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BACKGROUND
The rise in availability, quality and use of rou7ne health data has resulted in well-developed methods for anonymised
linkage of data from mul7ple sources [1]. However, methods for combining iden7ﬁable data (e.g. pa7ent self-reported
ques7onnaires) with rou7ne anonymised data are not yet tried-and-tested. Linking these data presents opportuni7es
to improve the feasibility and eﬀec7veness of observa7onal and experimental studies, but emerging data linkage
processes must address the appropriate balance between data security and usability [2].
As part of PRISMATIC – a mixed methods cluster randomised trial of the eﬀec7veness of an emergency admission risk
tool in 32 general prac7ces [3] – we needed to eﬃciently link rou7ne hospital data and pa7ent-reported quality of life
and quality of care ques7onnaire data, while sa7sfying informa7on governance requirements.
Key issues included, how to:
• account for the roles of mul7ple data owners, including pa7ents, health services and data warehouses
• ensure pa7ents that dissent from study par7cipa7on are excluded from the data linkage
• explain and illustrate processes so that they can be understood by reviewers

Objec0ve
To present an eﬃcient privacy-protec7ng model for linking rou7ne and iden7ﬁable pa7ent-reported research data.

METHODS
The Process for Rou7ne and Iden7ﬁable Data Linkage (PRIDaL) was conceived and developed by the PRISMATIC study
team, alongside specialists in e-trials, health informa7cs, informa7on governance and process mapping from the
Centre for the Improvement of Popula7on Health through E-records Research (CIPHER) at Swansea University. We
managed the steps for linking databases as summarised by Bradley et al: 1) iden7fy data sources and owners; 2) obtain
approvals; 3) select variables used to link databases ; 4) determine methods for linking databases; 5) evaluate quality
of linked data [4].
We used process mapping to help plot, trace and visualise data ﬂows, including the interconnec7ons between
processes, informa7on systems and data sources or organisa7ons [5]. We captured and reﬁned the process using
swim lane diagrams, which are common in organisa7onal research but have been infrequently applied to research
processes.
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RESULTS
Table 1 (below) summarises the sources and types of data we wished to link in our study dataset
Source
SAIL (via NWIS)
SAIL (via NWIS)
SAIL (via GP prac7ces)
GP Prac7ces
NWIS
Pa7ents

Dataset
Emergency Department Data
Pa7ent Episode Database for
Wales
Primary Care GP dataset
Prism risk model
Pa7ent ques7onnaire sample
Self reported ques7onnaires

Data Items
Emergency department a_endance

Type
Rou7ne

Hospital admission history
Rou7ne
Event history (e.g. visits)
Rou7ne
Risk of emergency admission within 12 months Rou7ne
Study IDs
Sample
Quality of life (SF-12), Client Service Receipt
Sample
Inventory, Quality of Care Monitor
The PRIDal model (ﬁgures 1 and 2) was part of our successful applica7on to the independent Informa7on Governance
Review Panel for approval to use the SAIL databank at Swansea University. SAIL brings together person-based health
care data for the popula7on of Wales, UK [6]. It uses a split ﬁle approach to anonymisa7on (ﬁgure 1) to overcome
issues of conﬁden7ality and disclosure. SAIL links with the NHS Wales Informa7cs Service (NWIS) as a Trusted Third
Party (TTP) for person-level encrypted iden7ﬁers (Anonymised Linking Fields or ALFs) to merge data from mul7ple
sources.

Figure 1: PRIDaL
model with SAIL
split ﬁle
methodology

Key
1.Normal anonymisa7on process
into SAIL
2.NWIS generate sample for
ques7onnaires and feed back to
Prac7ces
3.Prac7ces invite pa7ents to
par7cipate
4.Pa7ents return ques7onnaires
directly to Prisma7c Study team,
or decline to par7cipate
5.Prisma7c team provide dissenter
ID to SAIL
6.SAIL link ques7onnaires and
eliminate dissenter informa7on
from all ﬂows
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RESULTS con0nued
Our process for data linkage was
reﬁned and captured in the PRIDaL
swim lanes ﬂowchart (ﬁgure 2). The
ﬂowchart deﬁnes the path of our
cohort and rou7ne data, plus the
architecture connec7ng the ac7vi7es
and organisa7ons along the path [7].
The model developed through our
discussions with the IGRP review
board, and alongside the process map
captured in ﬁgure 1, became an
important visualisa7on of our data
linkage process incorpora7ng privacy
protec7on.
A sample of just over 269,000 unique
pa7ents have been included in our
analysis, each with emergency
admission risk score data linked to
primary and secondary care data in
the SAIL databank (99.9% match
rate). 2368 ques7onnaires were
included from 1374 pa7ents (100%
match with SAIL. Response rate 40%).
90 pa7ents (<0.5% of sample)
dissented from par7cipa7on and
were excluded from data analysis.

Contact for further informa7on.
m.r.kingston@swansea.ac.uk

Figure 2: PRIDaL model swim lanes ﬂowchart

DISCUSSION & CONCLUSIONS
We developed a data linkage model for the PRISMATIC study, that balanced usability and security by determining the
minimum informa7on required for acceptable linkage, and developing a model to reveal only that informa7on [1].
We found that convening an expert group and using swim lanes ﬂowcharts helped to deﬁne the path of data and the
associated architecture connec7ng the ac7vi7es, people, and informa7on systems along the path. Our swim lanes
diagram was an important factor in gaining informa7on governance approval.
The implementa7on of PRIDaL had a number of dependencies:
• the use of complex systems for data management to protect security of data (building on best prac7ce in data
linkage research through the SAIL databank)
• good rela7onships with data owners – including study sites (GP prac7ces), and Trusted Third Party (NWIS).
• an administra7ve burden on study sites based on their access to pa7ent address details for ques7onnaire
distribu7on. To help, we oﬀered administra7on costs reimbursement.
• all pa7ents conﬁrming that they did not want to par7cipate in study had to be removed from anonymised follow up
(less than 0.5% of invited sample).
Conclusion
The linking of rou7ne health and pa7ent self-reported data presents valuable research opportuni7es, but clear,
replicable models are needed to support ethical and prac7cal data linkage. We present PRIDaL, developed through
expert input and process mapping, and tested through the PRISMATIC study, as a poten7al solu7on.
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