
130   СТМ ∫ 2018 ∫ vol. 10 ∫ No.4  

 сlinical medicine 

Cardiac Biomarkers in Patients  
with Isolated and Combined Course  
of Chronic Obstructive Pulmonary Disease  
and Chronic Heart Failure
DOI: 10.17691/stm2018.10.4.15 
Received June 21, 2018

А.I. Khaletskaya, PhD Student, Department of Faculty and Polyclinic Therapy1;
А.N. Kuznetsov, MD, DSc, Professor, Head of the Department of Faculty and Polyclinic Therapy1;
Y.V. Bolshova, Physician, Clinical Diagnostic Laboratory2;
Т.V. Malysheva, Head of Clinical Diagnostic Laboratory2;
О.V. Khaletskaya, MD, DSc, Professor, Head of the Department of Hospital Pediatrics1

1Privolzhsky Research Medical University, 10/1 Minin and Pozharsky Square, Nizhny Novgorod,  
 603005, Russia; 
2Children’s City Clinical Hospital No.1, 76 Prospect Gagarina, Nizhny Novgorod, 603081, Russia

The aim of the study was to define cardiac biomarkers in patients with isolated and combined chronic obstructive pulmonary disease 
(COPD) and chronic heart failure (CHF), to assess their level and diagnostic value in order to optimize the tactics of managing these 
patients.

Materials and Methods. The study included 184 patients aged 38–85 years who were divided into 3 comparison groups: group 1 
(n=68) was composed of patients with I–III stage COPD (GOLD, 2017); group 2 (n=64) patients with I–III functional class CHF; group 3 
(n=52) patients with a combined course of COPD and CHF. Specific cardiac biomarkers were evaluated in 80 patients (in group 1 in 26, in 
group 2 in 27, and in group 3 in 27 patients). Patients’ blood serum obtained by centrifuging was used for cardiac biomarker investigations.

Results. NT-proBNP (F=0.59; p=0.0490) was found to be the most sensitive biomarker for determining the severity degree of the heart 
damage in the combined course of COPD and CHF. ST2 biomarker reliably reflects the severity of the isolated CHF (F=0.76; p=0.0285), 
while in the combined course of COPD and CHF, the value of this marker decreases (F=0.76; p=0.4718).  

A direct correlation has been established between the level of cardiac biomarker NT-proBNP and CHF functional class both in the 
isolated and combined course of COPD and CHF.

In patients highly adherent to therapy, statistically significant reduction in the values of ST2 (F=3.22; p=0.0453) and NT-proBNP 
(F=12.20; p=0.0000) is observed which enables the physicians to control patient adherence to the administered therapy. 

The levels of biomarkers have been established at which a high risk of COPD progressing to one step or higher and/or CHF to one 
functional class and higher is noted in comorbid COPD and CHF course.

Conclusion. The obtained data about the diagnostic value of cardiac biomarkers in comorbid course of COPD and CHF is reasonable 
to use for therapy optimization in order to improve the quality of patient’s life and decrease the risk of unfavorable outcomes. 
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Introduction

Investigations of chronic obstructive pulmonary 
disease (COPD) in recent decades have been of extreme 
significance worldwide due to the overall prevalence, 
late diagnosis, large expenditures for treatment, early 
disability, and premature death [1, 2]. No less important is 
the study of chronic heart failure (CHF) which, according 
to the world epidemiological assessments, is one of the 
most widely spread, progressing, and prognostically 
unfavorable conditions of the blood circulation system [3, 
4]. Extrapulmonary manifestations of COPD, including 

systemic inflammation and cardiovascular disorders 
allow it to be considered as a multimorbid state [5]. 
The main concomitant pathology essentially worsening 
COPD prognosis is a group of cardiovascular diseases 
among which ischemic heart disease (IHD), chronic 
heart failure (CHF), cardiac fibrillation, and arterial 
hypertension are distinguished [6, 7]. 

Difficulties of CHF diagnosis in patients with COPD, 
the choice of tactics and therapy methods in recent 
years determine an excessive scientific interest to the 
study of the cardio-respiratory continuum [8, 9]. The 
comorbidity rate, according to various data, makes from 
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25 to 42% aggravating significantly the outcome of the 
disease [10–13]. 

CHF and COPD are found to run intercurrently 
in every 3–4 cases aggravating mutually the clinical 
picture, worsening treatment outcomes, and increasing 
2–3 times the risk of fatal cardiovascular events [12]. 
CHF and COPD syntropy are caused by the common 
risk factors (smoking, obesity, hypodynamia, etc.), 
similarity of some clinical signs (dyspnea, tachycardia, 
peripheral edemas, etc.), and community of some 
pathogenetic links (systemic inflammation, oxidative 
stress, and endothelial dysfunction).

Systemic inflammation development associated with 
the release of proinflammatory cytokines and oxidants 
into the bloodstream which induce hyperproduction 
of some other mediators, the level of which in various 
biological media may serve as a diagnostic marker at 
the stages of diagnosis making, choosing the tactics of 
comorbid patient management, assessment of dynamics, 
prognosis, and efficacy of the therapy conducted. The 
most studied markers today are CRP, IL-6, IL-8, and 
FNO-α [14, 15]. A number of investigations are devoted 
to the diagnostic value of natriuretic peptide NT-proBNP 
in patients with COPD [8, 16–18]. Further prospective 
studies are necessary to reveal and validate other 
clinically important markers.

Presently, many aspects of comorbid course of 
CHF and COPD are insufficiently studied, there are no 
unified algorithms of clinical decision-making based 
on multimarker diagnostic strategies and adequate 
combinations of the up-to-date pharmaceutical drugs. 
A more careful study of the cardio-respiratory continuum 
will enable the development of an optimal strategy of 
managing this category of patients, reduction of the rate 
of hospitalizations, disability, mortality, and economical 
losses associated with them.

The aim of the study was to define cardiac 
biomarkers in patients with isolated and combined 
course of chronic obstructive pulmonary disease 
(COPD) and chronic heart failure (CHF), to assess their 

level and diagnostic value in order to optimize the tactics 
of managing these patients.

Material and Methods
Prospective nonrandomized study has been carried 

out at City Clinical Hospital No.5 and City Clinical 
Hospital No.38 of Nizhny Novgorod.

The study included 184 patients aged 38–85 years 
who were divided into 3 groups: group 1 was composed 
of 68 patients (36 women and 32 men) with I–III stage 
COPD (GOLD, 2017), mean age 67.8 [66.24; 69.37] 
years; group 2 included 64 patients (43 women and 21 
men) with I–III FC CHF, mean age 73.2 [71.60; 74.83] 
years; group 3 consisted of 52 patients (26 women and 
26 men) with a combined course of I–III stage COPD 
and I–III FC CHF, mean age 71.2 [69.38; 72.96] years. 

The study complied with the Declaration of Helsinki 
(2013) and approved by the Ethics Committee of 
Privolzhsky Research Medical University. Written 
informed consent was obtained from every patient.

To make the results objective, criteria for inclusion 
and non-inclusion of patients in the clinical observation 
group were defined (Table 1).

After a thorough history-taking, all patients underwent 
a standard physical examination; assessment of 
anthropometric indices (height, body mass); calculation 
of body mass index; calculation of smoking index; the 
6-minute walk test to determine the functional class 
of CHF (AP, HR, respiratory rate, pulse oximetry with 
determination of perfusion index were controlled before 
and after the test); echocardiography; assessment of 
external respiration function indices; chest radiography if 
indicated.

All patients included into the study were questioned 
in order to evaluate their general condition and quality 
of life using CAT (the COPD Assessment Test), CCQ 
(Clinical COPD Questionnaire), MLHFQ (the Minnesota 
Living with Heart Failure Questionnaire) and CSAS 
(Clinical State Assessment Scale) [19, 20]. Charlson 

Cardiac Biomarkers in Patients with Isolated and Combined COPD and CHF Course

T a b l e  1
Criteria for including patients into the study

Criteria for inclusion Criteria for non-inclusion
1. A stable course of I–III FC CHF
2. COPD from light to severe degree at the stage  
    of remission
3. 38 to 85 years of age
4. Patient consent to participate in the study

1. The age below 38 and over 85 years
2. CHF and COPD at the stage of decompensation/exacerbation
3. Presence of the following pathology:
    IV FC CHF; COPD of the extremely severe degree; congenital and acquired heart disease 
    at the stage of decompensation (stage III and higher); hepatitis of various etiology  
    at the acute stage; congenital and acquired immunodeficiencies; psychic disorders;  
    connective tissue diseases; V stage chronic renal disease; severe hepatic insufficiency;   
    anemia (hemoglobin indices below 90 g/L); acute infectious diseases; malignant diseases  
    revealed during the last 5 years; pulmonary tuberculosis in the history; alcohol abuse  
    during the last 5 years; pregnancy and breastfeeding
4. Participation in some clinical studies during the last month or at the period of examination
5. Absence of informed consent to participate in the study 
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comorbidity index was calculated for all patients. To 
evaluate medication adherence, Moriscos–Green scale 
(4-item Medication Adherence Report Scale, MARS) 
which has been validated and recommended for a wide 
application was used [21].

Two known cardiac biomarkers ST2 (interleukin-1 
receptor-like protein 1 — IL1RL1) and NT-proBNP 
(N-terminal fragment of B-type natriuretic peptide) were 
chosen for determination of possible biomarkers and 
assessment of their diagnostic value in patients with 
isolated and combined COPD and CHF course.

ST2 is a protein-biomarker of cardiac stress encoded 
by IL1RL1 gene. It is generated in the heart in response 
to the pathologic changes caused by chronic diseases 
and/or other acute injuries, reflecting the process 
of ventricle remodeling and cardiofibrosis. ST2 is a 
predictor of CHF development while it is still in its 
asymptomatic phase. 

NT-proBNP allows objective diagnosis of myocardium 
function with a high analytical sensitivity and specificity. 
This marker is excreted from the heart ventricles in 
response to their volume increase and pressure overload 
being therefore a marker for revealing left ventricular 
dysfunction. The rise of NT-proBNP concentration is 
connected with the increase of atria work/volume and 
pressure in the pulmonary artery, decrease of systolic 
and diastolic functions, left ventricular hypertrophy 
and myocardial infarction. The NT-proBNP level helps 
to reveal CHF at early stages and to monitor therapy 
efficacy.

NT-proBNP and ST2 biomarkers were evaluated in 80 
patients of 184 (in group 1 in 26, in group 2 in 27, and in 
group 3 in 27 patients).

The biomarkers were examined using patients’ blood 
serum obtained by centrifuging. Fasting blood specimens 
were collected according to the standard procedures 
strictly in the morning. The results were registered using 
a spectrophotometer for enzyme immunoassay (EIA) 
(Bio-Rad, France/USA). The calibrating curves were built 
with the help of the software and instructions supplied 
with this equipment and kits. The kits from Cloud-Clone 
Corp. (China) designed for quantitative determination 
of the markers in the patient’s blood serum by the IEA 
sandwich-method were used in our work. Indices were 
determined in the range of 39–2500 pg/ml (minimal 
determined concentration 15 pg/ml) for NT-proBNP and 
62.5–4000.0 pg/ml (minimal determined concentration 
22.3 pg/ml) for ST2.

All patients received treatment in compliance with 
the standards of the Ministry of Health of the Russian 
Federation. They were dynamically followed up for 
a year. The following end points were fixed during the 
study: stable disease course, COPD progression to the 
next severity stage or higher and/or CHF progression to 
the next functional class and higher, patient death.

The statistical analysis was performed using 
Statgraphics plus software. Parametrical variables were 
compared by means of Student’s t-test for normally 

distributed data and Mann–Whitney test for the data 
which do not follow normal distribution. Bivarial variable 
associations were evaluated using Pearson correlation 
coefficients. The variables were expressed as Me [Q1; 
Q4] where Me is a median, [Q1; Q4] is an upper border 
of the first and the lower border of the fourth quartile. 
The qualitative data were summarized by calculating the 
proportion of observations (in percentage terms) of the 
concrete category in the examined sample. The results 
were considered significant at p≤0.05.

Results and Discussion
Charlson comorbidity index in group 1 was 3.8 points, 

in group 2 — 4.5 points, in group 3 — 5.0 points (F=2.16; 
р=0.1348). The data obtained during the study show that 
the combined COPD and CHF course differs from their 
isolated course by a greater severity of the pulmonary 
and cardiovascular system damage. 

The selected marker levels have been comparatively 
assessed in patients with the isolated and combined 
course of COPD and CHF (Table 2).

The comparison of ST2 level in various groups 
revealed its significantly higher value in people with 
CHF relative to the patients with COPD (p=0.0079) and 
with a combined COPD and CHF (р=0.0285). It speaks 
of a high sensitivity of ST2 biomarker in patients with 
cardiovascular diseases. However, this marker seems 
to be less sensitive in case of the combined COPD 
and CHF course which is confirmed by a statistically 
significant difference in the ST2 level in patients of group 
2 and 3 (see Table 2) taking into account the fact that 
these groups had the same functional class of CHF.

In this connection, ST2 indices were analyzed in 
patients with CHF depending on FC. It is established 
that as FC increases, statistically significant growth of 
ST2 is noted in CHF patients (F=7.52; p=0.0029). The 
correlation between ST2 level and FC CHF was found 
in the isolated CHF course (R=0.342; р=0.0490) and 
comorbid course of COPD and CHF (R=0.307; р=0.045).

Thus, the ST2 marker reflects successfully the 
severity of the isolated CHF course but its diagnostic 
value is lower in the combined COPD and CHF course.

In COPD patients ST2 indices did not have significant 
differences depending on the severity degree (see 
Table 2).

The assessment of NT-proBNP marker discovered 
the tendency to its level increase in the group of 
patients with the combined COPD and CHF course in 
comparison with other groups (F=0.59; p=0.0490). It 
leads to the conclusion that this biomarker does not lose 
its sensitivity in case of the combined COPD and CHF 
course. 

In patients with CHF, a statistically significant growth 
of NT-proBNP level depending on the disease FC was 
established (F=36.25; p=0.0000). The data obtained 
are confirmed by the presence of a high correlation 
dependence between the NT-proBNP level and FC 
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T a b l e  2
Indices of the examined biomarkers in the compared groups of patients 
(Me [Q1; Q4])

Examined groups
Biomarkers (pg/ml)

ST2 NT-proBNP
Combined course of COPD and CHF (n=80)

Group 1 with COPD (n=26) 1443.23 [1271.06; 1615.40] 576.47 [260.52; 892.41]

Group 2 with CHF (n=27) 1577.44 [1408.50; 1746.39] 1105.25 [806.10; 1404.41]

Group 3 with COPD and CHF (n=27) 1371.48 [1202.53; 1540.43] 1323.63 [1024.47; 1622.78]

Statistics 
 
 

F=0.76;
p=0.4718;

p1–2=0.0079;
p2–3=0.0285

F=0.59;
p=0.0490 

 

Isolated CHF course depending on FC (n=27)
I FC CHF (n=8) 1162.25 [874.27; 1450.23] 191.82 [–134.77; 518.40]
II FC CHF (n=9) 1203.56 [895.20; 1511.91] 466.12 [156.29; 775.95]
III FC CHF (n=10) 2046.10 [1753.57; 2338.63] 2566.48 [2256.65; 2876.31]
Statistics F=7.52; p=0.0029 F=36.25; p=0.0000

Isolated COPD course depending on the severity degree (n=27)
GOLD I (n=7) 1530.20 [1221.58; 1838.82] 327.95 [–341.57; 997.47]
GOLD II (n=12) 1488.82 [1321.45; 1656.20] 758.50 [395.41; 1121.61]
GOLD III (n=8) 1140.75 [795.70; 1485.80] 113.44 [–635.10; 861.99]
Statistics F=0.99; p=0.3881 F=0.83; p=0.4505

NT-proBNP (pg/ml)
ST2 (pg/ml)
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ROC curves for determining sensitivity and specificity 
of biomarkers and prognosis in patients with comorbid 
course of COPD and CHF

CHF in case of the isolated course 
of CHF (R=0.717; р=0.0000) and 
comorbid course of COPD and 
CHF (R=0.669; р=0.0000); and also 
between the NT-proBNP and FC 
CHF in comorbid course of COPD 
and CHF (R=–0.542; р=0.0000).

Thus, the cardiac NT-proBNP 
marker reliably reflects the degree 
of cardiac damage severity in the 
isolated and combined COPD and 
CHF course.

In patients with COPD, a 
significant difference of the NT-
proBNP level from the disease 
severity degree was not found. 
However, the NT-proBNP 
indices exceeding the values in 
healthy people were noted in 
this group which may be caused 
by the increase of pressure in 
the pulmonary artery and the 
development of myocardium 
dysfunction in presence of COPD. 
Therefore, on the one hand, NT-
proBNP is likely to be a predictor of 
heart injury development still at the 
asymptomatic stage of the disease, 
on the other hand, the dependence 
of this biomarker on concurrent 
diseases should not be ignored. In this connection, the 
assessment of the NT-proBNP level requires taking into 
consideration accompanying diseases and availability 
of other risk factors which may raise the level of this 
biomarker. Unambiguous interpretation of the increased 
NT-proBNP level as the manifestation of CHF may lead 
to diagnostic errors. 

Thus, among the examined cardiac biomarkers ST2 
and NT-proBNP, the latter, NT-proBNP, which enables 
the diagnosis of heart damage at the asymptomatic 
stage is the most sensitive in the definition of the 
severity of heart damage in the combined COPD and 
CHF course.

The specificity and sensitivity of biomarkers have 
been analyzed using ROC curves to predict the 
comorbid course of COPD and CHF. 

The interconnection of the biomarkers with the end 
points in the group of patients with COPD and CHF is 
presented in the Figure. 

According to the calculated data, a high risk of CHF 
progression to one FC and higher is defined in patients 
with the comorbid course of COPD and CHF at the 
level of ST2 cardiac biomarker exceeding 830 pg/ml 
(the area under the curve — 0.839, sensitivity — 0.871, 
specificity — 0.500).

At the level of NT-proBNP more than 460 pg/ml, a high 
risk of CHF progression to one FC and higher is defined 
in patients with the comorbid course of COPD and CHF 

(the area under the curve — 0.968, sensitivity — 0.839, 
specificity — 0.000).

A year-long dynamic follow-up of the patients 
participating in the study allowed us to determine the 
character of the diseases course and to analyze the end 
points (Table 3).

Cardiac Biomarkers in Patients with Isolated and Combined COPD and CHF Course
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A more stable course of COPD compared with the 
isolated course of CHF is noted while a more aggressive 
course of the diseases is observed in the group of 
patients with the comorbid pathology.

The relation between the disease course and patients’ 
medication adherence has been also investigated 
(Table 4).

According to the obtained data, the disease 

T a b l e  3
End point analysis in patients of the compared groups (abs. number/%)

Examined groups Stable course Progression* Death
Group 1 with COPD (n=68) 44/64.71 23/33.82 1/1.47

Group 2 with CHF (n=64) 25/39.06 39/60.94 0

Group 3 with COPD and CHF (n=52) 20/38.46 32/61.54 0

χ2=13.954; р=0.0074

* COPD progression to one severity stage and higher and CHF progression to one 
FC and higher.

T a b l e  4
End points and patient therapy adherence (abs. number/%)

Examined groups Stable course Progression* Death Total number
Non-adherent 5/2.72 52/28.26 1/0.54 58/31.52
Insufficiently adherent 23/12.50 35/19.02 0 58/31.52
Highly adherent 59/32.07 9/4.89 0 68/36.96
Total 87/47.28 96/52.17 1/0.54 184/100

χ2=79.761; р=0.0000

* COPD progression to one severity stage and higher and CHF progression to one 
FC and higher.

T a b l e  5
Biomarker levels depending on patient therapy adherence (n=80)  
(Me [Q1; Q4])

Examined groups ST2 (pg/ml) NT-proBNP (pg/ml)
Non-adherent 1683.07 [1522.14; 1844.0] 1682.37 [1405.60; 1959.14]

Insufficiently adherent 1416.43 [1255.50; 1577.36] 1032.54 [765.153; 1299.93]

Highly adherent 1264.96 [1091.13; 1438.78] 282.43 [–4.7890; 569.649]

Statistics F=3.22; p=0.0453 F=12.20; p=0.0000

T a b l e  6
End points and biomarker levels in the examined patients (n=80)  
(Me [Q1; Q4])

Examined groups ST2 (pg/ml) NT-proBNP (pg/ml)
Stable course 1287.41 [1141.04; 1433.79] 71.18 [–140.453; 282.813]

Progression of COPD or CHF* 1595.07 [1469.22; 1720.91] 1660.11 [1485.59; 1834.63]

Statistics F=5.03; p=0.0277 F=66.39; p=0.0000

* COPD progression to one severity stage and higher and CHF progression to one 
FC and higher.
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progression was observed 
significantly more often in patients 
not adherent to medications. 
A negative correlation dependence 
was found between the medication 
adherence and the end points 
(R=–0.64985; p=0.0000).

The dependence of biomarker 
levels on the medication adherence 
is well illustrated by Table 5.

In patients with a high medication 
adherence, a significant decrease 
of ST2 and NT-proBNP indices 
is noted allowing the physicians 
to use these biomarkers for the 
control of non-adherence to medical 
administrations.

The end point dependence on 
the biomarker levels has been 
analyzed as well (Table 6).

A significant elevation of ST2 and 
NT-proBNP indices was noted in 
the progression of the diseases.

The data obtained show that 
there are no significant differences 
between the main groups of patients 
in regard to medication adherence. 
Less than 70% of patients 
demonstrated the adherence to the 
administered therapy regardless of 
the isolated or combined course of 
the diseases which reflects patients’ 
insufficient understanding of their 
role in maintaining their health and 
also speaks of the inexpediency of 
educational programs for patients. 
In the combined course of the 
diseases, the responsibility for 
their own health grows and part of 
the people with low adherence to 
therapy joins the category of high 
medication adherence. Moreover, 
the portion of non-adherent patients 
in all three groups appears to be 
almost equal and approximates to 
30%. 

We have also analyzed patient 
survival in the compared groups 
depending on the medication 
adherence using Kaplan–Meier 

statistical analysis. In patients with the isolated COPD 
course, the “fall” of the survival plot begins with the 
seventh month of follow-up. Prognostic survival of 
medication-non-adherent patients is 70% by the twelfth 
month of follow-up, in those with insufficient adherence 
80%, and in highly adherent patients it is about 90% 
(χ2=22.658; р=0.000).

In patients with the isolated CHF course, the “fall” of 
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the survival plot begins with the fifth month of follow-up. 
Prognostic survival of medication-non-adherent patients 
is 50% by the twelfth month of follow-up, in those with 
insufficient adherence 70%, and in highly adherent 
patients it is about 90% (χ2=24.800; р=0.000).

In patients with the combined COPD and CHF course, 
the “fall” of the survival plot begins with the fifth month 
of follow-up. Prognostic survival of medication-non-
adherent patients is 30% by the twelfth month of follow-
up, in those with insufficient adherence 40%, and in 
highly adherent patients it is about 70% (χ2=14.444; 
р=0.001).

Conclusion
The NT-proBNP (F=0.59; p=0.0490) was found to be 

the most sensitive biomarker for determining the degree 
of heart damage severity in the combined course of 
COPD and CHF. The ST2 biomarker reliably reflects the 
severity of the isolated CHF (F=0.76; p=0.0285), while 
in the combined course of COPD and CHF, the value of 
this marker decreases (F=0.76; p=0.4718). 

A direct correlation has been established between the 
level of cardiac biomarker NT-proBNP and FC CHF both 
in the isolated and combined course of COPD and CHF.

In patients highly adherent to therapy, statistically 
significant reduction in the values of ST2 (F=3.22; 
p=0.0453) and NT-proBNP (F=12.20; p=0.0000) is 
observed which enables the physicians to control 
patients’ adherence to the administered therapy. 

There have been established the levels of biomarkers 
at which a high risk of COPD progression to the next 
stage or higher and/or CHF to one FC and higher is 
noted in the comorbid COPD and CHF course.

The obtained data on the diagnostic value of cardiac 
biomarkers in the comorbid course of COPD and CHF 
is reasonable to use for therapy optimization in order to 
improve the quality of patient’s life and decrease the risk 
of unfavorable outcomes.

Study funding. The work was not supported by any 
financial source.
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