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Aim: There are different methods to identify chronic kidney disease (CKD) in Clinical Practice Research
Datalink (CPRD)-Hospital Episode Statistics (HES). Methods: Using CPRD-HES, nonvalvular atrial fibrillation
patients were classified according to CKD category. Results: Using glomerular filtration rate/estimated
glomerular filtration rate tests only to identify patients with CKD resulted in 3.5% stage 2, 2.7% stage 3,
0.3% stage 4 and 0.03% stage 5. Using data from diagnostic codes to identify patients with CKD resulted
in 1.4% stage 3, 0.4% stage 4 and 0.3% stage 5. Using test records and codes resulted in 3.5% stage 2, 4.0%
stage 3, 0.6% stage 4 and 0.4% stage 5. Conclusion: To identify CKD status in CPRD-HES, a combination
of test records and codes should be used. Using diagnostic codes only significantly underestimates CKD
prevalence.
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The Clinical Practice Research Datalink (CPRD) GOLD and Hospital Episode Statistics (HES) databases are two
of the UK’s most widely used electronic healthcare databases [1,2]. Data from the two databases are routinely linked
and widely used to perform epidemiologic and health services research. When using the databases for research, the
presence or absence of a medical condition is typically identified through the use of diagnostic codes, with diagnoses
made in inpatient settings recorded in the HES dataset using International Statistical Classification of Diseases and
Related Health Problems (ICD) codes, and clinically significant diagnoses seen in primary care recorded in the
CPRD GOLD dataset using Read codes. Read codes are a clinical vocabulary describing a range of patient details
including diagnoses, test results and demographics [3].

Given the real-world, dynamic nature of the datasets, diagnoses may be recorded prior to the start of patient
follow-up, may be miscoded or may only be coded in other sources. When using the databases for research,
investigators therefore often take a more exhaustive approach to case identification, utilizing data specific to the
management and monitoring of the condition to supplement the diagnostic data. Diagnostic tests and treatments
are two common data elements used as proxies or additional support for a diagnostic code.

Chronic kidney disease (CKD) is a prevalent and debilitating condition characterized by a progressive deterio-
ration in kidney function. Progression of the condition leads to significant morbidity and mortality and places a
considerable burden on healthcare systems. Given the progressive nature of CKD, and the variation in resource
utilization and outcomes according to the stage of an individual’s condition, it is typically important that epi-
demiological studies accurately characterize the specific stage of an individuals’ condition at specific points in
time.

The CPRD and HES databases have been regularly used to investigate the epidemiology of CKD and its
relationship with other medical events [4–7]. The approaches used to define CKD in such studies have varied with
some investigators using diagnostic codes alone, some using test data alone and other using a combination of these
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sources. While a number of studies have also commented on the challenges of identifying CKD in the database,
particularly with diagnosis codes, few have directly investigated the issue [8–10].

In this study, we characterize the CKD stage of a cohort of patients diagnosed with atrial fibrillation (AF),
investigating the relative contribution of diagnostic codes, test data and treatment data to our ability to classify their
CKD stage. The combination of AF and CKD is frequently associated with adverse outcomes and an understanding
of how to define CKD in an AF population is important for future studies [11]. The results of the study will support
researchers using the CPRD-HES datasets to better design and execute their studies and will support readers in
better understanding the potential limitations of published studies.

Material & methods
Data sources
The CPRD is a large UK primary care database of anonymized medical records collected from general practitioners.
It collects a variety of information on demographics, diagnoses, referrals, medications, tests and immunizations
and is deemed to be representative of the UK population [2,12]. The CPRD covers approximately 6.9% of the UK
population accruing information from 674 practices with approximately 50% of practices in England eligible for
HES linkage [2].

HES data from admitted patient care and out-patients were also used. HES admitted patient care data are
collected on all admissions to NHS hospitals in England and has an approximate 98% coverage of all hospital
admissions [1]. HES out-patients data consists of any outpatient appointments in NHS hospitals in England. In
the financial year 2017–2018, there were more than 119 million outpatient appointments recorded in HES [13].

Read and ICD-10 codes used in this study are provided in the Supplementary Data.

Study population
Patient follow-up began at the latest of 1 Januray 2013, an age of 45 years, 1 year following the registration at a
CPRD practice or a practice Up-To-Standard date. Patient follow-up ended at the earlier of death, 31 December
2017 or the date a patient transferred out of the practice. The population was restricted to those individuals with
a diagnosis of AF recorded in the CPRD or HES during patient follow-up and no AF codes recorded prior to the
start of patient follow-up, in other words incident AF cases.

Individuals with codes indicative of valvular AF were identified and excluded to create a cohort of nonvalvular
AF (NVAF) patients. Individuals ineligible for linkage with HES were also excluded. Individuals with a sex other
than male or female were excluded, including missing information, as this variable is required to calculate the
primary outcome measure.

Baseline CKD stage
The CKD stage of a patient was determined using test records of their glomerular filtration rate (GFR), dialysis
codes and specific CKD diagnostic codes. Additional to specific GFR test records, the estimated GFR (eGFR) was
calculated using the CKD Epidemiology Collaboration equations using available data on age, sex, serum creatinine
and race [14].

Each patient’s CKD stage at their NVAF diagnosis date was determined using the following criteria. For specific
CKD diagnostic codes, the most recent code in the year prior to the index date was used. For GFR/eGFR, the most
recent two consecutive tests of the same category in the year prior to the index date greater than 3 months apart in
line with Kidney Disease Improving Outcomes and National Institute for Health Care and Excellence [15,16]. For
dialysis codes, baseline was defined as two dialysis codes greater than 14 days apart but less than 6 months apart.
A dialysis code was deemed to be reflective of GFR category 5 [17]. The minimum separation of dialysis codes was
designed to prevent the misclassification of acute kidney injury as CKD. Patients whose baseline CKD category
could not be determined were excluded from the study.

Variance in the measurement of serum creatine is not an issue in this population as in the UK, laboratory-specific
standardization was phased in from 2006 for the measurement of serum creatine and started to calibrate creatine
assays to a reference assay using isotope-dilution mass spectrometry [18]. By the start of the follow-up period in this
study (1 January 2013) serum creatine assays are expected to be fully standardized [19].
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Table 1. The renal function categorized by glomerular filtration rate category of the nonvalvular atrial fibrillation
population at their diagnosis date.
Severity GFR/eGFR (tests) Diagnosis codes Dialysis codes GFR/eGFR (tests) + diagnosis

codes + dialysis codes

Stage 1 153 (0.6%) �5 – 162 (0.6%)

Stage 2 936 (3.5%) �20 – 938 (3.5%)

Stage 3 724 (2.7%) 384 (1.4%) – 1,065 (4.0%)

Stage 4 66 (0.3%) 106 (0.4%) – 159 (0.6%)

Stage 5 8 (0.03%) 86 (0.3%) 33 (0.1%) 97 (0.4%)

Not available/present† 24,740 (92.9%) 26,031 (97.8%) 26,594 (99.9%) 24,206 (90.9%)

At index date (n = 26,627).
†Patients whose GFR category could not be determined at baseline.
GFR/eGFR: Glomerular filtration rate/estimated glomerular filtration rate.

Statistical analysis
Summary table showing the number and percentage of patients in each GFR category at baseline (index date) were
calculated. This table is divided into four, showing the GFR categories for GFR/eGFR test records only, specific
CKD diagnostic codes only, dialysis codes only and a combination of the previous three. Only those individuals
who contributed a full year of follow-up prior to each time point were included in the calculations for that time
point. Table cells comprising 0–4 patients were recorded as ‘<5’ in line with CPRD small cell policy.

Results
Among 26,627 patients diagnosed with AF it was possible to classify 2421 (9.1%) of them as having CKD of a
certain stage at the time of diagnosis using at least one of the identification approaches.

Using GFR/eGFR test data to classify CKD stage at diagnosis resulted in the classification of 1887 individuals
at a CKD stage (Table 1). The majority of these individuals were classified as having stage 1 or stage 2 CKD at
diagnosis (4.1%), with 2.7% classified as stage 3, 0.3% classified at stage 4 and 0.03% classified at stage 5. Using
diagnostic codes allowed for the classification of only 596 patients at a CKD stage at diagnosis. Less than 25
(<0.1%) of patients classified using diagnostic codes were assigned to stage 1 and stage 2, with 1.4% classified at
stage 3, 0.4% at stage 4 and 0.3% at stage 5. Diagnostic codes allowed for the classification of an additional 33
patients at stage 5 at diagnosis.

Patient characteristics stratified by CKD stage and by CKD classification method is contained in Supplementary
Table 1.

Discussion
In this study, we compared the use of different sources of data (diagnostic, test and treatment) to classify NVAF
patients in the CPRD-HES according to their CKD stage. The study found that using CKD diagnostic codes
alone to determine CKD stage in the database is not a feasible approach as stage-specific diagnostic codes are
recorded in less than 32% of individuals who have tests indicative of CKD. Using test records alone allowed for
the classification of CKD stage in a larger number of individuals and captured most of the cases identified through
diagnostics, however it underestimated the number of patients with the most severe level (stage 5).

There are a number of explanations for the poor performance of diagnostic codes in identifying the stage of
CKD in an individual at a given moment in time. In order to ensure that we had a contemporary measure of an
individual’s CKD stage, we required a diagnostic code to be recorded within 1 year prior to their NVAF diagnosis.
However, if an individual entered that CKD stage more than 1 year prior to their NVAF diagnosis they are unlikely
to have their diagnosis re-recorded within the year prior. Even among those who were first diagnosed with CKD in
the year prior to their NVAF diagnosis, a large number of individuals are likely to have had their diagnosis recorded
under a more general CKD code which does not specify the disease stage. This points to an important coding issue
in the CPRD where, despite the availability of very specific diagnostic codes, recording under less specific codes
appears to be common practice. The lack of stage 1 and stage 2 CKD diagnostic codes was also particularly notable
and is likely indicative of the perceived low clinical significance of these diagnoses. While the reasons underlying the
under-recording appear clear, any study using the CPRD-HES is likely to be subject to these issues and diagnostic
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codes are therefore not a viable standalone option for the classification of populations according to their CKD
stage.

The use of GFR and eGFR data alone to identify CKD stage appeared to perform relatively well compared
with the other approaches with the exception of the more acute stages 4 and 5. This is aligned with previous
suggestions that when investigating CKD using electronic health record databases, test records of GFR or eGFR
are used as the gold standard for determining renal function and hence GFR category [9,20–23]. Despite this, our
study finds that the use of GFR/eGFR test data only did result in the misclassification of a number of severe CKD
cases, particularly those with stage 4 and 5 CKD. Notably, the absolute number of additional stage 5 CKD cases
identified using the combined approach was (n = 89), this represents more than a 11-fold increase in the number
of stage 5 cases over the number identified using test records only and therefore could have a significant impact on
study results. This finding likely reflects the fact that the CPRD does not capture diagnostic tests carried out in
inpatient and outpatient settings, the settings in which more severe CKD is typically confirmed and managed. The
fact that some of these cases are captured using diagnostic codes only is unsurprising, given that upon receiving a
discharge summary or specialist letter confirming a stage 4 or 5 CKD diagnosis, a GP practice is likely to deem
it clinically important and code it in the database. Similarly, individuals on dialysis in inpatient and outpatient
settings are more likely to have their GFR estimated in these settings than by their GP. While GFR recording
appears to identify a reasonable distribution of CKD patients, its use in the absence of diagnostic data may lead to
the identification of a less severe sample of CKD patients.

As pointed out above, GFR/eGFR testing of patients with more severe CKD will often be performed in secondary
and tertiary healthcare and will not be captured in the databases. While this does not impact the validity of our
recommendations for research, we take the opportunity to highlight it as a limitation of the databases which should
be carefully considered in any study investigating CKD. Also, while the results suggest that there may be under-
recording of CKD diagnoses in healthcare records, we recommend that the results are only used to inform best
practice in research. There are a number of reasons for this recommendation, including the above note regarding
the lack of outpatient data and the fact that a large amount of data in primary care are recorded in free text fields
which are not available within the CPRD. As a result, a patient’s CKD stage may be adequately recorded for clinical
practice, but in data fields not available to us for research. Further sensitivity in the results can arise from the
definition of CKD. Although literature of the prevalence of CKD in a NVAF population is limited, the reported
prevalence of CKD in a NVAF population varies [24–26]. Some of this variation can be due to the method of defining
CKD. For example, in this study, if the CKD guideline definition of tests occurring greater than 3 months apart was
relaxed, 12,616 patients CKD status could be calculated based on GFR/eGFR tests compared with 1,887 when
applying the guidelines CKD definition. Finally, we have based our recommendations on an internal comparison
of approaches to identify CKD stage, we have not sought to compare the prevalence we observe with that observed
in other cohorts of NVAF patients.

In terms of implications for future studies, we recommend that all available information on diagnoses, tests and
treatment should be utilized to obtain a reflective distribution of CKD category. This will help to avoid biases
generated by the lack of test records in the most/least severe GFR categories. Beyond the design of studies, we
recommend that those reading CPRD-HES studies bear these findings in mind when interpreting the results of
such studies.

Conclusion
This study finds that within CPRD and HES, the CKD stage of a population should be determined by using
both GFR/eGFR test records and specific CKD diagnostic codes when available; using diagnoses alone would
substantially underestimate CKD.
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Summary points

• There are several approaches to define chronic kidney disease (CKD) status, using only one approach can
potentially induce bias.

• Among 26,627 patients diagnosed with atrial fibrillation it was possible to classify 2,421 (9.1%) of them as having
CKD using at least one of the identification approaches.

• Using diagnostic codes allowed for the classification of 596 CKD patients whereas using glomerular filtration
rate/estimated glomerular filtration rate allowed for the classification of 1,887 CKD patients.

• Combining glomerular filtration rate/estimated glomerular filtration rate test records and specific CKD
diagnostic codes is found to be the best approach to identify CKD stage.
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