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T Joint first authors Objectives

To explore the representativeness of Census 2021 data linkage when compared with the Welsh
Demographic Service Dataset (WDSD) within the Secure Anonymised Information Linkage (SAIL)
Databank for research on the population of Wales, UK. To understand the characteristics of
individuals linked and not linked and which subgroups of the population are disproportionately
represented in data linkage population-wide studies.

Methods

An observational, population-wide cross-sectional comparison study, utilising administrative
demographic data and decennial survey data held in SAIL. Two data sources, the WDSD and Census
2021, were used to create and compare two cohorts of the resident population of Wales, UK, on
21°%% March 2021.

The two cohorts were linked to understand how many individuals from Census 2021 can be
successfully linked within SAIL, in WDSD and not in Census 2021, and found across both sources.
Logistic regression models analysed the variation in the linkability of the survey data within SAIL by
various demographic and household characteristics.

Results
The central analytical cohort contained 2,440,191 individuals present in both data sources. WDSD
contained 3,090,976 individuals with 2,965,196 individuals in Census data.

With a positively classed outcome indicating non-linkage from WDS to Census the characteristics
associated with the highest odds of individuals being registered in WDS but not linked to Census (in
SAIL) are male (aOR=1.28 [95%Cl 1.28,1.32]), 75+ years of age (aOR=1.27 [95%Cl 1.25,1.29]),
of Asian ethnicity (aOR=1.27 [95%Cl 1.24,1.30]), a more recent migrant (arriving to UK after
2000) (aOR=1.30 [95%CI 1.28,1.32]), a member of the LGBTQ+ community (aOR = 1.29 [95%ClI
1.25,1.29]) or not disclosing LGBTQ+ status (aOR=1.41 [95%CI 1.39,1.43]), being separated,
divorced or widowed (aOR =1.28 [95%Cl 1.27,1.29]), or living in rental accommodation (aOR = 1.47
[95%Cl 1.45,1.48]).

Conclusions

Results show that certain personal characteristics and sub-groups of the population of Wales are
disproportionately represented when combining population estimates and utilising Census data in
data linkage population-wide studies in SAIL.

Keywords
data linkage; census representativeness; administrative data

*Corresponding Author:
Email Address: r.d.johnson@swansea.ac.uk (Rhodri D. Johnson)

https://doi.org/10.23889/ijpds.v6il.2994
November 2025 (©) The Authors. Open Access under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)


http://www.ijpds.org
mailto:r.d.johnson@swansea.ac.uk
https://doi.org/10.23889/ijpds.v6i1.2994
https://creativecommons.org/licenses/by/4.0/deed.en

Lyons J et al. International Journal of Population Data Science (2025) 10:1:31

Introduction

Measuring population representativeness is an important
methodological step in public health and epidemiological
studies as it ensures a selected and often restricted
study population accurately reflects the characteristics of
a wider or complete population [1]. Addressing population
representativeness improves the credibility and scientific
rigour of studies because it accounts for variability within
the population, quantifies bias and ensures results can
be meaningfully applied to the true population. Clarifying
the extent to which different socio-demographic groups
are represented and whether reported positive or negative
outcomes can be applied to all groups of the population is
an important aspect of social justice research. Such research
also helps identify disparities in exposures and outcomes that
can be used to inform social policy.

Access to total population data for research purposes can
be limited for many reasons, including data availability and
coverage, information governance and ethical considerations,
and the need for privacy protection and secure storage of
large data sources containing personal information [2, 3].
Research supporting infrastructures, such as secure e-research
platforms and trusted research environments, overcome many
of these barriers by securely housing large data repositories and
allowing accredited researchers’ access for approved research
purposes [4, 5]. Through these technologies and data linkage
analytics it is possible to access and link data from multiple
sources on various populations. Linking data from different
sources allows for the creation of more comprehensive datasets
for analyses, therefore broadening insight on the understanding
within a particular area of interest and enhancing decision-
making [6, 7]. Linked data also supports longitudinal analysis
as well as helping validate the accuracy and completeness
of data by crosschecking information. However, linkage of
datasets is rarely 100% complete. In such cases it is essential
that there is understanding of how combining multiple
disparate data may affect the research processes, study design
choices, and interpretation of results.

The Census 2021 for England and Wales, which took place
on the 215 March 2021, aims to be a complete enumeration
survey, compulsory for the resident population of England
and Wales to take part, and the latest iteration of the
Census, completed every ten years. The purpose of the Census
is to capture a total population snapshot of England and
Wales to provide population-wide data and information to the
UK government to develop policies, plan service needs, and
allocate funds based on population demographics [8]. Census
2021 data has recently become available for research purposes
within the Secure Anonymised Information Linkage (SAIL)
Databank [9]. This provides a unique opportunity to identify
and report any differences between the Census 2021 survey
population characteristics, and the subset of data that can
be linked to routinely collected electronic healthcare records
(EHRs) and administrative data population characteristics
held in the Welsh Demographic Service Dataset (WDSD),
to understand potential biases when utilising these data for
population research purposes.

The WDS contains individuals registered with a General
Practitioner (GP) in Wales; within SAIL it allows creation
of flexible, longitudinal, population-level cohorts to which

other data sources, such as electronic health records, can
be linked [10, 11]. However, there are known limitations
on patient registration counts e.g., due to absence of or
delayed GP registrations such as for recent migrants or
transient populations [12]. Census is also not considered a full
enumeration [13]; it achieved a 97% response rate in 2021,
and included challenges related to under-coverage, for example
in some harder to reach populations, and over-coverage due
to inclusion of emigrants, and duplicated records [12]. Both
data sources are important and have varied strengths and
weaknesses within the research context. Additionally there are
known limitations associated with data linkage and accurate
assignation of linkage fields to individuals, and we describe the
algorithms developed and applied in both data sources [14].

The objective of this study was therefore to explore
the completeness and representativeness of Census 2021
data linkage within the SAIL Databank, a Trusted Research
Environment hosted by the UK Secure eResearch Platform
(SeRP) for research on the population of Wales, UK.

Methods

Study design

In this observational population-wide cross sectional comparison
study, we utilised anonymised and encrypted routinely
collected administrative NHS demographic data and Census
2021 data held in the SAIL Databank to create and compare
two estimates of the resident population of Wales, UK, on
the 215 March 2021, from these two different data sources
[11, 15]. We linked these data sources and used logistic
regression models to analyse the variation in the linkage of
the Census 2021 data within SAIL, by various demographic
and household characteristics.

Data sources

All data accessed for this study was made available
through the SAIL Databank, an ISO27001 accredited trusted
research environment [9]. SAIL contains billions of rows
of anonymised, encrypted, individual and household-level
health, demographic, social, and environmental data for the
population of Wales, UK. SAIL uses a multiple encryption
system in which a trusted third party, Digital Health and
Care Wales (DHCW), uniquely matches personal identifiable
information contained within an acquired data source to
the Welsh Demographic Service Dataset (WDSD) to create
an Anonymised Linkage Field (ALF) per individual and a
Residential Anonymised Linkage Field (RALF) per residence
before uploading data to SAIL [11, 15-17]. In SAIL, unique
linkage fields (ALF) are used to anonymously link individuals
and/or households between data sources.

The WDSD contains administrative information and
demographic characteristics, such as age, sex, as well as
residential information such as the RALF and the Lower layer
Super Output Area (LSOA) of each RALF for the population
of Wales registered with a Welsh General Practice which
is available for all individuals within WDSD. The presence
of the LSOA allows linkage to small area statistics such as
the Welsh Index of Multiple Deprivation (WIMD) to include
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area-level deprivation for socioeconomic categorisation in
analyses [18].

The Census 2021 contains individual level information,
such as demographics, protected characteristics (defined
within the UK Equality Act 2010 as: age, disability, gender
reassignment, marriage and civil partnership, pregnancy and
maternity, race, religion or belief, sex, sexual orientation,
pregnancy and maternity), health status, household level
information, such as household size and deprivation, and
whether individuals resided in communal establishments for
the population of Wales on the 215* March 2021 [19, 20].

Census 2021 linkage algorithm

Linkage between Census and WDS at the individual level was
completed with probabilistic linkage techniques using personal
identifiable information (PII) which included names (forename,
middle, and surname), date of birth, and postcode. The model
allowed for small variations in spelling of names, date of birth,
and postcode regions, and assigned match weightings to an
edge based on the likelihood of matching. An initial pre-linkage
stage included identification of intra-Census de-duplicating
links where constraints were placed such that links could not be
created for records for individuals within a residence (based on
having the same Census Questionnaire ID number). The aim of
this approach was to improve linkage within residences where
individuals may have similar personal information, such as non-
singleton siblings, parents with same names as children, or
within large communal establishments such as university halls
of residence. The two sets of links were combined to produce
the final links joining Census to WDS using the anonymised
linking field (ALF) [11]. Records in WDS not deemed active
(deceased prior to, or born after) the Census year were not
considered for linkage.

We calculated linkage match rates, defined as the total
number of individuals in the Census data who could be linked
to WDSD using the ALF within the date range as described
below.

Participants

Individuals were allocated to analysis cohorts according to their
inclusion in the five permutations of the linking of individuals
in WDSD and Census 2021 as shown in Box 1.

Box 1: Cohort descriptions

Cohort

Cohort description Description

A WDS Individuals present in WDS

B Census Individuals present in Census
2021

C WDS & Census Individuals present in WDS and
Census 2021 (linked on ALF)

D WDS only Individuals present in WDS only
(not linked on ALF)

E Census only Individuals present in Census

2021 only (not linked on ALF)

All individuals alive and living in Wales on the 21°
March 2021 were included. Initially, two cohorts containing
the population of Wales were created using each data source
(Figure 1). Cohort A (WDS only) contained all individuals
within the WDSD that were alive and living in Wales on
the 21%% March, and registered to a Welsh General Practice
(n=3,092,152). A period of 180-days prior and 60-days post
census date was used to allow for delays to address registration
data within WDS, the shorter follow up period applied to
restrict post census address moves. Cohort B (Census only)
contained all individuals present in the Census 2021 Wales
dataset, who were classified as usual residents and were not
wholly imputed records (n = 2,966,372). A usual resident is
defined as anyone who on the census day was in the UK and
had stayed or intended to stay in the UK for a period of 12
months or more or had a permanent UK address and was
outside the UK and intended to be outside the UK for less
than 12 months. Wholly imputed records were excluded as
these records are created to resolve survey non-response and
therefore are not based on actual individuals and could never
be linked to any records in SAIL.

Population comparisons

To compare the completeness and representativeness of the
Census 2021 data linkage, Cohort A (WDS only) and Cohort
B (Census only) were linked on ALF to create Cohort C
(WDS and Census) (Figures 1 & 2) (n=2,440,191). Cohort
C provides the details on how many individuals and their
characteristics from Census 2021 can be successfully linked
and demonstrates the proportion of individuals that are found
across both population estimates. All remaining individuals in
Cohort A that are not present in Cohort C are categorised
as Cohort D (n=650,785) (WDS only), which equates to
all individuals who reside in Wales based on the WDSD but
cannot be found in the Census 2021 population estimate.
All remaining individuals in Cohort B that are not present
in Cohort C are categorised as Cohort E (n=525,005)
(Census only), which equates to all individuals present in
the Census 2021 but who cannot be linked to the WDSD
population estimate. Mutual variables that are found in each
cohort were used to compare the population representativeness
(Table 1).

Statistical methods

Descriptive statistics were calculated for all sociodemographic
and household variables per cohort comparison, including
the calculation of ratios of the proportions of individuals
within specific cohorts. Binary logistic regression was
used to examine which sociodemographic and household
characteristics influence whether individuals in the Census
2021 can be linked within SAIL and are available for
longitudinal research. Due to some Census questions having an
age restriction for submitting information, the main analysis
focuses on individuals aged 16 years and over and not
living in a communal establishment (Table 3), with full
cohort comparisons available in the supplementary materials
(Supplementary Table 1). The binary outcome of interest
was individuals present in the Census 2021 that could be
linked (an ALF could be created) and therefore used in
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Figure 1: Consort diagram of study participant inclusion

Alive and living in Wales
around Census date in

ALF n = 3,092,152

Record in Census 2021
WDSsSD Census n = 3,145,889

MNon usual residents
Census n = 38,395

Y

Unigue Census IDs
matching to multiple
SAIL IDs and vice versa

Census n = 28,205

Fully imputed records
Census n=112,917

Census n = 2,966,372
ALF n = 3,092,152

Age discrepancies
between data sources
(=4 years difference)

Censusn=1,176
ALF n=1,176

Census ID = 2,965,196
ALF = 3,090,976

Cohort A
ALF = 3,090,976

longitudinal research (Cohort C - WDS and Census) compared
to individuals present in the Census 2021 that could not be
linked (Cohort E - Census Only). Statistical significance was
set at p < 0.05 and the analysis was performed using the stats
package in R version 4.1.3.

Census 2021 variable values were assigned as missing
if they contained any of the following lookup descriptions:
Missing, Failed Multi Tick, Not Answered, Unknown:
Insufficient Information, Not Required. For Cohort B logistic

Cohort B
Census ID = 2,965,196

Living in a communal
establishment or
«=15 years of age

Census ID = 549,936

v

Cohort for modelling
Census 1D = 2,415,260

modelling missing data values for n=487 individuals
were imputed using mode imputation for three variables
(Activity Last Week, Highest Qualification, and Marital
Status).

Results

In total, 3,615,981 individuals aged 0-105+ years where
included in this cross-sectional cohort comparison study.



Lyons J et al. International Journal of Population Data Science (2025) 10:1:31

Figure 2: Venn diagram of the creation of cohorts
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Table 1: Study cohort comparisons

Cohort comparison

Variables to include in comparison

WDS and Census (C) v WDS (A)
WDS and Census (C) v Census (B)

Age, Sex, WIMD deprivation, rurality, Local Authority
Age, Sex, and Census variables: Ethnicity, LGBTQ+ status, migrant status (year arrive

to UK), marital status, religion, highest qualification, activity last week, carer status,
disability, ownership of property, and household deprivation

WDS and Census (C) v WDS Only (D)

Age, Sex, WIMD deprivation, rurality, Local Authority

WDS and Census (C) v Census only (E)  Age, Sex, and Census variables: Ethnicity, LGBTQ+ status, migrant status (year arrive
to UK), marital status, religion, highest qualification, activity last week, carer status,
disability, ownership of property, and household deprivation

WDS only (D) v Census only (E) Age, and Sex

Overall, cohort A (WDS) contained 3,090,976 individuals,
49.9% were male, age-group proportions ranged between 16.3-
20.7% for each 15-year age-band between 0-74 year olds
with the exception of 9.6% for 75+ year olds. Deprivation
quintiles, at the area-level, measured using the 2019 Welsh
Index of Multiple Deprivation (WIMD) [13] showed very similar
distribution across the population with 20.5% of individuals
living in the most deprived areas compared to 19.8% of
individuals living in the least deprived areas of Wales (Table 2).
The majority of individuals resided in urban areas (69.6%),
with Cardiff being the most populous local authority (12%).

Cohort B (Census) included 2,965,196 individuals. 48.7%
were males, and age-group proportions ranged between 17.1-
20.7% for each 15-year age-band between 0-74 years (Table 2).
The majority of individuals were white (94.2%), born in the
UK (93.3%), with 2.6% identified as LGBTQ+, and 37.1%
married or in a civil partnership. Some 46.3% of the population
did not identify as being part of a religion, and the most
commonly attained highest qualification level in the cohort
was an intermediate level qualification (38.2%, including

apprenticeships, ‘A’ Levels, and vocational qualifications).
Working was the most common activity recorded at the
time of the Census (44.6%) compared to those that were
economically active or unemployed (Table 2). In addition, one
in ten people reported being a carer (10.2%), 28.2% had a
disability, nearly a third reported renting their accommodation
(31.8%), and based on Census household deprivation, half
the population (50.8%) declared being deprived in one or
more dimension (deprived in either education, employment,
health, and/or housing measures) (Table 2). Cohort C included
2,440,191 individuals with very similar population distributions
as described about for Cohort A and B (Table 2).

The overall match rate from Census (Cohort B) to WDS
(Cohort A) was 82.3%. Match rates by selected demographic
factors, and for types of communal establishments are reported
in Supplementary Tables (Supplementary Tables 2 and 3).
Regarding cohort D (WDS only), the WDS sub-population
who could not be linked to the Census 2021, this contained
650,785 individuals. 57.9% were male and proportionally
more individuals were aged 16-45 years (47%) compared to



Table 2: Cohort characteristics and ratios of the proportions of individuals within specific cohorts

Characteristics WDS (A) Census (B) WNDS and Census (C) WDS only (D) Census only (E) A:C B:C D:C E:C D:E
Sex Male 1,543,134 (49.9%) 1,443,371 (48.7%) 1,166,262 (47.8%) 376,872 (57.9%) 277,109 (52.8%) 1.04 1.02 121 1.1 1.1
Female 1,547,842 (50.1%) 1,521,825 (51.3%) 1,273,929 (52.2%) 273,913 (42.1%) 247,896 (47.2%) 0.96 0.98 0.81 0.9 0.89
Age group 0-15 525,321 (17%) 509,846 (17.2%) 438,172 (18%) 87,149 (13.4%) 71,674 (13.7%) 0.94 0.96 0.74 0.76 0.98
16-30 549441 (17.8%) 514,868 (17.4%) 394,175 (16.2%) 155266 (23.9%) 120,693 (23%) 1.1 1.07 1.48 1.42 1.04
31-45 576,178 (18.6%) 526,279 (17.7%) 425,546 (17.4%) 150,632 (23.1%) 100,733 (19.2%) 1.07 1.02 1.33 1.1 1.2
46-60 640,987 (20.7%) 614,058 (20.7%) 517,685 (21.2%) 123,302 (18.9%) 96,373 (18.4%) 0.98 0.98 0.89 0.87 1.03
61-74 503,530 (16.3%) 505,577 (17.1%) 423,955 (17.4%) 79,575 (12.2%) 81,622 (15.5%) 0.94 0.98 0.7 0.89 0.79
75+ 205,519 (9.6%) 294,568 (9.9%) 240,658 (9.9%) 54,861 (8.4%) 53,910 (10.3%) 097 1 0.85 1.04 0.82
Ethnicity Asian, Asian British 80,302 (2.7%) 60,053 (2.5%) 20,249 (3.9%) 1.08 1.56
Or Asian Welsh
Black, Black British, 24,128 (0.8%) 17,463 (0.7%) 6,665 (1.3%) 1.14 1.86
Black Welsh,
Caribbean Or African
Missing 0 (0%) 0 (0%) 0 (0%)
Mixed Or Multiple 44,745 (1.5%) 35,376 (1.4%) 9,369 (1.8%) 1.07 1.29
Ethnic Groups
Other Ethnic Group 23,858 (0.8%) 18,213 (0.7%) 5,645 (1.1%) 1.14 1.57
White 2,792,163 (94.2%) 2,309,086 (94.6%) 483,077 (92%) 1 0.97
LGBQT+ status Missing 725,757 (24.5%) 599,676 (24.6%) 126,081 (24%) 1 0.98
Person Is LGBTQ+ 77,430 (2.6%) 58,297 (2.4%) 19,133 (3.6%) 1.08 15
Person Is Not 2,162,009 (72.9%) 1,782,218 (73%) 379,791 (72.3%) 1 0.99
LGBTQ+
Year arrived UK Arrived After 2000 138,179 (4.7%) 99,978 (4.1%) 38,201 (7.3%) 1.15 1.78
Arrived Up To 2000 59,826 (2%) 48,519 (2%) 11,307 (2.2%) 1 1.1
Born In UK 2,767,191 (93.3%) 2,291,694 (93.9%) 475,497 (90.6%) 0.99 0.96
Missing 0 (0%) 0 (0%) 0 (0%)

Continued
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Table 2: Continued

Characteristics

Census (B)

WDS and Census (C) WDS only (D) Census only (E) A:C B:C D:C E:C D:E

Marital status

Religion

Highest
qualification

Activity last
week

Is carer

Disability

Married/

Civil Partnership
Missing

Never Married/Civil
Partnership

Separated/Divorced/

Widowed
Christian
Missing

No Religion

Non-Christian Religion

Higher Level
Qualifications
Intermediate
Lower Level
Qualifications
No Qualifications

Economically Inactive

Missing
Unemployed
Working

Carer
Missing

Not A Carer
Disability
Missing

No Disability

1,101,207 (37.1%)

477,847 (16.1%)
921,328 (31.1%)

464,814 (15.7%)

1,308,664 (44.1%)
183,653 (6.2%)
1,371,452 (46.3%)
101,427 (3.4%)

779,151 (26.3%)
1,133,231 (38.2%)
566,072 (19.1%)
486,742 (16.4%)
1,058,298 (35.7%)
510,302 (17.2%)

73,481 (2.5%)
1,323,115 (44.6%)

301,715 (10.2%)
143,099 (4.8%)
2,520,382 (85%)

837,547 (28.2%)
0 (0%)
2,127,649 (71.8%)

933,492 (38.3%)

410,086 (16.8%)
721,373 (29.6%)

375,240 (15.4%)

1,094,057 (44.8%)
141,873 (5.8%)
1,125,277 (46.1%)
78,984 (3.2%)

634,356 (26%)
937,270 (38.4%)
473,365 (19.4%)
395,200 (16.2%)
863,049 (35.4%)
438,628 (18%)

57,829 (2.4%)
1,080,685 (44.3%)

255,425 (10.5%)
119,843 (4.9%)
2,064,923 (84.6%)

696,690 (28.6%)
0 (0%)
1,743,501 (71.4%)

167,715 (31.9%)

67,761 (12.9%)
199,955 (38.1%)

89,574 (17.1%)

214,607 (40.9%)
41,780 (8%)
246,175 (46.9%)
22,443 (4.3%)

144,795 (27.6%)
195,961 (37.3%)
92,707 (17.7%)
91,542 (17.4%)
195,249 (37.2%)
71,674 (13.7%)

15,652 (3%)
242,430 (46.2%)

(
46,290 (8.8%)
23,256 (4.4%)
455,459 (86.8%)

140,857 (26.8%)
0 (0%)
384,148 (73.2%)

0.97

0.96
1.05

1.02

0.98
1.07
1
1.06

1.01
0.99
0.98
1.01
1.01
0.96

1.04
1.01

0.97
0.98
1

0.99

1.01

0.83

0.77
1.29

1.11

0.91
1.38
1.02
1.34

1.06
0.97
0.91
1.07
1.05
0.76

1.25
1.04

0.84
0.9
1.03
0.94

1.03

Continued
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Table 2: Continued

Characteristics

WDS (A)

Census (B)

WDS and Census (C) WDS only (D) Census only (E) A:C B:C D:C E:C D:E

Accommodation
ownership

Household
deprivation

WIMD
deprivation

Rurality

Home Owner (Owns
Outright)

Home Owner (With
Mortgage)

Missing

Rental

Household Deprived In
One Or More
Dimension
Household Not
Deprived In Any
Dimension

Missing

Most deprived

2

3

4

Least Deprived
Missing

Rural Town And
Fringe

Rural Town And
Fringe In A Sparse
Setting

Rural Village And
Dispersed

Rural Village And
Dispersed In A Sparse
Setting

633,569 (20.5%)

616,255 (19.9%)
618,122 (20%)
609,961 (19.7%)
613,069 (19.8%)
0 (0%)

406,910 (13.2%)

114,268 (3.7%)

198,983 (6.4%)

218,025 (7.1%)

958,445 (32.3%)
1,024,398 (34.5%)
0 (0%)

941,681 (31.8%)
1,507,526 (50.8%)

1,416,998 (47.8%)

40,672 (1.4%)

810,728 (33.2%)
868,144 (35.6%)
0 (0%)

742,944 (30.4%)
1,249,283 (51.2%)

1,172,533 (48.1%)

18,375 (0.8%)
465,728 (19.1%)
479,898 (19.7%)

486,867 (20%)
497,589 (20.4%)

510,109 (20.9%)
0 (0%)

328,373 (13.5%)

90,620 (3.7%)

163,953 (6.7%)

178,927 (7.3%)

167,841 (25.8%)

136,357 (21%)
131,255 (20.2%)
112,372 (17.3%)
102,960 (15.8%)

0 (0%)

78,537 (12.1%)

23,648 (3.6%)

35,030 (5.4%)

39,098 (6%)

147,717 (28.1%)
156,254 (29.8%)
0 (0%)

198,737 (37.9%)
258,243 (49.2%)

244,465 (46.6%)

22,297 (4.2%)

1.07

1.01

0.97
0.95

0.98

0.96

0.97

0.97

0.97

1.05
0.99

0.99

1.75

1.35
1.07
1.01

0.85
0.76

0.9

0.97

0.81

0.82

0.85

0.84

1.25
0.96

0.97

5.25

Continued
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Table 2: Continued

Characteristics WDS (A) Census (B) WDS and Census (C) WDS only (D) Census only (E) A:C B:C D:C E:C D:E
Urban City And Town 2,096,840 (67.8%) 1,636,463 (67.1%) 460,377 (70.7%) 1.01 1.05
Urban City And Town 55,950 (1.8%) 41,855 (1.7%) 14,095 (2.2%) 1.06 1.29
In A Sparse Setting
Missing 0 (0%) 0 (0%) 0 (0%)

Local Authority Blaenau Gwent 68,846 (2.2%) 54,376 (2.2%) 14,470 (2.2%) 1 1
Bridgend 142,533 (4.6%) 115,607 (4.7%) 26,926 (4.1%) 0.98 0.87
Caerphilly 176,653 (5.7%) 143,921 (5.9%) 32,732 (5%) 0.97 0.85
Cardiff 372,296 (12%) 275,863 (11.3%) 96,433 (14.8%) 1.06 1.31
Carmarthenshire 184,995 (6%) 149,788 (6.1%) 35,207 (5.4%) 0.98 0.89
Ceredigion 68,771 (2.2%) 52,537 (2.2%) 16,234 (2.5%) 1 1.14
Conwy 113,738 (3.7%) 89,826 (3.7%) 23,912 (3.7%) 1 1
Denbighshire 95,959 (3.1%) 75,081 (3.1%) 20,878 (3.2%) 1 1.03
Flintshire 155,382 (5%) 124,090 (5.1%) 31,292 (4.8%) 0.98 0.94
Gwynedd 106,720 (3.5%) 82,067 (3.4%) 24,653 (3.8%) 1.03 1.12
Isle Of Anglesey 65,317 (2.1%) 51,949 (2.1%) 13,368 (2.1%) 1 1
Merthyr Tydfil 61,338 (2%) 48,001 (2%) 13,337 (2%) 1 1
Monmouthshire 89,292 (2.9%) 73,472 (3%) 15,820 (2.4%) 0.97 0.8
Neath Port Talbot 141,542 (4.6%) 114,569 (4.7%) 26,973 (4.1%) 0.98 0.87
Newport 156,175 (5.1%) 120,898 (5%) 35,277 (5.4%) 1.02 1.08
Pembrokeshire 118,289 (3.8%) 96,134 (3.9%) 22,155 (3.4%) 0.97 0.87
Powys 123,523 (4%) 100,580 (4.1%) 22,943 (3.5%) 0.98 0.85
Rhondda Cynon Taf 241,299 (7.8%) 191,409 (7.8%) 49,890 (7.7%) 1 0.99
Swansea 244,605 (7.9%) 189,098 (7.7%) 55,507 (8.5%) 1.03 1.1
The Vale Of 132,226 (4.3%) 108,454 (4.4%) 23,772 (3.7%) 0.98 0.84
Glamorgan
Torfaen 93,997 (3%) 75,954 (3.1%) 18,043 (2.8%) 0.97 0.9
Wrexham 137,480 (4.4%) 106,517 (4.4%) 30,963 (4.8%) 1 1.09
Missing 0 (0%) 0 (0%) 0 (0%)
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other age groups. WIMD Deprivation quintiles showed more
individuals lived in the most deprived areas of Wales (25.8%)
compared to 15.8% of individuals living in the least deprived
areas of Wales (Table 2). The majority of individuals resided
in urban areas (70.7%) and the highest proportion lived in the
local authority of Cardiff (14.8%).

The Census only (Cohort E) sub-population comprises
525,005 individuals who could not be linked to the WDS.
52.8% were males, and the largest group of individuals were
aged between 16-30 years (120,693, 23%) (Table 2). The
majority of individuals were white (92%), and were born in
the UK (90.6%), 3.6% identified as LGBTQ+, with never been
married or in a civil partnership containing the largest group
of 199,955 (38.1%) compared to those that were married
or in a civil partnership or had separated, divorced or been
widowed (Table 2). Some 46.9% of the population did not
identify as being part of a religion, 37.3% of individuals
had an intermediate level qualification compared to other
qualification levels and 46.2% were working at the time of
the Census compared to those that were economically active
or unemployed (Table 2). Additionally, just under one in ten
people stated as being a carer (8.8%), 26.8% reported a
disability, nearly two in five people rented their accommodation
(37.9%), and based on Census household deprivation, just
under half the population (49.2%) declared being deprived in
at least one deprivation dimension (education, employment,
health, or housing) (Table 2).

When comparing cohorts A (WDS) and C (WDS and
Census), the largest proportional differences in characteristics
between populations can be seen in those aged 16-30 and 31-
45 years with more individuals of that age being a member
of Cohort A (A:C ratio 1.1 and 1.07 respectively) (Table 2).
Conversely, more individuals aged 0-15 and 61-74 years of
age are members of Cohort C (A:C ratio 0.94) (Table 2). In
addition, Cohort A (WDS) individuals were more likely to live
in the most deprived areas, live in Cardiff, and in urban areas
(A:C ratio 1.06-1.07).

For cohorts B (Census) and C (WDS and Census),
the largest proportional differences in characteristics between
populations can be seen in individuals of Black, Asian, or of
other ethnicities (not including mixed or white ethnicities)
(B:C ratio 1.14, 1.08, and 1.14 respectively), those that
are more recent migrants to the UK (B:C ratio 1.15), and,
being a member of the LGBTQ+ community (B:C ratio
1.08) have larger proportional representation in cohort B
(Census).

Regarding cohorts D (WDS only) and C (WDS and
Census), the largest proportional differences in characteristics
between populations was similar to comparing cohorts A
(WDS) and C (Census). Individuals aged 16—45 years, living in
the most deprived areas, living in Cardiff, and urban areas were
more likely to be present in cohort D than cohort C (Table 2).
Similarly, comparingCohorts E (Census only) and C identified
the similar proportional differences in characteristics between
populations as comparing cohort B and C; with individuals
of Black, Asian, or of other ethnicities, being a more recent
migrant to the UK, or member of the LGBTQ+ community
identified as having a higher proportion in cohort E compare
to C (Table 2).

Comparison of cohorts D (WDS only) and E (Census
only) could only be compared by age and sex due to being
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created from two mutually exclusive data sources. Cohort
D contains proportionally more males compared to cohort E
(57.9% versus 52.8%) and in those aged 31-45 years (23.1% vs
19.2%), whereas those aged 61+ years are more proportionally
represented in Cohort E (Table 2).

For the logistic regression component of this analysis,
2,415,260 individuals aged between 16 and 105+ years were
included who were members of cohort B (Census) and
separated into cohort C (WDS and Census) and E (Census
only) respectively (Table 3). 1,983,977 (82.1%) of individuals
were members of cohort C compared to 431,283 (17.9%)
individuals in cohort E. The binary outcome was created with
a positively classed outcome (1) representing non-linkage from
WDS to Census, and the negatively classed outcome (0)
representing those linked in both WDS and Census. Focussing
on the largest differences in characteristics between these
two cohorts, proportionally there were more individuals of
Black, Asian, or of other ethnicities (not including mixed
or white ethnicities) in the unlinked cohort E (Census only)
compared to cohort C (WDS and Census) (ratio of E:C ranging
between 1.43-1.83) (Table 3). Similarly, more recent migrants
to the UK (arriving after 2000), being a member of the
LGBT+ community or not disclosing LGBT+ status, living
in rental accommodation, or undisclosed religious status were
proportionately more represented in cohort E compared to
cohort C (ratio of E:C 1.35-1.65) (Table 3).

Conversely, there were proportionately more individuals
aged 46-60 years in cohort C (WDS and Census) compared
to E (Census only). Other characteristics that were more
prevalent in cohort C and had the largest difference between
cohorts included being married or in a civil partnership
(E:C 0.82), home-owners (E:C 0.84), and carers (E:C 0.83)
(Table 3).

Table 4 reports the multivariate logistic regression analysis
results to examine which sociodemographic and household
characteristics influence whether individuals in the Census
2021 could be linked to WDSD within SAIL.

Demographic characteristics associated with the highest
adjusted odds of not having Census linkable data in SAIL were
being male (aOR=1.28, 95% Cl=1.28-1.32), 75+ years of
age (aOR=1.27, 95% Cl=1.25-1.29), and of Asian ethnicity
(aOR=1.27, 95%Cl=1.24-1.30). Other sociodemographic
characteristics with the highest adjusted odds of not having
Census linkable data in SAIL were being a more recent
migrant (arriving to UK after 2000) (aOR= 1.30, 95%
C1=1.28,1.32), a member of the LGBTQ+ community
(aOR= 1.29, 95% Cl = 1.25-1.29) or not disclosing LGBTQ+
status (aOR= 1.41, 95% Cl= 1.39-1.43), being separated,
divorced or widowed (aOR= 1.28, 95% Cl= 1.27-1.29),
or living in rental accommodation (aOR= 1.47, 95% Cl=
1.45-1.48).

In terms of characteristics associated with having the
highest adjusted odds of having Census linkable data in SAIL
were having a long term condition or disability (aOR= 0.87,
95% Cl=0.86-0.88), having a lower level qualification (aOR =
0.86, 95% Cl=0.86-0.87), being a carer (aOR= 0.92, 95%
Cl1=0.91-0.93), following a non-Christian religion (aOR=
0.94, 95% Cl=0.92-0.96), being economically inactive or
unemployed (aOR= 0.95, 95% Cl=0.94-0.96 and aOR=
0.94, 95% Cl=0.93-0.96 respectively), and living with any
dimension of deprivation (aOR= 0.95, 95% Cl =0.94-0.96).
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Table 3: Cohort characteristics and ratios of the proportions of individuals within specific cohorts for the regression analysis

population
Characteristics Census (B) WDS and Census (C) Census only (E) B:C E:C E:B
Sex Male 1,164,094 (48.2%) 935,127 (47.1%) 228,967 (53.1%)  1.02  1.13 11
Female 1,251,166 (51.8%) 1,048,850 (52.9%) 202,316 (46.9%) 098  0.89  0.91
Age group 16-30 494,676 (20.5%) 388,009 (19.6%) 106,667 (24.7%)  1.05  1.26 12
31-45 523,626 (21.7%) 424,589 (21.4%) 99,037 (23%) 1.01 1.07 1.06
46-60 611,877 (25.3%) 516,588 (26%) 95,289 (22.1%) 097 085  0.87
61-74 502,933 (20.8%) 422,257 (21.3%) 80,676 (18.7%) 098  0.88 0.9
75+ 282,148 (11.7%) 232,534 (11.7%) 49,614 (11.5%) 1 098 098
Ethnicity Asian, Asian British Or 58,673 (2.4%) 44,554 (2.2%) 14,119 (3.3%) 1.09 15 1.38
Asian Welsh
Black, Black British, 17,227 (0.7%) 12,635 (0.6%) 4,592 (1.1%) 117 18 157
Black Welsh,
Caribbean Or African
Mixed Or Multiple 25,659 (1.1%) 19,866 (1%) 5,793 (1.3%) 11 1.3 1.18
Ethnic Groups
Other Ethnic Group 17,006 (0.7%) 12,901 (0.7%) 4,105 (1%) 1 143 1.43
White 2,296,695 (95.1%) 1,894,021 (95.5%) 402,674 (93.4%) 1 0.98 0.8
LGBQT+ status Missing 206,625 (8.6%) 157,010 (7.9%) 49,615 (11.5%) 1.09 146 134
Person Is LGBTQ+ 74,218 (3.1%) 57,129 (2.9%) 17,089 (4%) 107 138  1.29
Person Is Not 2,134,417 (88.4%) 1,769,838 (89.2%) 364,579 (84.5%)  0.99 095  0.96
LGBTQ+
Year arrive UK Arrived After 2000 116,670 (4.8%) 86,141 (4.3%) 30,529 (7.1%) 1.12 1.65 1.48
Arrived Up To 2000 59,320 (2.5%) 48,234 (2.4%) 11,086 (2.6%) 1.04 108  1.04
Born In UK 2,239,270 (92.7%) 1,849,602 (93.2%) 389,668 (90.4%)  0.99 097 0.8
Marital status Married / Civil 1,097,445 (45.4%) 931,301 (46.9%) 166,144 (38.5%) 0.97 0.82 0.85
Partnership
Never Married/Civil 863,730 (35.8%) 684,295 (34.5%) 179,435 (41.6%) 1.04 1.21 1.16
Partnership
Separated/Divorced/ 454,085 (18.8%) 368,381 (18.6%) 85,704 (19.9%) 1.01 1.07 1.06
Widowed
Religion Christian 1,142,091 (47.3%) 954,695 (48.1%) 187,396 (43.5%) 0.98 0.9 0.92
Missing 141,575 (5.9%) 109,713 (5.5%) 31,862 (7.4%) 107 135  1.25
No Religion 1,056,267 (43.7%) 860,762 (43.4%) 195,505 (45.3%)  1.01  1.04  1.04
Non-Christian Religion 75,327 (3.1%) 58,807 (3%) 16,520 (3.8%) 103 127  1.23
Highest Higher Level 772,751 (32%) 631,675 (31.8%) 141,076 (32.7%)  1.01  1.03  1.02
qualification Qualifications
Intermediate 605,319 (25.1%) 492,638 (24.8%) 112,681 (26.1%) 1.01 1.05 1.04
Lower Level 562,396 (23.3%) 471,807 (23.8%) 90,589 (21%) 098 088 09
Qualifications
No Qualifications 474,794 (19.7%) 387,857 (19.5%) 86,937 (20.2%) 101 1.04  1.03
Activity last week Economically Inactive 1,023,950 (42.4%) 847,061 (42.7%) 176,889 (41%) 099 096 0097
Missing 487 (0%) 487 (0%) 0 (0%)
Unemployed 71,537 (3%) 57,221 (2.9%) 14,316 (3.3%) 103 114 11
Working 1,319,286 (54.6%) 1,079,208 (54.4%) 240,078 (55.7%) 1 .02 1.02
Is carer Carer 295,987 (12.3%) 250,775 (12.6%) 45,212 (10.5%) 098 083 085
Not A Carer 2,119,273 (87.7%) 1,733,202 (87.4%) 386,071 (89.5%) 1 1.02 102
Disability Disability 769,761 (31.9%) 644,355 (32.5%) 125,406 (29.1%) 098 09 0091
No Disability 1,645,499 (68.1%) 1,339,622 (67.5%) 305,877 (70.9%) 1.01 1.05 1.04
Accommodation Home Owner (Owns 914,828 (37.9%) 773,431 (39%) 141,397 (32.8%) 0.97 0.84 0.87
ownership Outright)
Home Owner (With 782,256 (32.4%) 654,871 (33%) 127,385 (29.5%) 098  0.89 0091
Mortgage)
Rental 718,176 (29.7%) 555,675 (28%) 162,501 (37.7%)  1.06  1.35 127
Household Household Deprived In 1,278,322 (52.9%) 1,053,950 (53.1%) 224,372 (52%) 1 0.98 0.98
deprivation One Or More
Dimension
Household Not 1,136,938 (47.1%) 930,027 (46.9%) 206,911 (48%) 1 102 1.02

Deprived In Any
Dimension

11
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Table 4: Unadjusted and adjusted Odds Ratios (OR) and 95% confidence intervals (Cl) regression analysis results examining the
sociodemographic and household characteristics that influence whether individuals in the Census 2021 could be linked within SAIL

Characteristics

Univariate Adjusted
OR p-value AOR p-value

95% CI

Male (ref: Female)

Age 16-30 (ref: 46-60)

Age 31-45 (ref: 46-60)

Age 61-74 (ref: 46-60)

Age 75+ (ref: 46-60)

Ethnicity: Asian, Asian British Or Asian Welsh (ref: White)

Ethnicity: Black, Black British, Black Welsh, Caribbean Or African (ref: White) 1.71 <0.001 1.21

Ethnicity: Mixed Or Multiple Ethnic Groups (ref: White)
Ethnicity: Other Ethnic Group (ref: White)

LGBTQ+: Missing (ref: non-LGBTQ)

LGBTQ+: Person Is LGBTQ+ (ref: non-LGBTQ)

Year arrived UK: Arrived After 2000 (ref: Born In UK)
Year arrived UK: Arrived Up To 2000 (ref: Born In UK)

Marital status: Never Married/Civil Partnership (ref: Married/Civil Partnership) 1.47 <0.001 1.24
Marital status: Separated/Divorced /Widowed (ref: Married/Civil Partnership) 130 <0.001 1.28

Religion: Christian (ref: No Religion)
Religion: Missing (ref: No Religion)
Religion: Non-Christian Religion (ref: No Religion)

Highest Qualification: Higher level qualifications (ref: Intermediate)
Highest Qualification: Lower level qualifications (ref: Intermediate)

Highest Qualification: No qualifications (ref: Intermediate)
Activity last week: Economically Inactive (ref: Working)
Activity last week: Unemployed (ref: Working)

Is a carer: Carer (ref: non-carer)

Has long-term condition or disability? Yes (ref: No)

Family status: Home Owner (With Mortgage) (ref: owns outright)

Family status: Rental (ref: owns outright)

Deprivation: Household Deprived In One Or More Dimension (ref: No) 0.96 <0.001 0.95

1.27 <0.001 1.28
1.49 <0.001 1.19
126 <0.001 1.11
1.04 <0.001 1.13
1.16 <0.001 1.27
1.49 <0.001 1.27

<0.001 1.27 1.29
<0.001 1.18 1.21
<0.001 11 1.12
<0.001 112 1.14
<0.001 1.25 1.29
<0.001 124 13
<0.001 1.17 1.26
<0.001 1.12 1.19
<0.001 1.04 1.12
<0.001 1.39 1.43
<0.001 125 1.29
<0.001 1.28 1.32
<0.001 1.05 1.1
<0.001 1.22 1.25
<0.001 1.27 1.29
<0.001 0.96 0.98
<0.001 1.13 1.16
<0.001 0.92 0.96
<0.001 1.03 1.05
<0.001 0.86 0.87
<0.001 0.97 0.99
<0.001 0.94 0.96
<0.001 0.93 0.96
<0.001 091 0.93
<0.001 0.86 0.88
<0.001 1.01 1.03
<0.001 1.45 1.48
<0.001 0.94 0.96

1.37 <0.001 1.16
150 <0.001 1.08
153 <0.001 141
1.45 <0.001 1.27
1.68 <0.001 1.3
1.09 <0.001 1.07

0.86 <0.001 0.97
1.28 <0.001 1.14
1.24 <0.001 0.94
0.98 <0.001 1.04
0.84 <0.001 0.86
0.98 <0.001 0.98
0.94 <0.001 0.95
1.12 <0.001 0.94
0.81 <0.001 0.92
0.85 <0.001 0.87
1.06 <0.001 1.02
1.60 <0.001 1.47

Discussion

This study was designed to explore the completeness and
representativeness of Census 2021 data linkage within the SAIL
Databank for research on the population of Wales, UK and,
to understand which subgroups of the population might be
disproportionately affected in studies using Census population
linkage.

In total, 3,615,981 individuals aged 0-105+ years were
included in this cross-sectional cohort comparison study.
Overall, when examining the two population data sources, the
WDSD and the Census 2021, the resident populations of Wales
were 3,090,976 and 2,965,196 respectively. After linkage,
2,440,191 individuals were present in both populations which
equates to a coverage of 78.9% and 82.3% for the WDSD and
Census populations respectively. A further 650,785 (21.1%)
individuals could only be found in the WDSD population and
525,005 (17.7%) individuals could only be found in the Census
2021 population.

Our results show that being male, an older individual (aged
75+), of Asian ethnicity, a more recent migrant (arriving
to UK after 2000), member of the LGBTQ+ community
or not disclosing LGBTQ+ status, being separated, divorced
or widowed, or living in rental accommodation were the
sociodemographic and household characteristics impacted
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most for not having Census linkable data in SAIL for further
research. Conversely, having a long-term condition or disability,
a lower level qualification, being a carer, following a non-
Christian religion, being economically inactive or unemployed,
and living with any dimension of deprivation were the
sociodemographic and household characteristics impacted the
least and were more likely to have Census linkable data in
SAIL.

There exist multiple reasons postulated for varied linkage
rates between WDS and Census as applied in this work, whilst
outside the remit of this work, we discuss key themes here.
Initially, the difference in the primary reason for existence
for WDS and Census as well as varying processes and
policies have implications. For example, Census is not a true
complete enumeration of the full population and includes
adjustment by imputation, additionally, Census returns are
completed by either the main or proxy respondents which may
introduce inconsistencies. WDS exists to support healthcare
and administration in Wales and reasons exist why some
individuals may not be registered, especially at specific
dates which coincide with events such as Census 2021.
Variation in interaction with healthcare services across certain
demographic groups with different behaviours or systematic
issues may affect linkage rates. For example, evidence
suggests younger males engage less with primary care services



Lyons J et al. International Journal of Population Data Science (2025) 10:1:31

potentially resulting in less accurate and timely data flowing
into administrative records (17), and some ethnic groups
are more likely to have lower linkage rates due to various
factors including systematic issues related to data capture
systems and linkage algorithms designed predominantly around
Western style name conventions (first name, middle name,
last name) (18,19). Response rates specifically for Census, and
data collection processes and quality of personal identifiable
information for both sources will impact upon linkage success
rates of downstream data linkage processes. The downstream
processing of personal identifiable information data to create
the Anonymised Linkage Fields for two separate data sources
also contains intricacies which may affect linkage, for instance,
variation in use of names and middle names, and general data
collection and recording errors will influence linkage outcomes.

This work aims to inform the research community for
those involved in using linked population-level data using
population data sources such as Census and WDS within SAIL
or other Trusted Research Environments. The work does not
aim to fully analyse the drivers behind variation in data linkage
across populations, indeed, due to necessary SAIL governance
processes, investigations to understand specific sources of error
are impossible. Neither does the work aim to suggest that one
population data source is better than the other; we support a
combination of the datasets, which provides greater potential
for impactful research.

Among the strengths of this study was the ability
to link multi-sourced population-wide demographic data
for the population of Wales through the SAIL Databank.
Having access to the Census 2021 allowed for the inclusion
and analysis of individuals by protected characteristics.
Additionally, to our knowledge, this is the first study examining
the completeness and representativeness of Census 2021 with
a total population register of Wales outside of the Office of
National Statistics sources [21-23].

Although our study provides important findings, several
limitations need to be considered. Due to a number of Census
questions having age restrictions applied, the regression
analysis was restricted to those aged 16+ years of age.
We also restricted our final regression analysis to individuals
living in private households and therefore excluded individuals
living in communal establishments; future work could explore
such populations, although there are known data quality and
collection limitations related to communal establishments [24].

A further limitation of this study is that the comparisons
between cohorts D and E was limited to age and sex only due
to being created from two mutually exclusive data sources,
which lacked other common variables. Whilst it might be
assumed that these two similarly sized cohorts are in fact
the same population, it is not possible to infer that from
the data.

Conclusion

This study provides important research implications for
consideration. Results show that certain personal characteristics
and sub-groups of the population of Wales are disproportionately
represented when combining population estimates and utilising
Census data in data linkage population-wide studies in
SAIL.This is an important finding for researchers to understand

13

when carrying out future linked research on using census data
and electronic health records on the Welsh population.
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