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ABSTRACT

Introduction: Outcomes in chronic obstructive
pulmonary disease (COPD) such as symptoms,
hospitalisations and mortality rise with
increasing disease severity. However, the
heterogeneity of electronic medical records
presents a significant challenge in measuring
severity across geographies. We aimed to
develop and validate a method to approximate
COPD severity using the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) 2011
classification scheme, which categorises patients
based on forced expiratory volume in 1 s, hospi-
talisations and the modified Medical Research
Council dyspnoea scale or COPD Assessment
Test.
Methods: This analysis was part of a compre-
hensive retrospective study, including patients
sourced from the IQVIA Medical Research Data

[IMRD; incorporating data from The Health
Improvement Network (THIN), a Cegedim
database] and the Clinical Practice Research
Datalink (CPRD) in the UK, the Disease Analyzer
in Germany and the Longitudinal Patient Data
in Italy, France and Australia. Patients in the
CPRD with the complete set of information
required to calculate GOLD 2011 groups were
used to develop the method. Ordinal logistic
models at COPD diagnosis and at index (first
episode of triple therapy) were then used to
validate the method to estimate COPD severity,
and this was applied to the full study popula-
tion to estimate GOLD 2011 categories.
Results: Overall, 4579 and 12,539 patients were
included in the model at COPD diagnosis and at
index, respectively. Models correctly classified
74.4% and 75.9% of patients into severe and
non-severe categories at COPD diagnosis and at
index, respectively. Age, gender, time between
diagnosis and start of triple therapy, healthcare
resource use, comorbid conditions and pre-
scriptions were included as covariates.
Conclusion: This study developed and vali-
dated a method to approximate disease severity
based on GOLD 2011 categories that can
potentially be used in patients without all the
key parameters needed for this calculation.

Keywords: Chronic obstructive pulmonary
disease; Disease severity; Logistical model;

J. K. Quint
Imperial College London, London, UK

C. O’Leary � A. Venerus
IQVIA, London, UK

U. Holmgren � C. Cabrera (&)
Real World Science and Digital, BioPharmaceuticals
Medical, AstraZeneca, Gothenburg, Sweden
e-mail: claudia.s.cabrera@astrazeneca.com

P. Varghese
Biopharmaceuticals Medical, Respiratory and
Immunology, AstraZeneca, Gaithersburg, MD, USA

Pulm Ther (2021) 7:119–132

https://doi.org/10.1007/s41030-020-00139-0

http://orcid.org/0000-0003-2778-1604
http://crossmark.crossref.org/dialog/?doi=10.1007/s41030-020-00139-0&amp;domain=pdf
https://doi.org/10.1007/s41030-020-00139-0


Retrospective study; Treatment initiation;
Triple therapy

Key Summary Points

Why carry out this study?

There is a need to distinguish between
severe and non-severe COPD when
investigating patient outcomes; however,
the heterogeneity of electronic medical
records (EMR) in terms of diagnostic
coverage of key parameters makes it
difficult to measure COPD severity across
different populations.

We aimed to develop and validate a
method, based on GOLD 2011 categories,
to estimate severity of disease in patients
with COPD who did not have all the key
parameters needed for direct calculation.

What was learned from the study?

Our method correctly classified
approximately three-quarters of patients
into severe and non-severe categories both
at COPD diagnosis and at first instance of
triple therapy.

This method provides a framework for the
integration of such models into electronic
healthcare records so that COPD severity
can be estimated in patients without all
the key parameters needed for this
calculation in a real-world setting, and it
has the potential for use in future EMR
retrospective studies.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13176932.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is characterised by airflow obstruction that is
not fully reversible [1] and is the third leading
cause of death worldwide [2]. In 2016, estimated
global prevalence was 251 million [3, 4], with
over 3 million deaths in 2015, corresponding to
5% of all deaths globally [5]. The disease burden
experienced by patients with severe COPD can
be high, including symptoms such as cough,
dyspnoea, fatigue, weight loss, sleep distur-
bance and anorexia. Both hospitalisations and
mortality risk are greater for patients with severe
COPD compared to non-severe COPD [6–10].
Therefore, it is important to distinguish
between severe and non-severe COPD when
investigating patient outcomes. The Global
Initiative for Chronic Obstructive Lung Disease
(GOLD) classification scheme can be used as a
proxy for disease severity. In 2007, this assess-
ment rated the degree of airflow obstruction by
post-bronchodilator spirometry results alone to
categorise patients’ disease severity. The 2011
update included the degree of symptoms mea-
sured through the COPD Assessment Test (CAT)
or the modified Medical Research Council dys-
pnoea scale (mMRC) and exacerbation history.
Previous work shows that the GOLD 2007 clas-
sification had the same predictive ability as the
GOLD 2011 classification in a pooled analysis
[11]. Subsequent GOLD updates were formu-
lated in 2017–2020 that were similar to the
GOLD 2011 classification, but separated pul-
monary function from patient risk assessment
groups, highlighting the importance of symp-
toms and exacerbation history in patients with
COPD [10]. The GOLD 2011 classification was
used in this study, as this was the current stan-
dard, which was most impactful throughout the
study period, and yet this analysis still has rel-
evance for more recent GOLD updates that
separate assessment of airflow limitation sever-
ity from symptom burden and exacerbation
risk. GOLD 2011–2020 grades patient risk from
A (least severe) to D (most severe) based on a
combined assessment [10], with A and B cate-
gories equating to GOLD 1 (mild) and 2 (mod-
erate), based on the severity of airflow
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limitation measured, using forced expiratory
volume in 1 s (FEV1), and C and D categories
equating to GOLD 3 (severe) and 4 (very severe).
In this study, A and B categories in the com-
bined GOLD 2011 assessment were used as a
proxy for non-severe COPD, and C and D cate-
gories for severe COPD.

Heterogeneity of electronic medical records
(EMR) data quality, frequency of diagnostic
capture and coverage for key parameters (FEV1,
hospitalisations, mMRC or CAT) present a sig-
nificant challenge in measuring COPD severity
across geographies. As cross-country compar-
isons become commonplace, a way of approxi-
mating disease severity, where it is not
implicitly recorded, is needed. Therefore, this
study aimed to develop and validate a method
of categorising COPD disease status that could
be used to estimate severity in patients without
these data. Patient populations from the UK,
Germany, Italy, France and Australia were
included given the similarities in healthcare
infrastructure in these countries, while allowing
assessment of potential population diversity
and its impact on treatment.

Treatment strategies for COPD include long-
term inhaled pharmacologic therapies, includ-
ing short- and long-acting b2-agonists (SABA
and LABA) and/or short- and long-acting mus-
carinic antagonists (SAMA and LAMA) with or
without inhaled corticosteroids (ICS). Triple
therapy combination with ICS, LABA and LAMA
is recommended in patients who are inade-
quately controlled despite dual therapy [10, 12].

METHODS

Study Objective

This analysis aimed to develop and validate a
method to approximate COPD severity using
the GOLD 2011 classification scheme. Patients
with complete information required to calcu-
late GOLD 2011 groups were used to develop
and validate this method, which was then
applied to patients with incomplete informa-
tion to calculate GOLD 2011 groups. This
analysis was part of a large, multi-country, ret-
rospective study to understand treatment

pathways to triple therapy where COPD
risk, based on GOLD groups A/B (less severe)
and C/D (more severe), was an adjusting
factor in analyses.

Study Population

Patients from the IQVIA Medical Research Data
[(IMRD), incorporating data from The Health
Improvement Network (THIN), a Cegedim
database] [13, 14] and the Clinical Practice
Research Datalink (CPRD) [15] in the UK, the
Disease Analyzer (DA) [16] in Germany (GP and
pneumologist panels) and the Longitudinal
Patient Data (LPD) in Italy, France and Australia
[17, 18] were included. All databases outside the
UK included primary care only and, therefore,
could not be used to calculate disease severity
directly, as secondary care was not linked. In the
UK, IMRD and CPRD were combined to obtain a
larger sample, and a subset of these patients in
the CPRD linked to Hospital Episodes Statistics
(HES) with complete data (FEV1, hospitalisa-
tions, mMRC or CAT) were used to develop and
validate the severity categorisation method.

CPRD contains primary care medical records
from 5.5 million patients in more than 670 UK
practices, approximately 8% of the UK popula-
tion. HES is derived from secondary care records
in England. To derive information on secondary
care episodes for the identification of exacer-
bations, CPRD was linked to HES. Linked CPRD-
HES data were available to March 2016.

For the broader multi-country study, index
date was defined as the first instance of triple
therapy during the study period (1 January 2005
to 1 May 2016), defined as a prescription from
each class of ICS, LABA and LAMA with at least
14 days of overlap, according to recorded dura-
tion or calculated based on quantity and dose.
Patients were followed until the earliest of
death, transfer out of practice or end of study.

Patients were included in the wider multi-
country study if they initiated triple therapy
during the study period and had at least
12 months of data prior to index. Patients
required a diagnosis of COPD, defined as
evidence of smoking (current or ex-smoker) at
any point in their record (in the UK) or a
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confirmatory diagnosis of COPD (in all other
countries) and at least one COPD diagnosis code
on or after their 40th birthday. Also, to be
included in the COPD severity categorisation
method development and validation, linked
CPRD-HES data and a record of all variables
needed to calculate GOLD 2011 categories at
COPD diagnosis and/or at index were required.
Patients with unknown gender were excluded
from all analyses. Because of common mis-
classification of asthma and COPD, it was deci-
ded that patients with asthma would not be
excluded, as this could result in excluding
patients with COPD [19].

Model Implementation/Validation

Severity models were developed to be used in
estimating GOLD 2011 categories (Table 1) for
those without all the information needed to cal-
culate this directly. Two models were developed,
one atCOPD diagnosis and the otherat index date
(the first instance of triple therapy) (Fig. 1).

The dependent variable in each model was
the derived GOLD classification calculated
directly from the data for those with complete
information. The variables used to calculate
GOLD 2011 categories at COPD diagnosis and at
index were mMRC or CAT (mMRC was pre-
ferred where both were present), FEV1 (recorded
or calculated) and exacerbations per year.
Patients needed at least one record for each of
these variables in the 12 months prior to, and
including, the date of COPD diagnosis/index
date. If more records were present, the closest to
the date of diagnosis/index date was used. The

percentage of predicted FEV1 was as recorded, or
calculated, as a function of age and height, if
not available [20]. Patients’ exacerbations were
considered in the 12 months prior to COPD
diagnosis/index date. A distinction was made
between exacerbations recorded in primary
care, estimated through an algorithm by
Rothnie et al. [21, 22], and those resulting in
hospitalisation (recorded in HES or in the CPRD
as ‘‘hospitalisations due to COPD’’), as GOLD
treats exacerbation in secondary and primary
care differently (Table 1).

The independent covariates were chosen
based on clinical judgement and data avail-
ability across all databases; this meant the
model was developed and validated in patients
with complete information in order to calculate
the GOLD group (dependent variable), which
could be applied to those with incomplete
mMRC, CAT, FEV1 or exacerbation data.
Covariates included age, gender, time between
diagnosis and first triple therapy (index date),
comorbid conditions, prescriptions and health-
care resource use (Fig. 1).

Once GOLD 2011 categories were calculated
for linked CPRD-HES patients with complete
information, the COPD severity identification
method was developed on the same population
using these categories as the outcome, allowing
comparison between actual and estimated GOLD
categories. Two ordinal logistic regression mod-
els were developed using patients with complete
information at COPD diagnosis/index.

The study populations with complete infor-
mation used to estimate GOLD categories
were randomly split into development (80%)
and validation datasets (20%). Models were

Table 1 Classification of COPD based on GOLD criteria 2011

GOLD
category

Characteristics Classification of
airflow limitation

Exacerbations/year mMRC CAT

A Low risk, fewer symptoms GOLD 1–2 B 1 (not leading to admission) 0–1 \ 10

B Low risk, more symptoms GOLD 1–2 B 1 (not leading to admission) 2 C 10

C High risk, fewer symptoms GOLD 3–4 2 or C 1 leading to hospital admission 0–1 \ 10

D High risk, more symptoms GOLD 3–4 2 or C 1 leading to hospital admission 2 C 10

CAT COPD Assessment Test, COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic
Obstructive Lung Disease, mMRC modified Medical Research Council dyspnoea scale
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estimated in the development datasets and
validated in the validation datasets. Different
models were tested, and the model with the best
goodness of fit was chosen as the final model at
COPD diagnosis/index. The goodness of fit
measures included Kappa index (measure of
agreement) and percentage agreement between
each patient’s calculated GOLD category and
that estimated by the models, which were then
applied to the study population with incomplete
information in the UK, Germany, Italy, France
and Australia to estimate GOLD categories.

An independent scientific advisory commit-
tee approved the use of CPRD data (16_298R),
and an independent scientific review commit-
tee approved the use of IMRD data
(16THIN097). No ethics approval was required
for the DA or LPD databases, as German law
allows the use of anonymous electronic medical
records for research purposes under certain

conditions. Data was collected and processed in
full compliance with General Data Protection
Regulation (GDPR) and local privacy regula-
tions requirements.

RESULTS

Predictive Models

Models for predicting two GOLD severity
groups showed better goodness of fit compared
to those predicting all four GOLD severity
groups; therefore, the final models only esti-
mated two severity groups: less risk (GOLD A or B)
and more risk (GOLD C or D).

Based on positive predictive values (PPV) and
negative predictive values (NPV), a probability
level of 0.6 was chosen to classify patients as
severe, both at COPD diagnosis and at index.

Fig. 1 Overview of variables included in the models. CAT
COPD Assessment Test, COPD chronic obstructive
pulmonary disease, FEV1 forced expiratory volume in 1 s,
GOLD Global Initiative for Chronic Obstructive Lung
Disease, GP general practitioner, HCRU healthcare
resource utilisation, ICS inhaled corticosteroids, LABA
long-acting b2-agonist, LAMA long-acting muscarinic
antagonist, mMRC modified Medical Research Council
dyspnoea scale, OCS oral corticosteroids, SABA short-
acting b2-agonist, SAMA short-acting muscarinic antago-
nist. aPrescriptions is the number of prescriptions for
LABA, LAMA, ICS, LABA ? ICS, LABA ? LAMA,
SABA, SAMA, SABA ? SAMA, OCS and other COPD
drugs (oxygen, mucolytic products, roflumilast, theo-
phylline and azithromycin), and healthcare resource use
is the total number of visits (including GP visits,
hospitalisations and annual reviews). bIn cases where either

the period between the start of the patient’s record and
COPD diagnosis or the period between COPD diagnosis
and index date was 6–12 months, all covariates collected
prior to index date and post-COPD diagnosis were
annualised to 12 months (e.g., two visits in 6 months
became four visits in 12 months). Patients
with\ 6 months were excluded from the calculation at
that time point. cmMRC or CAT (mMRC was preferred
in cases where both were present), FEV1 (recorded or
calculated) and exacerbations per year. dComorbid condi-
tions: cardiovascular disease (ischaemic heart disease,
angina, myocardial infarction, coronary artery bypass
graft/percutaneous coronary intervention and/or hyper-
tension), heart failure, atrial fibrillation, osteoporosis,
depression and/or anxiety, diabetes and gastroesophageal
reflux disease
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The probability threshold was data-driven and
chosen to maximise the NPV while maintaining
a sufficiently high PPV. Therefore, patients with
an estimated probability C 0.6, according to the
model, were assigned to the severe group (C/D),
while patients with an estimated probabil-
ity\0.6 were assigned to the non-severe group
(A/B) (Table 2).

Severity Model at Diagnosis

At COPD diagnosis, 3660 and 919 patients were
included in the development and validation
datasets, respectively (Fig. 2). The model cor-
rectly predicted COPD severity for 74.4% of
patients in the validation dataset, with a PPV of
82.3% and an NPV of 50.2% (Table 2), with
similar figures observed in the development
dataset. Overall accuracy was 74.4% and bal-
anced accuracy 73.5%.

Model estimates show that factors associated
with severity included gender, time between
diagnosis and initiation of triple therapy, pre-
scriptions [SABA, oral corticosteroids (OCS) and
antibiotics] and comorbidities (cardiovascular
disease, depression/anxiety, gastroesophageal
reflux disease and asthma) (Table 3).

Severity Model at Index

At index, 10,032 and 2507 patients were inclu-
ded in the development and validations data-
sets, respectively (Fig. 2). The distribution of
GOLD categories at index in the development
and validation cohorts, respectively, was as fol-
lows: A, 12.6% and 12.6%; B, 14.9% and 15.2%;

C, 27.4% and 26.6%; D, 45.1% and 46.6%. The
model correctly predicted COPD severity for
75.9% patients in the validation dataset, with a
PPV of 84.8% and an NPV of 56.6% (Table 2),
with similar figures observed in the develop-
ment dataset. Overall accuracy was 76.4% and
balanced accuracy 70.4%.

Factors associated with severity included
gender, time between diagnosis and initiation of
triple therapy, healthcare resource use, prescrip-
tions (SABA, SAMA, SABA-SAMA fixed combina-
tions, OCS, antibiotics and other drugs for
COPD) and comorbidities (cardiovascular dis-
ease, heart failure, depression/anxiety, asthma
and gastroesophageal reflux disease) (Table 3).

GOLD 2011 Categories

These methods were used to categorise COPD
severity in the main study population; the
results are shown in Table 4. In the UK, GOLD
category was calculated for linked CPRD-HES
patients with all variables needed for direct
calculation and estimated using the methods to
identify COPD severity for the remaining
patients. Patients without records for model
covariates were not eligible for GOLD estima-
tion through these methods and, therefore,
were not assigned a severity classification.

At COPD diagnosis, most patients were esti-
mated to be in GOLD A or B categories, ranging
from 50.6% in Australia [95% confidence
interval (CI): 48.8–53.4%] to 94.1% in Germany
(pneumologist-treated) (95% CI 93.1–95.0%);
however, in the UK only 38.7% (95% CI

Table 2 Probability values for severity models at COPD diagnosis and index date

Probability level PPV and NPV—Validation dataset Correctly predicted—Validation dataset

At COPD diagnosis At index (triple therapy) At COPD diagnosis At index (triple therapy)

PPV NPV PPV NPV % %

0.500 0.7822 0.5022 0.8153 0.5916 73.1 76.3

0.600 0.8232 0.5020 0.8479 0.5655 74.4 75.9

0.700 0.8886 0.4930 0.8902 0.5381 72.6 75.0

COPD chronic obstructive pulmonary disease, NPV negative predicted value, PPV positive predicted value
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38.0–39.3%) of patients were estimated to be in
GOLD A or B categories.

The proportion of patients estimated to be in
GOLD C or D categories pre-triple therapy
increased from diagnosis in all countries, with
the greatest increase in Germany [GP-treated:
13.9% (95% CI 13.4–14.5%) to 32.8% (95% CI
32.1–33.4%); pneumologist-treated: 5.9%
(95% CI 5.0–6.9%) to 11.6% (95% CI
10.8–12.4%)] and Italy [95% CI 38.4% (95% CI
37.4–39.5%) to 74.6% (95% CI 73.7–75.5%)],
where the proportion of patients in GOLD
categories C or D nearly doubled.

Fewer patients had missing estimated GOLD
category at index, compared to those at COPD
diagnosis. Patients with missing GOLD 2011
categories ranged from 21.8 to 67.8% at COPD
diagnosis and from 10.8 to 37.6% at index.
Most notably, the proportion of patients with
missing estimated GOLD categories decreased
almost sevenfold in Germany, and by more
than half in the UK.

DISCUSSION

This study used linked primary (CPRD) and
secondary (HES) UK EMR data to develop and
validate a method to categorise COPD severity
among patients in the UK, France, Germany,
Italy and Australia, and demonstrate that COPD
severity can be estimated among patients who
do not have key clinical measures (FEV1, hos-
pitalisations, mMRC or CAT) in their EMR data.
While GOLD 2011 categories were used in this
study, GOLD 2020 categories use the same
measurements for symptoms (CAT or mMRC),
exacerbations per year (B 1 or C 2) and the
degree of airflow limitation (GOLD 1, 2, 3 or 4).
The difference between GOLD 2011 and GOLD
2020 assessment criteria is that GOLD 2020 is
only applied at the initial assessment, and sub-
sequent treatment is based on major treat-
able traits and current medication. Therefore,
our findings can be used to approximate COPD

Fig. 2 Study population included in the model flowchart.
CAT COPD Assessment Test, CPRD Clinical Practice
Research Datalink, FEV1 forced expiratory volume in 1 s,
HES Hospital Episodes Statistics, mMRC modified Med-
ical Research Council dyspnoea scale, THIN The Health

Improvement Network. aAvailable information includes
mMRC or CAT, FEV1 (recorded or calculated) and
exacerbations per year

Pulm Ther (2021) 7:119–132 125



Table 3 Covariates included in the COPD severity models and association with disease severity

Covariate Odds
ratio

At COPD
diagnosis
95% CI

p value Odds
ratio

At index
95% CI

p value

Lower Upper Lower Upper

Demographics

Age (at COPD diagnosis/index) 1.008 1.000 1.016 0.0625 1.002 0.996 1.008 0.4941

Gender (female vs male) 0.707 0.596 0.839 \ 0.0001 0.711 0.637 0.793 \ 0.0001

Time between diagnosis and

triple therapy

1.000 1.000 1.000 0.0011 1.000 1.000 1.000 0.0009

Healthcare resource use in the 12 months before COPD diagnosis/indexa

Number of visits 1.243 0.915 1.690 0.1640 2.753 2.135 3.550 \ 0.0001

Number of prescriptions in the 12 months before COPD diagnosis/indexa

LABA 1.156 0.908 1.473 0.2392 1.123 0.998 1.262 0.0531

LAMA 1.034 0.780 1.369 0.8177 1.017 0.879 1.178 0.8185

ICS 1.035 0.847 1.265 0.7355 1.108 0.994 1.236 0.0643

LABA ? ICS 1.079 0.870 1.339 0.4884 1.030 0.886 1.199 0.6993

LABA ? LAMA 10.916 0.326 365.784 0.1822 0.868 0.459 1.642 0.6637

SABA 1.364 1.059 1.757 0.0163 1.479 1.315 1.663 \ 0.0001

SAMA 1.070 0.845 1.355 0.5738 1.276 1.160 1.404 \ 0.0001

SABA ? SAMA 1.289 0.930 1.786 0.1277 1.575 1.372 1.807 \ 0.0001

OCS 2.580 2.062 3.229 \ 0.0001 1.924 1.719 2.154 \ 0.0001

Antibiotics 6.832 5.825 8.014 \ 0.0001 4.332 3.931 4.774 \ 0.0001

Other COPD drugs 1.201 0.885 1.630 0.2405 1.226 1.090 1.378 0.0007

Total number of prescriptions 0.708 0.469 1.071 0.1018 0.417 0.285 0.612 \ 0.0001

Comorbidities at any point in the patient history up to and including index (yes/no)

Cardiovascular disease 0.822 0.687 0.985 0.0335 0.781 0.693 0.879 \ 0.0001

Heart failure 1.040 0.752 1.438 0.8137 1.229 1.004 1.505 0.0460

Atrial fibrillation 0.981 0.705 1.365 0.9103 1.081 0.891 1.312 0.4304

Osteoporosis 0.985 0.718 1.351 0.9256 1.069 0.877 1.304 0.5089

Depression and/or anxiety 0.810 0.683 0.962 0.0163 0.875 0.782 0.978 0.0187

Diabetes 1.009 0.799 1.274 0.9406 0.965 0.837 1.112 0.6182

Gastroesophageal reflux disease 0.721 0.597 0.869 0.0006 0.783 0.695 0.883 \ 0.0001
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severity in line with GOLD 2020 recommenda-
tions [10].

Cross-country comparisons of health sys-
tems and policies have become more common

[23], and this analysis shows a method for cap-
turing disease severity in populations where it is
not implicitly recorded. Cross-country compar-
isons enable an understanding of differences

Table 3 continued

Covariate Odds
ratio

At COPD
diagnosis
95% CI

p value Odds
ratio

At index95%
CI

p value

Lower Upper Lower Upper

Asthma 0.676 0.546 0.837 0.0003 0.755 0.676 0.844 \ 0.0001

CI confidence interval, COPD chronic obstructive pulmonary disease, ICS inhaled corticosteroids, LABA long-acting b2-
agonist, LAMA long-acting muscarinic antagonist, OCS oral corticosteroids, SABA short-acting b2-agonist, SAMA short-
acting muscarinic antagonist
a Logarithm transformation applied

Table 4 GOLD 2011 categories (calculated or estimated depending on data availability)

GOLD category UK
(n = 82,300)

Germany
(GPs,
n = 22,178)

Germany
(pneumologists,
n = 6816)

Italy
(n = 10,443)

France
(n = 6514)

Australia
(n = 2478)

GOLD 2011 at COPD diagnosisa

A or B, n (%),

95% CI

22,126 (38.7)

(38.0–39.3)

13,776

(86.1)

(85.5–86.6)

2072 (94.1)

(93.1–95.0)

5032 (61.6)

(60.5–62.6)

2527 (76.6)

(75.1–78.0)

635 (50.6)

(48.8–53.4)

C or D, n (%),

95% CI

35,097 (61.3)

(60.8–61.8)

2230 (13.9)

(13.4–14.5)

131 (5.9)

(5.0–6.9)

3138 (38.4)

(37.4–39.5)

772 (23.4)

(22.0–24.9)

620 (49.4)

(46.6–52.2)

Missing at

baseline, n (%)

25,077 (30.5) 6172 (27.8) 4613 (67.7) 2273 (21.8) 3215 (49.4) 1223 (49.4)

GOLD 2011 pre-triple therapyb

A or B, n (%),

95% CI

17,933 (25.3)

(24.7–25.9)

12,498

(67.2)

(66.6–67.9)

5379 (88.4)

(87.6–89.2)

2128 (25.4)

(24.5–26.3)

3045 (70.9)

(69.5–72.2)

526 (34.0)

(31.7–36.4)

C or D, n (%),

95% CI

52,939 (74.7)

(74.3–75.1)

6090 (32.8)

(32.1–33.4)

704 (11.6)

(10.8–12.4)

6254 (74.6)

(73.7–75.5)

1253 (29.2)

(27.8–30.5)

1020 (66.0)

(63.6–68.3)

Missing at index

date, n (%)

11,428 (13.9) 3590 (16.2) 733 (10.8) 2061 (19.7) 2216 (34.0) 932 (37.6)

CI confidence interval, COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic Obstructive
Lung Disease
a Only for patients with at least 6 months of data prior to the date of COPD diagnosis
b Only for patients with index date after COPD diagnosis and at least 6 months between diagnosis and index
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between countries and provide evidence that
may assist clinical management and guidelines.

The models developed in this study per-
formed relatively well, particularly for patients
in the more severe group, and performed better
than the model used in a US claims study,
which accurately predicted COPD severity for
62.7% of patients, with a PPV of 67.0% for
severe/very severe patients [24]. The differences
in accuracy between the models could be due to
the US study excluding patients with asthma.

An algorithm to measure severity was
developed for a recent respiratory trial. The
performance of this was poorer than the
method used in the present study, with the trial
model correctly identifying 53% of patients
with severe COPD, of which 8% had very severe
COPD [25]. The predictors included were simi-
lar; however, the trial excluded prescriptions
such as antibiotics, which exhibited high odds
ratios in this analysis and a strong association
with COPD severity classification.

In this study, patients with comorbidities at
COPD diagnosis/index (cardiovascular disease,
depression and/or anxiety and gastroesophageal
reflux disease) were less likely to be categorised
into the severe group compared with those who
did not have these conditions; this finding is
similar to a previous study [26]. However,
another European study found that comorbidi-
ties were significantly associated with COPD
severity [27]. This discrepancy could be due to
the grouping of A/B and C/D applied in this
study, as the previous study showed that
comorbidities were more frequent in GOLD B
and D categories, whereas in this study the
categories were combined.

At diagnosis, most patients, apart from those
in the UK, were in GOLD A or B categories; this
could be due to misclassification of patients
with estimated GOLD criteria, due to the lack of
spirometry-confirmed testing outside of the UK
[28–30]. Also, differences in risk factors across
countries can influence physician decisions and
lead to misdiagnosis [30]. For example, patients
with less smoking history are more likely to be
misdiagnosed [30].

In the 12 months prior to triple therapy,
most British, Italian and Australian patients
were in GOLD C or D categories, in accordance

with GOLD criteria for triple therapy initiation
[10]. However, in Germany (both groups) and
France, most patients were in GOLD A or B
categories at triple therapy initiation, indicating
the possibility that they were being overtreated
[31]. The observed differences in classification
between these countries may be due to regional
variations in the measurement of the variables
needed to estimate disease severity.

Pneumologist-treated patients in Germany
were more likely to have their COPD diagnosis
as their first record, with little or no history
prior to this event, as pneumologists only see
patients with respiratory diseases. The missing
variables needed to estimate GOLD categories,
due to a lack of clinical history data, might
explain the higher level of patients with missing
severity at diagnosis compared to GP-treated
patients in Germany.

When examining GOLD categories pre-triple
therapy, the proportion of patients estimated in
GOLD C or D categories increased from diagnosis
in all countries, suggesting patient risk increases
over time prior to initiation of triple therapy.
However, it should be noted that there is a higher
proportion of patients with missing GOLD cate-
gories at diagnosis compared to at index.

Limitations

Patients with missing key parameters required
to calculate GOLD categories were not included
in the model development, which could lead to
selection bias.

Due to the nature of this retrospective EMR
study, it was not possible to confirm diagnoses
for all patients that met appropriate COPD
criteria; however, the high validity of diagnoses
in the CPRD (in the UK), particularly in terms of
the PPV of diagnostic codes, has been demon-
strated in validation studies [32].

GOLD categories were calculated in patients
with complete data in the UK, with covariates
chosen based on availability in both the UK and
European primary care databases. True GOLD
categories could only be calculated in a subset
of UK patients where complete primary and
secondary EMR data were available. Therefore,
while this method was validated in the UK, it
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could not be validated in other countries. Also,
records contributing to the calculation of GOLD
categories, or used in our method, may be sub-
ject to under- or mis-recording. Therefore, if
inaccuracies exist in the calculation of GOLD
categories, these may be reflected in the
accuracy of our method. For example, there is
an underestimation (by over half) of exacerba-
tions in patients with COPD [33]. We used an
algorithm by Rothnie et al. in which patients
with less severe COPD exacerbations may be
further under-represented, given that mild
exacerbations self-managed by patients were
not captured [21, 22].

The model had high PPV and relatively low
NPV values, making the estimation of non-
severe patients less accurate; however, it cor-
rectly identified 74.4% and 75.9% of patients at
COPD diagnosis and at index, respectively.

A binary outcome was used as a proxy for
patient risk (C/D ‘severe’ and A/B ‘non-severe’),
as opposed to the four GOLD 2011 categories,
since models predicting all four GOLD
categories showed poor predictive power, with
most patients estimated to belong to GOLD
category D. Therefore, a binary outcome was
used to increase accuracy.

While it is acknowledged that there are some
differences between the GOLD 2011 criteria
applied in this study and more recent GOLD
updates, largely in terms of treatment options
and approach to treatment, these differences are
likely to have limited impact on our research
question. Furthermore, spirometric test of
pulmonary function—the item removed from
patient risk assessment groups, which is not
present in the latest GOLD criteria—is not com-
monly used in primary care decision-making.

This study found that the severity of COPD
was lower in patients diagnosed with both
COPD and asthma. COPD and asthma have
been viewed as distinct conditions; however,
evidence suggests they exhibit similar charac-
teristics [34–37]. This study did not address this,
and further research is needed to understand
the severity of COPD among patients diagnosed
with both COPD and asthma.

CONCLUSIONS

This study reports the development and
validation of a method to categorise COPD
severity using a GOLD 2011 calculation that can
potentially be used to estimate COPD severity
in patients without all the key parameters
needed for this calculation in a real-world set-
ting. This method may be used in future EMR
retrospective studies to estimate COPD severity.
It may also be used in future studies where
linked data are not available due to the fact that
severity is strongly associated with outcomes,
but is not always readily available. Furthermore,
a future goal could be that the models in this
study provide a framework for the integration of
this information into electronic healthcare
records to ultimately inform decision making in
the management of patients with COPD.
Further research into machine learning algo-
rithms and artificial intelligence applications is
ongoing [38].
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Overdiagnosis of COPD: precise definitions and
proposals for improvement. Br J Gen Pract. 2017;67:
183–4.

Pulm Ther (2021) 7:119–132 131

https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://www.uptodate.com/contents/management-of-refractory-chronic-obstructive-pulmonary-disease?search=severe%20copd%20outcome&source=search_result&selectedTitle=2~150&usage_type=default&display_rank=2
https://goldcopd.org/gold-reports/


29. Sator L, Horner A, Studnicka M, et al. Overdiagnosis
of COPD in subjects with unobstructed spirometry:
a BOLD analysis. Chest. 2019;156:277–88.

30. Spero K, Bayasi G, Beaudry L, Barber KR, Khorfan F.
Overdiagnosis of COPD in hospitalized patients. Int
J Chron Obstruct Pulmon Dis. 2017;12:2417–23.

31. White P, Thornton H, Pinnock H, Georgopoulou S,
Booth HP. Overtreatment of COPD with inhaled
corticosteroids–implications for safety and costs:
cross-sectional observational study. PLoS ONE.
2013;8:e75221.

32. Herrett E, Thomas SL, Schoonen WM, Smeeth L,
Hall AJ. Validation and validity of diagnoses in the
general practice research database: a systematic
review. Br J Clin Pharmacol. 2010;69:4–14.

33. Jones PW, Lamarca R, Chuecos F, et al. Characteri-
sation and impact of reported and unreported
exacerbations: results from ATTAIN. Eur Respir J.
2014;44:1156–65.

34. Moore WC, Fitzpatrick AM, Li X, et al. Clinical
heterogeneity in the severe asthma research pro-
gram. Ann Am Thorac Soc. 2013;10(Suppl):
S118–24.

35. Vestbo J, Agusti A, Wouters EFM, et al. Should we
view chronic obstructive pulmonary disease differ-
ently after ECLIPSE? A clinical perspective from the
study team. Am J Respir Crit Care Med. 2014;189:
1022–30.

36. Alshabanat A, Zafari Z, Albanyan O, Dairi M,
FitzGerald JM. Asthma and COPD overlap syn-
drome (ACOS): a systematic review and meta anal-
ysis. PLoS ONE. 2015;10:e0136065.

37. Bateman ED, Reddel HK, van Zyl-Smit RN, Agusti A.
The asthma–COPD overlap syndrome: towards a
revised taxonomy of chronic airways diseases?
Lancet Respir Med. 2015;3:719–28.

38. Nikolaou V, Massaro S, Fakhimi M, Stergioulas L,
Price D. COPD phenotypes and machine learning
cluster analysis: A systematic review and future
research agenda. Respir Med. 2020;171:106093.

39. Battisti WP, Wager E, Baltzer L, et al. Good publi-
cation practice for communicating company-spon-
sored medical research: GPP3. Ann Intern Med.
2015;163:461–4.

132 Pulm Ther (2021) 7:119–132


	Development and Validation of a Method to Estimate COPD Severity in Multiple Datasets: A Retrospective Study
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Digital Features
	Introduction
	Methods
	Study Objective
	Study Population
	Model Implementation/Validation

	Results
	Predictive Models
	Severity Model at Diagnosis
	Severity Model at Index
	GOLD 2011 Categories

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References




