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Abstract

Purpose: It is not clear whether all deaths are recorded in the Clinical Practice

Research Datalink (CPRD) or how accurate a recorded date of death is. Individual‐

level linkage with national data from the Office for National Statistics (ONS) and Hos-

pital Episode Statistics (HES) in England offers the opportunity to compare death

information across different data sources.

Methods: Age‐standardised mortality rates (ASMRs) standardised to the European

Standard Population (ESP) 2013 for CPRD were compared with figures published by

the ONS, and crude mortality rates were calculated for a sample population with indi-

vidual linkage between CPRD, ONS, and HES data. Agreement on the fact of death

between CPRD and ONS was assessed and presented over time from 1998 to 2013.

Results: There were 33 997 patients with a record of death in the ONS data; 33

389 (98.2%) of these were also identified in CPRD. Exact agreement on the death

date between CPRD and the ONS was 69.7% across the whole study period, increas-

ing from 53.4% in 1998 to 78.0% in 2013. By 2013, 98.8% of deaths were in agree-

ment within ±30 days.

Conclusions: For censoring follow‐up and calculating mortality rates, CPRD data

are likely to be sufficient, as a delay in death recording of up to 1 month is unlikely

to impact results significantly. Where the exact date of death or the cause is impor-

tant, it may be advisable to include the individually linked death registration data from

the ONS.
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KEY POINTS

• The majority of deaths are recorded in UK primary care

data.

• The mortality rate calculated for CPRD is comparable

with the ONS.

• Where the exact date of death or the cause is important

in a CPRD study, it may be advisable to include the

individually linked national ONS death registration data.

• Researchers should take into consideration the impact

on sample size and power of a study when deciding

whether to use the linked data as this can restrict the

cohort size substantially.
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1 | INTRODUCTION

Electronic health records (EHRs) are increasingly used in clinical

research. The Clinical Practice Research Datalink (CPRD) is an ongoing

primary care database of anonymised medical records from general

practitioners (GPs) and has been the basis of 886 published papers

in the last 5 years.1 The CPRD GOLD database is based on GP records

using the Vision software system, and the quality of primary care data

is variable since data are entered by GPs during routine consultations,

and not for the purpose of research.

Death is a common outcome measure in EHR studies with multi-

ple articles published each year using CPRD GOLD.2-7 Clear informa-

tion on the date of death is important for censoring in observational

epidemiology, especially for analyses of mortality and for studies

assessing events at the end of life.8 It is not clear whether all deaths

are recorded in CPRD GOLD or how accurate a recorded date of

death is.9 In England and Wales, when a patient dies, it is the statutory

duty of the doctor who had attended in the last illness to issue the

death certificate.10 However, GPs may not routinely receive informa-

tion about their deceased patients for whom they did not complete

the death certificate.11 Primary care software systems allow the

recording of death information via multiple methods and changes to

the software over time or when converting between systems may

impact the completeness of records.12 CPRD researchers have devel-

oped an algorithm to identify multiple potential records of death from

across the primary care record and combine this information to iden-

tify the best estimate for the date of death; this has not been exter-

nally validated (see Appendix S1 for details of the algorithm).

Individual‐level linkage with national data from the Office for

National Statistics (ONS) and Hospital Episode Statistics (HES) in

England offers the opportunity to compare death information across

the sources. This external validation will help researchers using EHRs

to make decisions over the choice of data source when death is an

important study variable. The objective of this study was to compare

death date information based on the CPRD GOLD algorithm with

national death registration data from the ONS and hospital death

records from the HES for England.We examined how the mortality rate

for CPRD GOLD was compared with the published figures from the

ONS and used individually linked data to investigate how both the fact

of death and date of death were compared between data sources.
2 | METHODS

The data used for this studywere sourced from three routinely collected

linked data sources in England. CPRDGOLDprimary care data comprise

the anonymous longitudinal EHRs of over 14 million patients in the

United Kingdom in a dynamic cohort where patients can join/leave a

GP practice over the course of follow‐up.13,14 These data are based

on the Vision software system and have been shown in numerous vali-

dation studies to be generally of high quality.15,16 Data have been col-

lected since 1987. The ONS death registration data contain the date

and coded cause of death for the population of England andWales from

January 1998, based on the death certificate, and are considered the

gold standard.17 The national HES data contain details of all admissions
to National Health Service (NHS) hospitals in England from April 1997,

including information on deaths in hospital.18 Linkage between CPRD

GOLDdata and theONS andHES data sources is available at an individ-

ual level for those patients registered at practices in England that have

consented to data linkage. Linkage between data sets is undertaken

using a deterministic linkage algorithm, based on a patient's exact

NHS identification number, sex, date of birth, and residential postcode.

A sample of one million patients from CPRD GOLD was identified

in January 2014 for a previous publication, based on those who had

been registered at a contributing practice for at least 1 day before this

date.14 We used the same sample, restricting it further to those alive

when linked ONS death registration data became available (1998;

85.7%) and to those in England (81.5%) who were eligible for linkage

with both the ONS data and the HES data (76.8%) to create our study

cohort (see Figure SA). Follow‐up time was assessed based on the

time since registering at the GP practice until the patient was

deducted from the record (transferred out of the practice for any rea-

son). Analyses were restricted to the overlapping coverage period of

active follow‐up in all three data sources since the influence of the

denominator definition is important in studies of linked data.19

In order to compare the overall mortality rate in CPRD GOLD with

the ONS data, we calculated age‐standardised mortality rates (ASMRs)

standardised to the European Standard Population (ESP) 2013 and

compared this with figures published by the ONS using the same meth-

odology. Data from the ONS were available from 2001 onwards. The

ESP is an artificial population structure that is used in the weighting

of mortality data to produce comparable ASMRs.20 The population

with individual linkage between all three data sources was used to cal-

culate crude mortality rates in each data source and compare them.

Poisson regression was used to calculate rates per 1000 person‐years

overall and by calendar year from 1998 onwards. We assessed

agreement on the fact of death between the CPRD GOLD and the

ONS and compared the difference in dates between the two over time.
3 | RESULTS

Table 1 describes the random sample of patients with data from 1998

to 2014 (n = 857 047) and the study cohort of 536 341 in England who



TABLE 1 Characteristics of a random sample of individuals in CPRD
GOLD, active (alive) since 1998, and the subcohort in England eligible
for linkage

Total N, %, Unless Stated
Otherwise

Random Sample of
Patients

Subcohort of the
Random Sample:
Patients in England,
Eligible for ONS and
HES Linkage

Total number of patients (N) 857 047 536 341

Time since registration at the
GP practice

Time in years, mean (SD) 11.7 (12.9) 11.2 (12.4)

Time in years, median (IQR) 7.1 (2.3‐17.2) 6.7 (2.3‐16.5)

Follow‐up time during the
linkage coverage period

Follow‐up time in years,
mean (SD)

7.3 (5.7)

Follow‐up time in years,
median (IQR)

5.8 (2.0‐13.2)

Sex

Female 442 055 (51.6%) 276 384 (51.5%)

Male 414 992 (48.4%) 259 957 (48.5%)

Age at registration with the GP
practice

Age in years, mean (SD) 28.1 (21.7) 28.4 (21.7)

Age in years, median (IQR) 27.0 (9.0‐41.0) 27.0 (10.0‐41.0)

Age < 18 271 091 (31.6%) 165 438 (30.8%)

Age 18‐29 213 520 (24.9%) 134 027 (25.0%)

Age 30‐39 146 978 (17.1%) 94 554 (17.6%)

Age 40‐49 84 790 (9.9%) 53 868 (10.0%)

Age 50‐64 79 505 (9.3%) 50 021 (9.3%)

Age 65‐74 31 534 (3.7%) 19 712 (3.7%)

Age 75+ 29 629 (3.5%) 18 721 (3.5%)

Body mass index (BMI), aged
18+

Mean BMI (SD) 25.9 (5.3) 25.9 (5.2)

Median BMI (IQR) 25.1 (22.3‐28.6) 25.0 (22.3‐28.5)

BMI unknown or out of
range (<10, 70+)

211 792 (30.4%) 127 437 (29.3%)

Practice region

North‐East 13 158 (1.5%) 10 147 (1.9%)

North‐West 90 440 (10.6%) 73 149 (13.6%)

Yorkshire and The Humber 29 628 (3.5%) 19 430 (3.6%)

East Midlands 30 160 (3.5%) 16 758 (3.1%)

West Midlands 68 561 (8.0%) 55 029 (10.3%)

East of England 80 799 (9.4%) 61 526 (11.5%)

South‐West 71 233 (8.3%) 64 435 (12.0%)

South Central 98 990 (11.6%) 69 935 (13.0%)

London 126 807 (14.8%) 99 927 (18.6%)

South‐East Coast 88 714 (10.4%) 66 005 (12.3%)

Northern Ireland 20 677 (2.4%) 0 (0.0%)

Scotland 74 961 (8.7%) 0 (0.0%)

Wales 62 919 (7.3%) 0 (0.0%)

Abbreviations: CPRD, Clinical Practice Research Datalink; GP, general
practitioner; HES, Hospital Episode Statistics; IQR, Interquartile range;
ONS, Office for National Statistics; SD, standard deviation.
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were eligible for linkage with both the ONS death registration data and

the HES data; there were no major differences between the two. In the

study cohort, the average follow‐up time since registration at the GP
practice was 11.2 years (standard deviation [SD] 12.4), of which 6.8

years (SD 5.5) were during the linkage coverage period. There were

slightly more females than males (51.5% vs 48.5%). Most registered

with their GP in the early years of life with over half registering before

their 30th birthday. Body mass index (BMI) data were available for

70.7% of adult patients (aged 18 y or more), where the mean was

25.9 (SD 5.2); BMI information was missing for 97.9% of children.

Smoking information was captured for 85.2% of adult patients;

25.4% were non‐smokers, 29.6% ex‐smokers, and 30.2% smokers.

Smoking information was missing for 86.4% of children, and 11.0%

were recorded as non‐smokers. All patients in the subcohort available

for linkage were in England, spread across all regions.

ASMRs per 100 000 population, standardised to the ESP 2013,

are presented separately for males and females in CPRD GOLD along-

side the published national rates from the ONS, which were available

from 2001 onwards (Figure 1). In both data sources, the mortality rate

was higher for males than females. The mortality rate published by the

ONS was higher than calculated for CPRD GOLD for both males and

females.

For our study cohort, the crude mortality rate for 1998 to 2013

using the ONS data was 9.33 per 1000 person‐years (95% confidence

interval, 9.23‐9.43). For the same patients, this was compared with

9.41 (9.31‐9.51) for CPRD GOLD data and 4.27 (4.21‐4.34) for HES

data. Mortality rates by calendar time for all three sources are pre-

sented in Figure 2.

There were 33 997 patients with a record of death in the ONS

data; 33 389 (98.2%) of these were also in CPRD GOLD (Figure 3).

There were 608 patients with a death recorded in the ONS but not in

CPRD GOLD; 498 (82%) had been transferred out of the practice for

a reason other than due to death. There were 834 additional patients

for whom the algorithm used by CPRD identified a date of death; how-

ever, therewas no record in theONS; 802 (96.2%) had been transferred

out due to death. There were 17 deaths documented in the HES that

were not recorded in either the ONS or CPRD GOLD data.

Exact agreement between the death date estimated by the CPRD

GOLD algorithm and the date from the ONS was 69.7% across the

whole study period, increasing from 53.4% in 1998 to 78.0% in 2013

(Figure 4). An earlier death date was identified in CPRD GOLD for less

than 3%, and this did not change over time. A later date was identified

in CPRD GOLD for 27.7%, reducing from 44.9% in 1998 to 19.5% in

2013. By 2013, 98.8% of deaths were in agreement within ±30 days.
4 | DISCUSSION

This study showed that 98.2% of deaths in the ONS data are recorded

in the CPRD GOLD primary care data. With such a high overall agree-

ment rate, for studies where the fact of death is important, it would be

acceptable to use death information from CPRD GOLD. Agreement on

the exact date of death increased over time to 78.0% in 2013. Dis-

crepancies were most commonly when the death date recorded at

the GP practice was later than the official date on the death certifi-

cate; however, both the amount of disagreement and the size of the

delay have been reducing over time.



FIGURE 1 Age‐standardised mortality rates
(ASMRs), 2001 to 2013 for England. CPRD,
Clinical Practice Research Datalink

FIGURE 2 Mortality rates, 1998 to 2013 for
the same patients in England, as recorded in
three data sources. CPRD, Clinical Practice
Research Datalink; ONS, Office for National
Statistics
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The objective of this study was to compare death date information

based on the CPRD GOLD algorithm with national information from

the ONS and hospital records, since GPs may not routinely receive

information about their deceased patients and there is more than one

way to record a death using the primary care software system.Wewere

able to compare the information at the GP practice with the death cer-

tificate data by comparing individual records in both data sources.

The CPRD GOLD algorithm has not been externally validated, and

questions have been posed as to whether all deaths are recorded at the

practice. The high level of agreement on the fact of death found in this

study is encouraging and suggests that the majority of deaths are

recorded in CPRD GOLD. Of the 1.8% that were not recorded in CPRD

GOLD, a large proportion (82%) had been transferred out of the prac-

tice for another reason (not due to death), suggesting that their record

had been closed before the GP had been informed of their death. The

HES data were limited to patients admitted to hospital, where as many

as half of all deaths may occur.21 For 2015/2016, 46.4% of deaths
occurred in hospital in England22 and we found a similar rate in this

study. For this reason, we would not recommend using the HES as

the sole source of data for identifying death as an outcome.

This study found that even in recent years, one‐fifth of patients

have a date of death recorded at the GP practice that is later than the

date recorded in the ONS, which is based on the official death certifi-

cate. There are several reasons why there may be delayed recording

of death information at the GP practice. Firstly, the practice may not

be informed within a reasonable time frame. For expected deaths, the

registered GP is likely to be informed as soon as it is practicable; how-

ever, it is not essential for them to attend to verify a death23 and the

procedure for ensuring the registered GP is notified is not clear. They

may be informed by the attending GP, the hospital, and relatives, or

information may first arrive from a central request to deduct the

patient's record. Secondly, there may be limited incentive at the prac-

tice to close a patient's record immediately since their income relates

to the list size.24,25 Thirdly, there may be little reason to ensure that



FIGURE 3 Concordance between the Clinical Practice Research

Datalink (CPRD) algorithm and the gold standard Office for National
Statistics (ONS) data using individually linked data
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the exact date of death is recorded since further clinical care is no lon-

ger required and this type of administrative task is unlikely to be high

priority for the practice. The lag time may be affected by the cause of

death, which we did not assess in this study. For some conditions,
FIGURE 4 Difference between the Clinical Practice Research Datalink (CP
[Colour figure can be viewed at wileyonlinelibrary.com]
patients are highly likely to be in hospital at the time of death, as was

found for heart failure,26 and certain types of death, such as suicide,

may be recorded differently.27 Further studies could investigate the dif-

ferences in lag time by cause of death. Delayed recording at the GP

practice may contribute to an immeasurable time bias where CPRD

GOLD is used for a study without linking to the ONS death registration

data.28 This type of bias is likely to have more impact on case‐control

study designs that use mortality as an outcome. In this study, we found

the median delay to be 16 days. For studies where it is important to be

exact on the date of death, it may be advisable to use the linked ONS

data in order to minimise including immeasurable person time; how-

ever, the impact is likely to be less in more recent years as both the pro-

portion of patients and the median delay have reduced over time. This

is in line with the improvement in the completeness of recording of

many types of record at the GP practice in recent years.14

This study used the same random sample of patients from a previ-

ous publication, which provided a detailed overview of the data avail-

able in CPRD GOLD.14 The sample was limited to patients eligible for

linkage with other data sources and to those with follow‐up since

1998. This immediately reduced the original sample of one million

patients to 53% in a similar way to previously published studies.29

Researchers need to balance in the loss in patient numbers alongside

the gain in information from the linked data. Several CPRDGOLD stud-

ies have used the linked ONS data in order to provide additional infor-

mation on the cause of death, which would otherwise be less

complete in primary care.30-32 However, some studies have specifically

chosen not to include linked ONS data even when death was an impor-

tant study outcome, in order to maximise patient numbers and increase

external validity by including all four countries of the United Kingdom.7

In this study, nomajor differences were found between the original ran-

dom sample of patients and the subcohort eligible for linkage with both

theONS and theHES data, whowere based in England only. In addition,

previous studies have shown no difference betweenmortality rates in a

broadCPRDGOLDcohort comparedwith a subset eligible for linkage.33
RD) death date and the Office for National Statistics (ONS) death date

http://wileyonlinelibrary.com
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The ONS death registration data are based on official information

from the Medical Certificate of Cause of Death (MCCD) and are seen

as the gold standard, as all deaths in the United Kingdom should be reg-

istered. Comparing this with the information available in CPRD GOLD

provided the opportunity to see at the individual level how accurate

the data at the GP practice are. However, there are some limitations

to the ONS data. The ONS data include only deaths that occur in

England andWales and not those that occur in other parts of the United

Kingdom or abroad. Our patient sample may have included patients

who died elsewhere, which may explain the small number of deaths

that did not appear in the ONS records. Delays in the registration of

deaths can have an impact on the ONS mortality statistics.34 Firstly,

there can be delays in the issuing of the MCCD. In order to complete

the MCCD, the certifying doctor must have seen the deceased in the

previous 2 weeks of life. Delays can occur when there is a need for a

post‐mortem and/or inquest or when the death has been referred to

a coroner, such as deaths with unknown cause; violent, unnatural, or

suspicious deaths; those as a result of an accident, neglect, or suicide;

or those that were employment related, occurred during an operation

or when in custody.35 Around 10 000 deaths a year in England and

Wales are not registered for 6 months.36 A very small number (0.3%)

of deaths remain legally uncertified.35 In addition, there is also a lag

time between the issue of the MCCD and the record appearing in the

ONS data. There is a 5‐day legal limit on registering a death in England

andWales, which is usually done by the next of kin or a family member

at a register office. However, there has been an increase in the number

missing this deadline in recent years due to difficulties in getting an

appointment.37 Future studies could investigate the difference

between the date of death and the date of registration of the death.

To our knowledge, this is the first study to directly compare the

recording of the date of death in primary records with the gold stan-

dard from the ONS. Previous papers have relied upon comparing over-

all mortality rates,38 probabilistic linkage,39 or contacting GP practices

for more information.40

This study showed that the CPRD GOLD algorithm provides com-

parable results to using the ONS death registration data for the date

of death. For censoring follow‐up and calculating mortality rates, the

primary care data are likely to be sufficient as a delay in death record-

ing of up to 1 month is unlikely to impact results significantly. Where

the exact date of death or the cause is important, it may be advisable

to use the individually linked national ONS death registration data.

Researchers should take into consideration the impact on sample size

and power of a study when deciding whether to use the linked data as

this can restrict the cohort size substantially.
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