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Abstract

Background 1t is often stated that heart disease is underdiagnosed in COPD. Evidence for this statement
comes from primary studies, but these have not been synthesised to provide a robust estimate of the burden
of undiagnosed heart disease.

Methods A systematic review of studies using active diagnostic techniques to establish the prevalence of
undiagnosed major cardiac comorbidities in patients with COPD was carried out. MEDLINE, Embase,
Scopus and Web of Science were searched for terms relating to heart failure (specifically, left ventricular
systolic dysfunction (LVSD), coronary artery disease (CAD) and atrial fibrillation), relevant diagnostic
techniques and COPD. Studies published since 1980, reporting diagnosis rates using recognised diagnostic
criteria in representative COPD populations not known to have heart disease were included. Studies were
classified by condition diagnosed, diagnostic threshold used and whether participants had stable or
exacerbated COPD. Random-effects meta-analysis of prevalence was conducted where appropriate.

Results In general, prevalence estimates for undiagnosed cardiac comorbidities in COPD had broad
confidence intervals, with significant study heterogeneity. Most notably, a prevalence of undiagnosed
LVSD of 15.8% (11.1-21.1%) was obtained when defined as left ventricular ejection fraction <50%.
Undiagnosed CAD was found in 2.3-18.0% of COPD patients and atrial fibrillation in 1.4% (0.3-3.5%).
Conclusion Further studies using recent diagnostic advances, and investigating therapeutic interventions
for patients with COPD and heart disease are needed.

Introduction

COPD is a leading cause of death worldwide and among chronic diseases is associated with the worst
quality of life [1]. Heart disease is highly prevalent in COPD, beyond the rate expected due to the common
risk factors of tobacco smoking, advanced age and socioeconomic deprivation [2]. When present, it is
associated with increased mortality [3], worse health status [4] and increased hospitalisation [5].

Accordingly, there is a need to improve the identification of patients in whom heart disease and COPD
coexist, and optimise their management. A common assertion of published research in this field [5-8] is
that cardiac comorbidities are substantially underdiagnosed in patients with COPD. However, high-level
evidence to support this statement is lacking: meta-analysis-level evidence for rates of cardiac comorbidity
in COPD derives from use of clinical coding or medical records [9]. This captures heart disease that has
attracted clinical attention through overt signs and symptoms, or conspicuous adverse events such as acute
myocardial infarction or decompensated heart failure, but misses undiagnosed disease. In COPD,
underdiagnosis is inevitable because the symptoms of heart disease and COPD overlap: breathlessness
caused by heart failure has no unique characteristics [10] and patients with COPD are more likely to
present with atypical chest pain during acute coronary syndromes [11].
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For a more accurate understanding of underdiagnosis, active diagnostic processes must be applied to
populations of COPD patients, with results reported for patients without known cardiac diagnoses. The
results of such studies estimate undiagnosed disease, rather than simple comorbidity prevalence. A review
including studies using echocardiography to diagnose heart failure in those without coronary artery disease
(CAD) exists [12]; however, many subsequent primary studies have since been published, across the
spectrum of heart disease. A systematic literature review was therefore devised to estimate the prevalence
of undiagnosed major cardiac comorbidities in COPD patients.

The challenge of measuring underdiagnosis

In considering the problem of underdiagnosis of cardiac comorbidities in COPD it must be recognised
that diagnosis of all conditions is subject to errors of both over- and under-estimation, and also that the
process of diagnosis is complex and evolves over time, both in the meeting of diagnostic criteria by an
individual and the very parameters of these criteria. This latter factor can also vary by location. For the
purpose of attempting to measure underdiagnosis in this study, pre-specified diagnostic criteria were not
used; rather, the authors’ criteria were used provided they aligned with recognised major cardiological
society guidelines.

Defining major cardiac comorbidities in COPD

Three major heart diseases were selected for investigation: left ventricular systolic dysfunction (LVSD,
more recently termed heart failure with (mildly) reduced ejection fraction, or HF(m)rEF), CAD and atrial
fibrillation. This is because they all are associated with worse outcomes in COPD, all have treatments that
reduce mortality and adverse events, and represent end-point manifestations of heart disease. Other
cardiovascular comorbidities, such as hypertension, are very common in COPD and probably also
underdiagnosed, but can be better considered disease processes than enhance the risk of the major heart
diseases listed above. Diastolic heart failure, also known as heart failure with preserved ejection fraction,
has been defined with particular variability [13], and has only very recently been recognised to have
outcome-improving treatments [14]; thus it was considered outside the scope of this review.

Methods

Search strategy

A search was made for relevant studies in adults aged >18 years. Studies published prior to 1980 were
excluded because echocardiography, the key diagnostic technique for heart failure, was not fully developed
until this point. For consistency, this cut-off was used for the other two conditions.

With these limitations, MEDLINE, Embase, Scopus and Web of Science were searched up to 23 August
2023 for studies containing terms related to COPD, one of the three major heart diseases, and appropriate
diagnostic techniques. Each database was therefore searched three times. For studies relating to LVSD,
terms relating to heart failure were searched for, to avoid overlooking studies that used different
terminology. The search terms used are detailed in the supplementary material (appendix S1).

Search results were exported to Endnote 20, duplicates removed and study title and abstracts screened to
identify studies that were relevant. The full texts of these studies were reviewed for inclusion by two
independent reviewers (J. Kibbler and C. Wade/G. Mussell), with discrepancies settled by a third reviewer
(J. Steer).

The review was registered on www.crd.york.ac.uk/prospero (CRD42021242972) and conducted according
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (2009) guidelines [15]
(supplementary material).

Study inclusion/exclusion

Inclusion criteria were studies in adults aged >18 years, with a clinical diagnosis of COPD and spirometric
evidence of airflow obstruction (forced expiratory volume in 1s (FEV;)/forced vital capacity ratio <0.7);
prospective use of a recognised diagnostic technique for diagnosis of one of the cardiac comorbidities of
interest; use of stated, recognised diagnostic criteria; and reporting of rates of diagnosis in patients not
known to have cardiac disease.

Exclusion criteria were highly selected populations, such as only lung transplant candidates or those who
had had all comorbidities rigorously excluded, and use of diagnostic tests only in subjects with high prior
probability of a positive test (for example, angiography in patients with raised serum troponin).
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Study critical appraisal
The Joanna Briggs Institute (JBI) critical appraisal checklist for studies reporting prevalence data was used
to assess the trustworthiness and relevance of the included papers [16].

Data extraction

Data including number of participants, age (mean/median and measure of spread), COPD severity (as
indicated by FEV; percentage and need for long-term oxygen therapy), key inclusion and exclusion
criteria, COPD status (exacerbation or stability), study setting, diagnostic technique and criteria, number of
patients diagnosed and any control group information were extracted, where available.

Statistical analysis

The primary outcome is the proportion of patients who had a diagnosis of the heart disease in question, i.e.
an estimation of its prevalence. Weighted pooled estimations of prevalence were sought. Included studies
were classified according to whether patients were stable or hospitalised and diagnostic cut-offs used.
Pooled estimations were only created where this would appreciably increase understanding of the data; the
threshold for this was set at where four or more studies could be pooled. Sensitivity analysis of the effect
of pooling studies across inpatient and outpatient populations on between-study heterogeneity was
conducted, due to the possibility of exaggerated diagnostic rates due to reversible cardiac dysfunction that
has been described during COPD exacerbation (ECOPD) [17].

Prevalence data were pooled using the binomial equation, with the variance estimate transformed because
otherwise, for small or large prevalences (< 0.1 or >0.9, respectively), the study variance tends towards
zero, giving such studies a disproportionately large weight [18]. An appropriate transformation for the data
obtained here is the arcsine square-root transformation, since while there are, inevitably, differences in
sample sizes present, they are not of the several orders of magnitude size that can produce misleading
results after back-transformation of the variance [19]. A random-effects model was used due to the
inevitability of other sources of variance, besides sampling error, in the prevalence of heart disease
between the populations sampled in the studies included. Among the sources of variance are age, location
and COPD phenotype (see Discussion).

Assessment of study heterogeneity was performed by calculation of the I statistic and its confidence
interval for meta-analyses performed.

Assessment of publication bias is recommended in guidelines for conducting observational study meta-analysis
and is commonly performed in meta-analyses of prevalence [20]. However, given the low number of
studies anticipated to be pooled in this study, tests of publication bias would be under-powered [21].
Nevertheless, funnel plots were produced for the meta-analyses performed.

Analyses were performed in MedCalc for Windows version 20.027 (MedCalc software, Ostend, Belgium).

Results

Search results and study selection

After removal of duplicates, the searches returned 5947 studies relating to heart failure, 6167 relating to
CAD and 1344 relating to atrial fibrillation.

After title and abstract screening, 125 studies relating to heart failure, 51 studies relating to CAD and 39
studies relating to atrial fibrillation were selected for independent full-text review. After resolution of
discrepancies, data were extracted from 15 studies relating to LVSD (after narrowing down from heart
failure), five studies relating to CAD and six studies relating to atrial fibrillation.

Studies from which data were extracted are summarised in table 1. Further data about individual study
inclusion and exclusion criteria, particularly exclusion criteria relating to known heart disease, and patient
COPD severity, are summarised in supplementary tables S1-S3.

Risk-of-bias assessment

For included studies, there was lack of clarity or satisfactory information in at most two of the nine
domains assessed by the JBI critical appraisal checklist (supplementary table S4). The inclusion criteria
that studies should include representative populations and to diagnose based on recognised criteria meant
there was an element of pre-selection for highly scoring studies.
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TABLE 1 Summary of studies reporting prevalence of undiagnosed left ventricular systolic dysfunction (LVSD), coronary artery disease (CAD) and

atrial fibrillation in COPD patients.

Subjects Age Stability Setting Diagnostic tool Diagnostic Patients Prevalence”
years threshold diagnosed
LVSD
AKPINAR, 2020 [22] 86 71.849.6  Hospitalised Acute hospital, TTE LVEF <50% 15 0.174
Turkey
Freixa, 2013 [23]" 114 Stable Multicentre, Spain TTE LVEF <50% 12 0.105
Guo, 2018 [24] 655 71.5+5.4 Hospitalised Acute hospital, TTE LVEF <50% 108 0.165
China
Hitpe, 2020 [25] 100 63.5+6.6 Stable Outpatients, CMR LVEF <50% 19 0.190
Norway
Leg, 2013 [26] 18 71.2 Hospitalised Acute hospital, TTE LVEF <50% 3 0.166
New Zealand
NISHIMURA, 54 75.4t7.6  Hospitalised Acute hospital, TTE LVEF <50% 3 0.056
2014 [27] Japan
NoORDEGRAAF, 1997 10 67.848.4 Stable Outpatients, the CMR LVEF <50% 2 0.200
[28] Netherlands
Porhat, 2018 [29]" 80 Stable Outpatients, India TTE LVEF <50% 8 0.100
RACHAKONDA, 2016 97 Stable Outpatients, India TTE LVEF <50% 35 0.361
(301"
RaHmaN, 2022 [31] 100 68.319.9  Hospitalised Acute hospital, TTE LVEF <50% 23 0.230
Bangladesh
Warz, 2008 [32] 170 64+6.6 Stable Outpatients, TTE LVEF <50% 5 0.029
Germany
BoubesTeIN, 2009 244 78.245.1 Stable Primary care, the TTE LVEF <45% 27 0.111
[33] Netherlands
LoPEZ-SANCHEZ, 73 65.5£7.5 Stable Outpatients, Spain TTE LVEF <45% 2 0.027
2013 [34]
VoNK-NOORDEGRAAF, 25 68+7 Stable Outpatients, the CMR LVEF <45% 4 0.160
2005 [35] Netherlands
Leona, 2021 [36]" 117 Hospitalised ~ Acute hospital, Dynamic CT LVEF <40% 8 0.068
Australia
RaHMmaN, 2022 [31] 100 68.319.9  Hospitalised Acute hospital, TTE LVEF <40% 16 0.160
Bangladesh
CAD
BhatT, 2018 [37] 928 61.8+8 Stable Outpatients, USA CACS Agatston score 112 0.121
>400
GaisL, 2015 [38] 81 64.3+10.3 Stable Outpatients, SPECT EANM/ESC 11 0.136
Switzerland ischaemia
KaHNERT, 2022 [39] 399 66.0+8.2 Stable Outpatients, CACS Agatston score 59 0.149
Germany >1500
Leone, 2021 [36]" 100 Hospitalised  Acute hospital, CACS Agatston score 18 0.18
Australia >400
OzvitmMaz, 2016 [40] 42 49.7+7.6 Stable Outpatients, CACS Agatston score 1 0.023
Turkey >400
Atrial fibrillation
Carta, 2021 [41] 80 56.2+9.6 Stable Outpatients, Repeated 0 0
Kyrgyzstan 12-lead ECGs
Envik, 2017 [42] 119 64.7+7 Mixed Acute hospital, 24 h ECG 4 0.033
Norway
HaNrAHAN, 2008 1758 63.2+10.1 Stable Multicentre 24 h ECG 13 0.007
[43] outpatients, USA
MOoRGANROTH, 2004 226 67 Stable Outpatients, USA 24 h ECG 0 0
[44]
SHIVNITWAR, 2023 150 54.049.4  Hospitalised Acute hospital, 12-lead ECG 8 0.053
[45] India
TerzaNO, 2014 [46] 173 79.1+5.1  Hospitalised Acute hospital, Repeated 35 0.202
Italy 12-lead ECGs

Data are presented as n or meanzsp, unless otherwise stated. TTE: transthoracic echocardiography; LVEF: left ventricular ejection fraction; CMR:
cardiac magnetic resonance imaging; CT: computed tomography; CACS: coronary artery calcium score; SPECT: single-photon emission computed
tomography; EANM/ESC: European Association of Nuclear Medicine/European Society of Cardiology guideline. *: reported to three decimal places;
‘: age data missing for whole cohort or subgroup.

https://doi.org/10.1183/23120541.00548-2023 4



ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | J. KIBBLER ET AL.

Results synthesis

Individual study results are presented in table 1 and grouped by cardiac comorbidity. Meta-analysis of
prevalence was performed when appropriate as pre-specified. 95% confidence intervals are presented in
parenthesis, and forest plots are presented in the supplementary material (appendix S4).

LVSD

Studies of undiagnosed LVSD prevalence were categorised into 1) sampling from populations with stable
COPD or ECOPD requiring hospitalisation and 2) using left ventricular ejection fraction (LVEF) threshold
used to define LVSD of <50%, <45% and <40%.

From 11 studies using an LVEF threshold of 50%, prevalence of undiagnosed LVSD was 15.8% (95% CI
11.1-21.1%). I* was high at 81% (95% CI 66-89%) (figure 1). A sensitivity analysis separating studies of
hospitalised and nonhospitalised patients did not significantly change prevalence or I (appendix S4).

From three studies using an LVEF threshold of 45% (all in stable patients), prevalence of undiagnosed
LVSD ranged from 2.7% to 16.0%.

Two studies used an LVEF threshold of 40% in hospitalised patients, with prevalence of undiagnosed
LVSD reported at 6.8% and 16.0%.

Funnel plots are presented the supplementary material (appendix S5); in all cases, Egger’s test for
asymmetry was negative.

CAD

Individual study results are presented in table 1. No meta-analysis of prevalence was performed given
differing diagnostic strategies. Reported prevalence of undiagnosed CAD ranged from 2.3% in stable
patients using Agatston score >400, to 18% in a hospitalised cohort using the same criteria.

Atrial fibrillation

Individual study results are presented in table 1. Inclusion of the single study of admitted patients
substantially altered the prevalence estimate and I (supplementary material, appendix S4); therefore, this
study was considered separately. Estimated prevalence of undiagnosed atrial fibrillation in stable patients
was low, at 1.4% (95% CI 0.3-3.5%). By contrast, undiagnosed atrial fibrillation was found in 20.2% of
admitted patients receiving serial ECGs.

Discussion
This systematic review considered 27 published studies employing active diagnostic techniques to quantify
undiagnosed heart disease in populations of COPD patients.

AKPINAR [22] - ——
FREIXA [23] ——
GUoO [24] A I+
HILDE [25] - ——
LEE [26] i
NISHIMURA [27]{ —l——
NOORDEGRAAF [28] 4 o
POTHAL [29] —0—
RACHAKONDA [30] ——
RAHMAN [31] 1 ——
WATZ [32]{ -I—
Total (random effects) -

T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Proportion

FIGURE 1 Forest plot: prevalence of undiagnosed left ventricular systolic dysfunction in patients with COPD
(defined as left ventricular ejection fraction <50%). Pooled prevalence 15.8% (95% Cl 11.1-21.1%).
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The certainty of the evidence synthesised is reduced by the presence of considerable inconsistency as
measured by I and indicated by wide confidence intervals for prevalence estimates. Nevertheless, it is
noteworthy that the prevalence of undiagnosed LVSD in patients with COPD, when a cut-off LVEF of
50% is applied, is between 10% and 20%. This represents >120 000 people in the UK alone [47], and tens
of millions worldwide [47, 48]. Due to the design of many included studies, which excluded all heart
disease, it may even be an underestimate: patients not tested due to existing CAD have been shown to have
the highest undiagnosed rates of heart failure [49]. Two-thirds of patients with LVEF <50% can be
expected to have HFrEF and one-third more mildly reduced LVEF [50], of whom at least three-quarters
would have other structural abnormalities satisfying a diagnosis of heart failure with mildly reduced
ejection fraction (HFmrEF) [51]; all patients who are not being offered indicated, safe, effective therapy to
reduce admissions and mortality.

No further synthesis was possible for studies reporting rates of undiagnosed CAD, although the highest
reported rate was seen in a study on patients hospitalised with ECOPD. This is congruent with the
association between ECOPD and cardiac events [52] and also the hypothesis that unrecognised CAD could
contribute to the symptoms and signs leading to hospitalisation with a diagnosis of ECOPD. The
somewhat lower rate of underdiagnosis of CAD compared with LVSD may reflect the multiple routes to
impaired heart function in COPD beyond ischaemic cardiomyopathy; these include myocardial
inflammation and fibrosis [53] as well as direct impairment of cardiac filling due to the increased
intrathoracic pressures that accompany lung hyperinflation [54].

The discrepancy in rates of undiagnosed atrial fibrillation in stable and hospitalised patients occurs because
paroxysms of atrial fibrillation in predisposed patients are much more likely in the conditions of increased
sympathetic activity (caused by hypoxia and hypercapnia as well as drug treatment), systemic inflammation
and intrathoracic pressure changes associated with ECOPD [55]. These results suggest that screening in
stable COPD patients without other known heart disease or risk factors is unlikely to identify much
undiagnosed atrial fibrillation.

Limitations and implications for future research

This review has limitations. Firstly, the studies obtained by systematic searching exhibited significant
heterogeneity in terms of patient populations and diagnostic strategies employed. This resulted in small
sample numbers for meta-analysis, limiting the strength of conclusions. The breadth of the confidence
intervals may result from the heterogeneity inherent in the COPD patient population, which can be
subdivided into different severity classes and phenotypes. For example, the association of the
frequent-exacerbator phenotype with higher rates of myocardial infarction [52] implies that estimations of
rates of CAD in COPD as a whole will be less precise if the prevalence of this phenotype within different
study populations is variable. An individual patient data meta-analysis to explore the relationship of
phenotype to the rates of undiagnosed cardiac comorbidities would be worthwhile and may provide further
useful prevalence estimates for the other major cardiac diseases.

Regarding LVSD, a reliance on LVEF for diagnosis has disadvantages [56]. As a test for LVSD it may
produce false negative results in patients with left ventricular hypertrophy and a small left ventricular
cavity [57]. When reduced LVEF is found, it is not regarded as solely sufficient for a diagnosis of the
syndromes of HFTEF or HFmrEF [58], which require the presence of symptoms and/or signs of heart
failure and may be supported by other echocardiographic parameters and biomarker measurements. In most
COPD patients, this requirement for symptoms is automatically satisfied due to the presence of
breathlessness. However, studies generally do not report a syndromic diagnosis, hence the use of LVSD as
defined by ejection fraction in this review. A threshold to define LVSD is also difficult to apply, since
historical evidence for effective therapy was established in LVEF <40%, yet retrospective analysis suggests
patients with LVEF <50% benefit from the same treatments. This higher threshold is included in some
international guidelines [58], but not others [59]; however, it does define a population of COPD patients
with worse physical and psychological status [60] and is therefore included here. A final challenge in
establishing meaningful LVSD rates was that many studies reported mean LVEF without reporting cases
below a threshold, meaning potentially useful data could not be included.

Other studies have explored left-sided cardiac dysfunction in COPD beyond reduced LVEF [61], and many
others have studied the right heart using strain-based indices [62]. Undoubtedly there is value in
establishing the true prevalence of non-LVEF-defined cardiac dysfunction in COPD, but it was beyond the
scope of this review. Novel, prognosis-informing techniques to evaluate cardiac function, such as global
longitudinal strain [63], plus long-awaited outcome-improving treatment in heart failure with preserved
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ejection fraction [14] both have potentially important roles in the care of patients with COPD and should
be evaluated further in this population.

Finally, practical and cost-effective approaches to reducing the rates of undiagnosed and untreated heart
disease for COPD patients must be identified. The data presented here suggest that current approaches are
failing; equally, universal application of tests to diagnose heart disease in the large COPD population could
overwhelm healthcare resources. A structured approach to guide clinicians would be valuable, perhaps
using simple screening tests such as N-terminal pro-brain natriuretic peptide to identify patients for further
testing; further research is needed to establish the ideal thresholds and regularity of testing that would best
balance reducing underdiagnosis and cost-effectiveness.

Conclusion

This systematic review and meta-analysis sought to establish whether high-quality evidence could be found
to support the statement that heart disease is substantially underdiagnosed in COPD. Studies were
heterogeneous and confidence intervals broad. Despite this, a striking estimate of the magnitude of
undiagnosed heart failure was obtained, which should be noteworthy to all clinicians treating COPD
patients.

There is great potential benefit in improving our understanding of the diagnostic and treatment gaps
relating to heart disease in COPD. Knowing which cardiac conditions are most likely to be present in
which patient subgroups, and which treatments give most benefit, would allow mitigation of a major
mortality risk for COPD patients.
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