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ABSTRACT
Rationale Heart failure (HF) management in chronic
obstructive pulmonary disease (COPD) is often delayed
or suboptimal.
Objectives To examine the effect of HF and
HF medication use on moderate-to-severe COPD
exacerbations.
Methods and measurements Retrospective
cohort studies from 2006 to 2016 using nationally
representative English primary care electronic healthcare
records linked to national hospital and mortality data.
Patients with COPD with diagnosed and possible HF
were identified. Possible HF was defined as continuous
loop diuretic use in the absence of a non-cardiac
indication. Incident exposure to HF medications was
defined as ≥2 prescriptions within 90 days with no
gaps >90 days during ≤6 months of continuous use;
prevalent exposure as 6+ months of continuous use.
HF medications investigated were angiotensin receptor
blockers, ACE inhibitors, beta-blockers, loop diuretics and
mineralocorticoid receptor antagonists. Cox regression,
stratified by sex and age, further adjusted for patient
characteristics, was used to determine the association of
HF with exacerbation risk.
Main results 86 795 patients with COPD were
categorised as no evidence of HF (n=60 047), possible
HF (n=8476) and newly diagnosed HF (n=2066). Newly
diagnosed HF (adjusted HR (aHR): 1.45, 95% CI: 1.30
to 1.62) and possible HF (aHR: 1.65, 95% CI: 1.58 to
1.72) similarly increased exacerbation risk. Incident and
prevalent use of all HF medications were associated with
increased exacerbation risk. Prevalent use was associated
with reduced exacerbation risk compared with incident
use.
Conclusions Earlier opportunities to improve the
diagnosis and management of HF in the COPD
population are missed. Managing HF may reduce
exacerbation risk in the long term.
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Chronic obstructive pulmonary disease (COPD)
is characterised by persistent, irreversible airflow
limitation resulting from exposure to harmful
particulates and is often accompanied by progressive inflammatory disease of the airways. Patients
with COPD experience periods of acute symptom
worsening or exacerbations.1 Heart failure (HF)
is a common comorbidity in people with COPD,
with an estimated global prevalence of HF comorbidity in patients with COPD at over 14.8 million2;
however, HF remains under-
recognised in the
COPD population.3

Key messages
What is the key question?

►► What is the relationship of heart failure (HF)

and HF medication use with risk of moderate-
to-severe chronic obstructive pulmonary
disease (COPD) exacerbations?

What is the bottom line?

►► Earlier opportunities to improve the diagnosis

and management of heart failure in UK
primary care patients with COPD could reduce
exacerbation risk.

Why read on?

►► We find evidence that managing HF may reduce

risk of acute exacerbations of COPD in the long
term.

The diagnosis of HF in the presence of COPD
is difficult due to shared risk factors and symptomatology.4 5 HF diagnosis and management
are significantly delayed in patients with COPD
compared with patients without COPD.6
There is underuse of cardiovascular medications,
particularly beta-
blockers (BB), in patients with
COPD with cardiovascular indications.7–9 Studies
have also investigated the effect of cardiovascular
medications on patients with COPD with respect to
survival, with mixed results10–13; however, studies
examining the effect on risk of COPD exacerbations are rarer. One observational study found
that angiotensin receptor blocker (ARB) use was
associated with fewer severe exacerbations than
ACE inhibitor (ACEi) use.14 A systematic review of
BB use on exacerbation risk concluded that most
evidence supported no change or reduced exacerbation risk in BB users compared with non-users in
patients with COPD with, or at risk of, cardiovascular disease.15 Long-term effects of HF medications on exacerbation risk in patients with COPD
with HF have not been assessed.
We investigated the relationship between having
HF diagnosed and exacerbation risk and the effect
of possible HF diagnosis on exacerbation risk. In
addition, we investigated the effect of incident and
prevalent use of HF medications on exacerbation
risk in patients with COPD with diagnosed HF.

METHODS
Data source

Pseudonymised primary care electronic records
from the Clinical Practice Research Datalink

Axson EL, et al. Thorax 2021;76:807–814. doi:10.1136/thoraxjnl-2020-216390

   807

Thorax: first published as 10.1136/thoraxjnl-2020-216390 on 29 April 2021. Downloaded from http://thorax.bmj.com/ on November 30, 2022 by guest. Protected by copyright.

Original research

Respiratory epidemiology

Outcome

HF hospitalisation and investigation

General inclusion and exclusion criteria

Moderate acute exacerbations of COPD (AECOPD) (those
managed in primary care) were identified from CPRD using a
validated algorithm identifying AECOPD Read codes, lower
respiratory tract infection, antibiotic prescription and oral
corticosteroid prescription.20 Severe AECOPD (those requiring
hospitalisation) were identified from HES using validated International Classification of Diseases, 10th Revision codes.21 The
outcome was time-to-first moderate-or-severe AECOPD.

Covariates

Age groups were 35–64 years, 65–74 years, 75–84 years and
85+years. Patients were categorised as current or former
smokers. BMI (kg/m2) was categorised as ‘underweight’ (<18.5),
‘healthy weight’ (18.5–24.9), ‘overweight’ (25–29.9) and ‘obese’
(≥30). Socioeconomic status was evaluated using IMD 2010
divided into quintiles. The severity of airflow limitation was
assessed using the GOLD guidelines and grouped as GOLD1
(forced expiratory volume in 1 s (FEV1) % predicted >80%,
mild), GOLD2 (FEV1 % predicted 50%–79%, moderate),

History of HF hospitalisation was identified as those with an HF
diagnostic code (I11.0, I13.0, I13.2, I50.0, I50.1 or I50.9) as the
primary or secondary condition related to a hospitalisation.22
History of echocardiography was identified in CPRD using the
echocardiography Read codes from the Quality and Outcomes
Framework.23 Tests for B-type natriuretic peptide (BNP) levels24
were identified using the following Read codes: 44AN.00,
44AR.00, 44AP.00, 44AF.00 or 44AF.00. Cardiology outpatient
visits were identified in HES Outpatient data using the main or
treatment specialty code ‘320—Cardiology’.

Analyses of the effect of possible and diagnosed HF on
AECOPD risk

Identification of the patient populations for analyses of the effect
of possible and diagnosed HF on exacerbation risk is outlined in
figure 1, following the left pathway. To be included, a patient’s
COPD diagnosis must have preceded his or her HF diagnosis,
and his or her HF diagnosis had to occur in primary care when
a patient met the other eligibility criteria for follow-
up and

Figure 1 Derivation of the study populations. For analyses of the influences of HF and HF medications on exacerbation risk from the CPRD. CKD,
chronic kidney disease; CLD, chronic liver disease; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; HF, heart
failure; HFpEF, heart failure with preserved ejection fraction; HES, Hospital Episode Statistics; IMD, Index of Multiple Deprivation; ONS, Office for
National Statistics.
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Patients with COPD were identified using a validated algorithm17 between 1 January 2006 and 31 December 2016. Briefly,
patients with COPD diagnosed at age ≥35 years with validated
primary care codes and a history of smoking were eligible for
inclusion.17 18 HF was identified in CPRD using a previously
published Read code list (see online supplemental material).19

GOLD3 (FEV1 % predicted 30%–49%, severe) and GOLD4
(FEV1 % predicted less than 30%, very severe).1 The number of
moderate-to-severe exacerbations in the year prior to the start
of follow-up was considered as baseline exacerbation history.
History of cardiovascular disease included prior diagnosis of
ischaemic heart disease, peripheral artery disease, atrial fibrillation, hypertension and/or stroke. Baseline use of short-acting
beta agonists, short-acting muscarinic antagonists, long-acting
beta agonists (LABA), long-acting muscarinic antagonist (LAMA),
inhaled corticosteroids (ICS) or combination was defined as at
least two prescriptions for a given drug class in the year prior
up. Baseline cardiovascular medication
to the start of follow-
use, including ACEi, ARB, BB, calcium channel blockers, loop
diuretics, mineralocorticoid receptor antagonists (MRA), statins
and vasodilators, was defined as at least two prescriptions for a
given drug class in the year prior to the start of follow-up.

(CPRD) Global Initiative for Chronic Obstructive Lung Disease
(GOLD) database were obtained. CPRD represents 6.9% of the
UK population and is representative in terms of sex, age, body
mass index (BMI) and ethnicity.16 Linked mortality data from
the Office for National Statistics, socioeconomic data from the
Index of Multiple Deprivation (IMD) and secondary care data
from Hospital Episode Statistics (HES) were provided for this
study by CPRD for patients in England.
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Analyses of the effect of HF medications on AECOPD risk

Identification of the patient population for analyses of the effect
of HF medications on exacerbation is outlined in figure 1,
following the right pathway. To be included, a patient must
have diagnoses for COPD and HF in primary care, regardless
of which condition came first. Patients with incident and prevalent comorbidity were eligible for inclusion, as were patients
with CKD or CLD because loop diuretic use was not used to
define HF status in these analyses. Patients with right-sided HF
codes only (n=659) and patients with explicitly coded HF with
preserved ejection fraction (HFpEF; n=31) were excluded from
these analyses as we were interested in left-sided HF specifically,
and HFpEF does not have the same treatment recommendations
and outcomes as HFrEF.27
Cardiovascular medications of interest were those commonly
used in the management of HF,27 including ACEi, ARB, BB,
loop diuretics and MRA, and were assessed in separate analyses.
A patient was considered to be exposed to a given medication
providing they had at least two prescriptions within 90 days.
Continuous use was defined as having regular prescriptions for
a given medication with gaps between prescriptions being no
more than 90 days. Incident use was defined as <6 months of
continuous exposure. Prevalent use was defined as ≥6 months of
continuous exposure. A period of 6 months was chosen to represent prevalent use to minimise effects of drugs being trialled and
then discontinued. Start and end of follow-up were defined as
above, except that start of follow-up could begin only on comorbidity diagnosis. Exposed patients were additionally censored
90 days after their last prescription for a given medication as
longer gaps between prescriptions make determining continuous
Axson EL, et al. Thorax 2021;76:807–814. doi:10.1136/thoraxjnl-2020-216390

exposure less accurate. Exposure was defined using person-time,
meaning that patients could have multiple exposure statuses
throughout follow-up, whereby patients whose exposure status
changed during the study period were censored from their original exposure cohort and would begin contributing person-time
to their new exposure cohort. (online supplemental figure E1).
The hazard for moderate-to-severe exacerbation in incident
and prevalent users of a given medication was compared with
non-users using Cox proportional hazards regression with robust
variance estimates, adjusted for smoking status, BMI, IMD,
exacerbation history, inhaler use, severity of airflow limitation, a
history of cardiovascular disease and use of other cardiovascular
medications.

Sensitivity analyses

First, to assess whether removing patients with CKD or CLD
noticeably changed the exacerbation risk of our study populations, we assessed exacerbation risk comparing patients with
COPD with a diagnosis of HF (combined patients with newly
diagnosed HF with and without CKD or CLD) with patients
with COPD without a diagnosis of HF (combined patients with
no evidence of HF, possible HF and patients with COPD with
CKD or CLD without a diagnosis of HF in primary care).
Second, we identified possible patients with HF with evidence
of being investigated for HF, defined as a cardiology outpatient
visit or echocardiography or BNP test. We compared exacerbation risk in patients with COPD with possible HF who
had evidence of being investigated for HF with those without
evidence of HF investigations.
Third, we included patients with a history of HF hospitalisation without a primary care diagnosis as having newly diagnosed
HF, as opposed to possible HF.

RESULTS
Description of patients with COPD without evidence of HF,
with possible HF and with newly diagnosed HF

We identified 86 795 patients with COPD without prevalent
HF at the start of follow-up, of whom 60 047 patients had no
evidence of HF, 8476 patients had possible HF and 2066 patients
had HF diagnosed during follow-up (figure 1). Compared with
patients with COPD without evidence of HF, patients with
COPD with possible or diagnosed HF were older, former
smokers, obese, with severe-
to-
very-
severe airflow limitation
(GOLD3–4), greater history of exacerbations, more use of triple
(LABA+LAMA+ICS) inhaler therapy and with a greater history
of cardiovascular disease (table 1). The proportion of newly
diagnosed and possible patients with HF with a history of HF
investigations and the median time since the most recent investigation are summarised in online supplemental table E1.

Relationship between newly diagnosed HF and AECOPD risk

We matched 2066 patients (100%) with newly diagnosed HF
to 4132 patients without evidence of HF (online supplemental
table E2). Patients with COPD with newly diagnosed HF experienced greater risk of moderate-
to-
severe exacerbation than
patients with COPD without evidence of HF (figure 2A; aHR:
1.45; 95% CI: 1.30 to 1.62).

Relationship between possible HF and AECOPD risk

We matched 8423 patients (99.4%) with possible HF to 16 792
patients without evidence of HF (online supplemental table E3).
Patients with COPD with possible HF experienced greater risk
of moderate-to-severe exacerbation than patients with COPD
809
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between 1 January 2006 and 31 December 2016. Patients with
non-cardiac indications for loop diuretic use (chronic kidney
disease (CLD) stages 3–5, nephrotic syndrome and chronic liver
disease (CLD)) were excluded. ‘Possible HF’ was defined as
continuous loop diuretic use, in the absence of other indications
and in the absence of an HF diagnosis in primary care.25 Continuous use was defined as three consecutive prescriptions within
100 days.
Patients with COPD with possible HF or diagnosed HF were
matched 1:2 on sex and age (±1.0 year) to patients with COPD
without evidence of HF with replacement. Matching and analyses were performed separately for each exposure group. Start
of follow-up was defined as the latest of (1) date data were
deemed to be acceptable for research as determined by CPRD
(ie, had passed a number of quality checks), (2) date from which
the patient has continuous data available, (3) start of the study
(1 January 2006) or (4) date of COPD diagnosis, date of HF
diagnosis or date of first loop diuretic prescription for possible
HF. Patients were censored on (1) transferring from the practice, (2) last date of data collection from the practice, (3) last
date of linked data collection, (4) death or (5) end of study (31
December 2016).
Stratified Cox regression was used to assess the hazard for
moderate-to-severe exacerbation. Each regression was stratified
by matched set, to account for matching on sex and age.26 Robust
variance estimates were used to account for clustering on general
practice. Regression was adjusted for smoking status, BMI, IMD,
exacerbation history, inhaler use, severity of airflow limitation, a
history of cardiovascular disease and use of cardiovascular medications. Adjusted HRs (aHRs) were used to assess exacerbation
risk comparing patients with COPD with possible or diagnosed
HF with patients with COPD without evidence of HF.
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Descriptive statistics for patients with COPD without evidence of HF, possible HF and newly diagnosed HF
COPD patients
without evidence COPD patients with COPD patients with
of HF
possible HF
diagnosed HF
Number of patients
(N)

60 047

8476

Female

27 155 (45.2)

4247 (50.1)

Age, years (IQR)

66 (59, 74)

73 (66, 80)

2066
743 (36.0)
74 (67, 81)

Smoking status
Current Smoker

26 291 (43.8)

2566 (30.3)

497 (24.1)

Former Smoker

33 756 (56.2)

5910 (69.7)

1569 (75.9)

Exacerbation history*

Underweight (<18.5)

COPD patients
with possible
HF

1.52 (0–15)

2.17 (0–13)

37 990 (63.3)

6222 (73.4)

LABA alone

1453 (2.4)

250 (3.0)

31 (1.5)

LAMA alone

4744 (7.9)

537 (6.3)

163 (7.9)

ICS alone

5969 (9.9)

947 (11.2)

92 (4.5)

LABA+LAMA
LABA+ICS

631 (1.1)

81 (1.0)

29 (1.4)

2435 (28.7)

476 (23.0)

1121 (1.9)

206 (2.4)

27 (1.3)

Triple

10 239 (17.1)

1925 (22.7)

823 (39.8)

No long-acting inhaler

21 205 (35.3)

2095 (24.7)

425 (20.6)

6527 (77.0)

1687 (81.7)

2120 (3.5)

999 (11.8)

671 (32.5)

113 (5.47)

21 463 (35.7)

2253 (26.6)

640 (31.0)

Overweight (25.0–29.9) 18 982 (31.6)

2339 (27.6)

595 (28.8)

History of cardiovascular 29 504 (49.1)
disease†

Obese (≥30)

14 581 (24.3)

3183 (37.6)

667 (32.3)

Atrial fibrillation

Missing data

1726 (2.9)

345 (4.1)

51 (2.5)

1: Most deprived

8581 (14.3)

1144 (13.5)

268 (13.0)

2

11 540 (19.2)

1718 (20.3)

403 (19.5)

3

11 698 (19.5)

1613 (19.0)

406 (19.7)

4

13 978 (23.3)

1972 (23.3)

473 (22.9)

5: Least deprived

14 250 (23.7)

2029 (23.9)

516 (25.0)

GOLD Stage

1489 (72.1)

14 685 (24.5)

356 (4.20)

Index of Multiple
Deprivation

2.70
(0–14)

SABA/SAMA

3295 (5.49)

Healthy weight (18.5–
24.9)

COPD
patients with
diagnosed
HF

COPD medications*

LAMA+ICS
Body mass index

COPD patients
without
evidence of HF

Hypertension

24 759 (41.2)

5474 (64.6)

1033 (50.0)

Ischaemic heart disease

7343 (12.2)

2231 (26.3)

838 (40.6)

Peripheral artery disease

3023 (5.0)

654 (7.7)

222 (10.8)

Stroke

3195 (5.3)

788 (9.3)

231 (11.2)

Diabetes mellitus

5794 (9.7)

1358 (16.0)

459 (22.2)

ACEi

9789 (16.3)

2446 (28.7)

1230 (59.5)

ARB

3538 (5.9)

900 (10.6)

332 (16.1)

CVD medications*

1: Mild

23 860 (39.7)

2998 (35.4)

703 (34.0)

Beta-blockers

4491 (7.5)

1007 (11.9)

737 (35.7)

2: Moderate

15 336 (25.5)

1762 (20.8)

486 (23.5)

Calcium channel blockers

5054 (8.4)

1464 (17.3)

329 (15.9)

3: Severe

7767 (12.9)

1449 (17.1)

426 (20.6)

MRA

4: Very Severe

1776 (3.0)

401 (4.7)

166 (8.0)

Statins

11 308 (18.8)

1866 (22.0)

285 (13.8)

Vasodilators

Missing

248 (0.4)

276 (3.3)

479 (23.2)

17 000 (28.3)

3499 (41.3)

1152 (55.8)

3504 (5.8)

1257 (14.8)

320 (15.5)

Severity of airflow limitation using the GOLD guidelines.1
*At least two prescriptions >15 days apart in the year prior to the start of follow-up.
†Prior diagnosis of ischaemic heart disease, peripheral artery disease, atrial fibrillation, hypertension and/or stroke.
‡Average number of exacerbations per patient (range) in the year prior to the start of follow-up.
ACEi, ACE inhibitor; ARB, angiotensin receptor blockers; BB, beta-blockers; CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HF, heart failure; ICS, inhaled corticosteroids; LABA, long-acting beta agonists; LAMA, long-acting
muscarinic antagonists; MRA, mineralocorticoid receptor antagonists; SABA, short-acting beta agonists; SAMA, short-acting muscarinic antagonists.

without evidence of HF (figure 2A; aHR: 1.65; 95% CI: 1.58
to 1.72).

medications at the start of follow-up and did not change status
(online supplemental figure E2).

Description of patients with COPD with diagnosed HF for
analysis of HF medications

Relationship between incident and prevalent HF medication
use and AECOPD risk

For analysis of the effect of HF medications on exacerbation
risk, we identified 8901 patients with COPD with diagnosed
HF (figure 1). Patient characteristics are summarised in online
supplemental table E4). Patient characteristics stratified for non-
users, incident users and prevalent users of ACEi, ARB, BB, loop
diuretic and MRA are detailed in online supplemental tables
E5–E9. Most patients were non-users or prevalent users of HF
810

Incident use of ACEi, ARB, BB, loop diuretics and MRA was
associated with higher risk of moderate-to-severe exacerbation
compared with non-use (figure 3A; online supplemental table
E10). Prevalent use of ACEi, ARB, BB, loop diuretics and MRA
was also associated with higher risk of moderate-to-severe exacerbation compared with non-use (figure 3B; online supplemental
table E11). Prevalent use of ACEi, ARB, BB, loop diuretics and
Axson EL, et al. Thorax 2021;76:807–814. doi:10.1136/thoraxjnl-2020-216390
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Table 1
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MRA was associated with lower risk of moderate-to-severe exacerbation compared with incident use (figure 3C; online supplemental table E12).

Sensitivity analyses

We conducted three sensitivity analyses; results were similar to
those in the main analysis (see online supplemental material).

DISCUSSION

Patients with COPD with newly diagnosed HF experienced a
significantly higher risk of moderate and severe exacerbations
compared with patients with COPD without evidence of HF
diagnosis. Patients with COPD with possible HF also experienced
a similarly increased risk. Patients with COPD with possible HF
who had evidence of investigation but no HF diagnosed still
experienced a higher risk of exacerbation than patients with
COPD without evidence of HF.
Both incident (<6 months) and prevalent (≥6 months) use of
HF medications were associated with a higher risk of exacerbation compared with non-use, for each of the medication investigated; however, exacerbation risk was lower with prevalent use
compared with incident use. The similarity in effects suggests
that it is not the effect of individual medications on exacerbation
risk that is being seen, but rather the effect of symptomatic HF
indicative for medication use on exacerbation risk that is being
Axson EL, et al. Thorax 2021;76:807–814. doi:10.1136/thoraxjnl-2020-216390
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Figure 2 Effect of newly diagnosed and possible HF on AECOPD
risk. aHR comparing risk of moderate-to-severe AECOPD in patients
with COPD with possible HF and newly diagnosed HF compared with
patients with COPD without evidence of HF. Estimates from stratified
Cox regression stratified by matched set (sex and age) and adjusted
for smoking status, body mass index, index of multiple deprivation,
exacerbation history, severity of airflow limitation, inhaler use, a history
of cardiovascular disease and cardiovascular medication use. AECOPD,
acute exacerbations of chronic obstructive pulmonary disease; aHR,
adjusted HR; COPD, chronic obstructive pulmonary disease; HF, heart
failure.

seen—confounding by indication.28 Patients with COPD with
diagnosed HF who were prescribed medication may be more
likely to be symptomatic than those not prescribed medication.
With prevalent use, BB and MRA were associated with slightly
greater exacerbation risk compared with non-use than seen in
the other drug types. BB and MRA use in patients with COPD
may indicate more severe HF, with a greater symptom burden
and therefore higher risk of exacerbation compared with non-
users of these medications.
Prevalent use (≥6 months) of all HF medications was associated with lower exacerbation risk compared with incident
use. The effect was similar for all drug types, suggesting again
that it is not the individual medication affecting exacerbation
risk but appropriate HF management. Previously, Matamis et al
hypothesised that identification and subsequent management of
HF in patients admitted to intensive care for exacerbation were
responsible for better outcomes following exacerbations, even in
the short term.29 Our study also suggests that HF contributes to
exacerbation risk and that early diagnosis and management of
HF in the COPD population may reduce that risk.
These results suggest there may be opportunity for earlier
diagnosis of HF in primary care in the COPD population and
that early diagnosis and optimal management of HF may reduce
COPD exacerbation risk in these patients. There are a number
of possible reasons by which patients with COPD with newly
diagnosed and possible HF experience greater exacerbation
risk than patients with COPD without HF. Failure to optimally
manage HF may hasten the progression of HF or general patient
decline, both of which may increase exacerbation risk. Patients
with COPD with HF are more likely to have additional comorbidities than patients with only COPD.30 31 Higher comorbidity
burden is associated with increased risk of death in patients with
COPD32 and increased systemic inflammation.31 33 Previous
cohort studies have found that up to 26% of exacerbations may
be triggered by HF or other cardiovascular conditions, such as
arrhythmia.34–36 Underlying cardiac problems have been seen in
around a quarter of exacerbation episodes when echocardiography has been performed.37 38 In addition, there is the potential
for misclassification whereby events are labelled as COPD exacerbation but may be acute HF.39 40 Pathophysiologically, there
are a number of mechanisms by which underlying HF, particularly uncontrolled HF, may increase exacerbation risk. Chronic
congestion may lead to reduced airflow in some patients, and
airflow obstruction can be reversed with proper management of
congestion.41 42 Pulmonary oedema, and impaired oxygen transport due to HF, may intensify dyspnoea and reduced exercise
capacity already present due to lung hyperinflation in COPD.43
Cardiomegaly may contribute to worsening alveolar gas diffusion, resulting in a restrictive lung pattern and reduced alveolar
volume.44 Obesity and diabetes, risk factors for HF and more
common in our patients with COPD with HF, are associated
with reduced pulmonary function and airway hyperactivity.45
These results suggest that HF may be an underlying factor
triggering exacerbation of COPD. There are a number of challenges facing clinicians in the management of patients with
COPD and HF. COPD exacerbation is a diagnosis of exclusion,
with no biomarkers for exacerbation; the overlapping symptoms
with HF make misdiagnosis possible.40 Similarly, the signs and
symptoms of HF are non-specific and many patients with HF are
initially treated for exacerbation of other conditions.46 COPD
and HF share common risk factors (eg, smoking) and symptoms
(eg, dyspnoea, fatigue, exercise intolerance) that can make diagnosing one in the presence of the other difficult.4 5 Air trapping
due to pulmonary disease can affect echocardiogram acoustic

Respiratory epidemiology

windows, leading to unsatisfactory imaging quality and making
diagnosis more difficult.47 The severity of COPD may be overestimated in patients with comorbid HF as part of the reduction in lung function may be caused by HF.48 In patients with
COPD, the median time between symptom presentation and
HF diagnosis in UK primary care has been shown to be over 3
years, compared with only 2.4 years in patients without COPD.6
HF treatment is also delayed, with patients with COPD waiting
2.9 years compared with only 1.9 years in patients without
COPD.6 There are currently no bespoke guidelines available
for the management of patients with COPD and HF, despite
the ongoing debate around the use of beta-agonists49 50 and the
lingering hesitancy around BB use, which appears to be largely
unfounded.51 52
There is increasing recognition of the multimorbid patient,53 54
but the translation of this into clinical practice has been slow.
These results highlight the need for more collaborative management of patients with chronic heart and lung conditions, increased
awareness and screening for conditions beyond the first one to
be recognised, and the development of bespoke guidelines for
diagnosis and management of patients with coexisting COPD
and HF. Increasing patient-centred care over specialty-focused
care could reduce symptom burden in patients with COPD and
HF.

Strengths and limitations

A strength of this study is the use of one of the largest longitudinal, nationally representative databases in the world, CPRD.16
812

A validated definition for COPD was used,17 and exacerbations
were identified using validated algorithms.20 21 There is no validated case definition for the identification of HF in CPRD.
HF was identified using a previously published code list19 that
was created by clinicians, and unfortunately, explicit coding
of HF type and severity is not common in CPRD. Duration of
prescription is not always recorded in CPRD, and the issuing of
a prescription does not mean the patient used the prescription,
which limits the accuracy of determining continuous medication
exposure; however, stratification of medication use into incident
and prevalent use allowed for a more nuanced evaluation of the
effect of HF medication use on exacerbation risk.
Possible patients with HF had characteristics similar to newly
diagnosed patients with HF and a similarly increased risk of
exacerbation, suggesting internal validity. Similar techniques
have been used in previous research to identify possible HF.25
However, at best, the definition requiring long-
term loop
diuretic use for a probable cardiac indication would only identify possible patients with HF with fluid congestion, which is not
experienced in all cases. The exclusion of patients with CKD
or CLD was designed to restrict cases to those patients taking
loop diuretics for a cardiac indication; however, these conditions
were more common in patients with diagnosed HF than in those
without an HF diagnosis. We conducted a sensitivity analysis
by looking at a less selected population that included patients
with CKD or CLD. Comparing patients with COPD with an
HF diagnosis with those without an HF diagnosis demonstrated
similarly increased risk of exacerbation as did our more selected
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Figure 3 Effect of HF medication use on AECOPD risk. aHR for the risk of moderate-to-severe AECOPD in patients with diagnosed HF comparing
incident medication use (<6 months) with non-use, (B) prevalent medication use (≥6 months) with non-use and (C) prevalent medication use with
incident medication use for (I) ACEi, (II) ARB, (III) BB, (IV) LD and (v) MRA. Estimates with 95% CIs from Cox regression adjusted for age, sex, smoking
status, body mass index, Index of Multiple Deprivation, exacerbation history, severity of airflow limitation, inhaler use, a history of cardiovascular
disease and cardiovascular medication use. ACEi, ACE inhibitor; AECOPD, acute exacerbations of chronic obstructive pulmonary disease; aHR, adjusted
HR; ARB, angiotensin receptor blockers; BB, beta-blockers; COPD, chronic obstructive pulmonary disease; HF, heart failure; LD, loop diuretics; MRA,
mineralocorticoid receptor antagonists.
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CONCLUSIONS

Newly diagnosed HF and possible HF were associated with
similar, higher exacerbation risk compared with patients without
evidence of HF. All HF medications examined were associated
with higher exacerbation risk with both incident and prevalent
use compared with non-use. Importantly, prevalent use of all HF
medications examined was associated with lower exacerbation
risk compared with incident use. There appears to be opportunity for earlier recognition and management of HF in the COPD
population in primary care, which may reduce COPD exacerbation risk.
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