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Aim: The impact of different strategies to handle patients with data recorded under multiple Clinical
Practice Research Datalink (CPRD) identifiers (IDs) is unknown. Patients and methods: Six approaches to
handling patients appearing under multiple CPRD IDs were defined. The impact of the approaches was
illustrated using a case study describing the clinical characteristics of a population of nonvalvular atrial
fibrillation patients. Results: 5.6% of patients had more than one CPRD ID. Across all six approaches im-
plemented, no material difference in the characteristics of nonvalvular atrial fibrillation patients were
observed. Conclusion: While strategies which longitudinally append patient registration periods under
different CPRD IDs maintain independence while using all available data, their implementation had little
impact on the results of our case study.
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The Clinical Practice Research Datalink (CPRD) GOLD database, formerly the General Practice Research Database,
is a large electronic health record database containing details of general practitioner records for 6.9% of the
UK population [1]. The database has a long history of use in pharmacoepidemiologic research with over 2200
publications in the past 20 years [2]. In recent years, a routine linkage between the patients attending English
practices contributing to CPRD GOLD and their secondary and tertiary care records contained in the Hospital
Episode Statistics (HES) database has become available [1,3]. This has allowed for more accurate data on exposures,
outcomes and covariates to be obtained for pharmacoepidemiologic studies using the linked databases and for
studies investigating the utilization and cost of healthcare to also be carried out.

A limitation of the CPRD GOLD data is that it does not contain lifetime (cradle to grave) follow-up of patients,
that is, the population in the CPRD is dynamic with patients entering the databases when they register with a
contributing general practitioner (GP) practice and exiting the database when they leave that practice. Specific
approaches are therefore taken in designing CPRD studies in an effort to limit the extent to which this impacts
results, for example by requiring a disease-free period of follow-up of a certain length to be observed prior to a
diagnosis in order to assume that diagnosis is incident [4]. An added difficulty in working with the dynamic CPRD
GOLD population, is that it is not possible to track the movement of patients between contributing practices,
thus the same patient may contribute two periods of follow-up to the database under different patient identifiers
(IDs; Figure 1). This poses issues for analyses that require assumptions regarding independence of observations in
studies using CPRD GOLD data.

In contrast, patients in HES maintain the same ID throughout their time in the database (Figure 1) [5]. The
linkage of CPRD data with HES data therefore provides a potential opportunity to identify cases where the same
patient has registered at multiple CPRD GOLD practices and appeared under different IDs. That is, where multiple
patient IDs in the CPRD GOLD dataset link to a single patient ID in the HES dataset, this suggests that the same
patient has registered at multiple CPRD GOLD practices. Despite this, we are not aware of any studies that have
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Figure 1. Schematic illustrating how the lifetime follow-up of a single patient could appear in a Clinical Practice
Research Datalink-Hospital Episode Statistics linked dataset. The patient registers with three CPRD contributing
General practitioner practices in their lifetime and therefore appears under three different CPRD IDs in the database.
In contrast, the patient is issued an NHS number at birth which is used to track all of their inpatient and outpatient
attendances over their lifetime thereby allowing for lifetime follow-up of patients in this data source.
CPRD: Clinical Practice Research Datalink; HES: Hospital Episode Statistics; ID: Identifier.

utilized the linked data to explore this issue in detail, with few published studies providing any detail on how they
handle cases where multiple CPRD IDs are linked to a single HES ID.

In light of this, the current study utilized a CPRD GOLD-HES linked dataset of patients with a diagnosis of
atrial fibrillation (AF) to describe the frequency of one-to-many matches typically observed between HES and the
CPRD GOLD, outline a number of possible approaches to handle one-to-many matches and explore the impact of
these approaches on features of the AF study population. As such, the results of the study provide future investigators
with information on the extent of the issue and the potential impact the different approaches to handling the issue
can have on study results, thereby allowing them to make more informed choices in their study.

Methods
Data source
The study utilized data from the UK Clinical Practice Research Datalink (CPRD GOLD or CPRD for conciseness)
and the HES. These databases can be linked through pseudorandomized patient identification numbers. CPRD,
formally the General Practice Research Database, is a large primary care database forming a representative sample
of 6.9% of the UK general population [1]. HES is a secondary care database in England and records patient data
related to presentations in National Health Service (NHS) hospitals or private healthcare institutions where the
NHS provides partial funding [6]. CPRD-HES linked data used in this study was acquired and analyzed in line
with the Independent Scientific Advisory Committee approved protocol (protocol number: 18 271R).

Study population
This case study used a descriptive and exploratory population-based case–control design. The population of interest
was patients who were newly diagnosed with nonvalvular atrial fibrillation (NVAF). Patient follow-up began at the
latest of 1 January 2013, 1 year following registration at a GP practice or the date a patient’s GP practice met the
minimum recording standards for the CPRD. Patient follow-up ended at the earliest of death, 31 December 2017,
the date a patient’s GP practice last contributed data or the date a patient transferred out of their GP practice.

The study population consisted of individuals with a diagnosis of AF recorded during patient follow-up. As AF
diagnosis may occur in secondary care, or lead to referral to secondary care, the index date for each patient was
defined as occurring 1 year after their AF diagnosis date. This allowed adequate time for individuals diagnosed in
secondary care to be discharged and come back under the care of their GP for the identification of treatment status.
The index date was the same for all study populations.

Patients were excluded if they had at least one of the following criteria: aged under 45 years old at their index
date, had an AF code recorded prior to their start of follow-up (to capture incident AF cases only), had codes
indicative of valvular AF on or ever before their end of follow-up, had less than 1 year follow-up following their AF
diagnosis or were ineligible for CPRD and HES linkage.
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Table 1. Clinical Practice Research Datalink and Hospital Episode Statistics linkage strategies.
Linkage strategy Interpretation for illustrative patient in Figure 1

1 Drop all patients with multiple CPRD IDs for a single HES ID from the study population Drop all data for CPRD ID 001, 002 and 003 and HES ID 001 from
the study population

2 Select one CPRD record at random of those that have multiple CPRD records One of CPRD ID 001, 002 or 003 selected at random for
inclusion in the study population and HES ID 001 data from the
equivalent period included

3 Keep all patients CPRD linked to a HES ID in study population and treat them as unique
patients

Keep CPRD ID 001, 002 and 003 in the study population as
separate patients, and include HES ID 001 data from the
equivalent periods for each

4 Keep only the CPRD patients with most recent current registration date Keep CPRD ID 003 in the study population, and HES ID 001 data
from the equivalent period

5 Keep only the CPRD patient with the most recent current registration date, unless the gap
between the records is short enough to assume continuous capture of GP contacts
(30 days) – in which case the records are appended

Keep CPRD ID 003 and 002 in the study population, and HES ID
001 data from the equivalent period

6 Keep only the CPRD patient with the most recent current registration date, unless the gap
between the records is short enough to assume continuous capture of GP contacts
(30 days) – in which case the records are appended. If the gap is too large to assume
continuous capture of GP contacts, use older patient ID to define medical history (but not
incident events).

Keep CPRD ID 003 and 002 in the study population and use
CPRD ID 001 to support the identification of medical history of
events. HES ID 001 data from the equivalent periods included

CPRD: Clinical Practice Research Datalink; GP: General practitioner; HES: Hospital Episode Statistics; ID: Identifier.

Several study populations were defined based on the various options available for handling situations where
multiple CPRD IDs were linked to a single HES ID (Table 1).

Cases & controls

Cases were identified as NVAF patients who had an oral anticoagulant (OAC) prescription for a vitamin K
antagonist, Dabigatran, Apixaban, Rivaroxaban or Edoxaban between the date of their NVAF diagnosis and index
date. Controls were all remaining NVAF patients (i.e. those without an OAC prescription within this period).

Data analysis
For each study population defined based on the approaches outlined in Table 1, covariate prevalence was summarized
using descriptive statistics (mean and standard deviation or frequency and percentage). Univariable logistic regression
models were implemented to estimate odds ratios and 95% confidence intervals to determine the association between
each covariate and OAC use for each of the linkage approaches. The total number of patients for each linkage
approach is also reported.

For strategy 5 (Table 1), periods of registration of patients with the same HES ID but more than one CPRD
ID are longitudinally appended if the gap between the transferred-out date of a previous registration to the current
registration date of the next registration period is less than 30 days. The same is true for strategy 6, however for
any registration periods with a gap of greater than 30 days between transferred out date and current registration
date, instead of disregarding them, those periods are used to help define patient history but not to define the study
population, in this case study, those periods are not used to define incidence of NVAF.

Results
There were 358,101 patients in the CPRD-HES linked dataset with unique HES IDs and AF recorded at some
point in their HES or linked CPRD records. Out of these, 338,403 (94.5%) were linked to a single CPRD patient
ID, 18,477 (5.16%) of patients were linked to two CPRD patient IDs and approximately 1221 (0.4%) were linked
to three or more CPRD patient IDs. There were 11,843 gaps in follow-up between CPRD IDs linked to the same
HES ID, out of which 50.5% were 30 days or less and 49.5% were greater than 30 days, with an average gap of
2.63 years and standard deviation of 4.1 years. The magnitude of the mean gap compared with the proportions
less than or greater than 30 days reflects the skewness of the gap distribution.

For each of the 6 strategies used to handle situations where multiple CPRD IDs link to a single HES ID, the
relevant inclusion and exclusion criteria were applied. The resultant number of patients in each of the populations
are provided in Table 2, with the population where patients with multiple CPRD IDs for a single HES ID are
dropped (Link 1) having the smallest population of 13,684 compared with keeping all patients and treating them
as unique individuals (Link 3) having the largest population of 14,648.
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Across all the linkage options, there is little variability in the study population characteristics (Table 2). Population
demographics were very similar with the only difference being the number of patients in each of the study
populations. Percentages of those with or without prior stroke risk factors and bleeding risk factors are similar
across difference linkage strategies. Risk scores (CHADS2, CHA2DS2-VASc, HAS-BLED) are also similar. The
Charlson Comorbidity index (CCI) also shows little variation between study populations.

More variability is shown in the adjusted odds ratios describing the association between patient characteristics
and initiation of OAC treatment (Table 3), however not to the extent that would alter the clinical interpretation of
results.

Discussion
In this study, we detail and explore six different methods to handle nonindependence due to the repeated registration
of a single patient under different patient IDs in the CPRD GOLD database. The methods were explored using a
case study investigating predictors of OAC treatment in a cohort of NVAF patients. Overall, this study found that
the prevalence of the issue is low, and that the method used to handle patients appearing under multiple CPRD
IDs did not have a significant impact on the results.

The issue explored in this paper has received little focus in the published literature to date, despite the fact that
it is an issue encountered in almost all HES-linked CPRD GOLD studies. The lack of recognition of the issue
may be due to the expectation that it has little impact on study results given its low prevalence in typical study
populations. While our results support this view, we believe it is important that the nuances of real-world data
sources are explored, and their impact illustrated empirically rather than making such assumptions a priori. As such,
our results provide investigators with some reassurance that the approach used to handle situations where multiple
CPRD IDs are linked to a single HES ID is likely to have a small impact on results.

While we found that the approach used to handle one-to-many linkages did not overly influence the results of our
case study, other research questions might be more sensitive to the inclusion/exclusion of patients with multiple
CPRD IDs, or to the misclassification of covariate status. In such cases the approach used may have a greater
impact. For example, in a study investigating a rare outcome, exclusion or misclassification of a small number of
patients can have a large impact on the results. Careful consideration should therefore be given to how this group
of patients is handled in defining a study population. In this context, linkage strategy 5 and 6 make the best use
of all available data while excluding nonindependent observations. Options 1, 2 and 4 are more straightforward
to implement than options 5 and 6 and would also maintain independence, these may therefore represent more
pragmatic options but will result in the omission of some potentially relevant data. Previous work suggests that
the use of all available historic data may be the optimum approach when defining time-invariant dichotomous
covariates [7–9], therefore options 5 and 6 will likely represent best practice in most study settings. Option 3 would
result in the inclusion of nonindependent observations and will therefore violate the assumptions of a number of
analytic approaches, including the logistic regression analysis presented in this paper, and should not be used.

Some of the one-to-many linkages encountered in this study may result from linkage errors, where one of the
CPRD IDs is erroneously linked to the wrong HES ID. CPRD data are linked to HES data by NHS Digital
using an 8-stage deterministic methodology, however, in order to be included in standard research datasets patients
must be linked on one of the first 5 sets of linkage criteria, all of which require linkage on NHS number and
gender, date of birth and/or postcode [3]. As a result, we expect the occurrence of linkage error to be low and the
majority of one-to-many linkages between HES and the CPRD to result from the registration of the same patient
under multiple CPRD IDs. To our knowledge there is no published literature examining linkage errors between
the CPRD and HES.

Finally, the lack of recognition of the issue in the literature may also derive from a lack of awareness of the issue
among investigators inexperienced with the CPRD GOLD database. Our results therefore also serve the purpose
of raising awareness of the issue among such investigators and detailing a set of potential approaches that they can
use to address the issue. At a minimum, our results should lead to an improvement in the reporting of methodology
used to address the issue in published studies, in line with reporting guidelines in this field [10].

Conclusion
While the strategies which longitudinally append patient registration periods under different CPRD IDs maintain
independence while using all available data, their implementation had little impact on the results of our case study.
More pragmatic options which maintain the independence of observations while applying basic inclusion/inclusion
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criteria may perform as well in most study settings. Regardless of the approach used, more transparent reporting of
the methodology employed in published studies is warranted.

Summary points

• Patients in the Clinical Practice Research Datalink (CPRD) may appear in the database multiple times under
different patient identifiers, potentially introducing bias.

• In contrast, patients typically appear under one identifier in Hospital Episode Statistics (HES) therefore linkage
with HES offers an opportunity to explore the issue.

• Among 358,101 patients in our atrial fibrillation case study, 18,477 (5.16%) appeared under two CPRD patient
identifiers and 1221 (0.4%) were linked to three or more CPRD patient identifiers.

• We defined six approaches to handle the patients with multiple CPRD identifiers when encountered in studies,
none of which had a significant impact on results of our case study.

• We recommend that future studies using CPRD GOLD-HES linked data make clear the strategy used to handle
these cases and consider its impact on the interpretation of study results.
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