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Background: There is considerable variation in reported chronic obstructive pulmonary disease (COPD) prevalence internationally,
partly due to differing definitions in use. Accurate estimates of disease prevalence are important for allocation of health-care resources,
yet UK estimates of COPD prevalence have not been updated for a decade. We calculated yearly COPD prevalence in England
between 2000 and 2019 using different definitions of COPD.

Methods: We used routinely collected primary care electronic healthcare record (EHR) data from the Clinical Practice Research
Datalink (CPRD) Aurum database linked with secondary care data from the Hospital Episode Statistics (HES) Admitted Patient Care
(APC) database. Mid-year point prevalence was calculated yearly from 2000 to 2019 in English adults aged >40 years using 5
definitions: (i) validated COPD, (ii) Quality and Outcomes Framework (QOF) COPD, (iii) COPD symptoms, inhaler prescription, and
no asthma diagnosis, (iv) hospitalisation with COPD as any diagnosis, (v) hospitalisation with COPD as primary or secondary
diagnosis. Prevalence was further stratified by gender, age group, and region.

Results: A total of 12,745,793 people were included over the 20-year period. Annual cohort sizes ranged from 4,373,538 in 2000 to
6,159,496 in 2019. Estimates of COPD prevalence increased every year from 2000 and the difference in estimated prevalence between
the validated and QOF definitions has grown over time. In 2019, a COPD prevalence of 4.9% was found using validated events in
either primary or secondary care (definition 1 or definition 5). Additionally, including potentially undiagnosed cases (definition 3) in
the COPD definition produced an increased prevalence of 6.7%.

Conclusion: Common definitions of COPD (eg, QOF codes), may underestimate the true prevalence. The extent of this underestimate
has increased over time and could lead to under-allocation of resources where need is estimated based on these definitions.
Standardisation of COPD coding in routine EHRs and metrics such as spirometry is key to accurate disease monitoring.
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Background

Chronic obstructive pulmonary disease (COPD) is a chronic condition characterised by progressive airflow obstruction,
which is not completely reversible.'> Airflow limitation may precede the development of significant symptoms of COPD
by many years and its progression is directly linked to the continuing exposure to risk factors, particularly tobacco
smoking. As COPD is difficult to diagnose clinically (without spirometry) in its milder forms, it is often diagnosed late -
the average age at diagnosis of COPD in the UK is 67 years.”> Widespread use of spirometry to allow early detection of
airflow obstruction has been increasingly advocated as it enables early management of COPD.?

There is considerable variation in the reported prevalence of COPD internationally. One reason for this is the differing
definitions in use. The British Thoracic Society (BTS) criteria are based on the post bronchodilator values of forced expiratory
volume in 1 second (FEV) and the forced vital capacity (FVC), ie, FEV,/ FVC <0.70 and FEV, <80% predicted, using British
reference values derived from the Health Survey for England (HSfE). The National Institute for Health and Care Excellence
(NICE) COPD guideline,* originally developed using the BTS criteria and last updated in 2019, states that COPD should be
diagnosed in people with clinical symptoms confirmed by airflow obstruction, defined as a reduced FEV/FVC ratio less than 0.7.
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There is no consensus regarding using a fixed threshold to define airflow obstruction versus using the lower limit of
normal (LLN) adjusted for age.” Accurate estimates of disease prevalence are important for allocation of health-care
resources, yet estimates of COPD prevalence in the UK have not been updated for a decade.® Therefore, using routinely
collected electronic healthcare record (EHR) data, we calculated yearly prevalence of COPD in England between 2000
and 2019 using multiple definitions of COPD. We then used validated definitions to calculate COPD and potentially
undiagnosed COPD prevalence, stratified by age, gender, and region.

Methods

Population/Database

We used data from the May 2021 build’ of Clinical Practice Research Datalink (CPRD) Aurum,*’ a large UK primary care
electronic healthcare record (EHR) database containing current data for approximately 20% of the UK population along with
historic data for almost 40 million patients.” CPRD Aurum is considered representative of the English population in terms of
age, gender, deprivation, and regional distribution.” These primary care data were linked'®'" with 2015 English Index of
Multiple Deprivation (IMD) data'*'* and secondary care data from NHS England’s Hospital Episode Statistics (HES)
Admitted Patient Care (APC) database'*'> to generate annual cohorts of English primary care patients >40 years old for
each calendar year from 2000 to 2019. An age of at least 40 years was required as previous estimates of COPD prevalence
found very few people under 40 years diagnosed with COPD® and people under 40 years are more likely to have alpha-1
antitrypsin deficiency.” Patients ineligible for linkage'' to HES were excluded from the cohorts. The population was restricted
to male and female patients only due to low numbers of patients with indeterminate or unknown gender information.

Variable Definitions
All SNOMED CT (primary care) and ICD-10 (secondary care) codes used to define the variables used in this study can
be found at https://github.com/NHLI-Respiratory-Epi/COPD _prevalence.

COPD Population

We determined COPD using 3 methods in primary care and 2 methods in the linked secondary care data:

1. Primary care: a COPD definition validated for use in primary care EHR databases.'®

2. Primary care: the Quality and Outcomes Framework (QOF) COPD business rules definition. The QOF is a primary
care pay-for-performance scheme: general practices receive points for completing specific items of care within
a certain timeframe. The proportion of maximum possible points received in a year determines the size of financial
bonus received at the end of the year.!”

3. Primary care: to find potentially undiagnosed COPD we looked for a history of smoking, at least 1 respiratory
symptom (cough, dyspnoea, or sputum production), a prescription for an inhaler, and no diagnosis of asthma.

4. Secondary care: an admission with COPD or emphysema as a primary, secondary, or comorbidity diagnosis (any
diagnosis position in the HES record).

5. Secondary care: an admission with COPD or emphysema as the primary or secondary diagnosis only.

People with a diagnosis of COPD (Definition 1 or Definition 2) before their 40th birthday were removed from both the
numerator and denominator of the cohort. Definitions 1 and 5 combined were used to define a comprehensive COPD
population for all subsequent analyses to ensure diagnoses were found in either primary or secondary care EHRs.

Stratification/Composition Variables

The UK population sample was stratified by gender, age (split into 10-year bands), and English region to compare COPD
prevalence in each of these groups. Where data were not provided for the whole UK population sample, but only for the
COPD population, the proportion of patients with the variable of interest within the COPD cohort was calculated. This
was done for 2015 English IMD (by quintile), ethnicity (white, South Asian, black, other, mixed, or unknown), smoking
status (current, ex, or never), exacerbations in last year (0, 1, or 2 or more), inhaled therapy (dual therapy [long-acting
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beta-agonist (LABA) and long-acting muscarinic agonist (LAMA)] or triple therapy [LABA, LAMA, and inhaled
corticosteroid (ICS)]), and for measures of COPD severity (Global Initiative for Obstructive Lung Disease (GOLD)
stage, MRC grade, and pulmonary rehabilitation (PR) status [referred, commenced, or completed]).

The 2015 English IMD is a rank of relative deprivation between English Lower-layer Super Output Areas (LSOAs),
which have an average population of 1500 residents, that takes into consideration income, employment, education, health,
crime, housing, and environment in each LSOA."? Ethnicity was defined using a validated definition created by Mathur'®'
based on the 5 broad ethnicity categories used in the National Census. Previous COPD exacerbations were determined using
a validated definition described by Rothnie et al,** and GOLD stage was defined based on post-bronchodilator FEV, as
described by GOLD.?' Smoking status, inhaled therapy, MRC grade, and PR status were defined based on a SNOMED CT

codelist created by us and available at https://github.com/NHLI-Respiratory-Epi/COPD prevalence.

Statistical Analysis
Using each COPD definition, the mid-year (1st July) point prevalence was calculated for each annual cohort using the
following equation:

No. of linkage eligible COPD patients aged > 40 years on 1st July
No. of linkage eligible patients aged > 40 years in the CPRD denominator file on 1st July

Prevalence was also calculated stratified by gender, age (split into 10-year bands), and geographic region to compare
COPD prevalence in each of these groups for the comprehensive COPD definition (Definition 1 OR Definition 5 [note
that OR is used as the logical OR operator in this context]) and the potentially undiagnosed COPD definition
(Definition 3 excluding any individuals that also fall in to Definition 1).

Where data were not provided for the whole denominator population (only for the COPD numerator population),
making stratification impossible, the demographics of the COPD cohort were instead presented. This was done for
English IMD, ethnicity, smoking status, exacerbations in the last year, inhaled therapy, and for measures of COPD
severity (GOLD stage, MRC grade, and PR status). Analyses were completed using Stata MP 17 and graphs were
generated using the “white_tableau” scheme by Naqvi.*?

Ethical Approval

CPRD has NHS Health Research Authority (HRA) Research Ethics Committee (REC) approval to allow the collection and
release of anonymised primary care data for observational research [NHS HRA REC reference number: 05/MRE04/87].%
Each year CPRD obtains Section 251 regulatory support through the HRA Confidentiality Advisory Group (CAG), to
enable patient identifiers, without accompanying clinical data, to flow from CPRD contributing GP practices in England to
NHS Digital, for the purposes of data linkage [CAG reference number: 21/CAG/0008].%* The protocol for this research was

2425 (protocol number: 21_000596) and the approved

approved by CPRD’s Research Data Governance (RDG) Process
protocol is available upon request. Linked pseudonymised data was provided for this study by CPRD. Data is linked by
NHS Digital, the statutory trusted third party for linking data, using identifiable data held only by NHS Digital. Select

general practices consent to this process at a practice level with individual patients having the right to opt-out.

Results

A total of 12,745,793 people were included over the 20-year period, with the annual cohort sizes ranging from 4,373,538
in 2000 to 6,159,496 in 2019 (Table S1). Estimates of COPD prevalence have increased every year since 2000 when
using any of the COPD definitions assessed (Figure 1). The difference in estimated COPD prevalence between the
validated primary care definition [Definition 1] and the QOF definition [Definition 2] of COPD has grown over time, with
both estimating a prevalence of 2.4% in 2004, but by 2019 the gap between the two had grown to 0.6% (absolute
difference), with estimates of 4.5% and 3.9%, respectively, for the validated and QOF definitions (Figure 1). The
prevalence of COPD was 3.9% in 2019 when using either the QOF definition or a definition based on COPD symptoms,
smoking history, inhaler prescriptions, and an absence of an asthma diagnosis [Definition 3]. Defining COPD based on
hospital admissions with a COPD ICD-10 code anywhere in the admission record [Definition 4] found a prevalence of
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Prevalence (%)

0-
I T T T T T T T T T 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year
—— [1] Validated COPD [2] QOF COPD
—— [3] Smoker with symptoms, inhaler, no asthma —— [3 - 1] Smoker with symptoms, inhaler, no asthma w/o validated COPD
—— [4] HES COPD (any position) —— [5] HES COPD (1st/ 2nd position)

Figure | Prevalence of COPD in English adults 240 years old from 2000 to 2019 using different definitions of COPD. Number in brackets “[]” represents the corresponding
definition of COPD described in Methods. Note that *“-” is used as a minus sign.
Abbreviations: COPD, chronic obstructive pulmonary disease; QOF, Quality and Outcomes Framework; HES, Hospital Episode Statistics.

3.5%, but limiting to primary and secondary diagnoses of COPD only [Definition 5], COPD prevalence was 2% in 2019.
Potentially undiagnosed COPD (patients with symptoms, smoking history, and an inhaler, but no diagnosis of asthma or
COPD) [Definition 3 minus Definition 1] had a similar prevalence to COPD based on a primary or secondary diagnosis
only during hospitalisation [Definition 5] at 1.9% in 2019 (Figure 1).

In 2019, a COPD prevalence of 4.9% (301,669 people) was found when using validated events in either primary or
secondary care [Definition 1 OR Definition 5] (Figure 2). When additionally including events from secondary care with
COPD comorbidity codes [Definition 1 OR Definition 4], prevalence rose to 5.5%. If potentially undiagnosed COPD
cases (based on symptoms) were additionally included in the COPD definition, prevalence rose to 6.7% and 7.3%,
respectively, in 2019, based on whether the secondary care definition did not [Definition 1 OR Definition 5 OR
Definition 3] or did [Definition 1 OR Definition 4 OR Definition 3] include comorbid COPD (Figure 2).

Prevalence of COPD has been higher by approximately 0.3% (absolute difference) in men than women every year
from 2000 to 2019 albeit with a slight decrease over time, with the difference being 0.46% in 2000 and 0.26% in 2019
(Figure 3A and Table S2). However, the number of women with potentially undiagnosed COPD has increased at a greater
rate than it has for men since 2000, with the difference between the genders being 0.0% in 2000 and 0.6% in 2019
(Figure 3B and Table S3). Prevalence of COPD increases as age increases, with a large increase in prevalence from 50—
59 years to 60—69 years (2.6% to 6.2% in 2019) and then 60—69 years to 70-79 years (6.2% to 10.2% in 2019)
(Figure 3C and Table S4). Prevalence also appears to have started to level off in each age group around 2014 except in
individuals aged >80 years, where prevalence still appears to be increasing. Potentially undiagnosed COPD shows
a similar pattern of higher prevalence with higher age, however potentially undiagnosed COPD still appears to be
increasing over time except for individuals aged 40—49, where there appears to be the beginning of decline in prevalence
(0.9% in 2018 to 0.8% in 2019) (Figure 3D and Table S5). The prevalence of COPD in most English regions was within
approximately 1% (absolute difference) of each other, falling within a range of approximately 4% to 5% in 2019. London
had the lowest prevalence at 3.9% in 2019, however the North West and North East had much higher COPD prevalence
at 6.2% and 7.2%, respectively (Figure 3E and Table S6). Undiagnosed COPD prevalence was similar between the
regions, however the East Midlands had the lowest undiagnosed COPD prevalence at 1.3% in 2019, while the East of
England had the highest undiagnosed COPD at 2.5% (Figure 3F and Table S7). Interestingly, the East of England had one
of the lowest diagnosed COPD prevalence at 4.0% in 2019 (Figure 3E and Table S6).
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Prevalence (%)
SN
1

l T T T T T T T T T 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

—— [1] Validated COPD
[1 OR 4] Validated OR HES (any) COPD
—— [1 OR 5] Validated OR HES (1st/ 2nd) COPD
—— [1 OR 4 OR 3] Validated OR HES (any) OR smoker with symptoms, inhaler, no asthma
—— [1 OR 5 OR 3] Validated OR HES (1st/ 2nd) OR smoker with symptoms, inhaler, no asthma

Figure 2 Prevalence of COPD in English adults 240 years old from 2000 to 2019 using combined definitions of COPD. Number in brackets “[]” represents the
corresponding definition of COPD described in Methods. Note that “OR” refers to the logical OR operator.
Abbreviations: COPD: chronic obstructive pulmonary disease; HES: Hospital Episode Statistics.

Recording of MRC grade was poor until 2010 after which approximately 80% of COPD patients had an MRC grade
recorded. Approximately half of the cohort were classified as either MRC grade 2 or 3 (Figure S1). Recording of
ethnicity has improved over time with almost 90% of patients having a record of ethnicity by 2019. The cohort is mostly
white with 83.86% of the 2019 cohort having codes indicating they are of a white ethnicity: in keeping with the general
population (Figure S2). Recording of FEV,%-predicted has improved over time, however as of 2019 almost 30% of
patients still do not have a record of FEV;%-predicted. The largest number of patients fall into GOLD stage 2 as
calculated by FEV,%-predicted (Figure S3). By 2019 only 13.8% of the cohort had been referred to pulmonary
rehabilitation (Figure S4). Most of the cohort were ex-smokers with the number of current smokers decreasing over
time. There was a consistent prevalence of approximately 5.5% never smokers over time (Figure S5). Consistently over
time approximately 60% of the cohort had experienced no exacerbations in the last year, while 20% had experienced 1,
and the remaining 20% had experienced 2 or more (Figure S6). Comparing the use of dual versus triple therapy over
time, it appears that prescription of dual therapy has only started to take off from 2015 onwards (Figure S7). In 2015, by
the 2015 measure of IMD, 14.89% of people with COPD were in the 1st (least deprived) quintile of IMD, 17.41% were
in the 2nd quintile, 18.91% were in the 3rd quintile, 21.75% were in the 4th quintile, 26.97% were in the 5th (most
deprived) quintile, and 0.07% of people with COPD did not have IMD data (data not shown).

Discussion

We have found that a definition of COPD validated'® for use in UK primary care EHR databases gives higher estimates
of COPD prevalence than the commonly used QOF definition. The difference in estimate of prevalence that these two
definitions give has also increased over time, which raises the question of whether the QOF definition is missing some
key codes relating to COPD. Adding information from secondary care to this validated COPD definition led to a further
absolute increase of approximately 0.4% to our prevalence estimates over time. Adding further information on symptoms
that may describe undiagnosed cases increases prevalence estimates even more to 6.7% in 2019. However, we have not
used this as our primary definition of COPD as there could be alternative explanations for those symptoms. We believe
the best estimate of diagnosed COPD prevalence in 2019 in people aged 40 years or older in England to be 4.9%. Scaling
these definitions up to the population of England, using the 2019 mid-year ONS population estimate,?® would mean that
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Figure 3 2000 to 2019 prevalence of COPD (Definition | OR Definition 5 as described in Methods) stratified by: (A) Gender, (C) Age, (E) English region; and potentially
undiagnosed COPD (Definition 3 excluding any individuals that also fall in to Definition 1) stratified by: (B) Gender, (D) Age, (F) English region.

approximately 1.4 million people aged 40 years or over in England have a diagnosis of COPD and appoximately 500,000
are undiagnosed.

Having explored COPD prevalence using five distinct definitions, three within primary care and two within secondary
care, we would encourage researchers, the NHS and policy makers going forward to use a definition combining two data
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sources: a validated primary care diagnosis of COPD or an admission in secondary care with COPD (or emphysema) as
the primary or secondary diagnosis to ensure that studies and trials are consistent with definitions to allow us to truly
capture changes over time and to ensure that work being undertaken is always measuring the same thing.

Using our primary COPD definition based on the validated'® primary care definition and a primary or secondary
diagnosis only in secondary care and then stratifying by gender, it was interesting to see that while there is a small
reduction in the difference in prevalence between men and women over time, there is an increasing difference in
potentially undiagnosed COPD with women having more undiagnosed COPD. We wonder if this could perhaps be
explained by differences in primary care utilisation between men and women.”” %’ Stratifying by age, COPD prevalence
seems to still be growing in people aged 80 years or over, whilst it appears to be levelling off in the younger age groups.
This could be because we tend to use a fixed ratio to make a diagnosis in the UK, rather than LLN,* which would lead to
an overestimation in this age group. Stratifying by region, prevalence appears to be highest in the north of England,
although this could perhaps be explained by higher average age in the north of England®.

It has been shown previously that the prevalence of COPD is higher in smokers and in men, and it increases with
age.>® Stopping smoking prevents the development of COPD or slows its progression and reduces the risk of hospital
admissions.®' Smoking cessation programmes are highly cost-effective, particularly when targeted at individuals with
asymptomatic airway obstruction.*” This is because smokers may be motivated to attempt to quit when given a diagnosis
of airflow limitation.>* The Finnish National Programme for Chronic Bronchitis and COPD was set up in 1998 to reduce
prevalence and improve diagnosis and care. Prevalence remained unchanged, but smoking decreased in males from 30%
to 26% and in females from 20% to 17%. They also achieved significant improvements in the quality of spirometry,
hospitalisation decreased by 39.7% (p < 0.001), and COPD costs were 88% lower than had been anticipated.** Exploring
similar models of care in England could help to improve COPD care.

There is no consensus regarding using a fixed threshold to define airflow obstruction versus using LLN adjusted for
age.” The difference between these two definitions is illustrated by the pooled prevalence estimates of an international
systematic review and meta-analysis.*® Using the GOLD definition (stage 1: FEV, > 80% predicted; stage 2: 50% < FEV, <
80% predicted; stage 3: 30 < FEV, < 50% predicted; stage 4: FEV, < 30% predicted®) and including GOLD (stage 1)/
FEV,/FVC <0.70, the population prevalence was estimated at 9.8% (95% Cls 5.9-15.8). Including only GOLD (stage 2)/
FEV,/FVC <0.70 and FEV| <80% predicted and worse, the population prevalence was 5.5% (95% CIs 3.3-9.0).

The GOLD definition has also been used in a previous analysis of the 2000 HSfE data by Shahab et al,>® which was
used for prevalence estimates by NICE and the COPD National Strategy. This found a prevalence of 13.3% in over 35s.
The Department of Health Outcomes Strategy for People with COPD and Asthma in England published in 2011 uses this
figure to estimate there are around 835,000 people currently diagnosed with COPD in the UK and an estimated 2,200,000
people with COPD who remain undiagnosed.’” As a result of using only the one spirometry criterion, prevalence
estimates from these sources are larger. That study also calculated the prevalence directly from the survey data, where the
estimates shown were obtained from the modelled/expected estimates and extrapolated for the population of England for
validation purposes. As might be expected, the extrapolated number of cases were somewhat lower.

Although there were improvements in spirometry recorded over time, in 2019, approximately 30% of people with
COPD still did not have a record of FEV% coded in their medical record. While some may have had this entered as free
text or scanned into the notes, which we were unable to access, it is still likely that not everyone had spirometry recorded.
Spirometry is important not only in making a diagnosis of COPD, but in monitoring the natural history of the disease and
there are recommended codes for use in primary care based on the National Asthma and COPD Audit Programme
(NACAP).*® Using the BTS definition, the Nacul et al methodology paper®® gave the overall expected prevalence in the
English population over 15 years of age of 3.1% (3.9% in men and 2.4% in women). For those over 45 years old, the
estimated prevalence was 5.3% (6.8% and 3.9% in men and women, respectively). This corresponds to over 1.3 million
people in England with COPD, of whom nearly 800 thousand or 60% are men.

A systematic review of good quality COPD prevalence studies yielded estimates for England of between 4% and
10%.%° The 2004 UK Health Needs Assessment report suggested a prevalence of 5% for men and 3% for women of
middle age and upwards.”*'
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There have been many prevalence surveys published, including by Public Health England.** Most of these have used
the international Burden of Obstructive Lung Disease (BOLD) protocol and study design,** and hence the GOLD
definition.?' Unfortunately, relatively few contain data on risk factors other than age, gender, and smoking, but never-
theless some are relevant to the UK. For example, a population-based study of adults, aged >40 years, in Maastricht, the
Netherlands, found an overall prevalence of COPD of 24%, which was higher for men (28.5%) than for women
(19.5%).** In this study, overall prevalence of current smoking was 23%, and the prevalence of doctor-diagnosed
COPD was only 8.8%.*

Observational studies allow understanding of disease management and outcomes using real-world data sources, in
this case electronic health data. However, strengths and limitations are associated with this study design. Any changes
seen in prevalence over time may be related to differences in the clinical practice of diagnosis and/or coding practices
rather than true changes in disease prevalence. So, the low initial prevalence in 2000 and large increase in prevalence
since then could potentially largely be explained by improved record keeping by GPs over time. Figure S1 provides
some evidence for this where there is a substantial improvement in recording of MRC grade from 2010 onwards. This
may suggest that the prevalence estimates prior to 2010 are not as reliable as those from the most recent decade.

It is important to note that some people with COPD simply do not seek advice from a health-care professional and
will never receive a formal diagnosis nor have health-care records suggestive of COPD and therefore will not be captured
in this study. Changing health-care priorities and financial incentivisation over time may have led to differences in the
completeness of recording of data such as smoking status, spirometry, and referral to pulmonary rehabilitation. This may
limit the ability to which this study can follow patients in these sub-groups over time. Whilst these are all potential
limitations, their exploration is important for policy planning and public health.

Conclusion

Common definitions of COPD, such as QOF clinical codes may underestimate the true prevalence of COPD. The
extent of this underestimate has increased over time and could lead to an under-allocation of resources if health-care
providers estimate need based on unvalidated definitions of COPD. We therefore recommend defining COPD
prevalence using both validated events in primary care and hospital admissions with a primary or secondary diagnosis
of COPD or emphysema (ie, Definition 1 OR Definition 5). Standardisation of measurement of COPD from routine
electronic health-care records and important metrics such as spirometry is key if we are to continue to monitor changes
in the disease and in outcomes.
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