number of services within geographic locations as this was
not within the remit for the project. This objective was achieved by the initial MoN projec
through the Veteran Gateway App, however, those specific outcomes were not further
developed under MONARCH.

Phase 2: Data Sharing and Ingestion

Ten Armed Forces charities (SSAFA, Army Benevolent Fund [ABF], Royal Air
Forces Association [RAFA], Blind Veterans UK, Combat Stress, Hull 4 Heroes, The Poppy

Factory, Royal Marines Association [RMA], the Royal Naval Benevolent Trust [RNBT], and
Walking With The Wounded [WWTW]) agreed to contribute data. However, it must be noted

that through the process of almonisation, the data from these charities accounted for the
assistance given by a further 173 different organisations.

Data was shared through formal data sharing agreements stipulating specific
variables, GDPR?* and UK Data Protection Act compliance, together with secure storage
protocols. Legally approved agreements were signed between Northumbria University and
each charity prior to moving forward. The aggregated dataset is managed by the Northern
Hub for Veterans and Military Families’ Research via an SAS Viya interactive portal, with
each charity retaining access to their own data and the research team only retained
anonymised information.

22 Jbid The Armed Forces Covenant Fund Trust (n19)
3 Data Protection Act (2018), c.12. Available at: https://www.legislation.gov.uk/ukpga/2018/12/contents (Accessed: 16 February 2026).
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Phase 3: Data Cleaning and Anonymisation

Datasets were initially shared to the project by e-mailing password-protected
Microsoft Excel files which were then uploaded into the SAS environment. A portal was later
created that allowed each charity to upload their own datasets via a secure, password
protected, webpage. Each charity had their own URL and password combination which
prevented unwanted or malicious files being imported. Files submitted were deposited
directly into the SAS cloud environment to be processed via data cleaning.

To address the issue of ‘double counting’ caused by almonisation, a Secure Hashing
Algorithm (SHA)?** was used and applied to each individual case. This process is a
cryptographic technique that uses minimal identifiable data to generate a unique 64-item ID
for each individual. In the case of MONARCH, gender, date of birth and the military service
number were used. Regardless of which dataset the data originates from, if the gender, date of
birth and military service number remain constant, the algorithm will always return the same
64-digit ID for that individual, providing an anonymised identifier. This process addressed
the challenges of almonisation (and double counting) and allowed us to link data across an
infinite number of datasets.

Members of the MONARCH team describe a UK-wide initiative to address
fragmented data on veterans’ support services by creating a unified, anonymised dataset from
over 1,800 military charities®>. The authors explain this process in more detail?® and report
how the SHA was tested for efficiency which, initially, was completed with only two
demographics (gender & military service number), then later refined to include date of birth
as the third demographic to improve accuracy. As outlined in the study at Appendix B?’, their
results showed that the secure hashing algorithm, and subsequently used in the MONARCH
project, identified a significantly greater number of unique cases, avoiding false matches,
compared to previous approaches. The secure hashing algorithm successfully linked records
across the different years and charity datasets and, through the process of encrypting personal
information, securely protected confidential data. For the purposes of platform development
and to further enhance security, a ‘salt’ string?® was added to the hashing process to ensure
the data could not be reverse engineered at any point.

Data preparation took approximately six months due to variation in charity data
collection practices. The process involved removing duplicates and validating the three
demographics outlined above. Key challenges included auto-filled birth dates defaulting to
1900, placeholder service numbers (i.e. 123456), inconsistencies in gender reporting across
charities, misclassification of family members as female veterans, and incomplete postcode
data. Solutions included age-range validation (18-107 years), aggregating genders (male,
female, other), IF formulas®’ to identify invalid service numbers, communication with
charities for variable reclassification, and creation of 'family member' and 'unknown'
categories where appropriate. Logic-based error detection and spot-check quality control
were applied throughout.

24 Tomietto, M., McGill, A., & Kiernan, M.D. (2023). Implementing an electronic public health record for policy planning in the UK
military sector: Validation of a secure hashing algorithm. Heliyon, 9(6). https://doi.org/10.1016/j.heliyon.2023.e16116

3 Jbid Serra et al., (n 16).

26 See also Appendix B to this report.

27 Ibid Serra et al., (n 16).

28 The process by which random data is added to the initial hashing algorithm which acts as a unique security ‘phrase’. Without this ‘phrase’
it is impossible recreate the hashing, thus ensuring complete encryption and anonymisation at all times.

» A logical function used to test a condition and then return one value if the condition is true, and another if it is false.
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Phase 4: Data Aggregation and Harmonisation

Data aggregation and harmonisation involved linking charity datasets under common
elements, despite independent record systems recording variables differently. The
classification of needs was completed via 3 levels of aggregation®® (see Appendix B for full
published paper). First, a Data Strategy Working Group comprising charity sector
stakeholders developed an operational definition of 'need"!. Individuals were included only if
they received a funded service (excluding signposting) for an identified need verified by the
charity. Second, the initial 280 needs recorded across charities were refined through DSWG
discussions to 51 distinct needs, mapped to 11 of the 14 All Party Parliamentary Group
complex need criteria (e.g., poverty, homelessness, physical/mental health issues,
employment problems, learning disability, social isolation, relationship difficulties, substance
misuse, domestic violence) and, third, further categorised using WHO's three health
elements: (i) physical health; (ii) mental health, and; (iii) social wellbeing.

Phase 5: Data Visualisation

The MONARCH platform was developed in SAS Viya, a cloud-based data
visualisation platform chosen for its existing use by MoD and other HM Government
departments to facilitate policy-maker adoption. The MONARCH platform presents the user
with different pages, including: (i) opening page; (i) summary page); (iii) the English, Welsh
and Scottish census; (iv) demographics (showing age at contact, receipt of benefits, gender,
service branch/trade, rank, dependents, marital status, and service affiliation); and (v) needs
(which involved mapping data to APPG complex need criteria and WHO health
determinants). Users could interactively filter data by selecting map areas and/or specific
figures to refine analysis. It was also possible to identify trends and key changes in variables
by observing the data across different years, in this sense, it was a live and interpretable
platform which could be adapted or filtered to meet the specific user’s informational needs.
The images of the five main pages can be viewed below:

Figure 2. The opening page of the MONARCH platform

About MONARCH

MONARCH -
The Map Of Need Aggregated ResearCH —
Platform

Click Here to Start

Northumbria ||| THE ARMED F ORCES H
University I|AA!-’NA’»'U1~4[;V-”.' i  communiTy

NEWCASTLE

30 Jbid Serra et al., (n 16).
3! Defined as a verified request for assistance by an individual, for a specific reason, within a given year, where support was provided by the
charity — see ibid Serra et al., (n 17).
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Figure 3. The MONARCH platform summary page
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Figure 4. The MONARCH platform census page
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Figure 6. The MONARCH platform needs page
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A key consideration was ensuring that the platform was accessible to individuals with
health conditions, such as colour vision deficiency or neurodiversity. To this end, members of
the research team consulted individuals with expertise in Equality Diversity and Inclusion
(EDI) to ensure the platform was as inclusive as possible. Whilst some changes were easily
implemented (e.g., colour choice), others were restricted by the platform, such as the inability
to use a screen reader with the platform. To ensure ongoing consideration of accessibility, the
evaluation of the platform included some focus on this to guide future development.

The operating system used

The MONARCH platform used SAS Viya which operates as a tile-based platform
(i.e., figures and content automatically snap to a grid-based layout). Consequently, there were
challenges in visualising the data due to the vast amount of information provided on the
MONARCH platform, which often required the user to scroll down to view all the figures.
Not only could this affect usability, but it could also result in key data being missed. This
challenge was overcome using a ‘precision box’ which enabled more flexibility in placing
figures, however, this was reliant on manually positioning figures. Similarly, challenges arose
in optimising screen-size responsiveness, with the platform layout dynamically adjusting
according to display resolution. For example, users accessing the platform on lower-
resolution screens (e.g., standard laptops) occasionally encountered overlapping figures or
were required to scroll to view visualisations in full. Guidance regarding recommended
screen resolutions, together with practical workarounds, was provided to users during tutorial
sessions and through a dedicated troubleshooting page embedded within the platform.

Finally, further development challenges included the production of bespoke mapping
files to address boundary differences between local authority areas and NHS Integrated Care
Boards. This was in addition to the integration of Scottish census data which was released
one year later than the corresponding datasets for England and Wales.

Secondary Data Analysis

The MONARCH platform has the capacity to scale beyond previous data
management and visualisation functions. The aggregated dataset provides a foundation for
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further secondary analyses and the integration of additional analytical features to support
policy decision-making. The research team has already created machine learning models for
the identification of specific clusters of health and social care needs among veterans (outlined
previously)®? and Al predictive models for identifying the risk factors leading veterans to
access military charities®>. Please refer to Appendix B for the full published paper.

Evaluation of the MONARCH Platform

The MONARCH platform prototype was disseminated to 66 stakeholders across 38
organisations (incl. Armed Forces charities, local government, NHS, central/devolved
governments) for three months (July-September 2025). Each user was invited to attend a brief
30-minute tutorial to introduce them and their colleagues to the platform. In total, five tutorial
sessions were held. Everyone who received a link to the MONARCH platform were invited
to participate in the evaluation.

A convergent mixed-methods evaluation using the System Usability Scale (SUS)** and
qualitative online survey, hosted on JISC surveys, assessed platform usability. In total, 17
respondents took part (see Table 2 for demographics). A key consideration during the
visualisation stage of the platform development was ensuring this was accessible to all users,
therefore, all were asked to state any health conditions that may have affected their use of the
platform. It is worthy of note that number of respondents we could distribute the link to the
dashboard was restricted by our Research and Development license with SAS.

32 Ibid Serra et al., (n 16)

33 Ibid Serra et al., (n 17)

3 Brooke, J. (1996). In, Jordan, P.W., Thomas, B., McClelland, I.L., and Weerdmeester, B. (eds.). Usability evaluation in industry SUS-A
quick and dirty usability scale, pp.4-7. https://doi.org/10.1201/9781498710411
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Table 2. Survey respondent demographics (N= 17)

Demographic Response Respondents
Age 20-30 years 2 (11.76%)
31-40 years 2 (11.76%)
41-50 years 4 (23.53%)
51+ years 7 (41.18%)
Prefer not to say/did not answer 2 (11.76%)
Gender Male 9 (52.94%)
Female 6 (35.29%)
Prefer not to say/did not answer 2 (11.76%)
Job role Executive/Director 5(29.41%)
Civil Servant 3 (17.65%)
Research 1 (5.88%)
Charity Sector 1 (5.88%)
Management 5(29.41%)
Prefer not to say/did not answer 2 (11.76%)
Length of time in role Below 5 years 7 (41.18%)
6-10 years 6 (35.29%)
10+ years 3 (17.65%)
Prefer not to say/did not answer 1 (5.88%)
Health conditions* Dyslexia 2 (66.67%)
Dyspraxia 1 (33.33%)
ADHD 1 (33.33%)
Autism 1(33.33%)
Colour Vision Deficiency 1 (33.33%)

* Some participants (N=3) reported multiple health conditions.

Quantitative Data

The System Useability Scale (SUS) is a widely used scale to assess the usability of
online resources and has high levels of reliability and validity®°. Participants rate 10
statements (see table 3) via a Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly
Agree). To calculate the overall usability score, the data is converted to adjusted scores as
follows:

For each odd-numbered question, 1 is subtracted from the given value.

The answers from the even numbered questions are subtracted from 5.

Each of these adjusted scores are added together and then multiplied by 2.5.

The new values are the usability score which range between 0 and 100 with higher
scores indicating better usability.

ac oe

35 Lewis, J.R. (2018). The system usability scale: past, present, and future. International Journal of Human—Computer Interaction, 34(7),
pp.577-590. https://doi.org/10.1080/10447318.2018.1455307
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Table 3. System Usability Scale items with worked example

Statement  Statement Worked Example
Number 1 (Strongly Disagree) to
5 (Strongly Agree)
1 I think I that I would like to use this system frequently 5-1=4
2 I found the system unnecessarily complex. 2(5-2)=3
3 I thought the system was easy to use 4-1=3
4 I think that I would need the support of a technical person to be able to 3(5-3)=2
use this system.
5 I found the various functions in this system were well integrated. 5-1=4
6 I thought there was too much inconsistency in this system. 2(5-2)=3
7 I would imagine that most people would learn to use this system very 4_1=3
quickly.
8 I found the system very cumbersome to use. 2(5-2)=3
9 I felt very confident using the system. 4-1=3
10 I needed to learn a lot of things before I could get going with the system. 3 (5—3)=2

I:I = 0dd numbered question from which

Sub-total = 30 (x 2.5) = Total useability score of 75
1 is subtracted from the total which equates to Acceptable Useability

The SUS score is categorised using a university grade analogue®¢ outlined below:

e Acceptable useability - Scores of 70 and above

e High marginal usability - Scores between 62 and 70

e Low marginal usability - Scores between 50 and 62

e Significant usability concerns - Scores below 50
SUS Findings

The SUS scores in the MONARCH project (see Figure 3) ranged from 32.5 - 97.5

(Mean = 74.12, SD = 17.52). Of these scores:

. 11 indicated acceptable usability (65%)
. 3 indicated high marginal usability (17%)
. 2 indicated low marginal usability (12%)
. 1 indicated unacceptable usability (6%)

3¢ Bangor, A., Kortum, P.T. and Miller, J.T. (2008). An empirical evaluation of the system usability scale. Intl. Journal of Human—Computer
Interaction, 24(6), pp.574-594. https://doi.org/10.1080/10447310802205776
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Figure 7: Distribution of System Usability Scale scores

Number of Responses
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(=70) (62-69) (50-61) (<50)

Usability Category

The overwhelming majority of users viewed the MONARCH platform as having
acceptable or high marginal usability. Of those who reported low marginal or unacceptable
levels of usability, one reported having only seen a short demonstration of the platform, with
another highlighting the need for more definitions and making the selections on the filtering
system clearer. Both suggested the need for further training and, due to the survey being
anonymous, it was not possible to identify whether these users had attended the tutorial
sessions offered. It is possible that these specific users were unaware of the definitions
(although they were included within hover boxes). One reported being neurodiverse and,
despite best efforts to ensure the platform was fully accessible, there were some key
challenges encountered. These included presenting a vast amount of information on one page
and ensuring it was user friendly for all. Had the project continued, additional focus would
have been placed on enhancing accessibility.

Summary

Whilst these findings provide valuable insight into the usability of the MONARCH
platform as a concept and future development, it is possible that an increased sample size
could have provided a different perspective. Additionally, as previously noted, use of the
MONARCH platform was largely needs-led (e.g., to inform funding applications) and it is
entirely possible that the platform was not accessed during the three-month reference period.

Qualitative Data
Using TA% to analyse the qualitative responses, three main themes were identified

(see Table 4). For confirmation of the six stages of TA and research team reflexivity, please
refer to p.10 of this report.

37 Ibid Braun and Clarke (n21)
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Table 4. Summary of Thematic Analysis

Theme Sub-themes Summary
Credibility a. Data integrity Users praised multi-source data integration but
b. Lack of clarity raised concerns about missing data (particularly

NHS contributions) and the use of unclear
terminology/definitions affecting confidence and
accessibility for non-specialists

Platform Experience and  a. Usability & accessibility ~There was positive feedback on quick data access,
Functionality b. Confidence using the filtering capabilities, and visual presentation,
platform however, issues included red/white colour scheme
impacting users with colour vision deficiency,
screen reader incompatibility, information density,
and inconsistent cross-page integration

Key Strengths Analytical capability The key strengths of the MONARCH platform
included analytical capability for geospatial
analysis, trend identification, and evidence
generation for service planning and funding bids,
though debate existed about whether the platform
provided a complete picture without integrating
additional external datasets.

Theme 1: Credibility

Survey respondents praised the inclusion of multiple data sources on the MONARCH
platform, which was seen as providing valuable insight and allowing users to analyse data
thereby increasing perceptions of credibility. However, concerns were raised regarding data
integrity due to missing data and the lack of contribution from some organisations, such as
the NHS, which impacted the perceived trustworthiness of the platform. However, it must be
noted that many Armed Forces charities still rely on volunteers to undertake casework and
data collection, and throughout the project the amount of missing data did reduce
considerably as the project team worked with the organisations through the Data Strategy
Working Group. It is also important to acknowledge that the inclusion of NHS data was not a
primary aim of this project

The data categories and definitions (or perceived lack of) was seen as needing further
clarification, particularly to those who were unfamiliar with the Armed Forces Community
and military terminology. Similarly, terms such as ‘not recorded’ could be confusing to those
with limited experience using data platforms. These factors could reduce the trustworthiness
of the platform and impact the user’s ability to interpret the data, consequently influencing
use. Despite this, the platform was praised by survey respondents for its consistency and its
links to established and reputable conceptualisations of health (i.e., APPG and WHO). There
were instances of participants encouraging other colleagues to access the MONARCH
platform either to provide a visual overview or to inform their own work.

Theme 2: Platform Experience and Functionality
The MONARCH platform was praised overall by survey respondents (or their work

colleagues), for the ability to access information quickly and directly relevant to their needs.
Most found that the platform was consistent, well integrated, easy to navigate, and,
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considering the breadth of coverage, not too complex. Others valued the visual elements of
the platform. However, there were contrasting opinions regarding the consistency between
pages, with one participant describing difficulty extrapolating data. Similarly, whilst some
users described the MONARCH platform as clear and straightforward, others found this
overwhelming and overloaded with information. On reflection there appeared to be a clear
divide between users, based on digital literacy and familiarity with data.

The majority of respondents reported confidence in using the platform, attributing this
primarily to prior experience working with data together with familiarity with comparable
databases. Several indicated that continued engagement with the platform would likely
strengthen this confidence further. However, others identified a need for additional support,
particularly in relation to data interpretation. Concerns were raised that users without
analytical experience might struggle to draw accurate conclusions from the outputs.
Perceptions of the platform’s relevance to respondents’ professional roles were mixed. Whilst
some viewed it as a valuable resource, others did not consider it necessary within their
current remit. Among those who anticipated using it, engagement was expected to be needs-
driven and intermittent, most commonly in support of discrete tasks such as funding
applications as opposed to routine operational use.

A key recommendation from respondents was the colour choice on the platform. The
use of red and white made it difficult for some to identify which filter was selected or to read
text on the figures. The choice of colours could directly impact the accessibility to those with
health conditions, such as colour vision deficiency. Despite the research team’s attempt to
ensure the accessibility of the MONARCH platform was as inclusive as possible, there were
areas of improvement noted. Respondents suggested potential improvements that could made
to the platform including:

Percentages included with total figures
Clearer drop-down options

Guidance in interpreting the data

The ability to look at the national picture
The ability to assess trends in data

Ability to download figures or export data

Theme 3: Key strengths

Overall, the MONARCH platform facilitated focused and comparative analysis across
different variables and locations. One such example was the ability to, “...drill down into real
granular detail ” (Survey Respondent 6) and geospatial analysis, which was facilitated using
filters on the platform. However, some respondents suggested that including more filters
could help enhance the analytical capability.

The platform was also praised for providing evidence for amending services, bid
writing, policy planning and, of course, identifying the needs of the veteran population. The
ability to access needs data across multiple years provided the opportunity to explore possible
trends in the population. In this sense, the MONARCH platform could directly impact service
development and provision. However, there appeared to be a debate about whether the
platform provided a complete picture of veteran needs and the use of the Armed Forces
Charity Sector. Reflecting on this observation, there appears to be a poor understanding of the
breadth of almonisation, as the bulk of casework is carried out by a small number of charities
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(which were included in this project). The only national charities that declined to take part in
the project were the Royal British Legion, The Royal Air Force Benevolent Fund and Help
for Heroes, however, a significant proportion of their casework was accounted for through
almonisation. Again, it is also worth noting that the primary aim of this project was the
aggregation of Armed Forces charity data, whilst developing the capacity to absorb other data
from organisations such as the NHS or the Department of Work and Pensions. To integrate
data from the statutory sector would be a separate project with its own challenges.

Overview and Reflections
Overview
Platform Development

The MONARCH project represents a landmark achievement in the mapping and
understanding of Armed Forces charity provision across the UK. Prior to its development, no
unified dataset existed that could provide a comprehensive, dynamic, and geospatially
granular picture of veteran need and service access at local, regional, and national levels. By
consolidating casework data from 10 Armed Forces charities (which included assistance from
a further 173 organisations through almonisation), developing a robust anonymisation and
data harmonisation methodology, and presenting aggregated findings through an interactive
visualisation platform, MONARCH has addressed a longstanding gap in the evidence-base
underpinning veteran support services.

The project demonstrated that effective cross-organisational data linkage is both
technically feasible and analytically valuable. The secure hashing algorithm developed and
validated by the MONARCH team proved to be more accurate and effective to previous
approaches, identifying unique cases with greater accuracy whilst also protecting individual
confidentiality. The harmonisation of 280 disparate need categories into 51 distinct needs
(mapped to established frameworks including the APPG complex need criteria and WHO
health determinants), further ensured that the resulting dataset was not only internally
consistent but also theoretically grounded and policy relevant.

Secondary Data Analyses

The secondary data analyses produced from the MONARCH dataset have generated
important empirical contributions to the field. The machine learning and predictive modelling
work identified clear risk profiles for veterans most likely to experience complex and
recurrent needs, specifically younger, non-officer veterans living alone. These findings are
not only consistent with but extend beyond previous literature in this area. Such insights
provide a robust, evidence-based foundation for the development of proactive and targeted
intervention strategies, directly addressing the reactive model of support provision that has
historically characterised both NHS and Armed Forces charity sector service delivery.

MONARCH Platform Evaluation
Although the platform evaluation was limited, it provided broadly positive findings.
The mean SUS score of 74.12 falls within the range denoting acceptable usability, and

qualitative feedback affirmed the platform's analytical capability, its capacity to support
evidence generation for funding and policy purposes, and the value of its geospatial
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functionality. These findings suggest that the MONARCH platform has strong potential as a
practical tool for policymakers, service commissioners, and charity sector stakeholders.

Reflections

Whilst the MONARCH project has achieved considerable progress, a number of
important reflections and limitations warrant consideration, both to contextualise the current
findings but also to inform any future development of the platform.

Data Coverage and Representativeness

The dataset currently captures only those veterans who have self-identified and sought
support from participating Armed Forces charities. As outlined in the focus groups, a
substantial proportion of the veteran population does not identify with the term 'veteran'
and/or does not engage with formal support services, particularly prior to reaching crisis.
Consequently, the platform may systematically underrepresent the most marginalised and
hard-to-reach segments of the veteran population which are precisely the individuals who
stand to benefit most from early intervention.

The absence of NHS data from the platform was raised as a concern by some
evaluation participants. However, whilst this is a valid point, it is a more complex problem
and one that requires additional funding to establish further information. It must also be borne
in mind that whilst its absence somewhat limits the comprehensiveness of the overall outline
of needs presented, it was never the aim of the project to include NHS data. Future
development of the platform should prioritise the integration of NHS and wider public sector
datasets to move closer to a whole-system view of veteran need.

Geographic Coverage

Despite sustained efforts, focus group representation from Scotland, Northern Ireland
(NI) and UK Central Government could not be achieved. Integrating Scottish census data was
delayed by one year relative to England and Wales and there are unique challenges with
presenting NI data (e.g., the NI census did not ask the ‘Veteran Question’). The MONARCH
team held discussions with NI stakeholders about how it might include NI, however, the
project concluded before this could become a reality.

Whilst these gaps were managed pragmatically, they highlight the structural
challenges of cross-jurisdictional data initiatives and the importance of building sustained
relationships with devolved government stakeholders from the outset of the project. It is
important to note the challenges

Platform Accessibility

Despite the research team's proactive efforts to ensure inclusive design, the evaluation
identified that the colour scheme presented difficulties for users with colour vision
deficiency, and screen reader incompatibility was also noted. Given that accessibility was an
explicit design priority, these findings underscore the importance of involving users with
relevant health conditions in iterative co-design processes throughout development, rather
than as evaluators at the end. These issues are, however, readily addressable and should be
prioritised in any future development of the platform.
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Interpretability and Data Literacy

Qualitative feedback consistently highlighted concerns about the risk of data
misinterpretation by users unfamiliar with data analysis or military terminology. This tension,
between providing open, accessible data and ensuring it is used responsibly, is not unique to
MONARCH but is particularly relevant given the potential for misinterpretation which may
directly (or indirectly) influence policy and resource allocation decisions. The development
of embedded guidance, contextual definitions, and tiered access controls would help mitigate
this risk and increase stakeholder confidence in the platform.

Scalability and Sustainability

The MONARCH platform was designed to be resilient and future-proof, and the
secondary data analysis work already underway demonstrates its capacity for ongoing
scientific contribution. However, sustaining data sharing agreements across multiple
organisations over time, ensuring data remains current, and managing the resource demands
of continued platform development, will require stable funding and appropriate governance
structures. The engagement of a Data Strategy Working Group was a valuable model in this
respect, and its continued involvement in overseeing platform development and data
standards should be maintained.

Broader Significance

As a methodological model, the MONARCH project has demonstrated that it is
possible to aggregate sensitive casework data across independent organisations, protect
individual privacy, and produce a platform that is both scientifically rigorous and practically
useful to policymakers. In doing so, it offers a transferable framework that could be adapted
for other complex populations or service contexts where fragmented data systems present
similar barriers to effective evidence-based planning.

Overall Conclusion

There is no doubt that the MONARCH platform represents a significant step forward
in the evidence infrastructure supporting UK veteran services. The foundations laid by this
project (e.g., technically, analytically, & cross-sector collaboration) provide a strong platform
on which to develop further. Addressing the limitations identified here, particularly around
data coverage, accessibility, and interpretability, will be essential to realising the platform's
full potential as a tool for preventing veteran crisis and improving service delivery at scale.
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Implementing an electronic public health record for policy
planning in the UK military sector: Validation of a secure
hashing algorithm
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Keyworde The digimlisation of healteare serviees (5 & major resource to [edons pelley-makers. However,
Serure Hashing Alzosithm the availability of data and the establishment of a deta fow presnt new isues to address, such as
::::"‘" E'I'I‘:’ dara amoaymsaion, records’ reliabiliny, md dacs Usknge. The veterans’ populition in e UK
u".':?ihlm; present= complex needs and sany organEations provide social and healthcare sapport, but their
I-Igl-‘:l.:lu darabicses ane not lleked or aggregatid o provide o comprebensive overvlew of service plsming.
Dats aggregation This =tudy aims 1o test the sensitivity and specificity of a Secure Hashing Algorithm o generate a

Dt confidimtisdity unigoe ancnymous idemtifer for data linksge across different orgasdations in the veteras
populaee. & Secure Hidbing Algesithm was performed by coscblering rwn inpus vastables from
rwy different datasets, The uniqueness of the identifier was compared against the single personal
key sdopied ok carent standand idesaifer. Chi-spaare, sessitivicy, mmd specificicy were calog-
lated, The resalis demonsimated thai the unique identfier generased by the Secure Hashing Al-
gorithen detecind mone uskqoes neconds wiven companed o the curment gold smndand. The
ideniifier demonsirsied optimal =ensithity and specificity and ® allowed an endanced daia
liskage benween different darasets, The adeprion of a Seoare Hishing Algerithm improved the
unky ol records. b3 , it ensured data ancnymicy by transformieg personal Eforma-
tian imie am encrypied idesdifier. This approach s bemeficial for big dain senagement and for
creiting im aggregated system for linking differest organisations and, in this way, Sor providing a
more comprehensive overview of healthcare provision and the foundabion for precision public
heatth sracegies

1. Introduction

The digitalisation af healthcare services i a major rescarce o inform policy-makers, However, the availability of data and the
establishment of a dam Now present new issues o sddress, such as big data management, in onder 10 properly ransform dara inmo
useful infarmaticn for healtheare: and soctal-services plannding [1].

The implementation of Electronic Health Reeords [EHR=) is key 1o providing quality and cost-eifective healthcare provisian
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Mareower, it is eseential for iotegrated care and to provide a comprehensive health record system, which follows mdividuals along their
lifespan and along their contacts with different lsealcheare services and professicnals [2,3),

Thee benefits of an EHR include administrative efficiency, improved access o information by bealthcare professionals, patienis,
researchers, decigice-makers, increased patient safery, ard costs reduction [3]. Along with these benefis, tsere are also three major
harriers to consider for the mplementation of am EHR. At the organisstional level (13, the et of implementation is an initial
bottleneck, which afects the healthoare systems waorldwide i adopting an EHR. While the benefits over time are evident, the in.
vestment [or implementation (s not always affordable, Also, ar the hieman resouree mansgement level (3], there is 8 peed for trained
prodesssonals o develop and madntain the EHR [4]. Moreover, it is also necessary to plan the healtheare professionals’ sduecatian ta
properly adopt the EHR and o avercome the resistance to cliange [51. A thind major barer B8 related oo privacy and secirity coneermns
(3], This aspect is strictly related to national and imternational regualations, and it needs to consider specific solutions to protect ine
dividual data [5]. This lar barrier i3 a key izsie o congider in future investments in EHRs and in human sesouroes education and
training.

1.1, Background ard significance

‘Within the UK, it is reported that there are 24 million veterans [7]. Bach vear in the UK, approscimately 14,000 men and women
leave the areed Forces and move Baek o eivilion life [5) and & progoetian of thase will experience social and healthcare needs sucl &
mental ardd physical health issues, homelessness and substances misuse [9].

When considering the veterans” services, data exists in three distinctive areas: government data (1) (such as data within the
Diepartment of Work and Pensions, Veterars UK or the Ministry of Justice) National Health Service Daca (20 and data beld by the
Military Charities (3. Military Charities play a significant robe in the provision of bealth and welfare services for former military
personmel [10,11], In 2017, it was reported that there were 278 military charities, 283 service funds (charities thar provide (inancial
funds to veterans], 82 military associations, and 6% mixed types of charities that provide suppect to the armed forces commandty [12].
Eaclh of these clarities within this sector collects data on hoew veterans use those services, and many veterars wiv need assistance will
engage with ane or more of those services aver time. This multiude of different data flows that exist within a sector that provides
significant care and welfare resources i this population creates an encrmously comples, unintelligitle piene of how thase services
are used by the veterans’ population.

Diesprive the karge populatdon and the wide nemwork of services and charities sddressing the meeds of veterars, there is a lack of
summary indicinrs of complexity, and a lack of coordination between different organisations. Each service and charity have their own
record system wivere different dana flows earrently exist. Harmonising and aggregating these dara flows is erocial 1o develop a clear
averview of the complexity of needs and w Emproving the social and healthoare services at the Natianal bevel [12].

There is a significant need to hommonize these data flows at o popalation level to understamding the characteristics of those using
services, where those services are being accessed and what needs are being met by these services, A harmonised or aggregatad dataset
such as this would create o national resource that would provide an evidence base for policy, rescurce allocation and service plammning.

This situaticn i= aimilar to the currest stans of epidemiological research in which ressarchers need 1o merge different datasers and
develap different linkage technigues to create a comprehensive dataset for research and for infoeming policy-makers,

T pecenl yenrs, the develapment of advanced eryprography techniques such as Secire Hashing Algorithms (5HA=) allowed re-
searchers to generate a unigue identifier stanting from a set of vamables, which should identify a anique pattern. In this way, by
imchuding a reasanable pumber of variahles o identify o unigue pattern, it i3 possible o generate an ananymaus ankie idemifier
acrass different datasets and merge them [13].

Theie makn poiint v address aind verify is the unigueress of the idemilfer generated by tse SHA and to determine il the set ol variables
1o generate it are wide and specific emough to ensure this unigqueness.

This appraach has the advantage to avercome the privacy and seoarity coneerns of an EHR and the potential to ensare a valid and
reliable way o merge different datasers or davaflows Trom dilferent sources over time,

1.2 Afmes of this sy

This study aims 1o 1esta SHA wo generate an anceymous unigue identifier for merging multiple dacasens from the Military Charities
Sector in the UK Specifically, this study aims ba:

1. Test the uniqueness, sensitivity and specificity of a anique identifier generated by o SHA;
. Test daca linkage by adopiing the SHA-generated umique idemilfer,

The SHA uwnique identifier will be vesied against the current standard identiffer (military service number],
2. Materials and methods
2.1, Smady design

This sty ndopeed a retrospective design by considering twa datasets from twi charities i the UK. One charity provided data from
twian vears (2021 ard D0Z2), In this way, this siudy also tested bath the wigqueness of tee SHA-generated unique identifier in each

E

MONARCH Project — Final Report for Funders

30



ML T of o Helvon ¥ (ARET) 2107 16

charity and the data linkage between two different years in the same charity.

2.3 Secure Hushing Algorithm

The SHA is a cryptography hash function ensuring both data imtegrity and awthentication through a digial centificate. & hash
function considers an arbitrary ingit (e 8 st of wariables) and geperates a fived “fingerprint” sring. The uniqueness of this
fingerprint depends on the inpat. $HAs are a family of hash functions designed for the sbosementioned purpose [ 4]

it this sy, am enceyprion ool has been adopred and customized to te specific variables and datasets of the Military Charitis
Sector in the UK. The package for gemerating the SHA undque identifier is an opensowerce package available at: bops:githubocom
Clin 1n-Using-Security-Models implemented in R Studie [15].

al Laboratory AGere rating-Unigue-10:e- froem-Pateint-identificarion-

2.3 Dato sources

Twao data sets were used from twa large UK Miliary Chanties. In detadl, rwo vears of data from the Army Benevolent Fund-The
Soldiers Charity (ABF 2021 and ABF 2022) and one data set from the Boyal Naval Benewolent Trust (RMBT). The ABF alfers sup-
port in independernt living, elderdy care, education ard employability, mental fmess, families and housing e those thar have served in
the British Army. The EMBT provides financial assistance and support to those that have served in the Royal Mavy, and their families.
As ABF oaly provides sppart 1 those than hive served it Bricish Army and RMET support to these than lave served in te Royal
Wavy, the SHA should not identify an individual receiving assistance from bath charities, as it is expected that veterans will be sup-
ported by their singhe serviee charity only.

2.4, Sumtisticol anmlyses

Data preparation was performed in Excel and datasets were converted in sy farmat to be imported into B Studia. The SHA unique
identiliers were generated by adopring B Swdio and the package mertioed above [15].

Datasets were preparsd by recording gender as "M or “F°. Military service numbers have been checked for congistency of the
forman (e, upper or lower cases, sequence of leriers and numbers expecied], Missing data in ane or both varisbles eonsidered for the
SHA generation (gender and military service number) hivve been delened. The unigue idemifiers were generated by using the same set
af imput variables (gender and military service mumber) for the SHA

I snep 1, descriptive statistics bave been pesformed e compare the Irequency of unigque records between the SHA-generatad unique
identifiers and the current gold standard. Chi-Square test was performed to compare those frequencies (p < 0.05). Sensitivity and
specificiny of the SHA unique dentiliers were caleulated agairst the curvent gold standard (miliary service number] to detect the SHA
ahility to correctly dentify a unique record (sensstivity) and to comrectly reject a duplicate record (specificity). The ROC (Receiver
Operntor Charpoteristics) curve was ploned and the area under the curve was ealoulated. The SHA unique identifiers, sensitivity,
sperificity, chi-square and the ROC curve were analyzed wsing SPSS v28 for Windows [16].

T step 2, data linkage berween e dotasers and teeir records was compared by considering the two identifiers and by adopring &
ane-to-ane procedure in Stata v13 [17].

Fig 1 presents the datn sowrees, Che steps for data analvsis and the main cuteomes of this soudy,

Datasets and pasticipants Socure Hashing Algerithm Steps and Outcomes
1 ' “‘hr :
R e sk | e e
o e S specificity
. 0 [step 1)

——

¢ Suctesaful  data

BERregation and 2ot
W - e - o ey data linkage ==
i ] WA [=ap )

Tha & reey & Moriens CRariny

nis 2612 (year 2021) ‘
ned, 513 (year 2022) #

- P L

€ i, i . | R el
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v improved  data
privacy
confidentiality

Pig, 1, Disin sources, seps for dota anahosis aeed main cuscomes.
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2.5 Frhical consideranions

This research complies with the Data Protection Act (200 8], which includes the General Data Prodection Regulations [12]. Ethical
approval has been provided by Momhumbeia University (reference mumbser: 2055),

3. Results

Thee dataset from ABF 2021 had 2622 reconds suitable for SH& generation, the ABF from 20022 dataset 2513 records, amd the RNET
dataser 26,684,

In each dataset primary (undgue) amd duplicate mses were identified by military service numbers and SHA unique identifiers for
comparing the rate of urique records detected by the SHA amd for caleulating sersitivicy and specificity

Inthe ABF 2021 dataset, 2F96, 2622 primary cases (87.6%) were idendified by military service mumber and 2306, 5522 (87 94%) by
SHA umique identifier. The rmate of primary cases identified by the S8HA algorithm, compared to those identified by the military service
mismber, was statistically significant (chi-square = 2530549, p < 00010 with & sessitiviy of 1009 (95%C1 = 99,6%-100%%) and 4
specificity of 96.9% [$5%C] - 94, 4%-98.5%] (Table 1) The area under the ROC curve was 99.8% (95%C] = 99.6-59.9, p < 0.001)
(Fig. Ik

Inthe ABF 2022 dataset, 2344,°2513 primary cases [93.3%:) were identified by military service mumber and 2353,/ 2513 [935.6%:) by
SHA unbque identilier, The rate of primary cases identified by the SHA algorithm was significantly associaned witl the sandard
appraach (chi-square = 2Z3ML07L, p < D001 with a sensitivity of 100% (95%C1 = 99.9%-100%) and a specificity of S4.7% (95%C] -
QL1 %57 . 5%) [Table Z) The aveh ander the ROC curve was 99.68% (95%C] = 9.7-100, p < 0001 N [Fig. 5.

In e RMBT dataset, 8600 726,684 primary cases [24.74) were identified by militory service number and §7 4326684 (25, 3%:) by
SHA unigue identifier, 1n total 142 primary cases were additionally identified by the SHA (chi-squane = 25947 662, p = 001, with &
sensttivity aof 100% (95801 = 95.9%-100%) and a specificity of 99.3% (95%C1 = S9.2%-99.4%) (Table 3. The ROC curve supparts
b oxprisnal sensitiviey and specificity of the SHA-generaed unique identifiers compared 1o the gold arandard, the area under the carve
was 989% (95%0C] - 98,7901, po< U001} (Fig. 4

A sereening of the primary records detected by the $HA compared to those ones detected by the military service number across the
o datasers reveabed tiat te same military service number was assodaved with different individuals (meaning a differem paerm of
variables). In this way, it is passible to confirm that the identifier generated by the SHA was able to identify more accurately the
umigueness of each individual,

In step 2, data linkage was tested. The RMET dataset was matchesd with the ABF 2021 amd the ABF 2022 datasets by the SHA unique
idennifiers: as expected, o manch was found between tee datasers, Similarly, the ABF 2021 daraset and the ABF 2022 dataser were
matched by the SHA unigue identifiers, and 1771 records were matched by the SHA unigue identifier which would indicate that 1771
indiwiduals were receiving care feom the chariny cver two vears, D oo the bewer sersitivity of the milicary service numbser, it was pot
possible bo maich the records from the two ARF datasets by military service number.

4. Discussion

Ensuring the privacy and securiny of an EHR i a comples e that neludes solutions at dilferent levels: physical, sdminisrarive,
and technical [149]. &t the physical level, it is necessary to focus on network security fram the warkstations and servers to WiFi radia
Trequencies and physical access o the devices in the nenwork, From an adminisranive perspective, it i peceszary 1o establish a rigk
management system, identify a chain of responsbilities for the system security evaluation, and plan a recovery strategy. The techmical
lewel considers users’ authentication, virug checking, firewall procection, amd data encryprion [19]. This paper focused on this last
aspect to link different datasets and dataflows in a valid and reliable way and, at the same time, o protect data confidentiality by
ensuring data anonymisaticn, This paper deseribed a procedure 1o ensure the uniquenees of records’ identification by adopiing a SHA
This approach demonsiraied a beiter performance in improving the identifiers” undgueness, compared to the current standard.
Mareover, the SHA generated unique identifier allowed the anormymisation of daa by deleting the individuals’ personal information
ance the unique identifier is generated. The SHA unigue identifier also demanstrated an improved data linkage.

Previous approaches for matching reconds have shown controversial levels of accuracy [20]. A sufficient number of input variables
i crucial o ersure D anbqueness of an idemtiler and accurate recards” matching, The SHA tested in this paper demonzrated an
aptimal sensitivity and specificity and it also performed better than the previous approach when matching different datasets. More-
aver, the sensitivity of the SHA uniqiee identifiers is optimal in the 3 datasers and the specificiny improved with the cample sie. This

Table 1
AEF 2021 damser. Cross-rabulaios sailicary seevloe number aesd SHA idesil fer.

Milieary Service Number

Primary cams Duplicnée cams Teal

SHA ideniifier Primarny cses 2 (1) i1 234 3 = AR 545 p < D00
Duplicnte cass 1] EL6 (a1 B
Todnd 2390 126 2632

"sememivity *fepecificity.
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Fig, 2. ABF 2021 datases, BOC corve of the SHA identifier against the gok] standard, (Por interpretation of the references to coloar in this fgume
Begemed, thee redder is relensed oo e Web vession of this amicle.)

Tahbe 2
ABT 2022 dataset. Cross-abulatios military service number amd SHA idesifer.

Blilicary Service Mumber

Primary cass Duplicss cams Tutal

SHA idiniifier Prirmary coes 2544 { 1P L] 21353 :’ = ZEOT p = Gk
Dupllcate cass a Wi 54, T8 %) 182
Teotad 2544 (L] 2815

*sememtivity: *“specificity.

suppens the sdoption of the wigue identifier generated by the SHA, & it is abbe 1o improve the mecords” uiiqueness, data anonym-
isation and data linkage, especially when managing large datasets and big data [12].

Furthermaore, this approach allows data e be aggregoted from different organisations. This enables the mmeractions between
veterans and military charities to be abserved at the population level, irrespective of which arm of the Britsh military Foroes they
served in, and in turn, representing teeir social and health meeds, This is o fundamenal step o st planing healtheare provision at
the Mational level and addressing the complex needs of this population by preventing poor health and soctal conditions, promoting
healthy behasiours, and early detection of condithons of sinsstions which might impact seserely on the servioe users. The rale of big
data management in puhlic health and the military veterans space is crucial to allocate the respurces to promate healthy populstions
1207 sl the ienplementation of unigue aod amonymous Memifers thioagh & 5HA i 8 promising soluticn o develop reliable data
aggregation from different sources. Furthermore, this approach will help develop the implementation of health and social care g
tegies for veterans, and 0 will eontribute w0 8 mare precise analyss of individuals and groups at e population level, leading o
improved public health imterventions for veterans [22]. While the benefit of public health is clear, it is necessary to consider also the
risha pelated to this approsch, a8 this kevel of decail B a potential haren lfor the privecy and security of individuals, However, itis argued
it the majer advantage of e SHA 18 that it enables boly data aggregarion amd precizion public lbealth, but abse ensures data an-
anymity and confdentiality [49]. The SHA and the generation of o relinble and ancoymous unique identifier is the gateway for dota
agpregation, and, over time, implementing big data in the military veterans’ population. This teen bas the potential 1o then develop
machine leaming and artificial intelligence solution for precigon public healeh [23,24].

5. Future implementation

The SHA approach is recognised as the gold standard for geperating o unigue wendifier. It requires good-snough computing
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Fegend, the reader is relenned co e Web version of chis amicke)

Tahbe =
RHET dainset. Cross-abulatios military service nusskser and SHA identifier,

Mlllimry SErvio: Mimber

Primury cuses Dupheuin cawe Tatal
SHA idimlifier Primary o Sa0L (L0} 142 ER43 i = E0ET SRS p - G
Duplican: cases Q 1581 (5 F 19541
Total &all 20,085 In 564

"semeivity *Pspecificity.

capability 1o be perfonmed, especially for large datasers [13], 0 the computing capability i ot a reason of concern, this approsch i
recommended.

Tib soie cases, the SHA can generate the same ideimifier for different reconds dise 1o data entey fass, wiicl could lead o the saie
input wariables for different records. For this reason, daia checking amd preparation before performing the SHA is esseniial to ensure
i wnbquee identifiers accuracy [25].

In this study, the largest dataset included 26,684 records. While this sample size was adequate for methodologically testing the
algorithm, further tests cm big dats are recommended. Morecver, tee SHA has been performed by cosidering mwo input varishles o
generate the unigue identifier. While the results are smatisfactary, it is recommerded to use more vanables to better ensure the idens
tiffers’ uniguersss,

&, Conelusion

Veterans are 4 considerable population i the UK and they present with complex mesds an the social and public health level Miliarny
Chirilies ane ey in sddressing this complexiny and in providing suppsort e this population. However, they Sctas Separate organissions
and different datasets, and information flows exist withowt being aggregated or providing a comprehensive overview of bow those
siervices ane wsed by the veterars’ popilation, This study implemented a SHA Tor gemerating & usique identifier e facilivate data
aggregation and linkage, so as to aggregate these datasets and support a better bealtheare provison ar the public health bevel. This
technical solution alse addresses daca conlidentiality and ancaymisstion by protecting personal dara while ensiring aocarate data

apgregation.
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Abstract

The assistance to veterans in the UK i provided by the National Health Service and aver 1800 military charities.
These charities count services using different definitions and reporting systems, so to date a national registry of
service usage does not exist. The aim of the Map Of Need Aggregation ResearCH stwdy i to build a standardized
registry of service usage data for the military charity sector. Data are completely anonymized by adopting a
Secure Hashing Algarithm. A unigue anonymous identifier is generated allowing both privecy pretection and
avaiding double counts. Data are standardized and linked with an sutemated process te oreate an aggregated
dataser The dataset describes the population, wing both a prior and machine learning approaches. To date a
total of 42 509 weterans with 128 423 needs are included. The mean age wad G001 years, and 90% were male. B5%
were receiving other benefits, 53 were homeless and 1% were in prison. 65% of the needs recorded coneerned
social wellbeing. 40% of veterans received assistance in at least two different years. The k-means clustering
approach returned 4 subgroups of use that were identical to those created using a prioe knowledge. The dataset
is the most comprehensive source of veteran charity usage data in the UK 1o date. Service usage is generally
homogenous among subgroups, but some differences were highlighted indicating that younger, non-officer
velerans may be more at risk of presenting with more complex needs. These first usedul insights can help allocate

resources to build an effective preventive strategy Tor moane complexs cades,

Introduction

Veterans as & vulnerable population

here is litte intormation on the prevalence of complex needs in

veterans, Those that do expenence multifactorial difficulties
when they leave the military should be conssdered as wulnerable,
as they generally have imterconnected mental, physical, and soczal
health problems [1]. Besides the risks directly connected to service
(physical [2]. chemical [3]. beologscal [4]} that may cause health
consequences over a bong period af time, some veberans face numer
ous challenges upen ther retum to avilian lite. They can suffer from
mental bealth conditiens such as PTSD, depression, and anxiety |5,
G|, and face many social challenges after descharge, for mstance
ecenamic hardship, unemployment, homelessness, and food inse
curty |7].

Thesze physical, mental, and seczal health izsues odten present sim
ultanepusly in a single veteran, interacting and exacerbating one
another [§]. Spme examples of these interactions are unemployment
and hinancial hardship that increase the risk of many mental health
conditions [9]; mental health conditions such as depression can in
crease the risk of hypertension, dyslipidasmaa, and diabetes [ 10, 11].
However, survival studies have demonstrated a longer lihe expect
ancy for veterans |12] compared te gereral population. Thas effect s
well-known as soldiers are pre-selected amongst physically perform
mg isdividuals and this leads to an invsal advantage known as
healthy seldier effect (HEEL Interestingly, there is increasing en
dence that this effect is eroding in recent years, bringing veteran
martality clozer to that of general popualation |13]. Moreowver, while
younger weterans have a higher mortality, older veterans keep
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showing a clear FISE, and this may be due 1o a higher prevalence
m younger generations of obessty [14] and wnhealthy behaviowr
such as smoking, drnking, and drog use [15].

Assistance for veterans in the UK

Diespite the complexity of veterans’ needs, it is hard to hnd com
prehensive data in this sector in the United Kingdom (UK) | 16]. For
health issues, weterans are cared for by the National Health Service
(NHS), but there 5 no reliable national marker 1o identty their
milrary veteran slatus [17].

In addition, Military chartties in the UK provide a parallel form of
assistance, ranging from inceme support to povale doctor appoant
ments or direct mental health suppart. 1t is, therefore, clear that
studying the health of veterans while relying zolely on NHS data
provides an  incomplete  picture for  this  population and
oz complexity.

Usage data from the UK Mililary charities sector i fragmented
and recorded in a brosd range of ways that make it difficualt o use.
An additional challenge i that as of 2020, there were 1843 military
charities in the UK, mnging from major national charities 1o small
local ones | 1], Many of these charities provide different services as
well as supporting veterans vicarsously through other chanties, cre
ating a risk of over-counting service delivery.

An instal study that investigated the potential to use charity data
o explore the wellbeing of veterans was undertaken by the Morthern
Hub for Veterans and Family Research 2t Northumbeia University
as part of the Map of Meed project |7]. While ot provided some
mzights about veterans’ health e the UK, it coversd one major
charity and relied on a static dataset |19]. The Map of Need propect
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also mapped veterans’ charity engagement across the UK, but data
was limited 1o wsers interacting with an app-based signpost
ing platiorm.

T provide a more comprehensive and self-apdating source of
data, the Map OF Need Agpregation ResearCH (MONARCH)] pro
pect was established. The aim of this study was to build an aggre
gated selbupdatmg dataset, collecting, aggregating, and making
accessible charity usage data of veterans nabionwide.

The aim of this article is the exploration and description of the
MONARCH project data, proveding the first comiprehensive pacture
of charily service usage by veterans in the UK.

A secondary objective is 1o siratify the veterans according to their
characteristics, in order 1o identily possible differences in usage
patterns ameng subgroups.

Methods

Study design
Cross-sectional study.

Study population

The MONARCH project data consists of the veterans who have
accessed military charity services between | lanuary 2018 and 15
June 2023 [date of last extraction]). The dataset mcluded fve of the
major nabional charities m the UK. which covers support for all
branches of the British Armed Forces. The largest of those organ
mtns undertakes case management for over 128 smaller charities
or military charity funding bodees.

Anonymizing data and assigning a unique identifier

The first step of linking the datasets was to assign a unigque identiber
for the people assisted throughout all organizations, and, for this
purpose, a Secure Hash Algonthm (5HA} was used as implemented
by Tomietto ef al. [20]. This approach uses three variables 10 gen

erate a B4-digit code, namely service number, date of birth, and
gender. Hashing algorithms are deterministic, so they always return
the same output for 2 given input, and this makes them wulnerable
te dictiorary attacks |21]. To further secure anecnymization, a
‘sall” variable (a password only knewn te dala providers) was added
as a fourth input making dictionary decrypting impossible. The
wlentifying variables are then remowed from the dalaset before it
15 made available for analyses, leaving only the completely anonym

ous unique hash identifer This approach is used by the UK
Oiffice bor Mational Statistics for anonymizing personally identifiable
information [22).

MMeasures
Definition of need and aggregation

The statistic unit of this registry was each ‘need’ captured by the
charnzes, dehined as a request, by a given persan, for 2 gaven reason,
i a given year, for which the wveteran received assistance.

The types of needs were then classified wsing 3 layers of
aggregatiom

(1) A categary af need as provided by the charities

(2] An aggregation based on the dassbicatien of needs used by the
reports of the Dual Dhagnosis National programme, speciically:
family or relationship dofficulties, mental health issues, social
izalation, substance misuse issues, physical health, a2 history of
odfendimg behaviour, a learning disabdlity, a physical disability,
domestic violence, employment problems, homelessness or
housing issues, poverty [23]

{3} A further aggregation based on the three pillars of health (phys
ical, socml, and mental) according to the definition of the
WHO [24)
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Cutcome variables

The mamn autcome variables are the number of needs met, the num
ber of accesses and the repeated request for the same form of as
sistance. The number of accesses was compuled, for each veteran,
counting the number of years in which the same subject was helped.
The repetition of need was assessed, for ecach subsequent access,
checking it a need was met at least once in previows years.

Ezposures

The characteristics of the veterans recorded by the chanbies were
linked and harmonmed:

* Age was calculated as the difference between the date of the first
need recorded and the date of birth. Age was then classified in
“working age’ (=66 years) and “non-working age’ (<66 years).

* For the variables ‘gender’, 'rank’, "accommedation” ‘marital status’,
"service’ and Cim receipt of other benefits’, the Last value b be
declared was taken into consideration.

* People recorded bodh as a veteran and 2 a family member {i.e.
spouse of a veteran which is also a veteran} were classified as
a veteram.

Statistical method

The statistscal analyses consasted of a descraption of the population,
of service usage and a stratification according to different usage
pabterns. Categorical variables were reported as absolute frequencies
and percentages.

Stratrfication by oubcome ocourrence was performed in twao sub
sequent steps: first it was dene by o prior knowledge, dividing the
population in foar subgroups based on the ores provided by char
mies. Then, a Komeans technique was used to create clusters. The
results of the two approaches were then compared. In this way, it
was possible 1o test the performance of the clusters created with the
machine learning approach {K-means] against the stratihication
made by a priori assumptions. In other words, the E-means algo
rithm was tested 10 determine its effectiveness in uncovering a pre
wemasly hypothesized patlern

For the classibicabion & prior’, veterans assisted only in one year
were further divided by the number of needs met [single vs maul
tiple). Veterans assasted in bwe or mere years were funther divided in
a subgroup always presenting with different needs [called ‘all new
needs’) and a subgroup that came back at least once with the same
request made mn previcus vears [called ‘repeated need’). Thes led 10
the formation of four subgraups:

* Ringle access, single need. People that accessed a chamty with a
single request and did not come back. In this case, it is possible
that the problem was simple, and it was solved by the access.
Single access, multiple needs. People that accessed a charity with
maultzple requests and did not come back. In this case, it is possible
that the problems was more complex than the previous scenario,
but ot was probably solved as the veteran did nat come back.
Moultiphe access, repeated needs. People that accessed a charity
with ane or more problems and came back at least in one different
year with the same tssue. In this case, it is possible that the effect
of the inter was nat optimal, as the problem kept
representing over time.
Multiple access, all new needs. People that accessed a charity
with one or more problems and kept coming back in different
years with always dibferent requests. In thes case, it & possable that
the requests of services are a sympiom of a deeper problem that
may nat be properly addressed by service providers.

*

For the classibicatson based on machine kearning, a K-means tech
mique was used to create clusters of use based on: the total number
al accesses, the totl number of needs and the number af years in
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which each single need was met. EK-means cluster analysis = an
unsupervised machine learning technigue that is usehal for identify
ing latent patterns within a sample distrébution and proveding
descriptions of these patterns and subgroups. To determine the ideal
number of subgroups, a two-step cluster analysis was conducted,
utilizing silhouwstte measures of cohesion, and employing the
Euclidean method [25).

The Chi-Square test was adopied o assess the statistical signaf
cance of the differences among subgroups. A P valoes < .05 stated
an adequate statstical significance.

The analyses were conducted using SAS Enterprize Guide version
&2 [26) and SPES version 28 |17).

Ethical and data management considerations

Data management was structured according to the General Data
Protectisn Regulation [20018) and the UK Data Pratecton Act
(2012), Electronie dala were securely stored in a protected folder
accessible to the research team. Ethical approval was obtained (ref:
M55, datez 12M11/23). A data agreement was signed and legally
approved betwesn the research centre and each chanty. Each dataset
was then aggregated into an anonymized dataset. The aggregated
regisiry 15 managed by the research centre and is accessible 1o each
chartty. Access to the aggregated data will be possible through an
inleractive portal in $A5 Visual Analytics.

Results

The database bt date consists of 42 264 weterans and 113 521 needs.
The needs concerned: 74 037 {65.2%] secal health, 864 [0.6%] men
tal health, and 38 &30 (34.2%) physical health.

Table 1 showws the characteristics of veterans who accessed char
thes for various needs. The majority of the veterans were male
(88.6%]), working age (809%), non-ofbcer rank (%7.7%), single!
divorced'widowed (61.8%], and served m the army [6d4%). The
mast commaon bvpe of accemmodatzon that beneficiaries Lved in
was a house {49.0%), followed by flal or an apartment (27.3%)
and 371 veterans {1.0%) reporbed biving in prison. The maporaty of
the veterans were i receipt of other benefits (84.2%) and had one or
mawe dependants (74.0%). Most of the veterans were helped for
zacial well-being (792%}, roughly one third for & physical health
need (35.0%), and =ome for a mental health need {1.2%). 60.1% did
not return for further assistance, while the remaining 39.9% came
back in mare than one year, suggesting ongring need, Around half
of the veterans with a single access [37% of total) ealy reperted one
need, while the rest [22.1% of todal) reported multiple needs. (4 the
weterans that were helped in more than 1 year, a small number
presented with all mew needs (6.8%) and a third returned for further
assistance for needs that they were already helped with (33.1%).
Overall, 29.4% of the wsers only had one need, 272% two needs,
15.9% threes needs, 9.4% four needs, and 18.2% bve or mose needs.
In summary, around 0% of veterans came back in two or more
years, and around 7% presented withh more than one need in the
study period.

Table I compares the characteristics of veterans who accessed
charttzes tor varwous needs by usage pattern. The results show that
the fellowing characteristics were signibicantly assodated with the
usage patternc age, rank, martal status, service, accommodataon, and
receipt af other benelits; the variables gender, number of depend
ants, type af mesd, and needs per veteran were nof.

In particular, veterans in working age tend to present multiple
needs and both single and multiple accesses. Those being married
tend to have single access and single or multiple needs. Cn the
comirary, veterans declarmng being not marriedinot co-habating
tend 1o have multiple accesses and present maultiple needs.
Moreover, veterans with multiple accesses with multiple or repeated
needs have the highest frequency of living in precanous forms of
housing (Table 2],
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Table 1. Characteristics of veterans accessing charities

Frequenscy Perceninge
Gander
Farmala L5300 1.9
lala 37453 g3.6
Cribeai g 0.0
Ags
Moo Warking Age 15540 9.1
Wiorking age BT £0.9
Rand
Fon-Otticer 3550 .7
Criticar g 3
Mlasital snabus
Flaeri pdiConabitmgCivil 15159 3a.z
Sarng oD b RS e 25105 [ K:]
Sareeid
Army ¥ 20 6.9
Crther 1360 32
Rargal Air Farce BEo2 0.4
Pergal Mannes A 20
Pergal Navy 4155 9.4
Mexoenmodation
Flatiapartment 10054 Fip]
Hemelese TertShelter 27 5.7
Hean| m 1.5
Hease 18673 44.0
Mursing Home 54 Ly
Crther 5013 1.7
Prison m 1.0
In receipt of ather benafits
[ 1] 12553 35.8
ik i el | 4.2
M. of depandasits '
F dopandarnts e 8.0
I dependant 553 18.5
2 dependants RE= 6.0
3+ depandants 13449 29.5
Typa of need
Helpad tor physical health need 14750 35.0
Helpad tor mental health reed 435 1.2
Halpad tor ocisl well-boing 3347 3.2
Acoassas per vetaran
Did not come back {1 naady 13409 3o
CHd niot oo back {multiple raack) 13018 231
Caired Back (Al need nads) IEED 6.8
Caited biack (Repeatad fioeds) 13557 EER|
Meeds per veteran
1 12464 9.4
2 11453 ne
k] IRt 15.8
q et ] 9.4
5 or more T 8.2

Table 3 compares the clusters made ‘v prior” and the dusters
computed with the k-means technique By applving the silhoustte
measures af cohesion, the ideal number of clusters was foand 1o be
d, and the dlusters computed by the unsupervised approach were
exactly cormespondent to the ones created 'a priori’. This means that
each subject was grouped in the same way by the unsupervised
algarithm and by the researchers, with a complete correspondence.

Discussion

Our bGndings show that veterans accessing charities tend to be
younger than the general veteran population (1% in working age
vs 47%). Mast notably, the gender distribution of military charity
usage was similar to the general veteran population {11% hemale vs
13%} 28] which counters the current narrative in the UK, that
women veterans face barriers b accessing services from muilitary
charities [ 2%, 50]. This may indicate that yvounger veterans, irmespect
we of gender, are more Likely to seck help from military charitses,
and this is conszstent with previous ressarch | 7).
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Table 2. Characteristics of veterans accessing charities by n. of accesses

Flultiple access, Bulfiple access, Single arcess, Sngle access, P

all new naads repeated maads sngle raad mnultiphs neads.

Fraguency Porcentags  Fregquency  Portentage  Freg Porcentage  Freq ¥ P tirg
Gamder 1343
Female 310 108 1863 1a 1372 1.1 14858 1.3
Male 2570 BE.Z 12 254 EB.1 11 833 BE3 11 558 88.6

< 0001

Man-vwarking 134 25.5 =4d5 4B8.5 s 0.4 £e34 41
Wirking agu FAL T 7472 535 7312 B0.& =2 6851
Mean age
Rarnk a4
Man-otticer 1930 8B.3 FEal 574 ET33 878 aldz 37.8
Officar 33 1.7 159 28 214 24 154 1
larital status <
Flarei adiCaha bitingTiil oze 357 5190 3748 £352 ELE-] HEEE 376
SinglaDivorcedWidowed a1 (L8 gAY 621 457 B0 LAkl 625
Service = N
frmy TYBE 6O.0 BAG0 60T LN Br2 Bl 6.9
Cither B Xy 451 LR ] AchH LR 418 32
Rarpal fir Foree ELE 16.8 i 234 2 104 22T 202
Rarpal Marines a8 1.7 243 1.7 2m R il 2.3
Perpal Bavy 275 96 1579 1.5 1116 LE] 125 94
Amoammedation <
Flatiapartment Ty 287 nn FLE ] = 258 b, 9.0
HomelssTentShalter e 69 12 50 §a 54 S L 3]
Hatel a8 1.9 % 16 " 1.2 LB .?
Hause 1256 a8.5 & ary 556 511 3] a5
MHuning Home 24 a8 L L] 24 154 1.7 118 1.2
Cithver ans 1.8 1840 155 1553 158 1441 123
Prisan 34 13 108 0s 114 1.0 s 1.0
I raecaipt of other bamatits « 0
Ha 74 k) 3330 333 4758 385 4131 35.8
b1 16B9 BR.& E£710 BE.T = B1.1 T3 Bd.1
M. of deparsdants S044
Mo dopardants 544 258 25993 257 =51 270 2000 5.3
I dipendant 459 18.5 1282 8.5 157 18.0 1 18.m
2 dependants 843 259 vl ] 264 - 256 ] 6.0
3+ depardants 138 20.7 2575 28.3 3320 204 3E1s 29.8
Typa of need
Helpad for physical heatih need 1006 3448 5527 ELE] E et} 38 &34 33z « 0001
Helpad for mental health reed 35 12 153 1.2 126 1.0 m 1.3 1768
Halp=ad for social well-baing 12 B3E 173 ITAa D57 TTE 10 535 an.s = a0
Maads por veberan = 0001
i ] a0 [ g 12 469 ik -] L]
2 3 LR 2 165 o LR B15a 62,7
k] 914 nr 2572 184 o LR LEA ] 29,8
q S5z 18.5 203 165 o LR 1133 L
5 ar more 400 189 &M ak.6 i g &% kR ]

The mast common type of need presented by veterans was secial
wellbemng, followed by physical health. Only a small percentage pre
sented with 2 mental health need, while other studses repont much
higher prevalence of these conditions [3, &].

Several characteristics that may indwcate that veterans are a vul
nerable population were identibed. In of detail, the repetition of
access, the receipt of other benefits, and the lving conditions of
sime veberans. In particular, the fact that 3%.5% of weterans accessed
chartty services more than once suggests that their needs are not
fully met in the first access. Furthermore, 67% of them received
other forms af benefits, suggesting that the need for support s often
nat limited to 2 simple need, but prabably part of a more complex
problem |23]. Thas suggests that the veteran popalation may have a
high level of complexity (31, 32|, and thes is consistent with previoos
studies |5], where veterans were found 1o be resistant to ask for help
until the problems become multiple and unmanageable.

In addition, a signthicant percentage of the veterans wha accessed
charty services were Living in prison or were homeless, indicating a
severe form of difficulty. The fact that 25% of people who accessed
had dependants (children or spouses) may indicate that the number
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of those in need might be even higher than what reporbed from
sechor charities.

The stratefication “a prior’ bazed on usage pattern showed statis
tically ssgnificant diferences among subgroups. Specifically, the sub
grouap with a single access and a single need had a higher frequency
ol being marmed and a bow percentage of other benefits’ claim. This
s cansistent with previous Literature [33] and could be attributable
to the fact that those with a stronger family support net tend to go
lezs frequently mn crisis. 1t is therebore possible that this subgroup =
the one with the lowest complexity, having stronger family support
and less need tor charitable services.

O the other hand, the subgroup with mubtsple accesses present
mg with all different needs was the one with the lowest age and
lowest prevalence of officers. In addition, this group had the highest
rates of people living in prison or being homeless and the highest
percentage of people asking for other kind of benefits. These char
ackeristics corrabarate the assumption that this subgroup = the ane
with the highest complexity, probably suffering from issues that
canm be solved by a charity service but probably need a more
holiste evaluation, In fact, ot @5 possible that younger wvelerans
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Table 3. Clusters by pattern of acoess

Chusbers
1 2 3 F
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Care back (Repeated needs) 12857 o a ]
O not come Back {1 naad) o 12409 a 1]
O not come back {mul- o o 12012 1]
tiple raeds)

with lower ranks have a lower education level [34], which is a
recognized social determinant of health [%].

However, the differences amaong subgroups are modest in abso
lute terms, indicating that the wveteran population who accessed
charsty services is relatively homogenous. This may suggest that
the factors that influence the usage of military charity services could
be related to ather variables that were not included in our stady.
Future resecarch should explore other possible determinants and
their assocmtions with the usage of charity services by veterans

Strengths and limitations

Orie of the main strengths of this study is that it provides the forse
comprehensive registry of veteran charity usage data in the UK. This
s the first study that combines data from multsple charstses that
offer ditferent types of support to veterans, applying a =2t af deh

nilsons and harmonizing heterogeneous datasets. This approach
allowed us to gain a deeper understanding of the characteristics of
the veterans who access charity services, and to identify patterns that
may nat be evident from a single dataset.

Another sirength 1s that for the first ime in the UK it includes a
high number of veterans who accessed military charity services. This
number can be considered reliable, as double counting people wha
were helped by multiple charities, {a process called "almonisaton’,
where multiple chariies fmancially contribute o the resolution of a
single problem} was eliminated. Proor to this study, each charity

bved in an “alm d' case would record that case as an indi
widual helped, therefore, a person was counted multiple times for the
mame problem. In the military charity sectar, this created a significant
indlation of usage rates, since the datasets were not linked with proper
cautson. This process was made possible by the use of SHA as piot
tested by Tomeette of al, ensunng data anonymity and improving the
unique identification of each veteran across different data sources
|20). The aggregated dataset has alse the potential to be linked 1o
other large datasets {2.g. fraom NHS registmes) 1o provide a wider
understanding of the health and social care needs of this population.

One of the main limitatsons is the coverage of the charity sector in
the UK. Qur study is net vet fully inclusive of the whole military
charity sector. Theretore, our results may not reflect the full spec
trum of services that are used by veterans in the UK and may be
biazed towards the types of services that are offered by the chanties
i our study. In the future, the MONARCH project will expand the
cowverage of the charity sector and mclude data from more chanbies
that pravide different types of suppont to veterans.

Anather limitation of this study is the data incompleteness. Not
all the charities in our study provided dala on all the variables that
were analysed, and this may constitute 2 source of hias. To address
this 1ssue, feedback was provided to charities shanng data, and a
warking group on data strategy was set up. It 15, therefore, expected
that in kallowing vears, the quality of data will improve constantly.

A further limitation of this study &5 the absence of a contral group,
as we did not compare the weterans who accessed charity services
with those wha did nat, This limits our ability to idertily the Rctors
that determine the usage of charity services by veterans. Future re
search should focus on recruiting an appropriate a controd group o
conduct a comparative analysis
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Finally, the machine learning approach should be bath considered
as a strength and a limitation. The “unsupervised’ automated ap
proach returned the same results as the ‘o priord’ approach, strength
ening the validity of the hypothesized pattern. Howewer, the K
means algorithm needs a careful vanable selection o provide useful
msights, and, if this conditson is met, the resalts are similar to those
obiained using an approach '« priem’.

Conclusion

Thes study provides 2 novel and comprehensive analysss of the usage
al charity services by veterans in the UK. This work established, for
the first time in the sector, a registry of veterans and a methodology
for data aggregation and harmonization based on a shared definsiaon
af health and social needs. This study provides useful inmghts o
decsion-makers and may be used to gusde future planning and health
and socal care provisson, Futuare developments will expand the regis
try by including a wider consortium of charities and involving the
NEHA Thas will strengthen the study of the determinanis of service
usage and by uncover the causal pathways leading veterans to a criss.
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Key points

# The MONARCH dalaset is the first comprehensive
mabicnwide registry in the UK of military charity data

& Previous issues with this data such as double counting were
resalved using an inmovative method of anonymzaton

» The understanding of usage patterns can lead to the design of
targeted preventive strategies
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Abstract

Sodne veterans face unbgue physical, mental, and social challenges, leading them to seek asistance fram military
charities. This case-contral study uses data from the MONARCH Study and the tri-ervice food insecurity study,
with the aim to identify key risk factors associated with charity usage among UK veterans. Cades (veterans who
arcessed charities in 2022) were compared to contrals veterans who did not access charities). Logistic regredsion
and a randam forest algorithm were used to identify risk factars for charity use, Several risk factorns for charity uie
were identiflied: younger age, living alone, being a nen-ofiicer, and living in rented accommadation. Having
dependents was found 1o be protective bul smerged as a risk factor for veterans living alene and protective for
veterans living with others. The uie of & random forest algarithm confirmed the statistical importance of theie
variabiles, offering desper insights inte complex interactions. These results improve aur understanding of the risk
factors for charity usage by veterans and provide a predictive model that could be implementad in planning
service provisian in public health, Additionally, it could be used as the basis for the mplermnentation of targeted
praventive interventions, allowing for proactive measures to be taken to support veterans befare they reach a
paint of neesding charity services in a period of crisis, These predictive models could enable mare efficent re-
source allocation and the development of tailored strategies to addres the specific nesds of at-risk vet-

eran subgroups.

Since the vulnerabilities of this populstion are multple and afhect
different aspects af health, the nesds of these individuals have been
delined as complex |9, An attempt to measure complexity in vet
erans has been made by Fadeeva et al, who developed an indicator
and valsdated it wsing malnary charity data [0 L1]. The results
showed that, while the majority of veterans presented a low level
of complexity, a significant minarity had high levels,

Introduction

Complexity of the veteran population

Vebenns are recognzed 2 a population that cn fce increased
challemges, and there s evidence that in recent years this vulner
ability miay be increasing 1] While hastorically veterans had a longer
life expectancy? than the generl population, a phenomenan known as
hiealthy soldier eflect {HSE), in recent years, thes advantage is ercding,
possibly indicating a worsenang of overall health status |1, 2).

In Exct, some veterans may suffer the physical health consequen
ces af msks related to military service, such as the chemical risk from
exposure bo explosives or gases |3, nosse-induced hearing loss
{explossonz, heavy machimery), or biclogical risk derived from
deplovment m areas with a high prevalence of inbectious dasease.
Muoreower, the stress of being in combat leads some weterans to
develop mental health conditions such as depresston or Post
Traumatic Mress Disorder {FTSI) [4]. It has been argued that the
warsening of health status may be assocmted with improved surmval
rates to injuries that in previows wars would have been un-survivable
|5] {this may have caused an increase io veterans lving with dis
ahilities], or te the higher prevalence in younger veterans of risk

Assistance to veterans provided by charities

In the UK, veterans' healthcare s provided by the NHS along with
the rest of the general population. This is supplemented with ower
L&D malstary charities that provide additsonal support for physacal,
mental, and social health isswes |12]. Although military charity data
are highly fragmented, the Map of Needs project |8 demonstrated
significant mtormatrve potenbal. Thes dnitiative was further devel
oped through the MONARCH Study |153], which ultimately estab
lishied a comprehensive national regestry of charity usage data from
weterans in the UK.

The first analysis of the dalaset unveded the characleristics of
weterans accessing charities, indicating they deffer from the general

factors such as smoking, drinking, and chesity |4, 7], Beyond phys
wcal and mental health tssues, veterans can face secial challenges,
mcluding unemployment and financial difficulties [§].
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weteran population as reported in the 2021 census. Specbically, vet
erans using charities tend o be younger, non-ofbcers, living in
rented accommadation, and often living alone [13]. While these
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findings provide valuable insights they are limned to charity users,
=0 the conclusions remain purely hypothetical.

The benefits of early intervention

Research indicates that veterans often refrain from seeking assist
ance umtil their problems become severe and unmanageable |14).
Therefore, it can be hypothesized that veterans that refer to a charity
have struggled for a certain amount of tme and with 3 certain
number of ssues before seeking help. As issues that affect veterans
tend to influence and worsen one ancther [13], ot s plausible that a
single msue can escalate inte a series of complex problems, making
resplution sagnificantly more challenging.

Consequently, early intervention for veterans is more beneficial
and may be more cost-elfective than allocabing resources to assist
weterans in crisis, It & possible that a ssmple mtervention made at an
early stage on healthy veterans could prevent a situation where a
weteran is forced to seek help from a chanmty for complex nesds

However, implementing large-scale intervention measures is cur
rently mmpractical for several reasons. First, there are approximately
2 million veterans in the UK |15, 16], necessitating an interventson
of substantial scale. Second, early findings from the MONARCH
Study demonstrate that cnly a small percentage of veterans [13]
expersence issues that lead them to seek help from military charties.
Third, there is na validated mtervention proven to prevent the spe
crlic physacal, mental, and social health issues faced by veterans

In addition, in recent years, the concept of Precisien Pablic
Health has emerged as a responge o the increasing avadabality of
extensmve data, amming to tailor public health interventions similarly
to advancements in precisson medicine. This approach seeks to en
hance the eHectiveness of public health strategres by using
population-specific data to delwver targeted interventions at the right
time and place [17-19).

Previous evidence on risk factors for adverse
outcomes

An alternative method of implementing an intervention would be ta
sdentify a subgroup with higher risk, o focus on veterans that coald
benefit the most. However, the risk factors associated with military
chartty usage remam unexplored, making it challenging to pinpaint
a target population.

lohnson &t al [20] attempeed 1o identify risk fctors for adverse
outcomes through a cross-sectional study assessing the prevalence of
fond insecurity among UK wveterans. Their findings indicated that
yaunger, non-afficer veterans residing in rented accommaodations
were at higher risk compared to older, officer veterans owning their
own homes. Monetheless, the cross-sectional natare of the study did
not allow for the determination of a definitive causal relatsonship.

Objective of the study

The abjectve of this study is to determine the characteristices of
military veterans which are risk factors for milstary charny usage,
by comparing a graup of veterans that accessed a charnty (cases) and
a group of veterans that did net {cemtrals),

Methods

Study design
Caze-contral stady.

Setting and participants

Cases are selected by simple randpm sampling [21] among veterans
who received services from at least ome of the military chamties
included in the MOMNARCH dataset [13] between lst of January
222 and 31st of December 2022, The vear 2022 was chosen because
it was the most recent year with complete data from all charities
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mecluded in the database. The selection was performed using the
‘mample’ function of basic B |22] (version 4.3.1), without replace
ment and using the seed 1234 to ensure reproducibality.

Contreds are the veterans who were interviewed durimg the i
service food insecurnty study [20]. a nationwide survey for which
mvitabions were sent fo all members of multiple velteran associa
tions. Controls were selected only amang those that reported never
accessing a military charity for asswslance.

The dataszet of cases (13007 records of benefis) was much larger
than the datazet of controls (881 records). For this reason, only a
sample of cases was used bo maintain a 111 mtio between cases and
contrals. A dlow diagram of cases and controls sampling and incla
sinn in the study 15 provided in Supplementary Fig. 51

Variables and data sources

The outcome of inlerest is a mililary veteran receiving at least one
service from one of the milmary charities incduded in the
MONARCH dataset m the study period. The source data come
directly fram the charitees, where 2 means tested assessment acour
ately records each service provided for fimancial reporting purposes.

The exposures af inlerest are the socio-demographic character
mtics and the service history f the veterans. For cases, this infor
matsn is recorded by the charities before they provide the service.
For contrels, the infermaticn & gathered through the questionnaire
used far the tri-gervice food insecurity study |20,

Quantitative variables and groupings
The wariables are defined as follmes:

* Age. For cases, it is the difference in days between 15t of January
2022 and the date of birth, drvided by 36525 and rounded down.
For contrals, it is the roanded dewn age, in years, declared durning
ol the data collection period {01 February 20253-31 March 21213}
Age i categorzzed into 00-year intervals and further divided mio
working age (<66 years] and non-warking age { =66 years).
CGender, rank, marital status, accommodation, and number of
dependents are recorded by the chanbies or cases, while for con
trals, this information s gathered through a questionnaire.
Only ‘male” and 'temale’ genders were considered, with other
declared genders excluded prior to sampling due to difening def
mitions in the two datasets.
= Hank was coded according o standard NATO definitions and
categorized as “officer’ or "non-officer’.
= Marital status was classified o ‘married’, ‘cohabiting, ‘i a civil
relatsonshrp’, “single’, “divorced’, and “widowed'. The categones
‘marrizd’, “cohabiting’, and "in a civil relationship’ were combined
and used as a proxy for [wing with someone, while ‘single’,
‘divarced’, and “widowed” were grouped and used as a proxy for
living alone.
Accommodation was categorized as ‘owner” or ‘rented’, irmespect
e ab the accommudation type (house, apartment, b ).
= Dependents were classified based on the number of declared
dependents. The variable was tarther grouped inte ‘with depend
enls’ and “without dependents’

*

Statistical analysis

Data were analysed using B software 4.3.1 [22].

Diescriptive statistics were used to describe demographic data,
socio-economic  status, and other characleristics using  the
‘gisummiary’ and ‘tableone’ package |23). Categorical variables
were presented as frequency, and continuows vanables were pre
semied as mean and standard deviation, Default tests were the
Wilcoxon rank sum test for continupus variables, Pearson’s Ch
squared test without Yates” correction for categomcal variables
with all expected cell counts = 5, and Fusher's exact test for categor
wcal vanahles with any expected cell count < 5. Missing data were
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handled by lastwize deletzon. The statistical significance was set to <
005, Standardrzed mean diberenice (5MD) was alen uzed o assess
differences bebtwesn subgroups, given the high numerasity of the
mmple. A value of S5MD > 0.1 was conssdered sagnificant.

Univariate and mualtivariate logistes regression were used to cal
culate adds ratios and 95% confidence intervals.

The multivariate model was boilt with varmables that were sigmb
cant in the univanate medels, and consistent with similar models in
available |terature | 20). The variable ‘accommodation” was remaoved
due 1o the high number of missing values.

As part of the sensativity analysis, five addibonal mndom samples
were generated. Then, the models were compared to the results of
the initial extractson bte assess consistency.

As a secondary analysis, a mndem forest classification algorithm
was fitted to the dataset to extrapolate the variable importance of
each independent vanable, and then compare the result with the
mulbivarsate logistic regression and explore any differences. The
study dataset was used as a training set, while the test set consisted
of Gf6d complete cases from the MONARCH dataset that were not
used in the training process.

The directron of the asspoiation was evaluasted by comparing the
predicted probabality of being a case in different sub-categeries. The
strength af the azsodation was evaluated using the Boruta algorithm
|24), and the estimates of variable importance were expressed as
mean decrease in accuracy. Multple R packages were ussd for thus
secondary analysis [25-28).

T further explore the possable relasonship between the number
of dependents and living condibion, a posthoc analysis was
performed, calculating a siranfied logistic regression model by living
conditien.
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Ethical considerations

Data management was conducted in compliance with the General
Data Pratection Regulation {GDPRE] (2018] and the UK Data
Pratectzan Act (2018). Ethical approval was abtained for both data
saurces [13, 20). All personal informaticn was removed from the
datazets before making them available to the amalysts

Results

Table | shows frequency distribution and characieristics of cases
and cantrols,

O the 838 cases {veterans who accessed a charity in 2022, 73% were
male and 0% were warking age. The most represented age groups
were =80 [23%), 30-3% {17%], and 50-59 {15%). Most veterans were
leving alone (65%). Seventy-five percent had dependents and 51% lved
m rented accommodation. The mast represented service was Army
(61%) followed by Royal Ar Force (21%) and Royal Mavy (12%).
Minety-gzght percent 98% af cases were non-nfhcers.

O the 838 comtrols (veterans who declared nat accessing a charity
m 2022), B4% were male and 41% were in working age. The mast
represented age groups were 50=-58 (17%), &0-6% (17%), and T0-79
(3%}, Most veterans were hiving with others (76%), H1% had
dependents and 85% were homeowners, The mast represented ser
vice was Army (0%} followed by Royal Mawy (34%) and Royal Air
Force (16%), Seventy-gight percent of contrals were ron-atficers.

All differences assessed were statistically sigmabicandt.

Tahle 2 shawars the results of nnivanate ogistic regresaon predecting
bemg a case. Results show that femade gender was 2 nsk factor for
chartty usage (OR 1.71; 95% CI 1.35-2.200, together with working

Table 1, Frequency distribution and characteristics of cases and controls inchuded in the study

Chmracteristc
Todal Conbroks Cayes sMn® Span" Povalas”
W="16F5" W=nig" W=nae" *l1

Gercer H.2E * <f 001
Female 381 204} 154 (6% 207 [25%)
Male 1385 (A%} T0a (EA%) BET (759}

fuge [prouped) 1127 * <f 001
1-2% AZ (%) a0 [Grad a7 (5%}
an-iw 148 (9%} B 180 (17%}
Al 155 M%) 1 (5% 11T (b}
S0-5% 2R (1%} 14k (1%} 1T (15%)
Bi-6% AT [25%) 300 (A7) 11T (R}
-TE S4B 21%} 246 (30%) 100 [12%)
X 281 [17%s) BE [10%) 195 [23%)

A (Binamy) 0376 . 0001
= BB BEZ (5%} 340 [401%) S0z (e0%)
= BB B17 [49%) 43159%} 336 (A0%}

Liwirsg condition LiR-ris] - B kesi]
Liwirey weith othars BE1 [57%} B2E (76%) 253 [35%)}
Living along B7E [43 %) 197 [24%) 479 (B5%}

O pandents 0.1EF - B kesi]
1] 310 23%} 155 (19%) 155 [25%)
1 1126 (78 %) 50 [E19%) 476 [75%}

Arcammodation Likerr - B kesi]
Craer TET B0} BTE (B4%) A% [45%)
Rasrted 177 0%} 132 [16%) a8 [51%}

SEre 0637 - B kesi]
Ay B2 [5E%} 419 [20%) AT (B1%)
Maryal fir Foree 300 (V9% 138 [16%) THE (21%}
faryal arines B6 (2%} L= B (5%
Parpal My TR (20%] 281 (3% a1 (2%}

fank LEFLY - <00
Mor-officer 1284 (A%} BOR (%) G471 [98%)
Officar 186 (1 1%} 10 [22%) 16 2%}

a: n (%), mising walues are not showno
bz SMD: standardized mean difference.
c: Pearson’s Chi-sguared test; Fisher's exact test.
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Table Z. Univariate logistic regression predicting being a case

Characteristic [+1] 195% Cy
Garder

5] Ratarence

F (] {1.35-2.200
A |Eanaiy]

=65 Reterence

= BE n {1.T8-2.57)
Liwireg coneditian

Lisimg with others Reterence

Liwireg alana 6.03 {4.85-7.54)
Accammodaticn

Crneer Reterence

Raritad 5.22 {3.20-B.2E)
Raink

Ortficar Reterence

Men-officer 1n.2e 16.B0-19.E1)
Service

army Meference

Porpal fur Force 1,04 0B 26

Porpal Marimes = 011 - =80

Porgal by .28 0220 K6
Dependent:

o Meference

=1 073 10 EF-0.54)

age {OR 2.11; 95% 1 1L.74-2.57), biving alone {OR 6.03; 5% CI 4.85

754}, livng in rented accommadation (OR 5.22; 95% CI 3.29-8.28),
and not being an cdbicer (OR 1129, 95% C16.90- 19.83), Having at least
one dependent was profective (OR 07k 95% CI 0.57-094), while the
service was not sgpnaficantly associated with being a case or a contral.

Table 3 shows the results of multivariate logistic regression pre
dicting being a case. Fesults show that female gender was a risk
factar for charity usage, but with more uncertain estimates than in
the unmvariate medels (OF 1.44; 95% C1 0.9%-2.09), Being i wark
ing age (OR 2.99; 95% CI 2.21-4.07), a non-afficer (OR 17.53; 95%
C1 7.63-51.00 and living alone {OF 11.95; 95% I 8.25-17.4) stayed
associated with the risk of accessing a charity. Having dependents,
whach was a protective factor i the univanate analysis, became a
risk factor (OR 3735 95% O 244-5.77).

A random forest model fitted 1o the final dataset and showed that
all variables exhibited sggnificant feature importance in predicting
the probability of accessing a charity, as confirmed by the Boruta
algorithm (Supplementary Fig. 52). Living condition was identified
as the most impaortant predictor {mean decrease in accuracy 322,
Te explore the direction of these associations, partial dependence
plots [PDPs) were generated for each predictor, revealing the aver
age predicted probabilities of heing classifsed as a case it all data
points assume that predictor value [26). Results are shown as aver
age predicted probability in Table 3. All wariables were found to
mncrease the probabality of accessing a chanty, accordingly 1o the
multivarzate Logistic regression, since the predicted probability of
being a case of the reference categary was lower than the predicted
probability af being a case of the category studied. On the contrary,
hawving 1 dependents decreased the probabalsty {0.34 vs 0.46) and
can therefore 1o be considered 2 protective factor. The accuracy on
the traming set was 81.8%, the out-of-hag estimate of error rate was
18.4%, and the accuracy on the test set was 65.8%.

In the post-hoc analysis, logistic regressson revealed the role of
living condsticn as a qualitative multzplicative «ffect measure modi
fier (Table 4). Specifically, for veterans Living with others, having
dependents did not correlate with an increased probabality of acoess
ing charity services. However, for veterans living alone, the number
of dependents emerged as a significant and strong predictor of char
ity access.

As for the sensitivity analysis, the tables created using different
random samples produced resulls that were comparable to those
obtamned with the onginal ene The hll results, incdoeding all
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variaticns and similarities, are presented in Supplementary Tables
51 and 52

Discussion

The fanslings reveal that vounger, non-cdficer veterans living alane
are at a substantially higher risk of accessing charity services com
pared bo their older, officer counterparts lving with others. This
ohzzrvation aligns with existing literature 13, 20).

The use of multivanate logistic regression allowed for the sola
tion of the individual contributions of various risk factors to the
overall likelihood of charity usage. All factors remamed significant
except for gender, whose role remains ambiguous. Interestingly,
having dependents was found to have a protective effect. Further
stratrfication of the population by biving conditson revealed that thes
risk Racter is only significant among veterans living alone

Living condition acted as a confounder in the unvarmate analysss,
as it was asseciated both with the predicior and the cutcome. In fact,
living with others is associated both with having dependents {i.e.
children lving at home) and with having less rask of being i crises,
as shawn by previous studies |13]. This suggests that living condz
tion plays a crucial role in how dependents influence the need for
charity support among veterans. While veterans living with others
may have additional support systemns that mitigate the need for
charity, veberans hving alone with dependents face greater chal
lenges, making themn maore likely to seek chamable assistamce.

Additionally, the random forest algonthm confirmed these results
and demonstrates that in this context it was a robust alternative 1o
lagestic regresssan. However, while the direction of the association
the same as in logistic regression, the rank of variable imporance =
not correspondent to the rank of the odds ratwos This can be
explainad by the fact that beth medels have a certain level of un
certainty, so the results should be evaluated jointly.

Theze results confirm ance more the necessaty of critical thinkang
m epideminlogy and public health research. While statistics provide
a framework tor understanding relationships between variables, it
cratical that these findings are interpreted with care. Without cratical
reasaning,. there i a significant risk of oversimplifying complex
mieractions or misattributing causality. For example, in this stody,
the stratification by living condition allowed for the identification of
the proteciive effect of dependents, whach 1s particulardy pronounced
amang veterans living with athers, while lor veterans living alene, it
5 a strong nsk factor. This reinforces the nokion that a one -size-fits
all approach in public health can ke misleadang.

The use of accurate and targeted data bo improve public health, as
oppased te 2 generalmed approach, has been defined as "Precasion
Public Health', asming to provide ‘the right intervention to the right
population at the right time. This approach s considersd by some
o be a modermnmmation of traditional epidemiology, leveraging
advanced technologies and data analysis 10 achweve ns goals [17
14). In this study, the use of both logestic regression and random
forest algonthms, together with the targeted subgroup analys:s, con
strfutes a practical implementation of precision public health, show
mg how veteran charity usage data can lead ultimately to precisely
targeied inberventions.

Strengths and limitations

Omee of the primary strengths of this study is the use of real-world
weteran data from the MONARCH Study, which provides the most
comprehenszive representation available of the veteran pepulation
accessing charibies in the UK.

Additionmally, thas study employs both classic epidemiologic meas
ures and mmavative machine learning algonthms. One of the key
advantages of the random forest algorithm is its redoeced sensitivity
to collineanity among predsctor varmables, which can be a significant
msue in logestic regression. Thes combined methedolegy allows the
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Table 3. Multivariate logistic reqression and random farest algorithm predicting being a case

Mg legistsc regresss Randam fomst
Characio risti {95% O} Avuraged prodicted probability Variable imporanoe’
of buing a cae®
Garder 477
0] Rifarance 026
F 1.44 {02 08 TS
A [binary] 11.50
= €6 Roferonce [ XE]
= BB 59 §2.21-4.07) I35
Rank 132388
Officer Rifarance 11
Mo officer 1753 §TEI-E1.D) 0.3z
Lisireg condition 1032
Liwirg with othaers Reference ik
Liwirey alona 1185 {B.EE-1T7.5) 0.7
Deperdents 1815
il kefermnce a6
=1 L] l28d-5.TT) 34

a: Humber of tress = 100, Out-of-bag estimate of error rate: 18.4%. Seed - 1234,
b: Awveraged predicted probabilities of being a case, as resulting from building a partial dependencies plat for the specified predict-

or variable.

c: Mean decrease in acouracy was used as variable impartance metrics. The higher the value, the higher the variable importance in

the model.

Table 4. Multivariate logistic regression predicting being a case by living condition

Mlultivasiate logistic mgression

Mudtivariste logistic regressian

Amang vaterans living with othars

Living vetarans Ruing alona

Ohiaradie riste OR {95% 1) OR (5% Clf
Gareder

] Ralarente Ruferance

F 146 |D.B2-2.60) 141 (DE0-2.4T)
A [binaiy]

= EE Ralarente Ruferance

< BB 2.02 11.28-3.08) 503 (R00-B43)
Rainik

OHicar Ralarente Ruferance

Mo offizer 20.6 14.26-85.2) 177 [T N ]
Dapardents

o Meferenze Reference

=1 09 1008025 920 (R51-15.4)

crass-valiation of the results, lzading te 2 more comprehensive
understanding of phenomena than relving on a single methed alone.

Anather significant strength of this study is the development af a
predictive model that, with further testing, could serve as a practical
tonl for forecasting charily usage.

However, there are several limitations to conssder. The quality of
the data used in the study may be variable, since cases and controls
were collectsd o two different settings, and this could affect the
accuracy of the fGndings In addition, inconsistent or incomplete
data entries could introduce bias or errors inte the analysis,

The methad of control selection—via questsonnaire distributed to
associiin members—may introduce selection baas, as this group
may not be fully representative of the broader veteran popalation.
However, key demographic indicators suggest reasonable represen
tativeness: 39% of participants were over &6 vears old, closely al:gn
ing with census data indicating 53% in that age group; similarly, the
gender distributicn in our sample (84% male) 15 comparable 1o cen
sus figures (&6.4%) [29).

Similady, while simple random sampling ensures our sample
reflects  the MONABRCH  dataset, it is possible  that  the
MONARCH dataset, despite its large size, may not fully represent
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all UK charsty users. However, this does net compromise the validity
of our hndings, as MONARCH remains the largest and most com
prehensive dalaset on charity users currently available

Therefore, it may be assumed that the differences abserved be
tween cases and controls in Table | are less likely due o selection
bias and more plausibly reflect true disparities in access o charitable
services. Anather limitation 15 the lack of prospective longitudinal
testing. While the moedels demonstrate good accwracy on the train
g and test datasets, their performance has not yet been validated
with healthy veterans. This limits the generalzzability of the findings.
Additionally, although the study attempts to control for variows
confounders, there may stll be unmeasured variables that could
miluence the resubts. Factors such as mental health status or secial
suppart networks were not mcluded in the analysis but could sig
nificantly impact charity service usage [30].

The inberpretability of machine learning models also poses a chal
Lenge, While the rardom forest algesithm provides robust predictive
power, the importance of indivadual variables in the model is less
mierpretable compared bo logistec regression. This makes it dodficult
to drow specific conclusions about the role of each predictor. The
problem was addressed o this study by companng the two
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algorithms, which provided a more detasled picture of the contribu-
tion of each risk Bctor.

Conclusions

This study makes a significant contribution to understanding the
risk factors that lead UK veterans to use charity services, by inte-
grating both traditional logistec regresston and an innevabive ma-
chine learning approach to analyse the data.

Fulure research should continue to explore the roles of these
variables to better inform intervention programs. The predictive
madels developed in this study hold significant patentsml for real-
warld application, enabling the estimation of the likelihood that a
healthy veteran will access charity services within a year. This cap-
ability is the basis for the implementaticn of targeted preventive
interventions, allowing far proactive measures to be taken to sup-
port veterans before they reach a point of needing charity services in
a perwod of crisis. By leveraging these models, policymakers and
service providers can allocate resources more efficiently and develop
tailored strategies 1o address the specific needs of atmisk wvet-
eran subgroups.

Supplementary data

Supplementary data are available at EURPUR online.
Conflict of interest: Nane declared.
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Data availability

The dataset used for this study is available upon request from the
corresponding author, subject to approval of anginal studies” prin-
cipal inwestigator [13, 20

Key points

= Younger, non-efficer, single veterans are mare likely to access
milstary charities.

= Predictive models potentially can identify veterans at higher
risk of charity use.

» Targeted, data-driven mterventions could efficiently allocate
respurces o specific subgroups of veterans and prevent them
from needing charity services.
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