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Background: Administrative data offer unique opportunities for researching experiences which pose barriers to par-
ticipation in primary research and household surveys. Experiencing multiple social disadvantages is associated with
very poor health outcomes, but little is known about how often this occurs and what combinations are most common.
We linked administrative data across public services to create a novel population cohort containing information on
experiences of homelessness, justice involvement, opioid dependence and psychosis. Methods: We securely linked
administrative data from (i) a population register derived from general practitioner registrations; (ii) local au-
thority homelessness applications; (iii) prison records; (iv) criminal justice social work reports; (v) community
dispensing for opioid substitution therapy; and (vi) a psychosis clinical register, for people aged �18 years resident
in Glasgow, Scotland between 01 April 2010 and 31 March 2014. We estimated period prevalence and compared
demographic characteristics for different combinations. Results: Of 536 653 individuals in the cohort, 28 112
(5.2%) had at least one of the experiences of interest during the study period and 5178 (1.0%) had more than
one. Prevalence of individual experiences varied from 2.4% (homelessness) to 0.7% (psychosis). The proportion of
people with multiple co-occurring experiences was highest for imprisonment (50%) and lowest for psychosis
(14%). Most combinations showed a predominance of men living in the most deprived areas of Scotland.
Conclusions: Cross-sectoral record linkage to study multiple forms of social disadvantage showed that
co-occurrence of these experiences was relatively common. Following this demonstration of feasibility, these
methods offer opportunities for evaluating the health impacts of policy and service change.
. . . .. . . .. . .. . . .. . . .. . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . .

Introduction

Administrative data generated by organizations as part of routine
activities are increasingly used in research, thanks to potential

time and cost savings; broad socio-demographic, geographical and
temporal coverage; and high external validity and policy relevance.1

Linkage of administrative datasets is especially valuable to social
epidemiology, given the diversity of factors which influence health
at the individual, community, environmental and societal level.2,3

Such linkages offer the possibility of ‘real-world’ evidence able to
inform policy making across multiple sectors to improve population
health and reduce health inequalities, an endeavour often referred to
as healthy public policy.3,4

These methodological developments are especially relevant to
understanding the needs of population groups who experience mar-
ginalization and disadvantage, who are often under-represented in
primary research.5 For instance, they may find it difficult to partici-
pate in cohort studies requiring active follow-up, leading to threats
to validity from non-participation and attrition biases.6,7 However,
they are often well-represented in administrative datasets due to high
levels of need for, and utilization of, public services.8 Administrative
data also enable analysis of relatively rare exposures and outcomes
thanks to large population sizes not attainable through direct
recruitment.1

We sought to understand the feasibility and value of linked ad-
ministrative data in this context through a proof-of-principle study
examining overlapping experiences of homelessness, criminal justice
involvement, opioid dependence and psychosis. These experiences
were selected as ‘sentinel’ experiences of marginalization and

disadvantage which: are of major policy interest in high-income
countries (and in some cases increasing in prevalence); are associated
with profound inequalities in morbidity and mortality; and appear to
commonly co-occur.9–12

Responses to these experiences often consider each in isolation,
resulting in fragmented services or conflicting goals.9,13,14

Understanding their intersection is therefore critical for effective
policy and service design. Since the extent of this intersection will
depend on contextual factors such as healthcare provision, welfare
regimes and housing markets, informed public policy requires na-
tional and sub-national estimates.15,16

Here, we describe the use of record linkage between multiple ad-
ministrative datasets to create and characterize a population-based
cohort including information on exposure to homelessness, justice
involvement, opioid dependence and/or psychosis, as a baseline for
subsequent longitudinal studies.

Methods

Study design and setting
We undertook a retrospective cohort study using cross-sectoral re-
cord linkage between six administrative datasets. We chose Glasgow
City local authority in the west of Scotland as our geographical
setting, based on the feasibility of data access and local policy interest
in co-occurring disadvantage. Glasgow City is an urban area with a
population of just over half a million people, representing 11% of the
population of Scotland.17 The study period for the primary analysis
was chosen as 1 April 2010 to 31 March 2014 to maximize
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availability and quality of study datasets: sensitivity analyses varying
this period are described below under ‘Statistical analysis’.

Population
We obtained data on individuals resident in Glasgow City using the
NHS Greater Glasgow and Clyde (NHSGGC) population register,
selected on postcode of residence. This dataset is derived from gen-
eral practitioner registrations and is widely used in record linkage
studies as a proxy for total population. It is updated with information
on deaths or migration out of the NHSGGC area (within which
Glasgow City lies; changes of residence within the health board,
including between local authorities, are not recorded). Exclusion
criteria were any of:

• Record of having died or moved out of NHSGGC prior to end of
study period.

• Aged <18 years or �75 years at the start of the study period.
• Turned 75 years of age during study period.

Experiences of interest
To identify individuals assessed as homeless or threatened with
homelessness (see Supplementary material for definitions) we used
HL1, a statutory data collection on people seeking statutory
homelessness support which is mandatory for all Scottish local
authorities.18–20

Data on justice involvement were obtained from two sources.
Records of individuals received into prisons across Scotland, whether
sentenced or on remand, were obtained using the PR2 dataset, a
record-keeping system used by all Scottish prisons.21 Criminal justice
social work report (CJSWR) data were used to identify people con-
victed of an offence undergoing social work assessment by Glasgow
City Council during the study period: details of criteria for reports
are detailed in the Supplementary material. Since imprisonment is
mutually exclusive with other exposures, and differs substantially in
lived experience to community justice involvement, we classified
justice involvement on a hierarchical basis using two categories:
any experience of prison custody regardless of whether a court report
was available (hereafter abbreviated to CUST) or community justice
experience only (COMM; i.e. court report without imprisonment).

Data from the Prescribing Information System (PIS), which
records dispensing events at community pharmacies across
Scotland, were used to identify individuals who had received opioid
substitution therapy (OST) in the community as treatment for opioid
dependence (hereafter abbreviated as ODep).22

Data on individuals with a diagnosis of primary psychotic disorder
(see Supplementary material for ICD-10 codes) were identified from
the Glasgow Psychosis Clinical Information System (PsyCIS), a clin-
ical registry of demographic, social and treatment data collected from
both administrative records and active follow-up.23

Further information on the datasets can be found in the
Supplementary section S6.1.

All of the study datasets have previously been used for health
research, including through record linkage, with the exception of
CJSWR.19,21,22,24

We defined exposure to each of the experiences of interest as at
least one appearance in the relevant dataset during the study period:
combinations reported here therefore reflect cumulative exposure
across the study period. For clarity of reporting, we describe the
prevalence of all potential exposure combinations, but where describ-
ing demographic characteristics, use a simpler two-category ap-
proach comprising each experience in isolation or in combination,
e.g. homelessness only vs. homelessness þ other experience(s).

Covariates
All analyses used demographic characteristics as recorded in
the population register. The exception to this was ethnicity,
which was only recorded in HL1, PR2, CJSWR and PsyCIS
datasets and is therefore only reported for these sources
(see Supplementary material). Age was calculated at the end of the
study period, given that this was the point at which cumulative ex-
posure was measured. The Scottish Index of Multiple Deprivation
(2012 release) was used to approximate socioeconomic circumstan-
ces, based on postcode of residence.25

Data sharing and access
The Local Privacy Advisory Committee of the West of Scotland Safe
Haven provided approval to access data from the NHSGGC popu-
lation register, PIS, and PsyCIS, and support with data linkage and
storage. The Data Protection Officer and relevant Head of Service of
Glasgow City Council and Health and Social Care Partnership
granted access to HL1 and CJSWR datasets. The Scottish
Government Statistics Public Benefit and Privacy Panel and
Scottish Prison Service Research Access and Ethics Committee
granted access to the PR2 dataset. The study was also approved by
the University of Glasgow College of Medical, Veterinary, and Life
Sciences research ethics committee.

Record linkage
Record linkage between datasets was undertaken by the West of
Scotland Safe Haven using the Community Health Index (CHI)
number, a unique 10-digit numeric identifier used across the health
service in Scotland.26 Of the exposure data sources, PIS and PsyCIS
already contained CHI numbers for all individuals; CJSWR con-
tained CHI for some. CHI numbers were identified for individuals
in HL1, PR2 and the remaining individuals in CJSWR by matching
to the population register using forename, surname, date of birth and
postcode (see Supplementary material). The same exclusion criteria
were applied to the exposure datasets as to the population register
(i.e. individuals were excluded if they were recorded in the popula-
tion register as having died or moved out of NHSGGC prior to end
of the study period; were aged <18 years or �75 years at the start of
the study period; or turned 75 years of age during the study period).
Following linkage, de-identified data were accessed by the research
team for analysis via a secure analytic platform. The linkage process
is illustrated in figure 1.

Statistical analysis
Data were cleaned and analysed in Stata 16 (StataCorp, TX, USA),
with visualizations created with R version 4.0.3 using ggplot2.

We used descriptive statistics to investigate the association be-
tween exposure combinations and demographic characteristics, and
created UpSet plots—an alternative to Venn diagrams for >3 sets—
to visualize intersections between the experiences of interest.27 We
undertook sensitivity analyses of study period length on the preva-
lence and intersection of the exposures of interest. We also under-
took sensitivity analyses of our primary estimate of period prevalence
using Census-derived mid-year population estimates as the denom-
inator, rather than the population register.

Public and stakeholder involvement
Analyses and interpretation were informed by public engagement
workshops with people with lived/living experience of the issues of
interest and a series of advisory group meetings including stakehold-
ers from academia, NHS, local government, Scottish Government
and the third sector, and two further public representatives.
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Results
In undertaking the linkage, the three datasets from non-health sour-
ces (HL1, PR2 and CJSWR) varied in the proportion of records
which could be matched to the population register (Supplementary
material). CHI was already known for a high proportion of records
within the CJSWR dataset, so overall only 8% of records could not be
assigned a CHI number and there was little difference in age
and gender profile between records for which a CHI number could
and could not be identified. In contrast, for homelessness (HL1) and
prisons (PR2) datasets, 22% and 24% of records respectively could
not be assigned a CHI number. For both the HL1 and PR2 datasets,
the mean age was similar for records which could and could not be
matched but the proportion of men among the former was slightly
higher.

The final cohort comprised 536 653 unique adults resident in
Glasgow City who were alive at the end of the study period on 31
March 2014 (table 1).

Considering each exposure in isolation, between 01 April 2010 and
31 March 2014, a total of 13 075 (2.4%) people were assessed as
homeless or threatened with homelessness at least once; 5512
(1.0%) were received into prison at least once; 7954 (1.5%) had at
least one criminal justice social work report; 7412 (1.4%) had at least
one episode of OST dispensing; and 3791 (0.7%) appeared in the
psychosis case register. In total, 28 112 (5.2%) people had one or
more of the experiences of interest. Of 7954 individuals with a

criminal justice social work report, 3335 (41.9%) also experienced
imprisonment (hereafter referred to as CUST), leaving 4619 (58.1%)
in contact with community justice without any imprisonment during
the study period (COMM).

The most common combinations were those involving homeless-
ness, opioid dependence, and justice involvement; combinations
involving psychosis were much less common (figure 2). Across the
cohort, 5178 people (1.0% of the cohort) had more than one expos-
ure, though numbers of those with three or more were small (table 1).
Within each exposure, the proportion with or without additional
exposures varied (figure 2; Supplementary table S6.3.1): co-
occurrence was highest among people who had been in prison
(50%, n¼ 2757/5512) and lowest among people with psychosis
(14%, n¼ 536/3791). Overlaps between exposure pairs are shown
in Supplementary material.

People imprisoned during the study period—the only experience
mutually exclusive with the others—spent a median total of 130 days
(9% of the 4-year study period) in prison, with 77% (n¼ 1266/5512)
incarcerated for <1 year in total (Supplementary material). The dis-
tribution of total prison time was similar between people imprisoned
who did and did not experience any of the other exposures
(Supplementary material).

With regard to gender, justice involvement (especially prison)
showed the greatest male predominance (figure 3a; Supplementary
table S3.1). The only category which did not show a male predom-
inance was homelessness in isolation. People experiencing

Figure 1 Schematic diagram illustrating linkage process for creation of cohort
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homelessness or justice involvement tended to be younger than peo-
ple with opioid dependence or experiencing psychosis; this was also
true for combinations involving these experiences (figure 3b,
Supplementary table S3.1). There was no consistent association be-
tween age and multiple experiences. People with any experience of
interest were more likely to live in more deprived areas compared to
the unaffected group, though this tendency was less pronounced for
psychosis than for other experiences (figure 3c, Supplementary table
S3.1). Recorded ethnicity data indicated that the large majority of
individuals in the homelessness, prisons, CJSWR, and psychosis
datasets were White (Supplementary material).

For experiences consisting of clearly-defined episodes (homeless-
ness, imprisonment and community justice), people with multiple
forms of disadvantage tended to have more episodes during the study
period than those with only one experience, but these distributions
overlapped substantially (Supplementary material).

Table 1 shows estimated period prevalence for the exposures of
interest in Glasgow City among the study cohort over the 4-year
exposure period. Sensitivity analyses showed that varying the length
of the exposure period had the greatest impact on prevalence of
combinations involving homelessness, followed by community

justice involvement; there was little change in the estimated preva-
lence of combinations involving psychosis, imprisonment or opioid
dependence (Supplementary material). Further sensitivity analyses
showed that use of a population denominator derived from census
estimates, rather than the population register, slightly increased the
estimated prevalence of experiences of interest but did not affect
conclusions about relative frequency (Supplementary material).

Discussion
We have demonstrated the feasibility of a unique cross-sectoral re-
cord linkage to create and characterize a cohort of people who, be-
cause of their life circumstances, may be less likely to participate in
primary research or household surveys. Around 5% of the popula-
tion experienced any of the five forms of disadvantage of interest
during the study period, with 1% of the population affected by more
than one. The majority of those experiencing multiple forms of dis-
advantage were White males aged between 30 and 50 years living in
the most socioeconomically deprived areas, but profiles differed be-
tween different combinations, with those experiencing psychosis
forming a relatively distinct population.

Table 1 Prevalence of experiences of disadvantage among adults living in Glasgow City, 01 April 2010–31 March 2014

Experience(s) of
interest

Number of individuals Percentage of total cohort,
i.e. period prevalence (%)

Percentage of exposed
cohort (%)

Total population 536 653 100.00 –
No experiences of interest 508 541 94.8 –
Any experience of interest 28 112 5.2 100.0

Summary of combinationsa

Any homelessness (HL) 13 075 2.4 46.5
HL only 9463 1.8 33.7
HL þ other experience(s) 3612 0.7 12.9

Any opioid dependence (ODep) 7412 1.4 26.4
ODep only 4123 0.8 14.7
ODep þ other experience(s) 3289 0.6 11.7

Any justice involvement—custodial (CUST) 5512 1.0 19.6
CUST only 2755 0.5 9.8
CUST þ other experience(s) 2757 0.5 9.8

Any justice involvement—community (COMM) 4619 0.9 16.4
COMM only 3338 0.6 11.9
COMM þ other experience(s) 1281 0.2 4.6

Any psychosis (PSY) 3791 0.7 13.5
PSY only 3255 0.6 11.6
PSY þ other experience(s) 536 0.1 1.9

Detailed combinations: mutually exclusive categoriesb

Homelessness (HL) only 9463 1.8 33.7
Opioid dependence (ODep) only 4123 0.8 14.7
Justice—community (COMM) only 3338 0.6 11.9
Psychosis (PSY) only 3255 0.6 11.6
Justice—custodial (CUST) only 2755 0.5 9.8
HL þ CUST 994 0.2 3.5
ODep þ CUST 846 0.2 3.0
HL þ ODep 820 0.2 2.9
HL þ ODep þ CUST 780 0.2 2.8
HL þ COMM 574 0.1 2.0
ODep þ COMM 433 0.1 1.5
HL þ ODep þ COMM 195 <0.1 0.7
HL þ PSY 159 <0.1 0.6
ODep þ PSY 135 <0.1 0.5
PSY þ CUST 61 <0.1 0.2
PSY þ COMM 56 <0.1 0.2
HL þ PSY þ CUST 35 <0.1 0.1
HL þ PSY þ ODep 26 <0.1 0.1
ODep þ PSY þ CUST 25 <0.1 0.1
HL þ ODep þ PSY þ any justice involvementc 19 <0.1 0.1
HL þ PSY þ COMM 10 <0.1 <0.1
ODep þ PSY þ COMM 10 <0.1 <0.1

a: Ordered by frequency of ‘any’ category.
b: Ordered by frequency of mutually exclusive categories.
c: Results for HL þ ODep þ PSY þ COMM and HL þ ODep þ PSY þ CUST are grouped here due to small numbers, to avoid presenting

potentially disclosive information.
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Although the co-occurrence of these experiences is associated with
much higher rates of morbidity and mortality compared to one or
none,10 there are very few population-based estimates of the preva-
lence and patterning of this phenomenon and none to our know-
ledge using individual-level record linkage. Almost all previous
research draws on samples selected on the basis of at least one ‘index’
exposure and is limited in its reporting of different combinations
(e.g. 28, 29, 30). In contrast, we were able to explore the prevalence
of each experience singly and in combination across an unselected
geographic population of adults.

The ‘Hard Edges’ project has previously attempted to quantify the
population overlap of homelessness, offending, and substance use in
the UK, by combining weighted estimates from survey and routine
data sources.9,12 Our approach, using individual-level linkage across
administrative datasets, enabled us to minimize reporting and recall
biases associated with self-report, as well as participation biases in-
herent in household and targeted surveys; it also permits longitudinal
analyses of health and social outcomes (to be reported separately).
While the definitions and data sources vary somewhat, we corrob-
orate Hard Edges’ findings regarding demographic profile; homeless-
ness as the most common experience overall; and justice involvement
as the experience most likely to overlap with others.9,12

This work demonstrates the potential for cross-sectoral adminis-
trative data linkage to respond to and inform policy priorities. Our
findings are particularly timely given ongoing initiatives in Scotland
to expand Housing First services for people with homelessness and
other disadvantages; new models of joint working to address inter-
nationally high rates of drug-related deaths; and concerns about
through care support in prisons.28,29 This cohort also offers rich
possibilities for evaluating the health impacts of social policies
(such as welfare reform or homelessness prevention), through nat-
ural experiment designs and policy decision modelling.

Among this study’s strengths are the novelty and breadth of the
cross-sectoral data linkage, creating a large population-based cohort.
Ongoing longitudinal analyses will build on the proof-of-principle
results reported here by investigating health outcomes among the
cohort.

By using administrative data, the cohort is likely to be more com-
prehensive and representative than would be feasible through pri-
mary research. For instance, whilst most homelessness research to
date has recruited participants from shelters, soup kitchens or the
streets, administrative data can ensure the inclusion of those expe-
riencing less visible forms of homelessness, such as ‘sofa-surfing’.
Similarly, using community OST dispensing data will include those
treated in primary care as well as in specialist drug services; most
previous research has focused on the latter. However, this compre-
hensive approach does potentially result in greater heterogeneity
within each category and we classified experiences on a relatively
simple cumulative basis that does not account for their dynamic
nature over time.

Ascertainment of these experiences is not complete—for instance,
HL1 data only included main applicants rather than all adults in the
household, and criminal justice social work reports are not com-
pleted for every individual convicted in the courts. Relying on ad-
ministrative data may miss individuals not engaged with services,
though use of up to 6 years of data allowed us to test the sensitivity
of our results to length of study period and maximized ascertainment
of individuals who may engage on a transient or infrequent basis.
In future, our methods may be also strengthened by triangulation
between multiple administrative datasets relating to the same experi-
ence (e.g. from third sector as well as statutory services); cohorts
recruited as part of primary research; and novel means of interrog-
ating existing datasets (e.g. data phenotyping approaches).30–32

Future work will also seek to extend the cohort nationally, to capture
regional variation and maximize generalizability to other settings.

The CHI register is the best available source of population data in
Scotland at present but may omit individuals not registered with
primary care or incorrectly include those who have not de-
registered after moving out of the area. A proportion of records
from the non-health datasets could not be matched to a CHI number
and were therefore not included in the cohort. As the CHI register is
a live database updated on a regular basis, a failure to match may
result from individuals having moved out of the NHSGGC area since
being recorded in the exposure dataset or from incorrect identifiers
recorded in one or multiple datasets. We are not able to distinguish

Figure 2 UpSet plot showing frequency of mutually exclusive exposure combinations (vertical bars) and any exposure (horizontal bars)
among adults living in Glasgow City, 01 April 2010–31 March 2014
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between these possibilities, or to assess potential impact on repre-
sentativeness or risk of bias, though the broadly comparable age and
gender profile for matched and unmatched populations is
reassuring.33

Very few previous studies have reported measures of linkage suc-
cess for comparison.21,33–36 Waugh et al.’s18 national study using
HL1 was able to match more than 90% of records, though had access
to a national population spine and a more complex linkage

Figure 3 (a) Percentage male (with 95% confidence intervals) among adults living in Glasgow City, stratified by exposure to experiences of
disadvantage (01 April 2010–31 March 2014). (b) Boxplot of age distribution among adults living in Glasgow City, stratified by exposure to
experiences of disadvantage (01 April 2010–31 March 2014). (c) Scottish Index of Multiple Deprivation quintile distribution among adults
living in Glasgow City, by exposure to experiences of disadvantage (01 April 2010–31 March 2014)
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algorithm. Other studies using regional or local datasets from non-
health sources report linkage success rates between 80% and 90%,
more comparable to those observed here.19,37,38 Our study used rela-
tively stringent matching criteria compared to those reported else-
where, which often rely more heavily on probabilistic approaches
using score-based thresholds and is therefore likely to have priori-
tized specificity at the expense of sensitivity. However, in the absence
of a gold standard, we are unable to assess these metrics quantita-
tively. Future work using national datasets, prospective rather than
retrospective linkages, and/or sensitivity analyses applying different
linkage thresholds may offer opportunities to evaluate and improve
linkage success.39

As acknowledged above, the occurrence of these experiences is
closely linked to policy and service context and therefore likely to
vary from area to area. There are relatively few population-based
estimates of the co-occurrence of these experiences from other areas
to use in assessing generalizability of our findings. The ‘Hard Edges
Scotland’ project (which also used a population-based approach, al-
beit not based on individual-level linkage) found that co-occurring
homelessness, justice involvement and problem drug use was highest
in urban and poorer areas in Central Scotland like Glasgow City, but
also in other major urban centres such as Dundee and Aberdeen.9

Glasgow has historically experienced very high concentrations of
socioeconomic deprivation and related excess mortality, which may
limit generalizability to other areas.40 Application of our methods in
other settings offers the opportunity to obtain locally-relevant esti-
mates and potentially to undertake comparisons and evaluations of
the impact of different policy approaches.

Despite these limitations, our results provide novel insights into a
cohort of people in contact with services who may be reached
through interventions to prevent or mitigate health and social
inequalities. Realizing the potential of cross-sectoral data linkage
for informing healthy public policy depends on well-resourced and
responsive infrastructure and governance processes. Close collabor-
ation between researchers and other stakeholders is also critical, to
understand data availability and provenance, inform interpretation
of findings, and identify priorities for further work.

Supplementary data
Supplementary data are available at EURPUB online.
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