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Introduction
Population health surveys are used to record person-reported outcome measures for chronic health
conditions and provide a useful source of data when evaluating potential disease burdens. The
reliability of survey-based prevalence estimates for chronic diseases is unclear nonetheless. This
study applied methodological triangulation via a data linkage method to validate prevalence of
selected chronic conditions (angina, myocardial infarction, heart failure, and asthma).
Methods
Linked healthcare records were used for a combined cohort of 11,323 adults from the 2013 and 2014
sweeps of the Welsh Health Survey (WHS). The approach utilised consented survey data linked to
primary and secondary care electronic health record (EHR) data back to 2002 within the Secure
Anonymised Information Linkage (SAIL) Databank.
Results
This descriptive study demonstrates validation of survey and clinical data using data linkage for
selected chronic cardiovascular conditions and asthma with varied success. The results indicate
that identifying cases for separate cardiovascular conditions was limited without specific medication
codes for each condition, but more straightforward for asthma, where there was an extensive list of
medications available. For asthma there was better agreement between prevalence estimates based
on survey and clinical data as a result.
Conclusion
Whilst the results provide external validity for the WHS as an instrument for estimating the burden
of chronic disease, they also indicate that a data linkage appproach can be used to produce comparable prevalence estimates using clinical data if a defined condition-specific set of clinical codes are
available.

Introduction
Population health surveys have been used to record information on chronic conditions and self-reported health for many
years [1]. For well-developed healthcare systems, patient reported health surveys provide a useful source of information for
health research when this information is not collected within
routine administrative data. Measures of chronic conditions
from health surveys provide an indication of disease burden
and potential need for health services for various conditions
including those which carry a greater risk of mortality, for instance cardiovascular disease [2].
For many years, the Welsh Health Survey (WHS) was the
main instrument for point-in-time measures of self-reported

health and morbidity in Wales. In 2015 the WHS was incorporated into the revamped National Survey for Wales (NSW),
but it could be argued that alternative methods of estimating
chronic disease prevalence now exist. The warehousing of fairly
comprehensive clinical datasets (derived from electronic health
records (EHR)) from primary and secondary care in a secure
research environment as provided by the Secure Anonymised
Information Linkage (SAIL) Databank means that prevalence
of diseases could potentially be measured on a whole population basis. The utility of the SAIL Databank has been expanded by storage of both healthcare and non-clinical data,
such as survey data from the WHS and the NSW, in the same
environment and with the potential to link these datasets together. Following these developments, it is now possible to
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address these research questions:
1. How do counts of chronic disease derived from clinical
EHR compare with self-reported counts from the Welsh
Health Survey?
2. Where a disease register does not exist, is it feasible
to use an algorithm to identify prevalence of specific
chronic conditions from EHR?
This study seeks to address these questions. Although not
completely comprehensive (see with reference to GP data below), for purposes of this study clinical data are considered to
be the gold standard against which health survey data may be
validated. This is because they are collected on a consistent
basis across the jurisdiction of Wales and recorded by professional staff rather than hand-written by survey recipients (as
was the case with the WHS). In addition, clinical data are
recorded for a comprehensive range of morbidities compared
to the limited range which can be captured by a population
health survey.

Objectives
This study aims to exploit the opportunity provided by colocation of anonymised survey- and clinical data to investigate how well self-reported survey data performed compared
to the clinical data being made available in the SAIL databank.
A secondary objective is to explore whether for some chronic
conditions prevalence estimates could more feasibly be made
using clinical data. A third objective is to provide a methodological development step towards investigation of many other
conditions now recorded in the WHS successor, the NSW. Finally, we hope to contribute to the development of population
data science through a complete presentation of the method
used to produce these research findings.
This study has been made possible by the SAIL Databank,
which provides the ability to link various data sources securely
and anonymously in a privacy-protecting platform. Provision
to enable informed consent to data linkage was made in the
WHS from 2013 onwards so that survey-related research questions can be addressed using anonymised data, which is part of
the national e-health records research infrastructure for Wales
[3, 4].

Methods
This is a descriptive cross-sectional study, which applies
methodological triangulation to anonymised data from the
WHS for 2013 and 2014, with clinical data from 2002 to 2014
in a secure environment. Combining datasets in this way could
provide the basis for further analysis of chronic conditions and
wellbeing as recorded by the WHS.

Condition Selection
The incidence of chronic conditions such as stroke and various cancers is well established through national registries [5,
6]. Consequently, the data linkage and triangulation method
was applied to a subset of chronic conditions that are present
in the survey data and for which registries do not currently
2

exist in Wales. The conditions selected for analysis included
‘angina’, ‘myocardial infarction’ (hereafter referred to as ‘heart
attack’, as recorded in the WHS), ‘heart failure’, and ‘asthma’
as recorded via separate tick boxes on the WHS form. Question syntax varied so that respondents were asked if they had
‘ever been treated for’ heart attack, and are ‘currently being
treated for’ asthma, angina and heart failure.

Sample Population – survey data
The WHS samples were selected from the small user version
of the Postcode Address File (PAF) provided by Royal Mail.
Addresses were randomly sampled and stratified across Wales,
with the aim of a minimum sample of 600 adults across each
local authority area. These were combined into a single dataset
for further analysis. For selected households the WHS also
sampled children but consent to linkage was not obtained from
them. As a result, no data for children were obtained for this
study.
All data were anonymised through a standard split file approach when being acquired into the SAIL Databank. Deterministic matching and validation to a unique identifier (known
as an Anonymised Linking Field or ‘ALF’) was applied by the
NHS Wales Informatics Service (NWIS) before acquisition into
the SAIL Databank.

Linking to clinical data
Survey records that were not matched to a unique identifier
by the anonymization process were removed from the survey
dataset at the outset. To maximise the sample size both good
and ‘fuzzy’ matches (where it was less clear that records related to the same person) were retained. The two-year WHS
analytic sample was then used to select corresponding records
from clinical datasets, based on matching unique identifiers
contained in each.
The healthcare data linked for this study were the hospital admission data (Patient Episode Database for Wales
(PEDW)), welsh population spine of registrations and residence history (Welsh Demographics Service Dataset (WDSD))
and the Welsh Longitudinal General Practice data (WLGP).
Records were matched in hospital admission data as far back
as 2002 and GP event data back to 2010. Records were also
matched with central registry data, as the GP data used covered only around 80% of General Practitioner (GP) surgeries
in Wales. In this way any undercount in prevalence from the
GP data could be assessed. Specialist physician data were not
used as they were not available for this study.
These datasets were linked and combined using SQL DB2
(IBM, Portsmouth, UK) as shown in Figure 1, resulting in a
‘platform file’ containing all relevant data. In this platform
file matched records for all survey respondents (n =11,323)
were retained for onward analysis of wellbeing for those with
and without chronic conditions, including those without any
clinical events or diagnoses.

Identifying chronic conditions
Indication of diagnoses and/or treatments related to ‘angina’,
‘heart attack’, ‘heart failure’ and ‘asthma’ were identified in
the clinical data using lists of hospital diagnosis (ICD-10) and
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GP event (Read) codes (see Supplementary Appendices 1 and
2). For each condition, lists of ICD and Read codes were
created based on information from respective online reference
sources [7, 8]. For cardiovascular conditions the lists were developed following discussion with a clinician specialising in cardiovascular disease, with particular advice provided on whether
GP event codes related exclusively to heart attack or heart
failure. For asthma the list of codes was supplemented with
an extensive list of medications used to identify cases in the
Cognitive development Respiratory Tract Illness and Effects of
eXposure (CORTEX) project [9].
All cases of the selected chronic conditions identified were
tagged using the lists of ICD and Read codes. For cardiovascular conditions, cases were tagged where clinical codes
were solely related to one condition, and not tagged where
they could relate to more than one condition - for example
instances of oedema which can be related to pregnancy, being overweight, or kidney problems as well as heart failure.
Similarly, codes for prescription medications were not used to
tag cases of cardiovascular conditions as some medications are
used to treat both heart attack and heart failure. In effect an
approach was taken to avoid mis-classifying conditions another
which prioritised specificity over sensitivity.
All identified cases were tagged in the detailed dataset
based on any occurrence of relevant codes as evidence of
having been treated for the selected condition. As indicated
above, WHS question wording varied so that for heart attack
(which asks about ever having been treated), any occurrence
of relevant GP event and diagnosis codes were used, whilst
for angina, heart failure and asthma (which ask about current
treatment), occurrence of relevant GP event and diagnosis
codes in the 12 months prior to interview were used. Summary counts of relevant events and diagnoses for each survey
respondent were extracted using Structured Query Language
(SQL) DB2. Further analysis was then carried out in SAS
version 9.4 (SAS Institute Inc, Cary, NC) and SPSS 26 (IBM
Corp, Armonk, NY) in the SAIL Databank secure environment.

Data Analysis
A binary flag was derived from responses to relevant survey
questions and used to identify cases from the survey data.
Survey respondents were identified as cases for the selected
chronic conditions based on having had at least one event or
diagnosis recorded in the clinical data. Contingency matrices
were created, based on clinical data as the ‘gold standard’
against which survey data would be compared. The aim of
this approach was to establish groups from these contingency
matrices (‘true positive’, ‘false positive’ etc.) for each condition for onward analysis of wellbeing, rather than to define
cases per se. Separate case counts were extracted based on
whether identified from GP or hospital records, or both.
From the contingency matrices epidemiological measures
such as specificity, sensitivity, positive predicted value (PPV)
and negative predictive value (NPV) were calculated for each
condition based on clinical data as the ‘gold standard’. Indicative prevalence values were calculated with associated confidence intervals (CIs) along with Cohen’s Kappa statistics
based on valid responses only (excluding counts for ‘No answer/refused’ responses).
3

Results
Sample Characteristics
With consent for data linkage introduced part-way through
2013 onwards, the numbers of adult with matched health
records were 4,362 for 2013 (29.1% of those sampled) and
7,332 for 2014 (51.7% of those sampled). This provided a
combined study population of 11,323, for which Table 1 shows
the age and gender characteristics. More than half of the sample population was aged over 45, with more females than males
for all age groups except 60-74.

Identified Cases
For asthma, more cases were identified from clinical data than
were reported by the WHS (see Table 2). For cardiovascular
conditions fewer cases were identified from clinical data compared to the WHS, and considerably so (thereby contributing
to the variation in PPV values shown in Table 3). Also notable from Table 2 is that for asthma the vast majority of
cases were identified from GP events whereas for cardiovascular conditions most were identified via a hospital diagnosis.
For ‘currently being treated’ conditions less than 10 percent
of cases were identified by both a GP event and hospital diagnosis, whereas over a fifth of ‘ever treated’ heart attack cases
were identified in this way. Given that the GP data used covered 80 percent of practitioners, identified case counts could
be estimated to be six to eight cases higher for cardiovascular
conditions and 269 higher for asthma based on GP records
only, though some of these will instead have been picked up
through hospital records.
Tables 3-6 show the validation results for the selected
chronic conditions.
Table 7 summarises the epidemiological measures for each
condition. Relative prevalence levels calculated using survey
and clinical data are shown, along with Cohen’s Kappa statistics.
Specificity and NPV were high for all conditions, with
NPVs in excess of 99 percent for cardiovascular conditions.
By contrast, sensitivity varied from 50 percent for heart failure (currently treated) to 75 percent for heart attack (ever
treated). The PPV for asthma was notably higher than for
cardiovascular conditions.
For cardiovascular conditions there were significant differences in indicative prevalence when based on survey vs. clinical data, ranging from around 10 cases per thousand to over
40 cases per thousand for heart attack. Whether conditions
were ‘currently treated’ or ‘ever treated’ made no difference to
the disparity in relative prevalence based on the two sources.
For cardiovascular conditions indicative prevalence was considerably higher based on survey data compared to clinical
data. The divergence in indicative prevalence is reflected in
the Kappa statistics which show poor agreement between the
two data sources.
For asthma there was no significant difference in indicative
prevalence based on the survey vs. clinical data. In addition,
the Kappa statistic indicates a fair to good agreement between
the data sources.
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Figure 1: Data Linkage Using Anonymised Data in SAIL

Table 1: Characteristics of WHS Sample with Consent and Successful Data Linkage, 2013 and 2014 Combined
n (% of Column)
Age Group
16-29
30-44
45-59
60-74
75+
All ages
(% of Row)

4

Males
731
935
1,304
1,565
709
5,244
(46.3)

(13.9)
(17.8)
(24.9)
(29.8)
(13.5)

Females
1,014
1,229
1,559
1,543
734
6,079
(53.7)

(16.7)
(20.2)
(25.6)
(25.4)
(12.1)

Total
1,745
2,164
2,863
3,108
1,443
11,323

(15.4)
(19.1)
(25.3)
(27.4)
(12.7)
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Table 2: Chronic Condition Cases Identified by GP Event and/or Hospital Diagnosis
Condition

Identified by

Count

% of Total

Angina - Currently being treated

GP Records
Hospital Diagnosis
Both GP Event and Hospital Diagnosis
Total from Clinical data
Total from WHS

32
84
8
124
396

26
68
6

Heart Attack – Ever been treated

GP Records
Hospital Diagnosis
Both GP Event and Hospital Diagnosis
Total from Clinical data
Total from WHS

21
68
25
114
473

18
60
22

Heart Failure - Currently being treated

GP Records
Hospital Diagnosis
Both GP Event and Hospital Diagnosis
Total from Clinical data
Total from WHS

28
39
6
73
191

38
53
8

Asthma - Currently being treated

GP Records
Hospital Diagnosis
Both GP Event and Hospital Diagnosis
Total from Clinical data
Total from WHS

1,079
80
97
1,256
1,173

86
6
8

Table 3: Respondents ‘Currently’ Treated for Angina at Time of Survey based on WHS and Clinical data
Survey
Yes
of which:
Female (%)
Male (%)
No
of which:
Female (%)
Male (%)
No answer/ refused
Total

5

Clinical data
Yes

No

Total

77

319

396

(42.9)
(57.1)
38

(43.3)
(56.7)
10,329

(43.2)
(56.8)
10,367

(21.1)
(78.9)

(54.0)
(46.0)

(53.9)
(46.1)
560
11,323
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Table 4: Respondents Ever Treated for Heart Attack based on WHS and Clinical data
Survey
Yes
of which:
Female (%)
Male (%)
No
of which:
Female (%)
Male (%)
No answer/ refused
Total

Clinical data
Yes

No

Total

82

391

473

(35.4)
(64.6)
27

(33.2)
(66.8)
10,359

(33.6)
(66.4)
10,386

(63.0)
(37.0)

(54.5)
(45.5)

(54.5)
(45.5)
464
11,323

Table 5: Respondents ‘Currently’ Treated for Heart Failure at Time of Survey based on WHS and Clinical data
Survey
Yes
of which:
Female (%)
Male (%)
No
of which:
Female (%)
Male (%)
No answer/ refused
Total

Clinical data
Yes

No

Total

33

158

191

(30.3)
(69.7)
33

(37.3)
(62.7)
10,468

(36.1)
(63.9)
10,501

(42.4)
(57.6)

(53.8)
(46.2)

(53.8)
(46.2)
631
11,323

Table 6: Respondents ‘Currently’ Treated for Asthma at Time of Survey based on WHS and Clinical data
Survey
Yes
of which:
Female (%)
Male (%)
No
of which:
Female (%)
Male (%)
No answer/ refused
Total

6

Clinical data
Yes

No

Total

818

355

1,173

(61)
(38)
370

(58)
(42)
9,220

(60)
(40)
9,590

(53)
(47)

(53)
(47)

(53)
(47)
560
11,323
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Table 7: Respondents ‘Currently’ Treated for Asthma at Time of Survey based on WHS and Clinical data
Percentages
Angina – Currently being treated
(CIs)
Heart Attack – Ever been treated
(CIs)
Heart Failure – currently being treated
(CIs)
Asthma – currently being treated
(CIs)

Kappa

Sensitivity

Specificity

PPV

NPV

Clinical data

Survey

Statistic

66.96

97

19.44

99.63

96.36

17.34

99.74

50

98.51

17.28

99.69

68.86

96.29

69.74

96.14

35
(32/38)
42
(38/45)
17
(15/19)
104
(98/109)

0.290

75.23

11
(9/13)
10
(8/12)
6
(5/8)
105
(99/111)

Missing Data
For the WHS questions on asthma and cardiovascular conditions non-response was between four and five percent overall
(see Table 8), and slightly lower for heart attack (‘ever been
treated’) than ‘currently being treated’ conditions. The issue of missing data and intentional non-response is discussed
further below.

Discussion
Linking health survey, GP and hospital data was relatively
straightforward and generated an extensive and expedient
dataset for survey validation purposes. Crosstabulation was
similarly uncomplicated using the statistical software available
in the secure environment provided by the databank.
The validation results for some of the selected conditions
are disappointing. In particular the PPV results achieved for
cardiovascular conditions (17-19 percent) are low compared to
those for asthma, and applying the method for separate cardiovascular conditions was less successful as it was not possible to use medication codes to distinguish between them. As
a consequence, there were significant differences in indicative
prevalence for cardiovascular conditions based on the two data
sources. Although the sets of ICD and Read codes used were
developed with expert advice from a clinician, the result was
low PPV levels for separate cardiovascular conditions. An alternative approach may have been to validate positive cardiovascular cases from the survey against occurrence of relevant
codes in clinical data, then with the results for each condition
use machine learning to identify non-self-reporting cases in the
remaining data. This would have been more time-consuming
but also possibly more effective in identifying those not selfreporting their condition.
The method was more effective for asthma, with a PPV of
nearly 70 percent and evidence of better agreement between
the data sources, possibly due to better diagnosis and/or more
clearly defined interventions for asthma. Most of the difference
though is understood to be due to the use of medication codes
to identify cases as an initial test run without them yielded a
PPV below those for cardiovascular conditions. This indicates
that GP read code lists need to include those for medications
to identify cases, whether cardiovascular or asthma-related.
These results show that it is possible to use an algorithm to
7

Prevalence per 1,000 from

0.270
0.250
0.655

identify chronic disease prevalence from EHRs, but on a qualified basis, e.g. where a list of medication codes are available
to identify cases. Further, it is possible to use a data linking method to validate population health survey - with clinical
data for chronic conditions, but relative prevalence can vary
widely depending on how the conditions are defined. So a
data linking method may feasibly be used to estimate prevalence in the absence of a disease register. Where a generally
accepted and definitive code list does not exist for a condition, considerable variation in prevalence may be expected.
Further, datasets may variously be more suitable for identifying specific chronic conditions e.g. GP rather than hospital
records for asthma, as shown in Table 2. This may be due
to the way medications for such conditions are coded by GPs.
Equally, the method applied did not utilise data from specialist
physician or outpatient departments and closer agreement in
prevalence may be possible if such data were included. This
may particularly be the case for cardiovascular conditions.
By extension, EHRs may not always be a ‘gold standard’
for validating prevalence of chronic conditions depending on
whether the available data extends beyond just GP and hospital admission records. Results may also be affected by survey
questions, which in this case required respondents and the researcher alike to surmise the meaning of ‘currently treated’ for
some conditions and ‘ever treated’ for another. Lower PPV
results for all ‘currently treated’ conditions compared to ‘ever
treated’ for heart attack from the same survey may be due to
additional cognitive bias via the telescoping effect (whereby remote events appear to have occurred more recently), leading
to a tendency to over-report over the short term. From this
it could be argued that where linkage and validation of survey
and clinical data is expected then survey questions on morbidities should perhaps be in terms of whether treated in the last
12 months as recommended by some for hospitalizations [10].
This would enable clearer definition of recall required from respondents and of the lookback period required for data linking
purposes.
This study used a single record from either GP or hospital data to identify cases. The aim of this approach was to
define subgroups for each condition (true positives, false positives etc.) to enable onward analysis of relative wellbeing.
Arguably a more generally acceptable case definition could
be applied based on a minimum of two GP visits or a hospitalisation. Previous case definition work has indicated that
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Table 8: Non-Response to Selected Chronic Condition Questions, Matched WHS Records, 2013 and 2014
All Survey Respondents
Count
Percentage

WHS question
Angina – Currently being treated
Heart Attack – Ever been treated
Heart Failure – Currently being treated
Asthma – Currently being treated

agreement between data sources varies across chronic conditions and that a common approach does not necessarily exist
[11]. The results of this study are consistent with these findings, although perhaps less clear-cut due to the variation in
survey questions used to define the conditions. It is possible
that any decrease in cases identified using the more stringent
definition may be mitigated when validating for those ‘ever
treated’. Equally, it could be argued that if access to specific
data is limited then case identification could be implemented
based solely on GP records for asthma and just hospital data
for the most severe cardiovascular conditions.
Improved criterion validity of survey data for cardiovascular conditions could be obtained if validation was applied for
heart failure singly and for ischaemic heart disease as a group
(to cover angina and ‘heart attack’ as recorded by the WHS).
Some studies have shown that medication codes have been
used to identify cardiovascular conditions collectively but not
separately [12], and treated them as a grouped predictor for
medical expenditure [13]. Other studies have found substantial under-recording of chronic conditions [14, 15] and recommended the use of prescription medication data to improve
case identification for heart failure [14]. On the other hand,
others have found that use of prescription data did not significantly improve the agreement between clinical and survey
data when used to define cases for heart disease [11]. A systematic review has indicated that validation of morbidity is
more likely to be provided by conventional chart review than
administrative data [16].
This study indicates significant differences in prevalence
estimates for distinct cardiovascular conditions when based
on survey and clinical datasets. By contrast, prevalence estimates for asthma were closely matched. The asthma findings
are consistent with those from a survey of 27 asthma-related
datasets which indicated UK-level prevalence of 9.6 percent
for patient reported clinician-diagnosed-and-treated asthma at
2010-11 [17]. For cardiovascular conditions a similar level of
specificity has been found for heart disease as a group, with
a higher PPV but lower sensitivity and lower NPV [18]. Low
kappa statistic values have also been found when comparing
survey and admin for heart failure (‘ever treated’) [19], although not as low as those found in this study (‘currently
being treated’).
This study indicates that there were low levels of missing
data for the paper-based WHS, and it could be argued that
this slightly undermined the WHS as a measurement tool for
prevalence of chronic conditions. Given the proximity of the
estimates for asthma it could be argued that the issue of nonresponse would be avoided completely if prevalence was based
on clinical rather than health survey data.The data linking
8

560
464
631
560

4.95
4.10
5.57
4.95

method advocated though enables all available WHS records
to be linked with analagous clinical data, regardless of nonresponse to specific questions so that in principle it is possible
to establish ‘true’ prevalence for some conditions using clinical
data. Alternatively, by using the data linkage and matching
method presented above it may be possible to improve the accuracy of prevalence estimates by augmenting survey estimates
with clinical data, as suggested by others [21]. On the other
hand this may appear to sidestep intentional non response for
the sake of improved statistical quality.
A more fundamental question is whether population surveys or clinical data should be used to estimate prevalence of
chronic conditions. Since clinical data can now be warehoused
and regularly updated it could be argued that surveys are duplicating clinical data collection for some health conditions.
With potentially lengthy interviews of over 30 minutes, survey time could easily be freed up to explore qualitative health
issues or other policy issues if self-reported health questions
were removed. Alternatively, surveys could be shorter overall
to avoid bias due to response fatigue.

Strengths and limitations
Relatively few studies apply a data linking approach with clinical data and cross-sectional patient-reported information, and
such studies tend to be based on data from the USA and
elsewhere [15, 21-25]. A strength of this study is that it is
fairly unique in applying a data linking approach to UK-based
health survey data. This approach has been suggested and
recommended by others in the past [26, 27]. Other strengths
are that this study is based on national-level survey data and
demonstrates a methodological approach to validating population health survey data using data linkage.
This study has some limitations. As obtaining consent
to data linkage was introduced part way through the 2013
tranche of the WHS, results are based on a 21-month reporting period (i.e. April 2013 to December 2014) rather than two
complete years’ worth of data. The sample may be affected
by selection bias as some population groups may more readily
have given consent than others based on relative awareness
of how their data would be used pre-GDPR (General Data
Protection Regulation). Also at the time of the analysis the
WLGP dataset comprised data from around 80 percent of GP
practices in Wales, and a small number of cardiovascular cases
were identified based on just GP data events, so some results
(i.e. observed prevalence) may differ slightly if data for all GP
practices were utilised. The availability of specialist physician
data would also potentially be helpful. The generalisability
of the results at a national level may also be limited by the
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sample size and possible reporting bias, as already highlighted.
Population health surveys, now utilise Computer Assisted Personal Interview (CAPI) and Computer Assisted Self Interviewing (CASI) so that the applicability of some findings may be
limited.

Conclusion
This study set out to develop an approach to disease ascertainment for chronic conditions not recorded by clinical registries
in Wales. Results indicate that there are inherent limitations
in survey and clinical datasets and ultimately it is difficult to
determine whether either should be considered as a gold standard for the estimation of prevalence.
A data linking method may feasibly be used to estimate
prevalence for some chronic conditions in the absence of a disease register, but data from specialist physician or outpatient
departments may be required to obtain reasonable estimates.
The results also indicate the method provides better agreement between data sources where prescribed medications can
be used to identify conditions. Plausible sets of clinical codes
which include medications are required to identify and validate
chronic conditions in linked clinical data.

Acknowledgments
This study makes use of anonymised data held in the Secure Anonymised Information Linkage (SAIL) system, which is
part of the national e-health records research infrastructure for
Wales. We would like to acknowledge all the data providers
who make anonymised data available for research. We would
also like to acknowledge the input of Kevin Mohee as a clinical
advisor for cardiovascular conditions.
We acknowledge the support from The Farr Institute (MRC
Grant No: MR/K006525/1), which funded the secondment
that enabled this study. The Farr Institute is supported by
a 10-funder consortium: Arthritis Research UK, the British
Heart Foundation, Cancer Research UK, the Economic and
Social Research Council, the Engineering and Physical Sciences Research Council, the Medical Research Council, the
National Institute of Health Research, the National Institute
for Social Care and Health Research (Welsh Assembly Government), the Chief Scientist Office (Scottish Government Health
Directorates), the Wellcome Trust.
This work was supported by Health Data Research UK,
which receives its funding from HDR UK Ltd (NIWA1) funded
by the UK Medical Research Council, Engineering and Physical Sciences Research Council, Economic and Social Research
Council, Department of Health and Social Care (England),
Chief Scientist Office of the Scottish Government Health and
Social Care Directorates, Health and Social Care Research
and Development Division (Welsh Government), Public Health
Agency (Northern Ireland), British Heart Foundation (BHF)
and the Wellcome Trust. The work was also supported by an
ESRC award establishing the Administrative Data Research
Centre Wales (ES/L007444/1).
9

Statement on conflicts of interest
There are no known conflicts of interest.

Ethics statement
The National Research Ethics Service has previously agreed
that research carried out within SAIL does not require ethical review due to the anonymization process applied to the
data. Standard Ethical Approval was nevertheless obtained
from Swansea University Medical School Research Ethics SubCommittee for the purposes of this project, approval number
2017-0020.

Supplementary Appendices
1. Read- and ICD Codes used to identify cardiovascular
patients.
2. Read- and ICD codes used to identify asthma patients.

References
1. Remington P L, Brownson R C. Fifty Years of Progress
in Chronic Disease Epidemiology and Control. Morbidity and Mortality Weekly Report Supplement. October
7, 2011 / 60(04): 70-77. [Internet]. [cited 2019 Jul
29]. Available from: https://www.cdc.gov/mmwr/
pdf/other/su6004.pdf
2. Bhatnagar P, Wickramasinghe K, Wilkins E,
Townsend N. Trends in the epidemiology of cardiovascular disease in the UK. Heart.
2016 Dec
15;102(24):1945–52.
https://doi.org/10.1136/
heartjnl-2016-309573 Available from:
https:
//www.ncbi.nlm.nih.gov/pubmed/27550425
3. Ford DV, Jones KH, Verplancke J-P, Lyons RA,
John G, Brown G, et al.
The SAIL Databank:
building a national architecture for e-health research
and evaluation.
BMC Health Services Research.
2009 Sep 4;9(1):157. https://doi.org/10.1186/
1472-6963-9-157 Available from: https://www.
ncbi.nlm.nih.gov/pubmed/19732426
4. Lyons RA, Jones KH, John G, Brooks CJ, Verplancke JP, Ford DV, et al. The SAIL databank: linking multiple
health and social care datasets. BMC Medical Informatics and Decision Making. 2009 Jan 16;9(1):3. https:
//doi.org/10.1186/1472-6947-9-3 Available from:
https://www.ncbi.nlm.nih.gov/pubmed/19149883
5. Welsh Government.
Stroke:
Annual Statement of Progress January 2018 [Internet].
[cited
2019 Jul 29].
Available from:
https://
gweddill.gov.wales/docs/dhss/publications/
180112stroke-progress-reporten.pdf
6. Welsh Cancer Intelligence and Surveillance Unit. Cancer
incidence in Wales, 2001-2016 [Internet]. [cited 2019 Jul
29]. Available from: http://www.wcisu.wales.nhs.
uk/cancer-incidence-in-wales-1

Whiffen, T et al. / International Journal of Population Data Science (2020) 5:1:22

7. ICD-10 Version:2016 [Internet]. [cited 2020 Mar 11].
Available from: https://icd.who.int/browse10/
2016/en
8. SNOMED CT – Home [Internet]. [cited 2020 Mar 11].
Available from: https://termbrowser.nhs.uk/?
9. Mizen A, Lyons J, Doherty R, Berridge D, Wilkinson P,
Milojevic A, et al. Creating individual level air pollution
exposures in an anonymised data safe haven: a platform for evaluating impact on educational attainment.
1 [Internet]. 2018 Aug 21 [cited 2019 May 31];3(1).
https://doi.org/10.23889/ijpds.v3i1.412 Available from: https://ijpds.org/article/view/412
10. Kjellsson G, Clarke P, Gerdtham U-G. Forgetting to remember or remembering to forget: A study of the recall
period length in health care survey questions. Journal
of Health Economics. 2014 May 1;35:34–46. https://
doi.org/10.1016/j.jhealeco.2014.01.007 Available from: https://sciencedirect.com/science/
article/pii/S0167629614000083
11. Lix LM, Yogendran MS, Shaw SY, Burchill C, Metge C,
Bond R. Population-based data sources for chronic disease surveillance. Chronic Dis Can. 2008;29(1):31–8.
Available from https://www.canada.ca/content/
dam/phac-aspc/migration/phac-aspc/publicat/
hpcdp-pspmc/29-1/pdf/cdic29-1-4eng.pdf
12. Dogra S, Clarke J, Roy J, Fowles J. BMI-specific waist
circumference is better than skinfolds for health-risk
determination in the general population. Appl Physiol Nutr Metab. 2015 Feb;40(2):134–41. https://
doi.org/10.1139/apnm-2014-0323 Available from:
https://www.ncbi.nlm.nih.gov/pubmed/25591950
13. Fleishman JA, Cohen JW, Manning WG, Kosinski
M. Using the SF-12 health status measure to improve predictions of medical expenditures. Med Care.
2006 May;44(5 Suppl):I54-63. https://doi.org/10.
1097/01.mlr.0000208141.02083.86 Available from:
https://www.ncbi.nlm.nih.gov/pubmed/16625065
14. McCormick N, Lacaille D, Bhole V, Avina-Zubieta
JA. Validity of heart failure diagnoses in administrative databases: a systematic review and metaanalysis. PLoS ONE. 2014;9(8):e104519. https:
//doi.org/10.1371/journal.pone.0104519 Available from: https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0104519
15. Guerard B, Omachonu V, Hernandez SR, Sen B.
Chronic Conditions and Self-Reported Health in
a Medicare Advantage Plan Population.
Popul
Health Manag.
2017 Apr;20(2):132–8.
https:
//doi.org/10.1089/pop.2016.0013 Available from:
https://miami.pure.elsevier.com/en/publicati
ons/chronic-conditions-and-self-reported-hea
lth-in-a-medicare-advanta
16. Leal JR, Laupland KB. Validity of ascertainment
of co-morbid illness using administrative databases:
a systematic review. Clin Microbiol Infect. 2010
10

Jun;16(6):715–21.
https://doi.org/10.1111/j.
1469-0691.2009.02867.x Available from: https:
//www.clinicalmicrobiologyandinfection.com/
article/S1198-743X(14)61717-1/fulltext
17. Mukherjee M, Stoddart A, Gupta RP, Nwaru BI, Farr A,
Heaven M, et al. The epidemiology, healthcare and societal burden and costs of asthma in the UK and its member nations: analyses of standalone and linked national
databases. BMC Med [Internet]. 2016 Aug 29;14(1).
https://doi.org/10.1186%2Fs12916-016-0657-8
Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5002970/
18. Koller KR, Wilson AS, Asay ED, Metzger JS, Neal
DE. Agreement Between Self-Report and Medical
Record Prevalence of 16 Chronic Conditions in the
Alaska EARTH Study.
J Prim Care Community
Health. 2014 Jul;5(3):160–5. https://doi.org/
10.1177/2150131913517902Availablefrom:https:
//www.ncbi.nlm.nih.gov/pubmed/24399443
19. Okura Y, Urban LH, Mahoney DW, Jacobsen SJ,
Rodeheffer RJ. Agreement between self-report questionnaires and medical record data was substantial for diabetes, hypertension, myocardial infarction and stroke but not for heart failure. J Clin
Epidemiol. 2004 Oct;57(10):1096–103. https://
doi.org/10.1016/j.jclinepi.2004.04.005 Available from: https://www.jclinepi.com/article/
S0895-4356(04)00113-1/fulltext
20. Knox SA, Harrison CM, Britt HC, Henderson JV. Estimating prevalence of common chronic morbidities in
Australia. Med J Aust. 2008 Jul 21;189(2):66–70.
https://doi.org/10.5694/j.1326-5377.2008.
tb01918.x Available from: https://onlinelibrary.
wiley.com/doi/abs/10.5694/j.1326-5377.2008.
tb01918.x
21. Bayliss EA, McQuillan DB, Ellis JL, Maciejewski
ML, Zeng C, Barton MB, et al.
Using Electronic Health Record Data to Measure Care Quality for Individuals with Multiple Chronic Medical Conditions. Journal of the American Geriatrics Society. 2016;64(9):1839–44. http://doi.org/10.1111/
jgs.14248 Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1111/jgs.14248
22. Castano R, Zambrano A. Biased selection within the
social health insurance market in Colombia. Health
Policy.
2006 Dec 1;79(2):313–24.
http://doi.
org/10.1016/j.healthpol.2006.01.010 Available
from: http://www.sciencedirect.com/science/
article/pii/S0168851006000133
23. Cunningham PJ. Predicting high-cost privately
insured patients based on self-reported health
and utilization data.
Am J Manag Care.
2017 Jul 1;23(7):e215–22.
Available from:
https://www.ajmc.com/journals/issue/2017/201
7-vol23-n7/predicting-high-cost-privately-in
sured-patients-based-on-self-reported-health
-and-utilization-data

Whiffen, T et al. / International Journal of Population Data Science (2020) 5:1:22

24. Hay AE, Leung YW, Pater JL, Brown MC, Bell E,
Howell D, et al. Linkage of clinical trial and administrative data: a survey of cancer patient preferences.
Curr Oncol. 2017 Jun;24(3):161–7. http://doi.
org/10.3747/co.24.3400 Available from: https:
//current-oncology.com/index.php/oncology/
article/view/3400/2437
25. Nägga K, Dong H-J, Marcusson J, Skoglund SO,
Wressle E. Health-related factors associated with hospitalization for old people: Comparisons of elderly
aged 85 in a population cohort study. Archives of
Gerontology and Geriatrics. 2012 Mar 1;54(2):391–7.
http://doi.org/10.1016/j.archger.2011.04.023
Available from: http://www.sciencedirect.com/
science/article/pii/S0167494311001075
26. Chanfreau J, Cullinane C, Calcutt E, McManus S.
Wellbeing in Wales Secondary analysis of the National Survey for Wales 2012-13.
Welsh Government [Internet].
[cited 2019 Jun 12].
Available from:
https://gov.wales/sites/default/
files/statistics-and-research/2019-05/
national-survey-wales-well-being-2012-13.
pdf
27. Camplain R, Kucharska-Newton A, Loehr L, Keyserling TC, Layton JB, Wruck L, et al.
Accuracy of Self-Reported Heart Failure. the Atherosclerosis Risk in Communities (ARIC) Study.
Journal of Cardiac Failure [Internet].
2017 Sep
8. https://doi.org/10.1016/j.cardfail.2017.
09.002 Available from: http://www.sciencedirect.
com/science/article/pii/S1071916417311673

11

Abbreviations
ALF
CAPI
CASI
CIs
EHR
GP
ICD-10
NHS
NPV
NSW
NWIS
PAF
PEDW
PPV
SAIL
SQL
WLGP
WDSD
WHS

Anonymised Linking Field
Computer Assisted Personal Interview
Computer Assisted Self Interviewing
Confidence Intervals
Electronic Health Record
General Practitioner
International Classification of Diseases Tenth
Revision
National Health Service
Negative Predicted Value
National Survey for Wales
NHS Wales Informatics Service
Postcode Address File
Patient Episode Database for Wales
Positive Predicted Value
Secure Anonymised Information Linkage
Structured Query Language
Welsh Longitudinal General Practice dataset
Welsh Demographics Service Dataset
Welsh Health Survey

