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ORIGINAL RESEARCH

Background: A substantial prevalence of cardiovascular disease is known for COPD, but
detection of its presence, relationship to functional ﬁndings and contribution to symptoms remains
challenging. The present analysis focusses on the cardiovascular contribution to COPD symptoms
and their relationship to the patients’ diagnostic status, medication and echocardiographic ﬁndings.
Methods: Patients from the COPD cohort COSYCONET with data on lung function,
including FEV1, residual volume/total lung capacity (RV/TLC) ratio, diffusing capacity
TLCO, and echocardiographic data on left ventricular ejection fraction (LVEF) and enddiastolic diameter (LVEDD), medical history, medication, modiﬁed British Medical Research
Council dyspnea scale (mMRC) and Saint Georges Respiratory Questionnaire (SGRQ) were
analyzed.
Results: A total of 1591 patients (GOLD 0–4: n=230/126/614/498/123) fulﬁlled the inclusion criteria. Ischemic heart disease, myocardial infarction or heart failure were reported in
289 patients (18.2%); 860 patients (54%) received at least one cardiovascular medication,
with more than one in many patients. LVEF<50% or LVEDD>56 mm was found in 204
patients (12.8%), of whom 74 (36.3%) had neither a cardiovascular history nor medication.
Among 948 patients (59.6%) without isolated hypertension, there were 21/55 (38.2%)
patients with LVEF<50% and 47/88 (53.4%) with LVEDD>56 mm, who lacked both a
cardiac diagnosis and medication. LVEDD and LVEF were linked to medical history;
LVEDD was dependent on RV/TLC and LVEF on FEV1. Exertional COPD symptoms
were best described by mMRC and the SGRQ activity score. Beyond lung function, an
independent link from LVEDD on symptoms was revealed.
Conclusion: A remarkable proportion of patients with suspicious echocardiographic ﬁndings
were undiagnosed and untreated, implying an increased risk for an unfavorable prognosis. Cardiac
size and function were dependent on lung function and only partially linked to cardiovascular
history. Although the contribution of LV size to COPD symptoms was small compared to lung
function, it was detectable irrespective of all other inﬂuencing factors. However, only the mMRC
and SGRQ activity component were found to be suitable for this purpose.
Keywords: COPD, heart failure, echocardiography, medication, dyspnea, symptoms

Introduction
A substantial prevalence of cardiovascular disease has been reported for patients with
COPD, comprising a range from 28% to 70%,1–4 with poor agreement between chartbased and objectively identiﬁed comorbidities.5 Beyond shared risk factors, a variety of
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potential causal interactions has been discussed.6–10 This is
important as the concomitance of cardiovascular disease and
COPD is associated with an unfavorable prognosis.11–14
Regarding clues from symptoms, the diagnosis of the predominant underlying disease and its contribution to COPD
symptoms remains challenging. The situation is complicated
by the fact that, even when objective measures of heart
function are available, they do not necessarily correlate
with the magnitude of symptoms. In addition, patients may
receive cardiovascular medication, which may alleviate
symptoms to a variable degree, depending on the type and
severity of cardiac disease. Moreover, the indication that led
to medication in the past might not be veriﬁable at a later
time.
This opens the possibility to encounter patients with
and without cardiac disease as a comorbidity of COPD, as
well as with and without medication in all conceivable
combinations. A further complication is the fact that the
medication can be more or less speciﬁc, which may render
its attribution to a speciﬁc disorder difﬁcult.15,16 The distribution and frequency of these conditions, including
abnormalities of common echocardiographic measures,
are not well known so far, and it would be valuable to
obtain this information from a sufﬁciently characterized
population of COPD patients.
We therefore examined the history of ischemic heart
disease including myocardial infarction, and heart failure,
cardiovascular medication, moreover two left ventricular
echocardiographic measures, lung function and symptom
scores in the large COPD cohort COSYCONET. For the
quantiﬁcation of symptoms, the modiﬁed British Medical
Research Council dyspnea scale (mMRC) and the Saint
George's Respiratory Questionnaire (SGRQ) were used.
The study had two speciﬁc aims, ﬁrst the description of
the patterns observed, second the analysis and quantiﬁcation of the relationship between parameters of lung and
heart function and their relative role for exertional COPD
symptoms.

Methods
Study cohort and participants
We used data of the baseline visit of the German COPD cohort
COSYCONET (COPD and Systemic Consequences –
Comorbidities Network), a prospective, multi-center cohort
study in patients with stable COPD of spirometric GOLD
grades 0–4.17,18 GOLD 0 refers to patients with chronic bronchitis not fulﬁlling the spirometric criterion FEV1/FVC <0.7.
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All study participants provided their written informed consent,
and the study was approved by the Ethics Committee of the
University of Marburg as coordinating center and the Ethics
Committees of all study centers; it is in accordance with the
declaration of Helsinki and registered on ClinicalTrials.gov
(registration number NCT01245933). For details of the selection process, see Supplemental methods and Figure S1.

Assessments
Postbronchodilator17 spirometry and body plethysmography
were performed as recommended by the American Thoracic
Society/European Respiratory Society19 and Deutsche
Gesellschaft für Pneumologie und Beatmungsmedizin.20–23
As a measure of airway obstruction, we used the FEV1; for
lung hyperinﬂation, we chose the residual volume (RV), total
lung capacity (TLC) and their ratio RV/TLC. The diffusing
capacity for carbon monoxide (TLCO) was determined via
duplicate assessments of the single-breath method, and the
transfer coefﬁcient (KCO) as ratio of TLCO and alveolar
volume (VA). Predicted values of FEV1 and diffusing capacity were calculated as recommended by the Global Lung
Function Initiative,24–26 those of RV and TLC were taken
from the ECSC.21,24 Spirometric COPD grades and the categorization of symptoms and exacerbation risk were based on
the GOLD recommendations,18 choosing the mMRC27 for
ABCD groups. For the assessment of COPD symptoms, the
SGQR score including its activity, impact and symptoms
components,28 the mMRC29 and the COPD Assessment
Test (CATTM)30 were evaluated. Echocardiography followed
standard techniques to obtain the left ventricular end-diastolic diameter (LVEDD) and left ventricular ejection fraction
(LVEF).31 A reduced LVEF was assumed for LVEF <50%, in
addition <40% for deﬁning a more severe subgroup. LV
dilatation, as a further marker of systolic cardiac impairment,
was assumed for LVEDD >56 mm.32–34 Regarding cardiovascular medication, we examined diuretic agents, betablockers, angiotensin-converting enzyme inhibitors (ACE
inhibitor) and angiotensin receptor blockers (ARB), and
mineralocorticoid receptor antagonists.33

Data analysis
For descriptive purposes, mean values and SDs were calculated. For categorical data, the number (percentage) of
respective patients is given. We deﬁned the combined
criterion “any cardiac history” by the presence of at least
one report on ischemic heart disease, myocardial infarction
or heart failure symptoms. Analogously, “any cardiovascular medication” was deﬁned by taking at least one
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compound out of the four classes mentioned above. To
illustrate the number and proportion of patients belonging
to the different categories and their overlap, Euler diagrams were drawn.35
The association cohort was deﬁned by having complete
data for a more comprehensive set of parameters, as completeness of the data is required for structural equation
modeling (SEM) if one wants to avoid imputation
procedures.8,9 Differences between this group and the
patients excluded were analyzed using ANOVA for continuous and chi-square tests for categorical variables (see
Supplemental data analysis).
To eliminate trivial dependences from anthropometric
measures and reduce the complexity of the model, all variables in the SEM analyses were adjusted for age, sex and
BMI. Due to the very high correlation between the mMRC
and the SGRQ activity component, we introduced a latent
variable (construct) named “Exertional COPD Symptoms”
having these two variables as indicators. All other variables
were manifest (observed). The goodness of ﬁt was quantiﬁed
via the comparative ﬁt index (CFI) and the root mean square
error of approximation (RMSEA), as well as the standard
chi-square statistics, although it is known to be oversensitive
in large data sets via indicating an inadequate ﬁt. For all
computations, the software IBM SPSS Statistics 25.0.0.1
and Amos 25.0.0 (Wexford, PA, USA) was used. Statistical
signiﬁcance was assumed for p<0.05.

Results
Study population
Overall, 1591 COPD patients of GOLD grades 0–4 fulﬁlled
the inclusion criteria for the descriptive analysis, and among
these 1468 patients for the association analysis. Details of the
selection process are shown in Figure S1, and baseline characteristics of both groups are given in Table 1. The subgroup of
1468 patients exhibited a slightly less severe airway obstruction and less COPD symptoms compared to the 123 patients
excluded for the association analysis due to missing data.

Descriptive analysis
Figure 1A shows the prevalence of the three selected
cardiac disorders and the combined history deﬁned by
the presence of any of the three disorders (18.2% of
patients). The fact that the height of the bar for the combined history was not the sum of those for the single
diagnoses indicates the simultaneous presence of several
diagnoses in many patients. Figure 1A moreover shows
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the prevalence of abnormal echocardiographic ﬁndings
deﬁned as LVEDD >56 mm, or LVEF <50% or <40%.
Requiring at least one of these criteria, an impaired left
heart function occurred in 204 patients (12.8%). The overlap between the combined history and the echocardiographic criteria LVEDD >56 mm and LVEF <50% is
shown in the Euler diagram of Figure 1B. Obviously, the
overlap between these three variables was rather small,
and the majority of patients with abnormal echocardiographic ﬁndings reported no history of cardiac disease.
In an analogous manner, the prevalence of cardiovascular
medication including the combined score deﬁned by the
presence of any of the respective medications is shown
in Figure 2A. More than half of the patients received at
least one cardiovascular drug (n=860, 54%). Most frequent
were compounds of the ACE inhibitor/ARB group, followed
by diuretics and beta-blockers. Again, the fact that the sum of
the single components markedly exceeded the combined bar,
reﬂects the fact that quite a number of patients received
several drugs. The overlap of medication with the two echocardiographic measures is depicted in Figure 2B.
Approximately half of the patients with suspicious echocardiographic ﬁndings received cardiovascular medication. The
criterion LVEF <50%, or LVEDD >56 mm, or both, was
fulﬁlled in 204 patients (12.8%), of whom 74 (36.3%) had
neither a cardiovascular history nor medication. Conversely,
the large majority of patients with medication exhibited
normal echocardiographic ﬁndings, suggesting an indication
for treatment other than systolic heart failure. This could be
hypertension, which was reported by 860 patients (54.1%).
Of 335 patients receiving beta-blocker treatment, the majority (n= 279, 83%) reported arterial hypertension, which
appeared as most frequent indication. There was a trend
toward higher rates of beta-blocker use in GOLD groups B
and D (A-D: 19.2%, 25.3%, 16.3%, 23.3%; p =0.051).
The overlap between the combined scores of medication
and medical history, and the criterion LVEF <50% is shown in
Figure 3A. In order to focus on systolic heart failure, we then
excluded all patients with isolated hypertension, ie, hypertension in the absence of other cardiovascular disorders (n=643,
40.4%). There remained 948 patients (59.6%) without isolated
hypertension. The Euler diagram for this reduced data set
regarding LVEF <50% is given in Figure 3B, regarding
LVEDD >56 mm in Figure 3C. These ﬁgures illustrate that
there were 21/55 patients (38.2%) and 47/88 patients (53.4%),
respectively, with suspicious echocardiographic ﬁndings lacking both a respective diagnosis and medication. In order to
clinically characterize these patients, we tested in the groups

submit your manuscript | www.dovepress.com

DovePress

2165

Dovepress

Alter et al

International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/ by 3.230.119.106 on 27-Sep-2020
For personal use only.

Table 1 Baseline characteristics
p-Value

Description cohort

Association cohort

n=1591

n=1468

Age [years]

64.4±8.6

64.4± 8.5

0.892

Sex [m/f]
BMI [kg/m2]

912/679
26.8±5.2

844/624
26.8±5.2

0.636
0.905

Packyears [years]

47.7±35.7

48.0±35.9

0.324

Smoking [never/ex/active]
Hypertension

112/1055/422
860 (54.1%)

105/967/395
795 (54.2%)

0.377
0.779

Baseline data

Lung function
FEV1 [% predicted]

57.7±20.4

58.3±20.1

<0.001

FVC [% predicted]
FEV1/FVC [%]

79.5±18.2
55.6±13.4

80.3±17.9
55.7±13.1

<0.001
0.474

RV [l]

3.74±1.2

3.75±1.19

0.618

TLC [l]
RV/TLC

7.09±1.49
0.52±0.11

7.10±1.48
0.52±0.11

0.133
0.452

TLCO [% predicted]

59.2±22.6

59.2±22.6

0.762

KCO [% predicted]

67±22.9

67.0±22.9

0.685

62.5±8.6
48.1±6.7

62.5±8.7
48.1±6.7

0.334
0.644

1.51±0.89

1.49±0.88

0.001

41.7±19.6

41.1±19.4

<0.001

55.2±25.7
29.1±20.3

54.5±25.6
28.5±20

<0.001
<0.001

55.3±21.4

54.9±21.5

0.010

17.9±7.2

17.7±7.2

0.001

Ischemic heart disease
Myocardial infarction

232 (14.6%)
128 (8.0%)

214 (14.6%)
116 (7.9%)

1.000
0.488

Heart failure

63 (4.0%)

58 (4.0%)

1.000

Any cardiac history

289 (18.2%)

268 (18.3%)

0.808

Diuretic
Betablocker

454 (28.5%)
335 (21.1%)

414 (28.2%)
311 (21.2%)

0.301
0.730

ACE inhibitor/ARB

688 (43.2%)

642 (43.7%)

0.185

MRA
Any medication

42 (2.6%)
860 (54.1%)

39 (2.7%)
799 (54.4%)

1.000
0.174

230/126/614/498/123

203/119/586/465/95

<0.001

666/372/227/318*

635/336/212/285

<0.001

Left heart
LVEF [%]
LVEDD [mm]
COPD symptom scores
mMRC
SGRQ total
● Activity domain

● Impact domain
● Symptoms domain
CAT
Cardiac history

Medication

COPD severity
GOLD 0/1/2/3/4
GOLD A/B/C/D

Notes: Data are mean±standard deviation, numbers or percentages. For the description of COPD severity, the former category “GOLD 0” as deﬁned by the presence of
symptoms and FEV1/FVC ≥70% was included in addition to the conventional grades GOLD 1–4; * Remaining values were unclassiﬁed.
Abbreviations: RV, residual volume; TLC, total lung capacity; TLCO, transfer factor of carbon monoxide (CO); KCO, CO transfer coefﬁcient (ratio of TLCO and alveolar
volume); LVEF, and left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; mMRC, modiﬁed British Medical Research Council dyspnea scale; SGQR,
Saint George’s Respiratory Questionnaire with activity, impact and symptoms domains; CATTM, COPD assessment test; ACE inhibitor/ARB, angiotensin-converting enzyme
inhibitor and angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist.
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A

B
LVEF
< 50%
n=78 (5%)

Frequency of pre-existing conditions and pathological
echocardiographic findings
20%

289

Cardiovascular
history
n=289 (18%)

18%
16%

232

14%
12%

154

10%

128

8%
6%

78

63

4%
18

2%
0%
Ischemic heart Myocardial
disease
infarction

Heart failure

Any cardiac
history

//

LVEDD > 56 LVEF < 50 % LVEF < 40 %
mm

Figure 1 (A) Histogram showing the prevalence of ischemic heart disease, remote myocardial infarction and heart failure as reported, in addition a combined history, if any
of the previous diagnoses was reported. Moreover, the prevalence of patients with echocardiographic impairments is shown. For this purpose, left ventricular dilatation with
an end-diastolic diameter (LVEDD) >56 is deﬁned, moreover a reduced ejection fraction (LVEF) <50% as well as <40%. (B) Euler diagram showing the proportion of and
overlap between patients with a combined history, LVEF < 50% and LVEDD >56 mm. Percentages are referred to the total cohort (n=1591).
Abbreviations: LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter.

A

B
LVEF
< 50%
n=78 (5%)

Frequency of cardiovascular medication
60%

860

50%

688

Cardiovascular
medication
n=860 (54%)

40%
454
30%

DD
LVEDD
> 56 mm
n=154 (10%)

335

20%
10%

42

0%
Diuretic agent

Beta-blocker

ACE/ARB

Aldosterone-AT

Any
cardiovascular
medication

Figure 2 (A) Histogram showing the prevalence of cardiovascular medication as reported. The combined score is positive, if at least one of the compounds was present.
ACE inhibitor/ARB=angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; MRA=mineralocorticoid receptor antagonist. (B) Euler diagram showing the
proportion of and overlap between patients with a positive medication score, LVEF <50%, and LVEDD >56 mm. Percentages are referred to the total cohort (n= 1591).
Abbreviations: LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter.

with suspicious echocardiographic ﬁndings, whether there
were differences in FEV1, RV/TLC, TLCO, mMRC, total
SGQR, its activity, impact and symptom components, and
the CAT score, when comparing the complementary subgroups deﬁned by the absence of both history and medication
and either history or medication or both. The LVEF <50%
group did not show signiﬁcant differences between these subgroups, while in the LVEDD >56 mm group mMRC
(p=0.021) and the SGRQ activity component (p=0.002) were
worse in the second subgroup. We did not extend these comparisons due to the relatively small sample sizes.
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LVEDD
> 56 mm
n=154 (10%)

Association analysis by SEM
The aim was to reveal, to which extent lung function,
echocardiographic measures, a history of cardiac disorders,
or medication directly and indirectly contributed to COPD
symptoms. Preliminary analyses revealed that with regard
to the other variables, the explanatory power of the SGRQ
activity component was superior to that of its other components or the total score; we therefore restricted the analysis
to this component. The SGRQ activity score and the mMRC
were highly correlated with each other, which allowed their
combination into a latent variable termed “Exertional
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A

B
3
21

LVEF
26
< 50%
n=78 (4.9%)

28

Cardiovascular
medication
n=860 (54.1%)

Cardiovascular
history
n=289 (18.2%)

LVEF
< 50%
n=55 (5.8%)

C
3

6

28

LVEDD
> 56 mm
n=88 (9.3%)

4

31

3

Cardiovascular
medication
n=324 (34.2%)

Cardiovascular
history
n=289 (30.5%)

Cardiovascular
medication
n=324 (34.2%)

Cardiovascular
history
n=289 (30.5%)

Figure 3 (A) Euler diagrams showing the proportion of and overlap between patients with a positive medication score, combined history and LVEF <50% in the total cohort
(n =1591); percentages are referred to this. (B) In patients without isolated hypertension as deﬁned in the methods section for LVEF <50% and (C) in patients without
isolated hypertension for LVEDD >56 mm (n = 948); percentages are referred to this.
Abbreviations: LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter.

COPD Symptoms”. On the other hand, the CAT could not
be consistently embedded into the model, possibly due to its
internal heterogeneity as indicated by the fact that an
exploratory factor analysis revealed its division into two
factors. Thus, regarding COPD symptoms, we restricted the
analysis to the latent variable indicated by the mMRC and
the SGRQ activity component. Analogous ﬁndings were
obtained regarding spirometric lung function, for which
FEV1 turned out to be the most informative measure compared to FVC and FEV1/FVC. Similarly, the ratio RV/TLC
was superior to the separate measures, and TLCO was
superior to KCO, as judged from the degree of association
with other variables in the multiple regression analyses.
These observations were the basis for the construction of
the SEM (Figure 4).
Consistent with our previous ﬁndings,8,9 we considered
lung function as determinant of other indices, especially
echocardiographic ﬁndings and symptoms, and
“Exertional COPD Symptoms” as ﬁnal outcome. The
effects of lung function on exertional symptoms were
dominant, but still there was a signiﬁcant direct link
from LVEDD, but not from LVEF, suggesting that cardiac
morphology was more important than cardiac function.
Moreover, the summary variables of cardiac history and
medication were directly linked to COPD symptoms.
Cardiac history was associated with both, LVEDD and
LVEF, while LVEDD was dependent on the RV/TLC
ratio only, LVEF on FEV1 only. In the multivariate
approach, there remained no independent direct links to
medication, which was highly correlated with history and
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thereby explained. In addition, lung function parameters
and the error terms of LVEDD and LVEF were highly
correlated with each other. We introduced these correlations into the SEM in order to describe the data as well as
possible. As they did not affect the validity (in terms of
signiﬁcant links) of the structure that was ﬁnally identiﬁed,
they are omitted in Figure 4 for the sake of clarity, as well
as the error terms of dependent variables.
The model ﬁtted the data with a chi-square value of 47.36
and 19 degrees of freedom (p<0.001), corresponding to a CFI
of 0.974 and RMSEA of 0.032 (10/90% conﬁdence limits:
0.021, 0.043), ie, values >0.95 and <0.05, respectively, which
are considered as indicators of an adequate ﬁt. Taking into
account the well-known limitations of the chi-square statistics
in large data sets, these results indicated a sufﬁcient ﬁt of the
data. The regression coefﬁcients, both unstandardized and
standardized, are shown in Table S1, and the standardized
coefﬁcients are additionally depicted at the arrows in Figure 4.

Discussion
The present study revealed a substantial prevalence of cardiac
disease in patients with stable COPD, in accordance with
previous ﬁndings.2 At least one of the three selected cardiac
disorders was reported by about one-ﬁfth of the patients, while
the rate of suspicious echocardiographic left heart ﬁndings was
lower. The overlap between reported cardiac history and
abnormal echocardiography was low, and only a minority of
patients with a respective history exhibited an impaired left
ventricular systolic function or dilatation. Conversely, less
than half of those with impairments reported a cardiac disease,
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FEV1

TLCO

RV / TLC

0.089

0.149

-0.087

LVEDD

LVEF

-0.305

-0.131
0.053

-0.078

-0.243

History

Medication

0.122

0.058

Exertional COPD symptoms

0.765

mMRC

0.87

SGRQ activity

Figure 4 Structural equation model (SEM) describing the relationships between indices
of lung function including the FEV1% predicted, the ratio of residual volume to total lung
capacity (RV/TLC) and carbon monoxide diffusing capacity (0% predicted), echocardiographic measures including the left ventricular end-diastolic diameter (LVEDD, mm) and
left ventricular ejection fraction (LVEF, %), the combined medication score, the combined
history score, the modiﬁed British Medical Research Council dyspnea scale (mMRC) and
the activity component of the Saint George's Respiratory Questionnaire (SGRQ). All
measured (manifest) variables are indicated by rectangles. A latent variable (indicated by
an oval) named “Exertional COPD Symptoms” with indicator variables mMRC and the
SGRQ activity component was deﬁned to summarize symptoms. The lines with one
arrow describe unidirectional effects, and standardized regression coefﬁcients are given
at these arrows. Correlations between a number of variables were introduced to
improve the ﬁt. Lung function parameters were correlated with each other, moreover
history and medication, furthermore, the error terms of LVEDD and LVEF. These
correlations, which were not relevant for the validity of the structure, and the error
terms needed for mathematical reasons for all dependent variables have been omitted for
the sake of clarity. The numerical values of the respective unstandardized regression
coefﬁcients as well as measures of statistical signiﬁcance are given in Table S1.

which is in line with other studies.36 A similar pattern was
obtained in the partial overlap between cardiovascular medication and suspicious echocardiographic ﬁndings. Due to the
high prevalence of hypertension and the fact that the majority
of cardiovascular medication is also used for the treatment of
hypertension, it appeared not unlikely that a large proportion
of treatment was due to this different indication. The majority
of patients receiving beta-blocker treatment had hypertension.
There was a trend toward higher beta-blocker rates in patients
with increased COPD symptoms, but there was no speciﬁc
dependence on exacerbation risk. It is still unclear whether
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beta-blockers bear the potential to prevent exacerbations,37–39
but in the observational study COSYCONET, the treating
physicians did not appear to choose beta-blocker treatment
with regard to exacerbation risk.
When excluding patients with isolated hypertension, still
a relevant proportion of individuals with LVEF <50% or
LVEDD >56 mm did not receive appropriate medication
for heart failure treatment (38% and 53%, respectively).
This raises the question for the reasons underlying the discordances, in view of the fact that patients with COPD and
heart failure appear less likely to receive an appropriate heart
failure therapy and thus experience a worse prognosis.40
One of the reasons could be the lack of sufﬁciently
speciﬁc symptoms leading to further cardiac examinations.
For the assessment of COPD symptoms, several questionnaires have been established and are in clinical use, eg, the
mMRC, SGRQ and CAT. This raises the question to which
extent these questionnaires are capable of detecting an
aggravation of symptoms, by cardiac disorders. We thus
investigated in a detailed association analysis to which
extent cardiac ﬁndings were related to COPD symptoms,
especially exertional dyspnea.
In patients with COPD, it is likely that exertional dyspnea,
the most frequent symptom of both COPD and left heart failure, is mainly attributed to the respiratory disease, while cardiac causes may be overlooked. We thus addressed the
question, to which extent COPD symptom scores are related
to echocardiographic ﬁndings in groups with and without
reported cardiac history and/or medication. It turned out that
both history and medication were nearly equivalent with regard
to symptoms, as reﬂected in their high correlation, but that
history was superior with regard to its association to echocardiography. Regression analyses revealed a multitude of relationships. Details are given in Supplemental discussion 1.
In the present analysis, hyperinﬂation in terms of RV/
TLC was associated with reduced LVEDD, and airway
obstruction in terms of FEV1 with reduced LVEF (analytical details are discussed in the Supplement). One might
speculate that RV/TLC more reﬂects a chronic, structural
alteration and FEV1 more a dynamic alteration related to
the pressure conditions in the chest. A reduction of left
ventricular volume and mass has been described for lung
hyperinﬂation or emphysema,41 while bronchodilation can
improve pulmonary perfusion42 and left heart function.10
Remarkably enough and despite all the other links, a
reduction in LVEDD was directly associated with increased
symptoms, whereas a reduced LVEF was not (see
Supplemental discussion 2). This also nicely illustrated the
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presence of both an indirect (via LVEDD) and direct effect of
RV/TLC on COPD symptoms. The question to which extent
a reduced cardiac forward volume, an impaired ﬁlling9 or
increased wall stress are crucial for increased symptoms,8,32
is not yet answered and was not the topic of the present study.
These ﬁndings were obtained, although in the majority of
cases the measures were in the normal range of left ventricular diameters. Taken together, our results indicate that left
heart disorders have a statistically signiﬁcant although small
effect on “Exertional COPD Symptoms”, even in patients
with adequate medication, and that in particular LVEDD
bears objective additional information. Although an impaired
LVEF has been previously associated with reduced physical
activity and psychological status in COPD,43 there was no
such direct link to COPD symptoms in the present study (see
Supplemental discussion 3). Nevertheless, the present ﬁndings reach beyond other studies that showed a limited impact
of echocardiographic abnormalities on health status only.36
Limitations are discussed in the Supplement.
The results of the association analyses show that among
standardized COPD scores the mMRC and the SGRQ activity
component confer the highest chance to get a hint on a concomitant cardiac disorder. In addition, the ﬁndings illustrated in
the descriptive Euler diagrams demonstrate that an echocardiographic examination focusing on left heart size and function
could be informative in a signiﬁcant proportion of patients with
suspicious ﬁndings but no respective diagnosis or medication.
There are several options for the assessment of cardiac function. Since the imaging quality of echocardiography may be
limited in COPD, alternative methods such as cardiac magnetic
resonance imaging or computed tomography could be used.
Further procedures such as ischemic testing and assessment of
coronary calciﬁcation could also be helpful to prevent
underdiagnosis.44 The long-term follow-up of COSYCONET
might reveal whether undetected cardiac abnormalities and
lack of treatment have impact on the course of disease.

Conclusion
In a large observational COPD cohort, we found a remarkable
proportion of patients with suspicious echocardiographic ﬁndings in whom cardiovascular disease was undiagnosed and
untreated, implying an increased risk for an unfavorable prognosis. On the other hand, cardiovascular history was only
partially linked to echocardiographic parameters. The effect
of COPD was reﬂected in the dependence of cardiac size or
function as well as symptoms on lung function. In addition,
there was a small direct contribution of left ventricular size to
COPD symptoms, irrespective of all other inﬂuencing factors.
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Speciﬁcally, size was inversely related to both exertional
COPD symptoms and lung hyperinﬂation, thereby amplifying
the effect of hyperinﬂation on symptoms. Although the
mMRC and SGRQ activity component reﬂected clinical
symptoms related to cardiac function, direct assessment of
heart size and function is probably more reliable in the detection of concomitant cardiac disease in COPD.

Data sharing statement
COSYCONET is an ongoing long-term multi-center
observational study and data are not intended to be freely
available to the public. If, however, there is interest in
analyzing speciﬁc questions, a formal request can be submitted to the study ofﬁce, which will be evaluated by the
steering committee on scientiﬁc grounds. There is no
limitation except proven expertise in COPD studies.
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