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Chapter 1

Section 1.1 – The use of United Kingdom (UK) primary
care data for pharmacoepidemiology
1.1.1 The use of electronic health records (EHR) in
pharmacoepidemiology
The overarching aim of pharmacoepidemiology is to estimate the effects of
medications on clinical outcomes across populations. Research is conducted
by the pharmaceutical industry, academic institutions and regulatory bodies to
assess the safety and efficacy of medications and devices, to inform decision
making on when and how they should be prescribed. It is therefore critical that
exposures and outcomes are well defined and accurately captured in the data
sources used in pharmacoepidemiological research for the results to be both
internally and externally valid.
Electronic healthcare databases are increasingly being used for
pharmacoepidemiological research. Drawing on data routinely recorded in
the everyday practice of healthcare professionals, such databases have the
potential to provide access to information regarding large numbers of patients,
at relatively high speed and low cost1. As the use of information technology
has become commonplace across healthcare settings, electronic recording of
patients’ diagnoses, treatments and outcomes has become more comprehensive.
This has led to groups of healthcare providers, at both local and national levels,
using interoperable software to capture, compile and compare patient records.
Interest in the use of these records has expanded from the immediate clinical
management of the patient, to their potential for comparing outcomes across
patient groups, defined by demographics, comorbidities, healthcare providers,
and received treatments.

1.1.2 Strengths of UK primary care data for
pharmacoepidemiology
UK primary care data were amongst the first to be used for
pharmacoepidemiological research, and remain the most widely used electronic
health records internationally. This is due to several features of the UKs National
Health Service, which have produced an ideal opportunity for secondary use of
routinely collected data from primary care. These include publicly funded care
free at the point of use for the entire UK population, a unique patient identifier
used across care settings, electronic capture of coded clinical and prescription
data, and general practitioners (GPs) acting as gatekeepers for access to other
care providers.
8
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Primary care data from a subset of consenting GP practices were collected,
processed and made available for public health research for over twenty years
via the General Practice Research Database (GPRD), a sub-division of the
Medicines and Healthcare products Regulatory Agency (MHRA – previously the
Medical Control Agency (MCA)). Analyses of GPRD data are regularly requested
by international medicines regulators in Periodic Safety Update Reports (PSUR)
and Post-Approval Studies (PAS) with both the MHRA and the United States
Food and Drug Administration (US FDA) holding a license with the MHRA for
online access to GPRD data for their own research purposes. There has been
exponential growth in the number of peer-reviewed publications based on
GPRD data, including studies that demonstrated the absence of an association
between measles, mumps and rubella (MMR) vaccine and autism2, a lower risk of
dementia associated with statin use3, the use of oral corticosteroids and fracture
risk4, and that informed guidance published by the National Institute for Health
and Care Excellence (NICE)5.

1.1.3 Limitations of UK primary care data
The primary purpose for establishing an electronic healthcare system is rarely
to capture exposures and outcomes for the benefit of pharmacoepidemiological
research. Single software primary care databases, including the GPRD, are
derived from specific software systems chosen by GPs to record, share and use
information, primarily within their own practice. Other databases are developed
to ensure healthcare providers are accurately paid for the care they deliver (e.g.
Hospital Episode Statistics). Some aim to track the clinical care and outcomes
of a defined patient population, typically those with a chronic disease (e.g.
the National Cancer Registration and Analysis Service). Others are developed
for clinical audit, enabling health organisations to compare their performance
against predefined standards and national trends (e.g. the Myocardial
Ischaemia National Audit Project). A database only ever relates to one aspect
of a patient’s health, defined either by the care provider or patient diagnosis,
and further segmented by geography, software system, coding practices and
calendar time. The GPRD relates to the patient’s health as observed, understood
and documented in primary care practices using the Vision software system,
recorded using Read codes, and prospectively collected from 1987 onwards.
As such, information outside the remit or scope of primary care may be poorly
recorded or not recorded at all.
As research is not the primary purpose motivating the electronic recording
of UK primary care data, those looking to exploit resulting EHR for
9
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pharmacoepidemiogical studies face a number of challenges. Whilst GPRD
data typically cover the population of interest, both in terms of sufficient
patient numbers and representativeness, it is also important to ensure that
the variables of interest, including exposures and outcomes, are sufficiently
captured6,7. Sufficiency is a wide-ranging term in this context, relating to aspects
of comprehensiveness, consistency, precision, accuracy, reliability, detail and
accessibility. Researchers not only rely on the presence of a record in a primary
care database accurately indicating the presence of the condition in the patient
(positive predictive value), but also that the record provides enough detail to
distinguish the condition from differential diagnoses, and that it has an accurate
associated date enabling its longitudinal placement in the context of other
relevant events, including exposures. Equally important to researchers is the
ability to trust that the absence of a record in a primary care database accurately
indicates the absence of the condition in the patient (negative predictive value),
and that – if this is not possible for every patient across all time – sufficient
information is available to define observation windows when the researcher
would expect to see an event recorded if, indeed, the event occurred.
Error in the recording of outcomes in primary care databases can occur for many
reasons8. These include the amount and quality of communication between
the patient, clinician and various parts of the healthcare system, the clinician’s
knowledge and experience with the illness and their attention to detail.
Additionally, as UK primary care software systems require use of a standardised
disease coding system (nosology), errors can be introduced in the translation
of clinical concepts, from the thoughts of the healthcare professional, free text
notes, laboratory results or an alternative coding system, into the resulting
coded record. The level of error can depend on the training and experience of the
coder as well as the quality control processes of their organisation. In addition to
using an incorrect code, problems can arise when a generic code is used instead
of a more specific one (misspecification) or when codes representing symptoms
are used rather than diagnosis codes (unbundling).
Changes can occur over time, both within and between healthcare sectors, in
which coding system is used, for example the move in UK general practice from
the Oxford Medical Information System (OXMIS) to Read codes in the 1990s,
and the current transition to the Systematized Nomenclature Of MEDicine
Clinical Terms (SNOMED CT). Furthermore, guideline changes and performance
incentives (e.g. the Quality and Outcomes Framework) can change the way in
which a single coding system is used. For example, a financially incentivised
10
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change to the recommended management of patients with a given condition
may lead to clinicians using fewer diagnostic codes and more nonspecific
symptom codes, as seen with depression in UK general practice in the 2000s9.
Such changes can lead to additional challenges for researchers conducting
longitudinal studies, as is often the case in pharmacoepidemiology.
The ability to use electronic primary care databases for pharmacoepidemiological
research relies on the ability to sufficiently classify patients into groups based
on their exposures and outcomes. Given that the monitoring of safety and
efficacy of medications and devices is almost always of secondary interest
in the establishment and use of such databases, understanding the issue of
misclassification, its potential impact on research, and ways in which it can be
minimised or overcome is fundamental.

1.1.4 Impact of misclassification
Misclassification can broadly be considered to be either non-differential or
differential10. Non-differential misclassification occurs when the misclassification
of exposure or outcome is independent of the comparison group a patient is
allocated to. For example, in a case-control study investigating the association
between painkillers and the risk of suicide attempts, misclassification of
exposure to painkillers (e.g. due to unrecorded over the counter use) may be
equally frequent in those who did and did not attempt suicide. Alternatively,
differential misclassification occurs when the misclassification of exposure or
outcome differs between comparison groups. For example, misclassification of
exposure to painkillers (e.g. due to differences in healthcare seeking behaviour)
may occur more frequently in those who attempted suicide compared to those
who did not.
It is sometimes assumed that non-differential misclassification always leads to
an underestimation of the strength of the association between the exposure and
the outcome, whilst differential classification can bias the association in either
direction, with the magnitude of the effect dependent on the, often unknown,
sensitivity and specificity of the outcome measure11,12. However, simulation
studies have demonstrated that even non-differential misclassification can lead
to an overestimation of the strength of associations on occasion13-16 and that
severe misclassification can lead to a shift of the observed effect in a direction
opposite to the true effect17. As such, even when potential misclassification is
assumed to be non-differential, researchers are faced with uncertainty regarding
its impact upon their study results.
11
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A range of statistical approaches have been proposed to correct for
misclassification, including matrix, inverse matrix and maximum likelihood
methodologies18-21. However, these complex approaches often depend on
knowledge of the underlying misclassification mechanism, which is rarely available
in pharmacoepidemiological research22-24. Additionally, few take account of the
loss of statistical power also shown to be associated with misclassification25.

1.1.5 Methods for internal and external validation of EHR
data
This uncertainty in the impact of misclassification (differential or nondifferential) upon study results, and challenges in overcoming it via statistical
methods, have led to a proliferation of validation studies to evaluate the quality
of recorded exposure and outcome data available in electronic healthcare
databases. Validation studies can be categorised as internal, where data from
one part of a database are used to validate another, or external, where additional
data are used for comparison26. Internal validation studies include the use of
diagnostic algorithms (e.g. validating diagnostic codes by prescription records
for disease-specific medications), manual review (e.g. assessing the complete
patient record to place specific events into context) and sensitivity analyses
(e.g. using broader versus more restricted definitions of exposure or outcome
and noting the impact of effect measures). External validation studies include
sending questionnaires to the healthcare providers who entered the data (e.g.
to confirm a coded diagnosis), requesting additional information from the
healthcare provider (e.g. complementing the coded record with paper medical
records), and comparison of rates (e.g. comparing incidence rates from one
database with those found in another). Some recent examples, and learnings
from them, are presented below.
Internal validation studies have typically focused on the comparison of coded
data most readily available and easily used in research, with the associated
unstructured accompanying notes, known as free text. For example, a study of
the accuracy of coding of ovarian cancer in GPRD primary care data found that
45% of cases had free text indicating a definite diagnosis of ovarian cancer; 10%
over 4 weeks before the coded diagnosis date. The study concluded that free text
is not only useful for identifying misclassified cases, but also in accurately dating
diagnoses when these are likely to occur outside of the primary care setting27.
Similarly, a study of the accuracy of bone metastases coding in community
oncology practices in the US found that coded data missed 17% of metastases,
and false negatives were associated with a measurable overestimation in both
12
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the proportion treated with bone-targeting agents and those with skeletal
complications. The date of diagnosis was also found to be delayed in the coded
data by over a month28.
External validation studies have been used extensively in North America to assess
the quality of coded claims based data and administrative hospital records against
manual chart review. For example, in a study of cardiotoxicity among women
receiving chemotherapy for breast cancer, the associated misclassification led
to the conclusion that claims-based algorithms alone, without some form of
medical record review or other data enhancement, were only “crude tools” for
accurate estimation29. Similarly, a validation study of a range of algorithms to
identify children with incident celiac disease in hospital data concluded that, due
to the structure and scope of the database, all algorithms were limited by poor
sensitivity and/or poor positive predictive values, leading to misclassification and
biased estimates30. In the UK GPRD primary care data, GPs of patients with codes
indicating lung cancer were asked to send copies of documentation relating to the
diagnosis for manual review, which confirmed 90% of cases. Positive predictive
values of 75% or higher were found for coded terms including lung cancer,
suspected lung cancer and neoplasm uncertain behaviour lung. Positive predictive
values of no higher than 33% were found for coded terms including pleural cancer,
malignant pleural effusion and mesothelioma31. However, manual medical record
reviews have also been shown to be limited, with low concordance between
physician assessments and established criteria for defining gout demonstrated in
a study from the US32.
Databases of death certificates have sometimes been considered immune to
misclassification. However, whilst the fact of death may be a hard outcome,
recording of the underlying cause of death is subject to similar errors as for other
outcomes. This is demonstrated in example studies from Botswana33, Iran34,
Japan35, Mexico36 and Thailand37, which compared death certificates to a manual
review of hospital data. All studies concluded that the level of agreement varied
greatly by cause of death, with death due to common comorbidities, including
diabetes mellitus, circulatory disease and respiratory conditions (and human
immunodeficiency virus / acquired immunodeficiency syndrome (HIV/AIDS) in
Botswana), especially prone to misclassification across all countries. In Iran,
this led the authors to conclude that a significant proportion of deaths were
being classified to codes of little relevance to epidemiological research, and
that substantial changes were urgently required if registration data were to
effectively guide health policies. Similarly, in Botswana, the authors concluded
13

Chapter 1

that physician and coder training and implementation of continuous quality
assurance methods were required to improve accuracy of recording. In the UK,
GPs close a patient’s medical record when notified of the patient’s death and
may or may not choose to record information from the death certificate into
the patient’s electronic health record. Requesting the death certificate from
GPs is unlikely to be successful given that GPs may not retain paper records for
patients once they have died. This makes the identification of the cause of death
extremely challenging when using UK primary care data alone.
External validation studies comparing rates from one database to another of
the same type can highlight the impact that the database purpose and design
can have on the capture of exposures and outcomes of interest. For example,
a study conducted in the Netherlands used data from five GP networks to
demonstrate that primary care databases that coded episodes of care generally
provided lower estimates of the prevalence of chronic diseases compared to
databases coding episodes of disease38. In addition, the lack of data sharing
between different healthcare providers treating the same patients, and
resulting misclassification, has been highlighted in a recent study from the US39.
Data were obtained on patients with type 2 diabetes attending two healthcare
centres in a small geographical area. Results showed that approximately a third
of patients were misclassified as not having diabetes when data from a single
healthcare centre were used, compared to data obtained from both centres. In
the UK, whilst patients are registered with one GP practice at any one point in
time, they can visit other GP practices as unregistered “temporary” patients.
The information from these unregistered GP visits may not be passed back to
the patients registered GP, and if it is, the registered GP may not record it with
the same level of detail or accuracy as if they had seen the patient themselves.
Similarly, patients change their registered GP over time, especially when moving
home. Whilst the historical medical records are transferred from the old to new
GP practice, these may not be (fully) entered onto the new coded electronic
health record, even when transferred electronically via the GP2GP system.
Two systematic literature reviews were published in 2010 summarising the findings
of validation studies of diagnoses recorded in the GPRD26,40. Herrett identified 212
studies published between 1987 and April 2008, investigating 183 different diagnosis
and 357 validation analyses26. Khan identified 49 papers published by May 200940.
Whilst the median proportion of cases with a confirmed diagnosis was high in both
reviews (89% as reported by Herrett), several limitations of traditional validation
approaches were highlighted.
14
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Regardless of the validation method used, studies tended to focus on reporting
the positive predictive value of coded diagnoses. Whilst this provides a level of
confidence that if a coded diagnosis is found in a medical record the patient truly
had the disease, it provides no information on the probability that patients without
such a record were truly disease free. Furthermore, as the positive predictive
value is dependent on the disease prevalence, historical validation studies may
become outdated in the context of changing incidence rates. Studies including
only those patients for whom a diagnosis is recorded provide no information
on the sensitivity or specificity of the coded data (i.e. the proportion of patients
with/without the disease correctly identified as such in the database). Methods
to appropriately select samples of apparently disease-free patients for validation
are not well established and requesting information on such patients is typically
associated with increased costs.
Both reviews reported that most of the validation studies they identified
requested GPs to complete a questionnaire and/or provide additional information
to confirm or rule out a coded diagnosis. Even with financial compensation to
incentivise participation, response rates were found to be variable (ranging from
55% to 100%). Incomplete responses may introduce bias if the GPs who take
part systematically differ from those who do not, or if the patients they provide
further information on differ from those for whom they do not. As GPs typically
only have access to full patient records and additional information for patients
who are currently registered with them, bias may be introduced if those patients
who move GP practices or who have died differ from those who remain registered
with the practice. Additionally, due to increasing data governance restrictions
intended to protect patient anonymity, access to free text and complete medical
records is no longer provided by some database custodians, limiting the range of
validation methods available to researchers.
Khan raised the question of which data the GP was using to validate the coded
record, reporting: “the GP has several options…including checking through the
computerised medical record”. Herrett reported that the validation method with
the highest median proportion of confirmed cases was GP questionnaire (92%)
whilst the lowest was independent review of additional records (e.g. hospital
discharge letters) provided by the GP (83%). If GPs rely primarily on the same
data to validate diagnoses as those available to the researcher, the results of
validation studies become uninformative and potentially misleading.
The validation studies described above have called for an appreciation of the
impact of database purpose and design in their secondary use. They have
15
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additionally suggested a need to use external data sources to validate exposures
and outcomes with confidence. Linking multiple databases of different natures
together may therefore provide options for validation studies and potentially lead
to reduced misclassification in pharmacoepidemiological research. However, as
Herrett concludes in her 2010 review, “Linkage of GPRD with other healthcare
databases…will allow researchers to corroborate diagnoses…without the need to
request medical records…However, use of such linkages raises questions of how to
resolve discordant or missing diagnoses in the two data sources”. Similarly, Khan
notes, “There is no ‘gold standard’ measure against which data from one database
can be compared…Discrepancies between two data sources do not necessarily
mean that one database is right and one is wrong”. As such, the potential benefits
of using linked data do not come without methodological challenges.
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Section 1.2 – Evolving use of linked data prior to 2010
1.2.1 Jigsaw piece approach by necessity
Prior to 2010, the main motivation for using linked data in pharmacoepidemiological research was to provide complementary information from one
data source that would not have been captured (even with misclassification) in the
other. This “jigsaw piece” approach enables a wider range of research questions to
be investigated, without necessarily focusing on the quality of the data recorded in
either database. Exemplar studies are provided below by country of origin, focusing
on those countries regularly reporting use of linked data at the time.
Many studies conducted in Australia linked a database originating from a single
hospital or ambulance service to state- or nation-wide data on hospitalisations
or mortality. For example, Williams linked clinical data from the intensive care
unit (ICU) of a single hospital to state-wide hospital records, to investigate
the effect of an episode of critical illness on subsequent hospitalisation41. This
enabled detailed exposure data captured in the ICU to be paired with broader
hospital morbidity outcome data, capturing hospitalisations that did not result
in ICU visits, or that occurred elsewhere in the state. Similar approaches have
been reported elsewhere42-50.
In contrast, Van Leeuwen linked two national disease registries (cancer and HIV/
AIDS), containing very different disease specific information, to investigate
the rate of HIV-associated cancers after the introduction of widespread
antiretroviral therapy51. The research group took a similar approach with cancer
and transplant registries to investigate risk factors for lip cancer after kidney
transplantation52.
A major data linkage initiative in the US is the database combining cancer registry
data from the Surveillance, Epidemiology and End Results program with claims
data from a national social insurance program for people aged 65 and over
and those with disabilities (SEER-Medicare). This linkage enables detailed data
on tumour characteristics and cancer treatments to be combined with much
broader information on physician services, outpatient visits and hospital stays.
For example, Holmes used linked SEER-Medicare data to evaluate the impact
of androgen deprivation therapy on the survival of men treated for prostate
cancer53. Similar approaches using the SEER-Medicare data have been reported
elsewhere54-60.
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Linkages based on local datasets – as outlined for Australia above – have also
been used in the US. For example, Sprague reports on a study linking data from
a local mammography screening program to pharmacy records to assess the
impact of fertility medication on breast density61. Wang reports on a similar
approach linking data from an early intervention program in South Carolina to
Medicaid claims data62, and Connor details the use of linked emergency services
and hospital data to assess the impact of injuries related to motorhomes in
Ohio63. Linkage of multiple disease registries has also been conducted in the US,
including linkage of an end stage renal disease network to a transplant registry
to investigate disparities in times to transplant by poverty and race64, and of an
AIDS and cancer registry to explore the epidemiology of cancers among persons
with AIDS65.
In Canada, studies using locally linked datasets have been reported from Ontario,
British Columbia and Nova Scotia. The Institute for Clinical Evaluative Sciences
was established in 1992 in Ontario, following the government’s recognition of a
lack of evidence on the performance of the local health system. The local health
insurance plan database has been linked to prescription claims data, census
data and hospital discharge information amongst others, with exemplar studies
including the risk of incarceration of inguinal hernia among children awaiting
elective surgery66, and healthcare utilisation among the elderly67. In British
Columbia, prescribing data on proton pump inhibitors were linked to data
from physician services and hospitals across the region to investigate the impact
of a mandated switch to the cheapest available product on broader healthcare
utilisation costs68. Similarly, in Nova Scotia, a physician billing database was
linked to hospital discharge data to evaluate barriers to breast reconstruction
following mastectomy69, and additionally to a perinatal database to establish
the outcomes of infants with high serum bilirubin levels70.
In Europe, the Netherlands and the Scandinavian countries of Denmark, Norway
and Sweden have been the most prolific in terms of studies using linked data,
both at a local and national level. The PHARMO record linkage system was
established in 1993 in the Netherlands and by 2010 data had been linked across
outpatient, inpatient and cancer registry databases71. Similarly, in Scandinavia,
Statistics Denmark is a government institution that collects and links national
patient data, including prescribing information, inpatient records and death
certificates. Resulting studies have included an investigation of the risk of
cardiovascular events associated with prescribed weight-loss medications72.
Linkages of national registries have also been undertaken, including between
18
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the Danish cancer registry and psychiatric register to establish the risk of
hospitalisation for depression following a diagnosis of cancer73. Additionally,
the Odense University Pharmacoepidemiological Database (OPED) was
established in 1990, originally covering dispensing in the county of Funen,
and subsequently extended to cover the region of Southern Denmark in 2007.
Linkage to hospital discharge diagnoses has enabled pharmacoepidemiological
studies to be conducted, including an assessment of the adverse events
associated with the use of antiepileptic medications74. In Norway, the national
birth registry has been linked to the renal registry to investigate preeclampsia
and the risk of renal disease75, and in Sweden, examples include linkage of
a local tumour registry to national census data to assess the influence of a
spouse’s cancer on an individual’s own health76.

1.2.2 Validation studies
Whilst the primary use of linked data prior to 2010 was to provide “jigsaw
pieces” of a patient’s healthcare, an emerging field was the use of linked data for
validation studies, with the aims of identifying and reducing misclassification.
Rather than two sources of data containing records on different events being
combined, in these studies two sources of data containing records on the same
events are compared. Again, Australia, the US and Northern European countries
were amongst those beginning to explore the benefits of data linkage for these
purposes. Some exemplar studies are provided below.
In Australia, Chen reports a comparison of a cross-sectional medical history
record in hospital discharge data in 2000 to 2005 (International Classification of
Diseases 10 (ICD10) code O75.7: “vaginal birth after previous caesarean”) against
longitudinal midwifery birth records from 1998 to 2005 (where delivery method
was recorded for each birth) in New South Wales77. Linkage was undertaken by the
Centre for Health Record Linkage (CHeReL). The longitudinal data were taken to
be a “gold standard” in this case, as it is likely that information relating to a current
delivery is more accurate than that recalled from a previous delivery. The positive
predictive value of the medical history record was high: 99% of deliveries reported
to be after a previous caesarean had a longitudinal record of caesarean section
confirming this. However, data linkage allowed the sensitivity of the medical
history variable to be assessed as well – an analysis not typically undertaken in
traditional validation studies. This analysis revealed that the sensitivity of the
medical history record was low: only 46% of women with a previous caesarean
had this recorded at their next delivery. Chen concluded that “assessing data
19
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quality by record linkage is feasible and can be done more quickly and cheaply than
by any traditional validation study”.
Also in the field of maternal health in New South Wales was a study of the recording
of maternal mortality78. The study was undertaken following a broadening of the
definition of maternal mortality from deaths occurring within 42 days of delivery to
deaths occurring within 365 days of delivery, primarily to capture maternal deaths
associated with psychiatric illness. Three sources of data on maternal mortality
were linked: a local midwifery dataset, national death certificate data, and the
National Maternal Mortality Database. Results showed that 41% of maternal
deaths within 42 days of delivery were only recorded in one data source, with
this figure being much higher for those occurring between 42 and 365 days postpartum. Cliffe concluded that “improved ascertainment can be achieved through
the process of data linkage”.
The recording of cancer outcomes is another example where the event could
reasonably be expected to be recorded in more than one data source, especially
as many regions and countries have established cancer registries. Field reports
a comparison of colorectal cancer data in linked cancer registry and two hospital
databases in Victoria79. Of the cases recorded in the hospital data, 99% were
recorded in the cancer registry, and of those recorded in the registry, 99% were
recorded in the hospital data. However, the recording of variables relating to
diagnosis and outcome, including tumour site, stage, diagnosis date and date
of death, varied between the two data sources. This led to overall and stagespecific survival figures being significantly altered when death data from the
cancer registry was used in combination with, and in preference to, the hospital
data. Field concluded that “the advantages of routine data linkage are readily
apparent”.
Data linkage can also be used to reduce misclassification by reducing the
proportion of missing data for an exposure or outcome variable, with ethnicity
being a common example. In Australia, a key classification of ethnicity is related
to Indigenous status, with Indigenous Australians known to experience poorer
health outcomes than non-Indigenous Australians. However, between 1997 and
2002, the proportion of Western Australian death certificates with unknown
Indigenous status increased from 0.6% to 6.6% (twice the proportion with status
recorded as Indigenous). This resulted in a data linkage study using hospital
morbidity data, mental health records and midwifery data from the Western
Australian Data Linkage System80. Indigenous status could be reported multiple
20
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times in each data source and did not necessarily agree either within or between
data sources, with no “gold standard” being available. This led to two methods
being used to determine Indigenous status for those with missing data on their
death certificates. The simpler approach identified an individual as Indigenous
if any record in any data source coded their status as such (in a similar way to
the maternal mortality study). The more complex approach started by taking
the most frequent classification within a data source (i.e. if an individual was
recorded as Indigenous in the hospital morbidity records on more occasions
than they were recorded as non-Indigenous, their hospital morbidity status was
set to Indigenous), and then by taking the most frequent classification across
data sources (i.e. if an individual was recorded as Indigenous in two data sources
and non-Indigenous in one, their status was set to Indigenous). The three linked
data sources identified the Indigenous status in 95% of cases where status was
missing on the death certificate. Using the simpler method led to 7.5% of these
cases being classified as Indigenous compared to 5.9% using the more complex
approach. By reducing the proportion of missing data in analyses of mortality,
previously reported statistics were shown to have overestimated improvements
in life expectancy of Indigenous people.
As in Australia, the association between ethnicity and health outcomes is of high
interest in the US, where indigenous populations including American Indians
and Alaskan Natives have been reported as having worse health outcomes than
non-indigenous groups. However, EHR, including cancer registries, are known
to be subject to racial misclassification, typically in the direction of indigenous
individuals being recorded as being non-indigenous. Johnson reports a study
where cancer registry data from the state of Michigan (1985-2004) were linked to
records from a health service that specifically provides care to American Indian
and Alaskan Native patients (Indian Health Service [IHS]), and tribal enrolment
information81. Less than one third of the 801 patients in the IHS were recorded as
indigenous in the cancer registry (29%), and less than a fifth of the 583 patients
in the tribal enrolment roster were recorded as indigenous in the cancer registry
(18%). However, of the 986 patients in either the IHS or tribal enrolment roster,
only 40% were recorded in both, and there were an additional 316 individuals
recorded as indigenous in the cancer registry that were not in the IHS or tribal
enrolment roster. Any record of indigenous status in any dataset was considered
to be indicative of true indigenous status in this study, in a similar approach to
that used by Draper.
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Returning to maternal health, Kahn reports the agreement between birth
certificates and hospital discharge records from the state of Georgia (1999-2004)
on the classification of caesarean deliveries amongst “no risk pregnancies”,
defined as full-term, singleton and in the vertex position82. Of the caesarean
deliveries classified as relating to “no risk pregnancies” on the birth certificate,
87% had a risk identified in the hospital discharge data. Among all caesarean
deliveries, 58% would have been classified as relating to a “no risk pregnancy”
based on birth certificates alone, which reduced to 4% when linked hospital
discharge data were added. Kahn concluded, that for these purposes, “the use
of linked data should be considered whenever possible”.
Very little use of linked data for validation purposes had occurred in Europe
prior to 2010. One example from Norway linked birth registry data (2001- 2005)
to medical genetics laboratory data to validate the registration of Down’s
syndrome83. The laboratory data were considered the “gold standard”. Of
Down’s syndrome cases recorded in the birth registry, 90% were validated by
the laboratory data. However, linked data studies can allow for the calculation
of sensitivity in addition to positive predictive values. Of Down’s syndrome cases
recorded in the laboratory data, 82% were recorded in the birth registry. This
study also considered variables potentially associated with sensitivity, finding
that sensitivity was higher amongst older mothers (35+ years old) compared to
younger ones and for live births compared to stillbirths.

1.2.3 Initial linked data studies in the UK
In the UK, studies are limited to linking local or country-specific data sources
(i.e. for England, Northern Ireland, Scotland or Wales), as few healthcare
databases cover the nation as a whole. However, whilst restricted to a relatively
small geographical area, several studies in Scotland and Wales have linked
many data sources together prior to 2010. For example, a study of outcomes
amongst patients on long-term thyroxine therapy in Tayside, Scotland linked
together the Thyroid Epidemiology, Audit and Research Study (TEARS) dataset
(combining linked GP registration data, dispensed prescriptions, hospital
inpatient episodes, radioactive iodine treatments, a local thyroid register, and
biochemistry data) with a local diabetes audit database, and outcome data from
Scottish Morbidity Records and death certificates84. A similar approach was
taken to link radiotherapy records with cancer registry and hospital discharge
records in Edinburgh to study long-term efficacy and toxicity85. Country wide
approaches have also been taken in Scotland, including linkage of the Scottish
births and perinatal deaths registries86, and linkage of health, social care, prison
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service and criminal records databases to examine the recording of clinical
information in the six months before medication-related deaths87.
In Wales, a major linkage initiative is the SAIL Databank, which currently includes
linked data from fourteen sources, including births and deaths, primary care data,
outpatient, emergency, critical care and hospitalisation data, and demographic
information. Established in 2007, SAIL aims to provide a data resource of routinely
linked data for a range of research purposes, rather than linkages having to be
undertaken on a study specific basis. An early study reported on the potential to
investigate the interaction between the environment and health by additionally
linking geographically based information such as the date of household insulation
improvements from a government sponsored intervention, the “walking
potential” of an area (i.e. road connectivity), and air pollution88.
Little research using linked data had been conducted in Northern Ireland
or England prior to 2010. However, a study specific linkage of hospital and
mortality data relating to patients with cancer or heart failure in Oxford,
England, concluded by stating “The use of such data deserves a higher profile”89.

1.2.4 Development of the CPRD linkage programme
In 2011, the government launched a “Plan for Growth” to outline its strategy to
make the British economy more competitive. The potential for increased and
improved research using EHR were identified as part of this plan, but further
work was required to assess how this potential could be maximised. As such, the
National Institute for Health Research (NIHR) launched the Research Capability
Programme (RCP), to undertake this evaluation and make recommendations.
The work of the GPRD was identified as a foundation for the development of a
broader research service, moving from using unlinked data from one part of the
healthcare system (primary care) to using linked data from across the healthcare
system to complement each other. In 2012, the NIHR and MHRA came together
to jointly fund the Clinical Practice Research Datalink (CPRD), incorporating the
data and services previously provided by GPRD with the opportunities for data
linkage identified through the RCP.
In 2015, CPRD joined with the London School of Hygiene and Tropical Medicine
to publish a data resource profile for the CPRD90. This outlined the benefits of the
NHS setting for data collection, the history of the CPRD, and data and services
available for research. It stated that at the mid-year date of 2013, the dataset
held information on 9.2 million patients in England deemed acceptable for
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research and representative of the English population, of whom 3.4 million were
alive and currently registered with a contributing GP. By 2015, 75% of the English
GP practices that contributed data to CPRD had consented to take part in the
CPRD linkage scheme, and linkages had been established to Hospital Episode
Statistics, Office for National Statistics death certificates, cancer registries,
national audits and geographically linked deprivation data. Whilst the benefits
of CPRD were extolled, the profile concluded that “researchers must be aware
of the complexity of routinely collected electronic health records, including ways
to manage variable completeness, misclassification and development of disease
definitions for research”.
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Section 1.3 – Thesis objective
The overall thesis objective was to explore and demonstrate the use of CPRD
linked data for capturing exposure and outcomes in pharmacoepidemiological
research. More specifically, the aims were:
• To demonstrate the challenges in interpreting results when using external
data sources to validate unlinked data
• To evaluate the agreement between English primary care, secondary care,
registry, and mortality data in capturing cancer diagnoses, and explore the
determinants of non-concordance
• To conduct case studies to demonstrate options for using linked data
sources for:
- optimal ascertainment of outcomes in presence of a gold standard
- increased case ascertainment
- added value of additional variables
• To conduct case studies to demonstrate options for using linked data
sources to describe and assess the impact of drug treatment patterns for:
- optimal ascertainment of outcomes in presence of a gold standard
- increased case ascertainment
- added value of additional variables
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Section 1.4 – Thesis outline
Figure 1 displays the general outline of the thesis.
Use of linked data
for capturing
exposure and
outcomes

Chapter 2
Demonstration of
challenges

2.1
Cardiovascular outcomes

Chapter 3
Outcome classification

3.1
Cancer in cancer registries
and primary care
3.2
Cancer in hospital admissions
and primary care

Chapter 4
Applied use of linked
outcomes

4.1
Death certificate data date of death
4.2
Death certificate data date and cause of death
4.3
Hospital admissions date, cause and length
4.4
Cardiovascular outcomes

Chapter 5
Exposure and outcomes in
pharmacoepidemiology

Figure 1: Schematic thesis outline
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5.1
Audit data - exposures
5.2
Audit, hospital admissions
and death certificates outcomes
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Chapter 2 focuses on the classification of cardiovascular outcomes (myocardial
infarction, acute coronary syndrome, stroke and congestive heart failure)
amongst patients prescribed non-insulin antidiabetic medications using data
from five European electronic healthcare databases, including unlinked CPRD
primary care data. As the data sources from these five countries have their
own set of characteristics, this provides an opportunity to demonstrate the
challenges in interpreting results when using external data sources to validate
unlinked data.
Chapter 3 focuses on methodological research evaluating the agreement
between linked CPRD primary care, hospital admissions, registry and death
certificate data in the classification of cancer amongst patients with diabetes.
Cancer has been selected as the case study given the increasing number of
studies using EHR to evaluate cancer outcomes, where conflicting results have
fuelled concerns regarding the potential for biased associations, including
misclassification. Starting with a comparison between primary care and cancer
registry data, and moving to a comparison between primary care and hospital
admission data, agreement in the recording of cancer both overall and by
tumour site is considered.
Chapter 4 demonstrates options for the applied use of linked data for classifying
a range of outcomes. It starts by describing how linking gold standard data can
lead to optimal ascertainment of exposure and outcomes, including all-cause
and cause-specific mortality, hospital admissions and disease subtypes. Case
studies are then given for combining data from linked sources for improved
case ascertainment of cardiovascular outcomes. Finally, examples of using
additional variables from linked data sources to expand the research questions
and validate exposures are given, including admission and discharge dates from
hospital admission data and troponin levels from audit data.
Chapter 5 extends the case studies to classical pharmacoepidemiology to
demonstrate the use of linked data to describe and assess the impact of drug
treatment patterns. Starting with exposures, patterns of hospital and GP
prescribing of statins are described using linked audit data in a drug utilisation
study. Concluding with outcomes, linked audit, hospital admission and death
certificate data are used to capture the risk of myocardial infarction and death
associated with clopidogrel discontinuation after acute coronary syndrome.

27

Chapter 1

References
1.

Schneeweiss S. Developments in postmarketing comparative effectiveness
research. Clin Pharmacol Ther 2007;
82(2):143-56
2. Smeeth L, Cook C, Fombonne PE, et al. Rate
of first recorded diagnosis of autism and
other pervasive developmental disorders in
United Kingdom general practice, 1988 to
2001. BMC Med 2004; 2:39
3. Jick H, Zomberg GL, Jick SS, et al. Statins
and the risk of dementia. Lancet 2000;
356(9242):1627-31
4. van Staa TP, Leufkens HG, Abenhaim L, et
al. Oral corticosteroids and fracture risk:
relationship to daily and cumulative doses.
Rheumatology (Oxford) 2000; 39(12):1383-9
5. Oyinlola JO, Campbell J, Kousoulis AA. Is
real world evidence influencing practice? A
systematic review of CPRD research in NICE
guidances. BMC Health Serv Res 2016; 16:299
6. Hall GC, Sauer B, Bourke A, et al. Guidelines
for good database selection and use
in pharmacoepidemiology research.
Pharmacoepidemiol Drug Saf 2012; 21(2):1-10
7. Schneeweiss S, Avorn J. A review of uses
of health care utilization databases for
epidemiologic research on therapeutics. J Clin
Epidemiol 2005; 58(4):323-37
8. O’Malley KJ, Cook KF, Price MD, et al.
Measuring diagnoses: ICD code accuracy.
Health Serv Res 2005; 40(5 Pt 2):1620-39
9. Kendrick T, Stuart B, Newell C, et al. Changes
in rates of recorded depression in English
primary care 2003-13: Time trend analyses of
effects of the economic recession, and the GP
contract quality outcomes framework (QOF).
J Affect Disord 2015; 180:68-78
10. Tripepi G, Jager KJ, Dekker FW, et al. Bias in
clinical research. Kidney Int 2008; 73(2):148-53
11. Baena A, Garces-Palacio IC, Grisales H.
The effect of misclassification error on risk
estimation in case-control studies. Rev Bras
Epidemiol 2015; 18(2):341-56
12. Flegal KM, Brownie C, Haas JD. The effects
of exposure misclassification on estimates
of relative risk. Am J Epidemiol 1986;
123(4):736-51

28

13. Burstyn I, Yang Y, Schnatter AR. Effects of
non-differential exposure misclassification
on false conclusions in hypothesisgenerating studies. Int J Environ Res Public
Health 2014; 11(10):10951-66
14. Jurek AM, Greenland S, Maldonado G, et
al. Proper interpretation of non-differential
misclassification effects: expectations
vs observations. Int J Epidemiol 2005;
34(3):680-7
15. Sorahan T, Gilthorpe MS. Non-differential
misclassification of exposure always leads
to an underestimate of risk: an incorrect
conclusion. Occup Environ Med 1994;
51(12):839-40
16. Funk MJ, Landi SN. Misclassification in
administrative claims data: quantifying the
impact on treatment effect estimates. Curr
Epidemiol Rep 2014; 1(4):175-85
17. Copeland KT, Checkoway H, McMichael AJ,
et al. Bias due to misclassification in the
estimation of relative risk. Am J Epidemiol
1997; 105(5):488-95
18. McInturff P, Johnson WO, Cowling D, et al.
Modelling risk when binary outcomes are
subject to error. Stat Med 2004; 23(7):1095-109
19. Spiegelman D, Rosner B, Logan R.
Estimation and inference for logistic
regression with covariate misclassification
and measurement error in main study/
validation study designs. JAMA 2012;
95(449):51-61
20. Morrissey MJ, Spiegelman D. Matrix
methods for estimating odds ratios with
misclassified exposure data: extensions and
comparisons. Biometrics 1999; 55(2):338-44
21. Tang L, Lyles RH, King CC, et al. Binary
regression with differentially misclassified
response and exposure variables. Stat Med
2015; 34(9):1605-20
22. Greenland S. The effect of misclassification
in matched-pair case-control studies. Am J
Epidemiol 1982; 116(2):402-6
23. Greenland S, Kleinbaum DG. Correcting
for misclassification in two-way tables and
matched-pair studies. Int J Epidemiol 1983;
12(1):93-7

General Introduction
24. Magder LS, Hughes JP. Logistic regression
when the outcome is measured with
uncertainty. Am J Epidemiol 1997; 146(2):
195-203
25. Duan R, Cao M, Wu Y, et al. An empirical study
for impacts of measurement errors on EHR
based association studies. AMIA Annu Symp
Proc 2017; 2016:1764-73
26. Herrett E, Thomas SL, Schoonen WM, et
al. Validation and validity of diagnoses in
the General Practice Research Database: a
systematic review. Br J Clin Pharmacol 2010;
69(1):4-14
27. Tate AR, Martin AG, Ali A, et al. Using free
text information to explore how and when
GPs code a diagnosis of ovarian cancer:
an observational study using primary care
records of patients with ovarian cancer. BMJ
Open 2011; 1(1):e000025
28. Liede A, Hernandez RK, Roth M, et al.
Validation of International Classification
of Diseases coding for bone metastases in
electronic health records using technologyenabled abstraction. Clin Epidmiol 2015;
7:441-8
29. Allen LA, Yood MU, Wagner EH, et al.
Performance of claims-based algorithms for
identifying heart failure and cardiomyopathy
among patients diagnosed with breast
cancer. Med Care 2014; 52(5):e30-8
30. Chan J, Mack DR, Manuel DG, et al. Validation
of an algorithm to identify children with
biopsy-proven celiac disease from within
health administrative data: An assessment of
health services utilization patterns in Ontario,
Canada. PLoS One 2017; 12(6):e0180338
31. Hall GC, Roberts CM, Bouslis M, et al.
Diabetes and the risk of lung cancer. Diabetes
Care 2005; 28(3):590-4
32. Harrold LR, Saag KG, Yood RA, et al. Validity
of gout diagnoses in administrative data.
Arthritis Rheum 2007; 57(1):103-8
33. Taffa N, Will JC, Bodika S, et al. Validation
of AIDS-related mortality in Botswana. J Int
AIDS Soc 2009; 12:24
34. Khosravi A, Rao C, Naghavi M, et al.
Impact of misclassification on measures of
cardiovascular disease mortality in the Islamic
Republic of Iran: a cross-sectional study. Bull
World Health Organ 2008; 86(9):688-96

35. Mieno MN, Tanaka N, Arai T, et al. Accuracy of
death certificates and assessment of factors
for misclassification of underlying cause of
death. J Epidmiol 2016; 26(4):191-8
36. de Carvalho MH, Alvarez-Hernandez G,
Denman C, et al. Validity of underlying cause
of death statistics in Hermosillo, Mexico.
Salud Publica Mex 2011; 53(4):312-9
37. Pattaraarchachai J, Rao C, Polprasert W, et al.
Cause-specific mortality patterns amongst
hospital deaths in Thailand: validating routine
death certification. Popul Health Metr 2010;
8:12
38. Boshuizen HC, Poos MJ, van den Akker M, et
al. Estimating incidence and prevalence rates
of chronic diseases using disease modelling.
Popul Health Metr 2017; 15(1):13
39. Wei WQ, Leibson CL, Random JE, et al.
Impact of data fragmentation across
healthcare centers on accuracy of a highthroughput clinical phenotyping algorithm
for specifying subjects with type 2 diabetes
mellitus. J AM Med Inform Assoc 2012;
19(2):219-24
40. Khan NF, Harrison SE, Rose PW. Validity of
diagnostic coding within the General Practice
Research Database: a systematic review. Br J
Gen Pract 2010; 60(572)e128-36
41. Williams TA, Knuiman MW, Finn JC, et al.
Effect of an episode of critical illness on
subsequent hospitalisation: a linked data
study. Anaesthesia 2010; 65(2):172-7
42. Flindell JA, Finn JC, Gibson NP, et al. Shortterm risk of adverse outcome is significantly
higher in patients returning an abnormal
troponin result when tested in the emergency
department. Emerg Med Australas 2009;
21(6):465-71
43. Ho KM, Dobb GJ, Lee KY, et al. The effect
of comorbidities on risk of intensive care
readmission during the same hospitalization:
a linked data cohort study. J Crit Care 2009;
24(1):101-7
44. Ho KM, Knuiman M, Finn J, et al. Estimating
long-term survival of critically ill patients: the
PREDICT model. PLoS One 2008; 3(9):e3226
45. Ho KM, Dobb GJ, Knuiman M, et al. The
effect of socioeconomic status on outcomes
for seriously ill patients: a linked data cohort
study. Med J Aust 2008; 189(1):26-30

29

Chapter 1
46. Jelinek GA, Ingarfield SL, Mountain D, et
al. Emergency department diagnosis of
pulmonary embolism is associated with
significantly reduced mortality: a linked
data population study. Emerg Med Australas
2009; 21(4):269-76
47. Mullany DV, Foot CL, Smith SE, et al.
Methods and preliminary results for a data
linkage project to determine long-term
survival after intensive care unit admission.
Crit Care Resusc 2009; 11(3):191-7
48. Smith FJ, Holman CD, Moorin RE, et
al. Incidence of bariatric surgery and
postoperative outcomes: a populationbased analysis in Western Australia. Med J
Aust 2008; 189(4):198-202
49. Stoove MA, Dietze PM, Jolley D. Overdose
deaths following previous non-fatal heroin
overdose: record linkage of ambulance
attendance and death registry data. Drug
Alcohol Rev 2009; 28(4):347-52
50. Zhang M, Holman CD, Price SD, et al.
Comorbidity and repeat admission to
hospital for adverse drug reactions in older
adults: retrospective cohort study. BMJ
2009; 338:a2752
51. van Leeuwen MT, Vajdic CM, Middleton MG,
et al. Continuing declines in some but not
all HIV-associated cancers in Australia after
widespread use of antiretroviral therapy.
AIDS 2009; 23(16):2183-90
52. van Leeuwen MT, Grulich AE, McDonald
SP, et al. Immunosuppression and other
risk factors for lip cancer after kidney
transplantation. Cancer Epidemiol
Biomarkers Prev 2009; 18(2):561-9
53. Holmes L Jr, Chan W, Jiang Z, et al. Impact
of androgen deprivation therapy on racial/
ethnic disparities in the survival of older
men treated for locoregional prostate
cancer. Cancer Control 2009; 16(2):176-85
54. Hu JC, Gu X, Lipsitz SR, et al. Comparative
effectiveness of minimally invasive vs
open radical prostatectomy. JAMA 2009;
302(14):1557-64
55. Mobley LR, Kuo TM, Clayton LJ, et al.
Mammography facilities are accessible, so
why is utilization so low? Cancer Causes
Control 2009; 20(6):1017-28

30

56. Onega T, Duell EJ, Shi X, et al. Influence of
NCI cancer center attendance on mortality
in lung, breast, colorectal, and prostate
cancer patients. Med Care Res Rev 2009;
66(5):542-60
57. Reddy DM, Townsend CM Jr, Kuo YF, et
al. Readmission after pancreatectomy for
pancreatic cancer in Medicare patients. J
Gastrointest Surg 2009; 13(11):1963-74
58. Riley GF, Warren JL, Potosky AL, et al.
Comparison of cancer diagnosis and
treatment in Medicare fee-for-service
and managed care plans. Med Care 2008;
46(10):1108-15
59. Schootman M, Jeffe DB, Lian M, et al. The
role of poverty rate and racial distribution in
the geographic clustering of breast cancer
survival among older women: a geographic
and multilevel analysis. Am J Epidemiol
2009; 169(5):554-61
60. Yu X, McBean AM, Birnig BA. Physician
visits, patient comorbidities, and
mammography use among elderly colorectal
cancer survivors. J Cancer Surviv 2007;
1(4):275-82
61. Sprague BL, Trentham-Dietz A, Terry MB,
et al. Fertility drug use and mammographic
breast density in a mammography
screening cohort of premenopausal women.
Cancer Epidemiol Biomarkers Prev 2008;
17(11):3128-33
62. Wang CJ, Elliott MN, Rogowski J, et al.
Factors influencing the enrolment of eligible
extremely-low-birth-weight children in the
part C early intervention program. Acad
Pediatr 2009; 9(4):283-7
63. Conner KA, Xiang H, Groner JI, et al. Using
data linkage to assess the impact of motorized
recreational vehicle-related injuries in Ohio. J
Safety Res 2008; 39(5):469-75
64. Patzer RE, Amaral S, Wasse H, et al.
Neighborhood poverty and racial disparities
in kidney transplant waitlisting. J Am Soc
Nephrol 2009; 20(6):1333-40
65. Lanoy E, Dores GM, Madeleine MM, et
al. Epidemiology of nonkeratinocytic skin
cancers among persons with AIDS in the
United States. AIDS 2009; 23(3):385-93

General Introduction
66. Zamakhshary M, To T, Guan J, et al. Risk
of incarceration of inguinal hernia among
infants and young children awaiting elective
surgery. CMAJ 2008; 179(10):1001-5
67. Nie JX, Wang L, Tracy CS, et al. Health
care service utilization among the elderly:
findings from the Study to Understand the
Chronic Condition Experience of the Elderly
and the Disabled (SUCCEED project). J Eval
Clin Pract 2008; 14(6):1044-9
68. Skinner BJ, Gray JR, Attara GP. Increased
health costs from mandated therapeutic
substitution of proton pump inhibitors in
British Columbia. Aliment Pharmacol Ther
2009; 29(8):882-91
69. Barnsley GP, Gigurdson L, Kirkland D.
Barriers to breast reconstruction after
mastectomy in Nova Scotia. Can J Surg
2008; 51(6):447-52
70. Jangaard KA, Fell DB, Dodds L, et al.
Outcomes in a population of healthy term
and near-term infants with serum bilirubin
levels of >or=325 micromol/L (>or=19 mg/
dL) who were born in Nova Scotia, Canada,
between 1994 and 2000. Pediatrics 2008;
122(1):119-24
71. van Herk-Sukel MP, van de Poll-Franse LV,
Lemmens VE, et al. New opportunities for
drug outcomes research in cancer patients:
the linkage of the Eindhoven Cancer
Registry and the PHARMO Record Linkage
System. Eur J Cancer 2010; 46(2):395-404
72. Hallas J, Bjerrum L, Stovring H, et al.
Use of a prescribed ephedrine/caffeine
combination and the risk of serious
cardiovascular events: a registry-based
case-crossover study. Am J Epidemiol 2008;
168(8):966-73
73. Dalton SO, Laursen TM, Ross L, et al. Risk
for hospitalization with depression after a
cancer diagnosis: a nationwide, populationbased study of cancer patients in Denmark
from 1973 to 2003. J Clin oncol 2009;
27(9):1440-5
74. Tsiropoulos I, Andersen M, Hallas J. Adverse
events with use of antiepileptic drugs: a
prescription and event symmetry analysis.
Pharmacoepidemiol Drug Saf 2009;
18(6):483-91

75. Vikse BE, Irgens LM, Leivestad T, et al.
Preeclampsia and the risk of end-stage renal
disease. N Engl J Med 2008; 359(8):800-9
76. Sjovall K, Attner B, Lithman T, et al.
Influence on the health of the partner
affected by tumor disease in the wife or
husband based on a population-based
register study of cancer in Sweden. J Clin
Oncol 2009; 27(28):4781-6
77. Chen JS, Roberts CL, Ford JB, et al. Crosssectional reporting of previous Cesarean
birth was validated using longitudinal linked
data. J Clin Epidemiol 2010; 63(6):672-8
78. Cliffe S, Black D, Bryant J, et al. Maternal
deaths in New South Wales, Australia: a
data linkage project. Aust N Z K Obstet
Gynaecol 2008; 48(3):255-60
79. Field K, Kosmider S, Johns J, et al. Linking
data from hospital and cancer registry
databases: should this be standard practice?
Intern Med J 2010; 40(8):566-73
80. Draper GK, Somerford PJ, Pilkington
AS, et al. What is the impact of missing
Indigenous status on mortality estimates?
An assessment using record linkage in
Western Australia. Aust N Z J Public Health
2009; 33(4):325-31
81. Johnson JC, Soliman AS, Tadgerson D, et
al. Tribal linkage and race data quality for
American Indians in a state cancer registry.
Am J Prev Med 2009: 36(6):549-54
82. Kahn EB, Berg CJ, Callaghan WM.
Cesarean delivery among women with
low-risk pregnancies: a comparison of birth
certificates and hospital discharge data.
Obstet Gynecol 2009; 113(1):33-40
83. Melve KK, Lie RT, Skjaerven R, et al.
Registration of Down syndrome in the
Medical Birth Registry of Norway: validity
and time trends. Acta Obstet Gynecol Scand
2008; 87(8):824-30
84. Flynn RW, Bonellie SR, Jung RT, et al. Serum
thyroid-stimulating hormone concentration
and morbidity from cardiovascular disease
and fractures in patients on long-term
thyroxine therapy. J Clin Endocrinol Metab
2019; 95(1):186-93

31

Chapter 1
85. Erridge SC, Conkey DS, Stockton D, et al.
Radiotherapy for pituitary adenomas: longterm efficacy and toxicity. Radiother Oncol
2009; 93(3):597-601
86. Pasupathy D, Wood AM, Pell JP, et al. Rates
of and factors associated with deliveryrelated perinatal death among term infants
in Scotland. JAMA 2009; 302(6):660-8
87. Baldacchino A, Crome IB, Zador D, et
al. Recording of clinical information in
a Scotland-wide drug deaths study. J
Psychopharmacol 2010; 24(9):1289-98
88. Rodgers SE, Lyons RA, Dsilva R, et al.
Residential Anonymous Linking Fields
(RALFs): a novel information infrastructure
to study the interaction between the
environment and individuals’ health. J
Public Health (Oxf) 2009; 31(4):582-8
89. Hanratty B, Goldacre M, Griffith M, et al.
Making the most of routine data in palliative
care research – a case study analysis of
linked hospital and mortality data on cancer
and heart failure patients in Scotland and
Oxford. Palliat Med 2008; 22(6):744-9
90. Herrett E, Gallagher AM, Bhaskaran K, et
al. Data resource profile: Clinical Practice
Research Datalink (CPRD). Int J Epidemiol
2015; 44(3):827-36

32

General Introduction

33

34

Chapter 2

Challenges in the interpretation
of results when using different
combinations of linked data

35

36

Chapter 2.1

Cardiovascular safety of
vildagliptin in patients
with type 2 diabetes:
A European multi-database,
non-interventional postauthorization safety study
Williams R
de Vries F
Kothny W
Serban C

Lopez-Leon S
Chu C
Schlienger R

Diabetes Obes Metab. 2017;19(10):1473-1478

37

Chapter 2

Abstract
The aim of this non-interventional, multi-database, analytical cohort study
was to assess the cardiovascular (CV) safety of vildagliptin vs other non-insulin
antidiabetic drugs (NIADs) using real-world data from 5 European electronic
healthcare databases. Patients with type 2 diabetes aged ≥18 years on NIAD
treatment were enrolled. Adjusted incidence rate ratios (IRRs) and 95%
confidence intervals (CIs) for the outcomes of interest (myocardial infarction
[MI], acute coronary syndrome [ACS], stroke, congestive heart failure [CHF],
individually and as a composite) were estimated using negative binomial
regression. Approximately 2.8% of the enrolled patients (n = 738 054) used
vildagliptin at any time during the study, with an average follow-up time of 1.4
years, resulting in a cumulative current vildagliptin exposure of 28 330 personyears. The adjusted IRRs (vildagliptin [±other NIADs] vs other NIADs) were in the
range of 0.61 to 0.97 (MI), 0.55 to 1.60 (ACS), 0.02 to 0.77 (stroke), 0.49 to 1.03
(CHF), and 0.22 to 1.02 (composite CV outcomes). The IRRs and their 95% CIs
were close to 1, demonstrating no increased risk of adverse CV events, including
the risk of CHF, with vildagliptin vs other NIADs in real-world conditions.
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Introduction
Cardiovascular (CV) disease is a common cause of mortality among individuals
with type 2 diabetes (T2D)1. Coexistence of T2D and CV complications entails
use of antidiabetic agents without additional CV safety burden. Regulatory
authorities are rigorously evaluating the CV safety of newer antidiabetic
agents and have issued guidance for conducting CV safety outcome studies2,3.
Dipeptidyl peptidase-4 (DPP-4) inhibitors, since their launch in 2006, have
gained wide acceptance globally for their favourable safety profile, particularly,
for their low risk of hypoglycaemia and weight gain4.
Large CV outcome studies on DPP-4 inhibitors, including the SAVOR-TIMI 53,
TECOS and EXAMINE trials (enrolling >36 000 patients), demonstrated no
increased risk of major adverse CV events5–7. Additionally, a comprehensive
meta-analysis of independently adjudicated CV events, including data from
40 randomized phase III/IV studies (enrolling >17 000 patients), has provided
reassuring evidence of the CV safety of vildagliptin8; however, increased
hospitalizations for heart failure (HF) were observed in patients receiving
saxagliptin (SAVOR TIMI-53)5 and alogliptin (EXAMINE)7, thereby raising a
safety concern regarding some DPP-4 inhibitors and the risk of HF. By contrast,
findings from the TECOS study (sitagliptin)6, and the VIVIDD study (vildagliptin)9
did not show an increased risk of hospitalization for HF.
The present non-interventional study assessed whether vildagliptin (either as a
single agent or as a fixed-dose combination with metformin) was associated
with an increased risk of CV adverse events (AEs) including myocardial infarction
(MI), acute coronary syndrome (ACS), stroke and congestive heart failure (CHF),
individually, and as a composite outcome, compared with other non-insulin
antidiabetic drugs (NIADs) in a real-world setting.
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Materials and methods
Study design and databases
The present study had a population-based, analytical, multi-database cohort
design with secondary use of data from 5 European electronic healthcare
databases: the Clinical Practice Research Datalink General practice OnLine
Database (CPRD GOLD), UK10, the Intercontinental Marketing Statistics (IMS)
Disease Analyser (IMS DA), Germany11, the IMS DA, France11, the Odense
Pharmaco-Epidemiological Database (OPED), Denmark12, and the Swedish
National Registers (NR)13 to assess the CV safety of vildagliptin (± other NIADs)
relative to other NIADs. Additional information on the methodology is provided
in the supplement.

Patients and study assessments
Patients with T2D aged ≥18 years with a new prescription of NIAD (including
biguanides, sulphonylureas, glinides, thiazolidinediones, DPP-4 inhibitors,
glucagon like peptide-1 analogues, α-glucosidase inhibitors, sodium glucose cotransporter-2 inhibitors, and amylin analogues) on or after January 1, 2005 were
enrolled. The study included both prevalent and incident NIAD users. Patients
with a history of cancer (excluding non-melanoma skin cancer), HIV/AIDS, and/
or history of insulin use prior to the start of follow-up were excluded.
Patients were followed up from their index date (day of the first NIAD prescription
post enrolment) to the earliest of the following: end of the study period;
transfer out of the database; death; or date of first insulin prescription. Patient
demographics including age, sex, NIAD use, duration of diabetes, year of cohort
entry, specific comorbidities, and exposure to other co-medications of interest
within 6 months prior to the start of follow-up were collected at the index date.
Cardiac safety outcomes included incident MI, ACS, stroke and CHF, individually
and as a composite outcome. Read/International Classification of Diseases
(ICD)-10 codes were used to identify the outcomes of interest; endpoints were
studied separately across databases. “Incident outcomes” were defined as the
occurrence of a first event after start of follow-up, excluding those patients with
a recording of the outcome of interest on or before the start of follow-up.
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Statistical analysis
It was estimated that 20 000 patient-years of exposure to vildagliptin would
provide 80% power (2-sided α = .05) to detect a 2-fold increase in risk for an
event with an incidence rate (IR) of 1.0 per 1 000 patient-years, assuming at least
6 patients would be accrued in the comparator NIAD cohort for each patient in
the vildagliptin cohort. Demographics and other baseline characteristics were
descriptively summarized as database and NIAD cohorts. The period of followup of patients was divided into periods of NIAD use. Patients could move over
time between exposure categories and between NIAD types (vildagliptin, other
NIAD); patients using vildagliptin concurrently with other NIADs were included in
the vildagliptin cohort. Subgroup analyses were conducted by age (18-39, 40-64,
and ≥65 years) and sex (men, women) in the cohort of patients with concomitant
use of vildagliptin and TZDs and in patients with impaired renal function. Ageand sex- adjusted incidence rate ratios (IRRs) with corresponding 95% confidence
intervals (CIs) for each of the individual outcomes were estimated using negative
binomial regression. Statistical significance was assessed using adjusted P values
accounting for the false discovery rate14.

Ethics and good clinical practice
The protocol was endorsed by the Committee for Medicinal Products for Human
Use (CHMP) and the study was conducted by the Clinical Practice Research Datalink
(CPRD) Group. Further approvals were obtained from the Independent Scientific
Advisory Committee (ISAC; for CPRD 09_069R) and the Danish Health Board.
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Results
Baseline characteristics
Approximately 2.8% of the enrolled patients (n = 738 054) received vildagliptin
(± other NIADs) at any time during the study. The average follow-up period for
vildagliptin users was 1.4 years, resulting in 28 330 patient-years of cumulative
current exposure to vildagliptin. Overall, the baseline characteristics were
similar in all the cohorts across databases (Table 1). Overall, there were fewer
women (44.0%), except in OPED (57.7% vs 42.3%). Patients in the vildagliptin
cohort were slightly younger and had a higher BMI. Almost 50% of patients were
using lipid-lowering drugs. Vildagliptin-exposed patients had a slightly lower
prevalence of CV comorbidities. The comorbidities and co-medications at the
start of follow-up were similar in the cohorts and are presented in Tables S1 and
S2 (Supporting Information), respectively.

Outcomes
Myocardial infarction
The adjusted IRRs for MI (vildagliptin vs other NIADs) were <1 (range: 0.61-0.97)
across the 5 databases (Figure 1); however, there was no statistically significant
difference between the 2 groups except for IMS DA, Germany (0.78, 95%
CI 0.64-0.95; adjusted P value = .02).

Acute coronary syndrome
The adjusted IRRs for ACS (vildagliptin vs other NIADs) were 0.55 to 1.60
(Figure 1). The IRR for IMS DA, France was >1 (1.60, 95% CI 0.29-8.81). There
was no statistically significant difference between the 2 groups except for IMS
DA, Germany (0.72, 95% CI 0.60-0.88; adjusted P value <.01).

Stroke
The adjusted IRRs for stroke (vildagliptin vs other NIADs) were 0.02 to 0.77
(Figure 1). All adjusted IRR estimates were <1, with no statistically significant
difference between the 2 groups, except for IMS DA, Germany (0.59, 95%
CI 0.50-0.70; adjusted P value = .02) and IMS DA, France (0.02, 95% CI 0.00-0.12;
adjusted P value = .03).
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Congestive heart failure
The adjusted IRRs for CHF (vildagliptin vs other NIADs) were 0.49 to 1.03. In
3 databases, the IRR and the upper limit of the 95% CI were <1, with the IRR in
1 database reaching statistical significance: CPRD GOLD (0.51, 95% CI 0.27-0.95),
IMS DA, Germany (0.72, 95% CI 0.64-0.81; adjusted P value = .02), and IMS DA,
France (0.49, 95% CI 0.28-0.85).

Composite of CV events
The IRRs for the composite CV endpoint with vildagliptin vs other NIADs were
0.22 to 1.02. The IRRs and the upper limit of the 95% CIs were <1 for 2 databases:
IMS DA, Germany (0.66, 95% CI 0.59-0.73; adjusted P value = .02), and IMS DA,
France (0.22, 95% CI 0.10-0.47). Furthermore, no evidence of increased risk of
individual outcomes or the composite of any CV event were observed in the
subgroup analyses across the 5 databases (Tables S3-S7, Supporting Information).
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33 ± 7

BMI, kg/m2

110 178 (52.1)
2973 (1.4)

591 (29.7)

1222 (61.4)

3 (0.2)

4±5

26 to 29 kg/m2

>30 kg/m2

Unknown

Diabetes duration, years

1±3

8578 (64.6)

2649 (19.9)

1541 (11.6)

486 (3.7)

32 (0.2)

32 ± 6

7583 (57.1)

5703 (42.9)

6055 (45.6)

6864 (51.7)

367 (2.8)

63 ± 12

1±3

142 935 (69.2)

32 308 (15.6)

22 431 (10.9)

8308 (4.0)

594 (0.3)

31 ± 6

108 536 (52.5)

98 040 (47.5)

113 368 (54.9)

87 379 (42.3)

5829 (2.8)

65 ± 13

NIADs
N = 205 576

IMS DA, Germany
Vildagliptin
N = 13 286

1±1

-

-

-

-

-

-

1808 (60.6)

1174 (39.4)

1196 (40.1)

1721 (57.7)

65 (2.2)

62 ± 11

1±1

-

-

-

-

-

-

24 146 (57.6)

17 765 (42.4)

19 480 (46.5)

21 349 (50.9)

1082 (2.6)

63 ± 12

NIADs
N = 41 911

IMS DA, France
Vildagliptin
N = 2982

Data are expressed as mean ± standard deviation, unless otherwise indicated.

4±5

68 791 (32.6)

2685 (1.3)
26 700 (12.6)

9 (0.5)

165 (8.3)

20 to 25 kg/m2

31 ± 7

120 512 (57.0)

90 815 (43.0)

100 274 (47.4)

101 569 (48.1)

9484 (4.5)

63 ± 14

<20 kg/m2

BMI, n (%)

842 (42.3)

1148 (57.7)

627 (31.5)

Women, n (%)

1255 (63.1)

40 to 64 years

≥65 years

Men, n (%)

108 (5.4)

59 ± 12

NIADs
N = 211 327

CPRD GOLD, UK

Vildagliptin
N = 1990

18 to 39 years

Age, n (%)

Age, years

Characteristic

Table 1: Baseline characteristics at the start of follow-up by database

2±3

-

-

-

-

-

-

351 (38.0)

572 (62.0)

374 (40.5)

516 (55.9)

33 (3.6)

61 ± 11

2±3

109 (19.2)

-

-

-

-

-

10 025 (42.3)

13 700 (57.7)

11 683 (49.2)

11 102 (46.8)

940 (4.0)

64 ± 13

NIADs
N = 23 725

OPED, Denmark
Vildagliptin
N = 923

4±5

45 305 (17.8)

249 (43.8)

140 (24.6)

68 (12.0)

3 (0.5)

31 ± 6

353 (62.0)

216 (38.0)

182 (32.0)

372 (65.4)

15 (2.6)

60 ± 10

4±5

96 251 (37.8)

68 748 (27.0)

42 751 (16.8)

1460 (0.6)

30 ± 5

149 582 (58.8)

104 933 (41.2)

124 636 (49.0)

125 609 (49.4)

4270 (1.7)

65 ± 12

NIADs
N = 254 515

National Registers, Sweden
Vildagliptin
N = 569
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rate adjusted P values. **Adjusted for age and sex. IRRs for acute coronary syndrome in CPRD GOLD were also adjusted
for co-medications; comorbidities; exposure to other DPP-4 inhibitors; SUs; and TZDs; diabetes duration; BMI; alcohol
consumption status; smoking status; and year of cohort entry. IRRs for CHF in the Swedish NR were also adjusted for exposure
to other DPP-4 inhibitors. For composite endpoints, IRRs in the Swedish NR were also adjusted for history of cardiomyopathy,
hyperlipidaemia, and time-dependent exposure to biguanides, glinides and DPP-4 inhibitors

Figure 1: Incidence rate ratios of CV events for current use of vildagliptin vs other NIADs. Vilda, vildagliptin. *False discovery
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Discussion
The present non-interventional, real-world data study with ~28 330 patientyears’ exposure to vildagliptin provides further evidence of the CV safety of
vildagliptin and that exposure to vildagliptin is not associated with an increased
overall CV risk or risk of any of the studied CV outcomes (MI, ACS, stroke and
CHF), when compared with other NIADs. Recent findings from the SAVOR
TIMI-535 and EXAMINE7 trials raised questions regarding the safety of DPP-4
inhibitors with respect to HF. The present study showed that vildagliptin had
a good safety profile, without increased risk of CHF or hospitalizations for HF
across the 5 databases (adjusted IRR estimate ranged from 0.51 to 1.03). These
results complement the data obtained from a large CV safety meta-analysis of
vildagliptin (vs placebo and all nonvildagliptin treatments) including HF events
(leading to hospitalization or new onset of HF [0.43% vs 0.45%; hazard ratio 1.08,
95% CI 0.68-1.70])8, the TECOS trial data (3.1% vs 3.1%; hazard ratio 1.00, 95% CI
0.83-1.20; P = .98)6 and add further evidence with regard to the safety of DPP-4
inhibitors with respect to HF.
The generalizability of the data from CV outcome studies has been a matter
of continuous debate. By virtue of their design, they focused on establishing
safety in comparison with placebo, thus recruiting patients with high CV risk for
faster accrual of events. By contrast, the broad inclusion/exclusion criteria of the
present study, that is, any patient aged ≥18 years with an established diagnosis
of T2D, constitute a real-world population. The population of the present study
is more reflective of the majority of individuals with T2D whom clinicians care
for on a daily basis.
The following limitations should nevertheless be considered while interpreting
the results. Vildagliptin may have been preferentially prescribed to patients
inadequately controlled with other NIADs, as a step before initiating insulin. The
start of follow-up was earlier in calendar time in the group of non-vildagliptin
NIAD users, while patients initiating vildagliptin at baseline are incident users;
this may ultimately create a bias towards higher AE rates for vildagliptin users.
The present study compared the IRs between vildagliptin and other NIAD
therapies during period of current use; however, the IRs could also have been
affected by prior exposure to antidiabetic agents. Data from the 5 databases
are presented separately because differences in coding, healthcare settings and
medical practice across databases limits the pooling of results. The analyses
could not be adjusted for various potential confounding variables (such as
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smoking, alcohol use) because of the low numbers of patients with the outcome
or with missing information on some variables across databases. Lastly, the
average follow-up time on vildagliptin was relatively short at 1.4 years, therefore,
these data do not provide information on the risks associated with longer-term
therapy with vildagliptin.
In summary, the CV outcome analyses indicate that vildagliptin is not associated
with an increased CV risk, including the risk of CHF, compared with other NIADs
in real-world conditions. The current data complement the earlier CV safety
meta-analysis of vildagliptin9 and reflect the CV safety of vildagliptin in a broad
population of patients with T2D.
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Supplement
1.

1.1

Materials and Methods

Study Design and Databases

The CPRD group, part of the Medicines and Healthcare products Regulatory
Agency (MHRA), conducted the study and had access to data from France,
Germany and Denmark. Sweden provided data for the study that were analyzed
by the Center for Pharmaco-epidemiology (CPE) – an academic center at the
Karolinska Institute, Stockholm, Sweden. CPRD GOLD comprises anonymized
medical records of general practitioners (GPs) including data of 14 million
patients since 1987. IMS DA Germany contains records from GPs and specialists
(≈1,700) from 1992 onwards and data on 12 million patients. IMS DA France
contains clinical information collected from GPs from 1997 onwards and data
on approximately 2.4 million patients. The Swedish NR includes records of
all dispensed drugs prescribed in Sweden since July 1, 2005. OPED comprises
information on all prescriptions of reimbursed drugs dispensed at community
pharmacies in Denmark since 1992, along with complete demographic
information.

1.2

Patients

1.2.1

Data collection:

For each database, the study period started on January 1, 2005 and ended at
the end of data collection (CPRD GOLD: January 27, 2014; IMS DA Germany:
December 31, 2013; IMS DA France: June 30, 2014; OPED: December 31, 2012;
the Swedish NR: December 31, 2012). The CPRD group, part of the Medicines
and Healthcare products Regulatory Agency (MHRA) in the UK, conducted the
study. The CPRD group had access to data from France and Germany; Denmark
and Sweden agreed to provide data for the study. The Center for Pharmacoepidemiology (CPE) – an academic center at the Karolinska Institute, Stockholm,
Sweden analyzed the data from the Swedish NR.

1.2.2

Inclusion/exclusion criteria:

The cohort index date or the start of follow-up was the day of the first NIAD
prescription on or after January 1, 2005. The study included both prevalent and
incident NIAD users, i.e., patients could have been exposed to NIADs before the
start of follow-up.
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1.3

Study assessments

Specific comorbidities include hypertension, ischemic heart disease, arrhythmia,
CHF, MI, intermittent claudication, transient ischemic attack, stroke,
hyperlipidemia, arterial thromboembolic events; cardiomyopathies, or congenital
or valvular heart diseases; rheumatic, viral and other forms of myocarditis,
infective endocarditis, pulmonary embolism, kidney disease, and diseases with
systemic inflammation.
Co-medications include angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, β-blockers, calcium channel blockers, diuretics, amiodarone,
anticoagulants, aspirin, anti-platelets, nitrates, and lipid-lowering drugs.
Additional patient demographics assessment: Body mass index (BMI) was
assessed in CPRD GOLD, IMS DA Germany and the Swedish NR; smoking and
drinking status in CPRD GOLD; and years of database history in CPRD GOLD and
the Swedish NR.
Incident outcomes: The incident outcome was defined as the occurrence of a first
event after start of follow-up. To restrict outcomes to incident events, patients
with a recording of the outcome of interest on or before the start of followup were excluded. For example, when considering the composite endpoint of
any CV events, all patients with prior MI, ACS, stroke, or CHF were excluded.
However, when MI was considered as the endpoint, only those patients with
prior MI were excluded (i.e., patients with prior ACS, stroke or CHF were included
if they did not have prior MI).

1.4

Statistical analysis

The final analysis was planned to be conducted when approximately 10,000
patients had been exposed to vildagliptin for two years on average corresponding
to approximately 20,000 patient-years (PYs). Current NIAD use was the timeperiod from the date of prescription to the date of next NIAD prescription or
the expected duration of use plus three months; the population-median value
was used for cases where duration could not be estimated. IRRs for ACS and
composite outcome in the CPRD GOLD database were also adjusted for comedications; comorbidities; exposure to other DPP-4 inhibitors or SUs or TZDs;
diabetes duration; BMI; alcohol consumption status; smoking status; and year
of cohort entry. IRRs for CHF in the Swedish NR were additionally adjusted for
exposure to other DPP-4 inhibitors, and the IRRs for composite outcome were
also adjusted for comorbidities (cardiomyopathy, hyperlipidemia), and exposure
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to biguanides, glinides, and other DPP-4 inhibitors. All the analyses (except the
Swedish NR) were performed using Stata 13 (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP). SAS version 9.4 (Cary,
NC: SAS Institute Inc.; 2013) was used for analyzing data from Sweden.
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CPRD GOLD (UK)
Vildagliptin NIADs
N=1,990
N=211,327
30 (1.5)
4,299 (2.0)
282 (14.2)
33,360 (15.8)
1,035 (52.0)
117,230 (55.5)
34 (1.7)
8,249 (3.9)
268 (13.5)
37,342 (17.7)
178 (8.9)
24,019 (11.4)
74 (3.7)
14,405 (6.8)
91 (4.6)
16,970 (8.0)
50 (2.5)
9,802 (4.6)
58 (2.9)
8,266 (3.9)
77 (3.9)
9,849 (4.7)
64 (3.2)
5,823 (2.8)
255 (12.8)
33,652 (15.9)
96 (4.8)
14,218 (6.7)
306 (15.4)
31,534 (14.9)
3 (0.2)
339 (0.2)
69 (3.5)
7,841 (3.7)
16 (0.8)
2,299 (1.1)
16 (0.8)
3,185 (1.5)
10 (0.5)
1,794 (0.8)
343 (17.2)
44,326 (21.0)
0 (0.0)
6 (<0.1)
11 (0.6)
1,197 (0.6)
1 (<0.1)
31 (<0.1)
18 (0.9)
1,847 (0.9)

IMS DA (Germany)
Vildagliptin NIADs
N=13,286
N=206,576
102 (0.8)
1,668 (0.8)
741 (5.6)
12,160 (5.9)
85 (0.6)
1,476 (0.7)
8,551 (64.4)
131,281 (63.6)
987 (7.4)
20,480 (9.9)
2,584 (19.4)
44,804 (21.7)
518 (3.9)
8,307 (4.0)
365 (2.7)
5,788 (2.8)
899 (6.8)
19,009 (9.2)
322 (2.4)
7,621 (3.7)
131 (1.0)
1,871 (0.9)
1,176 (8.9)
18,277 (8.8)
464 (3.5)
8,399 (4.1)
584 (4.4)
11,188 (5.4)
2,308 (17.4)
37,474 (18.1)
670 (5.0)
10,317 (5.0)
390 (2.9)
6,753 (3.3)
27 (0.2)
437 (0.2)
383 (2.9)
6,668 (3.2)
345 (2.6)
6,660 (3.2)
1,187 (8.9)
21,014 (10.2)
2 (<0.1)
65 (<0.1)
37 (0.3)
576 (0.3)
1,758 (13.2)
26,029 (12.6)
2 (<0.1)
15 (<0.1)

IMS DA (France)
Vildagliptin NIADs
N=2,982
N=41,911
11 (0.4)
295 (0.7)
25 (0.8)
309 (0.7)
1 (<0.1)
19 (<0.1)
952 (31.9)
14,770 (35.2)
24 (0.8)
521 (1.2)
132 (4.4)
2,250 (5.4)
29 (1.0)
643 (1.5)
24 (0.8)
285 (0.7)
36 (1.2)
516 (1.2)
9 (0.3)
132 (0.3)
3 (0.1)
83 (0.2)
52 (1.7)
575 (1.4)
53 (1.8)
891 (2.1)
15 (0.5)
274 (0.7)
415 (13.9)
5,952 (14.2)
90 (3.0)
1,664 (4.0)
55 (1.8)
779 (1.9)
12 (0.4)
161 (0.4)
16 (0.5)
221 (0.5)
19 (0.6)
366 (0.9)
92 (3.1)
1,761 (4.2)
0 (0.0)
2 (<0.1)
6 (0.2)
127 (0.3)
36 (1.2)
612 (1.5)
0 (0.0)
0 (0.0)

OPED (Denmark)
Vildagliptin NIADs
N=923
N=23,725
11 (1.2)
312 (1.3)
17 (1.8)
807 (3.4)
7 (0.8)
188 (0.8)
21 (2.3)
587 (2.5)
55 (6.0)
1,879 (7.9)
182 (19.7)
5,200 (21.9)
145 (15.7)
3,722 (15.7)
74 (8.0)
1,874 (7.9)
45 (4.9)
2,007 (8.5)
34 (3.7)
1,381 (5.8).
18 (2.0)
326 (1.4)
23 (2.5)
867 (3.7)
2 (0.2)
108 (0.5)
29 (3.1)
806 (3.4)
32 (3.5)
1,595 (6.7)
23 (2.5)
881 (3.7)
44 (4.8)
2,027 (8.5)
6 (0.7)
127 (0.5)
19 (2.1)
589 (2.5)
28 (3.0)
982 (4.1)
12 (1.3)
439 (1.9)
2 (0.2)
15 (<0.1)
7 (0.8)
218 (0.9)
12 (1.3)
429 (1.8)
0 (0.0)
2 (<0.1)

National Registers (Sweden)
Vildagliptin NIADs
N=569
N=254,515
2 (0.4)
1,269 (0.5)
16 (2.8)
7,202 (2.8)
100 (17.6)
61,326 (24.1)
3 (0.5)
5,378 (2.1)
54 (9.5)
37,859 (14.9)
40 (7.0)
26,495 (10.4)
24 (4.2)
17,120 (6.7)
23 (4.0)
17,238 (6.8)
20 (3.5)
14,799 (5.8)
1 (0.2)
2,079 (0.8)
20 (3.5)
9,244 (3.6)
3 (0.5)
1,179 (0.5)
8 (1.4)
7,321 (2.9)
10 (1.8)
7,212 (2.8)
1 (0.2)
1,285 (0.5)
47 (8.3)
30,420 (12.0)
2 (0.4)
451 (0.2)
1 (0.2)
1,721 (0.7)
4 (0.7)
1,654 (0.6)
5 (0.9)
2,552 (1.0)
0 (0)
44 (0.0)
3 (0.5)
1,970 (0.8)
1 (0.2)
32 (0.0)
6 (1.1)
2,434 (1.0)

Data are expressed as n (%). CPRD GOLD, Clinical Practice Research Datalink General practice OnLine Database; DA, disease analyzer; NIADs, noninsulin antidiabetic drugs; OPED, Odense PharmacoEpidemiological Database; UK, United Kingdom

Alcoholism
Microvascular disease
Hypertension
Congestive heart failure
Ischemic heart disease
Acute coronary syndrome
Myocardial infarction
Cerebrovascular disease
Stroke
Peripheral vascular disease
Kidney disease
Microalbuminuria
Edema
Chronic obstructive pulmonary disease
Asthma
Respiratory failure
Serious infections
Angioedema
Hyperthyroidism
Foot ulcer
Skin lesions
Lactic acidosis
Serious hepatic episodes
Liver transplantation
Acute pancreatitis

Characteristics

Table S1: Comorbidities at the start of follow-up by database

Supporting Information
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1,362 (68.4)

Lipid lowering drugs

27,198 (12.9)
138,148 (65.4)

83,763 (39.6)

1,729 (13.0)
2,880 (21.7)

1,458 (11.0)

21,558 (10.4)
44,472 (21.5)

27,489 (13.3)
0 (0.0)

834 (28.0)

0 (0.0)

Vildagliptin
N=923
260 (28.2)

21,008 (50.1) 494 (53.5)

11,541 (27.5) 281 (30.4)

-

124 (21.8)

95,055 (37.3)

-

45,557 (17.9)

Vildagliptin NIADs
N=569
N=254,515
123 (21.6)
66,091 (26.0)

National Registers (Sweden)

11,559 (48.7) 203 (35.7)

7,961 (33.6)

4,344 (18.3)

NIADs
N=23,725
7,713 (32.5)

OPED (Denmark)

11,687 (27.9) 206 (22.3)

Vildagliptin NIADs
N=2,982
N=41,911
624 (20.9)
9,313 (22.2)

IMS DA (France)

Data are expressed as n (%). CPRD GOLD, Clinical Practice Research Datalink General practice OnLine Database; DA, disease analyzer; NIADs, non-insulin
antidiabetic drugs; OPED, Odense PharmacoEpidemiological Database; UK, United Kingdom

318 (16.0)

703 (35.3)

Angiotensin receptor blockers

Angiotensin converting enzyme inhibitors

Antiplatelet drugs

Vildagliptin NIADs
N=13,286 N=206,576
3,002 (22.6) 52,447 (25.4)

Vildagliptin
N=1,990
762 (38.3)

NIADs
N=211,237
86,374 (40.9)

IMS DA (Germany)

CPRD GOLD (UK)

Characteristic

Table S2: Comedications at the start of follow-up by database
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Table S3: Incidence rate ratios (IRR) of myocardial infarction for current use of vildagliptin vs.
other NIADs by database
Subgroups
CPRD GOLD UK
Male
Female
Age 18-39 years
40-64 years
>65 years
Patients with RI
Vildagliptin + TZD
IMS DA Germany
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA France
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
OPED Denmark
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
NR Sweden
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
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Vildagliptin
Event (IR)

Other NIADs
Event (IR)

Adjusted* IRR
(95% CI)

5 (2.4)
6 (4.1)
0
5 (2.4)
6 (4.3)
0
1 (1.0)

2201 (5.2)
1235 (3.7)
21 (0.8)
1131 (3.0)
2284 (6.4)
194 (6.3)
3436 (4.5)

0.46 (0.19–1.12)
1.23 (0.55–2.74)
NA
0.77 (0.31–1.90)
0.66 (0.29–1.47)
NA
0.22 (0.03–1.54)

99 (9.9)
48 (6.5)
2 (6.6)
47 (5.7)
98 (11.0)
11 (7.8)
10 (6.4)

2494 (11.1)
1542 (7.4)
19 (2.6)
1297 (7.4)
2720 (10.8)
474 (11.8)
4036 (9.3)

0.78 (0.61–1.00)
0.79 (0.56–1.10)
2.42 (0.56–10.40)
0.59 (0.41–0.84)
0.89 (0.7–1.13)
0.56 (0.29–1.09)
0.61 (0.29–1.30)

9 (3.5)
0
0
4 (1.9)
5 (2.6)
0
0

159 (3.1)
50 (1.3)
1 (0.8)
108 (2.5)
100 (2.2)
4 (3.5)
209 (2.3)

2.19 (0.32–14.92)
NA
NA
1.19 (0.12–12.30)
0.77 (0.05–12.81)
NA
NA

1 (2.3)
6 (9.2)
0
1 (2.1)
6 (10.1)
0
0

165 (6.1)
292 (8.7)
2 (1.2)
121 (4.3)
334 (10.7)
18 (10.0)
457 (7.5)

0.34 (0.05–2.54)
1.00 (0.43–2.31)
NA
0.48 (0.07–3.47)
0.91 (0.41–2.05)
NA
NA

1 (3.2)
3 (5.5)
0
2 (4.1)
2 (5.3)
0
0

3034 (7.4)
5128 (8.7)
12 (1.3)
2079 (4.5)
6071 (11.6)
380 (12.6)
8162 (8.2)

0.49 (0.07–3.31)
0.68 (0.22–2.11)
NA
0.91 (0.23–3.63)
0.46 (0.11–1.84)
NA
NA

Challenges using combinations of linked data
Event, no of events; IR, incidence rate/1000 PYs; other NIADs, any non-insulin antidiabetic
drug other than vildagliptin; CI, confidence interval; CPRD GOLD, Clinical Practice Research
Datalink General practice OnLine Database; DA, Disease Analyzer; NA, not applicable; NR,
National Registers; OPED, Odense PharmacoEpidemiological Database (Denmark); RI, renal
impairment; TZD, thiazolidinedione; UK, United Kingdom. *Adjusted for age and sex.
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Table S4: Incidence rate ratios (IRRs) of acute coronary syndrome for current use of vildagliptin
vs. other NIADs by database
Subgroups
CPRD GOLD UK
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA Germany
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA France
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
OPED Denmark
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
NR Sweden
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
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Vildagliptin
Event (IR)

Other NIADs
Event (IR)

Adjusted* IRR
(95% CI)

6 (2.9)
6 (4.2)
0
7 (3.4)
5 (3.7)
0
2 (2.0)

2640 (6.3)
1553 (4.7)
30 (1.2)
1424 (3.8)
2739 (7.8)
244 (8.1)
4193 (5.6)

0.46 (0.20–1.03)
0.96 (0.43–2.17)
NA
0.86 (0.40–1.84)
0.45 (0.19–1.09)
NA
0.35 (0.09–1.44)

104 (10.4)
39 (5.3)
2 (6.6)
53 (6.4)
88 (9.9)
11 (7.8)
9 (5.8)

2636 (11.8)
1637 (7.9)
18 (2.5)
1410 (8.1)
2845 (11.4)
506 (12.7)
4273 (9.9)

0.79 (0.63–1.00)
0.59 (0.41–0.85)
2.59 (0.60–11.16)
0.63 (0.45–0.88)
0.76 (0.59–0.97)
0.54 (0.28–1.03)
0.52 (0.24–1.11)

10 (3.9)
1 (0.7)
0
5 (2.4)
6 (3.1)
0
1 (1.3)

177 (3.4)
55 (1.5)
1 (0.8)
115 (2.7)
116 (2.6)
5 (4.4)
232 (2.6)

2.03 (0.32–13.06)
0.66 (0.01–39.17)
NA
0.86 (0.35–2.09)
1.18 (0.52–2.67)
NA
0.01 (0.00–0.34)

2 (4.6)
6 (9.2)
0
1 (2.1)
7 (11.8)
0
1 (8.6)

172 (6.4)
276 (8.2)
2 (1.2)
143 (5.2)
303 (9.8)
16 (8.9)
448 (7.4)

0.63 (0.14–2.76)
1.05 (0.46–2.44)
NA
0.37 (0.05–2.78)
1.15 (0.52–2.56)
NA
0.92 (0.11–7.44)

3 (5.6)
1 (3.2)
0
2 (4.2)
2 (5.4)
0
0

5850 (10.0)
3293 (8.1)
14 (1.5)
2562 (5.5)
6567 (12.6)
437 (14.5)
9143 (9.2)

0.59 (0.19–1.84)
0.46 (0.07–3.03)
NA
0.74 (0.19–2.97)
0.43 (0.11–1.70)
NA
NA

Challenges using combinations of linked data
Event, no of events; IR, incidence rate/1000 PYs; other NIADs, any non-insulin antidiabetic
drug other than vildagliptin; CI, confidence interval; CPRD GOLD, Clinical Practice Research
Datalink General practice OnLine Database; DA, Disease Analyzer; NA, not applicable; NR,
National Registers; OPED, Odense PharmacoEpidemiological Database (Denmark); RI, renal
impairment; TZD, thiazolidinedione; UK, United Kingdom. *Adjusted for age and sex. IRRs for
CPRD were also adjusted for comorbidities and comedications.
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Table S5: Incidence rate ratios (IRRs) of stroke for current use of vildagliptin vs. other NIADs
by database
Subgroups
CPRD GOLD UK
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA Germany
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA France
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
OPED Denmark
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
NR Sweden
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
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Vildagliptin
Event (IR)

Other NIADs
Event (IR)

Adjusted* IRR
(95% CI)

6 (2.7)
7 (4.9)
0
6 (2.8)
7 (4.9)
1 (8.6)
4 (3.9)

2201 (4.9)
1724 (5.2)
14 (0.6)
925 (2.4)
2986 (8.1)
216 (6.7)
3925 (5.0)

0.60 (0.27–1.34)
1.03 (0.49–2.19)
NA
1.19 (0.53–2.65)
0.60 (0.28–1.26)
1.45 (0.20–10.45)
0.86 (0.32–2.29)

105 (10.3)
80 (10.9)
0
43 (5.1)
142 (16)
21 (14.3)
6 (3.8)

3402 (15.2)
3006 (14.7)
17 (2.3)
1440 (8.2)
4951 (20.2)
688 (17.0)
6408 (15.0)

0.55 (0.43–0.70)
0.64 (0.49–0.83)
NA
0.13 (0.06–0.31)
0.64 (0.52–0.78)
0.75 (0.45–1.24)
0.18 (0.07–0.44)

4 (1.5)
1 (0.7)
0
0
5 (2.6)
0
0

103 (2.0)
56 (1.5)
0
52 (1.2)
107 (2.4)
2 (1.7)
159 (1.8)

0.02 (0.00–0.22)
0.01 (0.00–0.33)
NA
NA
0.03 (0.00–0.30)
NA
NA

3 (6.7)
1 (1.5)
0
0
4 (6.6)
0
1 (8.5)

191 (7.1)
312 (8.9)
6 (3.6)
114 (4.0)
383 (12.1)
20 (10.8)
503 (8.1)

0.94 (0.30–2.95)
0.16 (0.02–1.12)
NA
NA
0.53 (0.20–1.43)
NA
0.93 (0.13–6.61)

0
1 (3.1)
0
0
1 (2.7)
0
0

4887 (8.3)
3554 (8.7)
6 (0.6)
1667 (3.6)
6768 (12.9)
354 (11.7)
8441 (8.5)

NA
0.44 (0.07–2.83)
NA
NA
0.21 (0.03–1.48)
NA
NA

Challenges using combinations of linked data
Event, no of events; IR, incidence rate/1000 PYs; other NIADs, any non-insulin antidiabetic
drug other than vildagliptin; CI, confidence interval; CPRD GOLD, Clinical Practice Research
Datalink General practice OnLine Database; DA, Disease Analyzer; NA, not applicable; NR,
National Registers; OPED, Odense PharmacoEpidemiological Database (Denmark); RI, renal
impairment; TZD, thiazolidinedione; UK, United Kingdom. *Adjusted for age and sex.
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Table S6: Incidence rate ratios (IRRs) of congestive heart failure for current use of vildagliptin
vs. other NIADs
Subgroups
CPRD GOLD UK
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA Germany
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA France
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
OPED Denmark
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
Sweden NR
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
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Vildagliptin
Event (IR)

Other NIADs
Event (IR)

Adjusted* IRR
(95% CI)

5 (2.3)
5 (3.4)
0
4 (1.9)
6 (4.1)
1 (8.6)
3 (2.9)

2804 (6.2)
1865 (5.6)
14 (0.6)
884 (2.3)
3771 (10.2)
293 (9.3)
4669 (5.9)

0.40 (0.17–0.96)
0.70 (0.29–1.68)
NA
0.83 (0.31–2.23)
0.41 (0.18–0.90)
0.97 (0.12–7.63)
0.55 (0.18–1.70)

244 (26.1)
237 (36.5)
3 (9.9)
140 (17.6)
338 (44.6)
51 (43.0)
31 (22.8)

6889 (33.3)
7026 (39.9)
50 (6.9)
2952 (17.6)
10913 (52.4)
1519 (47.1)
13915 (36.3)

0.71 (0.60–0.82)
0.74 (0.61–0.90)
1.12 (0.25–5.07)
0.84 (0.68–1.05)
0.65 (0.56–0.75)
0.67 (0.46–0.99)
0.55 (0.34–0.88)

11 (4.3)
3 (2.0)
0
3 (1.4)
11 (5.8)
1 (18.7)
2 (2.7)

409 (7.9)
194 (5.2)
3 (2.5)
118 (2.7)
482 (10.9)
20 (18.5)
603 (6.8)

0.55 (0.30–1.02)
0.21 (0.02–2.64)
NA
0.49 (0.15–1.57)
0.49 (0.26–0.92)
0.08 (0.00–10.12)
0.33 (0.08–1.38)

4 (9.1)
10 (14.9)
0
5 (10.3)
9 (15.0)
0
1 (8.6)

278 (10.4)
409 (11.9)
2 (1.2)
124 (4.3)
561 (18.3)
21 (12.2)
687 (11.3)

0.86 (0.32–2.31)
1.14 (0.59–2.19)
NA
2.36 (0.96–5.76)
0.81 (0.42–1.56)
NA
0.61 (0.08–4.52)

1 (1.8)
1 (3.2)
0
0
2 (5.4)
0
1 (29.3)

2725 (4.6)
1670 (4.1)
7 (0.7)
727 (1.6)
3661 (6.9)
213 (7.0)
4395 (4.4)

0.46 (0.06–3.27)
0.88 (0.12–6.24)
NA
NA
0.79 (0.20–3.17)
NA
7.56 (1.06–53.67)

Challenges using combinations of linked data
Event, no of events; IR, incidence rate/1000 PYs; other NIADs, any non-insulin antidiabetic drug
(NIAD) other than vildagliptin; CI, confidence interval; CPRD GOLD, Clinical Practice Research
Datalink General practice OnLine Database; DA, Disease Analyzer; NR, National Registers;
OPED, Odense PharmacoEpidemiological Database (Denmark); RI, renal impairment; TZD,
thiazolidinedione; UK, United Kingdom. *Adjusted for age and sex. The Swedish model was
also adjusted for time-dependent exposure to DPP-4 inhibitors (excluding vildagliptin).
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Table S7: Incidence rate ratios (IRRs) of any cardiac events for current use of vildagliptin vs.
other NIAD by database
Subgroups
CPRD GOLD UK
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA Germany
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
IMS DA France
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
OPED Denmark
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD
NR Sweden
Male
Female
Age 18-39 years
40-64 years
≥65 years
Patients with RI
Vildagliptin + TZD

64

Vildagliptin
Event (IR)

Other NIADs
Event (IR)

Adjusted IRRs
(95% CI)

22 (12.1)
19 (14.9)
0
19 (9.9)
22 (20.2)
4 (51.0)
11 (12.1)

5584 (15.6)
3848 (13.6)
61 (2.5)
3188 (9.3)
6183 (22.8)
462 (19.6)
9432 (14.7)

0.78 (0.50–1.21)
1.23 (0.78–1.96)
NA
1.04 (0.65–1.65)
0.87 (0.57–1.33)
2.86 (0.89–9.20)
0.88 (0.47–1.63)

421 (51.7)
317 (55.1)
4 (13.5)
249 (34.5)
485 (75.9)
65 (69.5)
41 (35.1)

11214 (64.0)
10274 (66.1)
105 (15.1)
5802 (38.7)
15581 (89.6)
2061 (81.9)
21488 (65.0)

0.69 (0.61–0.78)
0.60 (0.51–0.71)
0.56 (0.14–2.30)
0.70 (0.59–0.83)
0.62 (0.54–0.70)
0.65 (0.47–0.91)
0.44 (0.29–0.68)

29 (11.8)
7 (4.7)
0
11 (5.3)
25 (13.8)
1 (18.7)
3 (4.1)

807 (16.5)
396 (11.0)
4 (3.3)
365 (8.7)
834 (19.9)
26 (26.1)
1203 (14.2)

0.61 (0.38–0.98)
0.11 (0.02–0.54)
NA
0.59 (0.33–1.08)
0.68 (0.46–1.01)
0.61 (0.06–5.91)
0.04 (0.01–0.28)

9 (25.8)
17 (34.8)
0
8 (21.2)
18 (41.2)
1 (56.8)
3 (32.0)

575 (26.4)
778 (30.7)
10 (6.2)
438 (18.7)
905 (41.0)
48 (38.1)
1353 (28.7)

0.95 (0.49–1.83)
1.07 (0.66–1.73)
NA
1.12 (0.56–2.26)
0.99 (0.62–1.58)
1.88 (0.26–13.68)
1.01 (0.32–3.12)

5 (16.0)
7 (13.3)
0
5 (10.6)
7 (19.5)
0
1 (29.5)

8946 (22.6)
12754 (22.3)
40 (4.2)
5886 (12.9)
15774 (31.4)
781 (26.6)
21700 (22.4)

0.74 (0.31–1.79)
0.65 (0.31–1.36)
NA
0.82 (0.34–1.97)
0.62 (0.30–1.31)
NA
1.31 (0.18–9.28)

Challenges using combinations of linked data
Event, no of events; IR, incidence rate/1000 PYs; other NIADs, any non-insulin antidiabetic drug
(NIAD) other than vildagliptin; CI, confidence interval; CPRD GOLD, Clinical Practice Research
Datalink General practice OnLine Database; DA, Disease Analyzer; NR, National Registers;
OPED, Odense PharmacoEpidemiological Database (Denmark); RI, renal impairment; TZD,
thiazolidinedione; UK, United Kingdom; *Adjusted for age and sex. IRRs in the CPRD GOLD
model were also adjusted for comorbidities, comedications and time-dependent exposure
to biguanides, DPP-4 inhibitors [excluding vildagliptin], sulfonylureas, thiazolidinediones
and other NIADs, BMI, alcohol consumption status, smoking status and year of cohort
entry. IRRs for the Swedish model were also adjusted for a history of cardiomyopathy and/
or hyperlipidemia, and time-dependent exposure to biguanides, glinides, and DPP-4 inhibitors
(excluding vildagliptin).
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Abstract
Purpose: Large electronic datasets are increasingly being used to evaluate
healthcare delivery. The aim of this study was to compare information held by
cancer registries with that of the General Practice Research Database (GPRD).
Methods: A convenience sample of 101 020 patients aged 40+ years drawn from GPRD
formed the primary data source. This cohort was derived from a larger sample originally
established for a cohort study of diabetes. GPRD records were linked with those from
cancer registries in the National Cancer Data Repository (NCDR). Concordance between
the two datasets was then evaluated. For cases recorded only on one dataset, validation
was sought from other datasets (Hospital Episode Statistics and death registration) and
by detailed analysis of a subset of GPRD records.
Results: A total of 5797 cancers (excluding non-melanomatous skin cancer)
were recorded on GPRD. Of these cases, 4830 were also recorded on NCDR
(concordance rate of 83.3%). Of the 976 cases recorded on GPRD but not on
NCDR, 528 were present also in the hospital records or death certiﬁcates. Of the
341 cases recorded on NCDR but not on GPRD, 307 were recorded in these other
two datasets. Rates of concordance varied by cancer type. Cancer registries
recorded larger numbers of patients with lung, colorectal, and pancreatic
cancers, whereas GPRD recorded more haematological cancers and melanomas.
As expected, GPRD recorded signiﬁcantly more non-melanomatous skin cancer.
Concordance decreased with increasing age.
Conclusion: Although concordance levels were reasonably high, the ﬁndings from
this study can be used to direct efforts for better recording in both datasets.
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Introduction
Questions have recently been raised regarding the completeness of case
ascertainment and the accuracy of recording of date of diagnosis by cancer
registries in England1. These authors have suggested that inaccuracies in cancer
registration could invalidate international comparisons of cancer survival. In
particular, if patients with a good prognosis are missed, reported survival may
be lower than true survival. Similarly, if patients are detected initially through
death certiﬁcation and if tracing backwards is inadequate, the date of relapse
may be taken as the date of diagnosis. Reported survival would again be poorer
than true survival.
One way to assess the completeness of a dataset is to compare it with another
dataset that uses different sources of information. At present, cancer registration
is almost exclusively based on information supplied by hospitals (both manually
and electronically) and from death certiﬁcation (via the Ofﬁce for National
Statistics), but not from records of general practitioners (GPs). The provision of
information from hospitals from a range of electronic databases has increased
in recent years. These include patient administration systems, pathology
databases, and databases established to monitor waiting times and other
aspects of cancer management. GPs also hold large amounts of information on
their patients on electronic information technology (IT) systems. The information
is largely based on clinical consultations and prescribing in primary care together
with information supplied by hospitals including discharge summaries, outpatient
letters, and pathology and imaging reports. GPs in England do not routinely
receive information directly from cancer registries. There are few studies that
have compared data from cancer registries and GP records2,3.
The primary aim of this study was to assess completeness of case ascertainment
within cancer registries as collated into the National Cancer Data Repository
(NCDR) and the Clinical Practice Research Datalink (CPRD), which includes the
General Practice Research Database, through examining concordance and
discordance. In addition, we assessed the characteristics of cancer cases most
likely to be missed in either dataset and to compare date of diagnosis as recorded
by cancer registries with the date that cancer was ﬁrst mentioned in CPRD. Finally,
we compared 5-year survival estimated from the two datasets.
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Materials and methods
Clinical Practice Research Datalink
CPRD comprises the computerised medical records maintained by GPs. GPs
play a key role in the UK healthcare system, as they are responsible for primary
healthcare and specialist referrals. Patients are afﬁliated with a practice, which
centralises the medical information from the GPs, specialist referrals, and
hospitalisations. The data recorded in the CPRD since 1987 include demographic
information, prescription details, clinical events, preventive care provided, specialist
referrals, hospital admissions, and their major outcomes4. CPRD currently
includes about 8% of the UK population. The patient sample used for this study
was derived from a previous cohort study of patients with type II diabetes
undertaken using the CPRD. In the original study, over 100 000 patients aged
40 years or older with a prescription for insulin or oral antidiabetic drugs but
without a record of type I diabetes were identiﬁed. Each patient with diabetes
was matched by age, sex, and GP practice with one control patient5. For the
purposes of the current study, the patient sample was restricted to those GP
practices that are participating in the linkages with cancer registration and
Hospital Episode Statistics (HES).

Cancer registries
The eight regional cancer registries in England pool data to provide information
on patients diagnosed with cancer across the country. This pooled information is
linked with HES to form the NCDR. Cancer registry records are routinely linked
with information from death certiﬁcation supplied by the Ofﬁce for National
Statistics. This provides information on date of death for patients already
known to cancer registries. In addition, patients not previously known to a
cancer registry are identiﬁed. Registries then attempt to trace these patients
for further information including date of diagnosis.

Linkage between CPRD and NCDR
Patients in CPRD were linked individually and anonymously to other NHS
datasets, including HES, death certiﬁcates, and NCDR. A trusted third party used
patient identiﬁers such a patient’s NHS number, date of birth, and postcode to
link these datasets. After this linkage, all the patient identiﬁers were removed,
and researchers only had access to anonymised information. The linkage was
done, at the time of study, on about 40% of the CPRD practices as the linkage
was restricted to practices willing to participate in the linkage. A comparison of
patients included or not in the linkage found that there were no differences in
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patient characteristics (unpublished results). Different coding dictionaries are
used in the linked datasets (Read for CPRD and ICD10 for HES, death certiﬁcates,
and cancer registries). Furthermore, methods for data collection varied between
the datasets. HES records diagnoses related to hospital admissions but not to
outpatient activity. Cancer registries receive data from a wide range of hospital
and other systems and combine these to produce a single consolidated cancer
registration record.

Assessment of care ascertainment and concordance
Any patient with a record of cancer in both datasets was taken to have that
cancer. For patients recorded in only one of the datasets, attempts were made
to validate the diagnosis of cancer through information held on HES or on
death certiﬁcation. Cancer cases were considered to be conﬁrmed if there was
a record of the same cancer type on either of these additional datasets. For
patients recorded on NCDR as having cancer, but without a comparable Read
code on CPRD, we searched the free text sections of CPRD for the following text
strings: carc, cancer, malign, chemoth, cytostat, oncolo, melanoma, lymphoma,
leukaem, sarcom, myeloma, and metast. Records with a negative (such as ‘no
cancer’) were not counted as a case. A review of a small sample of CPRD records
conﬁrmed the validity of this search strategy as the free text supported the
cancer diagnosis in almost all cases in this sample. It should be noted that the
amount of free text varies per practice, and the recording of free text is variable
in detail (varying from brief comments to scanned hospital letters). Remaining
CPRD records were then searched for Read records of cancer therapy (including
radiotherapy, chemotherapy, or major surgical intervention) or for records
of attendance of an oncology clinic. Cancer reporting was classiﬁed as nonconcordant if there was no record in the data source (i.e., no code for cancer or,
for CPRD, no free text or no cancer therapy). The difference in time between
cancer records of the same type in the various datasets was also evaluated by
comparing the dates of incident cancer cases.
The cancer cases in each data source were classiﬁed into the following types:
non-melanomatous skin cancer (NMSC; ICD10 C44), breast (C50), prostate
(C61), colorectal (C18–C21), lung (C34), urinary tract (C64–C68), lymphoma (C81–
C85), melanoma (C43), leukaemia (C91–C95), stomach (C16), pancreas (C25),
myeloma (C90), brain (C71), cervix (C53), uterus (C54), ovary (C56), head and
neck (C30–C32), oral cavity (C00–C14), oesophagus (C15), testis (C62), or kidney
(C64). Records with in situ cancer or with a type not included in the list of speciﬁc
types as deﬁned previously were categorized as other type. We identiﬁed cancer
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cases recorded during the time period from 1 April 1997 to 31 December 2006 (at
the time of the study, NCDR data were only available during this period). In the
concordance analyses, we also searched for records at any time in the CPRD
dataset.
The predictors of non-concordance were evaluated using logistic regression.
Odds ratios (ORs) and 95% conﬁdence intervals (CI) for non-concordance were
estimated for age, gender, and medical history of diabetes mellitus. The models
included all these predictors. Cancer reporting was classiﬁed as non-concordant if
there was no record in the data source (cancer records or, for CPRD, free text or
cancer therapy).
Survival over time after the incident cancer record was also evaluated. To
compare survival of cancer recorded in either CPRD or cancer registries, lifetable techniques were used to estimate the proportion of patients who died
(as recorded in the same dataset), taking into account censoring. Differential
survival in this analysis could either indicate differences in recording of mortality
or differences in the case characteristics.
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Results
The sample comprised 101 020 patients over the age of 40 years of whom 53
585 (53%) had diabetes (Table 1). Just over half (53%) were men, 10% were aged
40–49 years, 34% were aged 50–64 years, 30% were between 65 and 74 years,
20% were between 75 and 84 years, and 5% were over 85 years.
As shown in Table 2, 5797 cancers (excluding NMSC) were recorded on CPRD.
Of these cases, 4830 were also recorded on NCDR (concordance rate of 83.3%).
Of the 967 cases recorded on CPRD but not on NCDR, 528 were present also in
the hospital records or death certiﬁcates. Of the 341 cases recorded on NCDR
but not on CPRD, 307 were recorded in these other two datasets. Of the cancer
registry cases, 79.1% were recorded in CPRD using codes indicating the same
type of cancer and 11.0% using free text (Table 3).
Age was found to be predictive for non-concordance of reporting in various
comparisons between datasets (Table 4). For cases recorded in the cancer
registries, the recording in CPRD decreased with age (non- concordance of 3.8%
in patients aged 40–64 years, 5.2% in those aged 65–74 years, and 8.5% in those
aged 85+ years). The OR for non-concordance was 2.23 (95% CI 1.61–3.35) for
patients aged 75+ years compared with patients aged <65 years.
Table 5 shows the difference in time between cancer records of the same type
in the various datasets. The majority of cases were recorded within 3 months
of each other. For cancer registry cases, 63.1% were recorded within 1 month
in CPRD and 23.5% within 1 to 3 months. A total of 3.3% of the cancer registry
cases were recorded by the registry more than 1 year before the ﬁrst CPRD
record, whereas only 1.6% of cases were ﬁrst recorded by the registry more than
1 year after the ﬁrst CPRD record.
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Table 1: Baseline characteristics of diabetes and control cohorts

Characteristic
Gender
Female
Male
Mean age (SD), years
Median age (IQR), years
40–49 years
50–64 years
65–74 years
75–84 years
85+ years
Mean BMI (SD)
Median BMI (IQR)
BMI
Underweight
Normal
Overweight
Obese
Unknown BMI
Smoking status
Nonsmoker
Ex smoker
Smoker
Unknown smoking status
History of
ACS
Stroke
Heart failure
Stable angina
Coronary heart disease
Hyperlipidaemia
Coronary revascularisation
Hypertension
Renal impairment
Peripheral vascular disease
Recent prescribing
Nitrates
Beta blockers
Calcium channel blockers
Diuretics
Antiplatelets
ACE inhibitors/ angiotensin
II receptor blockers
Statins or ﬁbrates
NSAIDs
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Diabetes cohort
(n = 53 585)

Control cohort
(n = 47 435)

24 677 (46.1%)
28 908 (53.9%)
65 (12)
66 (57–74)
5886 (11.0%)
19 026 (35.5%)
15 793 (29.5%)
10 178 (19.0%)
2702 (5.0%)
30 (6)
29 (26–33)

22 671 (47.8%)
24 764 (52.2%)
66 (12)
67 (58–75)
4548 (9.6%)
15 783 (33.3%)
14 555 (30.7%)
9901 (20.9%)
2648 (5.6%)
26 (5)
26 (23–29)

915 (1.7%)
8764 (16.4%)
19 360 (36.1%)
22 175 (41.4%)
2371 (4.4%)

2399 (5.1%)
15 012 (31.6%)
16 209 (34.2%)
7292 (15.4%)
6523 (13.8%)

23 031 (43.0%)
16 135 (30.1%)
9488 (17.7%)
4931 (9.2%)

21 156 (44.6%)
9738 (20.5%)
9173 (19.3%)
7368 (15.5%)

5890 (11.0%)
4100 (7.7%)
3068 (5.7%)
7333 (13.7%)
8407 (15.7%)
3720 (6.9%)
1797 (3.4%)
35 325 (65.9%)
1051 (2.0%)
2707 (5.1%)

2943 (6.2%)
2329 (4.9%)
1539 (3.2%)
4174 (8.8%)
4480 (9.4%)
1248 (2.6%)
842 (1.8%)
19 347 (40.8%)
486 (1.0%)
1632 (3.4%)

5840 (10.9%)
11 786 (22.0%)
11 774 (22.0%)
18 134 (33.8%)
16 980 (31.7%)
18 748 (35.0%)

2585 (5.4%)
6137 (12.9%)
5216 (11.0%)
9640 (20.3%)
7021 (14.8%)
5623 (11.9%)

17 797 (33.2%)
22 415 (41.8%)

4513 (9.5%)
12 400 (26.1%)

4830
893
503
600
618
684
281
170
117
104
237
154
111
98
81
89
17
70
39
33
50
4

5797

1647
560
725
681
739
352
201
145
148
248
176
117
122
103
95
19
87
47
55
62
5

176
36
65
48
48
63
20
9
25
10
18
4
14
15
3
2
10
4
5
10
1

528
578
21
60
15
7
8
11
19
19
1
4
2
10
7
3
0
7
4
17
2
0

439

†

1199
560
745
842
875
424
185
112
128
224
268
196
59
88
145
18
103
51
140
88
5

5676
1142
544
734
802
799
401
180
108
118
212
245
187
55
80
139
17
97
48
137
82
5

5335
24
15
9
37
70
20
4
1
9
12
23
8
4
7
5
1
5
2
2
5
0

307

33
1
2
3
6
3
1
3
1
0
0
1
0
1
1
0
1
1
1
1
0

34

Including cases that were recorded in CPRD outside the period of 1 April 1997 to 31 December 2006 (with data available from all linked data sources).

*As recorded by Read codes or free text indicating cancer or cancer therapy.

All cancers excluding
NMSC
NMSC
Breast
Prostate
Colorectal
Lung
Urinary tract
Lymphoma
Melanoma
Leukaemia
Stomach
Pancreas
Oesophagus
Brain
Myeloma
Uterus
Cervix
Ovary
Head and neck
Kidney
Oral
Testis

CPRD
Cancer registries NCDR
Number
Number of CPRD cases Number of CPRD cases Total number of
Number of Number of NCDR cases Number of NCDR cases
Total number of of CPRD cases in not in registry but in not in registry and not
NCDR cases
NCDR cases in not in CPRD but in not in CPRD and not in
cases in CPRD
other data source
other data source
registry*
other data source
in other data source
CPRD†

Table 2: Cancers recorded by CPRD, cancer registries, or both
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Source of case

Registry
CPRD

Cancer type

Any cancer
(excluding NMSC)

CPRD
Registry

Comparator
source

94.0% (5335)
83.3% (4830)

Concordance

Presence of
any record
% (n)

79.1% (4490)
76.3% (4425)

Record of
same type
% (n)

0.4% (24)
4.7% (270)

Record of
different type
% (n)

Table 3: Details of type of recording of cancer in CPRD and cancer registries

3.2% (181)
2.3% (135)

Record of in situ
or nonspecific
code % (n)

11.0% (624)
n/a

Mention in free
text only % (n)

0.3% (16)
n/a

Mention
of therapy
only % (n)

5.4% (307)
9.1% (528

Non-concordance

No record but
confirmed by
another source
% (n)

0.6% (34)
7.6% (439)

No record and
not confirmed
by another
source % (n)
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Table 6 shows the survival over time for cancer cases recorded in CPRD or cancer
registries. For each cancer studied, survival at both 1 year and 5 years was higher
in those cases known to CPRD than in those known to NCDR. The difference in
1-year survival was smallest for breast cancer (1.6%) and largest for leukaemia
(8.2%) and urinary tract cancers (11.1%). The differences in 5-year survival were
much smaller than for 1-year survival, ranging from 0.4% (breast cancer) to
2.8% (melanoma).
Table 4: Predictors of non-concordance of recording of cancer (excluding NMSC)
Source of cancer case

Concordance of recording

Variable

OR (95%CI)

Cancer record in registry*

CPRD

Cancer record in CPRD†

Registry

Age 40–64 years
Age 65–74 years
Age 75+ years
Females
Males
Control patients
Diabetes patients
Age 40–64 years
Age 65–74 years
Age 75+ years
Females
Males
Control patients
Diabetes patients

Reference
1.36 (0.91–2.02)
2.32 (1.61–3.35)
Reference
0.97 (0.77–1.23)
Reference
0.89 (0.7–1.12)
Reference
1.06 (0.81–1.39)
1.38 (1.07–1.77)
Reference
1.09 (0.91–1.32)
Reference
1.23 (1.02–1.47)

*This analysis evaluated the recording or not in CPRD of cancer cases in the registry.
†This analysis evaluated the recording or not in the registry of cancer cases in CPRD.

Table 5: Difference in time between records of cancer (excluding NMSC) in the various datasets
Record of same type in both datasets
Reference Comparator Recorded
source
source
within 1
month
% (n)

Recorded
within 1-3
months
% (n)

Recorded
within
4–12 months,
ﬁrst in
reference
source % (n)

Recorded
within
4–12 months,
last in
reference
source % (n)

Recorded >1
year, first in
reference source
% (n)

Recorded >1
year, last in
reference source
% (n)

Registry

CPRD

63.1% (2832) 23.5% (1054) 5.5% (246)

3.1% (138)

3.3% (150)

1.6% (70)

CPRD

Registry

63.9% (2829) 23.5% (1041) 3.3% (144)

5.2% (230)

1.8% (79)

2.3% (102)
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Table 6: Survival at years 1 and 5 after incident record of cancer for cases recorded in CPRD
or cancer registry (and recorded in at least two of the three datasets CPRD, NCDR and HES)*
Cancer type

Source of cancer and death records

% Survival at year 1 (95%CI)

% Survival at year 5 (95%CI)

Any cancer
(excluding NMSC)
NMSC

Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD
Registry
CPRD

50.4 (49.1–51.8)
56.5 (55.0–57.9)
93.8 (91.9–95.2)
94.4 (92.5–95.8)
85.5 (82.1–88.3)
87.1 (83.7–89.8)
83.2 (80.1–85.9)
87.9 (84.9–90.3)
61.3 (57.7–64.7)
66.5 (62.5–70.1)
21.0 (18.2–23.9)
26.0 (22.7–29.4)
60.3 (55.2–65.1)
71.4 (65.9–76.1)
59.0 (51.2–66.0)
65.5 (57.8–72.1)
90.6 (82.6–95.0)
92.9 (86.3–96.4)
48.7 (39.3–57.5)
56.9 (46.8–65.8)
32.5 (26.1–39.0)
34.9 (28.7–41.2)
10.4 (6.9–14.7)
12.7 (8.0–18.5)
42.0 (32.0–51.7)
49.3 (37.3–60.2)

25.1 (23.6–26.7)
28.7 (26.9–30.5)
64.8 (59.8–69.3)
69.1 (64.3–73.4)
58.6 (52.7–63.9)
59.0 (52.7–64.8)
45.4 (39.9–50.7)
46.7 (40.5–52.6)
30.0 (25.5–34.6)
32.3 (26.8–37.8)
3.7 (2.2–5.7)
4.9 (3.1–7.4)
29.6 (23.8–35.6)
34.3 (26.4–42.3)
29.8 (21 –39.0)
30.6 (22 –39.7)
60.6 (45.8–72.5)
63.4 (49.6–74.4)
21.2 (13.2–30.4)
23.9 (14.8–34.2)
7.1 (3.7–11.9)
8.8 (4.9–14.0)
1.8 (0.5–4.4)
2.7 (0.8–6.8)
14.9 (7.3–25.0)
18.7 (9.1–31.0)

Breast
Prostate
Colorectal
Lung
Urinary
Lymphoma
Melanoma
Leukaemia
Stomach
Pancreas
Ovary

*The survival rates in this table cannot directly be compared with general population statistics
as the data were derived from a cohort of diabetes patients and controls.
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Discussion
This study attempted to compare completeness of case ascertainment and
accuracy of diagnostic recording between cancer registries and GP electronic
health records in England, using a third largely independent data source (HES)
for validation. Overall levels of concordance between NCDR and CPRD were
reasonably high, but there were considerable numbers of patients known only to
one of the datasets. Across all cancers combined (excluding NMSC), 2.1% more
cases were recorded on CPRD than on NCDR. However, if unconﬁrmed cases are
excluded, the total number of cases recorded on the two databases is very similar
(CPRD, 5797; NCDR, 5676).
For some individual cancer types, more cases were recorded on NCDR than
on CPRD. These included colorectal cancer, lung cancer, urinary tract cancers,
and pancreatic cancer. Both lung cancer and pancreatic cancer have a very poor
prognosis. Some of these patients will die in hospital very soon after diagnosis.
It is possible that information on the diagnosis of cancer may not be transmitted
to primary care or entered onto primary care IT systems. Failure to enter patients
who die shortly after diagnosis onto a GP IT system could also account for at
least part of the differences observed in 1-year survival. For other cancers, more
cases were recorded on CPRD than on NCDR. Underrecording of haematological
malignancies by cancer registries has been recognised for some time6. Some
of these patients may be diagnosed in haematology laboratories (e.g., chronic
lymphocytic leukaemia) or on biochemical tests (e.g., myeloma) rather than on
histopathology. Registries that are overreliant on histopathology may miss such
cases. Underrecording of melanoma may relate to the fact that many patients
are treated as outpatients only and therefore do not generate a discharge
summary for coding purposes. Diagnostic coding of outpatient HES is known to
be very poor. Electronic feeds from histopathology laboratories should however
be addressing this issue.
International comparisons of cancer registry data have found that cancer survival
is worse in the United Kingdom than that in countries with comparable health
services; one study reported a difference in breast cancer survival between the
United Kingdom and Sweden of 3.8% at year 1 and 6.9% at year 57. One suggested
explanation of these differences is that cancer registries may assign the date
of recurrence instead of the date of diagnosis (especially for cases initiated by
a death certiﬁcate) or miss long-term survivors of cancer1. A simulation study
concluded that even implausibly extreme levels of errors in registration could
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not explain the international differences in cancer survival8. In this cohort,
cancer survival was found to be better in CPRD cancer cases than in NCDR cases
(both series of cases were present in at least two data sources out of CPRD, HES,
and NCDR). Interestingly, the largest differences were found for 1-year survival
and smallest for 5-year survival; for breast cancer, the difference was 1.6% at
year 1 and 0.4% at year 5 (these differential results over time indicate that the date
of diagnosis differed between CPRD and NCDR rather than the cancer cases).
Our ﬁndings cannot exclude the possibility that incorrect classiﬁcation of the
date of diagnosis may have happened at the cancer registries for cases initiated
by death certiﬁcation only but suggest that the size of this error is well below
that required to explain international variations in cancer survival. The linkages
between various electronic health records (EHR) provide the opportunity to further
improve the estimates of cancer survival.
Interpretation of the ﬁndings presented in this study will need to consider the
various challenges in directly comparing these EHR databases. CPRD and NCDR
collected data for different reasons and at different parts of the healthcare
process, with GP data collected periodically, whereas the cancer registry
historically collected only at diagnosis. CPRD may include multiple references to a
single cancer over a long period, whereas the NCDR aims to record each only once
at the time of diagnosis. The databases use different coding dictionaries. It has
been reported that clinical experts easily disagree on the code lists from a single
9
dictionary . Inconsistencies between EHR databases may thus occur due to the
challenges in the mapping of different coding dictionaries. Data from CPRD and
cancer registries are collected at the point of care. GPs may enter into the EHR
suspected cancer cases (without deleting after it was not conﬁrmed), whereas
cancer registries may not ascertain all non-fatal cancer cases (all death certiﬁcates
mentioning cancer are sent to the registries). A study showed completeness of
case ascertainment in the 1980s to vary between 80% and 100% for different types
of cancer10. A recent study showed completeness around 98% for breast cancer
and colorectal cancer and close to 100% for lung cancer11. Also, a limitation of the
present study is that the linkage between CPRD and NCDR relied on the recording
of NHS numbers (in addition to date of birth, gender, and postcode). We were not
able to check the error rates of recording of NHS numbers at the cancer registries
and GP practices; an incorrect NHS number will have resulted in non-concordant
records. The value of linking these EHR databases is not that it will identify the
gold standard or superior database. Rather, the linkage will complement the
information provided in each data source. Another limitation was that the present
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study was based on a cohort of diabetes patients and matched controls. Diabetes
patients have more contacts with the health service, and cancer recording may be
better. However, we did not ﬁnd major differences in cancer recording between
the diabetes and control cohorts.
Despite the overall high concordance rates, the results of this study do conﬁrm
that a substantial numbers of cases of NMSC are likely to be missed by cancer
registries. Most cancer registries have historically not made major efforts to record
such cases. However, the ﬁndings from this study suggest that GP electronic health
records could provide a valuable source of information on NMSC in the future.
This may well be important as management of NMSC consumes considerable
NHS resources, even if the prognosis is good. Record linkage studies will play an
increasingly signiﬁcant role in observational research as routine healthcare data
become more available. It is important that the differences between the various
data sources available, and the effect that these differences may have on analyses
using individual or linked datasets, are understood.
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Abstract
Objectives and setting: Conflicting results from studies using electronic health
records to evaluate the associations between type 2 diabetes and cancer fuel
concerns regarding potential biases. This study aimed to describe completeness
of cancer recording in UK primary care data linked to hospital admissions
records.
Design: Patients aged 40+ years with insulin or oral antidiabetic prescriptions in
Clinical Practice Research Datalink (CPRD) primary care without type 1 diabetes
were matched by age, sex and general practitioner practice to non-diabetics.
Those eligible for linkage to Hospital Episode Statistics Admitted Patient Care
(HES APC), and with follow-up during April 1997–December 2006 were included.
Primary and secondary outcome measures: Cancer recording and date of first
record of cancer were compared. Characteristics of patients with cancer most
likely to have the diagnosis recorded only in a single data source were assessed.
Relative rates of cancer estimated from the two datasets were compared.
Participants: 53 585 patients with type 2 diabetes matched to 47 435 patients
without diabetes were included.
Results: Of all cancers (excluding non-melanoma skin cancer) recorded in CPRD,
83% were recorded in HES APC. 94% of cases in HES APC were recorded in
CPRD. Concordance was lower when restricted to same-site cancer records, and
was negatively associated with increasing age. Relative rates for cancer were
similar in both datasets.
Conclusions: Good concordance in cancer recording was found between CPRD
and HES APC among type 2 diabetics and matched controls. Linked data may
reduce misclassification and increase case ascertainment when analysis focuses
on site-specific cancers.
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Introduction
Over 400 million adults have diabetes worldwide, with current estimates suggesting
1 in 10 will live with the disease by 20401. A large number of observational studies
that used routinely collected electronic health records (EHRs) have evaluated
the association between type 2 diabetes and various types of cancer. However,
conflicting results have fuelled concerns regarding the potential for biased
associations, including the misclassification of cancer outcomes2.
EHRs are increasingly used for observational studies of disease epidemiology and
drug safety. The ability to accurately identify cancer events within EHRs would
allow for a more valid evaluation of the relative incidences and risks of cancer
outcomes in patients with type 2 diabetes, including those exposed to specific
antidiabetic medications3. However, previous studies of the sensitivity, positive
predictive value and agreement between different EHRs for the identification of
cancer have demonstrated mixed results4–11. Primary care, hospital admissions
and disease registry EHRs have each been shown to miss a large proportion of
events in other conditions such as myocardial infarction12.
Using linked data sources for case ascertainment has been proposed in order to
reduce the misclassification of outcomes12. Previous research has demonstrated
reasonably high concordance between the recording of cancer diagnoses in UK
primary care and linked cancer registry data,13,14 in contrast to results from other
countries15. Agreement has been shown to vary by cancer site and patient age,
meaning misclassification is reduced when linked cancer registration data are
used. However, the release of UK cancer registry data for research purposes is
subject to time lags due to the current process of validating all the expected
registrations for a given calendar year and the associated treatment and
outcome information from the following 12 months prior to release16. Cancer
registrations are almost exclusively based on information supplied by hospitals
and from death certification13. The objective of this study was to describe the
completeness of case ascertainment in the Clinical Practice Research Datalink
(CPRD) primary care data linked to Hospital Episode Statistics Admitted Patient
Care (HES APC) records, available more contemporaneously than linked
cancer registry data. Therefore, the aims of this study were to compare the
completeness of recording of cancer, date of first record, characteristics of cases
most likely to be missed and relative rates (RRs) of cancer for patients with type
2 diabetes compared with patients without diabetes, across the two datasets.
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Methods
Data sources
The data used for this study were sourced from CPRD, primarily from two
routinely collected linked EHR datasets.
CPRD primary care data comprise the anonymous longitudinal EHR of over
14 million patients from consenting general practitioner (GP) practices in the
UK,17,18 and have been shown in numerous validation studies to be generally of
high quality19,20. Primary care practitioners are responsible for the management
of chronic conditions including type 2 diabetes, and referrals on to specialist
care, including for investigation of suspected cancer. Data contain diagnoses
made in primary care and records of specialist and secondary care that have
been fed back to the GP for the clinical management of the patient, coded using
Read diagnosis codes. Free-text notes recorded by GPs or created from scans
of letters from specialists were available to access, following anonymisation by
CPRD, at the time of the study.
HES APC data include admission and discharge details of all inpatient and daycase admissions in England and Wales from 1997 onwards21. HES APC data
include all diagnoses for each episode of care within a hospitalisation. The data
are validated and cleaned by National Health Service (NHS) Digital at various
stages in the processing cycle before derived fields are added and the data
made available for research22.
In addition, this study used data from official death certificate records sourced
from the Office for National Statistics, and cancer registration data sourced
from the National Cancer Data Repository.
For the purposes of the current study, the source population was restricted to
patients registered with GP practices participating in the CPRD linkage scheme
(approximately 60%). CPRD primary care data are routinely linked to other data
sources (including HES, death certificates and cancer registration data) at the
patient level by NHS Digital, the trusted third party of the CPRD linkage scheme,
using patient identifiers stripped from the clinical records. Records from the
different data sources are deterministically linked on the basis of the unique
patients NHS number, name, gender and postal code of residence. Anonymised
linked data are made available to CPRD for the purposes of research, but are not
provided back to the GP practices.
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Study population
Adult patients aged 40 years and older with type 2 diabetes were identified
from primary care records on the basis of one or more prescriptions for insulin
or oral antidiabetic medication at least 1 year after the maximum of the
patient’s registration date with the GP practice and the CPRD derived start
date for practice data quality (Up To Standard [UTS] date)23. The first eligible
prescription date was taken as the index date. Patients with a record of type 1
diabetes before the index date were excluded.
Each patient with type 2 diabetes was randomly matched by year of birth
(within 5 years), gender and GP practice to up to one patient with no records
of prescriptions for insulin or oral antidiabetic medications and no records of
diabetes mellitus. Matches were required to have been registered for at least 1
year before the UTS date of the same GP practice as the case at the index date
of the case. The study population was then restricted to patients from practices
who participated in the linkage programme. Patients from linked practices have
previously been shown to be representative of the whole CPRD population24.
The study period was restricted to the overlapping coverage period of active
follow-up in linked CPRD primary care, HES APC, cancer registration data and
mortality data from the Office of National Statistics (April 1997 to December
2006) as recommended following previous research25. Follow-up started at the
latest of the patient’s index date and the start of the study period. Follow-up
ended at the earliest of when a patient left the practice, the date CPRD last
collected data from the practice and the end of the study period. Figure 1 shows
the temporal relationship between cohort defining events, the index date and
the outcome ascertainment period.

Cancer outcome ascertainment
Coded records of cancer were identified in CPRD primary care, HES APC, cancer
registry and death certificate data independently. International Classification
of Diseases 10th Revision (ICD-10) codes were used to identify cancer across
HES APC, cancer registry and death certificate data (with ICD-9 being used
for deaths prior to 2001), with diagnoses in primary care being made and
identified using Read codes. Site-specific cancers were classified as follows: oral
cavity (ICD-10 C00–14), oesophagus (C15), stomach (C16), colorectal (C18–21),
pancreas (C25), head and neck (C30–32), bronchus and lung (C34), melanoma of
skin (C43), non-melanoma skin cancer (NMSC) (C44), breast (C50), cervix uteri
(C53), ovary (C56), prostate (C61), testis (C62), urinary organs (C64–68), brain
(C71), lymphoma (C81–85), multiple myeloma (C90) or leukaemia (C91–95).
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Figure 1: Temporal relationship between cohort defining events

For each case recorded in CPRD primary care, it was evaluated whether HES APC
contained a cancer record coded at any time, and if so, if it was of the same site.
For each case recorded in HES APC, it was evaluated whether CPRD primary care
contained a cancer record at any time. Coded records were searched using lists
of Read codes used to identify cancer outcomes in a previously published drug
safety study23. If no coded record was found, the free text was searched for the
following strings: carc, cancer, malign, chemoth, cytostat, oncolo, melanoma,
lymphoma, leukaem, sarcom, myelom and metast. Records with a negative,
such as ‘cancer ruled out’, were excluded. If a coded or anonymised free-text
record of cancer was found, it was determined whether it was of the same site
as identified in HES APC. For non-concordant cases recorded either in CPRD
primary care or HES APC alone, cancer registry and death certificate data were
reviewed for supporting evidence, such as registration of cancer in the cancer
registry or mention of cancer anywhere on the death certificate.
The difference in time between cancer records of the same type in the two datasets
was also evaluated by comparing the recorded dates of incident cancer cases.
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Characteristics of missed cases
Variables potentially associated with non-concordance between CPRD primary
care and HES APC records of cancer were evaluated using multivariable logistic
regression. ORs and 95% CIs were estimated for age (calculated as year of start
of follow-up minus year of birth and categorised into 40–64 (reference), 65–74
and 75+), gender (females (reference) and males) and history of type 2 diabetes
(patients without diabetes (reference) and patients with type 2 diabetes).
Models were fitted including all three variables (age, gender and history of type
2 diabetes).

Comparison of RRs
Finally, we used multivariable Poisson regression to estimate the RRs of cancer
in patients with type 2 diabetes (as defined by primary care data) compared with
patients without diabetes mellitus in each dataset. The objective of this analysis
was to compare the RRs when cancer diagnoses were sourced from either
primary care or hospital admissions data alone. These models also included
covariates sourced from: (1) primary care data: age, gender, year of start of
follow-up, smoking status, use of alcohol, body mass index and prescribing in
the 6 months prior to the start of follow-up of angiotensin II receptor blockers,
antiplatelets, beta blockers, calcium channel blockers, diuretics, nitrates, nonsteroidal anti-inflammatory drugs or aspirin and statins (2) linked socioeconomic
status data (measured using the quintile of the Index of Multiple Deprivation26)
and (3) primary care and/or HES APCS data: medical history of coronary heart
disease, coronary revascularisation, hyperlipidaemia, hypertension, peripheral
vascular disease, renal impairment and stable angina. A missing data category
was used for smoking status, use of alcohol and body mass index.

Reporting
The Strengthening the Reporting of Observational Studies in Epidemiology
guidelines were used to ensure the reporting of this observational study27.

Patient and public involvement
This study uses data provided by patients and collected by the NHS as part of
their care and support. #datasaveslives
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Results
The study population included 53585 patients with type 2 diabetes matched
to 47435 patients with no record of diabetes mellitus, resulting in a total study
population of 101020 patients (table 1). Just over half (53% (53 672/101 020))
were male, 45% (45 243/101 020) were aged 40–64, 30% (30 348/101 020) were
between 65 and 74 years and 25% (25 439/101 020) were over 75 years.
As shown in table 2, 5797 patients had a coded record of cancer (excluding
NMSC) in CPRD primary care. Of these cases, 83% (4835/5797) patients with a
coded cancer record in primary care also had a record of cancer recorded in HES
APC, with 78% (4542/5797) having the same site recorded in both data sources.
The lowest level of concordance (43% (702/1106)) was found for NMSC, but all
other concordance rates were 75% or above. Of the cases recorded in CPRD but
not in HES APC, 56% (543/962) were present in either the cancer registry or
death certificate data. Of the 318 cases recorded in HES APC but not in CPRD,
87% (278/318) were recorded in these other two datasets. Of the HES APC cases,
94% (5239/5557) were recorded in CPRD, 79% (4389/5557) indicating the same
type of cancer and 11% (603/5557) mentioned in free-text alone.
Table 3 shows the difference in time between cancer records of the same type
in CPRD primary care and HES APC data. The majority of cases were recorded
within 1 month of each other. For HES APC cases, 61% (2673/4389) were recorded
within 1 month in primary care and 83% (3641/4389) within 3 months. A total of
8% (382/4542) of the CPRD cases were recorded more than 1 year before the
first HES APC record, whereas only 3% (128/4389) of cases were first recorded in
CPRD more than 1 year after the first HES APC record.
Age was found to be positively associated with non-concordance of cancer
recording (table 4). For cases recorded in HES APC, the OR for non-concordance
with CPRD primary care was more than doubled (OR 2.2; (95% CI 1.5 to 3.2)) for
patients aged 75+ compared with patients aged 40–64 years. Cases aged 75+
recorded in CPRD had a 1.6-fold increased risk of non-concordance with HES
APC versus patients aged 40–64 years (OR 1.6; (95% CI 1.3 to 2.1)) for patients
aged 75+.
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Table 1: Baseline characteristics of patients with type 2 diabetes and control patients without
diabetes mellitus (N = 101020)
Characteristic

Type 2 diabetes (N=53585)

Matched controls (N=47435)

Male

28908 (54%)

24764 (52%)

40-64 years

24912 (46%)

20331 (43%)

65-74 years

15793 (30%)

14555 (31%)

75+ years

12880 (24%)

12549 (26%)

Body Mass Index:
Underweight (<20 kg/m2)

915 (2%)

2399 (5%)

Normal (20-25 kg/m2)

8764 (16%)

15012 (32%)

Age, by category:

Overweight (25-30 kg/m )

19360 (36%)

16209 (34%)

Obese (>30 kg/m2)

22175 (41%)

7292 (15%)

Unknown

2371 (4%)

6523 (14%)

Smoking Status:
Non Smoker

23031 (43%)

21156 (45%)

Past Smoker

16135 (30%)

9738 (21%)

Smoker

9488 (18%)

9173 (19%)

Unknown

4931 (9%)

7368 (16%)

History of:
Heart failure

3068 (6%)

1539 (3%)

Stable angina pectoris

7333 (14%)

4174 (9%)

Coronary heart disease

8407 (16%)

4480 (9%)

Hyperlipidaemia

3720 (7%)

1248 (3%)

Coronary revascularization

1797 (3%)

842 (2%)

Hypertension

35325 (66%)

19347 (41%)

Renal impairment

1051 (2%)

486 (1%)

Peripheral vascular disease

2707 (5%)

1632 (3%)

Recent prescribing:
Organic nitrates

5840 (11%)

2585 (5%)

Beta-blockers

11786 (22%)

6137 (13%)

Calcium channel blockers

11774 (22%)

5216 (11%)

Diuretics

18134 (34%)

9640 (20%)

Antiplatelets

16980 (32%)

7021 (15%)

ACE* inhibitors / angiotensin II receptor blockers

18748 (35%)

5623 (12%)

Statins or fibrates

17797 (33%)

4513 (10%)

Non-steroidal anti-inflammatory drugs

22415 (42%)

12400 (26%)

2

*ACE: Angiotensin-Converting Enzyme

95

96

681

176

739

1106

560

725

352

201

148

Colorectal

Pancreas

Lung

NMSC

Breast

Prostate

Urinary organs

Lymphoma

Leukaemia

241 (97)

120 (81)

182 (91)

339 (96)

542 (75)

474 (85)

702 (43)

682 (92)

156 (89)

639 (94)

138 (56)

105 (71)

166 (83)

319 (91)

517 (71)

432 (77)

504 (31)

581 (79)

139 (79)

616 (91)

7 (3)

10 (7)

8 (4)

7 (2)

122 (17)

63 (11)

344 (21)

51 (7)

16 (9)

26 (4)

125

203

595

593

499

713

842

262

852

229

5557

115 (92)

197 (97)

565 (95)

574 (97)

487 (98)

679 (95)

777 (92)

246 (94)

819 (96)

217 (95)

5239 (94)

86 (69)

164 (81)

322 (54)

447 (75)

419 (84)

459 (64)

578 (69)

140 (53)

617 (72)

139 (61)

16 (13)

22 (11)

72 (12)

37 (6)

13 (3)

87 (12)

103 (12)

37 (14)

92 (11)

24 (11)

603 (11)

No of HES APC
cases in CPRD
free-text alone
n (%) ‡

7 (6)

5 (3)

21 (4)

14 (2)

9 (2)

22 (3)

61 (7)

16 (6)

31 (4)

11 (5)

No of HES APC
cases not in
CPRD but in
other data
source n (%)‡,†
278 (5)

*Percentages calculated using number of cases identified in CPRD primary care as a denominator.
†Other data sources include cancer registration and ONS mortality data.
‡Percentages calculated using number of cases identified in HES APC as a denominator.
CPRD, Clinical Practice Research Datalink; HES APC, Hospital Episode Statistics Admitted Patient Care; NMSC, non-melanoma skin cancer;
ONS, Office for National Statistics.

248

Any cancer
(excluding NMSC)
Stomach

HES APC
No of HES APC
cases in CPRD
codes or freetext n (%)‡

No of HES APC
cases in CPRD
codes or freetext with same
site n (%) ‡
4389 (79)

Total no of
cases in HES
APC

CPRD primary care

Total no of coded No of CPRD No of CPRD coded No of CPRD coded
cases in CPRD coded cases in cases in HES APC cases not in HES
HES APC
with same site
APC but in other
n (%)*
n (%)*
data source
n (%)*,†
5797
4835 (83)
4542 (78)
543 (9)

Table 2: Cancer recording across various data sources
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Table 3: Difference in time between same-site records of cancer (excluding NMSC) in CPRD
primary care and HES APC
Reference Comparator
source
source

Recorded
within
1 month
n (%)

Recorded
within
1-3 months
n (%)

Recorded
within
4-12 months,
last in
reference
source
n (%)
162 (4)

Recorded
> 1 year
apart, first
in reference
source
n (%)

Recorded
> 1 year
apart, last
in reference
source
n (%)

966 (21)

Recorded
within
4-12 months,
first in
reference
source
n (%)
275(6)

CPRD

HES APC

2670 (59)

HES APC

CPRD

2673 (61)

382 (8)

87 (2)

968 (22)

174 (4)

246 (6)

128 (3)

200 (5)

CPRD, Clinical Practice Research Datalink; HES APC, Hospital Episode Statistics Admitted
Patient Care; NMSC, non-melanoma skin cancer

Table 4: Variables associated with non-concordance of recording of cancer (excluding NMSC)
Source of case

Comparator source

Variable

Adjusted OR (95% CI)*

HES APC

CPRD

Aged 40-64 years

Reference

Aged 65-74 years

1.4 (0.9-2.1)

Aged 75+ years

2.2 (1.5-3.2)

Females

Reference

Males

1.0 (0.8-1.3)

Matched patients without diabetes

Reference

Patients with type 2 diabetes

0.9 (0.7-1.1)

Aged 40-64 years

Reference

Aged 65-74 years

1.2 (0.9-1.5)

Aged 75+ years

1.6 (1.3-2.1)

Females

Reference

Males

1.0 (0.8-1.2)

Matched patients without diabetes

Reference

Patients with type 2 diabetes

1.1 (0.9-1.3)

CPRD

HES APC

*Models were fitted including all three variables (age, gender and history of type 2 diabetes).
CPRD, Clinical Practice Research Datalink; HES APC, Hospital Episode Statistics Admitted
Patient Care; NMSC, non-melanoma skin cancer; CI, confidence interval.
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98
84
63

CPRD

HES APC

105
116

CPRD

HES APC

207
338

CPRD

HES APC

357
305

CPRD

HES APC

275
251

CPRD

HES APC

376

HES APC

368
811

CPRD

HES APC

201
333

HES APC

CPRD

133

CPRD

377
466

CPRD

HES APC

122
111

CPRD

HES APC

0.03

0.04

0.06

0.05

0.17

0.11

0.29

0.34

0.28

0.31

0.19

0.42

0.19

0.17

0.10

0.07

0.24

0.19

0.06

0.06

1.52

1.61

Incidence rate
/ 1,000 personyears

70

77

94

105

291

172

336

408

263

313

378

935

509

449

81

56

417

338

127

133

2893

3077

0.04

0.05

0.06

0.06

0.18

0.10

0.39

0.48

0.33

0.39

0.23

0.57

0.31

0.27

0.05

0.03

0.25

0.20

0.08

0.08

1.79

1.91

0.80 (0.57-1.13)

0.99 (0.72-1.34)

1.09 (0.83-1.43)

0.88 (0.67-1.15)

1.04 (0.89-1.22)

1.08 (0.88-1.32)

0.82 (0.70-0.96)

0.78 (0.68-0.90)

0.87 (0.73-1.03)

0.80 (0.68-0.94)

0.92 (0.79-1.06)

0.79 (0.72-0.87)

0.64 (0.56-0.74)

0.66 (0.57-0.76)

2.27 (1.75-2.94)

2.16 (1.58-2.96)

1.01 (0.88-1.15)

1.00 (0.86-1.16)

0.79 (0.61-1.02)

0.81 (0.63-1.04)

0.89 (0.85-0.94)

0.89 (0.84-0.93)

0.95 (0.65-1.39)

1.04 (0.74-1.46)

1.13 (0.83-1.54)

0.88 (0.65-1.19)

1.01 (0.85-1.21)

1.07 (0.85-1.34)

0.79 (0.66-0.93)

0.71 (0.61-0.83)

0.83 (0.68-1.01)

0.79 (0.66-0.96)

0.87 (0.74-1.01)

0.76 (0.68-0.84)

0.74 (0.64-0.86)

0.74 (0.63-0.87)

3.17 (2.40-4.20)

3.08 (2.19-4.33)

1.05 (0.91-1.22)

1.04 (0.88-1.22)

0.87 (0.65-1.15)

0.83 (0.63-1.09)

0.93 (0.88-0.99)

0.90 (0.86-0.96)

Number of cancer cases in Incidence rate Age-, sex-, calendar year- Fully adjusted RR
matched patients without / 1,000 person- adjusted RR (95% CI)
(95% CI)
diabetes mellitus
years

*Fully adjusted for age, sex, year of start of follow-up, smoking status, use of alcohol, body mass index, prescribing in the 6 months prior to
the start of follow-up (angiotensin II receptor blockers, antiplatelets, beta blockers, calcium channel blockers, diuretics, nitrates, NSAIDs or
aspirin and statins), Index of Multiple Deprivation and medical history (coronary heart disease, coronary revascularisation, hyperlipidaemia,
hypertension, peripheral vascular disease, renal impairment and stable angina).
CPRD, Clinical Practice Research Datalink; HES APC, Hospital Episode Statistics Admitted Patient Care; NMSC, non-melanoma skin cancer;
NSAIDs, non-steroidal anti-inflammatory drugs; RRs, relative rate; CI, confidence interval

Leukaemia

Lymphoma

Urinary

Prostate

Breast

NMSC

Lung

Pancreas

Colorectal

Stomach

3073
2891

CPRD

HES APC

Any Cancer (excluding NMSC)

Number of cancer
cases in patients with
type 2 diabetes

Source

Type of Cancer

Table 5: Relative rates of different types of cancer in patients with and without type 2 diabetes, by data source
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The RRs of cancer for patients with type 2 diabetes compared with matched
patients without diabetes mellitus, as recorded in CPRD primary care and HES
APC, are shown in table 5. The adjusted RRs were 0.90 (95% CI 0.86 to 0.96) for
cancer recorded in CPRD primary care and 0.93 (95% CI 0.88 to 0.99) for cancer
recorded in HES APC. Results for all cancer types were similar for outcomes
recorded in CPRD and HES APC. CIs overlapped in all cases, and contained the
RR estimated from the comparator source for all cancers apart from NMSC
(adjusted RR 0.76 (95% CI 0.68 to 0.84) for NMSC recorded in CPRD primary
care and 0.87 (95% CI 0.74 to 1.01) for NMSC recorded in HES APC).
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Discussion
The results of this study showed a good level of concordance in cancer recording
between CPRD primary care and HES APC data, overall, in relation to the timing of
the first record and in patients aged less than 75 years. The comparisons of cancer
outcomes among patients with type 2 diabetes and matched patients without
diabetes mellitus showed similar RRs reported in each of the two EHR databases.
Together with the high level of supporting evidence for non-concordant cases
from the cancer registry and death certificate data, these results suggest that
misclassification of cancer in both data sources is low, except for NMSC, as expected.
However, concordance was lower when restricted to looking for recording of
cancer using the same site. This was largely due to the use of non-specific cancer
Read codes in both primary care and hospital admissions data, which would lead
to underestimates of the incidence of site-specific cancers if either data source was
used in isolation. Concordance was also lower in patients aged 75 and over. This
may reflect cases where the patient died shortly after a hospital diagnosis, and
information was either not sent back to the GP or was not recorded in the primary
care record, or alternatively where the patient died without being hospitalised for
their cancer. In addition, over 10% of cases identified in HES APC were only found
in the free-text primary care records. Increased data governance regulations have
subsequently led to CPRD withdrawing their provision of free-text data recorded
in primary care in order to further protect patient anonymity (effective April 2016).
Without these free-text data available, linked HES APC data can again reduce the
risk of misclassification and underestimates of cancer incidence. Due to the positive
association seen between age and non-concordance, studies focusing on older age
groups may especially benefit from using linked data to capture cancer outcomes.
Few studies have been conducted comparing the recording of cancer in primary
care and hospital admissions data. In the UK, a recent study considered the
validity and completeness of colorectal cancer diagnoses in an alternative
source of primary care data compared with HES APC in a later time period
(2000–2011)28. While this study used the alternative methodology of positive
predictive values, the conclusions for colorectal cancer were similar, with a
recorded positive predictive value of 98% compared with a concordance of 91%
reported here. However, one of the strengths of this study was the ability to
look across all cancer sites, including NMSC.
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This study was limited by the challenges involved in directly comparing different
EHR data sources. By their nature, primary care and hospital admissions data are
sourced from different sectors of the healthcare system, with data collected for
different purposes, at different frequencies and using different coding systems.
It has been reported that clinical experts can disagree on the code lists from a
single dictionary and therefore, non-concordance may be attributed in part to the
challenges in mapping different coding dictionaries29. While results indicate that
cancer may be recorded in primary care before hospital admissions data, this may
reflect GP referrals to secondary care on the basis of suspected cancer, rather than
GPs recording a confirmed diagnosis earlier than other settings. The study period
was limited by the coverage period of the linked cancer registry data available at
the time of the study. Furthermore, linkage between CPRD and HES APC data is
dependent on the accurate recording of NHS numbers. We were not able to check
the error rates of recording of NHS numbers in either data source, which would
have led to overestimating non-concordance. However, previous research has
identified high levels of completeness and validity of NHS numbers across primary
and secondary care30. As this study was based on a cohort of patients with type 2
diabetes and matched patients without diabetes mellitus, the results may not be
comparable to the general population. Patients with type 2 diabetes have more
contacts with health services and cancer recording may be more up to date and
accurate. However, we did not find major differences in cancer recording between
the cases and their matched controls. It should also be noted that there are some
differences between the RRs of cancer found in this study and those reported in
previous meta-analyses (eg, this study shows an overall reduced risk of cancer
among patients with type 2 diabetes in contrast to an increased risk reported
previously)2. As this analysis was undertaken to compare the RR when cancer
diagnoses were sourced from one data source alone, rather than to best estimate
the RR using all available data sources, further research using linked data to
optimally define the study population, outcomes and covariates is recommended.
In conclusion, a good level of concordance in cancer recording was found
between CPRD primary care and HES APC data among patients with type 2
diabetes and matched controls. However, when analysis is focused on sitespecific cancers, linked data have the potential to reduce misclassification and
increase case ascertainment over using either data source in isolation.
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Abstract
Background: The role of antibiotics in treating mild or moderate exacerbations in
patients with acute chronic obstructive pulmonary disease (COPD) is unclear.
The aims were to: (i) describe patient characteristics associated with acute
exacerbations amongst a representative COPD population, (ii) explore the
relationship between COPD severity and outcomes amongst patients with
exacerbations, and (iii) quantify variability by general practice in prescribing of
antibiotics for COPD exacerbations.
Method: A cohort of 62,747 patients with COPD was identified from primary
care general practices (GP) in England, and linked to hospital admission and
death certificate data. Exacerbation cases were matched to three controls and
characteristics compared using conditional logistic regression. Outcomes were
compared using incidence rates and Cox regression, stratified by disease severity.
Variability of prescribing at the GP level was evaluated graphically and by using
multilevel models.
Results: COPD severity was found to be associated with exacerbation and
subsequent mortality (very severe vs. mild, odds ratio for exacerbation 2.12
[95%CI 19.5–2.32]), hazard ratio for mortality 2.14 [95%CI 1.59–2.88]). Whilst
61% of exacerbation cases were prescribed antibiotics, this proportion varied
considerably between GP practices (interquartile range, 48–73%). This variation is
greater than can be explained by patient characteristics alone.
Conclusions:There is significant variability between GP practices in the prescribing
of antibiotics to COPD patients experiencing exacerbations. Combined with a lack
of evidence on the effects of treatment, this supports the need and opportunity for
a large scale pragmatic randomised trial of the prescribing of antibiotics for COPD
patients with exacerbations, in order to clarify their effectiveness and long term
outcomes whilst ensuring the representativeness of subjects.
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Background
Chronic obstructive pulmonary disease (COPD) is a progressive condition
characterised by an obstructive pattern of expiratory airflow limitation which
can’t be fully reversed. An estimated 3 million people have COPD in the UK
with associated annual healthcare costs of £800 million1,2. COPD patients
frequently suffer acute exacerbations of the disease, characterised by an increase
in dyspnoea, sputum volume or purulence. Exacerbations are often bacterial in
origin and antibiotic therapy is appropriate3. However, exacerbations may also be
due to viral infections of the upper respiratory tract or may be non-infective. The
role of antibiotics in treating mild or moderate acute exacerbation is unclear4.
Most randomised trials evaluating antibiotics for COPD were restricted to patients
hospitalised for acute exacerbations5. Of the 11 studies included in a recent review
only 2 included patients from a GP setting, despite much healthcare for COPD
patients being administered in this environment. Also, few of the studies provided
details on resource utilisation associated with exacerbations or the effect of
prescribing antibiotics on this utilisation5. Databases of electronic health records
(EHR), such as those managed by the Clinical Practice Research Datalink (CPRD),
provide the opportunity to conduct a large pragmatic randomised trial evaluating
effects of antibiotics in patients with mild or moderate acute COPD exacerbations6.
Participants can be recruited at the point of care and followed using routinely
collected EHR. A key requirement for pragmatic trials is that ‘usual conditions’
apply to the research setting7,8. The selection and monitoring of patients should
ideally mimic the ‘real world’. The only difference should be the random allocation of
the interventions rather than the investigators deciding how to treat patients. Such
a trial is currently being conducted within CPRD, and the present study was initiated
in order to provide background information about current medical practice and
outcomes of COPD exacerbations. The objectives were to: (i) describe the patient
characteristics associated with acute exacerbations amongst a representative COPD
population, (ii) explore the relationship between COPD severity and outcomes
amongst patients with exacerbations, and (iii) quantify variability by practice in
prescribing of antibiotics for exacerbations.
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Methods
This study used data from the UK General Practice Research Database (GPRD),
the foundation of the CPRD primary care data. The database comprises
computerised medical records maintained by GPs. The data, prospectively
recorded since 1987, include demographics, prescriptions, clinical events,
preventive care, specialist referrals, hospital admissions and major outcomes
and covers 8% of the UK population9. A recent review of validation studies found
that CPRD medical data were generally high quality10.
CPRD primary care patients have been linked to hospital admission (Hospital
Episode Statistics [HES]) and death certificate data. The linkages are performed
using patients NHS numbers, dates of birth, sex and postcodes. HES collect dates
of admission and discharge and main diagnoses, extracted from the medical records
by coding staff. The death certificates list the date and causes of death. Linked
data were available for 48% of practices (309 of the 639 practices; only practices
in England willing to provide patient identifiers to the Trusted Third Party were
included), shown to be representative of practices as a whole11. The study protocol
was approved by the CPRD Independent Scientific Advisory Committee. All data was
managed and analysed using Stata version 11.2 (Copyright 2009 StataCorp LP,

Texas, USA).

Cohort 1: COPD population
The study population included patients aged ≥40 years with a history of COPD in
the clinical or referral files of the primary care data (as defined by the Quality and
Outcomes Framework diagnostic Read codes12) who were eligible for linkage.
The population was restricted to patients with at least nine months of active
registration during 2005 to 2010, defined as the period between (a) the maximum
of the patient’s current registration date and the practice “up-to-standard” date,
and (b) the minimum of the date at which the patient left the practice and the last
CPRD collection date from that practice. A random date was selected within the
active registration period for each patient, ensuring at least six months of prior
registration, and three months of follow-up during 2005 to 2010. This was done
by first calculating the available eligible follow-up time (i.e. the time between the
earliest date that the patient had six months of prior registration and the latest
date that the patient had three months of follow-up). This was multiplied by a
random number between zero and one and the resulting value was added to the
start date of the eligible follow-up period. This date was used as the “index date”
at which patient characteristics were measured.
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Cohort 2: exacerbation cases and controls
Within the study population, records of acute exacerbations were identified on
the basis of Read codes (H312200: “Acute exacerbation of chronic obstructive
airways disease”, H3y1.00: “Chron obstruct pulmonary dis wth acute
exacerbation, unspec”) entered in the clinical and referral files. These records
may have been entered prospectively or retrospectively (e.g. in the case of a
patient presenting at an A&E unit with exacerbation). Individual exacerbation
records were then grouped into episodes. Records within 28 days of a previous
exacerbation record were considered to refer to the same episode. As such, the
start of the episode was defined as the first record with no other exacerbation
records in the previous 28 days and the end was defined as the last record
with no other exacerbation records in the following 28 days. If a patient had
several exacerbation episodes, one was randomly selected as the index event.
Exacerbation events were excluded if they did not fulfil the inclusion criteria: (i)
at least six months of prior registration in the primary care records, (ii) at least
six months of prior coverage in HES, (iii) between 2005 and 2010, (iv) after COPD
diagnosis, (v) patient was aged ≥40, (vi) prior to the end of primary care followup, (vii) prior to the end of HES coverage. Patients did not require any minimum
amount of follow-up after the exacerbation.
Each exacerbation case was matched by age (within five years) and sex to
up to three controls (patients not suffering exacerbation at the same time as
the case) using incidence sampling. Three controls per case were selected to
maximise statistical efficiency13. The index date of the controls was set to be
that of the case (i.e. the start of the exacerbation episode). Controls with any
record of exacerbation in primary care, or in HES in the primary diagnosis field,
in the period six months prior to and three months post the index date of the
case, were excluded. Each patient could only be a matched control for one case.

Statistical analysis
Characteristics of both study cohorts were described using counts and
percentages. Characteristics identified at the index date in the primary care
data included age, sex, socio-economic status, BMI category (<20 underweight,
20–< 25 healthy weight, 25–< 30 overweight, 30+ obese), smoking status,
prescriptions in the previous three months of any antibiotic, oral glucocorticoid
therapy or anticholinergics (ipratropium bromide and tiotropium only), medical
history of hypertension, diabetes, heart failure and depression, and most recent
measure of forced expiratory volume in one second (FEV1 as classified by the
Global initiative for Obstructive Lung Disease (GOLD) scale14).
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For cohort 2, the characteristics listed above were compared between
exacerbation cases and their matched controls using conditional logistic
regression. A “missing value” category was assigned to categorical variables to
enable the comparison of the proportion of missing data between exacerbation
cases and their matched controls.

Analysis of cohort 2: exacerbation cases
Resource utilisation on the exacerbation date, and in the week and three month
period preceding it, was evaluated for the cases. This included prescribing of
any antibiotic or oral corticosteroid, referrals to A&E units and community
respiratory teams (as defined by Read codes and the NHS speciality recorded by
the GP), hospitalisation with exacerbation as a primary diagnosis (as recorded
in HES) with and without intubation or mechanical ventilation, lower respiratory
tract infection, purulent sputum, increased sputum volume and increased
dyspnoea.
Incidence rates of repeat exacerbation and all-cause mortality in the three
months following the exacerbation were calculated, stratified by the GOLD
severity scale. The risk of repeat exacerbation and all-cause mortality by GOLD
severity was modelled using Cox regression, adjusting for age and gender. For
both the incidence rates and the Cox regression follow-up time was censored
at the end of data collection for each patient (i.e. the minimum of the date at
which the patient left the practice and the last CPRD collection date from that
practice).
The proportion of exacerbation cases prescribed an antibiotic on the index
date was assessed by GP practice. The practice prescribing rate was plotted
against the number of exacerbation cases, and confidence limits of the overall
prescribing rate ±3 standard errors were superimposed. Prescribing variability
was evaluated using a multilevel random intercept logistic model, with patients
(level 1) clustered within practices (level 2), adjusting for patient characteristics
known to be associated with antibiotic prescribing. The significance of the
practice variation was assessed using a likelihood ratio test comparing the
multilevel random intercept logistic model with a standard one level logistic
regression model that did not take account of clustering within practice.
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Results
Cohort 1: COPD population
The COPD cohort included 62,747 patients; half were aged ≥70 (52%) and half
were male (Table 1). Half came from the two most deprived quintiles of the
Index of Multiple Deprivation (51%), indicating relatively low socioeconomic
status. The majority of patients were either current smokers (40%) or exsmokers (49%) and half were overweight or obese (51%). High proportions of
patients had been prescribed antibiotics (38%), anticholinergics (34%) or oral
glucocorticoid therapies (17%) in the previous three months. Comorbidities
were frequently recorded: 39% had a prior record of hypertension, 29% had a
record of depression, 13% had a record of diabetes, and 8% had a record of heart
failure. Just under half of patients were known to have severe (32%) or very
severe COPD (13%).

Cohort 2: exacerbation cases and controls
Within the study population, 12,609 patients were identified as having had
an exacerbation episode; these cases were matched by age and gender to
up to three controls each, resulting in 35,299 controls. Exacerbations were
inversely associated with affluence (most affluent quintile compared to
median quintile, matched odds ratio (OR) = 0.81 [95%CI 0.75–0.87]) and
positively associated with being underweight (compared to healthy weight,
OR = 1.13 [95%CI 1.06–1.21]) and current or past smoking (compared to nonsmoking, OR = 1.42 [95%CI 1.30– 1.55] and 1.38 [95%CI 1.27–1.50] respectively)
(Table 2). Exacerbations were inversely associated with hypertension (OR 0.93
[95%CI 0.89–0.97]) and diabetes (OR 0.94 [95%CI 0.89–0.99]), and positively
associated with depression (OR 1.17 [95%CI 1.12–1.22]). A higher proportion of
cases had recently been prescribed oral glucocorticoid therapies (34%, OR 2.57
[95%CI 2.45–2.69]), anticholinergics (64%, OR 1.99 [1.91–2.08]) and antibiotics
(51%, OR 1.95 [95%CI 1.87–2.03]) compared to the controls. In addition, 40%
of cases were known to have severe or very severe COPD, compared to 27% of
controls (very severe compared to mild COPD OR 2.12 [95%CI 1.95–2.32], severe
compared to mild COPD OR 1.61 [95%CI 1.51–1.72]).

Cohort 2: exacerbation cases
Table 3 shows the characteristics of exacerbation cases. A large number were
prescribed an antibiotic (61%) or an oral corticosteroid (51%) on the date of
the exacerbation record (70% of patients received either or both). The majority
of exacerbations were managed in the primary care setting, as only 10%
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were referred to A&E, and only 7% were admitted to hospital for the COPD
exacerbation, in the 7 days prior to and including the date of the exacerbation
record.
The incidence rates of repeat exacerbation and all-cause mortality were 13.0
and 6.1 per 10,000 personyears, respectively (Table 4). After adjustment for age
and sex, the risk of outcomes was seen to be highest amongst patients with very
severe COPD.
Whilst 61% of exacerbation cases were prescribed antibiotics, this proportion
varied considerably between the 237 GP practices (interquartile range, 48–
73%). In the 92 practices with at least 50 COPD patients, the proportion varied
between 29% and 88% (interquartile range, 56–74%). Figure 1 shows a large
proportion (25%) of GP practices with a prescribing rate outside that which
might be expected, as indicated by their location outside of the confidence
limits. GP practice explained 15% (95%CI, 12–19%) of the variability in antibiotic
prescribing, after adjustment for patient characteristics (COPD hospitalisation,
increased dyspnoea, age 80+, recent prescribing of oral glucocorticoid therapy or
antibiotics, COPD severity, heart failure, underweight; all found to be inversely
associated with antibiotic prescribing). The likelihood ratio test, comparing
models with or without GP practice as a level, confirmed that clustering by GP
practice was statistically significant (p < 0.001).
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Table 1: Characteristics of the COPD population, measured at the
random index date
Characteristic

COPD population 62,747 (%)

Age at random index date
40–49

2,734 (4.4%)

50–59

9,253 (14.7%)

60–69

18,203 (29.0%)

70–79

19,615 (31.3%)

80+

12,942 (20.6%)

Male

33,241 (53.0%)

Quintile of Index of Multiple Deprivation
0 (least deprived)

7,153 (11.4%)

1

11,199 (17.8%)

2

12,441 (19.8%)

3

14,801 (23.6%)

4 (most deprived)

17,033 (27.1%)

Body mass index at random index date
Underweight

6,109 (9.7%)

Normal

18,556 (29.6%)

Overweight

18,640 (29.7%)

Obese

13,224 (21.1%)

Unknown

6,218 (9.9%)

Smoking status at random index date
Non Smoker

6,586 (10.5%)

Ex Smoker

30,494 (48.6%)

Smoker

24,849 (39.6%)

Unknown

818 (1.3%)

Prescriptions in the previous three months
Antibiotics

23,740 (37.8%)

Oral glucocorticoid therapies

10,645 (17.0%)

Anticholinergics

21,104 (33.6%)

Medical history
Hypertension

24,245 (38.6%)

Diabetes

8,322 (13.3%)

Heart Failure

5,132 (8.2%)

Depression

18,282 (29.1%)

Forced expiratory volume in one second (FEV1) as proportion of predicted
Mild COPD (≥80)

2,699 (4.3%)

Moderate COPD (50–<80%)

10,434 (16.6%)

Severe COPD (30–< 50%)

20,283 (32.3%)

Very severe COPD (<30%)

8,095 (12.9%)

Unknown

21,236 (33.8%)
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Table 2: Predictors of COPD exacerbations
Characteristic

Exacerbation Cases
12,609 (%)

Controls
35,299 (%)

Unadjusted matched
OR (95% CI)

40–49

340 (2.7%)

985 (2.8%)

50–59

1,473 (11.7%)

4,120 (11.7%)

60–69

3,548 (28.1%)

9,831 (27.9%)

70–79

4,399 (34.9%)

12,210 (34.6%)

80+

2,849 (22.6%)

8,153 (23.1%)

Male

6,240 (49.5%)

17,604 (49.9%)

0 (least deprived)

1,358 (10.8%)

4,564 (12.9%)

0.81 (0.75–0.87)

1

2,033 (16.1%)

5,964 (16.9%)

0.92 (0.86–0.99)

2

2,585 (20.5%)

7,022 (19.9%)

1.00

3

2,659 (21.1%)

7,479 (21.2%)

0.97 (0.91–1.03)

4 (most deprived)

3,974 (31.5%)

10,270 (29.1%)

1.05 (0.99–1.11)

Underweight

1,562 (12.4%)

3,795 (10.8%)

1.13 (1.06–1.21)

Normal

3,846 (30.5%)

10,610 (30.1%)

1.00

Overweight

3,747 (29.7%)

10,747 (30.4%)

0.96 (0.91–1.01)

Obese

2,856 (22.7%)

8,295 (23.5%)

0.95 (0.90–1.01)

Unknown

598 (4.7%)

1,852 (5.2%)

0.89 (0.81–0.99)

Non Smoker

840 (6.7%)

3,171 (9.0%)

1.00

Ex Smoker

7,141 (56.6%)

19,618 (55.6%)

1.38 (1.27–1.50)

Smoker

4,600 (36.5%)

12,414 (35.2%)

1.42 (1.30–1.55)

Unknown

28 (0.2%)

96 (0.3%)

1.12 (0.73–1.72)

Antibiotics

6,403 (50.8%)

12,193 (34.5%)

1.95 (1.87–2.03)

Oral glucocorticoid therapies

4,270 (33.9%)

5,871 (16.6%)

2.57 (2.45–2.69)

Anticholinergics

8,092 (64.2%)

16,738 (47.4%)

1.99 (1.91–2.08)

Hypertension

5,216 (41.4%)

15,163 (43.0%)

0.93 (0.89–0.97)

Diabetes

2,047 (16.2%)

6,028 (17.1%)

0.94 (0.89–0.9)

Heart Failure

1,314 (10.4%)

3,476 (9.8%)

1.07 (1.00–1.15)

Depression

4,624 (36.7%)

11,717 (33.2%)

1.17 (1.12–1.22)

Age at exacerbation

Quintile of Index of Multiple Deprivation

Body mass index at exacerbation

Smoking status at exacerbation

Prescriptions in the previous three months

Medical history

Forced expiratory volume in one second (FEV1) as proportion of predicted
Mild COPD (≥80)

1,832 (14.5%)

6,102 (17.3%)

1.00

Moderate COPD (50–<80%)

4,245 (33.7%)

13,838 (39.2%)

1.03 (0.96–1.09)

Severe COPD (30–<50%)

3,625 (28.7%)

7,533 (21.3%)

1.61 (1.51–1.72)

Very severe COPD (<30%)

1,362 (10.8%)

2,146 (6.1%)

2.12 (1.95–2.32)

Unknown

1,545 (12.3%)

5,680 (16.1%)

0.88 (0.82–0.96)
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Table 3: Characteristics of the COPD exacerbation cases
Characteristic

N (%) (total number of cases = 12,609)

Purulent sputum:
On index date

171 (1.4%)

7 days prior to index - index date

230 (1.8%)

Lower respiratory infection:
On index date

272 (2.2%)

7 days prior to index - index date

578 (4.6%

90 days prior to index - index date

2,462 (19.5%)

Antibiotic prescribing:
On index date

7,705 (61.1%)

7 days prior to index - index date

8,346 (66.2%)

90 days prior to index - index date

10,452 (82.9%)

90 days prior to index – 1 day before index

2,747 (21.8%)

Oral corticosteroid prescribing:
On index date

6,444 (51.1%)

7 days prior to index - index date

6,869 (54.5%)

90 days prior to index - index date

8,511 (67.5%)

Referral to community respiratory team:
7 days prior to index - index date

6 (<0.1%)

Referral to Accident and Emergency:
On index date

888 (7.0%)

7 days prior to index - index date

1,239 (9.8%)

Hospitalisations for COPD exacerbation:
7 days prior to index - index date

832 (6.6%)

With intubation or mechanical ventilation

33 (0.3%)
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Table 4: Outcomes (repeat COPD exacerbation and mortality) in the three months following
COPD exacerbation by FEV1
Outcome

FEV1
severity

Number of events
(numerator)

Incidence rate per 10,000
person years

Age and sex adjusted
hazard ratio

Repeat COPD exacerbation

Mild

123

12.2 (10.2–14.5)

1.00

Moderate

256

10.9 (9.6–12.3)

0.90 (0.72–1.11)

Severe

287

14.6 (13.0–16.4)

1.22 (0.99–1.51)

Very severe

129

17.8 (15.0–21.2)

1.51 (1.18–1.94)

Unknown

103

12.4 (10.2–15.0)

1.01 (0.78–1.32)

Mild

75

4.9 (3.9–6.1)

1.00

All-cause mortality

Moderate

103

2.9 (2.4–3.5)

0.60 (0.45–0.81)

Severe

192

6.4 (5.5–7.4)

1.26 (0.97–1.65)

Very severe

107

9.6 (8.0–11.6)

2.14 (1.59–2.88)

Unknown

166

13.2 (11.3–15.3)

2.23 (1.69–2.93)

Figure 1: Variability of GP practice prescribing rates of antibiotics to COPD exacerbation
cases with superimposed confidence limits (±3 standard errors) for all 237 practices with at
least one case.
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Discussion
Summary of main findings
This study of linked primary and secondary care databases provides an important
perspective on the management and outcomes of COPD exacerbations. The
results show that patients with an exacerbation recorded have higher recent
prescribing rates (of oral glucocorticoid therapies, anticholinergics and
antibiotics), and crucially, more severe COPD as measured by FEV1, which is
shown to be associated with repeat exacerbation and all-cause mortality. Whilst
the majority of exacerbations are managed by GPs, there is significant variation
between GP practices in the proportion of patients who receive a prescription
for an antibiotic, which cannot be explained by patient characteristics alone.

Strengths and limitations of the study
The large scale of the CPRD primary care database allowed analysis both at the
patient and practice level. The representativeness and high quality of the database
has been shown previously, indicating results are likely to be generalisable to
England as a whole9-11. In addition, the linkage of primary care to secondary
care data allowed for a broader analysis of resource utilisation, including
whether patients received intubation or mechanical ventilation. However, some
variables associated with antibiotic prescribing were not available, for example,
nutritional status, certain biomarkers, and GP characteristics.
FEV1 was unknown for approximately 12% of exacerbation cases, and 34% of
the COPD population overall. Whilst further FEV1 data may be recorded in the
free text of the primary care data, which was not used in this study, prospective
studies may wish to consider providing patients with spirometry devices to allow
them to record their own measurements over time. However, in those patients
with FEV1 measurements recorded by their GP, a clear relationship was seen
between severity and poor outcomes, including exacerbations and mortality.
This is in line with a recent review that found FEV1 a consistently strong predictor
of exacerbation, hospitalisation and mortality amongst patients with COPD15.
Despite purulent sputum being a commonly reported symptom of exacerbation,
only a very small proportion of cases had this recorded by their GP3. Prospective
studies should encourage GPs to record whether sputum is purulent or not, to
enable a more robust analysis of the relationship with prescribing and outcomes.
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This study was restricted to antibiotic prescriptions given by GPs, with the main
analysis focusing on prescriptions on the exacerbation index date. This would not
have captured prescriptions given on hospital discharge, provided in outpatient
or home care settings, or those previously “stockpiled” by the patient.

Comparison with existing literature
The significant variation between practices in antibiotic prescribing rates
described in this study is consistent with the Audit Commission report of GP
prescribing behaviours16. Prescribing rates are driven by a range of factors
including physician’s knowledge, experience and uncertainty, time pressures,
and varied approach to the role of patients in decision-making17,18. Conversely, a
cohort study investigating the total number of prescriptions given to a patient
by their GP found that most of the practice level variation could be explained
by the patient’s age, sex and morbidity19. However, studies focusing specifically
on antibiotic prescribing rates have demonstrated wide variation between
practitioners that cannot be explained by differences in the epidemiology of
infections, populations, or case mix, both in the UK and around the world20-25.

Conclusions
This study supports the need for a randomised trial to establish the role of
antibiotics in treating mild or moderate COPD exacerbation, and ensure
prescribing is evidence based rather than reliant on prescriber preference. A
pragmatic trial using routinely collected EHR data appears feasible, as the COPD
patients with exacerbation records were demographically representative of the
COPD population overall, and disease severity recorded by the GP was strongly
associated with both exacerbations and mortality.
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Abstract
Background: People with intellectual disabilities (IDs) die at younger ages than the
general population, but nationally representative and internationally comparable
mortality data about people with ID, quantifying the extent and pattern of the
excess, have not previously been reported for England.
Method: We used data from the Clinical Practice Research Datalink database for
April 2010 to March 2014 (CPRD GOLD September 2015). This source covered
several hundred participating general practices comprising roughly 5% of the
population of England in the period studied. General practitioner (GP) records
identiﬁed people diagnosed by their GP as having ID. Linked national death
certiﬁcation data allowed us to derive corresponding mortality data for people
with and without ID, overall and by cause.
Results: Mortality rates for people with ID were signiﬁcantly higher than for
those without. Their all-cause standardised mortality ratio was 3.18. Their life
expectancy at birth was 19.7 years lower than for people without ID. Circulatory
and respiratory diseases and neoplasms were the three most common causes
of death for them. Cerebrovascular disease, thrombophlebitis and pulmonary
embolism all had standardised mortality ratios greater than 3 in people with ID.
This has not been described before. Other potentially avoidable causes included
epilepsy (3.9% of deaths), aspiration pneumonitis (3.6%) and colorectal cancer
(2.4%). Avoidable mortality analysis showed a higher proportion of deaths from
causes classiﬁed as amenable to good medical care but a lower proportion from
preventable causes compared with people without ID. International comparison
to areas for which data have been published in sufﬁcient detail for calculation
of directly standardised rates suggest England may have higher death rates for
people with ID than areas in Canada and Finland, and lower death rates than
Ireland or the State of Massachusetts in the USA.
Conclusions: National data about mortality in people with ID provides a basis for
public health interventions. Linked data using GP records to identify people with ID
could provide comprehensive population-based monitoring in England, unbiased
by the circumstances of illnesses or death; to date information governance
constraints have prevented this. However, GPs in England currently identify only
around 0.5% of the population as having ID, suggesting that individuals with mild,
nonsyndromic ID are largely missed. Notably common causes of death suggest
control of cardiovascular risk factors, epilepsy and dysphagia, management
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of thrombotic risks and colorectal screening are important areas for health
promotion initiatives.
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Introduction
Publicity about deaths of individuals with intellectual disabilities (IDs) and
studies of deaths in comparatively small areas of England have drawn attention
to the major disparities faced by this population1-3. However as yet, no nationally
representative, population- based study has been published documenting
the extent and patterns of excess mortality for them. There have been recent
studies of speciﬁc localities, some including population-based analyses2,4,5, but
the only fully national study, based on death certiﬁcation data, was limited by
evidently incomplete identiﬁcation of relevant deaths and a lack of detailed
corresponding population data6.
Analysis of mortality data has a central place in public health research and
surveillance. Preventing unnecessary deaths is a key aim of health policy, and
mortality data can help to document some of the burden of conditions that
are potentially fatal, showing the extent and distribution of consequent health
inequalities and the effects of some public policies for vulnerable groups in the
population7. In view of the national prominence of this issue, it is surprising that
there is at present no routinely published national statistical source in England
documenting the overall extent of excess mortality in people with ID, or its
pattern in respect of causes or demographic sub-groups.
The challenge in producing national statistical data is that there is no single
location where all relevant data are collected. UK death certiﬁcates only include
recording of conditions considered to be associated with the death; ID is often
not recorded on these.
General practitioners’ (GPs) primary care case notes are the only sets of records
with the scope to include details of all medical conditions for individuals,
and GPs are required to keep learning disability registers in their case notes.
However, these notes do not necessarily record causes of deaths unless the GP
issues the certiﬁcate of medical causes. Linkage between these two is needed,
but hampered by the fact that primary care notes are kept and managed by the
8000 general practices which, within the English National Health Service (NHS),
are small independent organisations. Mechanisms exist to extract data from
GP systems, but their use for obtaining individual patient level data is currently
barred as a result of information governance concerns8.
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The Clinical Practice Research Datalink (CPRD) is a governmental, not-forproﬁt research service, jointly funded by the NHS National Institute for Health
Research, and the Medicines and Healthcare products Regulatory Agency, a
part of the Department of Health. It is based on an established anonymised
research database drawing clinical records regularly from participating general
practices9. These are routinely linked at individual person level to mortality and
health service records10.
Using this source, we set out to identify the rates and patterns of mortality of
people living in England and identiﬁed by their GP as having ID, in relation to
age, sex and causes of death. We also explored the feasibility of analyses in
relation to minority ethnic groups. We compared English ﬁndings to those of
other large population-based studies using a variety of data collection or linkage
approaches that had reported sufﬁcient detail to permit comparisons using
directly standardised rates. We found relevant reports from Australia, Canada,
Finland and Ireland as well as an earlier study describing an English county5,11-14.
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Methods
Study population
We used the CPRD database (CPRD GOLD September 2015), taking data for all
patients registered between 1 April 2010 and 31 March 2014 for 1 day or more
with a general practice that met data quality and linkage requirements, and
for whom the data needed for linkage to mortality records was complete. We
identiﬁed patients as having ID if they had a record of one of the set of Read
codes used nationally to deﬁne GPs’ learning disability registers, or any of a
number of other diagnoses, such as Down syndrome, reliably associated with
ID15. A full list of the codes used is available from the authors.

Study data
Study subjects were grouped by ID status, sex and roughly decennial age
groups (0, 1–9, 10–17, 18–24, then 10-year bands to 84 and 85–99), the region
in which their GP’s practice was located and their ethnic group where this was
known. To provide securely anonymised data for detailed study, RW and JO at
the Medicines and Healthcare products Regulatory Agency provided tabulated
counts of registered patient days and deaths in the study time window by all
these groupings, for each of the four administrative years covered. Several
versions of the deaths tabulations were provided with underlying causes of
death grouped by the WHO International Statistical Classiﬁcation of Diseases
and Related Health Problems 10th Revision (ICD10). Groupings were to ICD10
chapters, to three-character ICD10 codes for common individual causes (2% or
more of all deaths of people with ID) and for the four chapters responsible for the
largest numbers of deaths, and for the groups of causes considered to represent
avoidable causes of death in relevant age groups16. Comparison of English death
rates to those for regions of other countries used age/sex-speciﬁc data from the
published accounts (cited earlier).

Data analysis
Rates, directly standardised rates and (indirectly standardised) standardised
mortality ratios (SMRs) were calculated as described by Eayres for the English
Public Health Observatories17. In all cases, observed numbers of deaths were
assumed to vary with Poisson distributions and 95% conﬁdence intervals for
observed numbers were calculated using Byar’s method. For international
comparisons of all-cause mortality, we used direct standardisation for age
to the 2013 European standard population18. The weighted combination of
age-speciﬁc conﬁdence intervals was calculated using Dobson’s method17.
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Calculations were undertaken using Microsoft Excel and Access with customised
statistical routines written inVisual Basic. Life expectancy was calculated using
an abridged life table approach and Chiang’s method for conﬁdence intervals.
This was done using a spreadsheet tool developed by English Public Health
Observatories19. For technical details, see the ‘Notes’ section of the spreadsheet
tool. Differences were considered statistically signiﬁcant if the probability of
them occurring by chance was less than 5%.
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Results
Population
Altogether, 11.16 million person years were covered by the study, an average
of 2.79 million people in each year or 5.22% of the population of England at the
time as estimated by the Ofﬁce for National Statistics (ONS)20. Table 1 shows the
breakdown by each of the covariates studied and the prevalence of ID identiﬁed
in each subgroup. A comparison with mid-2012 population estimates from ONS
suggested the age proﬁle was representative of the English population. Coverage
varied substantially between Strategic Health Authority areas reﬂecting patterns
of use by GPs of the information system on which CPRD is based, with Yorkshire
and Humber, the East Midlands, and the North East under-represented and the
South East Coast, South Central and South West over-represented.
The overall proportion of people with an identiﬁable ID was 0.53%. Figure 1
shows population pyramids for people with and without ID. The pattern for
people with ID shows a narrower base, indicating that ID is often not deﬁnitely
recorded until some years into a child’s ﬁrst decade. There is a clear pattern of
attrition in adulthood after the age of 54, with the pyramid for people with ID
collapsing more quickly. Early mortality is likely to explain much of this, but it
is also possible that people with moderate ID, without obvious syndromic cause
born in earlier decades, when diagnostic and special educational needs provision
were more restricted, may be less likely to have had this identiﬁed and recorded
by their GP.

Number of deaths, death rates and life expectancy
The study identiﬁed 98 035 deaths, 5.28% of the total number of deaths registered
in England in the period. Table 1 shows their distribution between the covariates
studied. Of the 664 deaths of people with ID, 371 (55.9%) were of men, 293 (44.1%)
of women.
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Table 1: Composition of population and deaths studied
Grouping

Total PYER (% of total)

Proportion with ID

Total deaths (% of total)

Total

11 163 234.1

0.53%

98 035

Age groups
00–09

1 250 702.6 (11.2%)

0.27%

226 (0.2%)

10–17

1 014 574.2 (9.1%)

0.67%

113 (0.1%)

18–24

891 445.0 (8.0%)

0.93%

269 (0.3%)

25–34

1 461 908.7 (13.1%)

0.66%

579 (0.6%)

35–44

1 584 597.4 (14.2%)

0.60%

1505 (1.5%)

45–54

1 636 034.0 (14.7%)

0.65%

3647 (3.7%)

55–64

1 326 571.6 (11.9%)

0.47%

7796 (8.0%)

65–74

1 046 218.1 (9.4%)

0.32%

15 184 (15.5%)

75–84

662 177.9 (5.9%)

0.17%

28 671 (29.2%)

85–99

289 004.5 (2.6%)

0.08%

40 045 (40.8%)

Genders
Male

5 518 004.6 (49.4%)

0.62%

46 806 (47.7%)

Female

5 645 185.1 (50.6%)

0.45%

51 229 (52.3%)

Indeterminate

44.3 (0.0%)

0.00%

0 (0.0%)

Region
East Midlands

171 895.0 (1.5%)

0.55%

1299 (1.3%)

East of England

1 202 749.8 (10.8%)

0.49%

9778 (10.0%)

London

1 775 876.7 (15.9%)

0.48%

12 054 (12.3%)

North East

248 520.3 (2.2%)

1.02%

2369 (2.4%)

North West

1 681 188.1 (15.1%)

0.60%

15 649 (16.0%)

South Central

1 478 524.6 (13.2%)

0.53%

13 170 (13.4%)

South East Coast

1 548 890.8 (13.9%)

0.44%

13 572 (13.8%)

South West

1 412 266.3 (12.7%)

0.65%

14 579 (14.9%)

West Midlands

1 336 093.5 (12.0%)

0.47%

12 546 (12.8%)

Yorkshire & the Humber

307 228.9 (2.8%)

0.47%

3019 (3.1%)

Year
2010/2011

2 968 677.5 (59.2%)

0.53%

26 206 (26.7%)

2011/2012

2 880 416.9 (1.0%)

0.53%

25 269 (25.8%)

2012/2013

2 797 156.5 (0.5%)

0.53%

25 229 (25.7%)

2013/2014

2 516 983.2 (0.4%)

0.53%

21 331 (21.8%)

Intellectual disability status
With evidence of ID

59 279.7 (0.5%)

—

664 (0.7%)

Without evidence of ID

11 103 954.4 (99.5%)

—

97 371 (99.3%)

The table shows, by age, gender, region of residence and year of study, the total person years
exposure to risk (PYER), the proportions (%) identiﬁed as having an intellectual disability (ID)
and the number of deaths.
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The crude death rate for those with ID was 11.2 deaths per 1000 population per
year (95% conﬁdence interval (CI) 10.4 to 12.1), 1.27 times the crude death rate for
others (8.8 deaths per 1000 per year – 95% CI 8.7 to 8.8).
Death rates were higher in those with ID than those without at all ages and for
both sexes, signiﬁcantly so in all cases except men aged 18 to 24, and 85 and
older (Table 2). Generally, the difference was more marked for women and in
younger age groups, although the actual numbers of deaths of younger people
with ID was relatively small. Comparing the sexes among people with ID, death
rates were higher, although not statistically signiﬁcantly so, for women up to
the age of 24 but for men at older ages.

Figure 1: Population pyramids, people with and without intellectual disabilities. ID, intellectual
disability.
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Table 2: Age/sex-speciﬁc death rates per 1000 population per year, all causes for people with
and without intellectual disability, and ratio of observed deaths of those with ID to number
expected assuming overall age/sex-speciﬁc death rate
Age group

Age-specific death rates per 1000 population
With ID

Without ID

Observed/ expected
deaths for people with ID

Deaths/ PYER for
people with ID

0–9

8.3 (4.2 to 14.9)

0.1 (0.1 to 0.2)

49.9 (24.9 to 89.4)

11/1318.3

10–17

3.6 (1.5 to 7.0)

0.1 (0.0 to 0.1)

41.2 (17.7 to 81.2)

8/2237.1

18–24

1.6 (0.5 to 3.8)

0.2 (0.1 to 0.2)

8.5 (2.7 to 19.8)

5/3074.0

25–34

3.0 (1.6 to 5.3)

0.2 (0.2 to 0.3)

11.6 (6.0 to 20.2)

12/3964.3

35–44

4.4 (2.7 to 6.8)

0.7 (0.7 to 0.8)

6.0 (3.7 to 9.3)

20/4533.9

45–54

8.2 (5.8 to 11.1)

1.9 (1.8 to 2.0)

4.2 (3.0 to 5.6)

41/5030.5

55–64

21.6 (16.6 to 27.6)

4.8 (4.6 to 5.0)

4.4 (3.4 to 5.7)

63/2918.1

65–74

35.1 (26.4 to 45.6)

11.7 (11.4 to 12.0)

3.0 (2.2 to 3.9)

55/1568.4

75–84

85.7 (63.6 to 113.0)

37.2 (36.6 to 37.8)

2.3 (1.7 to 3.0)

50/583.2

85–99

222.4 (147.8 to 321.5)

131.6 (130.0 to 133.3)

1.7 (1.1 to 2.4)

28/125.9

Total

11.6 (10.3 to 13.0)

9.1 (9.0 to 9.1)

3.4 (3.0 to 3.8)

293/25353.6

0–9

3.8 (1.7 to 7.6)

0.2 (0.2 to 0.2)

19.8 (8.5 to 39.0)

8/2085.4

10–17

1.3 (0.5 to 2.9)

0.1 (0.1 to 0.2)

9.7 (3.6 to 21.2)

6/4578.0

18–24

1.0 (0.3 to 2.2)

0.4 (0.3 to 0.5)

2.3 (0.8 to 5.5)

5/5220.8

25–34

3.5 (2.1 to 5.4)

0.5 (0.5 to 0.6)

6.6 (4.0 to 10.1)

20/5697.0

35–44

4.4 (2.8 to 6.7)

1.1 (1.1 to 1.2)

3.8 (2.4 to 5.7)

22/4993.0

45–54

10.8 (8.3 to 13.9)

2.4 (2.3 to 2.5)

4.3 (3.3 to 5.6)

60/5548.7

55–64

26.7 (21.5 to 32.8)

6.8 (6.6 to 7.0)

3.9 (3.1 to 4.8)

90/3368.3

65–74

45.7 (36.4 to 56.8)

17.3 (17.0 to 17.7)

2.6 (2.1 to 3.3)

82/1793.6
57/546.3

Women

Men

75–84

104.3 (79.0 to 135.2)

50.9 (50.1 to 51.7)

2.0 (1.5 to 2.7)

85–99

221.0 (136.8 to 337.9)

152.0 (149.6 to 154.5)

1.5 (0.9 to 2.2)

21/95.0

Total

10.9 (9.9 to 12.1)

8.5 (8.4 to 8.5)

3.0 (2.7 to 3.3)

371/33926.1

0–9

5.6 (3.4 to 8.7)

0.2 (0.1 to 0.2)

30.4 (18.3 to 47.5)

19/3403.8

10–17

2.1 (1.1 to 3.4)

0.1 (0.1 to 0.1)

17.3 (9.4 to 29.0)

14/6815.1

18–24

1.2 (0.6 to 2.2)

0.3 (0.3 to 0.3)

3.7 (1.8 to 6.8)

10/8294.9

25–34

3.3 (2.3 to 4.7)

0.4 (0.3 to 0.4)

7.8 (5.4 to 11.1)

32/9661.3

35–44

4.4 (3.2 to 6.0)

0.9 (0.9 to 1.0)

4.6 (3.3 to 6.2)

42/9526.9

45–54

9.5 (7.8 to 11.6)

2.2 (2.1 to 2.3)

4.3 (3.5 to 5.2)

101/10579.2

55–64

24.3 (20.6 to 28.5)

5.8 (5.7 to 5.9)

4.1 (3.5 to 4.8)

153/6286.3

65–74

40.8 (34.2 to 48.2)

14.4 (14.2 to 14.7)

2.8 (2.3 to 3.3)

137/3361.9

75–84

94.7 (77.6 to 114.5)

43.2 (42.7 to 43.7)

2.2 (1.8 to 2.6)

107/1129.5

85–99

221.8 (164.1 to 293.3)

138.5 (137.1 to 139.9)

1.6 (1.2 to 2.1)

49/220.9

Total

11.2 (10.4 to 12.1)

8.8 (8.7 to 8.8)

3.2 (2.9 to 3.4)

664/59279.7

Persons

95% conﬁdence intervals in parentheses. ID, intellectual disability; PYER, person years exposure
to risk.
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The SMR for people with ID was 3.18 (95% CI 2.94 to 3.43); it was higher for
women (3.40–3.02 to 3.81) than for men (3.03–2.73 to 3.35). Life expectancy at
birth for people with ID was 65.5 years (95% CI 61.9 to 69.2), 63.8 years (57.7 to
69.9) for men and 66.7 years (63.4 to 70.0) for women. Corresponding ﬁgures for
people without ID were 85.3 years (85.2 to 85.4) for persons, 83.6 years (83.4 to
83.7) for men and 86.9 years (86.8 to 87.0) for women. This represents a shortfall
for people with ID of 19.7 years, for men 19.7 years and for women 20.2 years.
We were unable to do a satisfactory regional analysis because of the wide
variations in sample sizes. Yorkshire and the Humber and the East Midlands
both appeared to have noticeably lower SMRs, but the small sample sizes
in these areas gave these excessively wide CIs rendering these differences
nonsigniﬁcant. The South East Coast had an SMR for people with ID that was
higher than that for the whole country, although not statistically signiﬁcantly so
(3.89, 95% CI 3.16 to 4.79).
Twenty-four deaths (3.6%) were of individuals with ID from minority ethnic
groups, and 93 deaths (14%) were of individuals of unrecorded ethnicity. No
single identiﬁed minority ethnic group accounted for more than four deaths;
thus, we were unable to draw any conclusions about patterns by ethnicity.

Causes of death
For people with ID, in all but one of the eleven ICD10 chapters where ﬁve or
more deaths were recorded, the SMR was signiﬁcantly above unity (Table 3).
SMRs greater than 4 with the lower bound of the 95% CI greater than 2 were
seen for seven chapters. There was no chapter for which signiﬁcantly fewer than
expected deaths of people with ID were recorded.
Conditions listed in the ICD10 chapter covering diseases of the circulatory
system were responsible for the largest number of deaths of people with ID.
Most prominent were ischaemic heart disease (57 deaths, expected 26.4, SMR
2.2, 95% CI 1.6–2.8), cerebrovascular disease (39 deaths, expected 11.8, SMR
3.3, 95% CI 2.3–4.5), phlebitis and thrombophlebitis (10 deaths, expected 1.5,
SMR 6.8, 95% CI 3.2–12.5), cardiomyopathy (nine deaths, expected 1.0, SMR 8.9,
95% CI 4.1–16.9) and pulmonary embolism (six deaths, expected 1.1, SMR 5.5,
95% CI 2.0–12.1). A rough estimate of the annual number of deaths nationally
from each of these causes in people with ID would be ﬁve times the number
we observed (our sample was 4 years deaths for roughly 5% of the population).
Thus, cerebrovascular disease is probably responsible for almost 200 deaths
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of people with ID annually in England and phlebitis, thrombophlebitis and
pulmonary embolism almost 100.
The second most important chapter numerically was that covering diseases
of the respiratory system. The most common subgroup in this chapter was
‘inﬂuenza and pneumonia’ (57 deaths, expected 7.4, SMR 7.7, 95% CI 5.8–
9.9). Within this subgroup, all but one of the deaths for people with ID were
attributed to ‘pneumonia, ‘organism unspeciﬁed’, as were 99.2% of those for
people without ID. This was followed by the subgroup of lung diseases due to
external agents (24 deaths of people with ID, expected 1.1, SMR 21.8, 95% CI
13.9–32.4). All of these deaths were attributed to a single cause – pneumonitis
due to solids and liquids.
The third ICD10 chapter numerically was neoplasms, which accounted for
87 deaths. Overall, the number of deaths attributed to neoplasms was not
statistically remarkable (expected 75.9, SMR 1.1 95% CI 0.9–1.4). However, the
distribution between types of cancer was different from expectation based
on expected deaths PYER for general death rates. The largest subgroup was
malignant neoplasms of the digestive organs (32 deaths, expected 20.8, SMR
1.5, 95% CI 1.1–2.2). Half of these were due to cancers of the colon and rectum
(16 deaths, expected 6.8, SMR 2.4, 95% CI 1.3–3.8). This was more common in
men than in women [SMRs – men 2.68 (1.34 to 4.80), women 1.85 (0.60 to 4.32)].
Unlike earlier studies21, we found no excess of deaths attributed to stomach
cancer.
Malignant neoplasms of respiratory and intrathoracic organs accounted for
12 deaths, fewer (although not to the extent of statistical signiﬁcance) than
the expected 16.6 (SMR 0.7, 95% CI 0.4–1.3). Malignant neoplasms of female
genital organs accounted for nine deaths (expected 4.0, SMR 2.3, 95% CI 1.0–
4.3), almost equally divided between cancers of the uterine body, where this
represented a statistically signiﬁcantly high number, and of the ovary, where
it did not. Nine deaths were attributed to malignant neoplasms of lymphoid,
haematopoietic and related tissue (expected 5.7, SMR 1.6, 95% CI 0.7–3.0) but
numbers in individual sub-categories were too small for detailed reporting.
There was no single type of cancer for which there was a statistically signiﬁcant
low number of deaths. For breast cancer, six deaths would have been expected.
The observed number was smaller but the shortfall did not come close to
statistical signiﬁcance. The number of brain cancers was too low to report but
close to expectation.
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In addition to exploring the ICD10 chapters accounting for the largest numbers
of deaths of people with ID, we looked for any other causes at three-character
level ICD10 codes that were responsible for 2% or more of deaths of people
with ID. The three other causes identiﬁed were dementia of unspeciﬁed type (33
deaths, expected 5.5, SMR 6.0, 95% CI 4.2–8.4), epilepsy (26, expected 0.8, SMR
34.4, 95% CI 23.4–50.5) and infantile cerebral palsy (23, expected 0.2, SMR 96.3,
95% CI 64.0–144.9).
Table 3: Standardised mortality ratios associated with intellectual disability by International
Classiﬁcation of Diseases chapter of underlying cause of death
ICD10 chapter

Observed/
expected deaths

SMR (95%
conﬁdence interval)

I Certain infectious and parasitic diseases

7/2.2

3.2 (1.3 to 6.5)

II Neoplasms

87/75.9

1.1 (0.9 to 1.4)

III Diseases of the blood and blood-forming organs and certain disorders involving

0/0.5

—

IV Endocrine, nutritional and metabolic diseases

15/3.0

5.1 (2.8 to 8.3)

V Mental and behavioural disorders

43/7.9

5.4 (3.9 to 7.3)

VI Diseases of the nervous system

85/8.7

9.8 (7.8 to 12.1)

VII Diseases of the eye and adnexa

0/0.0

—

VIII Diseases of the ear and mastoid process

0/0.0

—

IX Diseases of the circulatory system

152/53.3

2.8 (2.4 to 3.3)

X Diseases of the respiratory system

114/23.3

4.9 (4.0 to 5.9)

XI Diseases of the digestive system

52/13.1

4.0 (3.0 to 5.2)

XII Diseases of the skin and subcutaneous tissue

*/0.6

—

XIII Diseases of the musculoskeletal system and connective tissue

*/1.4

—

XIV Diseases of the genitourinary system

16/3.0

5.4 (3.1 to 8.7)

XV Pregnancy, childbirth and the puerperium

0/0.0

—

XVI Certain conditions originating in the perinatal period

0/0.0

—

XVII Congenital malformations, deformations and chromosomal abnormalities

56/0.8

72.9 (55.1 to 94.7)

the immune mechanism

XVIII Symptoms, signs and abnormal clinical and laboratory ﬁndings, not elsewhere classiﬁed */2.2

—

XX External causes of morbidity and mortality

25/12.2

2.0 (1.3 to 3.0)

Cause unknown

0/0.5

—

All causes

664/208.7

3.2 (2.9 to 3.4)

*Between 1 and 5 deaths.
SMR, standardised mortality ratio.
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Avoidable mortality
The Ofﬁce for National Statistics reported that in England and Wales in 2013, 23%
of deaths (28% in men; 17% inwomen) were from causes that met ONS deﬁnitions
of being avoidable16. Using the same set of diagnoses and age bandings, mortality
patterns in people without ID in our data were roughly in line with this: 26.0%
(95% CI 25.6% to 26.4%) of deaths of men, 16.4% (16.1% to 16.8%) of women
and 21.0% (20.7% to 21.3%) of persons fell into this category. However, for people
with ID a substantially higher proportion of deaths were classiﬁable as avoidable:
50.9% (45.9% to 56.0%) of deaths of men, 36.9% (31.5% to 42.5%) of women and
44.7% (41.0% to 48.5%) of all persons.
Some of this difference arose from the different proﬁle of ages at death. With
a few exceptions (accidents, injuries and HIV disease), deaths from relevant
causes are categorised as avoidable only within speciﬁed age limits, in most
cases 0 to 74. This age band covers 76.5% of the deaths of people with ID in our
data but only 29.6% of deaths of others.
However, avoidable causes accounted for a larger proportion of deaths of people
without ID than those with ID at each age group from 10 to 74.

Figure 2: Deaths attributed to causes categorised as preventable, amenable to medical care,
both preventable and amenable and not avoidable on the basis of underlying cause and age at
death, by age group and intellectual disability status. ID, intellectual disability.

139

Chapter 4

Avoidable deaths may be from causes considered preventable by public health
measures or amenable to good healthcare. Some causes are considered both
amenable and preventable. Deaths from amenable causes accounted for a
higher proportion of all deaths of people with ID than of people without, whilst
deaths from preventable causes accounted for a higher proportion of deaths in
people without, than with ID (Fig. 2). This was true both overall and at each age
group up to age 74.
The most prominent causes of avoidable deaths differed between people with
and without ID. Deaths from congenital malformations, deformations and
chromosomal anomalies accounted for 19.0% of all avoidable deaths and 24.1%
of amenable deaths in people with ID, but only 0.5% and 1.0% in other people.
For people with ID, the other major amenable causes were pneumonia, ischaemic
heart disease, epilepsy and cerebrovascular disease. The only preventable cause
that accounted for a notably higher proportion of deaths in people with ID was
deep vein thrombosis with pulmonary embolism.
By contrast, in younger people without ID, suicide, accidents and alcoholrelated disorders were prominent preventable causes, whilst in those older
than 45, ischaemic heart disease, lung cancer, alcohol-related diseases, chronic
obstructive pulmonary disease, breast cancer and strokes predominated.
The prominence of chromosomal abnormalities as causes of deaths classiﬁed
as avoidable in people with ID raises the question of whether this category, as
deﬁned, can be considered a reliable marker of causes amenable to good care
for this group. Of the 57 deaths in this category, 25 were of people with Down
syndrome aged between 45 and 74. It seems likely that not all of these would
have been amenable to treatment. Excluding these reduced the amenable and
avoidable proportions [amenable to 34.9% (31.4 to 38.6); avoidable to 44.7 (41.0
to 48.5)], but still left proportions highly signiﬁcantly greater in people with ID
than in those without.

Comparison of English data with other published studies
For comparison with the published data from other countries, and earlier data
from Leicestershire in England, we calculated all-cause directly standardised
death rates. As a majority of potentially includable studies did not have data
for children and young people, we conﬁned this analysis to the age groups in
each study most neatly approximating to age 18 and older. The ﬁgures for our
data were 26.6 deaths per thousand population per year for people with ID (95%
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CI 24.0 to 29.4) and 11.2 (11.1 to 11.2) for other people, giving a comparative
mortality index of 2.4. Figures for other regions for which reportable data
have been published are shown in Table 4. The table also summarises the
data sources and sample sizes. The Leicestershire and Ireland register ﬁgures
gave higher rates than our more recent England ﬁgures, as did those from the
Massachusetts state monitoring system, which are contemporary. The Finnish
national ﬁgures and the data from the two Canadian provinces gave lower rates.
We have not included data from a similar study of New South Wales in this
table because the authors report that their data source gave substantially less
complete identiﬁcation of people with ID in those aged 70 or older. The much
lower standardised death rate produced is therefore probably not comparable.
Table 4: Comparison of directly standardised, all-causes mortality rates per 1000 standard
population, per year for people with ID with comparable ﬁgures from other national or subnational studies
Location

Dates

ID PYER

Leicestershire,
England
Finland

1993–2005

23 077

DSMR for people
with ID
34.4 (30.4 to 38.7)

1996–2007

333 041

19.5 (18.9 to 20.1)

Manitoba, Canada

2000–2005

(Age 20+ less
than 29 000)

22.5 (confidence
intervals not calculable)

Republic of Ireland

2002–2012

173 964

42.2 (39.7 to 44.7)

South East Ontario,
Canada
England

2004–2011

14 598

19.0 (15.9 to 22.6)

2010–2014

49 061

26.6 (24.0 to 29.4)

Massachusetts, US

2012–2013

46 308

33.6 (30.9 to 36.5)

Comments

Reference

Intellectual disability register,
age 20+
National social security linked
to mortality, age 15+
Established mortality/
social security/health data
warehouse, age 20+
Intellectual disability register,
age 20+
Intellectual disability register,
age 20+
Primary care data linked to
mortality, age 18+
State monitoring system,
age 18+

4

14

13

12

13

This study
7

Rates are standardised to 2013 European standard population.
ID, intellectual disability; PYER, person years exposure to risk; DSMR, directly standardised
mortality rate.
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Discussion
This study provides population-based evidence about mortality of people with
ID in England. Compared with previous English population-based studies of this
subject, the CPRD sample on which it is based is sufﬁciently large to provide
data with usefully narrow CIs from a fairly brief window in time (4 years). Herrett
and her colleagues reported that the population covered by CPRD is broadly
representative of the English population by age, gender and ethnicity10, although
(as we describe) the different English regions are unevenly represented. Campbell
and her colleagues noted that the median size of practices contributing to CPRD
was larger than the national median practice size22.
The study has a number of speciﬁc limitations. We had no information about
the subjects’ level of ID. The overall prevalence of ID identiﬁed in the population
studied (0.53%) is similar to that found in most service use registers, but
substantially lower than found in English schools (more than 2%)23. It is most
likely that the individuals identiﬁed by teachers but missed from GP registers are
those with mild to moderate ID and no associated syndromic cause. The ﬁndings
of Arvio and her colleagues suggest that less severe levels of ID are likely to be
associated with lower levels of excess mortality14.
Studies of causes of death for people with ID that depend on death certiﬁcation
are inevitably affected by the likelihood that the accuracy of recording of causes
is poorer or less complete for this group than for others5,24,25.
The numbers of deaths of people with ID identiﬁed as being from ethnic minority
groups or individual regions proved too small for satisfactory investigation.
Understanding mortality patterns in people with ID from minority ethnic
groups is likely to require either specially targeted studies or whole population
monitoring. Whilst the CPRD dataset provided too little coverage of some
regional areas to permit a regional analysis of death rates for this study, its
coverage is currently being extended in ways that should remedy this. Regional
analyses at least of all-cause mortality for people with ID may thus become
feasible using CPRD data in the near future.
The international comparisons showed wide variation between areas. These
need to be interpreted with caution because recognition thresholds in the various
countries and regions are likely to vary given the range of purposes served by
the various data capture mechanisms used. Unfortunately, most of the sources
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quoted did not provide data on the identiﬁed prevalence of ID in their source.
A high threshold for recognition is likely to produce a more severely disabled
group of individuals whose death rate is likely to be higher.
With these caveats, our ﬁndings indicate that after adjustment for age and
gender, death rates for people with ID were more than three times those
for the general population in England in the period to which the data relate.
Correspondingly, life expectancy for this group was two decades shorter. The
level of excess mortality was greater for women than for men. This is a higher
overall level of excess than reported in recent UK studies2,26; Heslop2 and Fox27
both reported SMRs for people with learning disabilities in England close to 2.
The former study, however, was based on a limited geographical area, the latter
on very incomplete and evidently erratic reporting.
The gender imbalance reﬂects that reported recently14, although our agespeciﬁc data suggest higher death rates in women with ID are mostly a feature
of younger age groups.
Comparison of our ﬁndings with data from other countries suggests that English
death rates for people with ID may have been higher than those in Canada or
Finland, but lower than those in Ireland or parts of the USA.
In relation to speciﬁc causes, the ICD10 chapter responsible for the largest
number of deaths, as for the general population, was circulatory diseases.
Myocardial infarction and chronic ischaemic heart disease caused the most
deaths. After adjusting for age and gender, death rates for these conditions in
people with ID were double those in the general population. Epidemiological
research on age-related rates of cardiovascular disease in people with ID is
scarce and inconclusive28,29. Cerebrovascular disease, pulmonaryembolism and
thrombophlebitis caused fewer deaths but the extent of excess was greater. This
ﬁnding seems to be new. We have not found studies reporting either epidemiology
or death rates for these conditions in people with ID. This seems to be an
important gap. The high death rate for cardiomyopathy may possibly be related
to the treatment of leukaemia in patients with Down syndrome30; however, these
deaths all occurred at ages above 35.
The second most important ICD10 chapter was respiratory diseases. Half of
these deaths related to pneumonia and a further 21% to external agents, largely
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aspiration of food or ﬂuids. Literature about the epidemiology of dysphagia
in people with ID is sparse, but suggests that the prevalence is high (around
8%) and people with ID and dysphagia often experience recurrent respiratory
tract infections31. It is possible that aspiration problems also account for some
pneumonia deaths as well as deaths from choking (here classiﬁed only as
external causes of morbidity and mortality). A growing number of publications
have advocated the need for improved practice in supporting people with IDs
who have dysphagia32.
The overall cancer death rate was not signiﬁcantly different from expectation,
but the distribution of deaths between cancer sites was different. A recent
Australian study of cancer incidence in people with intellectual disability
identiﬁed the stomach, colon and rectum, corpus uteri and brain as important
sites for this group along with leukaemias and myelomas33. Mortality monitoring
in the State of Massachusetts since 2008 has consistently shown the female
breast, colon and rectum, trachea, bronchus and lung, and lymphoid tissues
to be prominent cancer sites for people with ID34. Our ﬁndings for cancer
deaths identify some of these sites but not the stomach or the brain. Unlike
Sullivan’s incidence data, we also found colorectal cancer deaths more common
in males than females. Colorectal cancer has recently become the subject of a
national screening programme in England, so these ﬁgures may improve in the
foreseeable future. A fuller understanding of the burden of cancer morbidity
and mortality for people with ID needs to consider the epidemiology in the light
of their patterns of exposure to known risk factor and inﬂuences on speed of
diagnosis and uptake of treatment. Clarifying these issues will require more
than simply death data because some forms of cancer are relatively treatable.
However, the importance of cancer as a cause of death does underline the
urgent need for UK cancer registries to develop a way to ﬂag for individuals with
ID to allow proper monitoring of the whole disease burden and the effectiveness
and equity of screening and treatment services.
Eight percent of deaths were given an underlying cause of a congenital
malformation, deformation or chromosomal abnormality, half of these Down
syndrome. A further three and a half percent were attributed to an underlying
cause of cerebral palsy. This is relatively uninformative without more detail
about the mediating conditions leading to their death. This raises an important
issue for the design of future analyses of the topic. Deaths of people with Down
syndrome from heart disease, leukaemia, epilepsy, dementia or other conditions
will not appear in the ﬁgures relating to those conditions if they are ascribed
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to the underlying chromosomal condition. This will change the epidemiological
appearance of those conditions and understate the importance of planning and
providing services for people with ID.
The scale of international differences was striking. As noted previously, this could
partly reﬂect differences in recognition thresholds, and some differences may
be attributable to period effects; the earlier English study gave a higher death
rate (although it was conﬁned to a small area which may not be representative).
However, international comparisons are important as they can help clarify the
extent to which mortality differences arise from innate aspects of conditions
associated with ID and how far they reﬂect care differences. It would be helpful
if future publications in this area could state the identiﬁed prevalence of ID in
the population studied to help clarify this.
The study indicates a number of areas where failings in health and social care
are probably responsible for premature deaths. However, the nature of the
data sources means that whilst it can indicate patterns at a national level, it
will never provide detailed evidence about how local areas are performing. In
recent years in England, there has been effectively a national register of people
with ID, in the form of general practice records. Mechanisms exist to extract and
process data from these, linking them to mortality data regularly on a national
basis. The government has a commitment to monitoring premature mortality
in people with intellectual disability as an NHS outcomes target. However,
even with all these elements, it has not yet proved possible to surmount the
information governance constraints and commercial considerations standing in
the way of proper monitoring of mortality for people with ID. The ﬁndings of this
study underline the urgency of overcoming these obstacles and establishing a
proper, regular, national monitoring system for mortality in people with ID.
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Abstract
Background: Atrial fibrillation (AF) is the most common sustained disorder of
cardiac rhythm. Various new anticoagulation and antiarrythmic treatments are
being investigated for the treatment of AF. Before novel treatments can be used
widely in actual clinical practice, the cost effectiveness of such novel treatments
may need to be determined.
Objective: The objectives of the study were to describe resource utilization for AF
and control patients, and estimate the incidence of mortality.
Methods: This case control study evaluated 6 months of primary and secondary
care resource utilization and mortality rates for patients within the period 01
April 2001 to 31 March 2006. Cases included 15 373 adults with a record of AF
in the General Practice Research Database (GPRD) within the study period. The
index date was randomly selected between 6 months after the AF record and
end of data collection. Cases were matched to controls by age, gender, general
practice and time.
Results: AF patients had significantly higher resource utilization than controls. Resource
utilization increased with greater National Institute for Clinical Excellence (NICE) stroke
risk strata (graded as low, moderate or high based on associated risk factors). Both current
warfarin and aspirin users had higher resource utilization than control patients. Resource
utilization remained high amongst AF patients who discontinued therapy. The mortality
rate was significantly higher in AF patients than controls, deaths due to circulatory system
disease were increased 4-fold and cancer deaths were doubled. All-cause and circulatory
mortality rates, as well as rates of clinical outcomes, were related to the NICE stroke risk
schema.
Conclusions: There was large heterogeneity in resource utilization between
AF patients, although overall, this was still higher than controls without AF.
Higher resource utilization was evident in patients at higher risk of stroke, and
remained where antithrombotic therapy was discontinued. The mortality risk in
AF was increased substantially, both for cardiovascular and non-cardiovascular
causes of death, indicating a large unmet medical need.
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Introduction
Atrial fibrillation (AF) is the most common sustained disorder of cardiac rhythm.
The condition is associated with increased mortality and morbidity from stroke,
thromboembolism and heart failure1. The approach to management of AF
emphasizes thromboprophylaxis, then consideration of rate or rhythm control,
although this is largely symptom directed2.
Various new anticoagulation and antiarrythmic treatments are being investigated
for the treatment of AF. Before novel treatments can be used widely in actual
clinical practice, the cost effectiveness of such novel treatments may need to
be determined. In England and Wales, formal cost-effectiveness analyses are
now required and several years ago the National Institute for Health and Clinical
Excellence (NICE) was established to balance the financial costs and clinical
benefits of health technologies and evaluate their cost effectiveness3,4. Cost
effectiveness is typically evaluated in models that vary treatment in a given scenario
of drug effects, incidence rates of outcomes and costs. Randomized clinical trials
(RCTs) are typically used not only for the estimate of drug effect but also for the
absolute incidence rates5,6. Indeed, several cost-effectiveness analyses of treatments
in AF used RCT data for incidence rates in the modelling7-12. Nonetheless, recent
research has found that cost-effectiveness analyses based on RCTs may lack
external validity, unless they reflect the experience of patients in actual ‘real
world’ clinical practice13. One of the reasons for this is that patients in actual
clinical practice may be different from those enrolled into RCTs and that
incidence rates of outcomes may vary.
The objectives of this study were to describe the resource utilization (primary
and secondary care) in AF and control patients in ‘real world’ clinical practice,
and to describe the incidence rates of clinical outcomes and mortality and
primary causes of death.

151

Chapter 4

Patients and methods
Data for this study were obtained from the General Practice Research Database
(GPRD, April 2009 version, covering approximately 6% of the UK population).
GPRD collates the computerized medical records of general practitioners
(GPs). GPs play a key role in the UK healthcare system, as they are responsible
for primary healthcare and specialist referrals. Patients are registered with one
general practice that centralizes the medical information from the GPs, specialist
referrals and hospitalizations. The data recorded in the GPRD include demographic
information, prescription details, clinical events, preventive care provided,
specialist referrals, hospital admissions and major outcomes. GPRD currently
includes data on over 10 million patients and has been shown to be representative
of the UK population14. GPRD patients in over 210 English practices are now
linked individually and anonymously to the national registry of hospital admission
(Hospital Episode Statistics [HES]) and to the death certificates (as collected by
the Office of National Statistics [ONS]). For each hospitalized patient, the hospital
charts are reviewed, dates of admission and discharge and main diagnoses are
extracted, coded by coding staff and collated nationally. The death certificates list
the date and causes of death. HES data were available from April 1997 and death
certificate data from January 2001 for about 40% of GPRD practices and only
those practices that had HES and ONS data available were included in this study.
This subset of practices has been shown to be representative of GPRD practices
as a whole. This study complies with the Declaration of Helsinki. Ethical approval
has been obtained from a Multi-Centre Research Ethics Committee for all purely
observational research using GPRD data.

Study population
The study cohort consisted of adults aged 18 years and older with a diagnosis
of AF between 01 April 2001 and 31 March 2006 and who had at least 6 months
of follow-up (i.e. from the first AF record after 01 April 2001 to the end of
GPRD data collection). Patients were included irrespective of the type of AF
(paroxysmal or chronic AF, as type is not comprehensively recorded within
the GPRD) and were included irrespective of diagnoses of AF prior to 01 April
2001 (both prevalent and incident AF patients were included, in order to best
represent the AF prevalent population). The index date was a randomly selected
date (during the period of time from 6 months after the first AF record and end
of GPRD data collection). Each AF patient was matched to one patient without
AF by age, gender, general practice and calendar time. The index date for the
control was that of the matched AF patient.
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Baseline characteristics
Baseline characteristics were evaluated at the index date for both groups of
patients. AF patients were classified according to the NICE risk schema for stroke
which was published in 20062 and based on any previously recorded diagnoses
of the conditions of interest. ‘Low risk’ was defined as age <65 years and with
no risk factors; ‘moderate risk’ as those age ≥65 years with no risk factors or
age <75 years with hypertension, diabetes mellitus or vascular disease (coronary
artery disease or peripheral artery disease); ‘high risk’ patients were those at
any age with a history of ischaemic stroke, transient ischaemic attack (TIA),
thromboembolic event, valve disease, heart failure or impaired left ventricular
function or age >75 with hypertension, diabetes or vascular disease2.
Other patient characteristics that were measured included body mass index
(BMI), smoking status and small-area socio-economic class. The height,
weight and BMI measurements closest to the index date were used. BMI was
categorized as underweight (<20), normal (20 to <25), overweight (25 to <30) or
obese (≥30). Smoking status was calculated from records of smoking status and
from searching for smoking records at any point in the patient’s history using
a Read code list. Only records from before or on the index date were included.
For duplicate records on the same day that differed, the higher level of recorded
smoking was used. Smoking was categorized as non-smoker, ex-smoker or
smoker on the basis of their smoking status history (e.g. a patient with a record
of smoking followed by a record of non-smoking would have been classified as
an ex-smoker).
AF patients were also classified according to medication use: current warfarin use,
current aspirin use, past warfarin use, past aspirin use. Current use was defined as
prescribing in the 6 months before the index date. If the last prescription was more
than 6 months before the index date, this was defined as past use. If a patient had
a record of warfarin prescribing they were included in the relevant warfarin group,
regardless of whether or not they had received a prescription for aspirin. Current
and past aspirin users were, therefore, considered as warfarin na�ve.

Resource utilization
Resource utilization was analysed in the 6 months prior to the index date.
The number of medications prescribed in the 6 months before the index date
(with each drug substance contributing one towards the count) was counted.
Furthermore, the primary care resource utilization was measured by classifying
the GPRD information into five types based on the recorded consultation type:
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(i) surgery consultations (i.e. face-to-face consultations between the patient and
their GP at the GP practice); (ii) practice clinic visits (i.e. visits by the patient to
any [usually nurse-led] practice clinic [e.g. smoking cessation clinic]); (iii) house
visits; (iv) administration including processing of letters; and (v) telephone
contacts (with patient or other parties). Also, the number of laboratory tests
(except tests for the international normalized ratio) and referrals to specialist
care were also counted (as recorded by GPRD). These counts were multiplied by
two in order to provide an annual estimate (i.e. number per year). The number
of hospital admissions and days spent in the hospital were also measured using
the linked HES data. The number of days spent in the hospital was calculated
using the episode duration information recorded in HES. If a hospital episode
started and ended on the same day, the duration was considered to be 0.5 days.
This analysis was repeated for those hospital episodes with a primary diagnosis
related to the circulatory system (ICD-10 codes I00–I99).

Incidence rates
Incidence rates of various outcomes were analysed by following patients from
the index date until the end of GPRD data collection. The outcomes included
stroke, TIA and major and minor bleeds as recorded in GPRD using Read codes.
Major bleeding included fatal bleeding, symptomatic bleeding in a critical
area or organ and bleeding requiring hospitalization. Minor bleeding included
symptomatic, but mild, bleeding in a non-critical area or organ and bruising or
haematoma of soft tissue without compartment syndrome.
Death dates and primary causes of death in AF and control patients were
evaluated using the linked death certificate data. Primary causes of death were
classified according to the chapters of ICD-10.

Statistical analyses
The characteristics of the study population were examined by group at the index
date. Conditional logistic regression was used to compare patients with and
without AF. The number of medications prescribed (with each drug substance
contributing one towards the count) was counted, categorized (0, 1–5, 6–10, 11–
15, 16+) and compared using conditional logistic regression. The number of GP
visits (by category), referrals, laboratory tests, hospitalizations and days spent
in hospital were counted, multiplied by two (in order to give average annual
figures) and compared using paired t-tests. The incidence of clinical outcomes
and mortality (per 1000 person-years) was calculated and then evaluated
using Cox proportional hazards models, estimating the relative rates (RRs)
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and 95% confidence intervals (CIs). All analysis was conducted using Stata v10,
with a significance level of 0.05, and two-sided tests. Technical details of the
regressions are available upon request from the corresponding author.
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Results
Table 1 shows the baseline characteristics for AF and control patients. The largest
age group consisted of patients aged 75–84 years. Patients with AF were more
likely to have below- and above- normal BMI compared with control patients.
AF patients were more likely to be classified into the high-risk group of the NICE
stroke risk schema (odds ratio [OR] of 10.39).
Table 1: Baseline characteristics at index date for AF and control patients
Characteristic

Age 18–64 years
Age 65–74 years
Age 75–84 years
Age 85+ years

AF patients
(n = 15 373)
[n (%)]
2862 (18.6)
3584 (23.3)
5609 (36.5)
3318 (21.6)

Control patients
(n = 15 373)
[n (%)]
2862 (18.6)
3584 (23.3)
5609 (36.5)
3318 (21.6)

Total
(N = 30 746)
[n (%)]
5724 (18.6)
7168 (23.3)
11 218 (36.5)
6636 (21.6)

Female
Male
Underweight
Normal
Overweight
Obese
Unknown BMI
Non-smoker
Ex-smoker
Smoker
Unknown smoking status
Low NICE stroke risk
Moderate NICE stroke risk
High NICE stroke risk

7495 (48.8)
7878 (51.2)
1050 (6.8)
4544 (29.6)
4980 (32.4)
3173 (20.6)
1626 (10.6)
6733 (43.8)
6692 (43.5)
1464 (9.5)
484 (3.1)
1273 (8.3)
4135 (26.9)
9965 (64.8)

7495 (48.8)
7878 (51.2)
934 (6.1)
4620 (30.1)
4994 (32.5)
2379 (15.5)
2446 (15.9)
6774 (44.1)
5305 (34.5)
2013 (13.1)
1281 (8.3)
2113 (13.7)
6803 (44.3)
6457 (42.0)

14 990 (48.8)
15 756 (51.2)
1984 (6.5)
9164 (29.8)
9974 (32.4)
5552 (18.1)
4072 (13.2)
13 507 (43.9)
11 997 (39.0)
3477 (11.3)
1765 (5.7)
3386 (11.0)
10 938 (35.6)
16 422 (53.4)

OR (95% CI)

1.13 (1.03, 1.22)
Reference
1.02 (0.97, 1.07)
1.39 (1.31, 1.47)
0.63 (0.59, 0.68)
Reference
1.32 (1.26, 1.37)
0.74 (0.69, 0.79)
0.32 (0.29, 0.36)
Reference
2.78 (2.45, 3.11)
10.39 (9.09,11.70)

AF = atrial fibrillation; BMI = body mass index; CI = confidence interval; NICE = National Institute for
Health and Clinical Excellence; OR = odds ratio.

Table 2 shows the resource utilization of AF and control patients overall and
stratified by the NICE stroke risk category. Patients with AF had a statistically
significantly higher number of prescriptions than the control group. Visits to
the GP surgery and referrals to specialist care were also higher in AF patients
compared with control patients. The mean number of hospitalizations was 1.0
in AF patients and 0.4 in control patients. The resource utilization was higher in
AF patients at high risk by NICE stroke risk category compared with AF patients
at low risk.
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Table 3 shows the resource utilization of AF and control patients stratified
by use of warfarin and aspirin. Both current warfarin and aspirin users had a
higher number of visits to the GP surgery, number of prescriptions and rate of
hospitalizations compared with control patients. In AF patients who discontinued
warfarin or aspirin use, resource utilization still remained high.
All-cause mortality rate was significantly higher in AF patients compared
with control patients (Table 4). The most frequent primary cause of death in
AF patients concerned disease of the circulatory system; this was increased
almost 4-fold in AF patients compared with control patients (RR of 3.91; 95%
CI 3.52, 4.30). Primary cause of death due to neoplasm was also increased in AF
patients (RR of 2.24; 95% CI 1.96, 2.52).
The mortality rate per 1000 person-years for AF patients was strongly related
to the NICE stroke risk category, ranging from a rate of 11.07 in AF patients at
low risk, to a rate of 176.31 in AF patients in the high-risk category (Table 5). The
mortality due to disease of the circulatory system was increased in AF patients
with medium and high NICE stroke risk categories compared with control
patients (RRs of 2.04 and 4.50, respectively). The RRs of mortality in AF patients
varied by age (18–64 years, RR of 4.74; age 65–74, RR of 3.73; age 75–84, RR of
2.91; age 85+ years, RR of 2.79).
The rates of clinical outcomes (stroke, TIA, major and minor bleeds and systemic
embolism) were also associated with the NICE stroke risk schema (Table 6). The
rate of stroke in AF patients was 3.08 per 1000 person-years with the lowrisk
category, 14.96 per 1000 person-years with medium risk and 36.01 per 1000
person-years with the high-risk category. The rate of major bleeds was broadly
similar in AF patients with a high stroke risk category (rate of 45.92 for major
bleeds and 36.0 for stroke), while it was substantially higher in AF patients with
a low stroke risk category (rate of 23.4 for major bleeds and 3.1 for stroke).
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Table 2. Resource utilization for AF and control patients overall and stratified by NICE stroke
risk category
Characteristic

NICE stroke risk score (of AF patients)
Low
Moderate
AF patients
Control
AF patients Control
AF patients Control
(n = 15 373) (n = 15 373) (n = 1273) (n = 1273) (n = 4135) (n = 4135)
Number of drug substances prescribed in preceding 6 months [n patients (%)]
0
390 (2.5)
4190 (27.3)
224 (17.6)
592 (46.5) 83 (2.0)
1099 (26.6)
1–5
4117 (26.8)
5765 (37.5)** 783 (61.5)
530 (41.6)** 1503 (36.3) 1674 (40.5)**
6–10
6516 (42.4)
3743 (24.3)** 213 (16.7)
119 (9.3)** 1747 (42.2) 957 (23.1)**
11–15
3116 (20.3) 1255 (8.2)**
35 (2.7)
26 (2.0)**
603 (14.6)
302 (7.3)**
16+
1234 (8.0)
420 (2.7)**
18 (1.4)
6 (0.5)**
199 (4.8)
103 (2.5)**
Mean (standard deviation) number of contacts, referrals, tests and hospitalizations per year
Surgery
Practice clinic
House visits
Administration/
letters
Phone contacts
Specialist referrals
Laboratory tests
(excluding INR)
Hospitalizations
Due to circulatory
system
Days in hospital
Due to circulatory
system

All patients

9.9 (10.2)
1.9 (4.9)
1.1 (3.7)
31.3 (19.9)
2.6 (5.5)
0.8 (1.5)
36.9 (48.1)
1.0 (3.9)
0.2 (1.0)
6.3 (26.0)
1.7 (12.2)

High
AF patients
(n = 9965)

Control
(n = 9965)

83 (0.8)
1831 (18.4)
4556 (45.7)
2478 (24.9)
1017 (10.2)

2499 (25.1%)
3561 (35.7)**
2667 (26.8)**
927 (9.3)**
311 (3.1)**

5.2 (6.9)**
0.8 (2.4)**
0.5 (2.5)**
16.0 (16.1)**

6.3 (7.6)
1.0 (3.3)
0.1 (1.0)
16.9 (15.4)

3.2 (4.7)**
0.5 (1.6)**
0.1 (0.4)*
8.2 (11.1)**

9.3 (9.2)
1.7 (4.2)
0.6 (2.6)
27.8 (17.6)

5.2 (6.5)**
0.8 (2.4)**
0.4 (3.0)**
15.1 (15.2)**

10.6 (10.7)
2.0 (5.3)
1.4 (4.2)
34.6 (20.2)

5.4 (7.2)**
0.9 (2.5)**
0.6 (2.5)**
17.3 (16.6)**

1.3 (3.8)**
0.4 (1.1)**
20.1 (37.1)**

1.6 (4.6)
0.6 (1.2)
15.2 (35.6)

0.6 (2.2)**
2.1 (4.6)
0.3 (0.9)**
0.7 (1.4)
11.1 (30.0)* 32.4 (43.8)

1.2 (4.2)**
0.4 (1.1)**
19.1 (34.8)**

3.0 (5.9)
0.8 (1.6)
41.6 (50.2)

1.4 (3.8)**
0.5 (1.2)**
21.7 (38.6)**

0.4 (2.4)**
0.1 (1.0)**

0.4 (1.4)
0.2 (0.7)

0.3 (4.6)
0.0 (0.2)**

0.9 (5.3)

0.2 (0.8)

0.4 (2.4)**
0.1 (1.8)*

1.1 (3.3)
0.3 (1.2)

0.5 (2.0)**
0.1 (0.5)**

2.5 (16.2)**
0.5 (7.7)**

0.8 (7.9)
0.3 (2.2)

0.6 (11.1)
0.0 (0.9)**

3.7 (18.2)

2.0 (14.6)**

8.0 (29.8)

3.0 (17.3)**

0.6 (6.0)

0.4 (7.4)

2.3 (14.6)

0.6 (8.4)**

AF = atrial fibrillation; INR = international normalized ratio; NICE = National Institute for Health and
Clinical Excellence; *p<0.05, **p<0.01.
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Table 3: Resource utilization in AF and control patients stratified by warfarin or aspirin use (of
AF patients)
Characteristic

Current
Current
Past
Past aspirin
warfarin
aspirin
warfarin
AF patients Controls
AF patients Controls
AF patients Controls
AF patients
(n = 6660) (n = 6660)
(n = 4209) (n = 4209)
(n = 1742) (n = 1742) (n = 1000)
Number of drug substances prescribed in preceding 6 months (not compared with statistical tests) [n patients (%)]
0
0 (0.0)
1771 (26.6)
0 (0.0)
1031 (24.5)
81 (4.6)
502 (28.8)
69 (6.9)
1–5
1496 (22.5) 2571 (38.6)
976 (23.2)
1544 (36.7)
481 (27.6)
627 (36.0)
366 (36.6)
6–10
3105 (46.6) 1601 (24.0)
1929 (45.8) 1109 (26.3)
678 (38.9)
436 (25.0)
332 (33.2)
11–15
1475 (22.1) 543 (8.2)
951 (22.6)
393 (9.3)
358 (20.6)
136 (7.8)
157 (15.7)
16+
584 (8.8)
174 (2.6)
353 (8.4)
132 (3.1)
144 (8.3)
41 (2.4)
76 (7.6)
Mean (standard deviation) number of contacts, referrals, tests and hospitalizations per year

Surgery
Practice clinic
House visits
Administration/
letters
Phone contacts
Specialist referrals
Laboratory tests
(excluding INR)
Hospitalizations
Due to circulatory
system
Days in hospital
Due to circulatory
system

Controls
(n = 1000)
300 (30.0)
344 (34.4)
231 (23.1)
83 (8.3)
42 (4.2)

12.2 (11.3)
2.8 (6.0)
0.8 (3.2)
36.3 (20.1)

5.3 (6.6)**
0.8 (2.3)**
0.4 (1.7)**
16.1 (16.0)**

8.6 (9.1)
1.2 (3.2)
1.5 (4.2)
29.9 (18.4)

5.4 (7.4)**
0.9 (2.4)**
0.7 (2.8)**
17.2 (16.4)**

8.9 (9.3)
1.3 (3.7)
1.2 (3.8)
29.0 (19.1)

5.1 (6.8)**
0.8 (2.4)**
0.4 (1.7)**
15.2 (15.4)**

8.1 (8.9)
1.2 (6.4)
1.2 (4.3)
26.4 (18.8)

5.1 (7.4)**
0.9 (3.2)
0.6 (2.5)**
15.9 (16.6)**

2.8 (5.6)
0.9 (1.6)
40.1 (47.8)

1.2 (3.4)**
2.6 (5.1)
0.4 (1.1)**
0.7 (1.4)
20.9 (38.4)** 37.6 (48.3)

1.4 (3.7)**
0.4 (1.1)**
20.6 (36.9)**

2.7 (6.4)
0.7 (1.4)
38.1 (51.0)

1.2 (3.6)**
2.8 (6.3)
0.4 (1.1)**
0.7 (1.4)
20.7 (37.9)** 35.4 (52.1)

1.5 (6.5)**
0.4 (1.1)**
19.5 (35.6)**

1.0 (3.9)
0.3 (1.1)

0.4 (1.4)**
0.1 (0.5)**

1.1 (4.7)
0.2 (1.0)

0.5 (2.5)**
0.1 (0.5)**

1.0 (2.6)
0.2 (1.0)

0.6 (4.9)*
0.1 (2.8)

1.0 (3.2)
0.2 (1.0)

0.3 (1.1)**
0.0 (0.3)**

5.0 (20.6)
1.5 (10.0)

2.5 (16.7)**
0.5 (8.5)**

7.9 (30.0)
2.0 (14.3)

2.9 (16.0)**
0.6 (7.6)**

7.8 (31.7)
2.3 (14.9)

2.6 (17.1)**
0.5 (9.2)**

6.6 (27.9)
1.2 (9.4)

2.1 (14.6)**
0.1 (2.2)*

AF = atrial fibrillation; INR = international normalized ratio; * p < 0.05, ** p < 0.01.
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Table 4: Mortality rates (per 1000 person-years) and primary cause of death in AF and control
patients
Primary cause of death

AF patients

Control patients RR (95% CI)

All cause

107.6

35.0

A00–B99: Certain infectious and parasitic diseases

1.3

0.5

2.71 (1.21, 4.21)

C00–D48: Neoplasms

21.3

9.6

2.24 (1.96, 2.52)

D50–D89: Diseases of the blood and blood forming organs and certain
disorders involving the immune mechanism
E00–E90: Endocrine, nutritional and metabolic disorders

0.2

0.1

1.86 (0.00, 4.51)

1.5

0.2

9.60 (1.32, 17.88)

F00–F99: Mental and behavioural disorders

1.1

1.0

1.11 (0.61, 1.60)

G00–G99: Diseases of the nervous system

1.5

1.0

1.44 (0.84, 2.04)
3.91 (3.52, 4.30)

I00–I99: Diseases of the circulatory system

52.8

13.7

I00–I02: Acute rheumatic fever

0.04

0

3.11 (2.92, 3.31)

I05–I09: Chronic rheumatic heart diseases

0.9

0.2

I10–I15: Hypertensive diseases

1.1

0.2

5.53 (0.60, 10.46)
5.54 (1.13, 9.96)

I20–I25: Ischaemic heart disease

23.8

6.3

3.81 (3.25, 4.36)

I26–I28: Pulmonary heart disease and diseases of pulmonary circulation 0.4

0.2

1.77 (0.29, 3.25)

I30–I52: Other forms of heart disease

1.4

7.40 (5.18, 9.62)

9.9

I60–I69: Cerebrovascular disease

13.1

4.3

3.06 (2.51, 3.62)

I70–I79: Diseases of arteries, arterioles and capillaries

2.9

0.8

3.87 (2.24, 5.50)

I80–I89: Diseases of veins, lymphatic vessels and lymph nodes, not
elsewhere classified
J00–J99: Diseases of the respiratory system

0.6

0.3

2.17 (0.55, 3.79)

15.1

4.8

3.21 (2.65, 3.76)

K00–K93: Diseases of the digestive system

4.8

1.6

3.13 (2.19, 4.07)

L00–L99: Diseases of the skin and subcutaneous tissue

0.6

0.04

15.21 (0.00, 41.00)

M00–M99: Diseases of the musculoskeletal system and connective
tissue
N00–N99: Diseases of the genitourinary system

0.8

0.2

3.14 (0.74, 5.55)

2.0

0.7

2.82 (1.55, 4.08)

0.3

0.04

6.68 (0.00, 18.44)

2.3

0.8

2.69 (1.56, 3.81)

2.0

0.6

3.15 (1.67, 4.64)

Q00–Q99: Congenital malformations, deformations and chromosomal
abnormalities
R00–R99: Symptoms, signs and abnormal clinical and laboratory
findings
V01–Y98: External causes of morbidity and mortality
AF = atrial fibrillation; RR = relative rate.
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Table 5: Mortality rates (per 1000 person-years) and primary cause of death in AF and control
patients stratified by NICE stroke risk category (for most frequent causes of death)
Cause of death

Low stroke risk
AF

Moderate stroke risk

Control RR (95% CI)

High stroke risk

AF

Control RR (95%CI)

AF

Control RR (95% CI)

All

11.1 3.6

3.11 (1.03,5.19)

77.3

31.7

2.47 (2.13, 2.81)

176.3 54.5

3.28 (3.04,3.52)

C00–D48: Neoplasms

3.5

1.3

2.66 (0.00,5.61)

24.5

9.7

2.56 (1.93, 3.19)

30.0

14.5

2.11 (1.79,2.42)

I00–I99: Circulatory

3.1

1.3

2.32 (0.00,4.96)

26.6

13.1

2.04 (1.60, 2.49)

92.8

21.0

4.50 (3.99,5.01)

J00–J99: Respiratory

1.3

0

NA

11.9

3.5

3.46 (2.09, 4.83)

24.3

8.0

3.09 (2.50,3.68)

K00–K93: Digestive

1.3

0

NA

4.2

1.4

3.01 (1.11, 4.91)

7.4

2.5

3.05 (2.00,4.10)

N00–N99: Genitourinary

0

0

NA

0.9

0.8

1.15 (0.00, 2.30)

3.6

1.1

3.42 (1.66,5.19)

R00–R99: Symptoms

0

0

NA

1.7

0.6

2.70 (0.11, 5.29)

3.7

1.4

2.65 (1.42,3.88)

0.5

0.99 (0.00,3.30)

1.5

0.3

4.77 (0.00, 10.86) 3.2

1.1

3.05 (1.46,4.64)

V01–Y98: External causes 0.4

AF = atrial fibrillation; NA = not applicable; NICE = National Institute for Health and Clinical
Excellence; RR = relative rate.

Table 6: Incidence of clinical outcomes (per 1000 person-years) for AF and control patients
Outcome
Stroke

No. of events in Incidence rate in No. of events
Incidence rate
AF patients
AF patients
in control patients in control patients
626
26.6
263
11.1

RR (95% CI)
2.39 (2.10, 2.68)

Low NICE risk

7

3.1

3

1.3

2.33 (0.00, 4.98)

Moderate NICE risk

104

15.0

53

7.6

1.96 (1.42, 2.51)

High NICE risk

515

36.0

207

14.3

2.51 (2.17, 2.85)

TIA

318

13.5

197

8.3

1.62 (1.38, 1.87)

Low NICE risk

6

2.7

2

0.9

3.00 (0.00, 7.04)

Moderate NICE risk

60

8.6

44

6.3

1.37 (0.92, 1.81)

High NICE risk

252

17.6

151

10.4

1.68 (1.40, 1.97)

Major bleed

935

40.7

571

24.4

1.67 (1.52, 1.82)

Low NICE risk

52

23.4

36

16.0

1.46 (0.94, 1.98)

Moderate NICE risk

241

35.6

151

21.9

1.62 (1.35, 1.90)

High NICE risk

642

45.9

384

26.8

1.71 (1.53, 1.89)

Minor bleed

1117

49.2

581

24.7

1.99 (1.82, 2.15)

Low NICE risk

62

28.1

34

15.1

1.86 (1.20, 2.51)

Moderate NICE risk

315

47.2

147

21.2

2.22 (1.86, 2.59)

High NICE risk

740

53.6

400

27.9

1.91 (1.72, 2.11)

Systemic embolism

36

1.5

22

0.9

1.64 (0.91, 2.37)

Low NICE risk

1

0.4

1

0.4

1.00 (0.00, 3.33)

Moderate NICE risk

2

0.3

9

1.3

0.22 (0.00, 0.51)

High NICE risk

33

2.3

12

0.8

2.75 (1.23, 4.28)

AF = atrial fibrillation; NICE = National Institute for Health and Clinical Excellence; RR = relative
rate; TIA = transient ischaemic attack.
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Discussion
In this ‘real world’ clinical practice study, we have found that the resource
utilization of GPs, hospitalizations and prescribing was significantly increased in
AF patients. These increases were present across various patient characteristics,
such as the NICE stroke risk category and the current (or past) use of warfarin or
aspirin. The mortality rate with AF was 3-fold higher across different subgroups
of AF patients. These increased rates of mortality were not restricted to
cardiovascular disease, but were also present with other causes of death.
Few studies have described the resource utilization of AF patients. One set of
analyses concerns cost estimates on a population level15,16. The other set of
analyses involves follow-up of cohorts of AF patients, allowing evaluation of
resource utilization on an individual patient level.
For example, a large US study concerned a cohort of 26 753 elderly AF patients
and this population was restricted to those who had been hospitalized for
AF and also had at least one hospitalization for other cardiovascular disease,
whereby healthcare costs were increased more than 9-fold in AF patients
compared with controls17. The excess risk of stroke in AF patients was small (less
than 20%) and this study did not provide details on the other main drivers of
increased healthcare costs, thus complicating direct comparison of results with
the present study. Whilst some studies have reported both costs and resource
utilization of AF18, they have tended to focus on specific subgroups of patients
(e.g. those admitted for stroke) rather than the AF prevalent population.
We did not estimate direct healthcare costs (although this could be done as
GPRD and HES data can be linked to cost data) as such data cannot be compared
between studies and countries since cost data are very specific to both time and
location. Another study conducted chart reviews and interviews of a cohort of 973
patients with incident AF, whereby the average number of days spent in hospital
was found to be 1.8 days over a 2-year period19. This contrasts with an estimate
in the present study of 6.3 days per year. Differences in the methods used for
data collections and patient characteristics may explain these differences. A
cohort study of 671 AF patients recruited by French cardiologists reported a
mean number of hospitalizations of about 0.3 per person, compared with a mean
of 1.0 in the present study20. However, the definition of hospital admissions can
differ across geographies, with some jurisdictions only including hospital stays
of 24 hours or longer, making cross-country comparisons challenging.
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Given the discrepancies between these studies and given the large heterogeneity
of resource utilization across patient characteristics (such as NICE stroke risk
categories), studies that use information on resource utilization (such as costeffectiveness analyses) should be based on direct estimates from the population
of interest, such as those reported in this study, rather than those inferred from
other populations, wherever feasible.
Several new treatments for stroke prevention in AF are currently being
developed, such as the novel oral anticoagulants rivaroxaban and dabigatran
etexilate. Many countries require health technology assessments when deciding
on adopting new healthcare technologies. The results of the present study show
that healthcare databases such as GPRD can provide detailed estimates on
resource utilization and incidence rates.
We found that AF was associated with a 3-fold increased risk in all-cause mortality
and a 4-fold increased risk of death due to cardiovascular disease. Numerous
studies from many different countries have evaluated the risk of mortality in
AF patients, although few evaluated the causes of death. For example, a large
Japanese study of a random sample from the general population found a RR for
all-cause mortality of 1.87, and 2.76 for cardiovascular death21. A much lower
excess risk of all-cause mortality was found in a large US study (RR of about
1.20) which also reported a very small increase in the risk of stroke (RR of about
1.20)17.In the UK, a previous GPRD study found a doubling of stroke risk in AF
patients (RR of about 1.95)22, whilst both the Whitehall and Framingham studies
reported RRs for the risk of stroke of over 523,24. Of note, the Manitoba study
reported a risk factor adjusted RR of 2.07 for stroke in AF patients25, which is
more consistent with the GPRD estimate. Also, a large Swedish study found a
standardized mortality ratio for all-cause mortality of in AF patients, which is
broadly similar to the RR found in this study26. There is some evidence that the
risk of AF is increased in patients with several chronic non-cardiac conditions
like cancer, chronic obstructive pulmonary disease and chronic kidney disease27,
which could explain increased RRs for non-cardiovascular death.
The strengths of the study include the relatively large sample size of a
population obtained in dataset that is representative of the ‘real world’ UK
general population. Also, outcomes were obtained through independently
collected data sources (GPRD, death certificates and hospitalization registry).
Nonetheless, there are several limitations to this study. This is an observational
study and patients were not randomized to a particular intervention. It was
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beyond the scope of this study to determine whether the increased resource
utilization was caused by AF or by pre-existing or inter-current illness. We also
did not have information on the diagnostic criteria used for the AF diagnosis
(such as electrocardiograms). However, a previous GPRD study reported a high
level of validity in the recording of AF by GPs28. We were also unable to classify
most stroke cases for the underlying aetiology (ischaemia or bleeding) as most
strokes were recorded in GPRD without these details. The procedures used to
diagnose strokes (such as CT or MRI) are also not routinely recorded in GPRD and
there was no information on the clinical presentation in the stroke cases.

Conclusion
In conclusion, this large study from a representative data source shows
that the resource utilization was substantially increased in patients with AF.
There was a large heterogeneity between AF patients, with higher resource
utilization in patients with higher risk scores for stroke. The risks of mortality
were substantially increased, both for cardiovascular and non-cardiovascular
causes of death. The high resource utilization and risk of mortality/morbidity
are indicative of a large medical need in patients with AF.

Acknowledgements
This work was supported by Bayer, employees of whom were involved in the
design of the study, interpretation of the data and review of the manuscript.

164

Applied use of linked outcomes

References
1.

Lip GY, Tse HF. Management of atrial
fibrillation. Lancet 2007; 370: 604-18
2. National Collaborating Centre for Chronic
Conditions. Atrial fibrillation: national clinical
guideline for management in primary and
secondary care. London: Royal College of
Physicians, 2006
3. Claxton K, Sculpher M, Drummond M. A
rational framework for decision making by
the National Institute for Clinical Excellence
(NICE). Lancet 2002; 360: 711-5
4. Rawlins MD, Culyer AJ. National Institute for
Clinical Excellence and its value judgments.
BMJ 2004; 329: 224-7
5. National Institute for Clinical Excellence.
Guidance for manufacturers and sponsors
[online]. Available from URL:http://www.
nice.org.uk/niceMedia/pdf/technicalguidance
formanufacturersandsponsors.pdf [Accessed
2008 Feb 11]
6. Drummond MF, Jefferson TO. Guidelines
for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic
Evaluation Working Party. BMJ 1996; 313
(7052): 275-83
7. O’Brien CL, Gage BF. Costs and effectiveness
of ximelagatran for stroke prophylaxis in
chronic atrial fibrillation. JAMA 2005; 293:
699-706
8. Eckman MH, Levine HJ, Salem DN, et al.
Making decisions about antithrombotic
therapy in heart disease: decision analytic and
cost-effectiveness issues. Chest 1998; 114 (5
Suppl.): 699S-714S
9. Gage BF, Cardinalli AB, Albers GW, et al.
Cost-effectiveness of warfarin and aspirin
for prophylaxis of stroke in patients with
nonvalvular atrial fibrillation. JAMA 1995; 274:
1839-45
10. Gage BF, Cardinalli AB, Owens DK.
Cost-effectiveness of preference-based
antithrombotic therapy for patients with
nonvalvular atrial fibrillation. Stroke 1998; 29:
1083-91

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gustafsson C, Asplund K, Britton M, et al. Cost
effectiveness of primary stroke prevention in
atrial fibrillation: Swedish national perspective.
BMJ 1992; 305: 1457-60
Sorensen SV, Dewilde S, Singer DE, et al. Costeffectiveness of warfarin: trial versus ‘‘realworld’’ stroke prevention in atrial fibrillation.
Am Heart J 2009; 157 (6): 1064-73
van Staa TP, Leufkens HG, Zhang B, et al.
A comparison of cost effectiveness using
data from randomized trials or actual
clinical practice: selective cox-2 inhibitors
as an example. PLoS Med 2009 Dec; 6 (12):
e1000194
Parkinson J, Davis S, van Staa TP. The
General Practice Research (GPRD) Database:
now and the future. In: Mann R, editor.
Pharmacovigilance 2007. London: WileyBlackwell, 2007
Stewart S, Murphy N, Walker A, et al. Cost of
an emerging epidemic: an economic analysis
of atrial fibrillation in the UK. Heart 2004; 90:
286-92
Coyne KS, Paramore C, Grandy S, et al.
Assessing the direct costs of treating
nonvalvular atrial fibrillation in the United
States. Value Health 2006; 9: 348-56
Wolf PA, Mitchell JB, Baker CS, et al. Impact
of atrial fibrillation on mortality, stroke, and
medical costs. Arch Intern Med 1998; 158 (3):
229-34
Bruggenjurgen B, Rossnagel K, Roll S, et al.
The impact of atrial fibrillation on the cost of
stroke: the Berlin acute stroke study. Value
Health 2007; 10 (2): 137-43
Reynolds MR, Essebag V, Zimetbaum P, et
al. Healthcare resource utilization and costs
associated with recurrent episodes of atrial
fibrillation: the FRACTAL registry. J Cardiovasc
Electrophysiol 2007; 18 (6): 628-33
Le Heuzey J-Y, Paziaud O, Piot O, et al. Cost of
care distribution in atrial fibrillation patients:
the COCAF study. Am Heart J 2004; 147 (1):
121-6

165

Chapter 4
21. Ohsawa M, Okayama A, Okamura T, et al.
Mortality risk attributable to atrial fibrillation
in middle-aged and elderly people in the
Japanese general population: nineteen-year
follow-up in NIPPON DATA80. Circ J 2007;
71: 814-9
22. Rietbrock S, Heeley E, Plumb J, et al. Chronic
atrial fibrillation: incidence, prevalence, and
prediction of stroke using the congestive
heart failure, hypertension, age >75, diabetes
mellitus, and prior stroke or transient ischemic
attack (CHADS2) risk stratification scheme.
Am Heart J 2008; 156 (1): 57-64
23. Flegel KM, Shipley MJ, Rose G. Risk of
stroke in nonrheumatic atrial fibrillation.
Lancet 1987; 1: 526-9
24. Wolf PA, Dawber TR, Thomas HE, et al.
Epidemiologic assessment of chronic atrial
fibrillation and risk of stroke: the Framingham
study. Neurology 1978; 28: 973-7
25. Krahn AD, Manfreda J, Tate RB, et al. The
natural history of atrial fibrillation: incidence,
risk factors, and prognosis in the Manitoba
Follow-Up Study. Am J Med 1995 May; 98 (5):
476-84
26. Friberg L, Hammar N, Pettersson H, et al.
Increased mortality in paroxysmal atrial
fibrillation: report from the Stockholm CohortStudy of Atrial Fibrillation (SCAF). Eur Heart J
2007; 28 (19): 2346-53
27. Lainscak M, Dagres N, Filippatos GS, et
al. Atrial fibrillation in chronic non-cardiac
disease: where do we stand? Int J Cardiol 2008;
128 (3): 311-5
28. Ruigo´mezA, Johansson S, Wallander M-A,
et al. Incidence of chronic atrial fibrillation in
general practice and its treatment pattern.
J Clin Epidemiol 2002; 55: 358-63

166

Applied use of linked outcomes

167

168

Chapter 4.4

Smoking cessation
interventions following
acute coronary syndrome:
A missed opportunity?
Wiliams R
Timmis A
Hemingway H

Raju S
Malvestiti FM
Van Staa TP

Eur J Prev Cardiol. 2014;21(6):767-73

169

Chapter 4

Abstract
Background: It is recommended that general practitioners (GPs) offer cessation
advice and pharmacological interventions to smokers with acute coronary
syndrome (ACS). The study objective was to describe the extent to which this is
done, and to describe outcomes by smoking status.
Design: Patients aged 30+ hospitalised for troponin-positive ACS from 2002
to 2009, discharged home alive, were identified in the Myocardial Ischaemia
National Audit Project registry. Patient data were linked to the General Practice
Research Database, Hospital Episode Statistics, and Office of National Statistics
mortality data, enabling a unique perspective of longitudinal smoking data.
Patients who smoked prior to the hospitalisation had GP interventions and
quitting status established in the 3 months following discharge, and were
followed up for major clinical outcomes.
Methods: The outcomes evaluated included death, repeat ACS, stroke, heart
failure, and major adverse cardiac events (MACE).
Results: Of the 4834 patients included, 965 (20%) were smokers at the time
of their ACS. After the ACS event, only 225 (24%) received any GP smoking
intervention within 3 months, with 82 (9%) receiving advice only, and 143 (15%)
receiving a pharmacological intervention. Patients who quit (320; 33%) were at
a decreased risk of mortality (relative risk (RR) 0.49; 95% confidence interval (CI)
0.35–0.69) and MACE (RR 0.61; 0.46–0.80) compared with patients who did not.
Conclusions: Whilst a high proportion of patients with ACS are smokers, there
is a low level of GP cessation intervention following hospital discharge. This
missed opportunity of patient care is important given the decreased risk of
mortality and MACE found amongst those who quit.
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Introduction
Acute coronary syndrome (ACS) occurs in around 130,000 patients in England
and Wales each year. Smoking is a major risk factor for ACS, whilst quitting
smoking is associated with a 36% reduction in risk of all-cause mortality and
a 32% reduction in non-fatal myocardial infarction among patients with
coronary heart disease1. A recent study found that smoking relapse after ACS is
associated with a signiﬁcant increase in all-cause mortality in these patients and
that an earlier resumption of smoking is associated with a greater risk of death
compared with a later relapse2.
It is recommended internationally that general practitioners (GPs) oﬀer
smoking cessation advice and treatment to smokers who have ACS3. Smoking
cessation advice from GPs, given during routine consultations, encourages
patients to stop smoking and pharmacological interventions may double the
eﬀectiveness of advice alone4–6. A Cochrane review states that, for cardiovascular
inpatients, intensive counselling intervention begun in hospital and continued
with supportive contacts for at least 1 month after discharge is the only nonpharmacological intervention that delivers an increase in smoking cessation
rates. Less intensive counselling intervention has no inﬂuence on cessation
rates7.
The Myocardial Ischaemia National Audit Project (MINAP) registry has collected
data on patients with myocardial infarction since 1998 and more recently
collects information on the treatment of patients who have been admitted
to hospital with ACS8. However, no information on the treatment of these
patients once they have been discharged into primary care is collected. The
General Practice Research Database (GPRD) collates the computerised medical
records of GPs. GPs play a key role in the UK healthcare system as they are
responsible for primary healthcare and specialist referrals. Patients are semipermanently aﬃliated with a practice that centralises the medical information
from the GPs, specialist referrals and hospitalisations. The data recorded
in the GPRD include demographic information, prescription details, clinical
events, preventative care, specialist referrals, hospital admissions and major
outcomes9. However, in-depth information on events occurring in secondary
care is not comprehensively recorded.
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GPRD can now be linked individually and anonymously to other National
Health Service (NHS) datasets in England, including MINAP. When this study
was conducted 224 GP practices in England were participating in the linkage
(approximately 45% of all GPRD practices). The linkage between the secondary
care data within MINAP and the primary care data in the GPRD allows studies
that follow patients throughout their NHS care to give a more complete picture
of the treatment and outcomes of patients in England, such as those with ACS.
Of particular interest is the unique perspective this linkage provides on
longitudinal smoking status.
The objective of this study was to utilise the linked GPRD-MINAP record to
describe the extent of smoking cessation advice and pharmaceutical interventions
for smoking cessation provided by GPs following ACS and to describe patient
outcomes stratiﬁed by smoking status.
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Methods
This retrospective observational study utilised linked data from the MINAP,
GPRD, Hospital Episode Statistics (HES) and Oﬃce of National Statistics (ONS)
mortality datasets. Linkage between participating GPRD practices and MINAP
required both to send information on patient identiﬁers, including NHS number,
to a trusted third party. The linkage was done in two passes. The ﬁrst pass
matched patients on NHS number, sex and partial date of birth. The second
pass matched patients on sex, date of birth and postcode. After matching,
the patient identiﬁers were removed. The study protocol was reviewed and
approved by independent scientiﬁc committees with experience in GPRD and
MINAP studies.
The study population included patients aged 30 years and over who were
hospitalised for troponin-positive ACS in the period between 1 January 2002 and
30 September 2009. Patients who were discharged alive from the hospital to
home were followed from the date of hospital discharge to death, transfer out
of the general practice, or the last data collection date. In case of repeat ACS
admissions in MINAP, one record was randomly selected.
The characteristics of the ACS cases, as recorded in MINAP and GPRD, were
described. Mean and median troponin levels were taken from the MINAP data,
whilst all other variables were taken from GPRD. These included age, gender,
alcohol use, socioeconomic status, systolic blood pressure, and the ratio of total
cholesterol to high-density lipoprotein cholesterol. In addition, smoking status
and the extent of smoking cessation interventions provided by the GP prior to the
ACS were described. Interventions were classiﬁed into the following three groups:
•
•
•

prescribed pharmacological interventions for smoking cessation;
GP smoking cessation advice or referral to stop-smoking clinic (without
pharmaceutical interventions);
no GP intervention.

Counts and percentages and means and medians were calculated as appropriate.
GPRD records of patients who smoked prior to their ACS were searched for
evidence of GP interventions for smoking cessation in the 3 months following
discharge. This included events recorded using Read codes (the coded thesaurus
of clinical terms used by GPs in primary care), prescriptions and information
recorded in the free text. Evidence of quitting was also recorded.
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Major clinical outcomes were explored in patients who smoked prior to their ACS,
stratiﬁed by quitting status. The outcomes included death (as recorded in the ONS
mortality data), repeat ACS (as recorded in MINAP or GPRD), stroke (as recorded
in GPRD or HES), heart failure (as recorded in GPRD or HES) and major adverse
cardiac events (MACEs), deﬁned as death, recurrent ACS, coronary artery bypass
grafting or target lesion revascularisation (deﬁned as percutaneous intervention or
bypass surgery). GPRD and HES were used to identify the cardiac procedures. Cox
proportional hazards regression was used to estimate the absolute incidence and
relative rates.
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Results
Table 1 shows the characteristics of the 4834 patients with ACS included in the
study. Smoking status was recorded for almost all patients, with approximately
20% classiﬁed as current smokers at the time of the ACS event. Approximately
65% of patients were aged 70 or older at the time of the ACS and 61% were
men. However, amongst smokers, only 33% were aged 70 or older and a higher
proportion were men. The mean systolic blood pressure, as recorded prior to
the ACS in GPRD, was elevated above normal, but not to the level considered
to be hypertensive. The median peak troponin concentration during the
hospitalisation, as recorded in MINAP, was consistent with the diagnosis of ACS.
Table 2 shows the concordance between smoking status recorded prior to the
admission by GPs (from GPRD) and smoking status recorded on admission to
hospital for the ACS (from MINAP). Whilst smoking status was more complete in
the GPRD record, the concordance between GPRD and MINAP data was strong.
Tables 3 and 4 show the extent of GP smoking cessation interventions amongst
smokers prior to and after the ACS hospitalisation, both overall (Table 3) and by
gender and age (Table 4). Prior to hospitalisation, almost half of smokers had
received no intervention, and this proportion was higher amongst those aged at
least 80 years. In the 3 months following discharge, over three-quarters received
no intervention, despite 99% of patients having had some contact with their GP.
Again, the proportion of patients who received no intervention in the 3 months
following discharge was higher amongst those aged at least 80 years.
Table 5 shows the change in smoking status and number of cigarettes smoked
per day from the last GP record prior to hospitalisation to the ﬁrst GP record in
the three months after hospitalisation.
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Table 1: Characteristics of 4834 patients with acute coronary syndrome (ACS) by smoking
status measured prior to hospitalisation.
Characteristics

Non-smokers (1611) Ex-smokers (2122)

Smokers(965)

Unknown (136)

Total (4834)

Men

743 (46.1%)

1437 (67.7%)

690 (71.5%)

81 (59.6%)

2951 (61.0%)

6 (0.4%)
42 (2.6%)

6 (0.3%)

23 (2.4%)

4 (2.9%)

39 (0.8%)

40–49

41 (1.9%)

139 (14.4%)

9 (6.6%)

231 (4.8%)

50–59

149 (9.2%)

145 (6.8%)

248 (25.7%)

395 (18.6%)

233 (24.1%)

70–79

214 (13.3%)
468 (29.1%)

700 (33.0%)

204 (21.1%)

80+

732 (45.4%)

835 (39.3%)

118 (12.2%)

19 (14.0%)
20 (14.7%)
24 (17.6%)
60 (44.1%)

561 (11.6%)

60–69

310 (19.2%)
164 (10.2%)
955 (59.3%)
182 (11.3%)
139.1, 140.0

214 (10.1%)

109 (11.3%)
96 (9.9%)

1527 (72.0%)

657 (68.1%)

137 (6.5%)

103 (10.7%)

138.3, 139.0

137.8, 138.0

1 (0.7%)
1 (0.7%)
6 (4.4%)
128 (94.1%)
143.1, 140.0

634 (13.1%)

244 (11.5%)

<7

971 (60.3%)

1530 (72.1%)

498 (51.6%)

29 (1.8%)

25 (1.2%)

39 (4.0%)

Unknown

611 (37.9%)

567 (26.7%)

428 (44.4%)

19 (14.0%)
0 (0.0%)
117 (86.0%)

3018 (62.4%)

>7

716 (14.8%)

6.2, 0.8

Age at ACS hospitalisation
30–39

862 (17.8%)
1396 (28.9%)
1745 (36.1%)

Drinking status:
Non-drinker
Ex-drinker
Drinker
Unknown
Systolic BP: mean, median

505 (10.4%)
3145 (65.1%)
550 (11.4%)
138.6, 139.0

Total/HDL cholesterol:
93 (1.9%)
1723 (35.6%)

Deprivation (IMD) quintile
0 (least deprived)

287 (17.8%)

328 (15.5%)

84 (8.7%)

1

378 (23.5%)

465 (21.9%)

158 (16.4%)

2

351 (21.8%)

444 (20.9%)

203 (21.0%)

3

317 (19.7%)

441 (20.8%)

237 (24.6%)

4 (most deprived)

278 (17.3%)

444 (20.9%)

283 (29.3%)

17 (12.5%)
32 (23.5%)
31 (22.8%)
30 (22.1%)
26 (19.1%)

Peak troponin: mean, median

5.3, 0.8

6.8, 0.8

6.6, 0.8

5.0, 0.9

1033 (21.4%)
1029 (21.3%)
1025 (21.2%)
1031 (21.3%)

BP: blood pressure; HDL: high-density lipoprotein; IMD: Index of Multiple Deprivation.
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Table 2: Concordance between primary care (General Practice Research Database (GPRD)) and
hospital registry (Myocardial Ischaemia National Audit Project (MINAP)) records of smoking
status prior to admission.
Smoking status recorded in MINAP

Smoking status recorded in GPRD
Non-smoker

Ex-smoker

Smoker

Unknown

Non-smoker

837

263

32

35

Ex-smoker

227

1311

123

46

Smoker

34

150

729

25

Unknown

513

398

81

30

Table 3: Patterns of smoking cessation interventions in primary care amongst 965 people who were
current smokers at the time of admission with acute coronary syndrome (ACS).
Coded data, n (%)

Free text, n (%)

Combined, n (%)

Intervention prior to ACS
Pharmacological
Advice/referral

262 (27.1)
7 (0.7)

80 (8.3)
374 (38.8)

272 (28.2)
262 (27.2)

None

696 (72.1)

511 (53.0)

431 (44.7)

3 months following ACS
Pharmacological

141 (14.6)

42 (4.4)

143 (14.8)

Advice/referral

4 (0.4)

107 (11.1)

82 (8.5)

None

820 (85.0)

816 (84.6)

740 (76.7)

Table 4: Patterns of smoking cessation interventions in primary care by age and gender.
Pre-ACS intervention (ever)

Post-ACS intervention (in 3 months following discharge)

Pharmacological

Advice/referral

None

Pharmacological

Advice/referral

None

Men

175 (25.4)

192 (27.8)

323 (46.8)

102 (14.8)

69 (10.0)

519 (75.2)

Women

97 (35.3)

70 (25.5)

108 (39.3)

41 (14.9)

13 (4.7)

221 (80.4)

30–39

7 (30.4)

10 (43.5)

6 (26.1)

10 (43.5)

2 (8.7)

11 (47.8)

40–49

40 (28.8)

34 (24.5)

65 (46.8)

27 (19.4)

21 (15.1)

91 (65.5)

50–59

72 (29.0)

70 (28.2)

106 (42.7)

57 (23.0)

27 (10.9)

164 (66.1)

60–69

78 (33.5)

56 (24.0)

99 (42.5)

34 (14.6)

17 (7.3)

182 (78.1)

70–79

58 (28.4)

57 (27.9)

89 (43.6)

12 (5.9)

12 (5.9)

180 (88.2)

80+

17 (14.4)

35 (29.7)

66 (55.9)

3 (2.5)

3 (2.5)

112 (94.9)

ACS: acute coronary syndrome.
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The number of cigarettes smoked per day was recorded for 92% of smokers prior
to hospitalisation. Of these, approximately half (56%) had no change in smoking
status or number of cigarettes smoked per day, whilst 32% were recorded as
‘‘ex-smoker’’. A small proportion had evidence of a decrease in the extent of
smoking recorded (9%) whilst a minority increased their consumption (4%).
Table 5: Change in status and number of cigarettes smoked a day from last record pre-acute
coronary syndrome (ACS) to first record within 3 months of ACS.
Post-ACS (first record within 3 months of ACS)
Unknown
Pre-ACS

Ex-smoker Up to 5 a day 6–10 a day 11–15 a day 16–20 a day

Over 20 a day no.

Up to 5 a day

60

134

7

1

2

1

N/A

6–10 a day

76

22

126

5

7

0

N/A

11–15 a day

46

7

10

64

3

1

N/A

16–20 a day

76

9

9

7

112

5

N/A

Over 20 a day

22

4

4

3

5

55

N/A

Unknown no.

18

4

4

0

1

2

53

N/A: not applicable.

In total, 320 (33%) smokers quit within the ﬁrst 3 months following the ACS
hospitalisation. Table 6 and Figure 1 show the incidence (per 1000 patient years)
and relative rate of major clinical outcomes in ACS smokers by quitting status.
The relative rate of all-cause mortality, mortality due to neoplasms and mortality
due to diseases of the respiratory system were signiﬁcantly lower in smokers
who quit within 3 months of discharge compared with those who remained
smokers. There was also a signiﬁcantly lower rate of MACE in smokers who quit.
Other clinical outcomes, including repeat ACS, stroke and heart failure, tended
to be lower in smokers who quit compared with those who remained smokers
but the diﬀerence was not signiﬁcant.
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Table 6: Incidence (per 1000 patient years) and relative rate of major clinical outcomes in smokers
with acute coronary syndrome (ACS) by quitting status.
Outcome Mortality
All cause

Smokers
n = 645 Incidence in smokers
149
105.1 (89.5–123.5)

Quitters
n = 320
43

Incidence in quitters
50.2 (37.3–67.7)

Relative rate
0.49 (0.35–0.69)

Cancer

30

21.2 (14.8–30.3)

6

7.0 (3.2–15.6)

0.33 (0.14–0.80)

Cardiovascular

58

40.9 (31.6–52.9)

25

29.2 (19.7–43.2)

0.73 (0.46–1.17)
0.27 (0.09–0.78)

Respiratory

25

17.6 (11.9–26.11)

4

4.7 (1.8–12.5)

Repeat ACS

44

22.5 (16.7–30.2)

15

14.1 (8.5–23.4)

0.65 (0.36–1.17)

Stroke

19

15.1 (9.6–23.6)

7

8.9 (4.2–18.7)

0.59 (0.25–1.41)

Heart failure

28

22.8 (15.7 – 33.0)

15

19.2 (11.6–31.8)

0.86 (0.46–1.61)

MACE

185

167.8 (145.3–193.8)

69

98.0 (77.4–124.0)

0.61 (0.46–0.80)

MACE: major adverse cardiac event.

Figure 1: Relative rate of major clinical outcomes in smokers with acute coronary syndrome (ACS)
by quitting status. MACE: major adverse cardiac event.
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Discussion
This study of linked primary and secondary care databases provides a unique
longitudinal perspective on smoking status and cessation interventions before
and after hospitalisation for ACS. The results show that a minority of patients
discharged from hospital after ACS receive interventions for smoking and a
large number continue to smoke. This missed opportunity for care is important
because patients who continued to smoke had a signiﬁcantly worse prognosis
than those who quit.
The use of linked GPRD and MINAP registry data in this study provided a unique
longitudinal perspective on smoking patterns in patients before, during, and
after hospital admission with ACS. In the period before presentation with ACS
only 54% of smokers received smoking cessation interventions, while in the 3
months after discharge, when motivation to stop was likely much higher, only 23%
of smokers received smoking cessation interventions. The beneﬁts of smoking
cessation interventions are well established4–7 and the demonstrated failure of
adherence to guideline recommendations for smoking cessation interventions no
doubt contributed to the high proportion of smokers who failed to quit after
ACS and who were thereby exposed to an increased risk of adverse outcomes.
The failure of adherence to guideline recommendations was particularly
marked in older patients, consistent with previous reports of systematic undertreatment in this high-risk group10–16. Whist some pharmacological interventions
should be used with caution in older people, it is widely accepted that there are
no circumstances in which it is safer to smoke than to use nicotine replacement
therapy17. Smoking cessation has been shown to increase the life expectancy
of older patients with cardiovascular disease, and is more eﬀective than most
other interventions18.
This study has important limitations which are inherent in any epidemiological
study utilising databases. Smoking status was derived from GP records, was not
validated, and may only have been recorded if the patient visited the practice.
Smoking cessation advice may have been provided without being recorded
in the patient record; a recent pan-European cross-sectional study found
smoking cessation advice was not recorded in a third of cases19. GP recording
of smoking status and of advice against smoking may have changed following
the introduction in 2004 of the Quality and Outcomes Framework contract which
oﬀers ﬁnancial incentives for the recording of smoking status and advice20,21. This is
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a descriptive observational study and hence confounding may be present. Patients
were not randomised to GP interventions, possibly leading to bias in the comparison
of rates of clinical outcomes.
As this study is descriptive and retrospective, its ﬁndings are not deﬁnitive.
However, the results do support future research, both in larger prospective
epidemiological studies and randomised controlled trials, of the promotion of
GP smoking cessation interventions, the association between interventions and
cessation and the eﬀects on long-term clinical outcomes.
This descriptive study, utilising four linked datasets, provides evidence that
smoking is common amongst those hospitalised for ACS. However, despite
the National Institute for Health and Clinical Excellence guidelines, few GPs
oﬀer smoking cessation advice, referral to smoking clinics, or pharmacological
intervention in the 3 months following ACS discharge. Given the lower rates of
major clinical outcomes, including mortality and MACE, amongst those who
quit smoking following ACS, there remains a signiﬁcant opportunity for GPs to
actively engage smokers in cessation interventions.
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Abstract
National Institute for Health and Clinical Excellence (NICE) guideline CG67
recommends that acute coronary syndrome (ACS) cases are treated with highintensity statins (defined as statins used in doses that produce greater cholesterol
lowering than simvastatin 40 mg). The objective of this study was to describe
current UK prescribing of statins following ACS. This study used data from linkage
between the Myocardial Ischaemia National Audit Project (MINAP) database
and the General Practice Research Database (GPRD). The study included adults
aged 40+ with a discharge diagnosis in MINAP of myocardial infarction, troponin
positive or negative ACS discharged alive to home. A total of 6,138 ACS cases
were included. Most ACS cases were prescribed both a statin at hospital discharge
and by their GP, however, 340 of the 6,138 ACS cases (5.5%) had no record of statin
prescription from either source. Of the ACS cases prescribed a statin by their GP,
30.1% received a high-intensity statin dose. At year four, 43% (95% confidence
interval [CI] 41–45%) of ACS cases prescribed a statin remained on treatment (42%
for those starting low and 45% for high intensity). In conclusion, statin therapy
is provided to most ACS cases in the UK but duration and dosage is shorter and
lower than recommended.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death in England and Wales
(124,000 deaths in 2005) and for every fatality, there are at least two people who
have a major nonfatal CVD event1. Myocardial infarction (MI) is associated with
substantial morbidity and mortality. There is a high risk of recurrence after the
initial event. Recommendations on the secondary prevention of cardiovascular
disease for patients in primary and secondary care have been published in
guidelines from the National Institute for Health and Clinical Excellence (NICE)
in England1,2. In the May 2008 CG67 guideline, high-intensity dosage of statin
(defined as statins used in doses that produce greater cholesterol lowering than
simvastatin 40 mg) is recommended for patients with acute coronary syndrome
(ACS)1.
The main objectives of this study were to describe current prescribing of statins
and assess the extent of high-intensity prescribing following an ACS in the UK.
Persistence with statin treatment over time was also evaluated.
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Methods
Data sources
This study used data from a unique linkage between the Myocardial Ischaemia
National Audit Project (MINAP) database with extensive clinical details on
patients hospitalised for ACS and the General Practice Research Database
(GPRD) with long-term longitudinal followup information. The data recorded in
the GPRD include demographic information, prescription details, clinical events,
preventive care provided, specialist referrals, hospital admissions, and major
outcomes. GPRD currently includes data on over 10 million patients3. A total
of 225 English GPRD practices are now linked individually and anonymously to
the national registry of hospital admissions (Hospital Episode Statistics [HES])
and disease registries such as MINAP. MINAP covers all acute hospitals in England
and Wales (n = 229)4–7. Data are collected prospectively at each hospital4–7. Each
patient entry offers details of the patient journey, including the method and
timing of admission, inpatient investigations, results and treatment. Data entry
is subject to routine online error checking.

Study population
The study population was based on the following criteria:
• patients registered with a GPRD practice participating in the MINAP linkage
• patients aged 40+ with MINAP discharge diagnosis of MI with ST
elevation, ACS (troponin positive) or ACS (troponin negative)
• 
discharge date in MINAP between 01 February 2005 to 31 July
2009discharged alive to home
• registered with the GPRD practice for at least one year prior to the ACS.
The index date was defined as the date of the first ACS event meeting all
inclusion and exclusion criteria. This index event was not required to be the
patient’s first everACS event.

Characteristics of study population
The study population was categorised as follows for lipid modification therapy:
1. Group 1: Patients discharged with a statin (as recorded in MINAP) and with a GP
statin prescription within two months of discharge in GPRD
2. Group 2: Patients discharged with a statin but without a GP statin prescription
3. Group 3: Patients not discharged with a statin but with a GP statin prescription
4. 	Group 4: Patients without any record of statin prescribing within two months
of discharge.
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Among patients who were prescribed a statin in GPRD (Groups 1 and 3 above),
patients were further categorised into either ‘high‘ or ‘low‘ intensity statin
use based on the strength of the prescribed medication and the GP dosing
instructions. Low intensity statin therapy was defined as the following daily
doses: atorvastatin 10 mg, pravastatin 10 to 40 mg, simvastatin 10 to 40 mg,
fluvastatin 20 to 40 mg, and rosuvastatin 5 mg. High-intensity statin therapy
was defined as the following daily doses: atorvastatin 20 to 80 mg, simvastatin
80 mg, fluvastatin 80 mg, and rosuvastatin 10 to 40 mg8. Data collection occurred
prior to the Food and Drug Administration (FDA) recommendation to limit the
use of simvastatin 80 mg because of increased risk of muscle damage.
The study population was followed from the index date until end of GPRD follow-up
(i.e. date of death, patient’s transfer out of the practice, last GPRD data collection
at the time of this study [January 2010], whichever date came first). Age, gender,
socioeconomic status, body mass index (BMI) and alcohol consumption status
were obtained from GPRD along with long-term statin prescribing information.
Socioeconomic status was calculated using the Index of Multiple Deprivation for
the postcode of the practice. MINAP was utilised to describe the discharge details
and statin prescription at discharge (not including detail on dose). HES records
were used to estimate the number of hospitalisations during the 24 months prior
to the index date.

Statistical analyses
Analyses were performed using Stata Statistical Software: Release 10.1 (StataCorp,
2009). Maximum-likelihood multinomial logit models were utilised to compare
patient characteristics between each of the four statin use categories. Logistic
regression models evaluated the predictors for statin prescribing. Adjusted
models included age, gender, ethnicity, region of the GPRD practice, discharge
diagnosis; prior history of angina, MI, diabetes, BMI, alcohol consumption,
smoking status, cholesterol level, emergency percutaneous coronary intervention
(PCI) and additional emergency PCI, hospitalisations in the prior 24 months, use
of ezetimibe, low molecular weight heparin, intravenous glycoprotein IIb/IIIa
agents, intravenous beta blocker, calcium antagonists, oral nitrate, potassium
channel modulator, warfarin, angiotensinconverting enzyme (ACE) inhibitor or
angiotensinreceptor blocker (ARB), thiazide diuretic, loop diuretic, streptokinase,
alteplase, reteplase, tenecteplase and fondaparinux; and calendar year. Missing
and unknown values of categorical variables were combined in a ‘missing value’
category for descriptive purposes. Logistic regression models were used for the
predictors of high-intensity statin prescribing by the GP.
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Long-
term persistence with statin therapy was evaluated using GPRD
prescription data. Discontinuation was defined as no repeat prescription within
a 182-day period after a statin prescription (this interval of 182 days was based
on average prescription duration of 28 days combined with an allowable gap of
154 days between the expected end and start of two subsequent prescriptions).
Cox proportional hazard regression models were used to determine the factors
associated with persistence in statin treatment. Adjusted models contained the
covariates listed above, plus the intensity of the statin therapy.
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Results
The study population included 6,138 ACS cases. Table 1 shows its characteristics at
the index date. The majority of ACS cases (64.5%) were men and 55.6% were aged
70 years or older. The discharge diagnosis was troponin positive ACS in 54.4% of
the cases, MI with ST elevation in 38.0% and troponin negative in 7.6%. In total,
32.3% of the ACS cases were recorded as using statins at the time of admission. A
statin was prescribed at hospital discharge in 90.7% of the ACS cases, while 1.2%
had contraindications.
As shown in Table 2, a large majority of ACS cases were prescribed both a statin
at hospital discharge and by their GP (Group 1 representing 81.2% of the ACS
cases). Only 340 of the 6,138 ACS cases (5.5%) had no record of statin prescription
in either source (Group 4). Elderly ACS cases (aged 80 and over) were less likely to
receive a statin at either hospital discharge or general practice compared with
patients aged 40–49 years. It was found that there were no major differences
between the hospital and general practice in the predictors of statin prescribing
following an ACS (Table 3).
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Table 1: Baseline characteristics of acute coronary syndrome (ACS) cases
Characteristic

Category

N(%)

Age (years)

40–49
50–59
60–69
70–79
80+
Mean age
Male
Female

444 (7.2%)
934 (15.2%)
1,346 (21.9%)
1,636 (26.7%)
1,778 (29.0%)
70.4
3,962 (64 5%)
2,176(35.5%)

20% (most deprived in England)
21–40%
41–60%
61–80%
81–100%(least deprived)
Underweight (<20)
Normal 120-<25)
Overweight (25–<30)
Obese(≥30)
Unknown
Nondrinker
Exdrinker
Drinker
Unknown drinking status
Never smoked
Exsmoker
Current smoker
Nonsmoker - smoking history unknown
Unknown
0
1
2
3 to 5
6 to 10
11+
MI with ST elevation
ACS troponin positive
ACS troponin negative

1,501 (24.5%)
1,465 (23.9%)
1,071 (17.4%)
1,314 (21.4%)
787 (12.8%)
276 (4.5%)
1,642 (26.3%)
2,371 (38.6%)
1,479 (24.1%)
370 (6.0%)
711 (11.6%)
655 (10.7%)
4,180 (68.1%)
592 (9.6%)
1,454 (23.7%)
2,054 (33.5%)
1,500 (24.4%)
608 (9.9%)
522 (8.5%)
3.261 (55.9%)
1.148 (19.7%)
596 (10.2%)
589 (10.1%)
184 (3.2%)
58 (1.0%)
2.331(38.0%)
3.340 (54.4%)
467 (7.6%)

Statin prescribing prior to ACS

Yes
No
Unknown

1,981 (32.3%)
2,858 (46.6%)
1,299 (21.2%)

Statin prescribed at hospital discharge
(in MINAP)

No
Yes
Contraindicated
Patient declined treatment
Not applicable
Not indicated
Unknown

198 (3.2%)
5,570 (90.7%)
75 (1.2%)
3 (0.0%)
9 (0.1%)
116 (1.9%)
167 (2.7%)

Gender
Socioeconomic status (of practice area)

Body mass index (kg/m2)

Alcohol use

Smoking status

All cause hospitalisations in previous 24
months (as recorded in HES)

Discharge diagnosis (in MINAP)

Key: HES = Hospital Episode Statistics; MI = myocardial infarction; MINAP = Myocardial
Ischaemia National Audit Project
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37 (6.3%)
50 (8.5%)
103 (17.5%)
155 (26.4%)
242 (41.2%)
355 (60.5%)
232 (39.5%)
127 (21.6%)
114 (19.4%)
138 (23.5%)
135 (23.0%)
73 (12.4%)
168 (28.6%)
347 (59.1%)
72 (12.3%)
416 (70.9%)
171 (29.1%)
248 (42.2%)
109 (18.6%)
70 (11.9%)
73 (13.3%)
30 (6.1%)
6 (1.0%)

377 (7.6%)
839 (16.8%)
1,144 (23.0%)
1,356 (27.2%)
1,267 (25.4%)
3.303 (66.3%)
1,680 (33.7%)
1,058 (21.2%)
1,044 (21.0%)
1,146 (23.0%)
1,170 (23.5%)
565 (11.3%)
2,060 (41.3%)
2,063 (52.2%)
320 (6.4%)
4.029 (80.9%)
954 (19.1%)
2,769 (55.6%)
926(18.6%)
472 (9.5%)
439 (8.8%)
116 (2.3%)
42 (0.8%)

Reference
0.61 (0.39–0.94)
0.92 (0.62–1.36)
1.71 (0.80–1,70)
1.95 (1.35–2.80)
Reference
1.28 (1.08–1.53)
Reference
0.91 (0.70–1.19)
1.00 (0.78–1.29)
0.96 (0.74–1.24)
1.08 (0.79–1.46)
Reference
1.64 (1.35– 1.98)
2.76 (2.04–3.72)
Reference
1.74 (29.1%)
Reference
1.31 (104–1.67)
1.66 (1.25–2.20)
1.96 (1.51–2.61)
2.39 (1.39–1.40)
1.60 (0.67–3.79)

15 (6.6%)
27 (11.8%)
52 (22.8%)
63 (27.6%)
71 (31.1%)
138 (60.5%)
90 (39.5%)
51 (22.4%)
58(25.4%)
52 (22.6%)
39 (17.1%)
28 (12.3%)
62 (27.2%)
137 (60.1%)
29 (12.7%)
181 (79.4%)
47 (20.6%)
108 (47.4%)
42 (18.4%)
23 (10.1%)
24 (10.5%)
14 (6.1%)
3 (1.3%)

228
Reference
0.81 (0.43–1.54)
1.14 (0.64–2.05)
1.17 (0.66–2.07)
1.41 (0.80–2.49)
Reference
1.28 (0.98–1.68)
Reference
1.15 (0.78–1.70)
0.94 (0.63–1.40)
0.69 (0.45–1.06)
1.03 (0.64–1.65)
Reference
1.75 (1.29– 2.37)
3.01 (1.91–4.75)
Reference
1.10 (0.79–1.52)
Reference
1.16 (0.81–1.67)
1.25 (0.79–1.98)
1.40 (0.89–2.21)
3.09 (1.72–5.56)
1.83 (0.56–6.00)

Unadjusted OR
(95% CI)

Group 3: MINAP−; GPRD +
n (%)

15 (4.4%)
18 (5.3%)
47 (13.8%)
62 (18.2%)
198 (58.2%)
166 (48.8%)
174 (51.2%)
93 (27.4%)
66 (19.4%)
82 (24.1%)
69 (20.3%)
30 (8.8%)
41 (12.1%)
253 (74.4%)
46 (13.5%)
250 (73.5%)
90 (26.5%)
136 (40.0%)
71 (20.9%)
31 (9.1%)
48 (14.1%)
24 (7.1%)
7 (2.1%)

340

n (%)

Reference
0.54 (0.27–1.08)
1.03 (0.57–1.87)
1.15 (0.65–2.04)
2.06 (1.65–2.57)
Reference
2.06 (1.65–2.57)
Reference
0.72 (0.52–1.00)
0.81 (0.60–1.11)
0.67 (0.49–0.93)
0.60 (0.40–0.92)
Reference
4.88 (3.49– 6.83)
7.22 (4.67–11.18)
Reference
1.52 (1.18–1.95)
Reference
1.56 (1.16–2.10)
1.34 (0.89–2.00)
2.23 (1.58–3.14)
4.21 (2.63–6.75)
3.39 (1.50–7.69)

Unadjusted OR
(95% CI)

Group 4: MINAP−; GPRD -

Key: ACS = acute coronary syndrome; CI = confidence interval,; GPRD = General Practice Research Database; MI = myocardial
infarction; MINAP = Myocardial Infraction National Audit Project; OR = odds ratio

40–49
50–59
60–69
70–79
80+
Gender
Male
Female
Calendar year
2005
2006
2007
2008
2009
Discharge
MI with ST elevation
diagnosis
ACS (troponin positive)
ACS (troponin)
Prior history of MI No
Yes
Hospitalisation in None
prior 24 months 1
2
3 to 5
6 to 10
11+

Age (years)

Unadjusted OR
(95% CI)

Group 2: MINAP +; GPDRDn (%)
587

n (%)

Group 1: MINP -; GPRD+

4.983

Category

All

Characteristic

Table 2: Statin prescribing at hospital discharge (as recorded in MINAP) and general practice (recorded in GPRD)
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Category
Reference
1.43 (0.89–2.31)
0.91 (0.60–1.39)
0.38 (0.53–1.32)
0.41 (0.27–0 60)
Reference
0.60 (0 51–0.72)
Reference
1.14 (0.88–1 46)
1.16 (0.91–1.49)
1.47 (1.13–1.91)
1.34 (0.97–1.84)
Reference
0.35 (0.28–0.44)
0.24 (0.18–0.33)
Reference
0.80 (0.65–0.98)
Reference
0.74 (0.59–0.94)
0.81 (0.60–1 11)
0.58 (0.44–0.77)
0.31 (0.21–0.45)
0.39 (0.19–0.78)

Unadjusted OR (95% Cl)

Hospital discharge
Reference
1.47 (0 89–2.41)
1.01 (0 64–1.59)
1 26 (0.80–2.00)
0.70 (0.44–1.11)
Reference
0.86 (0.71–1.06)
Reference
1.04 (0.80–1.36)
0.85 (0.61–1.18)
1.05 (0.72–1.54)
0.87 (0.57–1.33)
Reference
0.64 (0.47–0.88)
0.40 (0.26–0.59)
Reference
1.14 (0.90–1.44)
Reference
1.01 (0.79– 1.30)
1.15 (0.83–1.60)
0.94 (0.69–1.28)
0.47 (0.31–0.72)
0.57 (0.27–1. 20)

Adjusted OR (95% Cl)

General practice
Reference
1.69 (1.15–2.47)
1.06 (0.76–1.48)
0.87 (0.63–1.20)
0.40 (0.30–0.55)
Reference
0.66 (0.57–0.76)
Reference
1.22 (0.98–1.50)
1.08 (0.88–1.32)
1.18 (0.96–1.45)
1.14 (0.89–1.47)
Reference
0.45 (0.38–0.53)
0.29 (0.23–0.37)
Reference
0.61 (0.52–0.71)
Reference
0.72 (0.59–0.87)
0.65 (0.52–0.83)
0.49(0.39–0.61)
0.32 (0.23–0.45)
0.46 (0.25–0.86)

Reference
1.59 (1.05–2.41)
1.14 (0 78–1.66)
1.08 (0.74–1 59)
0 61 (0 42–0.90)
Reference
0.95 (0.80–1.14)
Reference
1.16 (0.91–1.48)
1.11 (0.82–1.50)
1.19 (0.85–1.66)
1.13 (0.77–1.64)
Reference
0.95 (0.73–1.23)
0.54 (0.38–0.77)
Reference
0 85 (0.70–1.04)
Reference
1.00 (0.80–1.24)
0.92 (0.70–1.21)
0.79 (0.60–1.02)
0.61 (0.41–0.92)
0.75 (0.36–1.56)

Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Key: ACS = acute coronary syndrome; CI = confidence Interval; MI = myocardial Infarction; OR = odds ratio

40–49
50–59
60–69
70–79
80+
Gender
Male
Female
Calendar year
20O5
2006
2007
2006
2009
Discharge diagnosis Ml with ST elevation
ACS (troponin positive)
ACS (troponin negative)
Prior history of MI No
Yes
Hospitalisations in None
prior 24 months
1
2
3 to 5
6 to 10
11+

Age (years)

Characteristic

Table 3: Statin prescribing in hospital and general practice
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243 (6.8%)
546 (15.3%)
734 (20.6%)
985 (27.6%)
1,059 (29.7%)
2,347 (65.8%)
l,220 (34.2%)
738 (20.7%)
767 (21.5%)
894 (25.1%)
840 (23.5%)
328 (9.2%)
1.452 (40.7%)
1.890 (53.0%)
225 (6.3%)
2,936 (82.3%)
631 (17.7%)
2,000 (56.1%)
655 (18.4%)
342 (9.6%)
296 (8.3%)
83 (2.3%)
28 (0.8%)

146 (9.5%)
308 (20.1%)
431 (28.1%)
401 (26.1%)
249 (16.2%)
1,027 (66.9%)
508 (33.1%)
338 (22.0%)
309 (20.1%)
288 (18.8%)
349 (22.7%)
251 (16.4%)
633 (41.2%)
790 (51.5%)
112 (7.3%)
1,189 (77.5%)
346 (22.5%)
818 (53.3%)
291 (19.0%)
145 (9.4%)
151 (9.8%)
46 (3.0%)
17 (1.1%)

High intensity
(n=l,535)
n (%)
Reference
0.94 (0.73–1.20)
0.98 (0.77–1.27)
0.68 (0.54–0.86)
0.39 (0.31–0.50)
Reference
0.95 (0.84–1.08)
Reference
0.88 (0.73–1.06)
0.70 (0.58–0.85)
0.91 (0.76–1.09)
1.67 (1.36–2.06)
Reference
0.96 (0.85–1.09)
1.14 (0.89–1.46)
Reference
1.35 (1.17–1.57)
Reference
1.09 (0.93–1.28)
1.04 (0.84–1.28)
1.25 (1.01–1.54)
1.36 (0.94–1.96)
1.48 (0.81–2.73)

Unadjusted OR
(95% CI)
Reference
0.93 (0.71–1.23)
0.93 (0.71–1.22)
0.56 (0.42–0.75)
0.35 (0.26–0.48)
Reference
1.02(0.87–1.19)
Reference
0.79 (0.64–0.96)
0.54 (0.41–0.71)
0.72 (0.54–0.97)
1.42 (1.03–1.95)
Reference
1.01 (0.81–1.27)
1.09 (0.79–1.52)
Reference
1.44 (1.19–1.73)
Reference
1.13 (0.94–1.35)
1.11 ( 0.87–1.42)
1.25 (0.97–1.61)
1.34 (0.88–2.05)
1.23 (0.62–2.44)

Adjusted OR
(195% CI)

*Daily dose could not be estimated for 109 ACS cases due to missing or non-informative dosage instructions (as an
example, “as directed”)
Key: ACS = acute coronary syndrome; CI = confidence interval; MI = myocardial infarction; OR = odds ratio

Hospitalisations in
prior 24 months

Prior history of Ml

Discharge diagnosis

Calendar year

Gender

Category

40–49
50–59
60–69
70–79
80+
Male
Female
2005
2006
2007
2008
2009
MI with ST elevation
ACS (troponin positive)
ACS (troponin negative)
No
Yes
None
1
2
3 to 5
6 to 10
11+

Characteristic

Age (years)

Low intensity
(n=3,567)
n (%)

Table 4: High- and low-intensity statin prescribing in general practice *
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Only 30.1% (1,535 of 5,102) of the ACS cases prescribed a statin by their GP
received a high-intensity statin dose (54 of these were prescribed simvastatin
80 mg). High-intensity statins were less likely to be prescribed at older ages
(odds ratio [OR] 0.35, 95% confidence interval [CI] 0.26–0.48, at age 80+
compared with aged <50 years) and patients with a history of MI were more likely
to be prescribed a high-intensity statin (OR 1.44, 95% CI 1.19–1.73). A higher
proportion of patients received a higher-intensity statin in the six months post-
NICE guidance (33%) compared with the six months before the CG67 guideline
was released in May 2008 (26%) (OR 1.38, 95% CI 1.02–1.86).
The majority of ACS cases stopped statin therapy within four years of treatment.
At year four, only 43% of the ACS cases were still using a statin. Age, gender and
dose intensity did not predict long-term persistence to statin therapy. Only a small
number of patients switched from high- to low-intensity statin therapy. Of the
ACS cases who started on high-intensity statin therapy and persisted, 73% were
still using high intensity at year four.
Table 5: Persistence to statin therapy and 95% confidence interval (CI) over time and switching
from highto low-intensity statin therapy*
Time

All % (95% CI)
(n = 5,102)

Low intensity %
(95% CI) (n = 1,535)

High intensity %
(95% CI) (n = 1,535)

3 month

95% (95–96%)

95% (94–96%)

96% (95–97%)

Switch from high intensity at
baseline to low intensity over time
% (95% CI) (n = 1,535)
3% (3–4%)

6 months

91% (90–92%)

91% (90–92%)

92% (90–93%)

6% (5–7%)

1 year

83% (82–84%)

83% (82–44%)

83% (81–85%)

9% (8–11%)

2 years

70% (68–71%)

70% (68–71%)

70% (67–72%)

18% (15–20%)

3 years

57% (56–59%)

57% (55–59%)

59% (56–62%)

23% (21–27%)

4 years

43% (41–45%)

42% (40–44%)

45% (42–49%)

27% (24–31%)

5 years

15% (11–20%)

12% (7–18%)

21% (16–28%)

31% (26–36%)

*The switching analysis is restricted to patients who have persisted to statin therapy at each
point of time
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Discussion
In this study, we were able to confirm that the majority of patients with an ACS
event were discharged on a statin followed by the GP taking over this treatment
(81.2%). However, it is clear from this result that there is still scope for improvement
and ensuring that all patients receive a statin at both discharge and with near-term
follow-up by their GP, which would be likely to improve adherence and outcomes.
Furthermore, most patients received low-dose statin therapy and the proportion
of patients initiating a high-intensity statin was lower than expected, even after
the new NICE guideline issued in 20081. Although statin therapy is intended to
be long term, a substantive proportion of ACS cases discontinued statin therapy
over time, both with high-intensity and lower-dose therapy.
Linking primary care data from GPRD with hospital data from MINAP represents
a new and valuable option for ACS research. This linkage is done in an anonymous
manner with protection of the privacy of patients. The MINAP data provide more
in-depth information about a hospitalisation for ACS than is available in GPRD,
particularly regarding admission characteristics, medications and procedures such
as PCI occurring during the hospitalisation. Combining the in-depth cross-sectional
information about an ACS event with the longitudinal primary care medical records
prior to and following the ACS event along with the secondary care history of
hospitalisations from HES provides a powerful new combination for research.
The NICE CG67 guideline1 was adhered to in most ACS cases with respect
to initiation of statin therapy. The proportion of ACS cases receiving a statin
following the ACS (94.5%) was higher compared with a figure of 50.3% of ACS
cases observed in a study in Scotland during 1993–20019. The extent of statin
prescribing at discharge was broadly similar to that reported in a recent French
study of 2,500 MI cases10. However, the adherence to the NICE guidelines was
much lower with respect to the prescribed dosage of statin therapy. More than
half of the ACS cases did not receive high-intensity statin therapy in 2009. The
reason for this low adherence to NICE guidelines is unknown. The present study
could not evaluate whether high-intensity statin therapy was prescribed by the
hospital but not followed by the GP (MINAP does not record statin dose) but this
seems unlikely, as we did not find any major differences between the prescribing
of statins between the GPs and hospitals. An evaluation of the reasons behind
the lower prescribing of high-intensity statins would be useful. While guidelines
are developed by NICE in a meticulous and detailed manner, less attention seems
to be paid to evaluating the implementation of guidelines and any barriers.
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Several studies have reported, in line with the present study, that the long-term
persistence and adherence to statin therapy is low11–14. Although the adherence
is better with statin therapy compared with some other long-term therapies,
such as bisphosphonates15, the majority of ACS cases will only be prescribed
a statin for a few years while remaining at high risk of recurrent cardiovascular
disease. The 2008 NICE guideline on lipid modification briefly acknowledges that
the persistence and compliance to therapies for the prevention of cardiovascular
disease is poor and that non
adherence is associated with poor outcomes1.
However, no guidance was provided on how to improve the long-term adherence
to statin therapy. A series of interventions has been proposed in order to enhance
persistence with medications (including counselling, reminders, reinforcements
and other forms of supervision and attention16–18), but despite the low patient
persistence with long-term statin therapy, there has been no NICE guidance on
how to deal with this in a costeffective manner. Evidence-based medicine should
not just be the translation of ‘perfect’ clinical trial evidence into guidelines but
should also explicitly consider the barriers for implementation of guidelines in the
‘imperfect’ actual clinical practice.
There are several limitations with this study. A key limitation is that data were
collected over a period that mainly pre
dates the current NICE guidelines.
However, we have extracted data six months before and after the guideline was
published, which did not show a large shift in prescribing in terms of high-intensity
statins. A further limitation of this study is that the GPRD database does not
include information on why patients discontinued statin therapy. The present
study also was not able to measure actual drug intake and simvastatin 10 mg has
been available in low dosage over-the-counter, though usage is low. The linkage
was limited to 225 English practices at the time of the study that consented
to participate in the linkage. We only included patients who were discharged to
home rather than all patients who were discharged alive. This was done to ensure
that patients were home and thus eligible to receive a prescription from their
general practice. There are also different recording practices between MINAP
and GPRD. In GPRD, data are either entered by the GP or practice staff (based
on diagnoses by the GP or based on information from referral letters) or sent
electronically to the practice (e.g. some laboratory data). In MINAP, hospital
staff record information based on a review of the hospital records.
In conclusion, statin therapy is provided to most patients following an ACS,
but most patients did not receive high-intensity statin therapy and also did
not continue statin therapy for a prolonged period of time. The proportion of
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patients remaining on high-intensity statins decreased for each time interval
since the start of prescribing. Development of guidelines should be followed by
careful analyses of their implementation and any associated barriers.
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Abstract
Aims: Adherence to evidence-based treatments and its consequences after
acute myocardial infarction (MI) are poorly defined. We examined the extent to
which clopidogrel treatment initiated in hospital is continued in primary care;
the factors predictive of clopidogrel discontinuation and the hazard of death or
recurrent MI.
Methods and results: We linked the Myocardial Ischaemia National Audit Project
registry and the General Practice Research Database to examine adherence to
clopidogrel in primary care among patients discharged from hospital after MI
(2003 – 2009). Hospital Episode Statistics and national mortality data were linked,
documenting all-cause mortality and non-fatal MI. Of the 7543 linked patients,
4650 were prescribed clopidogrel in primary care within 3 months of discharge.
The adjusted odds of still being prescribed clopidogrel at 12 months were
similar following non-ST-elevation myocardial infarction (NSTEMI) 53% (95% CI,
51 – 55) and ST-elevation myocardial infarction (STEMI) 54% (95% CI, 52 – 56),
but contrast with statins: NSTEMI 84% (95% CI, 82 – 85) and STEMI 89% (95% CI,
87 – 90). Discontinuation within 12 months was more frequent in older patients
[>80 vs. 40 – 49 years, adjusted hazard ratio (HR) 1.50 (95% CI, 1.15 – 1.94)] and
with bleeding events [HR 1.34 (95% CI, 1.03 – 1.73)]. 18.15 patients per 100 personyears (95% CI, 16.83 – 19.58) died or experienced non-fatal MI in the first year
following discharge. In patients who discontinued clopidogrel within 12 months,
the adjusted HR for death or non-fatal MI was 1.45 (95% CI, 1.22 – 1.73) compared
with untreated patients, and 2.62 (95% CI, 2.17 – 3.17) compared with patients
persisting with clopidogrel treatment.
Conclusion: This is the first study to use linked registries to determine
persistence of clopidogrel treatment after MI in primary care. It demonstrates
that discontinuation is common and associated with adverse outcomes.
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Introduction
Dual anti-platelet therapy with aspirin and clopidogrel reduces the risk of
thrombotic events and is recommended in the management of acute coronary
syndromes1–4. National Institute for Health and Clinical Excellence (NICE)
guideline recommendations are for treatment with clopidogrel to continue for
12 months after non-ST-elevation myocardial infarction (NSTEMI)1, but for only
30 days or 3 months after ST-elevation MI (STEMI), increasing to 12 months if
a drug-eluting stent has been deployed1,2. However, the optimal duration of
clopidogrel treatment after coronary stenting is still in doubt5 and late stent
thrombosis may occur even with discontinuation beyond 12 months6. Of greater
concern is the hazard of premature discontinuation of clopidogrel and recent
data have shown that in patients who do not fill their prescriptions early after
hospital discharge the risk of MI or death is significantly increased7. This takes
no account of the potential risk associated with discontinuation of treatment
later after discharge, although there is little information available about patient
adherence to clopidogrel therapy after MI. Data for statin therapy, however,
suggest that discontinuation of evidence-based therapy is not uncommon
during the first 12 months and may have important clinical consequences8.
The Myocardial Ischaemia National Audit Project (MINAP) registry in the UK
records data, including discharge medications, for patients with MI in all 230
acute hospital trusts in England and Wales9. Information on continuing treatment
in primary care is available from prescription records within the General Practice
Research Database (GPRD) that contains the complete anonymized primary
care medical records for general practices that are registered with a panel of
general practices and use Vision software (8% of the UK population)10. In order
to document relations between clopidogrel discontinuation and coronary
events in the 12 months after NSTEMI and STEMI, we have linked the MINAP
and GPRD registries, and documented outcomes through further linkage with
the Hospital Episodes Statistics register and the Office of National Statistics
mortality data. Our specific objectives were (i) to define the extent to which
clopidogrel treatment (initiated in hospital) is continued in primary care, (ii) to
identify factors predictive of clopidogrel discontinuation, and (iii) to analyse the
hazard of death or recurrent MI associated with clopidogrel discontinuation.

207

Chapter 5

Methods
This is a retrospective observational cohort study using linked data from the
MINAP, GPRD, Hospital Episode Statistics (HES), and death certificates9,10. The
protocol was reviewed by independent scientific committees with experience in
GPRD and MINAP.
Linkage
In England, for each hospitalized patient, HES records dates of admission and
discharge and main diagnoses. For the linkage, a Trusted Third Party used patient
identifiers, including the patient’s NHS number, date of birth, and postcode
to link GPRD to MINAP, HES, and death certificates. After this linkage, all the
patient identifiers were removed and researchers had access only to anonymized
information. The data were linked for 224 of 592 (38%) GPRD practices, as the
linkage was restricted to those practices in England that had already agreed to
participate in linkage at the time of the study. However, among participating
practices, all patients were included in the linkage.
Study population
The study population includes patients identified in the MINAP dataset,
aged ≥40, who were hospitalized for acute coronary syndrome (ACS) from 2003
to 2009, with a discharge diagnosis of STEMI, NSTEMI, it excludes ACS without
troponin elevation (unstable angina). Patients who were discharged alive from
the hospital to home were followed from the date of hospital discharge up to
the patient’s death, transfer out of the general practice, or the last GPRD data
collection date available for this study.
The MINAP data were used to describe the in-hospital treatment strategy
and diagnosis (based on the discharge diagnosis, cardiac biomarkers, and
electrocardiograms). The GPRD data were used to describe age at discharge,
gender, alcohol use, history of diabetes mellitus, smoking status, body mass
index, socioeconomic deprivation status by quintiles11, history of angina, MI, and
ACS (at least 1 month prior to the discharge date), lipid levels, and blood pressure
measurements (in 6 months prior to the discharge date). Counts and percentages
and means and standard deviations were calculated as appropriate. These
descriptive analyses were presented separately for those patients who did or did
not receive a GP prescription for clopidogrel within 3 months of hospital discharge.
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Clopidogrel prescribing and discontinuation
Logistic regression was used to determine the characteristics associated
with GP prescribing of clopidogrel within 3 months of hospital discharge.
Characteristics included the in-hospital presentation (blood pressure and heart
rate), treatment strategy (reperfusion strategy and coronary intervention),
and diagnosis recorded in MINAP, demographics (age, gender, socioeconomic
status, calendar year, and geographical region), medical history (diabetes
mellitus and angina/ MI), prior GP prescribing (clopidogrel, aspirin, and warfarin),
and lifestyle behaviours (alcohol consumption, smoking status, and body mass
index) recorded in GPRD, and prior hospitalizations (all cause and cardiovascular
related) recorded in HES. If there were no records of body mass index, smoking
status, or alcohol consumption, indicators of missingness were used. Odds
ratios and 95% confidence intervals were calculated. As statins are routinely
prescribed following ACS, information on statin discontinuation was used to
compare clopidogrel discontinuation with another evidence-based treatment.
Discontinuation of clopidogrel or statin was defined as no prescriptions for the
medication within a period defined as the estimated duration of the prescription
plus a grace period of 91 days. Cox regression was used to assess the same set
of characteristics for association with clopidogrel discontinuation within the
first year of discharge, with the additional time-dependent characteristic of
any bleeding within the treatment period. Clopidogrel prescription on hospital
discharge was included only in the MINAP dataset after 2005, and had no
duration information associated with it, so this parameter was not analysed in
this study. Bleeding was defined as any bleeding event (major or minor) in the
patient’s GPRD or HES record. Hazard ratios (HRs) and 95% confidence intervals
were calculated.
Outcomes
Patients were followed for up to 1 year for incidences of subsequent MI
(as recorded in MINAP, GPRD, or HES) or death (as recorded in the national death
certificate data). Descriptive Cox regression was used to identify the characteristics
associated with these outcomes. Characteristics included discharge diagnosis,
age, gender, socioeconomic status, medical history, calendar year, region, and
clopidogrel treatment. Clopidogrel treatment following discharge was entered
into the model as a time-dependent covariate, with the following categories:
no treatment, 0 to <3 months use, 3 to <11 months use, 11+ months use, and
discontinued use. This allowed a patient to move from one categorization of
clopidogrel exposure to another over time. All data were analysed using Stata
version 11.1 (Copyright 2009 StataCorp LP, College Station, TX, USA).
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Results
Patients
The patient flow diagram (Figure 1) shows the number of patients included in
the study, with reasons for exclusion. A total of 23 740 patients in the linked
MINAP–GPRD dataset included those with non-ACS diagnoses and those
outside the study period, and those not meeting the inclusion criteria (Figure 1):
7543 met inclusion criteria for this study. Specifically, these were patients aged
≥40, discharged from hospital to home from 2003 onwards with a diagnosis
of NSTEMI or STEMI. Patient characteristics, stratified by discharge diagnosis
and receipt of a primary care prescription for clopidogrel within 3 months of
discharge, are shown in Tables 1 and 2. Only 68.6% of patients with NSTEMI, and
62.8% of patients with STEMI, received a primary care clopidogrel prescription
in the first 3 months. Clopidogrel discontinuation, after the first prescription,
was substantially more frequent compared with statins, both for NSTEMI and
for STEMI (Figure 2).

Figure 1: Study population disposition.
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Table 1: Demographics and medical history of patients by discharge diagnosis and primary care
clopidogrel prescription within 3 months
NSTEMI
No clopidogrela
(n = 1288)

Clopidogrela
(n = 2820)

STEMI
No clopidogrela
(n = 1085)

Clopidogrela
(n = 1830)

42 (3.3)
98 (7.6)
198 (15.4)
417 (32.4)
533 (41.4)

158 (5.6)
401 (14.2)
576 (20.4)
794 (28.2)
891 (31.6)

91 (8.4)
216 (19.9)
249 (22.9)
298 (27.5)
231 (21.3)

209 (11.4)
403 (22.0)
521 (28.5)
416 (22.7)
281 (15.4)

738 (57.3)
550 (42.7)

1777 (63.0)
1043 (37.0)

765 (70.5)
320 (29.5)

1309 (71.5)
521 (28.5)

450 (34.9)
539 (41.8)
254 (19.7)
45 (3.5)

907 (32.2)
1220 (43.3)
634 (22.5)
59 (2.1)

333 (30.7)
329 (30.3)
363 (33.5)
60 (5.5)

489 (26.7)
659 (36.0)
626 (34.2)
56 (3.1)

Age (years), n (%)
40–49
50–59
60–69
70–79
80+
Gender, n (%)
Male
Female
Smoking status, n (%)
Non-smoker
Ex smoker
Smoker
Unknown smoking status
Obesity, n (%)
Underweight (BMI ,20)
Normal (BMI 20 to ,25)
Overweight (BMI 25 to ,30)
Obese (BMI .30)
Unknown BMI
Socioeconomic deprivation, n (%)
0 (least deprived quintile)
1
2
3
4 (most deprived quintile)

63 (4.9)
360 (28.0)
462 (35.9)
297 (23.1)
106 (8.2)

130 (4.6)
707 (25.1)
1125 (39.9)
717 (25.4)
141 (5.0)

52 (4.8)
319 (29.4)
428 (39.4)
225 (20.7)
61 (5.6)

53 (2.9)
474 (25.9)
763 (41.7)
446 (24.4)
94 (5.1)

169 (13.1)
285 (22.1)
293 (22.7)
274 (21.3)
267 (20.7)

419 (14.9)
583 (20.7)
589 (20.9)
606 (21.5)
623 (22.1)

160 (14.7)
241 (22.2)
248 (22.9)
215 (19.8)
221 (20.4)

292 (16.0)
386 (21.1)
367 (20.1)
375 (20.5)
410 (22.4)

History of diabetes

320 (24.8)

624 (22.1)

134 (12.4)

212 (11.6)

724 (56.2)
417 (32.4)
22 (1.7)
125 (9.7)

1672 (59.3)
836 (29.6)
48 (1.7)
264 (9.4)

876 (80.7)
129 (11.9)
5 (0.5)
75 (6.9)

1526 (83.4)
180 (9.8)
12 (0.7)
112 (6.1)

94 (7.3)
624 (48.4)
667 (51.8)
190 (14.8)

339 (12.0)
1339 (47.5)
1477 (52.4)
113 (4.0)

20 (1.8)
270 (24.9)
283 (26.1)
47 (4.3)

84 (4.6)
442 (24.2)
475 (26.0)
41 (2.2)

495 (38.4)
4.7 (1.3)

1206 (42.8)
4.9 (1.3)

356 (32.8)
5.2 (1.3)

634 (34.6)
5.2 (1.7

Prior medical history, n (%)
No history of angina or MI
History of stable angina only
History of unstable angina only
History of MI
Prior medication in primary care, n (%)
Clopidogrel
Aspirin
Antiplatelet
Warfarin
Test results in 6 months prior to event
Total cholesterol measured n (%)
Mean (SD)
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Table 1: Continued
HDL cholesterol measured
n (%)
Mean (SD)
LDL cholesterol measured
n (%)
Mean (SD)
Triglycerides measured
n (%)
Mean (SD)
Systolic BP measured
n (%)
Mean (SD)
Diastolic BP measured
n (%)
Mean (SD)

321 (24.9)
1.4 (0.4)

813 (28.8)
1.3 (0.4)

206 (19.0)
1.3 (0.4)

408 (22.3)
1.3 (0.4)

231 (17.9)
2.7 (1.0)

620 (22.0)
2.8 (1.1)

155 (14.3)
3.1 (1.1)

312 (17.0)
3.0 (1.1)

319 (24.8)
1.7 (1.2)

797 (28.3)
1.7 (1.1)

206 (19.0)
1.8 (1.0)

416 (22.7)
1.8 (1.2)

962 (74.7)
138.9 (21.8)

2008 (71.2)
139.5 (21.7)

598 (55.1)
141.0 (21.0)

1014 (55.4)
139.3 (20.3)

962 (74.7)
76.0 (12.3)

2008 (71.2)
77.2 (12.5)

598 (55.1)
79.6 (11.2)

1014 (55.4)
79.7 (12.2)

Whether or not a patient was prescribed clopidogrel in primary care within 3 months of ACS
event.

a

Table 2: Interventions performed during admission for index myocardial infarction: non-STelevation myocardial infarction or ST-elevation myocardial infarction discharge diagnosis and
primary care clopidogrel prescription within 3 months

No reperfusion treatment
In-hospital thrombolytic treatment
Primary PCI
Other, blank, or unknown
No coronary intervention performed
PCI
CABG
Other, blank, or unknown

212

NSTEMI, n (%)
No clopidogrel
(n = 1288)
1234 (95.8)
27 (2.1)
0 (0.0)
27 (2.1)
1119 (86.9)
53 (4.1%)
31 (2.4%)
85 (6.6%)

Clopidogrel
(n = 2820)
2699 (95.7)
44 (1.6)
9 (0.3)
68 (2.4)
1966 (69.7)
574 (20.4%)
10 (0.4%)
270 (9.6%)

STEMI, n (%)
No clopidogrel
(n = 1085)
172 (15.9)
779 (71.8)
30 (2.8)
106 (9.6)
949 (87.5)
63 (5.8%)
7 (0.6%)
66 (6.1%)

Clopidogrel
(n = 1830)
374 (20.4)
865 (47.3)
352 (19.2)
239 (13.1)
855 (46.7)
740 (40.4%)
9 (0.5%)
226 (12.3%)

Linked data in pharmacoepidemiology

Figure 2: Discontinuation of clopidogrel and statin prescribing in primary care following nonST-elevation myocardial infarction or ST-elevation myocardial infarction.

Clopidogrel prescribing
Clopidogrel prescription within first 3 months: temporal trends.
The adjusted odds of receiving a primary care clopidogrel prescription
(Figure 3) in the first 3 months increased from 1.45 (95% CI,1.11 – 1.89) in 2004 to
5.78 (95% CI, 4.20 – 7.96) in 2009. The odds were higher in younger age groups,
and decreased progressively with advancing age: age 70 – 79 years, 0.64 (95%
CI, 0.47 – 0.85); 80+ years, 0.52 (95% CI, 0.39 – 0.71) compared with age 40 – 49
years. In patients managed with percutaneous intervention during the hospital
admission, the odds of receiving a clopidogrel prescription were substantially
higher, 6.19 (4.80 – 7.99), compared with patients in whom no coronary
intervention was performed. Clopidogrel prescribing increased over time from
35% in 2003 to 79% in 2009.

Clopidogrel discontinuation during first year
In patients prescribed clopidogrel in the 3 months following discharge (NSTEMI,
2820; STEMI, 1830), the odds of a patient still being prescribed clopidogrel at
12 months were similar for NSTEMI [53% (95% CI, 51 – 55)] and STEMI [54%
(95% CI, 52 – 56)] patients. However, clopidogrel prescribing, in the same
patients, declined more rapidly than that for statins: statin prescribing in
NSTEMI was 84% (95% CI, 82 – 85) and in STEMI was 89% (95% CI, 87 – 90).
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Figure 3: Characteristics associated with primary care clopidogrel prescribing within 3 months
of hospital discharge.
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Figure 4: Characteristics associated with discontinuation of primary care clopidogrel prescribing
within 1 year of hospital discharge.
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The adjusted HRs for clopidogrel discontinuation showed no significant change
during the study period (Figure 4). The hazard for discontinuation was higher in
patients aged >80 [HR 1.50 (95% CI, 1.16 – 1.94)], and those who had a bleeding
event after leaving hospital [HR 1.34 (95% CI, 1.03 – 1.73)]. The adjusted hazard for
clopidogrel discontinuation differed in those following in-hospital percutaneous
coronary intervention (PCI) [HR 0.72 (95% CI, 0.63 – 0.83)] and no in-hospital PCI
(Figure 4) but discontinuation tended to be more frequent following coronary
artery bypass graft (CABG) [HR 1.82 (95% CI, 0.99 – 3.35)].

Bleeding events
In patients prescribed clopidogrel in primary care within 3 months of discharge,
the rates of bleeding per 100 patient-years were similar following NSTEMI 12.03
(95% CI, 10.62 – 13.64) and STEMI 10.55 (95% CI, 8.96 – 12.42); overall 11.44
(95% CI, 10.36 – 12.63).

Death and non-fatal myocardial infarction
In patients prescribed clopidogrel in primary care, the rate of death and nonfatal MI in the first year post discharge (per 100 person- years) was 18.15 (95%
CI, 16.83 – 19.58) overall; 22.42 (95% CI, 20.54 – 24.48) following NSTEMI,
11.69 (95% CI, 10.07 – 13.57) following STEMI. In those who did not receive a
prescription within 3 months, the rate was 36.69 (95% CI, 34.14 – 39.41) overall;
48.42 (95% CI, 44.43 – 52.76) following NSTEMI, and 23.55 (95% CI, 20.67
– 26.83) following STEMI. Adjusted HRs for death or non-fatal MI in the first
year following discharge are shown in Figure 5. Hazard was higher for NSTEMI
compared with STEMI and increased progressively with age and deprivation
status. Clopidogrel prescribing was associated with a lower hazard of death or
non-fatal MI compared with patients who received no prescriptions [months 0
to <3, HR 0.61 (95% CI, 052– 0.72); months 3– 11, HR 0.53 (95% CI, 0.44 – 0.65);
11+ months, HR 0.68 (95% CI, 0.50 –0.92)]. This descriptive analysis found that
clopidogrel discontinuation within 12 months was independently associated
with an increased risk of death or MI both compared with untreated patients [HR
1.45 (1.22–1.73)] and with those patients persisting with clopidogrel treatment
[HR 2.62 (2.17 –3.17)].
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Figure 5: Characteristics associated with death or myocardial infarction in the first year post
hospital discharge.
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Discussion
This study provides the first analysis using linked national registries to define
persistence with clopidogrel therapy among patients discharged from hospital
after acute MI. The observations were compared with statin prescribing in the
same population. The data show that clopidogrel persistence, as reflected by
prescription rates, declines steeply in the first 12 months, particularly in older
patients and those who have a bleeding event. An even steeper decline is observed
after 12 months (Figure 2), consistent with many guideline recommendations1–4.
The findings contrast with the more gradual decline in statin prescribing in these
patients. In this observational analysis, discontinuation of clopidogrel prescription
after acute MI is associated with a significant increase in the risk of death or
recurrent infarction during the first 12 months, even after adjustment for baseline
variables. Nevertheless, the possibility exists that unmeasured variables may
have influenced this association and the observation does not establish causality.
Guideline recommendations are for clopidogrel to continue for 12 months
in patients with NSTEMI and in those patients with STEMI who receive drugeluting stents1–4. Yet, we found that in around half of all patients with NSTEMI,
prescription of clopidogrel was discontinued within the first 12 months after
discharge from hospital. However, discontinuation was less frequent in NSTEMI
patients who underwent PCI intervention [HR 0.72 (95% CI, 0.63 – 0.83)]. The
pattern was similar for STEMI and, regardless of the type of infarction, showed
little year-on-year change during the course of the study. The trajectory of
decline for clopidogrel prescription in the first 12 months was steeper than that
for statins, suggesting that it was driven by factors additional to the patientrelated influences associated with under-treatment (for example, general
patient compliance issues). Thus, the relation between advanced age and the
under-use of evidence-based treatment has widely been reported and was
demonstrated for clopidogrel in the present study12.
However, side-effects and complications of treatment also influence prescribing,
and our finding that bleeding events were associated with discontinuation
of clopidogrel was not unexpected. Rates of major and non-major bleeding
(NSTEMI 12 per 100 patient-years) were higher than observed in the original
randomized trial (8.5% rate of all bleeds, for a median duration of 9 months),
but this observational study reflects the spectrum of patients in clinical practice,
rather than the trial population13.
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The main finding in the present study was the association between clopidogrel
discontinuation in the first 12 months and the outcome following either
NSTEMI or STEMI. Clopidogrel prescription during this period was associated
with a reduction in the hazard of death or non-fatal MI compared with patients
who received no prescription, consistent with trial evidence of clopidogrel’s
prognostic benefit in patients with acute coronary syndromes13. Importantly,
among those patients prescribed clopidogrel who then had it discontinued,
the hazard of death or non-fatal MI was significantly greater compared with
patients who continued to receive a clopidogrel prescription. The hazards of
death and MI (including the impact of withdrawal of anti-thrombotic therapy)
associated with bleeding have been recognized in trial data14 and in the European
Guidelines4. For statin treatment, there is corresponding evidence indicating
that the benefits of treatment may only be sustained through continued use of
these drugs8.
Our findings of an increased hazard of death and non-fatal MI associated
with discontinuation of clopidogrel are consistent with those of Ho et al.7
who reported that any delay in filling clopidogrel prescriptions after hospital
discharge in patients treated with drug-eluting stents was associated with nearly
twice the rate of coronary events during follow-up for 22 months. Again it was
older patients who were more likely, than younger patients, to delay filling their
prescriptions. Our findings are also consistent with other observational studies
in US and Australian populations where discontinuation of clopidogrel therapy
within a year of stent was associated with worse outcomes15–17. Clopidogrel
discontinuation was associated with bleeding. In all these situations, the
adverse consequences of clopidogrel withdrawal are presumed mediated by
changes in platelet activation triggering thrombotic events. It is plausible that
similar mechanisms drove the association between clopidogrel discontinuation
and adverse outcomes in the present study although in the absence of platelet
function data and cause-specific mortality data the interpretations must be
cautious. A major strength of our study was the use of MINAP, the national
registry of acute coronary syndromes, which we linked with GPRD to obtain
longitudinal primary healthcare data with which to document outpatient
prescription of clopidogrel and its relation to death and non-fatal infarction. An
additional strength was the reference to statin prescribing in the same patients
(Figure 2). These findings suggest that characteristics of the treatments, rather
than the patients, were responsible for the differences observed.
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Our study has important limitations which are inherent in any large registry
analysis. Data on hospital clopidogrel prescribing, both during the admission
and on discharge, were not comprehensively recorded and was not included in
the study. Although GP prescription information was robust, we do not know
whether clopidogrel was collected or taken by individual patients, or was
prescribed by a third party. This limited the focus of the study to clopidogrel
prescriptions within primary care. Also, we cannot determine whether the
association between clopidogrel discontinuation and adverse events was causal
or was confounded by the influence of unrecorded co-morbidities or bleeding
events13,16–18.
The analysis undertaken was descriptive, rather than hypothesis testing, and
further research, incorporating more complex statistical methodologies, is
required to fully investigate the association found. Rates of intervention were
lower in this study than contemporary studies outside the UK, and lower than
the current rates in the UK19,20.
Primary PCI is now the dominant treatment for STEMI19. At the time of this
study, 80% of patients with STEMI received reperfusion treatment, but this was
mainly with thrombolysis (Table 2). MINAP was designed to capture all patients
with STEMI and NSTEMI, but it did not capture all patients with unstable angina,
and such patients were excluded from this analysis.
Healthy user bias is difficult to avoid in studies of this type; however, similar
healthy user bias will apply to prescribing of statins which showed a slower
decline in prescribing than clopidogrel18. Although our outcome analysis
was adjusted for baseline factors that included prior coronary events and
hospitalizations (all cause and cardiovascular), we do not know whether the
patients who discontinued clopidogrel were predisposed to adverse outcomes
through other mechanisms.
In conclusion, this study has demonstrated the feasibility of linking a nationwide
in-hospital registry programme (MINAP) with general practitioner and outcome
survival data. This is the first study to use linked registries to determine the
prognostic associations of clopidogrel discontinuation in patients discharged
from hospital after NSTEMI and STEMI. Our data show that discontinuation of
clopidogrel during the first 12 months is common, particularly in older patients,
and associated with an increased risk of death or recurrent MI. This study does
not establish that the association between discontinuation and death or MI is
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causal. Nonetheless, discontinued prescribing of clopidogrel ahead of guideline
recommendations must be treated with caution, and strategies to promote the
appropriate use of secondary prevention treatment in this high-risk group of
patients are required.
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Section 6.1 – Outline of the discussion
This general discussion starts with a summary of key findings, addressing each
of the four aims of the thesis in turn and placing the results in the context of
related published studies. Next, the limitations of the approaches using linked
data will be discussed, outlining the primary challenges of selection bias,
information bias and confounding facing researchers considering using linked
data sources in pharmacoepidemiology. Finally, this chapter will conclude with
recommendations for researchers, data providers and policy makers before
closing with the overall conclusion.

Section 6.2 – Summary and discussion of the findings
6.2.1 Aim one: Challenges using external data sources to
validate unlinked data
The first aim was to demonstrate the challenges involved in using a common
method of external validation, where results from one data source are compared
to those of one or more other data sources. Chapter 2 presented a study of
cardiovascular outcomes (myocardial infarction, acute coronary syndrome,
stroke and congestive heart failure) amongst patients prescribed non-insulin
antidiabetic medications, using data from five European electronic healthcare
databases, including unlinked UK CPRD primary care data. If the incidence rates
of outcomes from other countries were similar to those from the UK, a simple
approach may conclude this supported validity of the UK data. Conversely, if the
incidence rates differed between countries, a simple approach may conclude
that there were data quality or bias issues related with the data from one or
more countries. However, this simple interpretation of results from comparing
external data sources is made more complex by the differences between the
coding of outcomes, healthcare settings and medical practice across databases.
Given that incidence rates differed across counties by a magnitude of up to
eight-fold, it is reasonable to question whether the different data sources were
capturing the same underlying outcomes.
Unlinked CPRD data collected from primary care and coded using Read codes
were used in the UK1, but data were sourced from alternative healthcare
settings in the other countries. Whilst the IMS Disease Analyser French data
also contained primary care records alone, diagnoses were entered in free
text or in ICD-9 codes and subsequently mapped to ICD-10 codes by the data
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provider2. The IMS Disease Analyser German data combined data from general
practices with those from specialist referrals and hospital admissions, all coded
in ICD-102. Additionally, in France and Germany, there is no centralised patient
record, meaning that longitudinal data may not be complete for any given
patient, either in respect to exposure or outcome2. In Denmark and Sweden,
general practice data were not available, and data from hospital inpatient and
outpatient settings were included instead, coded in ICD-8 (mapped to ICD-10)
and ICD-10 codes3,4.
Patients with cardiovascular outcomes may have their diagnoses recorded
differentially across healthcare settings. Less severe events (e.g. initial stages of
acute coronary syndrome or congestive heart failure) managed in the GP setting
would not be recorded in the secondary care data from Denmark and Sweden.
Serious events requiring hospitalisation (e.g. myocardial infarction or stroke)
may not have been reported back to the GP, or recorded (accurately), in the UK
or French data. Fatal cardiovascular events that did not require hospitalisation
may not have been well captured in any of the data sources. This means that
the outcomes that were being studied, despite using the same terms to define
them, may have been different due to where the patient presented and how
the diagnosis was subsequently recorded in the available data. This limitation
is not restricted to studies with cardiovascular outcomes, as many outcomes
will include diagnoses and treatments likely to be provided across a range of
healthcare settings (e.g. minor fractures treated in outpatient settings compared
to more severe fractures requiring hospital admission5).
For a prior history of the outcomes of interest to be captured (and patients with
such a history excluded), and for the capture of data on covariates, at least one
year of prior recorded history before the index date was required in the UK,
Danish and Swedish data6-8. However, in the French and German databases,
there were no patient registration dates available, meaning that this inclusion
criterion could not be applied. This may have resulted in some of the outcomes
of interest being repeat recording of historical or prevalent conditions in the
French and German data, rather than being incident events7,8. Limitations in
relation to lookback periods and associated information and selection biases
will be discussed further in Section 6.3.1.
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The incidence rates of cardiovascular events were much higher in the German
data than the other data sources, which may reflect the combined sources of
data available, but also challenges in differentiating tests undertaken to rule out
a diagnosis in specialist settings from true diagnoses, and the misclassification
of historical or prevalent conditions as incident. The incidence of cardiovascular
events was typically lowest in the French data, which may be due to the lack of
a centralised patient record, but also the capture of outcomes using free text
rather than codes, which then had to be mapped to codes by the data provider9.
In addition to the impact of the healthcare setting on outcome data, there
were also differences between countries in the exposure data. Whilst the UK,
France and Germany all contained data on the prescribing of medications, the
Danish and Swedish data contained data on the dispensing of medications.
It is challenging to estimate what proportion of prescribed medications are
dispensed. In chronic conditions, such as type 2 diabetes, where medication is
often prescribed on an ongoing basis, the proportion of prescribed medications
dispensed may be high10. However, it is important to consider that exposure in
this study was defined by prescriptions in three countries, but dispensing in two
others. Of course, none of the databases included information on whether or
how the patients took the medication.
As well as different data sources representing different healthcare settings,
the data providers took different approaches to ensuring data quality. This was
especially notable in France and Germany, where only GPs that passed data
quality criteria were included in the databases2. One of the criteria used was a
high level of completeness of recording of dosage instructions, which was not a
requirement of the UK, Danish or Swedish data sources1-4. This may have resulted
in the estimation of exposure periods being more accurate in the French and
German data sources. Assuming similar accuracy of recording of outcomes across
data sources, this could result in the estimated relationship between exposure
and outcome in France and Germany being closer to the true association.
Finally, this study compared exposure to one non-insulin antidiabetic (NIAD)
medication of interest (vildagliptin) to exposure to all other NIADs combined.
However, this comparison group would have differed across countries due to
different NIAD medication substances, formulations and prescribing guidelines
being available in each country. For example, seven NIAD substances (canaglifozin,
dapaglifozin, linagliptin, lixisenatide, miglitol, pramlintide and voglibose) were not
prescribed in the UK during the study period, but were in other included countries.
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Due to the shorter coverage period of the Swedish data (no records prior to the
start of the study period in 2005), combined with the healthcare setting (hospital
care rather than primary care), patients without a recorded history of type 2
diabetes were included in the Swedish cohort, unlike in the UK and all other
countries. This may have led to the inclusion of patients who were receiving
non-insulin antidiabetic medication for indications other than type 2 diabetes
(e.g. metformin hydrochloride for polycystic ovary syndrome, liraglutide for
weight management). It is notable that Sweden was the only country where a
higher proportion of the study cohort was female than male.
A practical challenge when using external data sources to validate unlinked
data is access to the source data. In this study, data were available to the CPRD
Group from four of the five countries involved. However, data from the Swedish
National Registers could not be released outside of the country, meaning a
separate research group (the Centre for Pharmacoepidemiology at Karolinska
Instituet) undertook the analysis. A common statistical analysis plan and regular
teleconferences were used to ensure that the same analyses were conducted
across databases. Nevertheless, differences in the statistical software used, and
the outcome definition, programming and quality assurance methods between
countries, may have led to different results than if one group had conducted all
analyses11.
In conclusion, although different data sources may appear to contain the same
variables in terms of outcomes and exposures, differences in the healthcare
settings and coding practices may lead to variation in the case mix of study
cohorts and comparison groups and the capture of outcomes. Differences may
be further compounded by varying approaches of data providers and research
programmers. An early version of the study protocol proposed conducting
meta-analyses of the results across data sources, which was later considered
inappropriate due to heterogeneity across countries. In the context of such
heterogeneity, using external data sources to validate unlinked data is associated
with severe limitations.

6.2.2 Aim two: Evaluating agreement between data sources
in capturing cancer
Given the challenges in validating unlinked data sources, such as CPRD primary
care data, with external data from different countries, an alternative approach
was explored in the second aim. This was to evaluate the agreement between
English primary care, secondary care, registry, and mortality data in capturing
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cancer diagnoses, and to explore the determinants of non-concordance. In
Chapter 3, data from these different healthcare settings in England were
deterministically linked and compared at the patient level to establish whether
any one data source could be considered a gold standard.
Chapter 3.1 focused on the agreement in the recording of cancer diagnoses
between primary care and national cancer registry data. Before this study was
conducted, the cancer registry was assumed to be the gold standard data source
for the recording of the date and site of incident cancers, and was used for
international comparisons of incidence and survival rates12. However, questions
had started to be raised regarding the gold standard nature of these data, given
relatively low survival rates in England compared to other countries13. As the
cancer registry relies heavily on hospital and death certificate data, there were
suggestions that patients who were managed outside of the hospital setting
may have been missed, and that dates of diagnosis in the cancer registry may
reflect date of progression, rather than first diagnosis13. This study also gave the
opportunity to evaluate the recording of cancer cases in the primary care data
against other data sources. This was important given that GPs may not always
receive hospital or death certificate information, or may not choose to code
diagnoses into the patient records. Additionally, concerns have been raised that
GPs may code suspected cancer cases as diagnoses.
Given that the release of UK cancer registry data for research is subject to time
lags, researchers may want to consider using more contemporaneous data
sources, including primary care with or without linkage to hospital admissions
data. Chapter 3.2 therefore considered the level of agreement between these
two data sources directly.
The results showed that 83% of cancer diagnoses recorded in primary care were
also recorded in the cancer registry. Of those cases recorded in primary care
but not in the cancer registry, 55% had supporting evidence from either linked
hospital admissions and/or death certificate data. Additionally, survival rates
at both 1 year and 5 years was higher in those cases recorded in CPRD than
those recorded in the cancer registry. These results suggested that there may
be some cases (potentially with a better prognosis) where the cancer registry is
not capturing a true cancer diagnosis, even when the patient is seen in hospital
or has cancer recorded on the death certificate, and that the concept of a gold
standard data source for cancer recording may be questionable. However, when
cases were recorded in both primary care and cancer registry data, the date of
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diagnoses were typically recorded within three months of each other, with only
1.6% of cases recorded by the registry more than one year after the primary care
record.
Similarly, 83% of cancer diagnoses recorded in primary care were also recorded in
hospital admissions data, with 56% of non-concordant cases having supporting
evidence in either cancer registry or death certificate data.
When considering cancer diagnoses recorded in the cancer registry, 94% were
also recorded in primary care, and 90% of those that were not had supporting
evidence from hospital admissions or death certificate data. The higher rate of
supporting evidence for non-concordant cases recorded in the cancer registry
was expected, given that cancer registry data rely on hospital admissions and
death certificate data as the two primary sources of data. However, the results
indicate that the capture of cancer within primary care records is relatively
complete when compared to other sources.
Similarly, 94% of cancer diagnoses recorded in hospital admissions data
were also recorded in primary care, with 87% of non-concordant cases having
supportive evidence in either cancer registry or death certificate data.
These headline results, however, can mask some of the details of lack of
agreement when looking at specific cancer sites. As cancer cannot be considered
a single disease, and most pharmacoepidemiological studies will use sitespecific cancers as outcomes, analyses of agreement between data sources
needs to be considered at the site level. Whilst most cancer sites had similar
results to those seen for all cancers combined (excluding non-melanoma skin
cancer), lower rates of agreement were seen between primary care cases of nonmelanoma skin cancer (54%), kidney (60%) and leukaemia (70%) and the cancer
registry data. This was not unexpected for non-melanoma skin cancer (which
did not need to be reported to the cancer registry14) or for leukaemia (given
previous research showing under-recording of haematological malignancies by
cancer registries15), but was unexpected for kidney cancer. Similar results were
found for non-melanoma skin cancer (but not leukaemia or kidney cancer) when
comparing primary care data with hospital admissions data in Chapter 3.2.
Additionally, older age (75+ years) was found to be predictive for non-agreement
in recording between primary care and cancer registry data, and between primary
care and hospital admissions data. This may reflect cases where the patient died
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shortly after a hospital diagnosis and information was either not sent back to
the GP or was not coded in the primary care record. This may also relate to cases
where the patient died without being hospitalised for their cancer.
In addition to the research quoted in the discussion section of Chapter 3.2, which
demonstrated a high positive predictive value for colorectal cancer recording
in an alternative UK primary care database compared to hospital admissions
data16, two other studies have been conducted since the analysis in Chapter 3
that provide comparative results, discussed below17,18.
Dregan (2012) conducted a similar analysis to that presented in Chapter
3.1, comparing coded CPRD primary care data with cancer registry data for
four cancer sites (colorectal, gastro-oesophageal, lung and urinary tract) for
diagnoses recorded between 2002 and 200617. Of all cases in the cancer registry,
91% were also recorded in the primary care data, and positive predictive values
of over 90% were demonstrated for primary care diagnoses of each of the four
cancer sites. Sensitivity ranged from 85-94%, and specificity was very high in all
cases (99%). This study also discussed the issues of coding across the two data
sources, as agreement was lower when only considering tumours coded with the
same site, rather than those recorded with different or general cancer codes.
A more recent study (Marguilis, 201718) used a convenience sample of patients
treated for overactive bladder to validate recording of ten cancer sites in primary
care (using relatively restricted code lists) against cancer registry and hospital
admissions data between 2004 and 2010. Of all cases in the cancer registry,
72% were also recorded in the primary care data. Of all cases in the hospital
admissions data, 70% were also recorded in the primary care data. Much lower
agreement was reported for lung/bronchus, pancreas and kidney/renal/pelvic
cancers (classified as not typically managed by GPs) than for breast and prostate
cancers (typically managed by GPs). Older age was again seen to be associated
with lower levels of agreement, and – interestingly given the later study period
compared to Chapter 3 and the research by Dregan – cancers diagnosed in 200910 had lower levels of agreement than those diagnosed in earlier years.
In conclusion, primary care data appear to capture most cancer cases recorded
in cancer registry and hospital admissions data. However, these results were
dependent upon the use of primary care free text, which is no longer available
from CPRD19. As 11% of cases recorded in the cancer registry, and 10% of those
in hospital admissions data, only appeared in primary care free text and not
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in the coded records, researchers should consider the benefits of using linked
data to increase cancer ascertainment in future. In addition, the lower levels of
agreement between data sources for older age groups and for specific cancer
sites need to be considered for future research looking to use a subset of
available linked data to capture outcomes. Recent work showing lower levels
of agreement in later years also demonstrates the need to be cautious about
generalising results from any one validation study to different settings, whether
it be different patient cohorts, cancer outcomes or time periods18. Therefore,
the concept of any one data source being a gold standard for cancer recording is
challenged and the use of linked data to reduce the risk of misclassification and
underestimates of cancer incidence is supported.

6.2.3 Aim three: Demonstrating options for use of linked
data sources
Given the variety of ways in which linked data sources could be combined for
use in research, Chapter 4 demonstrated three main ways of using a range of
available data to identify outcomes under different scenarios. These included
(i) optimal ascertainment of outcomes in the presence of a gold standard data
source, (ii) increased case ascertainment where no gold standard exists (as
suggested for cancer outcomes in Chapter 3) and (iii) adding value to existing
analyses through using additional variables obtained through data linkage.
All four case studies used death certificates as the gold standard source for
the event and date of death, with three additionally using the cause of death
information to estimate cause-specific mortality outcomes. It has been a
legal requirement since 1837 that all deaths in the UK are registered with the
Local Registration Service, in partnership with the General Register Office20.
Death registration details, including the date and cause of death, are recorded
on the Registration Online system by registrars20. ICD-10 codes are used and
internationally agreed rules are applied for determining the underlying, direct
and contributing causes of death20. The details must be taken from a medical
certificate signed by a doctor or documentation issued by a coroner20. For
these reasons, the death certificate data were considered more accurate in
determining the event, date and cause of death than primary care, hospital
admissions data or disease registries, where (a) the person recording the death
may not have witnessed it, been involved in determining the cause of death, or
have seen the death certificate, (b) the date recorded may refer to the date the
healthcare professional heard about the death, closed a patient record, or ended
an episode of care, rather than the actual date of death, and (c) errors could be
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made more easily by entering death information for someone other than the
patient themselves into the patient’s record (e.g. death of parent or partner).
In primary care software systems, there are a variety of ways of recording the
event of death. Only some will prompt recording of the cause of death, meaning
this is likely to be incomplete compared to death certificates. In addition, given
the GP may not hear of the death for some time after the event21, and the event
of death means the end of their management of the patient, it may not appear
relevant to them to accurately code the date and cause of death in the primary
care record.
Little research has been conducted comparing death recording in primary care
to that on death certificates in the UK. However, one recent study focused on the
challenging area of the recording of suicide in primary care. It compared CPRD
records where suicide was recorded within 95 days of death against the assumed
gold standard of death certificates22. Results showed that only 26% of suicides
in the death certificates could be identified using the primary care records, and
that only 56% of suicides recorded in primary care were confirmed as such by
death certificates. This study concluded that primary care recording of suicide
was unreliable and that future studies should use linked death certificate data22.
However, it is important to note that death certificate data are not problem free
when identifying either event or cause of death as study outcomes. One issue is
changes in the coding system and algorithms used to record the causes of death.
ICD-10 was implemented in 2001 and replaced ICD-9, offering an expanded
choice of more specific codes23. Some diseases were moved from one chapter of
the coding hierarchy in ICD-9 to another in ICD-1023. Additionally, changes in the
rules governing selection of the underlying cause of death have changed24. This
means that cause of death cannot easily be compared across the two coding
systems or time periods, with changes in the numbers of deaths attributed to
some diseases due to artefacts in the coding systems. The impact is especially
large when considering deaths where pneumonia was recorded on the death
certificate, which is very common in the UK, but where changes have reduced
the proportion of deaths where it is listed as the underlying cause of death25.
In addition, an estimated 22% of deaths are not registered within the
recommended five days of the date of death, with 6% registered more than
a month later26. Delays can occur when the cause of death was uncertain or
unexpected and referred to a coroner for investigation, as the event of death
cannot be registered in the UK without the associated cause. The median
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delay between date of death and registration of death has been shown to be
longer than five days for: sudden infant death syndrome (149 days), ill-defined
and unspecified causes (148 days), external causes (139 days), mesothelioma
(94 days), mental and behavioural disorder due to psychoactive substance
abuse (83 days) and pregnancy, childbirth and the puerperium (39 days)26.
This can mean that within any given coverage period of death certificate data,
some deaths (where the death has not yet been registered) will be missing,
and the patient will subsequently be considered alive26. As such, researchers
may consider censoring follow-up six months prior to the end of the death
certificate coverage period, or by additionally using other sources of death data
(e.g. primary care or hospital admissions data) in addition to death certificate
data. This may be especially important when studying special populations (e.g.
infants, psychoactive substance abusers or pregnant women) or certain causespecific mortality outcomes.
Chapter 4.3 additionally used hospital admissions data in preference to primary
care data to identify secondary care resource utilisation. Although GPs receive
discharge letters from hospital settings in relation to admissions, there is no
requirement for them to code the details from such letters into the primary
care electronic health records. Whilst major diagnoses that will impact the
GPs ongoing care of a patient are likely to be recorded, as found for cancer in
Chapter 3, the occasions and dates of hospital admissions are unlikely to be
comprehensively captured in primary care. As such, hospital admissions data can
be considered the gold standard for outcomes relating to volumes of secondary
care activity, if not for all clinical outcomes.
Whilst Hospital Episode Statistics (HES) provide researchers with relatively
accessible hospital admissions data, they are not without issues. A study
comparing HES data to data extracted from the hospitals own inpatient medical
records for men with end-of-life prostate cancer found that a small proportion
of events were missing from both data sources (2% events in medical records
missing from HES, 4% events in HES missing in medical records)27. However, the
study concluded that, whilst neither data source represented a gold standard,
routinely available HES data can be used as the primary method of costing
resource use in research.
Hospital admissions data can also be used as the gold standard for outcomes
that are likely to occur only in hospital, or where the coding system used in
secondary care provides a more detailed diagnosis than those used in other
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settings. A recent study examined the proportion of cases of self-harm recorded
in hospital admissions data that could also be identified in primary care, finding
that approximately one third of events (32%) were only recorded in HES22. In
contrast, a study comparing colectomy, appendectomy and cholecystectomy
rates in primary care to rates observed in HES data found very similar rates
overall, despite these procedures occurring in secondary care settings28.
However, it should be noted that data sources were not linked on a patient basis
for the purposes of this study.
National audit data, even those based on hospital admissions data, may
provide additional variables enabling a strict inclusion criterion to be applied.
This was demonstrated in Chapter 4.4 where a diagnosis of troponin positive
acute coronary syndrome (excluding unstable angina) was required for inclusion
in the study cohort, and national audit data provided more information than
could be found in primary care or hospital admissions data either alone or
combined. In primary care, the exact diagnosis may be of less relevance, as
ongoing management may be similar for a broader classification of the disease
or condition9. In hospital admissions data, used primarily for reimbursement
purposes, the exact diagnosis may not be specified if it has a negligible impact
on costs9. In these situations, national audit data may be considered a gold
standard for ensuring the specificity of the approach used for study outcomes
or cohort selection.
However, in other situations, maximising the proportion of patients with
an outcome who are categorised as such (i.e. ensuring high sensitivity) will
outweigh the risk that some cases may be false positives. This is often the case
in drug safety studies. Alternatively, it may be recognised that some outcomes
may be treated in different parts of the healthcare system depending on the
severity of the condition, or that no gold standard data source exists that
captures all outcomes of interest. In these situations, searching across linked
data sources for an outcome recorded in any one of them may be advantageous.
This approach was demonstrated in Chapter 4.4 where linked primary care and
hospital admissions data were searched for stroke, heart failure, coronary artery
bypass grafting, percutaneous intervention and bypass surgery. National audit
data were additionally used in combination with the primary care and hospital
admissions data to identify cases of acute coronary syndrome.
It might have been expected that outcomes that require hospitalisation will
be well captured in hospital admissions data, and that those hospitalisations
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involving a diagnosis for which there is a national audit will be captured within
the audit data. However, Chapter 3 demonstrated the lack of a gold standard
dataset in relation to the recording of cancer outcomes. This may also be
considered the case for cardiovascular outcomes. Previous research has shown
a low level of interaction in hospitals between clinicians and coding staff,
and between clinicians and the coded data that are subsequently used for
research29,30. Whilst the coding staff are well trained and accurate in converting
clinical terms into codes31, the challenge is for them to extract the correct
information from the clinician’s notes32, which may lead to outcomes that have
occurred in hospital not appearing in the resulting admissions or national audit
datasets. As the coding staff are different to those who send hospital discharge
letters to general practitioners, this can lead to some outcomes being captured
in primary care and not in hospital admissions or national audit data, even when
the outcome occurred in a hospital setting.
A study comparing case ascertainment rates for myocardial infarction by using (i)
prospective identification by trained nurses, (ii) hospital information department
records, and (iii) national audit records found that only 59% admissions were
reported by the hospital information department, and only 22% were reported
to the national audit33. It additionally found that one-year mortality rates were
highly dependent on the case ascertainment method used. Just 9% patients in
the national audit data were recorded as having died, compared to 25% overall,
and 27% of those in hospital information department data. Similarly, a study
of the completeness and diagnostic validity of the recording of myocardial
infarction in primary care, hospital admissions and national audit data found
that each data source missed between 25 and 50% of events compared to using
all three sources in combination34. These studies support the approach taken
in Chapter 4.4 and suggest that using case ascertainment across linked data
sources may result in the most sensitive definition of cardiovascular outcomes.
In addition to providing options for (i) optimal ascertainment of outcomes in the
presence of a gold standard data source, and (ii) increased case ascertainment
where no gold standard exists, linked data can also add value to existing
analyses through using additional variables obtained through data linkage. This
was demonstrated in Chapters 4.3 and 4.4.
In Chapter 4.3 detailed information about the start and end dates of each hospital
admission provided by linked hospital admissions data enabled additional
analysis of the number of days spent in hospital, rather than simply the number
of hospitalisations, across comparison groups. Given that the length of time
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spent in hospital is likely to be a relevant outcome for both patients (in terms
of quality of life) and healthcare providers (in terms of associated cost), this
more nuanced analysis can provide added value to one focused on the number
of times a patient was hospitalised. In Chapter 4.3, the conclusions drawn from
the two analyses were very similar, meaning the additional variables provided
supportive evidence for the primary analysis. These variables would only be
available from linked hospital admissions data, and would not have appeared in
the primary care records, even when the event of the patient’s hospitalisation
may have been.
In Chapter 4.4 additional information on troponin levels from the national audit
data was used to validate the cohort defining event of troponin-positive acute
coronary syndrome. As the median peak troponin concentration during the
hospitalisation was consistent with the diagnosis of acute coronary syndrome,
these additional data provided support for using the audit data as a gold standard
data source for identifying this specific type of cardiovascular condition.
In conclusion, Chapter 4 demonstrated the three main ways of using a range of
available data to identify outcomes under different scenarios. These included
(i) optimal ascertainment of outcomes in the presence of a gold standard data
source (with examples of all-cause and cause-specific mortality, hospitalisation
and specifically defined outcomes), (ii) increased case ascertainment where no
gold standard exists (with examples of cardiovascular outcomes) and (iii) adding
value to existing analyses through using additional variables obtained through
data linkage (with examples of days spent in hospital and troponin levels).

6.2.4 Aim four – Drug utilisation and safety case-studies
using linked data
Chapter 5 provided two additional and complementary case-studies, applying
the three main ways of using linked data previously demonstrated in Chapter
4 to studies with classical pharmacoepidemiological designs. The first study,
in Chapter 5.1, used linked primary care and audit data to describe exposures
of GP and hospital discharge prescribing of statins in a drug utilisation study.
The second, in Chapter 5.2, used linked primary care, audit, hospital admission
and death certificate data to capture the risk of myocardial infarction and death
associated with clopidogrel discontinuation after acute coronary syndrome.
Chapter 5.1 took the first approach of selecting a gold standard data source for
optimal ascertainment of exposure. The primary objective of the study was to
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describe prescribing of statins following acute coronary syndrome, and used the
CPRD primary care data to assess prescriptions provided by general practitioners.
However, given that the cohort defining event – acute coronary syndrome – occurred
in the hospital setting, patients may have been provided with a statin prescription
on discharge, which would not have appeared in the primary care data, making
the patient appear to be unexposed. The use of linked national audit data provided
information on the prescribing of statins at hospital discharge. In the absence of
any national data source of patient level hospital prescribing, these audit data
represent the only electronic healthcare record of this critical element of the study
outcome. Patients could then be classified into four groups: (i) discharged with a
statin and with a GP statin prescription within two months (81%), (ii) discharged
with a statin but without a GP statin prescription (10%), (iii) not discharged with a
statin but with a GP statin prescription (4%), (iv) with no record of statin prescribing
within two months of discharge (6%). Without the national audit data, it would
have been impossible to identify that almost two-thirds (63%) of those patients
who did not receive a GP statin had received a statin prescription on discharge from
hospital. The use of audit data to identify hospital discharge prescribing following
cohort defining events can therefore reduce exposure misclassification – especially
in the first days and weeks following discharge, when the patient may not have
needed to visit their GP for a further prescription.
Chapter 5.2 demonstrated all three methods of using linked data in a single case
study of the risk of myocardial infarction and death associated with clopidogrel
discontinuation after acute coronary syndrome. In line with the four case
studies provided in Chapter 4, this study used linked death certificate data to
establish the outcome of all-cause mortality as a gold standard in preference
to any other data source, despite death events additionally recorded in primary
care, national audit and hospital admissions data. In line with Chapter 4.4, this
study searched linked primary care, national audit and hospital admissions
data for evidence of the cardiovascular outcome of subsequent myocardial
infarction to increase case ascertainment given no gold standard data source
existed. Finally, the study used additional variables only available in the national
audit data to enable specification of the cohort defining event (i.e. whether the
original myocardial infarction was ST-elevation myocardial infarction (STEMI)
or non-ST-elevation myocardial infarction (NSTEMI)), and to provide covariate
information on blood pressure and heart rate on admission and treatment in
hospital (as in Chapter 4.4). The distinction between STEMI and NSTEMI events
was especially important in this study given that the National Institute for Health
and Clinical Excellence guidelines recommend treatment with clopidogrel for 12
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months after NSTEMI35, but for only 3 months for STEMI35,36. The inclusion of
additional covariates led to added value conclusions that the adjusted hazard
for clopidogrel discontinuation was lower following in-hospital percutaneous
coronary intervention, but was higher following coronary artery bypass graft.
In conclusion, Chapter 5 demonstrated that (i) optimal ascertainment of
outcomes in the presence of a gold standard data source, (ii) increased case
ascertainment where no gold standard exists, and (iii) adding value to existing
analyses through using additional variables obtained through data linkage, are
relevant in studies using classical pharmacoepidemiological study designs, such
as drug utilisation and safety.

Section 6.3 – Limitations
Researchers considering using linked data sources in pharmacoepidemiology
face a number of challenges in addition to deciding how best to use those data
sources together to define exposures and outcomes to minimise misclassification.
This section outlines the limitations faced in the research presented in Chapters
2-5 as a guide to further areas of consideration when designing studies using
linked data. Limitations are classified and ordered by the overarching issues of
selection bias, information bias and confounding. A summary of which studies
were potentially impacted by each limitation is shown in Table 1.
Table 1: Limitations impacting research in Chapters 2-5
Chap. Chap. Chap. Chap. Chap. Chap. Chap. Chap. Chap.
2
3.1
3.2
4.1
4.2
4.3
4.4
5.1
5.2
Selection bias
1. Prevalence bias due to left censoring and
lookback periods
2. Prevalence bias due to healthy-users
Information bias
3. Misclassification due to linkage methodology
4. Misclassification due to population coverage
5. Misclassification due to code list selection
6. Misclassification due to changing code use over
time
7. Misclassification due to limited exposure data
8. Immeasurable time bias
Confounding
9. Residual confounding due to incomplete
covariate capture

X

X

X

-

-

-

-

-

-

X

-

-

-

-

-

-

-

-

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

-

X

X

-

-

-

-

-

-

X
X

-

-

X
-

-

X
-

X
-

X
-

X
X

X

-

-

X

X

X

X

X

X

Abbreviations: Chap. – Chapter. Legend: X – study impacted, - - study not impacted
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6.3.1 Prevalence bias due to lookback periods and left
censoring
All the linked data sources used in Chapters 3-5 had defined coverage periods,
i.e. a period defined by a start and end date of follow-up within the data source,
where the start date could be taken as a left censoring event. For example, in
Chapter 3 the hospital admissions data had a coverage period starting from
01 April 1997, meaning that hospital admissions that occurred prior to this
point would not be captured in this data source. This can prove challenging
when attempting to identify incident outcomes in electronic health records,
as the codes used may not specify whether an event was incident, prevalent
or recurrent, and the full patient history may not be available. To distinguish
incident outcomes from prevalent or recurrent events, researchers typically
specify a lookback period in terms of several months or years of coverage
where the event must not have been recorded, prior to the start of the outcome
ascertainment period, in order to exclude prevalent cases and reduce prevalence
bias6-8. However, the choice of an appropriate lookback period is not a simple
one, with dependencies including (i) the purpose of the data source in relation
to recording incident, prevalent and recurrent events, (ii) coding systems used
to define the event of interest, (iii) the likelihood that a healthcare professional
will re-record a prevalent case of the event (which may be impacted by the
level and length of ongoing support, maintenance or review associated with
the condition), and (iv) the possibility and time period for an event of interest
being resolved and subsequently recurring. Recommended lookback periods
include two or more years for incident cancer cases in German claims data8,
for incident prescribing of antihyperlipidemic, antidiabetic and antidepressant
medication in US claims data37, and for relatively common conditions in older
persons in US claims data38, and three or more years for incident epilepsy cases
in US claims data39. The longer the lookback period, the greater the number
of potential incident cases that will need to be dropped due to not having
sufficient coverage prior to the date of the outcome, with associated impacts
on study power, feasibility and generalisability. The shorter the lookback period,
the higher the chance of misclassification of prevalent or recurrent events as
prevalent outcomes. This has led to recommendations that researchers consider
several choices of lookback period via sensitivity analyses to evaluate how the
length impacts the validity and robustness of study results8,37.
In Chapter 2, a lookback period of one year was used in the three data sources
that provided sufficient information for this to be applied (UK, Denmark and
Sweden). This enabled patients who had previously experienced the outcome
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to be excluded from analyses focused on identifying the risk of incident cases
of outcomes. However, this was not possible for two countries (France and
Germany), as discussed in Section 6.2.1, which may have led to misclassification
of prevalent or recurrent events as incident outcomes. It is notable that the
incidence rates of cardiovascular events were much higher in the German data
than the other data sources (although rates were typically lowest in the French
data). Additionally, no sensitivity analyses were performed to assess the impact
of the length of the lookback period in those data sources where it was applied.
However, whilst incidence rates may have been inflated due to inclusion of
prevalent cases, it is unlikely this was differential between treatment groups,
meaning the resulting rate ratios were unlikely to have been impacted.
In Chapter 3.1, recording of cancer diagnoses in primary care was compared to
recording in the cancer registry. However, cancer registry data are designed to
only capture incident cancer diagnoses, whereas primary care may include records
of prevalent and recurrent cancer. This may have led to an overestimate of the
number of discordant cases recorded only in the primary care data, as a proportion
of these may have been prevalent or recurrent events for which a corresponding
record in the cancer registry would not be expected, and no lookback period
was applied. Similarly, in Chapter 3.2, some cancer records in both primary care
and hospital admissions data would not have been expected to have supporting
evidence in the cancer registry if they were prevalent or recurrent events.

6.3.2 Prevalence bias due to healthy-users
In Chapter 2, due to the study period being selected to correspond with launch
of vildagliptin in Europe, a higher proportion of vildagliptin exposure time was
likely to be associated with incident users of the medication, compared to the
comparator of other non-insulin anti-diabetic (NIAD) exposure time. This may
have resulted in the prevalent NIAD users being healthier than the vildagliptin
initiators because (i) they had not experienced the cardiovascular outcomes of
interest in the initial period of their NIAD use, and (ii) vildagliptin may have been
preferentially prescribed to patients inadequately controlled with other NIADs.
This prevalence bias (also known as survivorship bias or the healthy-user effect)
may have biased the results towards higher rates of cardiovascular outcomes
in the vildagliptin group40. Whilst the results did not show an increased risk
of cardiovascular outcomes associated with vildagliptin exposure, new-user
designs restricting the exposed and comparison groups to incident users
(using an appropriate lookback period as discussed in Section 6.3.1) should be
considered for future drug safety studies to reduce prevalence bias.
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6.3.3 Misclassification due to linkage methodology
The advantages of using linked data for research, including the prospect of
reducing the misclassification of outcomes, rely on the linkage methodology
resulting in the correct patient records being matched. Errors resulting from
incorrectly linked records could lead to even greater misclassification when a
poorly linked data source is used as a gold standard in preference to unlinked
data, or where poorly linked data sources are used in combination to identify
outcomes. One of the challenges facing researchers is to obtain details on the
methodology used by data providers or their trusted third parties who undertake
the linkage to evaluate the potential extent of this form of information bias,
which is rarely transparent.
The CPRD linkage programme depends on a valid NHS number being recorded
in the GP primary care data, and researchers receive meta-data indicating which
patients are considered eligible for linkage on this basis (88% in CPRD Linkage
Set 15). It is then assumed that if an eligible patient has no events recorded in a
linked data source that no events of that nature occurred. However, using hospital
admissions data as an example, if the patient was admitted to hospital but their
NHS number was incorrectly recorded, the linkage would not have been able
to have been completed, and the patient would have been misclassified as not
having had that hospital admission. This would lead to lower rates of outcomes
captured using linked data, which may introduce differential misclassification and
associated bias if one group are more likely to have incorrect recording of NHS
numbers in the linked data setting. It is challenging for researchers (and even data
providers) to estimate the magnitude of the problem in such situations.
CPRD provide researchers with access to the deterministic linkage algorithm
used by their trusted third party to conduct the linkage. Details of the proportion
of records matched at each step are also provided (see Tables 2 and 3 below).
Patient identifiers in the primary care data (NHS number, date of birth, postcode
and gender) are matched with the identifiers from the linked data custodians
through an iterative method comprising of a series of eight progressively less
restrictive steps generated from combinations of the patient identifiers. For
example, in Step 1, an exact match between NHS number, sex, date of birth and
postcode is required between the primary care data and external data source. If
no records from the external data source are matched to the primary care record,
Step 2 will take place, requiring only an exact match between NHS number, sex
and date of birth, and so on. The step at which a primary care record matches
an external record is recorded as the match rank and records matched at a given
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step are not available for matching in subsequent steps. CPRD also release
linked data where the confidence in the linkage was stronger as standard (steps
1-5 in Table 2) and provide the additionally linked data on request. However,
these details are rarely used for sensitivity analyses or referenced in published
research that relies on the linkage.
Table 2: Linkage methodology, CPRD Linkage Set 15
NHS number

Sex

Date of birth

Postcode

Step 1

Exact

Exact

Exact

Exact

Step 2

Exact

Exact

Exact

-

Step 3

Exact

Exact

Partial

Exact

Step 4

Exact

Exact

Partial

-

Step 5

Exact

-

-

Exact

1

-

Exact

Exact

Exact

Step 72

-

Exact

Exact

Exact

Step 8

Exact

-

-

-

Step 6

1
Where NHS number does not contradict the match, the date of birth is not 01 January and
postcode is not related to a communal establishment
2
Where NHS number does not contradict the match and the date of birth is not 01 January

Table 3: Linkage results (proportion and cumulative proportion of records matched at each
step), CPRD Linkage Set 15
National Cancer Registration Death Certificates
Data % (cum %)
% (cum %)

Hospital Episode
Statistics % (cum %)

Mental Health Data Set
% (cum %)

Step 1

56.3 (56.3)

60.1 (60.1)

67.5 (67.5)

36.1 (36.1)

Step 2

37.7 (94.0)

35.4 (95.4)

28.8 (96.3)

56.0 (92.1)

Step 3

0.8 (94.8)

1.4 (96.9)

0.2 (96.5)

0.3 (92.4)

Step 4

0.7 (95.5)

1.3 (98.1)

0.2 (96.7)

0.8 (93.2)

Step 5

0.1 (95.6)

0.2 (98.4)

0.1 (96.7)

2.3 (95.5)

Step 6

4.1 (99.7)

1.3 (99.6)

3.0 (99.8)

1.3 (96.8)

Step 7

0.2 (99.9)

0.2 (99.8)

0.2 (99.9)

0.1 (96.9)

Step 8

0.1 (100.0)

0.2 (100.0)

0.1 (100.0)

3.1 (100.0)

Abbreviations: cum – cumulative proportion

In addition, CPRD is only able to provide linked data for patients registered
with practices who have consented to take part in the linkage programme, and
for those patients who have not dissented from their patient identifiers being
submitted by their primary care practice software provider to the trusted third
party. Whilst research has shown that practices that consent to take part in the
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linkage programme have similar characteristics to those that do not41, it is more
challenging to assess the impact of patient dissent on the representativeness of
the patients for whom data are available.
Researchers do not often have the opportunity to select which linkage
methodology is used by their data providers, but data providers and researchers
conducting their own linkage must take into consideration the advantages and
disadvantages of deterministic and probabilistic methods. The deterministic
linkage approach employed by CPRD aims to maximise sensitivity and minimise
the potential for false matches. This approach has been shown to be particularly
effective when unique identifiers (such as NHS numbers) are common between
datasets and the percentage of missing values is low42. Conversely in situations
where datasets have non-unique or partial identifiers, or where data quality
is low, probabilistic linkage strategies will generally outperform deterministic
ones with regards to sensitivity, albeit at the cost of a higher proportion of false
matches42-47. However, simulation studies suggest that when the proportion
of missing data is low, or when the dataset size is large, deterministic and
probabilistic linkage methodologies perform equally42.
The impact of the sensitivity and specificity of a given linkage methodology
on the resulting incidence rates, ratios and relative risks is rarely considered
– primarily because the true sensitivity and specificity are typically unknown.
Two recent Australian studies have encouraged attempts not only to estimate
the sensitivity and specificity of data linkage, but also the effects of false
negatives and positives on event rates and estimates of effect47,48. The first
study probabilistically linked prison records with known vital status to death
certificates and calculated the sensitivity and specificity of the death certificate
data (88% and 100% respectively)48. These measures were then used to adjust
the standardised mortality ratio (which increased from 3.9 to 4.2) and the relative
risk of death for inmates admitted to psychiatric hospitals (which increased from
2.03 to 2.09). In both cases, misclassification introduced by the linkage resulted
in a slight bias towards the null. The second study linked data on the HIV status
of gay and bisexual men to hospital admissions data, both probabilistically and
deterministically47. The deterministic linkage had higher specificity but much
lower sensitivity compared to the probabilistic linkage. Risk of hospitalisation
for HIV positive men was significantly underestimated when the deterministic
linkage was used (standardised incidence ratio 0.46 compared to 1.45) due to
missed links between data sources for individuals with poorer socioeconomic
and health indicators. This study concluded that researchers should carefully
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consider the sensitivity and specificity of the linkage methodology they rely on,
especially when these may be differential between cohorts of interest. Further
research, potentially involving patient review of their own linked medical
records, is required to demonstrate the sensitivity and specificity of CPRD
linkages, given that these are currently unknown.
It can be extremely challenging to estimate the sensitivity and specificity of a
linkage methodology. In addition, details may not be made available to data
providers from the trusted third party and details may not be made available to
researchers from the data provider, or subsequently reported. All three groups
must work together to improve the metadata available, used and reported for
linked data research.

6.3.4 Misclassification due to geographical and primary care
sample coverage
An alternative source of information bias is that related to misclassification due
to the geographical catchment area of the healthcare providers contributing
to a data source. A data source will typically contain data for patients either
residing in, or receiving care in, a given geographical region. For example, in
Chapter 3 the cancer registration data used captured diagnoses reported to
English cancer registries. This can prove challenging when patients receive
only some of their care within the catchment area, and some of their care is
provided in a nearby or neighbouring geographical area. This typically impacts
data sources limited to sub-national geographies, and is particularly an issue
in the United Kingdom, where data sources can be defined by geographical
coverage of one or more of the nations (England, Northern Ireland, Scotland
and Wales) that make up the UK. It will also impact data sources which rely on
healthcare providers consenting to take part, including the CPRD primary care
data. In such cases patients may receive some of their primary care by GPs that
do not contribute to the database and this care may not be reported back to, or
be recorded by, a contributing GP (e.g. when seen in cases of emergency or for
sensitive conditions, such as sexually transmitted infections, by a GP other than
the one they are registered with).
In Chapter 2, Sweden was the only country out of five where complete national
capture of relevant healthcare was available. In Norway, coverage was
restricted to a specified geographical area, and it is unknown what proportion
of healthcare may have been received outside of the area and not captured. In
the UK, France and Germany, a subset of GPs contributed to the data, and care
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provided by other GPs may not have been reported back to, or been recorded
by, the GP whose records were available. This was especially problematic in
France and Germany where there is not a centralised primary care record, and
so care provided by one GP practice is unlikely to be reported to any other, as
discussed in Section 6.2.1.
In Chapter 3.1, recording of cancer diagnoses in primary care was compared
to recording in the cancer registry. However, both data sources were limited
to care provided in England. If, for example a patient was registered with a GP
practice in England, and had their cancer reported to a Scottish cancer registry,
this could have led to discordance between an apparent diagnosis of cancer
in the English primary care data but no associated diagnosis in the English
cancer registry data. Similarly, in Chapter 3.2, some cancer records in primary
care would not have been expected to have supporting evidence in the cancer
registry if the cancer diagnosis was reported to a non-English cancer registry.
In Chapters 3-5, the death certificate data used was restricted to patients who
resided in England at the time of their death. If, however, a patient resided in a
non-English nation (e.g. Wales) but was registered with a GP or received hospital
care in England then their primary and hospital care would be captured, but
their death would not be. This may lead to a slight under-recording of mortality
rates, but this should not be differential between comparison groups.
Similarly, in Chapters 4.3 and 5.1, resource utilisation that occurred in GP
practices other than the patients registered English based GP, or in hospitals
outside of England, would not have been captured, leading to under-recording
of outcomes across comparison groups.
Hajizadeh and colleagues published two papers in this area in 2017, both focusing
on estimating the incidence of cancer in Iranian provinces49,50. In this setting,
some provinces had more medical facilities than others, leading to over-inflated
higher rates of cancer than the neighbouring provinces with fewer facilities,
as patients chose to receive care in a province they did not usually reside in.
Misclassification rates were estimated to be between 22% and 72% depending
on the cancer site and province of residence. Whilst the underlying mechanism
for misclassification is different in the UK, the conclusion that this type of
misclassification should at least be considered, and potentially accounted and
corrected for, is applicable to both settings.
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6.3.5 Misclassification due to code list selection
All studies using coded electronic healthcare records face the challenge of
deciding which codes to use to define their study cohort, exposures, covariates
and outcomes. Despite which coding system is being used, the balance between
having a broad code list with high sensitivity, but potentially low specificity, and
having a narrow code list with high specificity, but potentially low sensitivity
is always difficult to strike. Even when healthcare professionals are involved in
creating the code lists used in a study, there can be disagreements in which codes
should be included or excluded from a list, in part because different healthcare
professionals define conditions differently, because codes may be ambiguous,
and because some diagnoses may be labels representing a disparate selection of
signs and symptoms rather than an easily definable condition. In addition, whilst
some coding systems may offer very specific codes which appear attractive to
researchers looking for high specificity, healthcare professionals may use more
general codes due to lack of detailed knowledge about the presenting case or
where they prefer the use of more general codes. (This issue of misspecification
was discussed in the introduction). The choice of codes in studies of diabetes
incidence was recently shown to have a greater impact than the quality of
coding in general practice51.
The code lists used in a published study may not be made available to readers,
limiting both the ability to assess the likely extent and impact of misclassification
in the study and also the repeatability of the research. This lack of transparency
also prevents the possibility of reusing a previously used or validated code list
for future research purposes. Guidance available via the RECORD statement
(Reporting of studies Conducted using Observational Routinely-collected Data)
recommends the provision of a complete list of codes and algorithms used to
define inclusion of participants, exposures, outcomes and effect modifiers, and
if these cannot be reported, an explanation should be provided as to why52.
However, the impact of the RECORD statement on the publication of code lists
has not yet been assessed.
The selection of code lists and potential for misclassification would impact all
the research in Chapters 2-5 to a greater or lesser extent, but is open to critique
in Chapter 4.1. In this study, the outcome of COPD exacerbation was defined
by the inclusion of one of two Read codes in the patient’s primary care record.
Subsequent research seeking to validate the recording of COPD exacerbations
in primary care found that using such a restricted code list was associated with
a very high positive predictive value (96%) but a very low sensitivity (25%)53.
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However, all algorithms that were assessed had low sensitivity (<30%) except
for prescription of an antibiotics course for 5-14 days (71%). As the prescribing
of antibiotics was the outcome of interest in Chapter 4.1, and an alternative
code list using lower respiratory tract infection had a lower positive predictive
value and sensitivity than the one used in Chapter 4.1, the use of a restricted
code list may have been the optimal approach in this case. The issue of creating
comparable code lists across countries faced in Chapter 2, and the resulting
potential for variability in incidence rates, is discussed in Section 6.2.1.

6.3.6 Misclassification due to changing use of codes over time
As discussed in Section 6.3.5, researchers are increasingly being encouraged to
publish the code lists they have used in research. One of the benefits is that
these code lists can be used by other research groups in the future, saving a
duplication of effort in creating a suitable code list. Publication of code lists is
especially useful when the study has included a validation element, or compared
ascertainment of outcomes across data sources, as in Chapter 3. However,
blind use of published code lists can lead to misclassification of the exposure
or outcome intended to be captured, due to healthcare professional’s changing
use of codes over time. This is especially problematic in UK primary care, where
additional Read codes are added to the underlying dictionary of codes that GPs
can choose from over time. For example, in the January 2013 version of the CPRD
GOLD primary care database, approximately 106,000 Read codes had been
used by GPs contributing to the database. By January 2018, this had increased
to approximately 113,000. This means that unless a previously used code list
is updated, it may not capture all the terms that healthcare professionals are
currently using to refer to a condition of interest.
This limitation was demonstrated in a study applying three previously published
code lists designed to identify incident breast cancer cases to more recent
linked US physician, hospital and outpatient claims data54. The sensitivity and
specificity of the code lists were evaluated using linked cancer registry data,
taken to be the gold standard, and compared to the original reported results.
The study found that, whilst specificity remained high (>99%), the sensitivity of
two of the three code lists was significantly lower when applied to more recent
data, compared with the sensitivity reported from the algorithms development
(59 and 77% vs. 90 and 80%).
In addition, and as discussed in Chapter 1, changes can occur over time in
which coding system is used in a healthcare sector, and in the guidelines and
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performance incentives that change the way in which a coding system is used.
This was discussed in relation to death certificate data in Section 6.2.3. However,
as the studies in Chapters 2-5 had relatively short study periods, any changes in
code use are expected to be negligible.

6.3.7 Misclassification due to lack of secondary care and OTC
medication exposure
In many countries, patient level medication exposure is limited to prescriptions
or dispensing provided by one healthcare sector. In the UK, primary care data
provide the only source of comprehensively recorded prescribing data for any
healthcare setting, but do not include prescriptions given in other healthcare
settings or medications that the patient has purchased or obtained themselves.
This lack of data on medication exposure related to hospital prescribing and
over the counter (OTC) medication exposure impacts all studies in Chapters
2, 4 and 5 which consider treatment patterns in relation to other variables.
Exposure ascertainment will be more significantly underestimated for (i) groups
of patients who spend a higher proportion of their time in hospital settings, (ii)
those who receive prescriptions from specialist or private care providers, (iii)
those who would have to pay more for a prescription than they would to access
the same medication OTC, or (iv) those who have lower rates of contact with
their GP. This challenge is greater when the rate of exposure ascertainment may
be considered differential between comparison groups – however, this is not
thought to have been the case in Chapters 2, 4 and 5.
This issue has recently received renewed attention in the US, with the introduction
of low-cost generic medication programs (LCGP) at major chain pharmacies55.
Whilst this program offers advantages to patients by providing access to
more affordable medications, such medication exposure is unfortunately not
captured in pharmacy claims data if it is not purchased using insurance benefits.
This is a special case of OTC medication exposure described above. Research
has shown a high rate of LCGP use amongst adults aged 65 years and older, with
up to half of patients in this age group using LCGP in a single year, impacting
estimates of both medication exposure and adherence56-58. Additionally, use
of LCGP has been shown to be associated with race, educational attainment,
number of comorbidities, type of insurance, number of medications used, and
number of prescriptions56-58. This has led to recommendations for researchers
to account for underestimation of medication exposure in sensitivity analyses57.
Research focused on statin prescriptions found that 20% patients had at
least one prescription that was not captured in the claims data, 13% were
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misclassified as non-exposed, and 15% were misclassified as incident/new
users, due to unmeasured statin exposure from LCGP or alternative insurance
coverage59. Similarly, research focused on opioids, diuretics, antiplatelets and
anticoagulants found that 25% of prescriptions were not captured in the claims
data and 19% of patients were misclassified as non-exposed60.
However, research in the UK focusing on low-dose aspirin prescriptions recorded
in primary care found only a small proportion of false negatives due to OTC use61.
Despite this study being limited to asking primary care practitioners about their
patients OTC exposure, rather than the patients themselves, the results are
very different to those seen in the US. This emphasises the need to consider the
impact of hospital prescribing and OTC use on a study by study basis taking into
consideration the medication of interest, the country and settings in which the
medication is available and being studied, and the cohort of patients involved.
The related issue of immeasurable time bias is discussed further in section 6.3.8
below.

6.3.8 Immeasurable time bias
In Section 6.3.7 the issue of lack of data relating to prescriptions received
outside of primary care was raised. Immeasurable time bias specifically relates
to periods of patient follow-up where the exposure status is unknown (e.g.
whilst the patient is hospitalised) but which is included as time at risk of the
outcome62. This can be particularly problematic when studying serious chronic
conditions requiring multiple or lengthy periods of hospital admission. A cohort
study of the association between statin exposure and mortality amongst elderly
patients with heart failure is an oft-cited exemplar where immeasurable time
bias was likely63.
In Chapter 2, periods of hospitalisation were not known for all data sources and
so could not be excluded from the time at risk. However, the study estimated
exposure periods based on prescriptions received in the community, and excluded
all periods where patients were considered unexposed from the analysis. Whist
this approach could not accurately exclude all time periods where the exposure
status was unknown, it would have gone some way to tackling immeasurable
time bias. In addition, the expected rate of hospitalisation was not considered to
be differential between the comparison groups, meaning that misclassification
of follow-up time as exposed due to hospital admission was unlikely to lead to
biases in the estimated association between exposure and outcome.
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Exclusion of time periods when patients are considered unexposed (which may
also be periods of unknown exposure) is not possible in studies where assessing
the impact of discontinuation is the primary objective. In Chapter 5.2, follow-up
time when a patient was classified as having discontinued clopidogrel treatment
was compared to follow-up time when a patient was continuing treatment,
as indicated by ongoing prescriptions in the primary care record. However,
patients would not have received prescriptions from their GP whilst they were
hospitalised, but may have continued to receive clopidogrel in the hospital
setting. This study attempted to take potential periods of hospitalisation into
account, by allowing a grace period of 91 days after the estimated end of a
clopidogrel prescription for another prescription to be given before classifying
the patient as having discontinued treatment. However, if misclassification
of exposure remained, this may have contributed to the observed higher
rate of myocardial infarction amongst patients who were considered to have
discontinued.
In studies that do not include linkage to hospital admissions data, it will be
challenging to accurately exclude periods of hospitalisation and hence avoid
immeasurable time bias. However, linkage of detailed hospital admissions data,
including the admission and discharge dates of each hospitalisation, provides
the possibility of this time to be excluded from the time at risk.

6.3.9 Residual confounding due to incomplete capture of
covariates
Whilst the aims of this work were focused on the capture of exposure and
outcomes in CPRD linked data, limitations of the data in terms of the recording
of covariates of interest cannot be ignored. Lack of covariate information can
lead to residual confounding in models of association between exposure and
outcome, and can prevent stratifying analyses by relevant patient groups, or
generalising to groups outside of those considered in the study64.
This limitation was discussed in two studies in Chapter 4. In Chapter 4.1,
estimation of the association between COPD severity and subsequent outcomes
(exacerbation, repeat exacerbation and mortality) was limited by the lack of
completeness of recording of forced expiratory volume in one second (FEV1)
which was used to define COPD severity. This was not recorded for 34% of
patients with COPD, and for 12% of patients who had experienced an acute
exacerbation. This led to the inclusion of an unknown category into the analysis,
and patients in this category were found to have different rates of outcomes to
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any of the other COPD severity groups. This commonly used approach to handling
missing data has been criticised due to its potential to lead to biased estimates
of the association between exposure (here COPD severity) and outcomes (here
exacerbations and mortality)65. Alternative approaches, including complete
case analysis, multiple imputation and inverse-probability weighted methods
are recommended to handle missing covariate data in future research, but may
also introduce bias, especially if data are not missing completely at random66,67.
In Chapter 4.2, generalisability of the demonstrated association between
intellectual disability and excess mortality was limited by a lack of information
on the level of intellectual disability a patient experienced. Patients were
identified as having intellectual disability on the basis of primary care records,
but the prevalence was substantially lower than that reported in schools. This
led to the suggestion that patients with mild to moderate intellectual disability
may not have been captured by the primary records, and that – given that less
severe intellectual disability may be associated with lower levels of excess
mortality – the association between intellectual disability and excess mortality
may have been overestimated. Without information to test this assumption, it is
challenging to generalise the findings to all patients with intellectual disability,
rather than those who had their intellectual disability recorded by their GP.
Three other covariates that are often poorly recorded or missing from electronic
health data that have been discussed recently are family history of relevant
conditions, race/ethnicity and body mass index (BMI), covered in turn below.
Whilst a patient’s family history of disease can be a key factor in their own risk of
developing the same or a related outcome (e.g. heart disease, stroke, diabetes,
cancer), the recording of such data in clinical settings is often imprecise. A
simulation study of uncertainty in breast cancer risk prediction models found
significant misclassification of risk due to poor recording of family history68.
Whilst coding systems used in UK primary care allow for the capture of family
history, the lack of comprehensive use of these codes results in a lack of
sensitivity of algorithms that rely on them. As such, adjusting for family history
of cardiovascular outcomes was not possible in Chapters 2, 4.4 and 5.2, and
residual confounding may exist.
Race/ethnicity is another area where, whilst coding systems may provide some
recording, there are challenges in identifying sources of accurate covariate data.
As race/ethnicity has been shown to be associated with patterns of disease,
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resource utilisation and outcomes, lack of inclusion in epidemiological studies
can lead to residual confounding, especially in diverse populations in countries
such as the UK69,70. In the US, a study linking electronic medical records to birth
certificates demonstrated misclassification of ethnicity/race in 23/34% children,
with misclassification most common in children from minority groups. Whilst
the positive predictive value of electronic health records for identifying white
children was 89%, it was only 1% for identifying “other” race71. In Canada, the
lack of consistent codes to identify the indigenous population, misclassification
errors, and removal of questions relating to indigenous identify from the
national census, means that conducting research into access to, quality of, and
use of healthcare services by different populations is hampered72. Returning to
the UK, a study linked hospital records to the English Cancer Patient Experience
Survey (which included self-reported ethnicity) to investigate the accuracy of
ethnicity coding in secondary care73. The study found that inaccurate coding
limited the classification of ethnicity to white/non-white, with particularly low
sensitivity (12-31%) and positive predictive values (12-42%) for the hospital
recording of mixed ethnicity (where a patient’s parents are of different races/
ethnicities). Race/ethnicity was not adjusted for in most studies in Chapters 2,
4 and 5, and residual confounding may therefore exist. Whilst, recent research
has demonstrated that combining ethnicity data from linked primary care and
hospital inpatient data can increase completeness of recording to 97%74, the
accuracy of race/ethnicity data in electronic health records should be questioned.
Finally, a descriptive study conducted using BMI records in the CPRD primary care
data found that, whilst completeness recorded over calendar time, a substantial
proportion of the most recent BMIs were unlikely to reflect the patient’s current
BMI75. The study proposed more complex imputation methods for estimating
BMI rather than a simple last-observation-carried-forward approach. As all
studies that adjusted for BMI in Chapters 2, 4 and 5 used the simpler approach,
residual confounding associated with inaccurate BMI measurements may exist.
These examples, combined with those presented in Chapters 4.1 and 4.2
demonstrate the need to recognise the limitations of electronic health data in
enabling accurate covariate information either for the purposes of adjustment
or stratification.

6.3.10 Summary of limitations
This section of the discussion has focused on the limitations of the
analytical approaches taken in Chapters 2-5, considering the classical
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pharmacoepidemiological challenges of selection bias, information bias and
confounding. It serves both as a critique of the work that proceeds it, and as
a guide to researchers considering using linked data sources in their future
research. Relevant publications demonstrating these challenges and suggestions
to address them have been provided. In Section 6.4, recommendations will be
outlined for researchers, data providers and policy makers to maximise the
potential of linked data for research.

Section 6.4 - Recommendations
6.4.1 Recommendations for researchers
The last decade has seen an increasing volume and variety of electronic
healthcare records (EHR) linked and made available for research purposes.
These linked data offer the potential to increase case ascertainment, reduce
misclassification and investigate a broader range of research questions using
observational data than ever before. However, when exposure or events of
interest may be recorded in more than one data source, researchers must
carefully consider the provenance of each to decide how to best select and
combine data for a given research question.
Researchers should consider whether a “gold standard” data source for their
event of interest may exist. Unfortunately, it is not possible to define a checklist
for researchers to use to establish if this is the case. For example, EHR containing
data entered directly by healthcare professionals at the point of care (e.g.
primary care data) may, in some cases, provide higher sensitivity than EHR data
reliant on chains of communication between parties. However, data collected
from various sources by a central body (e.g. a disease registry), and evaluated
and cleaned using stringent data management procedures, may reduce the rate
of false positives in the data then made available for research. Mandated data
collections may have high positive predictive values (e.g. death certificates),
but have lower rates of sensitivity in cases where outcomes are more uncertain
or complex, or where data collection is restricted by case definition (e.g. audit
data).
As such, researchers should consider for themselves, and in the context of their
specific study, the following questions: (i) Which parts of the healthcare system
are involved when the event of interest occurs, and does this vary by patient
characteristics or severity of the outcome? (ii) Which available data sources
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contain data collected from these parts of the healthcare system and for what
primary purposes? (iii) How are data collected, coded, dated and cleaned by
those entering, collating, processing and releasing the data, and which parties
are involved at each stage? (iv) What is the breadth of data collected on the
event of interest in each of the available data sources and does this provide
opportunities for internal validation? Considering these questions for each
available data source alongside one another will guide researchers as to whether
to select a gold standard in preference to others, or to select data sources to
compare and combine to increase case ascertainment.
Researchers should use documentation and meta-data published by data
providers alongside a literature review of previous validation studies and applied
use of the data source when considering these questions. Such literature should
be reviewed critically, focusing both on the validation methodology employed
and the time point at which validation was conducted, to identify unknown
elements of data quality and the relevance of findings to more contemporaneous
data. Researchers should consider the potential benefits of conducting their
own validation study when previous research is limited.
Researchers will additionally need to consider any impact of using linked data
upon their sample size, study period, and resulting patient population. Linked
data sources may be restricted by geographical region and coverage period,
and the linkage methodology may exclude patients without valid records of
the identifiers required to perform the linkage. The reduction in the study’s
statistical power to determine associations, its generalisability to geographies
and time periods outside those of the data, and the potential for selection bias
to be introduced should be evaluated.
Practical issues of data access will inevitably impact the selection of linked data
sources for a given study. Whilst some data sources may be routinely linked and
made available for research by data providers, others may never have been linked
before, requiring considerable effort and resources to establish the governance
assurances and approvals required for linkage to be conducted. Researchers
should discuss their proposed research with data providers at an early stage to
assess the application processes, timelines and associated costs of data linkage.
Restrictions may apply on which organisations may have access to certain linked
data sources and for which purposes. Additional data governance procedures
are often employed when multiple data sources are linked together to reduce
the risk of re-identification of patients76. These may include data minimisation,
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banding and aggregation, and the impact of these upon a researcher’s study will
need to be considered.
Finally, researchers are encouraged to use reporting guidelines designed
specifically for studies using linked data sources when publishing their results.
For example, the RECORD checklist contains three points related to data
linkage as follows: (i) linkage of databases should be clearly stated in the title or
abstract, (ii) use of a graphical display to demonstrate the data linkage process,
including the number of individuals with linked data at each stage, should be
considered, (iii) the methods of data linkage and linkage quality evaluation
should be provided52.

6.4.2 Recommendations for data providers
Data providers can do much to support researchers considering the use of their
linked data. Recommendations fall into four main categories (i) documentation
and support, (ii) internal research, (iii) streamlining of access processes, and (iv)
broadening the range of linked data available for research.
Firstly, data providers are encouraged to provide freely accessible, comprehensive and regularly updated documentation on the data sources they provide
access to. This will enable researchers to evaluate the questions outlined in
Section 6.4.1 more easily for their own research, and to inform appropriate
methods for multi-country studies and generalised common data models77-79. In
addition to providing documentation relating to the population coverage and
data capture of an individual data source, those providers who release linked
data should provide documentation outlining the methodology used for data
linkage including an evaluation of the success of the linkage. Guidance should
be provided for researchers using linked data sources in relation to the likelihood
of duplicate records arising from imperfect matching and methods for handling
them. Any alterations made to linked data sources that have been repurposed
should be made transparent, including details of changes in the data structure
and availability of variables, as well as providing the algorithms used by the
data provider to create additional derived variables. It should be recognised
that documentation is unlikely to be sufficient to support all researchers in all
cases, and provision of alternative forms of support should be considered. These
include online training modules, face to face courses, an email or telephone
enquiry system, and opportunities for experts to be involved in studies through
collaboration, consultancy or membership of a steering committee. Data
providers are also encouraged to make active contributions to initiatives aiming
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to improve research methodology, such as the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP) and the International
Society for Pharmacoepidemiology (ISPE).
Secondly, data providers with observational research expertise should consider
conducting their own internal research to describe and validate their data
sources. As data providers typically have full access to the data sources they
make available, they are often in a privileged position compared to external
researchers, and can use the whole database, rather than a defined and
restricted segment of it, for research purposes. This research should focus on
establishing when and how a linked data source will provide added value over
and above existing or alternative data sources. Resulting data resource profiles
and validation studies should be published in peer reviewed journals and on
data providers websites, as well as being referenced in the documentation and
training materials described above.
Thirdly, all data providers should consider the ways in which they can streamline
access to linked data for research purposes, to reduce the burden on individual
research groups. The application, review and data provision steps should be
transparent, with associated guidance produced to guide researchers through
the process. Researchers who submit a data access application should be kept
informed of which stage the review is at, and likely timelines, throughout.
Terminology and processes should be simplified and made consistent across
data providers, who should consider working together to avoid duplication of
review processes where possible. Data providers should also consider whether it
is possible to maintain and update linkages, rather than conducting data linkage
on a study specific basis, in all cases. Data access costs and contractual and
data governance requirements should be made transparent, with associated
processes made as resource light as possible. In summary, data providers should
do all they can to reduce the administrative burden on researchers seeking to
maximise the potential outputs from the data they maintain.
Finally, data providers are encouraged to regularly review the sources of linked
data they provide access to. As increasing amounts of data in society become
digitalised, opportunities are emerging for expanding the scope of linked
data for research beyond electronic health records. This may enable broader
determinants of health, such as education, employment, social inclusion and
support, to be incorporated into pharmcoepidmiological research. The rise
of wearable fitness devices mean that large numbers of the population are
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now automatically collecting regular measurements of their own heart rate,
blood pressure, sleep patterns, mood and level and duration of exercise80-84.
Smartphones and related apps similarly offer users opportunities to record
behavioural information, including diet and exercise, smoking and alcohol
consumption85-87. Social media is also being shown to influence health, both
in terms of positive and negative impacts on mental wellbeing, and in choices
patients make regarding management of their own health conditions88-91.
Similarly, the rapidly developing fields of genomics and bioinformatics are
generating vast amounts of data which, when combined with clinical and
diagnostic data, have the potential to identify patients most at risk or benefit
from specified exposures92-94. Challenges exist, both in terms of information
governance and potential sources of bias, associated with the use of all of these
emerging data sources for health research. However, the opportunities they
offer for rich collection of individualised exposure and outcome data, and for the
development of personalised medicine, should be considered by data providers.

6.4.3 Recommendations for policy makers
Many of the challenges that researchers face when considering the use of
linked data for research stem from the way in which data are entered into
electronic health records and the way in which these are shared, or not, across
the healthcare system. When developing and implementing information
and technology solutions, policy makers must consider enabling high quality
research for the benefit of the population they serve.
Much can be learnt from UK primary care data, which benefits from a “paperless”
approach, where healthcare professionals enter data directly into the electronic
health record of the patient, using one of a limited number of approved
software providers. Interoperability between primary care software systems
allows for transfer of data when patients move between practices, enables
data from selected external bodies (e.g. test results from laboratories) to be
electronically and automatically entered into the patients’ medical records,
and for communications with other bodies (e.g. secondary care referrals or
prescribing information for dispensers) to be captured and sent electronically.
This has associated lower operating costs and efficiencies, but also enables
comprehensive, timely, accurate and structured data to be extracted from
primary care software systems for research purposes. However, this is not the
case in any other part of the UK healthcare system, which rely on paper records
in clinical care, and subsequent data entry onto a range of different software
systems for a range of different purposes, leading to incompatibility, duplication
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of effort, and multiple opportunities for error. Additionally, the duplication of
recording of events across parts of the healthcare system further increases
operating costs and inefficiencies.
A single, integrated and digital healthcare system, where a healthcare event is
recorded electronically once at the point of care and subsequently shared across
healthcare and research settings, has long been the aim of policy makers in the
UK. However, previous efforts, including the NHS National Programme for IT,
Connecting for Health, and care.data, have been hampered by lack of clinical
and public ownership or buy-in, poor delivery planning and project management,
and insufficient scrutiny of procurement and contracting processes. Whilst it is
outside the scope of this work to provide recommendations on how to achieve
these aims, policy makers are encouraged to consider the potential benefits
of a learning healthcare system underpinned by integrated technology when
developing fresh solutions. There will be much to be learnt from the upcoming
NHS England Local Integrated Care Record Exemplars and Digital Innovation
Hubs (launched 2018), initially focusing on developing integrated care records
to provide longitudinal care records and care coordination, but also to provide
the foundations for regional research databases.
Regardless of the structure of healthcare data, pharmacoepidemiology is
dependent on organisations collecting, linking and releasing such data for
research. The resource implications are significant, especially in contexts with
disparate data sources and stringent information governance. Nationally funded
not-for-profit initiatives, such as the Clinical Practice Research Datalink, offer
an efficient solution for both funders and researchers. However, policy makers
must provide dedicated funding to establish, develop, and ensure the ongoing
maintenance of such linked data initiatives if EHR data are to be used to their
full potential.
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Ultimately, the success of pharmacoepidemiology relies on the ability to collect
and use patient data for research. The privacy and confidentiality of patients
contributing their data to EHR is rightly receiving increased attention. Public
trust is dependent upon data being held securely and used for appropriate
purposes. The General Data Protection Regulation, enforceable from 2018
across the European Union, reinforces and strengthens the rights of patients
in relation to use of their data. The Regulation highlights the increased risk of
patient re-identification when multiple data sources are linked, and renews
the requirements of data providers and researchers to minimise such risks. A
delicate balance must be achieved to ensure that data anonymisation measures,
such as minimisation, banding and aggregation, are used to both protect the
privacy of patients and provide sufficient data to enable high quality research.
Policy makers must appropriately establish, guarantee and communicate
the safeguards and benefits of EHR collection and use for research to ensure
that patients continue to be willing to contribute their data to such initiatives.
Enabling high quality data to be collected and used for public health research
purposes, leading to better care and outcomes for patients, must remain the
policy makers priority.

Section 6.5 - Conclusion
In conclusion, the use of CPRD linked data has been explored and demonstrated in
relation to the capture of exposure and outcomes for pharmacoepidemiological
research. Linked data offer the opportunity to assess agreement in recording
across data sources, enabling misclassification to be identified and reduced.
However, identification of a gold standard data source is challenging, and may
not always be possible. Investigating data provenance and determinants of nonconcordance between data sources will guide the ways in which data should best
be combined for a given study. Ascertainment of outcomes will be optimised
when a gold standard exists, but can also be improved through data linkage that
increases case-mix. Furthermore, additional variables made available through
linkage can be used to internally validate exposures and outcomes, adjust
investigated associations for a broader range of covariates, and extend research
questions beyond those that can be addressed using a single data source. Given
the benefits that linked data sources can offer for public health research, it is
critical that policy makers, data providers, the research community and the
public work together to ensure the success of national linked data initiatives.
Only by each playing their part will the jigsaw puzzle be solved.
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General introduction
The overarching aim of pharmacoepidemiology is to estimate the effects of
medications on clinical outcomes. It is therefore critical that exposures and
outcomes are well defined and accurately captured in the data sources used
for the results to be both internally and externally valid. Electronic healthcare
databases are increasingly being utilised in this field, with UK primary care
data being the most widely used internationally. However, these data are not
primarily collected for research purposes and only relate to patient’s health as
observed, understood and documented in one section of the healthcare system.
As such, researchers face potential misclassification bias, which traditional
database validation methods may not adequately identify or address. Linking
multiple healthcare databases may offer new options for validation studies
and potentially lead to reduced misclassification in pharmacoepidemiological
research, but the benefits do not come without methodological challenges.
Historically, the main motivation for using linked data in pharmacoepidemiological
research was to provide complementary information from one data source
that would not have been captured (even with misclassification) in the other.
However, by 2010, the use of linked data for validation studies, with the aims of
identifying and reducing misclassification, was emerging. Whilst little research
using linked UK data had been conducted at the time, 2012 saw the launch of
the Clinical Practice Research Datalink (CPRD). CPRD aimed to incorporate
the primary care data and services previously provided by the General Practice
Research Datalink with new opportunities for data linkage. By 2015, 75% of the
English primary care practices that contributed data to CPRD had consented to
take part in the linkage scheme, and linkages had been established to Hospital
Episode Statistics, death certificates, cancer registries, national audits and
geographically linked deprivation data.
Therefore, the overall thesis aim was to explore and demonstrate the use of CPRD
linked data for capturing exposure and outcomes in pharmacoepidemiological
research. More specifically the aims were:
•	to demonstrate the challenges in interpreting results when using external
data sources to validate unlinked data
•	to evaluate the agreement between English primary care, secondary care,
registry and mortality data in capturing cancer diagnoses, and to explore the
determinants of non-concordance
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•	to conduct case studies to demonstrate options for using linked data sources
for optimal ascertainment of outcomes in the presence of a gold standard, for
increased case ascertainment, and for the added value of additional variables,
and
•	to conduct case studies to demonstrate options for using linked data sources
to describe and assess the impact of drug treatment patterns

Challenges in the interpretation of results when using
different combinations of linked data
The first study (Chapter 2.1) aimed to demonstrate the challenges involved in
using a common method of external validation, where results from one data
source are compared to those from one or more other data sources. The study
considered the risk of cardiovascular outcomes (myocardial infarction, acute
coronary syndrome, stroke and congestive heart failure) amongst patients
prescribed non-insulin antidiabetic medications, using data from five European
electronic healthcare databases, including unlinked CPRD primary care data.
Incidence rates differed across countries by a magnitude of up to eight-fold. A
simple approach may have concluded that there were data quality or bias issues
related with the data from one or more countries. However, whilst different data
sources may appear to contain the same variables in terms of exposures and
outcomes, differences in the healthcare settings and coding practices may lead
to variation both in the case mix of study cohorts and comparison groups and
the capture of outcomes. Differences may be further compounded by varying
approaches of data providers and research programmers. In the context of such
heterogeneity across countries, using data sources to validate unlinked data is
associated with severe limitations.

Outcome classification with linked data sources
Given the challenges in validating unlinked data sources, such as UK primary
care data, with external data for different countries, an alternative approach
was explored in the second aim. This was to evaluate the agreement between
English primary care, secondary care, registry and mortality data in capturing
cancer diagnoses, and to explore the determinants of non-concordance. In
Chapter 3, data form these different healthcare settings in England were
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deterministically linked and compared at the patient level to establish whether
any one data source could be considered a gold standard.
Chapter 3.1 focused on the agreement in the recording of cancer diagnoses
between primary care and national cancer registry data. The results showed
that 83% of cancer diagnoses recorded in primary care were also recorded in the
cancer registry. Of those cases recorded in primary care but not in the cancer
registry, 55% had supporting evidence from either linked hospital admissions
and/or death certificate data. Additionally, survival rates at both 1 year and 5 years
were higher in those cases recorded in CPRD primary care than those recorded
in the cancer registry. These results suggested that there may be some cases
(potentially with a better prognosis) where the cancer registry is not capturing
a true cancer diagnosis, even when the patient is seen in hospital or has cancer
recorded on the death certificate. When considering cancer diagnoses recorded
in the cancer registry, 94% were also recorded in primary care, indicating that
the capture of cancer within primary care records is relatively complete.
Given that the release of UK cancer registry data for research is subject to time
lags, researchers may want to consider using more contemporaneous data
sources, including primary care with or without linkage to hospital admissions
data. Chapter 3.2 therefore considered the level of agreement between these
two data sources directly. The results showed that 83% of cancer diagnoses
recorded in primary care were also recorded in hospital admissions data, with
56% of non-concordant cases having supporting evidence in either cancer
registry or death certificate data. Similarly, 94% of cancer diagnoses recorded
in hospital admissions data were also recorded in primary care.
These headline results, however, can mask some of the details of lack of
agreement when looking at specific cancer sites. Whilst most cancer sites had
similar results to those seen for all cancers combined (excluding non-melanoma
skin cancer), lower rates of agreement were seen between primary care cases
of non-melanoma skin cancer (54%), kidney (60%) and leukaemia (70%) and the
cancer registry data. Similar results were found for non-melanoma skin cancer
when comparison primary care with hospital admissions data. Additionally,
older age (75+ years) was found to be predictive of non-concordance in
recording between primary care and cancer registry data, and between primary
care and hospital admissions data. Finally, the results in Chapters 3.1 and 3.2
were dependent upon the collection of primary care free text, which is no longer
available from CPRD. Both 11% of cases recorded in the cancer registry and 10%
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of those in hospital admissions data only appeared in primary care free text and
not in the coded records. In conclusion, the concept of any one data source being
a gold standard for cancer recording is challenged and the use of the linked data
to reduce the risk of misclassification and underestimates of cancer incidence is
supported.

Applied use of linked outcomes
Given the variety of ways in which linked data sources could be combined for
use in research, Chapter 4 demonstrated three main ways of using a range of
available data to identify outcomes under different scenarios. These included
(i) optimal ascertainment of outcomes in the presence of a gold standard data
source, (ii) increased case ascertainment where no gold standard exists (as
suggested for cancer outcomes in Chapter 3), and (iii) adding value to existing
analysis through using additional variables obtained through data linkage.
All four cases studies used death certificates as the gold standard source
for the event and date of death, with three additionally using the cause of
death information to estimate cause-specific mortality outcomes. However,
challenges relating to changes in the coding system and algorithms used to
record cause of death need to be considered when using a long study period.
Additionally, delays in the registration of deaths when the cause is uncertain or
unexpected need to be accounted for when studying special populations (e.g.
infants, psychoactive substance abusers or pregnant women) or certain causespecific mortality outcomes.
The availability of detailed data on outcomes or exposure may also determine
use of a single data source as a gold standard. Chapter 4.3 used hospital
admissions data in preference to primary care data to identify secondary care
resource utilisation due to the high capture of dates of admission. Chapter 4.4
demonstrated used of national audit data where a narrowly defined diagnosis
of troponin positive acute coronary syndrome (excluding unstable angina) was
required for inclusion on the study cohort.
However, in other situations, maximising the proportion of patients with
an outcome who are categorised as such (i.e. ensuring high sensitivity) will
outweigh the risk that some cases may be false positives. This is often the case
in drug safety studies. Alternatively, it may be recognised that some outcomes
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may be treated in different parts of the healthcare system depending on the
severity of the condition, or that no gold standard data source exists that
captures all outcomes of interest. In these situations, searching across all linked
data sources for an outcome recorded in any one of them may be advantageous.
This approach was demonstrated in Chapter 4.4 where linked primary care and
hospital admissions data were searched for stroke, heart failure, coronary artery
bypass grafting, percutaneous intervention and bypass surgery. National audit
data were additionally used to identify cases of acute coronary syndrome.
Finally, the potential to add value to existing analysis through using additional
variables obtained through data linkage was demonstrated in Chapters 4.3
and 4.4. In Chapter 4.3, detailed information about the start and end dates of
each hospital admission provided by linked hospital admissions data enabled
additional analysis of the number of days spent in hospital, rather than simply
the number of hospitalisations. In Chapter 4.4 additional information on
troponin levels from the national audit data was used to validate the cohort
defining event of troponin-positive acute coronary syndrome.

Using linked data to establish exposure status and
safety outcomes in pharmacoepidemiology
Chapter 5 provided two additional and complementary case-studies, applying
the three main ways of using linked data previously demonstrated in Chapter 4
to studies with classical pharmacoepidemiological designs.
The study described in Chapter 5.1 aimed to describe prescribing of statins
following acute coronary syndrome and used the CPRD primary care data
to assess prescriptions provided by general practitioners. However, given
that the cohort defining event – acute coronary syndrome – occurred in the
hospital setting, patients may have been provided with a statin prescription on
discharge, which would not have appeared in the primary care data. The used of
linked national audit data provided information on the prescribing of statins at
hospital discharge. Without these audit data, it would have been impossible to
identify that almost two-thirds of those patients who did not receive a GP statin
prescription within two months of discharge had receive a statin prescription on
discharge from hospital.
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Chapter 5.2 used linked primary care, audit, hospital admission and death
certificate data to estimate the risk of myocardial infarction and death associated
with clopidogrel discontinuation after acute coronary syndrome. In line with
Chapter 4, this study used the death certificate data as a gold standard to
establish the outcome of all-cause mortality. In line with Chapter 4.4, the study
searched primary care, national audit and hospital admissions data for evidence
of subsequent myocardial infarction given no gold standard data source existed.
Finally, the study used additional variables only available in the national audit
data to enable specification of the cohort defining event (ST-elevation or nonST-elevation myocardial infarction), and to provide covariate information on
blood pressure and heart rate on admission and treatment in hospital.

General discussion
Chapter 6 started with a summary and discussion of the key findings, addressing
each of the four aims of the thesis in turn and placing the results in the context
of related published studies. Next, the limitations of the approaches using
linked data were discussed, outlining the primary challenges of selection bias,
information bias and confounding. Finally, the general discussion concluded
with recommendations for researchers, data providers and policy makers before
closing with the overall conclusion.
Researchers are recommended to consider whether a gold standard data
source for their event of interest may exist. Four questions were proposed for
researchers to consider for each available data source to guide the selection of
a gold standard in preference to others, or to select data sources to compare
and combine to increase case ascertainment. Additional considerations of
the impact of linkage upon sample size, study period and resulting patient
population were raised. Practical issues of data access and reporting guidelines
were also discussed.
Four categories of recommendations were made to data providers to support
researchers considering the use of their linked data. Firstly, data providers should
provide freely accessible, comprehensive and regularly updated documentation
and training on the data sources they provide access to and the methodology
used for data linkage. Secondly, data providers with observational research
expertise should conduct their own research to describe and validate their data
sources and to publish the results. Thirdly, all data providers should consider the
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ways in which they can streamline access to linked data for research purposes,
to reduce the burden on individual research groups. Finally, data providers are
encouraged to regularly review the sources of linked data they provide access
to, including emerging data from wearables, apps and social media as well as
genomics and bioinformatics.
Finally, policy makers are recommended to consider enabling high quality
research for the benefit of the population they serve when developing and
implementing information and technology solutions. A single, integrated and
digital healthcare system would significantly reduce the challenges facing
researchers. Dedicated funding must be provided to establish, develop and
maintain linked data initiatives, including the Clinical Practice Research
Datalink, if electronic health records are to be used to their full potential. Finally,
a delicate balance must be achieved between minimising the risk of patient
re-identification and providing sufficient data to enable high quality research.
Policy makers must appropriately establish, guarantee and communicate the
safeguards and benefits of data collection and linkage to ensure that patients
continue to be willing to contribute their data to such initiatives.
In conclusion, the use of CPRD linked data has been explored and demonstrated in
relation to the capture of exposure and outcomes for pharmacoepidemiological
research. Linked data offer the opportunity to assess agreement in recording
across data sources, enabling misclassification to be identified and reduced.
However, identification of a gold standard data source is challenging, and may
not always be possible. Investigating data provenance and determinants of nonconcordance between data sources will guide the ways in which data should best
be combined for a given study. Ascertainment of outcomes will be optimised
when a gold standard exists but can also be improved through data linkage that
increases case-mix. Furthermore, additional variables made available through
linkage can be used to internally validate exposures and outcomes, adjust
investigated associations for a broader range of covariates, and extend research
questions beyond those that can be addressed using a single data source. Given
the benefits that linked data sources can offer for public health research, it is
critical that policy makers, data providers, the research community and the
public work together to ensure the success of national linked data initiatives.
Only by each playing their part will the jigsaw puzzle be solved.
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Inleiding
Een belangrijkste doel van de farmacoepidemiologisch onderzoek is e evaluatie
van de effecten van geneesmiddelen op klinische uitkomsten. Daarom is het
cruciaal dat de blootstelling aan geneesmiddelen en de uitkomsten zorgvuldig
gedefinieerd en accuraat geregistreerd worden in de databronnen om de
resultaten zowel intern als extern valide te laten zijn. Elektronische databronnen
in de gezondheidszorg worden in toenemende mate gebruikt voor onderzoek,
en gegevens met betrekking tot de Britse eerstelijnsgezondheidszorg worden
binnen de internationale context het meest gebruikt. Deze gegevens werden
echter niet primair verzameld voor onderzoek en hebben alleen betrekking
op de gezondheid van de patiënt, zoals die geobserveerd, geïnterpreteerd en
geregistreerd wordt in een bepaalde sectie van het gezondheidszorgsysteem.
Zodoende kan er sprake zijn van een bias door misclassificaties, die met
traditionele validatiemethodes onvoldoende worden herkend of aangepakt.
Het koppelen van meerdere databronnen (linked data) met betrekking tot de
gezondheid bieden nieuwe mogelijkheden voor validatiestudies, en kunnen de
misclassificatie in farmacoepidemiologisch onderzoek doen afnemen. Maar
deze voordelen brengen ook methodologische uitdagingen met zich mee.
Van oudsher was de belangrijkste reden om linked data toe te passen in
farmacoepidemiologisch onderzoek om complementaire informatie uit één
databron te verzamelen die in de andere bron niet geregistreerd werd. Rond
2010 werden linked data steeds vaker gebruikt in validatiestudies, met als doel
misclassificaties te identificeren en te doen afnemen.
Hoewel er nog maar weinig onderzoek was gedaan met behulp van linked UK-data,
werd in 2012 de Clinical Practice Research Datalink (CPRD) gelanceerd. De CPRD
had als doel om gegevens met betrekking tot de eerstelijnsgezondheidszorg,
die eerder via de General Practice Research Datalink werden verzameld, uit
te breiden met nieuwe manieren om linked data te genereren. In 2015 had
75% van de Engelse eerstelijnsvoorzieningen, die gegevens aan de CPRD
hadden aangeleverd, ingestemd met deelname aan het linked dataschema en
werden deze gegevens gekoppeld aan die van ziekenhuisopnamestatistieken,
overlijdensakten, kankerregistraties, nationale audits en gegevens met
betrekking tot geografisch bepaalde zorgtekorten.
Derhalve is overkoepelende doelstelling van dit proefschrift om te exploreren en
te demonstreren op welke manier CPRD linked data in farmacoepidemiologisch
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onderzoek toegepast worden om blootstelling en uitkomsten te meten.
Specifieke doelen zijn:
• uitdagingen in kaart brengen bij de interpretatie van resultaten, wanneer
externe databronnen gebruikt worden om niet-gekoppelde gegevens te
valideren ;
• onderzoeken in hoeverre de Britse eerstelijns-, tweedelijns-, register- en
sterftecijfers met betrekking tot de diagnose kanker overeenstemmen, en
nagaan wat determinanten zijn van een gebrek aan overeenstemming;
• uitvoeren van casestudies om na te gaan welke mogelijkheden er zijn om
linked data toe te passen voor een optimale meting van uitkomsten in de
aanwezigheid van een gouden standaard, voor het bevestigen van cases, en
voor het toevoegen van additionele variabelen;
• uitvoeren van casestudies om na te gaan welke mogelijkheden er zijn om
linked data toe te passen voor het beschrijven en vaststellen van het effect
van farmacologische behandelingen.

Uitdagingen bij de interpretatie van resultaten van
verschillende combinaties van linked data
De eerste studie (Hoofdstuk 2.1) was bedoeld om de uitdagingen in kaart
te brengen die gepaard gaan met het toepassen van een gangbare methode
voor externe validatie, waarbij gegevens uit één databron vergeleken worden
met die van een of meer andere databronnen. De studie onderzocht de kans
op cardiovasculaire aandoeningen (myocardinfarct, acuut coronair syndroom,
beroerte en congestief hartfalen) onder patiënten die niet-insuline antidiabetica
gebruikten, op basis van gegevens uit vijf Europese elektronische databronnen
met betrekking tot de gezondheidszorg, met inbegrip van niet-gekoppelde
CPRD-gegevens over de eerstelijnszorg. De incidentiecijfers lieten verschillen
zien tussen landen met een omvang tot het achtvoudige. Een voor de hand
liggende conclusie zou zijn dat er problemen waren met de kwaliteit van de data
of een bias in de gegevens van een of meer landen. Maar hoewel verschillende
databronnen ogenschijnlijk dezelfde variabelen gebruiken in termen van
blootstellingen en uitkomsten, kunnen verschillen in zorgomgevingen en
codeertechnieken leiden tot variatie, zowel in de casemix van studiecohorten
en controlegroepen, als bij het vaststellen van de uitkomsten. De verschillen
kunnen verder toenemen afhankelijk van de benadering van de verstrekkers van
de data en van onderzoekers. In de context van dergelijke heterogeniteit tussen
landen leidt de toepassing van niet-gekoppelde data tot ernstige beperkingen
van het onderzoek.
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Classificatie van uitkomsten op basis van linked data
Gezien de uitdagingen bij het valideren van niet-gekoppelde databronnen werd
een alternatieve benadering onderzocht met de tweede doelstelling. De mate van
overeenstemming tussen de Engelse eerstelijns-, tweedelijnszorg, kankerregisters
en sterftecijfers voor de diagnose kanker werd vastgesteld, en de determinanten
van een gebrek aan overeenstemming werden onderzocht. In Hoofdstuk 3
werden de gegevens uit verschillende bronnen uit de Engelse gezondheidszorg
deterministisch gekoppeld en vergeleken op patiëntniveau om te bepalen of één
databron als gouden standaard gebruikt kon worden.
Hoofdstuk 3.1 richtte zich op de overeenstemming over de diagnose kanker tussen
gegevens uit de eerste lijn en het nationaal kankerregister. De resultaten lieten
zien dat 83% van de gevallen met als diagnose kanker die geregistreerd werd in de
eerste lijn ook geregistreerd werd in het kankerregister. Van de gevallen die in de
eerste lijn wel geregistreerd werden, maar in het kankerregister niet, was er in 55%
van de gevallen wel overeenstemming met linked data over ziekenhuisopnames
en/of overlijdensakten. Bovendien was zowel de 1- als de 5-jaarsoverleving
hoger in de gevallen die geregistreerd werden in CPRD-eerstelijnszorg dan die
geregistreerd werden in het kankerregister. Deze resultaten suggereren dat er
een aantal gevallen met de diagnose kanker (mogelijk met een betere prognose)
zijn, dat in het kankerregister niet geregistreerd werd, zelfs wanneer de patiënt
in het ziekenhuis onderzocht werd of wanneer kanker vermeld werd op de
overlijdensakte. Voor wat betreft de registratie van de diagnose kanker in het
kankerregister, werd 94% ook geregistreerd in de eerste lijn, wat erop wijst dat het
vastleggen van de diagnose kanker in de eerstelijnsregistraties relatief volledig is.
Aangezien gegevens van uit het Britse kankerregister pas na verloop van tijd
beschikbaar worden gesteld voor onderzoek, valt te overwegen om gelijktijdig
verzamelde data te gebruiken, waaronder gegevens uit de eerste lijn met
of zonder een koppeling aan die van ziekenhuisopnames. Daarom werd in
Hoofdstuk 3.2 de mate van overeenstemming tussen deze twee databronnen
onderzocht. Uit de resultaten bleek dat 83% van de gevallen met de diagnose
kanker die in de eerste lijn geregistreerd werden ook in registraties van
ziekenhuisopnames teruggevonden werd, en dat in de 56% van de gevallen waar
geen overeenstemming was tussen deze databronnen er wel overeenstemming
was met ofwel het kankerregister ofwel overlijdensakten. Evenzo werd 94% of
de gevallen van kanker die geregistreerd werd tijdens ziekenhuisopnames ook
geregistreerd in de eerste lijn.
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Deze hoofdresultaten kunnen echter een aantal details in het gebrek aan
overeenstemming maskeren als gekeken wordt naar specifieke soorten kanker.
Hoewel voor de meeste soorten kanker vergelijkbare resultaten gevonden werden
als voor alle soorten kanker samen, was de mate van overeenstemming lager
tussen eerstelijns en kankerregister gegevens voor non-melanoma huidkanker
(54%), nierkanker (60%) en leukemie (70%). Gelijksoortige resultaten werden
gevonden voor non-melanoma huidkanker bij het vergelijken van gegevens uit
de eerste lijn met die van ziekenhuisopnames. Bovendien bleek een hoge leeftijd
(75+) een voorspellende factor te zijn voor een gebrek aan overeenstemming
tussen gegevens uit de eerste lijn en die uit het kankerregister, en tussen
gegevens uit de eerste lijn en die van ziekenhuisopnames. En tenslotte betroffen
de resultaten, beschreven in Hoofdstuk 3.1 en 3.2, data die verzameld werden
op basis van vrijetekstvelden in de eerste lijn, die niet langer beschikbaar zijn
via de CPRD. Zowel 11% van de gevallen uit het kankerregister als 10% van die
in de registratie van ziekenhuisopnames kwamen alleen voor in de eerstelijns
vrijetekstvelden en niet in de gecodeerde gegevens. Op basis daarvan kan
geconcludeerd worden dat het gebruik van één databron als gouden standaard
voor de registratie van kanker in vraag gesteld kan worden en dat met linked
data de kans op misclassificaties en een onderschatting van de incidentie van
kanker verkleint.

Toepassingen van linked data
Gezien de verscheidenheid aan manieren waarop databronnen gekoppeld
kunnen worden ten behoeve van onderzoek, beschrijft Hoofdstuk 4 de drie
belangrijkste methodes voor het gebruik van gekoppelde gegevens. Deze
omvatten: (i) een optimale bevestiging van uitkomsten in aanwezigheid van
een gouden standaard databron, (ii) een groter aantal bevestigingen van
gevallen van kanker als er geen gouden standaard is (zoals gesuggereerd werd
op basis van de uitkomsten in Hoofdstuk 3), en (iii) het toevoegen van waarde
aan bestaande analyses door additionele variabelen te gebruiken die verkregen
werden door het toepassen van linked data.
De vier casestudies gebruikten allemaal overlijdensakten als gouden standaard
voor het event en de datum van overlijden, met drie additionele variabelen met
betrekking tot de doodsoorzaak om oorzaak-specifieke sterftecijfers te berekenen.
Echter, bij een langere duur van de studie moeten uitdagingen die verband houden
met veranderingen in het codeersysteem en algoritmes, die gebruikt werden
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om de doodsoorzaak te registreren, in acht worden genomen. Bovendien moet
rekening worden gehouden met vertragingen in de registratie van sterfgevallen
waarvan de oorzaak onzeker of onverwacht is bij het bestuderen van specifieke
populaties (zoals kinderen, gebruikers van psychoactieve stoffen en zwangere
vrouwen) of oorzaak-specifieke sterfte.
De beschikbaarheid van gedetailleerde gegevens met betrekking tot uitkomsten
en blootstelling aan geneesmiddelen kan mede bepalen welke databron als gouden
standaard gebruikt wordt. In hoofdstuk 4.3 ging de voorkeur uit naar gegevens over
ziekenhuisopnames in plaats van die uit de eerste lijn om de toegang tot de tweede
lijn te onderzoeken, omwille van het groot aantal registraties van de opnamedatum.
In Hoofdstuk 4.4 werd additionele informatie over troponineniveaus uit nationale
auditgegevens gebruikt om het cohortbepalende event van een troponine-positief
acuut coronair syndroom (met uitzondering van instabiele angina) te valideren.
In andere gevallen zal het maximaliseren van het percentage patiënten met
een bepaalde uitkomst dat ook als dusdanig gecategoriseerd wordt (d.w.z. het
garanderen van een hoge sensitiviteit) zwaarder wegen dan de kans op valspositieven. Dit is vaak het geval bij studies naar de veiligheid van geneesmiddelen.
Anderzijds kan worden erkend dat bepaalde uitkomsten in verschillende secties
van het gezondheidszorgsysteem behandeld worden, afhankelijk van de ernst
van de aandoening, of als er geen gouden standaard databron is die alle relevante
uitkomsten registreert. In dit geval kan het gunstig zijn om in alle gekoppelde
databronnen te zoeken naar een uitkomst die in een van deze is geregistreerd. Deze
benadering werd toegepast in Hoofdstuk 4.4 waar linked data uit de eerste lijn en
ziekenhuisopnames gezocht werd naar beroertes, hartfalen, een bypassoperatie
(CABG - Coronary Artery Bypass Grafting) en een percutane coronaire interventie.
Daarnaast werden nationale auditgegevens gebruikt om gevallen van een acuut
coronair syndroom te registreren.
Tenslotte werd het toevoegen van waarde aan bestaande analyses door
additionele variabelen te kiezen uit de linked data geïllustreerd in Hoofdstuk
4.3 en 4.4. In Hoofdstuk 4.3 maakte gedetailleerde informatie met betrekking
tot de begin- en einddatum van iedere ziekenhuisopname in linked data
van ziekenhuisopnames additionele analyses mogelijk van het aantal dagen
dat de patiënt in het ziekenhuis verbleef, in plaats van alleen het aantal
ziekenhuisopnames. In Hoofdstuk 4.4 werd aanvullende informatie over
troponineniveaus uit de nationale audit gebruikt om het cohortbepalend event
van een troponine-positief acuut coronair syndroom te valideren.
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Toepassing van linked data om de blootstellingstatus en
veiligheidsuitkomsten in de farmacoepidemiologie te meten
In Hoofdstuk 5 werden twee additionele en complementaire casestudies
uitgevoerd, waarin de drie belangrijkste methodes om linked data te gebruiken,
zoals beschreven in Hoofdstuk 4, werden toegepast in studies met een klassiek
farmacoepidemiologisch design.
De studie die beschreven werd in Hoofdstuk 5.1 was bedoeld om het voorschrijven
van statines na een acuut coronair syndroom in kaart te brengen, uitgaande
van de CPRD-eerstelijnsdata met betrekking tot recepten van de huisarts.
Het cohortbepalend event – het acuut coronair syndroom – trad echter op in
het ziekenhuis, waardoor de patiënten misschien al een recept voor statines
meekregen bij ontslag, en dus zou dit niet te zien zijn in de eerstelijnsgegevens.
Het toepassen van linked data uit nationale audits leverde informatie op over
het voorschrijven van statines bij ontslag uit het ziekenhuis. Zonder deze
auditgegevens was het onmogelijk geweest om vast te stellen dat bijna twee
derde van de patiënten die in de twee maanden volgend op het ontslag geen
statines voorgeschreven kregen door de huisarts wel een recept voor statines
meekregen bij ontslag uit het ziekenhuis.
Hoofdstuk 5.2 gebruikte linked data uit de eerste lijn, audits, ziekenhuisopnames
en overlijdensakten om de kans op een myocardinfarct en sterfte die gepaard
gaat met het stoppen van clopidogrel na een acuut coronair syndroom
te berekenen. Net als in Hoofdstuk 4 werden in deze studie gegevens uit
overlijdensakten als gouden standaard gebruikt om de sterfte door alle
oorzaken vast te stellen. In lijn met Hoofdstuk 4.4 werd in de data uit de eerste
lijn, nationale audit en ziekenhuisopnames gezocht naar het optreden van een
daaropvolgend myocardinfarct, gegeven het feit dat er geen gouden standaard
databron was. Tenslotte werd gebruik gemaakt van aanvullende variabelen die
alleen in de nationale auditgegevens terug te vinden waren om de specificatie
van het cohortbepalend event (ST-elevatie of niet-ST-elevatie myocardinfarct)
mogelijk te maken, en om covariabelen met betrekking tot bloeddruk en
hartslag te bepalen bij opname en ontslag uit het ziekenhuis.
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Discussie
Hoofdstuk 6 begon met een samenvatting en een discussie van de belangrijkste
bevindingen, waarbij de vier doelstellingen van dit proefschrift behandeld
werden en de bijbehorende resultaten in de context of gerelateerde
gepubliceerde studies geplaatst werden. Vervolgens werden de beperkingen van
de toepassing van linked data besproken, met name selectiebias, informatiebias
en confounders. De discussie omvatte verder een aantal aanbevelingen voor
onderzoekers, verstrekkers van data en beleidsmakers alvorens af te sluiten met
de algemene conclusie.
Onderzoekers werden geadviseerd om na te gaan of er een gouden standaard
databron is voor het onderzochte event. Er worden vijf vragen gesteld om
voor iedere beschikbare databron na te gaan of ze als gouden standaard te
prefereren valt boven andere, of om databronnen te vergelijken en te koppelen
om de bevestiging van gevallen te optimaliseren. Aanvullende overwegingen
met betrekking tot de impact van linked data op de omvang van de steekproef,
de duur van de studie en de gekozen patiëntenpopulatie worden besproken.
Praktische problemen met betrekking tot de toegang tot de data en richtlijnen
voor de rapportage komen eveneens aan de orde.
Vier categorieën van aanbevelingen voor verstrekkers van data werden
onderscheiden om onderzoekers te helpen bij het verwerken van linked data.
Ten eerste zouden verstrekkers van data vrij toegankelijke, omvangrijke en
regelmatig bijgewerkte registraties en trainingen moeten aanbieden met
betrekking tot de data die zij aanleveren en methodes beschrijven om gegevens
uit verschillende bronnen te koppelen. Ten tweede zouden verstrekkers van
data met een expertise voor observationeel onderzoek hun eigen studies
moeten uitvoeren om hun databronnen te omschrijven en te valideren, en om
de resultaten daarvan beschrijven. Ten derde zouden alle verstrekkers van data
moeten nagaan hoe zij toegang tot linked data voor onderzoeksdoeleinden
kunnen bieden om de werkdruk van individuele onderzoekers te verminderen.
Ten vierde moeten verstrekkers van data aangemoedigd worden om linked
data uit de databronnen waar zij toegang tot verschaffen regelmatig kritisch
te bekijken, met inbegrip van nieuwe gegevens van wearables, apps en sociale
media, evenals genomica en bio-informatica.
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Tenslotte volgden aanbevelingen voor beleidsmakers om kwalitatief goed
onderzoek dat hun populatie ten goede komt mogelijk te maken wanneer zij
informatie en technologische oplossingen ontwikkelen en implementeren. Een
enkel, geïntegreerd en digitaal gezondheidszorgsysteem zou de uitdagingen
waar onderzoekers mee geconfronteerd worden aanzienlijk verminderen.
Er dient ook financiering te komen, specifiek voor het opzetten, ontwikkelen
en bewaken van lopende linked dataprojecten, inclusief de Clinical Practice
Research Datalink (CPRD) om de elektronische gezondheidsregistraties ten
volle te benutten. Uiteindelijk moet een delicaat evenwicht worden bereikt
tussen het minimaliseren van het risico van her-identificatie van de patiënt
en het verstrekken van voldoende gegevens om kwalitatief onderzoek van
hoge kwaliteit mogelijk te maken. Beleidsmakers dienen de veiligheid en de
voordelen van het verzamelen en koppelen van gegevens duidelijk te maken, te
garanderen en te communiceren om ervoor te zorgen dat patiënten bereid zijn
om hun gegevens beschikbaar te stellen voor dergelijke projecten.
Concluderend kan gesteld worden dat de toepassing van CPRD linked
data geëxploreerd en gedemonstreerd werd in relatie tot het meten van
de blootstelling aan geneesmiddelen en uitkomsten ten behoeve van
farmacoepidemiologisch onderzoek. Linked data bieden de mogelijkheid
om de overeenstemming tussen gegevens uit verschillende databronnen te
onderzoeken, en om misclassificatie te herkennen en te verminderen. De
identificatie van een gouden standaard databron is een uitdaging, en misschien
niet altijd mogelijk. Het onderzoeken van de herkomst van gegevens en van
determinanten van het niet overeenstemmen van verschillende databronnen
zullen een leidraad zijn voor de manier waarop gegevens het best gekoppeld
kunnen worden voor een specifiek onderzoek. Het vaststellen van uitkomsten
zal geoptimaliseerd worden als er een gouden standaard is, maar kan ook
verbeterd worden met linked data die de informatie over de casemix doet
toenemen. Bovendien kunnen additionele variabelen op basis van linked data
gebruikt worden om blootstellingen en uitkomsten intern te valideren, om de
onderzochte verbanden met een scala aan covariaten uit te breiden, en om
meer onderzoeksvragen te kunnen beantwoorden dan die op basis van een
enkele databron. Gegeven de voordelen van linked data voor onderzoek op het
gebied van de volksgezondheid, is het cruciaal dat beleidsmakers, verstrekkers
van data, wetenschappelijk onderzoekers en het publiek samenwerken om het
succes van nationale projecten met linked data te waarborgen. Alleen als alle
partijen een bijdrage leveren zullen de stukjes van de puzzel in elkaar passen.
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