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ABSTRACT  Chronic obstructive pulmonary disease (COPD) is a leading cause of death with a
considerable part of the population dying from cardiovascular diseases. High-sensitivity troponin I (hs-
Tnl) might help to better identify COPD patients at high risk of mortality. We aimed to study the
predictive value of hs-Tnl for all-cause mortality beyond established COPD assessments, and after
consideration of relevant cardiovascular risk factors and prevalent cardiovascular diseases, in a broad
population with stable COPD.

Circulating hs-TnlI concentrations together with a wide range of respiratory and cardiovascular markers
were evaluated in 2085 patients with stable COPD across all severity stages enrolled in the multicentre
COSYCONET cohort study. The primary outcome was all-cause mortality over 3 years of follow-up.

Hs-Tnl was detectable in 2020 (96.9%) patients. The median hs-Tnl concentration was 3.8 ng-L_1
(interquartile range 2.5-6.6 ng-L™"), with levels above the 99th percentile reference limit of 27 ng-L™"
observed in 1.8% of patients. In Cox regression analyses including adjustments for airflow limitation,
dyspnoea grade, exercise capacity and history of severe exacerbations, as well as traditional cardiovascular
risk factors, estimated glomerular filtration rate, ankle-brachial index, N-terminal pro-brain natriuretic
peptides and prevalent cardiovascular diseases, hs-Tnl was a significant predictor for all-cause mortality,
both as a continuous variable (hazard ratio (HR) for log hs-TnI 1.28, 95% CI 1.01-1.62) and categorised
according to the cut-off of 6 ng-L ™" (HR 1.63, 95% CI 1.10-2.42).

In patients with stable COPD, hs-Tnl is a strong predictor of all-cause mortality beyond established
COPD mortality predictors, and independent of a broad range of cardiovascular risk factors and prevalent
cardiovascular diseases. Hs-Tnl concentrations well below the upper reference limit provide further
prognostic value for all patients with COPD when added to established risk assessments.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a usually progressive disease of the airways, the alveoli
and the microvasculature, which is frequently associated with cardiovascular diseases [1]. Currently, COPD
is responsible for >3 million deaths per year worldwide, making it the third leading cause of death, just
behind ischaemic heart disease and stroke [2]. The identification of patients at high mortality risk and a
better pathophysiological understanding of underlying phenotypes is essential to facilitate early
intervention with appropriate treatment to reduce mortality in COPD [2, 3].

Patients with COPD have a 2.5-fold increased risk of cardiovascular disease [4]. Furthermore, up to
one-third of patients with COPD die from cardiovascular disease, making this a leading cause of death in
patients with mild and moderate COPD [5, 6]. Indeed, cardiovascular markers such as the ankle-brachial
index or computed tomography coronary artery calcium scoring have been shown to predict all-cause
mortality in patients with COPD [7, 8]. However, these markers are cumbersome, and early use of simple
and objective cardiovascular assessments may help to improve risk stratification in COPD [2].

Cardiac troponins, i.e. the isoforms of troponin I and troponin T, are released in the heart as a result of
myocardial injury or necrosis and are therefore established markers for the diagnosis of acute myocardial
infarction [9-12]. Whereas the expression of troponin T has been found occasionally in diseased skeletal
muscle, troponin I is expressed exclusively in the myocardium [11]. Slight increases in troponin levels
could be detected in chronic diseases such as coronary artery disease, heart failure and chronic kidney
disease, and improve risk stratification [13-15]. Modern high-sensitivity troponin assays allow the
detection of very low circulating troponin concentrations even in general population [16]. Moreover,
high-sensitivity troponin levels predict mortality beyond existing cardiovascular risk factors in population
based studies, even with cut-offs well below that used for the diagnosis of myocardial infarction [17]. In
patients with stable COPD, only two studies analysing cardiac troponins and longitudinal outcomes have
been completed so far, both conducted in selected populations [18, 19]. To our knowledge, the association
between high-sensitivity troponin I (hs-Tnl) and all-cause mortality has not been studied before within a
broad COPD cohort that includes all COPD severities and does not preselect for cardiovascular disease.

We hypothesised that hs-Tnl might be useful beyond existing risk factors to identify patients with stable
COPD who are at high risk of mortality. Therefore, our primary aim was to study the predictive value of
hs-Tnl for all-cause mortality beyond established COPD mortality predictors and after correction for
established cardiovascular risk factors and prevalent cardiovascular diseases. A secondary aim was to
identify independent determinants of higher hs-TnI levels.

Methods

Study design and patients

This report describes a longitudinal observation analysis that involved 2085 patients with stable COPD
from the ongoing COSYCONET (COPD and Systemic Consequences—Comorbidities Network) cohort
study. The overall aims and methods of COSYCONET have been described previously [20]. In brief, a
central purpose of COSYCONET is to analyse the impact of extrapulmonary disorders on morbidity and
mortality of patients with COPD [20]. Patients were recruited in 31 German study centres primarily
following referral from respiratory specialists and primary-care practitioners. Inclusion criteria were broad
with minimal exclusion criteria applied in order to cover a wide range of patterns of the disease [20]. A
total of 2741 stable patients were included and underwent a broad panel of assessments with priority given
to the assessment of pulmonary function and cardiovascular comorbidities. For the present report, we
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included patients with a confirmed Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages
I-IV. Additional details and a patient flow chart are given in supplementary figure E1. COSYCONET was
approved by the ethical committees of all study centres and all patients gave written informed consent.

Troponin and other laboratory measurements

The laboratory measurements described in this analysis were obtained from blood samples collected at
baseline. Routine laboratory parameters were determined at each local laboratory. N-terminal pro-brain
natriuretic peptide (NT-proBNP) was measured from stored blood samples using a multiplex assay
(MILLIPLEX, Merck Millipore, Darmstadt, Germany) in the COSYCONET biobank at the Saarland
University Hospital (Homburg, Germany). Troponin I was measured using a high-sensitivity assay
(Architect STAT, Abbott Diagnostics, Wiesbaden, Germany) at the University Heart Center (Hamburg,
Germany). The assay range is 0-50000 ng-L™" and a validated lower limit of detection is 1.2 ng-L™" [19].
Observed values below this limit were included for subsequent analyses. The concentration representing
the 99th percentile derived in a reference population was 27 ng-L™"; this represents the upper reference
limit and is used for the diagnosis of myocardial infarction [21]. A much lower hs-TnI cut-off of 6 ng-L™"
has been shown to identify individuals in the general population who are at high risk of death during
follow-up independent from established risk factors [17]. We therefore used the cut-off of 6 ng:L™" to
dichotomise high- versus low-risk patients in the present analysis.

COPD assessments

We assessed airway obstruction (post-bronchodilator forced expiratory volume in 1s (FEV,), dyspnoea
(modified Medical Research Council (mMRC) scale), exercise capacity (6-min walk distance (6MWD)),
history of exacerbations, hypoxaemia and hypercapnia, as stated in the supplementary material and as
described previously [20]. The BODE index (body mass index (BMI), airway obstruction, dyspnoea and
exercise capacity), which is the most frequently used prognostic assessment in COPD, was calculated, with
a cut-off of >4 used to dichotomise the index [22].

Assessment of cardiovascular risk factors and cardiovascular diseases

History of myocardial infarction, history of stroke and presence of coronary artery disease were
systematically recorded in a structured interview [20]. A combination of self-reported comorbidities and
objective measurements was the basis for the definition of hypertension, diabetes and hyperlipidaemia [23,
24]. All other cardiovascular risk factors and diseases were defined solely on the basis of objective
measurements, ie. estimated glomerular filtration rate (eGFR), ankle-brachial index, high-sensitivity
C-reactive protein (hs-CRP), NT-proBNP, left ventricular ejection fraction and tricuspid annular plane
systolic excursion [24-30]. Additional details are provided in the supplementary material.

Outcome

The primary outcome of this report was all-cause mortality over 3 years of follow-up. After baseline,
patients were invited for each follow-up visit via telephone and letters. If a patient missed a follow-up visit
without formally withdrawing from the study, research assistants ascertained the survival status by
contacting partners, relatives, primary care practitioners and hospitals. Additional details are provided in
the supplementary material.

Statistical analyses

For the descriptive analyses hs-Tnl was categorised into quartiles. For the further analyses hs-Tnl was
both dichotomised according to the cut-off of 6 ng-L™", and was used as a continuous variable (after
log-transformation). Linear trends in patient demographics, cardiovascular markers and COPD
assessments across the hs-Tnl quartiles were analysed using Chi-squared tests for dichotomised variables
and ANOVA or Kruskal-Wallis test for continuous variables. In addition, the association between
continuous hs-Tnl values and COPD assessments was tested after adjustment for the traditional
cardiovascular risk factors age, sex, smoking status, hypertension and hyperlipidaemia along with the
presence of coronary artery disease and history of myocardial infarction using separate logistic regression
analyses [24].

To identify the best model of independent predictors for hs-Tnl levels >6 ng-L™' among cardiovascular
markers and COPD assessments, we performed a logistic regression analysis with backward elimination
including all variables which showed p<0.10 on the univariate level.

The relationship between hs-Tnl quartiles and all-cause mortality was analysed by Kaplan-Meier survival
plots and log-rank tests. To calculate the relative risk of mortality associated with hs-TnI levels, we used a
series of four Cox proportional hazard regression models, adjusting stepwise for established mortality
predictors of COPD, cardiovascular risk factors and prevalent cardiovascular diseases. The first model was
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unadjusted. The second was adjusted for established mortality predictors in COPD, specifically the
components of the BODE score (BMI, FEV;, mMRC and 6MWD) plus age, hypoxaemia, hypercapnia,
presence of severe exacerbations in the prior year and a correction for o;-antitrypsin deficiency. The third
model added further adjustments for the cardiovascular risk factors sex, hypertension, diabetes, smoking
status, hyperlipidaemia, eGFR and log hs-CRP. The final model added adjustments for cardiovascular
diseases, i.e. coronary artery disease, history of myocardial infarction, history of stroke, decreased ankle-
brachial index and log NT-proBNP. All Cox analyses were performed twice, first including continuous
log-transformed hs-Tnl values and second with hs-TnI dichotomised with the cut-off of 6 ng-L™".

Finally, we calculated composite variables from established mortality predictors in COPD (i.e. FEV; and BODE
index) and hs-Tnl to visualise the effect of hs-Tnl as an additional predictor of survival, and in particular the
relative risk in patients with high hs-Tnl and high BODE index compared to those with low hs-Tnl and
high BODE index. The added discriminative power offered by the addition of hs-Tnl to FEV; and to the
BODE score was analysed using C statistics [31]. Additional details are provided in the supplementary material.

Results

Hs-Tnl levels in COPD

Among 2085 patients with COPD available for hs-TnlI analyses, 2020 (96.9%) had hs-TnI concentrations
above the limit of detection. Of those, 38 (1.8%) patients had levels that exceeded the upper reference limit
of 27 ng-L™". The median hs-TnI level was 3.8 ng-L™" (interquartile range (IQR) 2.5-6.6 ng-L™").

Associations with cardiovascular risk factors, prevalent cardiovascular diseases and COPD
assessments

There were significant differences in patients’ demographics, cardiovascular risk factors, cardiovascular
diseases and concomitant cardiovascular medication across hs-Tnl quartiles (table 1). In addition, we
observed differences in COPD assessments across hs-Tnl quartiles, with significant associations for FEV,
mMRC, severe exacerbations in the prior year (but not mild or moderate exacerbations), 6MWD, BODE
index, hypoxaemia and hypercapnia on the univariate level (table 1). After adjustment for prevalent
coronary artery disease, history of myocardial infarction and the traditional cardiovascular risk factors age,
sex, smoking, hypertension and hyperlipidaemia, hs-Tnl remained significantly associated with airflow
limitation, mMRC score, 6MWD, BODE score, history of one or more severe exacerbations, hypoxaemia
and hypercapnia (table 2). Further results of bivariate associations are given in the supplementary material.

Independent determinants of higher hs-Tnl levels in COPD

We found hs-Tnl levels above the cut-off of 6 ng~L_1 in 595 (29%) patients. Among all cardiovascular
markers and COPD assessments with a relevant univariate association with hs-Tnl quartiles, the best
independent predictors for hs-Tnl concentrations >6 ng-L ™" were higher age, male sex, the presence of
hypertension, history of angina pectoris, NT-proBNP level, mMRC >2, one or more severe exacerbations
in the prior year and presence of right ventricular dysfunction (table 3).

Predictive value of hs-Tnl for all-cause mortality in COPD

Out of 2045 COPD patients with baseline hs-TnI measurement who also were available for a follow-up, 136
(6.7%) patients died (median follow-up period 36 months, IQR 21-37 months). Figure 1 shows survival
curves across quartiles of hs-Tnl levels. There was a strong association between hs-Tnl quartiles and all-cause
mortality (p<0.001). Patients in the highest quartile had a significantly higher mortality risk compared to
both those in the lowest quartile (hazard ratio (HR) 2.42, 95% CI 1.45-4.04; p<0.001) and those in the
second lowest quartile (HR 1.76, 95% CI 1.10-2.80; p=0.018). The mortality risk of patients in the lowest
quartile differed significantly from those in the highest quartile and those in the second highest quartile.

Table 4 depicts the mortality risk associated with hs-Tnl from a series of Cox regression analyses,
adjusting stepwise for established mortality predictors of COPD, cardiovascular risk factors and prevalent
cardiovascular diseases. After adjusting for the established COPD assessments, hs-Tnl added independent
information regarding all-cause mortality (table 4, model 2). After further adjustments for the
cardiovascular risk factors, hs-Tnl remained a significant predictor of all-cause mortality (table 4,
model 3). In the final model, including all previous adjustments plus further adjustments for prevalent
cardiovascular diseases, the independent association between hs-TnI and all-cause mortality was further
attenuated, but remained significant for hs-Tnl as both a continuous variable and categorised according to
the cut-off of 6 ng-L_1 (table 4, model 4). In contrast to hs-Tnl, the inclusion of NT-proBNP did not
significantly improve risk prediction in the final model (table 4, model 4).

Figure 2 displays combined variables to visualise the predictive value of high hs-Tnl beyond that of the
established mortality predictors in COPD, i.e. FEV, (figure 2a) and BODE score (figure 2b). Patients with
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TABLE 1 Patients” demographics, cardiovascular risk factors, cardiovascular diseases and chronic obstructive pulmonary
disease (COPD) assessments according to quartiles of high-sensitivity troponin |

High-sensitivity troponin | quartiles p for trend
<2.49ng-L™" 2.50-3.79ng-.L~" 3.80-6.59 ng-L~" >6.60ng-L”"

Demographics

Age years 62.7+8.6 65.4%8.1 65.7+8.2 66.4+8.1 <0.001
Males 255 (50.1) 309 (59.5) 331 (63.4) 375 (70.1) <0.001
BMI kg~m72 25.9+4.8 26.8+5.3 26.7+5.3 27.3+5.3 <0.001
Current smoker 156 (30.6) 127 (24.5) 118 (22.6) 119 (22.3) 0.002
Cardiovascular risk factors and cardiovascular diseases
Hypertension 352 (69.2) 376 (72.4) 384 (73.6) 429 (80.2) <0.001
Glycated haemoglobin mmol-mol™" 40.2+7.2 40.9+7.4 41.2£7.5 41.6£7.9 0.003
Diabetes mellitus 71 (13.9) 76 (14.6) 95 (18.2) 111 (20.7) 0.001
Total cholesterol/HDL cholesterol ratio 3.3 (2.7-4.1) 3.4 (2.8-4.3) 3.4 (2.7-4.3) 3.5 (2.8-4.4) 0.033
Hyperlipidaemia 218 (42.8) 246 (47.4) 274 (52.5) 286 (53.5) <0.001
eGFR mL-min™’ 84 (70-97) 81 (69-94) 79 (68-90) 79 (66-95) 0.002
eGFR <60 mL-min™" 46 (9.1) 61(11.9) 61(11.8) 85 (16.0) 0.001
hs-CRP mg-L_1 3.6 (1.6-6.9) 4.8 (2.0-7.0) 4.4 (2.0-7.0) 4.1 (2.0-9.0) 0.13
Coronary artery disease 78 (15.3) 70 (13.5) 81 (15.5) 134 (25.0) <0.001
History of myocardial infarction 31 (6.1) 29 (5.6) 41(7.9) 71 (13.3) <0.001
History of stroke 18 (3.5) 21 (4.0) 23 (4.4) 23 (4.3) 0.50
Ankle-brachial index <0.9 38 (7.5) 31 (6.1) 45 (8.8) 56 (10.8) 0.021
NT-proBNP pg-mL71 151 (27-342) 168 (25-374) 177 (32-362) 215 (52-456) <0.001
Left ventricular ejection fraction <50% 24 (5.4) 19 (4.3) 26 (5.9) 45 (10.1) 0.003
Right ventricular dysfunction 23 (5.1) 26 (5.7) 24 (5.2) 47 (10.2) 0.004
Cardiovascular medication
B-blockers 97 (19.1) 107 (20.6) 116 (22.2) 151 (28.2) <0.001
ACE inhibitors 103 (20.2) 140 (27.0) 157 (30.1) 168 (31.4) <0.001
Statins 95 (18.7) 117 (22.5) 121 (23.2) 139 (26.0) 0.006
COPD assessments
FEV; % predicted 54.0£19.2 53.6+18.7 51.3+18.0 51.9+18.8 0.019
mMRC dyspnoea score >2 210 (41.7) 235 (45.5) 260 (50.2) 301 (57.1) <0.001
Number of all exacerbations in preceding year 1(0-2) 1(0-2) 1(0-2) 1(0-2) 0.94
Exacerbations >2 or severe exacerbation >1 181 (36.0) 185 (35.8) 195 (37.6) 197 (37.4) 0.52
Severe exacerbations >1 88 (17.3) 97 (18.7) 103 (19.8) 132 (24.7) 0.003
6MWD m 433+102 422+100 414107 400£114 <0.001
BODE index >4 65 (17.0) 75 (18.5) 87 (20.4) 105 (24.7) 0.005
Hypoxaemia 71 (14.1) 76 (14.8) 87 (16.9) 99 (18.6) 0.029
Hypercapnia 6(1.2) 6(1.2) 16 (3.1) 15 (2.8) 0.015
aq-antitrypsin deficiency 25 (4.9) 25 (4.8) 29 (5.6) 24 (4.5) 0.89

Data are presented as meanzsp, n (%) or median (interquartile range (IQR)), unless otherwise stated. Variables showing a skewed distribution
or a heteroscedasticity are presented as median (IQR) and were analysed using Kruskal-Wallis test. BMI: body mass index; HDL: high-density
lipoprotein; eGFR: estimated glomerular filtration rate; hs-CRP: high-sensitivity C-reactive protein; NT-proBNP: N-terminal pro-brain
natriuretic peptide; ACE: angiotensin-converting enzyme; FEV;: forced expiratory volume in 1s; mMRC: modified Medical Research Council;
6MWD: 6-min walk distance; BODE: BMI, airway obstruction, dyspnoea and exercise capacity.

high BODE index and hs-Tnl >6 ng-L™" had a 2.6-fold higher risk of all-cause mortality compared to
those patients with high BODE index but low hs-TnI (HR 2.56, 95% CI 1.39-4.74; p=0.003) (figure 2b).
The predictive value determined by the C statistic also improved significantly when hs-Tnl was added to
FEV, in comparison to FEV, alone (C statistic 0.682 versus 0.661, p-value for the change 0.012) and when
hs-Tnl was added to the BODE score in comparison to the BODE score alone (C statistic 0.691 versus
0.670, p-value for the change <0.001).

Last, we analysed the predictive value of hs-Tnl for future exacerbations of COPD. There was no
significant association between log-transformed hs-TnlI and future exacerbations (OR 0.94, 95% CI 0.84-
1.06; p=0.31) or exacerbation-related hospitalisations (OR 1.05, 95% CI 0.92-1.19; p=0.51).

Discussion
The main finding of our study is that hs-Tnl is a strong predictor of all-cause mortality in patients with
stable COPD beyond established COPD mortality predictors, and after correction for a wide range of
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TABLE 2 Adjusted associations between high-sensitivity troponin | (hs-Tnl) and chronic obstructive pulmonary disease (COPD)
assessments

Airflow Dyspnoea Exercise BODE index Exacerbations Hypoxaemia Hypercapnia
limitation grade capacity (BODE score (>1 severe (P20, (Paco,
(GOLD stage (mMRC (6MWD >4) exacerbation) <55 mmHg) >50 mmHg)
Il or IV) score >2) <350 m)
Adjusted OR¥ (95% CI) 1.15 1.29 1.20 1.19 1.20 1.19 1.56
for log hs-Tnl ng-L_1 (1.03-1.29) (1.14-1.45) (1.05-1.38) (1.01-1.39) (1.05-1.38) (1.03-1.38) (1.10-2.20)
p-value 0.016 <0.001 0.010 0.040 0.007 0.022 0.012

GOLD: Global Initiative for Chronic Obstructive Lung Disease; mMRC: modified Medical Research Council; 6MWD: 6-min walk distance; BODE:
body mass index, airway obstruction, dyspnoea and exercise capacity; Pao,: arterial oxygen tension; P,co,: arterial carbon dioxide tension. #. odds
ratios and corresponding p-values for log-transformed hs-Tnl as predictor for different COPD assessments calculated by separate logistic
regression analyses are given. Each column represents a separate analysis with the dependent variable stated in brackets. All analyses were
adjusted for age, sex, smoking status, hypertension, hyperlipidaemia, coronary artery disease and history of myocardial infarction.

cardiovascular risk factors and prevalent cardiovascular diseases. In addition, we found hs-Tnl to be
cross-sectionally associated with key COPD assessments, and identified a combination of cardiovascular
and respiratory markers that were the best independent predictors of higher levels of hs-TnlI in our COPD
cohort. Therefore, hs-Tnl may improve risk stratification in all patients with stable COPD when added to
established risk predictors.

Previously, circulating hs-Tnl has been studied in a distinct COPD population with moderate airflow
limitation and prevalent cardiovascular disease or increased cardiovascular risk [19]. Here we showed for
the first time that circulating hs-Tnl is detectable in the vast majority (i.e. 97%) of patients with stable
COPD across all severity stages and irrespective of their cardiovascular risk profile. The proportion of
patients in our cohort with hs-Tnl concentrations above the 99th percentile upper reference limit of
27 ngL™" (i.e. 1.8%) was slightly higher than in the general population (i.e. 1.0%, by definition). The
proportion of our patients with hs-TnI concentrations above the cut-off of 6 ng:-L™" was clearly higher
than in the general population (29% versus ~15%) [17]. This is consistent with the finding that patients
with stable COPD have higher troponin T levels compared to matched controls [32].

In addition, our data show the relationship of hs-Tnl with a broad range of cardiovascular risk factors and
prevalent cardiovascular diseases in COPD. However, we found hs-Tnl to be associated with airflow
limitation, dyspnoea, exercise capacity, BODE index, history of severe exacerbations, hypoxaemia and
hypercapnia, independent of traditional cardiovascular risk factors and prevalent coronary artery disease.
An independent association between airflow limitation and hs-Tnl has been reported by Apamson et al.
[19]. Similarly, associations between hs-troponin T and some of the other COPD assessments have
previously been shown in smaller studies in patients with stable COPD [32, 33]. However, in contrast to
our report, ADAMSON et al. [19] did not find hs-Tnl to be associated with prior exacerbations in their

TABLE 3 Independent determinants of high-sensitivity troponin | (hs-Tnl) levels >6 ng-L~" in
patients with stable chronic obstructive pulmonary disease

OR (95% CI) p-value
Age 1.02 (1.00-1.03) 0.014
Female sex 0.60 (0.48-0.76) <0.001
Hypertension 1.49 (1.14-1.94) 0.003
History of myocardial infarction 1.50 (1.05-2.15) 0.028
NT-proBNP log transformed pg-mL~" 1.10 (1.03-1.18) 0.004
Right ventricular dysfunction 1.58 (1.06-2.36) 0.025
mMRC dyspnoea score >2 1.44 (1.16-1.80) 0.001
One or more severe exacerbations in preceding year 1.41 (1.08-1.83) 0.010

The model represents the final multivariate logistic regression analysis with hs-Tnl >6 ng-L™" as the
dependent variable. The independent predictors stated here remained within a multivariate logistic
regression analysis with a backward elimination starting with all variables showing at least a trend for
significant differences across hs-Tnl quartiles stated in table 1. NT-proBNP: N-terminal pro-brain

natriuretic peptide; mMRC: modified Medical Research Council.
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subgroup study. The most likely reasons for this discrepancy are an overall low frequency of prior
exacerbations in that study and that the authors combined moderate and severe exacerbations as one
end-point [19]. Indeed, we found a history of severe exacerbations, but not milder exacerbations, to be
significantly associated with hs-Tnl.

Among the COPD assessments, both mMRC score and severe exacerbations in the prior year remained
independent predictors for higher hs-Tnl levels along with a history of myocardial infarction, higher
NT-proBNP levels, right ventricular dysfunction, and the established cardiovascular risk factors age, sex

TABLE 4 Association between high-sensitivity troponin | (hs-Tnl) and all-cause mortality in stable chronic obstructive
pulmonary disease (COPD)

Models including log Models including hs-Tnl
hs-Tnl >6 ng-L™’

HR(95% CI)  p-value HR(95%CI)  p-value

Model 1: unadjusted hs-Tnl 1.47 (1.22-1.77)  <0.001 1.92 (1.37-2.17)  <0.001
Model 2: hs-Tnl adjusted for COPD assessments® 1.37 (1.10-1.71) 0.006 1.82(1.26-2.63) 0.002
Model 3: hs-Tnl adjusted for COPD assessments + cardiovascular risk factors" 1.30 (1.04-1.62) 0.024  1.67 (1.15-2.43) 0.007
Model 4: hs-Tnl adjusted for COPD assessments + cardiovascular risk factors + 1.28 (1.01-1.62) 0.038  1.63 (1.10-2.42) 0.015

cardiovascular diseases®

Eight different Cox regression analyses are given, four including log-transformed hs-Tnl as continuous variable and four including
dichotomised hs-Tnl with the cut-off 6 ng-L™" as independent predictor. Hazard ratios (HR) for hs-Tnl as continuous variable are given for each
unit increase in the natural logarithm. *: log hs-Tnl or hs-Tnl >6 ng-L™" adjusted for age, body mass index, forced expiratory volume in 1s,
modified Medical Research Council scale, 6-min walk distance, one or more severe exacerbations in the prior year, hypoxaemia, hypercapnia
and o4-antitrypsin deficiency (121 observed deaths out of 1938 patients); 1: log hs-Tnl or hs-Tnl >6 ng-L™" adjusted for all variables included in
model 2 plus sex, hypertension, diabetes, smoking status, hyperlipidaemia, estimated glomerular filtration rate and log high-sensitivity
C-reactive protein (121 observed deaths out of 1917 patients); *: log hs-Tnl or hs-Tnl >6 ng-L™" adjusted for all variables included in model 3
plus coronary artery disease, history of myocardial infarction, history of stroke, ankle-brachial index <0.90 and log N-terminal pro-brain
natriuretic peptide (NT-proBNP) (117 observed deaths out of 1870 patients). The corresponding hazard ratios for log NT-proBNP within model
4 were 1.07 (0.95-1.20), p=0.29 and 1.06 (0.94-1.20), p=0.33, respectively.
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FIGURE 2 Kaplan-Meier survival curves of patients with stable chronic obstructive pulmonary disease (COPD) according to categorised variables
combining high-sensitivity troponin | (hs-Tnl) and established COPD mortality predictors. a) hs-Tnl and forced expiratory volume in 1's (FEV;) and
b) hs-Tnl and the multidimensional BODE index (body mass index, airway obstruction, dyspnoea and exercise capacity), using the cut-offs hsTnl
6 ng-L*1, FEV; 50% pred and BODE score 4 (log-rank test p<0.001 for a) and b]). Numbers at risk after 3 years of follow-up were 768, 272, 618
and 251, respectively, for the categories in al, and 1150, 409, 192 and 90, respectively, for the categories in b).

and hypertension in our cohort. Ours is the first study to evaluate such a wide range of cardiovascular and
respiratory markers to independently predict higher levels of hs-Tnl in patients with COPD. The present
data clearly show that higher levels of hs-Tnl in patients with COPD are predicted by a variety of different
parameters that together reflect the broad spectrum of the disease.

Our most important observation was the predictive value of hs-Tnl for all-cause mortality in this broad
population. This report is the first in patients with stable COPD to find a strong association between
hs-Tnl and all-cause mortality. Our analyses showed that this association is independent from a range of
established cardiovascular risk factors and prevalent cardiovascular diseases, as well as from the most
relevant predictors of mortality in COPD, eg airflow limitation, poor exercise capacity, increased
dyspnoea and a history of severe exacerbations. Thus, patients with hs-TnI levels >6 ng-L ™" had a 1.6-fold
higher risk of death over 3 years of follow-up compared to patients with levels <6 ng-L™", even after
adjusting for a wide range of other risk factors. We thereby clearly showed that hs-Tnl concentrations that
are well below the cut-off used for the diagnosis of myocardial infarction add prognostic information in
stable COPD. To date, most studies on troponin in COPD have focused on patients with acute COPD
exacerbations rather than stable disease [34, 35]. To the best of our knowledge there are only two studies
on the association between cardiac troponins and longitudinal outcomes in patients with stable COPD,
and even these are in selected populations. First, in a small pilot study in patients with COPD who did not
have overt cardiovascular disease, NEukamm et al. [18] found a very high prevalence of elevated
hs-troponin T levels (i.e. 24%) which were associated with mortality. Second, a subgroup analysis of an
interventional trial that included >16000 patients with moderate airflow limitation (GOLD stage II) and
either a history of cardiovascular disease or increased cardiovascular risk also addressed hs-Tnl and
longitudinal outcomes [19]. In that post hoc analysis, ADaMsON et al. selected 1599 patients with an even
higher prevalence of cardiovascular disease (three-quarters had an established cardiovascular disease or
diabetes with end-organ damage) and found hs-Tnl to be associated with cardiovascular events and
cardiovascular death [19]. Our results are broadly in line with these previous studies, but extend the
knowledge on the area. We clearly show that hs-Tnl adds complementary prognostic information across
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all COPD severity stages and irrespective of the cardiovascular risk profile beyond a range of existing
mortality predictors in COPD, including the components of the BODE index. For example, it is well
known that all patients with COPD and a high BODE index are at high risk of all-cause mortality [22].
However, our patients with high BODE index and hs-TnI >6 ng-L71 had a further increased risk of
all-cause mortality, i.e. 2.6-fold higher compared to those patients with high BODE index but hs-TnI
<6 ng-L™". Furthermore, our results show that a correction for a wide range of cardiovascular risk factors
and prevalent cardiovascular diseases, including an adjustment for NT-proBNP levels, attenuated the
association between hs-Tnl and mortality to some extent. Despite this, hs-Tnl remained a strong and
independent predictor for all-cause mortality. Of note, hs-Tnl was a better predictor of mortality than
NT-proBNP in our cohort.

A range of different mechanisms may account for the association of hs-Tnl with COPD assessments
and all-cause mortality independently. Troponin is a well-established indicator of myocyte damage
and myocardial necrosis [9-11]. Slight increases in cardiac troponins can have both ischaemic and
non-ischaemic causes [10, 36, 37]. Non-ischaemic mechanisms include endothelial dysfunction,
inflammatory processes and increased myocardial strain due to pressure overload [36, 37]. We hypothesise
that in a subset of patients with COPD, due to shared risk factors, the mechanism associated with higher
troponin levels and a consequent increased mortality risk could be the same as that in patients with
cardiovascular disease and no COPD. However, our secondary results indicate that other COPD associated
factors could play an independent role for higher hs-Tnl levels and a resultant elevated mortality risk in
COPD, such as right ventricular dysfunction, hypoxaemia or exacerbations. Possible mechanistic pathways,
all common in COPD, include systemic inflammation, endothelial dysfunction, neurohumoral activation
and thrombogenic status [38]. Indeed, we observed an independent association between hs-TnI and
hypoxaemia, which may be an explanation for a subset of COPD patients in our cohort. An indirect link
to the role of neurohumoral activation may be the fact that dyspnoea grade and hypercapnia, two
important drivers for heightened sympathetic activation in COPD [39], were also independent predictors
of hs-Tnl in the present report. Of note, the association between dyspnoea grade and hs-Tnl was
independent of NT-proBNP, and is therefore likely to represent the COPD-specific dyspnoea rather than
the dyspnoea potentially caused by co-existing heart failure. Moreover, patients with COPD are known to
be at high risk for a cardiovascular event or death during an exacerbation and during the
post-exacerbation period [2, 40-42]. Our results suggest that a history of severe exacerbations is associated
with higher hs-TnlI levels even during the stable period. In turn, we and others did not find hs-Tnl levels
to predict future COPD exacerbations [19]. Under-treatment of cardiovascular diseases, which is often
observed in patients with COPD, is unlikely to drive our results, since the frequency of classic
cardiovascular medication increased according to hs-Tnl quartiles in parallel with the increasing
prevalence of cardiovascular diseases. Finally, low circulating levels of hs-Tnl may indicate a very early
pathology in myocytes in patients with COPD and the associated risk of death seems not to be covered by
existing markers.

Our results have clear clinical relevance for patients with stable COPD. Hs-Tnl is an objective assessment,
which is available in most standard laboratories. Our data indicate that the additive use of hs-Tnl
improves risk stratification across a cohort of patients with mild to very severe COPD irrespective of their
cardiovascular risk profile. Therefore, in clinical practice hs-Tnl concentrations in the upper normal range
may help the early identification of high-risk patients. Our data suggest that both respiratory and
cardiovascular factors may play a role in higher hs-Tnl values. In such patients, respiratory management
should be evaluated and intensified (if not already optimised) first, including managing the risk of
exacerbations and the control of symptoms. Second, these patients should be referred for additional
cardiac assessments to identify potentially overlooked coexisting cardiovascular disease. This should at
least include basic assessments such as blood pressure, ECG and lipids. As such, hs-Tnl may help to guide
appropriate treatment in order to reduce overall mortality in COPD.

Our study has several strengths. We describe the largest COPD cohort with hs-Tnl measurements to date
including patients across all severity stages and without any preselection according to cardiovascular risk
profile. In addition, we conducted a very detailed cardiovascular characterisation for the first time in that
context, with most variables based on objective measures. However, our analyses also have limitations.
First, we do not have information on the cause of death, and so we cannot distinguish cardiovascular
deaths from all-cause mortality. However, our primary aim was to study whether hs-TnI adds prognostic
information independent from established predictors in general, which was the case here. Our data clearly
show that the consideration of hs-Tnl alongside established COPD predictors, such as the BODE index,
improves risk stratification. Second, our analyses are based on hs-Tnl measures from a single visit.
Therefore, we cannot exclude the possibility that there could be intra-individual between-day variability in
hs-Tnl, leading to misclassification in some patients when using cut-offs, especially at the low end of the
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normal range [43]. However, ADAMSON et al. [19] reported in their study in patients with COPD that
hs-Tnl concentrations were unchanged during 3 months of follow-up. In addition, our main finding, that
there is a continuous increase in mortality risk with increasing hs-Tnl values beginning at low levels
within the normal range, is unaffected by a misclassification bias. Furthermore, the results of our mortality
analyses based on the existing cut-off of 6 ngL™' are consistent with the results using hs-Tnl as a
continuous variable, which rules out a relevant misclassification bias.

In conclusion, our analyses showed that hs-Tnl is a strong predictor of mortality in patients with COPD
irrespective of their cardiovascular risk profile, with concentrations for increased risk well below the
cut-off used for the diagnosis of myocardial infarction. This increased risk is independent from established
mortality predictors of COPD. Circulating hs-TnI concentrations might help to identify high-risk COPD
patients early in the course of the disease to facilitate earlier referral for intensified observation and
specific treatment in the future.
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