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chronic obstructive pulmonary disease (COPD).

The final bibliography contains 49 relevant sources.

varying degrees of underlying cardiopulmonary disease.

increased attention and optimization of treatment.

Background: Natriuretic peptides (NPs) are considered a useful tool for diagnosing the cardiac or pulmonary origin
of acute dyspnea in the emergency department. The aim of this study was to evaluate NP in elderly patients with

Materials and methods: In the PubMed and Hinari databases, we identified 465 comprehensive articles in English,
published in the years 1990-2021, which provided information on natriuretic peptides in elderly patients with COPD.

Results: NP, specially BNP/NT-proBNP values are frequently elevated in patients with COPD, reflecting three complex
aspects of the interrelated cardio-pulmonary continuum: (1) left ventricular systolic and diastolic dysfunction, (2) pul-
monary vascular and right heart remodeling, (3) global cardiovascular risk and comorbidities. The additional increase
in BNP/NT-proBNP values during acute exacerbation of COPD is probably a marker for both, acute estate of COPD and

The results of the studies suggest the role of natriuretic peptides as relevant prognostic biomarkers not only for
patients with cardiovascular disease, but also for patients with chronic obstructive pulmonary disease, which has an
important clinical implication. The determination of these biomarkers in patients with chronic obstructive pulmo-
nary disease allows stratification for prognosis: it is able to select a subgroup of patients at higher risk, which requires

Conclusion: NPs, especially BNP/NT-proBNP are relevant prognostic biomarkers not only for patients with cardio-
vascular disease, but also for patients with COPD, acute exacerbations and haemodynamic disorders like PH and cor
pulmonale. Estimating BNP/NT-proBNP in COPD patients has an important clinical implication: it allows the selection
of a subgroup of patients at higher risk, which requires increased attention and treatment optimization.
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Introduction

Natriuretic peptides (NP) are considered a useful tool for
diagnosing or excluding left heart failure (HF), determin-
ing the severity and prognosis of chronic and acute HF
[1-5], and for distinguishing in the emergency depart-
ment the cardiac or pulmonary origin of acute dyspnea
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[1, 4, 5]. NPs are strong and independent predictors of
death and adverse events in HF and even in asympto-
matic subjects in the community. There are three types of
NPs. Atrial natriuretic peptide (ANP) and B-type or brain
natriuretic peptide (BNP) are secreted from the cardiac
atria and ventricles, respectively, and are responsible for
the activation of natriuretic peptide receptor-A (NPR-
A) [6]. C-type natriuretic peptide (CNP) is known as a
primary stimulator of long bone growth, but has other
functions as well, like the activation of a related cyclase,
natriuretic peptide receptor-B (NPR-B). Both, NPR-A
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and NPR-B, catalyze the synthesis of cGMP, which medi-
ates most known effects of natriuretic peptides. ANP
acts as an endocrine and paracrine signal to decrease the
blood pressure and cardiac hypertrophy. BNP acts as a
paracrine messenger to reduce ventricular fibrosis. The
third natriuretic peptide receptor, natriuretic peptide
receptor-C (NPR-C), clears natriuretic peptides from the
circulation through receptor-mediated internalization
and degradation [6].

Low levels of BNP are stored with ANP in atrial gran-
ules, but in greater concentrations BNP is found in car-
diac ventricles. Here in the ventricles, BNP is transcribed
as needed in response to cardiac stress states such as
volume overload [7]. Compared to ANP, circulating BNP
has a significantly longer half-life of around 20 min in
humans. So, it is well argued the measurement of serum
BNP levels in clinic practices as a diagnostic indicator for
heart failure [8].

The ANP and BNP are activating the NPR-A, which
decreases the blood pressure achieved through natriu-
resis and diuresis, vasorelaxation, increased endothelial
permeability, and antagonism of the renin-angiotensin
system. Moreover, the release of NPs suppress myocyte
hypertrophy and interstitial fibrosis in the heart, arguing
for an important autocrine-paracrine role of these pep-
tides in controlling the cardiac response during hypertro-
phy. Therefore, the existing evidence supports a role for
BNP as both a marker and a modulator of hypertrophy
(6, 8].

In the case of an increased cardiovascular risk, inten-
sive therapeutic management applied to the patients with
an elevated BNP level, reduced the incidence of HF and
LV dysfunction [9].

While ANP is secreted in his active form, BNP is
secreted as precursor form- proBNDP, that is split up in
BNP, the biological active form, and NT-proBNP, an
inactive fragment [6, 10]. Although NT-proBNP is widely
considered a useful tool for diagnosing or excluding HF
and for distinguishing acute dyspnea of cardiac or pul-
monary origin, few such studies have been carried out in
geriatrics [1]. The aim of this study was to evaluate the
informativeness of natriuretic peptides in elderly patients
with chronic obstructive pulmonary disease, and to pur-
pose it as an important component of the diagnosis pro-
cess, for ensuring early effective interventions and this
way the correct allocation of health resources [11, 12].

Materials and methods

In order to achieve the stated objective, the initial search
of the specialized scientific literature, identified by the
search engine Google Search and from the databases
PubMed, Hinari, SpringerLink and Scopus (Elsevier) was
performed. The publications were selected according to
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the following keywords: “chronic obstructive pulmonary
disease,” “natriuretic peptides,” “dyspnea,” “acute exacer-
bation,” “elderly” After processing the information in the
databases, we selected all publications in English starting
with January 1990.

For the advanced selection of bibliographic sources, the
following filters were applied: full text articles, articles in
English, articles published during the years 1990-2021.
After a preliminary analysis of the titles, original, edito-
rial, narrative, systematic, and meta-analysis articles,
were selected those articles that contained relevant infor-
mation and contemporary concepts about the signifi-
cance of natriuretic peptides in diagnostic algorithms of
stable and complicated COPD in the intended geriatric
population. Additionally, a search was performed in the
bibliographic reference lists of the identified sources in
order to highlight relevant additional publications, which
were not found during the initial search in the data-
bases. According to the search criteria, 465 full articles
were identified. The final literature contains 47 relevant
sources, which provided information on diagnostic rel-
evance of natriuretic peptides in elderly patients with
stable COPD, COPD in acute exacerbation, and COPD
hemodynamic complications like heart failure and pul-
monary hypertension.

Results

After the analyzing and processing of the selected arti-
cles, were relieved several mechanisms that could explain
the increase in BNP/NT-proBNP in patients with COPD:

1. Airway obstruction is decreasing the expiratory
flow and causes pulmonary hyperinflation, which is
associated with decreased cardiac function and may
increase plasma BNP/NT-proBNP levels [4, 9, 13—
15].

2. Chronic hypoxia causes NP secretion through two
mechanisms: (1) hypoxia is the most important fac-
tor in the development of pulmonary hypertension
(PH), by inducing pulmonary vasoconstriction, and
RV wall distension with interventricular septum
deviation, impaired filling and increased filling pres-
sure in LV, (2) hypoxia causes the direct release of
BNP/NT-proBNP from the myocardium [4, 13, 16].

3. The BNP/NT-proBNP level may be a marker of sys-
temic or lung inflammation during acute exacerba-
tion of COPD (AECOPD), which differs qualitatively
or quantitatively from stable COPD. This change
caused by inflammation syndrome may be related to
LV preload due to systemic vasoconstriction, pulmo-
nary hyperinflation, or inflammation process, that
may increase BNP/NT-proBNP levels by increasing
stress on the LV wall [17].
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4. Exercise or respiratory disorders in sleep (overlap
syndrome—the combination of obstructive sleep
apnea and COPD) worsen the hypoxia, a fact that
can cause additional increase of NPs [13-15, 18, 19].

Plasma BNP/NT-proBNP levels are elevated in patients
with stable COPD, but due to lower myocardial mass,
increases in BNP/NT-proBNP related to RV dysfunc-
tion, PH, and cor pulmonale in COPD patients are lower
than those seen in patients with left heart dysfunction
[2, 4, 16]. However, some scientists believe that BNP/
NT-proBNP may play a role in the early detection of PH
in COPD patients. In several conditions associated with
PH, BNP/NT-proBNP levels correlate with the degree of
functional lung damage [4, 16].

Also, according to age and other comorbidities, plasma
BNP/NT-proBNP levels can suffer modifications. Fabio
Fabbian et al. studied the influence of age, renal impair-
ment, and COPD on BNP/NT-proBNP levels in patients
aged 80 £ 6 years. The statistical analysis carried out,
revealed that NT-proBNP was higher than the nor-
mal reference values in 68.7% of patients and its levels
increased in the 5 different stages of chronic kidney dis-
ease. Subjects with high NT-proBNP had lower haemo-
globin levels (11.6 + 2.1 vs 12.8 &+ 1.9 g/dl, p = 0.003),
higher prevalence of atrial fibrillation (54.3 vs 25%, p =
0.001), and little lower prevalence of pulmonary diseases
(29.7 vs 57.5%, p = 0.005). The study concluded that a
disease different from cardiac heart failure appears to
affect NT-proBNP plasma levels in elderly like chronic
kidney disease, anemia, and cardiac rhythm alterations
[20].

Stable chronic obstructive pulmonary disease

There are few studies that have examined the plasma lev-
els of BNP/NT-proBNP in patients with stable COPD
without PH or cor pulmonale [15, 21], and the clinical
significance of BNP/NT-proBNP value in determining
the severity of COPD and identifying the risk of second-
ary PH developing [18]. However, the usefulness of this
parameter in patients with stable COPD and inpatients
with AECOPD is still limited [15].

The test performed in elderly patients with stable
COPD ruled out HF with reasonable accuracy (all nega-
tive predictive values were above 0.85 with positive pre-
dictive values of approximately 0.4). In patients with
COPD, NT-proBNP/BNP showed high negative predic-
tive values (0.80-0.98). However, in the population with
stable COPD, the positive predictive values were rela-
tively low [9, 22].

Plasma BNP/NT-proBNP levels are significantly higher
in patients with stable COPD, including without HP and
without a cor pulmonale, compared to healthy people,
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and higher at inpatients with AECOPD compared to
patients with stable COPD [15, 21, 23, 24]. Plasma lev-
els of NT-proBNP in patients with stable COPD increase
significantly concomitantly with the severity of the dis-
ease according to the GOLD classification and correlate
inversely proportional with the maximum expiratory vol-
ume in the first second [18, 21].

Plasma levels of BNP/NT-proBNP were significantly
higher in men with stable COPD in stages II, III, and IV
compared to control group subjects (healthy smoking
men) [18], in patients with COPD in stage III and IV, had
higher levels of BNP/NT-proBNP compared to patients
with BPOC in stage II [13], and higher levels in patients
with chronic respiratory failure associated with cor pul-
monale compared to patients with chronic respiratory
failure without cor pulmonale [25]

Thus, a significant increase in plasma BNP/NT-
proBNP levels concomitantly with the severity of the
disease, chronic respiratory failure progression and
development of secondary PH and cor pulmonale in
patients with previous stable COPD suggests that plasma
BNP/NT-proBNP may be a useful prognostic marker to
monitor COPD progress and identify cases of secondary
PH in patients with stable COPD [13, 18, 26].

BNP/NT-proBNP levels, measured during the clinical
stability of COPD patients, is an independent predictor
of respiratory exacerbations, even in individuals without
obvious CVD, is an indicator to stratify patients’ risk for
complications developing and can contribute to person-
alization of outpatient medical care [26].

Acute exacerbation of chronic obstructive pulmonary
disease (AECOPD)
Plasma levels of BNP/NT-proBNP were significantly
higher in inpatients with AECOPD than in patients
with stable COPD (during remission) [4, 14, 19, 21, 22].
Although BNP/NT-proBNP levels vary widely between
subjects with stable COPD, they increase slightly but
significantly during exacerbation in most subjects with
COPD and decrease to baseline after recovery. The clini-
cal significance of these changes is unclear, but evidence
of cardiac dysfunction in the early stages of AECOPD
is consistent with previous findings of arterial stiffness
worsening a few days after the onset of exacerbation [22].
BNP/NT-proBNP level is a strong predictor of poor
short-term (30 days) and long-term (5 years) prognosis
among patients with AECOPD [17, 27]. Moreover, there
was a strong association between the BNP/NT-proBNP
levels and the need to admit patients to the intensive care
unit, but there was no significant correlation between the
BNP/NT-proBNP levels and mortality. Possibly a part of
the BNP/NT-proBNP increase in these patients may be
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due to inflammatory response observed in EABPOC,
with unsuspected concomitant HF, or significant PH [4].

Nevertheless a retrospective cohort study and two
prospective cohort studies confirmed that high BNP/
NT-proBNP levels are a strong predictor for assessing
the severity of COPD, predicting early (30 days) and late
(12 months) mortality, early identification of develop-
mental risk of clinical ventricular dysfunction in patients
with AECOPD, with or without HF and independent of
other known prognostic indicators. The pathophysiologi-
cal basis for this finding is unknown, but acute cardiac
involvement in AECOPD may be an important prognos-
tic factor [28—30].

Elevated levels of NT-proBNP have also been observed
in patients with AECOPD without primary CVD. Cor
pulmonale, secondary PH and hypoxemia are important
stimuli for the release of NT-proBNP from the right side
of the heart [23, 24]. Patients with AECOPD with ele-
vated NT-proBNP levels and no HF had a longer hospi-
tal stay and a higher likelihood of hospitalization in the
intensive care unit. Thus, large-scale prospective stud-
ies are needed to validate these findings and to assess
whether there is a direct correlation between the compli-
cations of AECOPD and right heart dysfunction [31].

Therefore, plasma NT-proBNP levels can be proposed
as a potential useful biomarker for the differential diagno-
sis and prognosis of COPD and a good assessment tool of
acute exacerbation [15]. Increased BNP/NT-proBNP val-
ues were found to be in 16—60% patients with AECOPD,
even in the absence of PH, and persisted in about 50% of
patients upon discharge [9]. BNP/NT-proBNP are mainly
used to exclude HF at the threshold of < 125 pg/ml for
NT-pro-BNP and < 35 pg/ml for BNP [32].

There are several possible explanations that may jus-
tify an increase in BNP/NT-proBNP in patients with
AECOPD without clinical signs of HE. On the one hand,
the pressure overload of RV, generated by hypoxic pul-
monary vasoconstriction, acts as a stimulus for BNP/
NT-proBNP synthesis and secretion. On the other hand,
elevated NT-proBNP concentrations may be a conse-
quence of subclinical LV dysfunction [33]. AECOPD has
an independent impact on plasma levels of BNP/NT-
proBNP that is not attributable to HF [22]. Elevated levels
of BNP/NT-proBNP on discharge predict the outcome
(death or survival) of hospitalized patients for AECOPD
[34].

Chronic obstructive pulmonary disease and heart failure

NT-proBNP/BNP evaluation contributes to the detec-
tion of asymptomatic chronic HF, including diastolic
LV dysfunction, in patients with COPD, which corre-
lates with the severity and prognosis of COPD [35-37].
Some authors recommend a BNP level > 400 pg/mL or
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an NT-proBNP level > 2000 pg/mL for the diagnosis of
HF [38, 39].

According to Rubinsztajn R et al. and Labaki W et al,,
the serum concentration of NT-proBNP was statisti-
cally significantly higher in the group of patients with
COPD and HF, compared with patients with stable
COPD with no comorbidities, this way predicting a
poor short- or long-term prognosis. Using this modern
tool for diagnosing the association of HF to COPD, will
allow the necessary corrections in the therapeutic man-
agement [26, 40].

NT-proBNP/BNP have always been significantly
elevated in patients with COPD and HF or COPD and
concomitant LV systolic dysfunction compared to those
without these comorbidities. In addition, there is no level
of NT-proBNP/BNP that perfectly differentiates COPD
in patients with or without HF [9, 22].

Although a prospective study found that NT-proBNP
levels are a sensitive and specific method of distinguish-
ing between acute cardiac and noncardiac dyspnea in
patients aged 70 years or older (mean age 81 £ 7 years).
The median value of the NT-proBNP concentration was
7906 pg/ml in patients with cardiac dyspnea, and 1066
pg/ml in patients with noncardiac dyspnea. At a cutoff
of 2000 pg/mL, NT-proBNP had a sensitivity of 86%,
a specificity of 71%, and an overall accuracy of 80% for
cardiac dyspnea. The study concluded that NT-proBNP
appears to be a sensitive and specific means of distin-
guishing pulmonary from cardiac causes of dyspnea in
elderly patients. Also, it revealed that an optimal diag-
nostic strategy requires the use of 2 cutoffs and further
investigations of patients with values in the gray area
(with the 2 cutoffs < 1200 and > 4500 pg/mL [41].

Other study performed by Roderick H. Tung et al,
evaluated the NT-proBNP values in dyspneic patients
with previous chronic obstructive pulmonary disease or
asthma associated with HF. The groups have been com-
pared from the point of view of the presence of acute
or chronic heart failure and the association of COPD or
asthma to it. The study revealed that in patients who had
both previous acute heart failure and chronic obstruc-
tive pulmonary disease or asthma (n = 52), median
NT-proBNP levels were significantly higher in those
with acute heart failure (4435 pg/mL) than patients
with chronic obstructive pulmonary disease or asthma
exacerbation (536 pg/mL), at cut off value of 450 pg/mL
for patients younger than 50 years and 900 pg/mL for
patients 50 years or older (sensitivity of 87% (95% con-
fidence interval [CI] 72 to 93%) and a specificity of 84%
(95% CI 76 to 88%)). They concluded that NT-proBNP
may be a useful adjunct to standard clinical evaluation of
dyspneic patients with previous obstructive airway dis-
ease [42].
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Chronic obstructive pulmonary disease and pulmonary
hypertension (PH)

Serum BNP/NT-proBNP is elevated in patients with PH,
including PH secondary to chronic lung disease, and may
be a useful prognostic marker for monitoring the pro-
gression and severity of COPD complicated with PH [13,
18, 43]. However, its role in detecting PH associated with
chronic lung disease is not well established [44].

According to the results of several studies, the serum
concentration of NT-proBNP may be useful in the diag-
nosis of PH in patients with end-stage chronic lung dis-
ease and normal LV function. However, in patients with
compensated disease or mild-to-moderate PH, the serum
concentration of NT-proBNP may be within a normal
range despite the presence of hemodynamically con-
firmed PH [43].

Two cohort studies have reported that NT-proBNP
values < 95 ng/mL may be effective in excluding echo-
cardiography-assessed PH in patients with chronic lung
disease [45, 46]. Furthermore, studies have suggested that
BNP/NT-proBNP concentrations are useful not only for
identifying patients with RV dysfunction and hypoxic
PH, but may also be a prognostic marker for monitoring
the progression and severity of COPD, but also for diag-
nosing cor pulmonale in COPD patients [13].

The prognosis’ significance of natriuretic peptides

in chronic obstructive pulmonary disease

A systematic literature review and meta-analysis and a
more recent retrospective cohort study clearly illustrated
that elevated BNP/NT-proBNP levels can be used as
independent predictors of all-cause mortality, the need
for intubation, and the application of invasive mechani-
cal ventilation in patients with COPD with or without
exacerbation [9, 23, 47]. The previous history of CVD, a
common cause of increased BNP/NT-proBNP levels, did
not influence the relationship between NT-proBNP and
overall mortality in COPD patients. The predictive value
of high NT-proBNP levels is maintained in both long-
term and short-term follow-up [47]. Higher levels of NT-
proBNP have been significantly associated with hospital
rates, early and long-term mortality. Determination of
BNP/NT-proBNP levels is helpful in diagnosing cardiac
dysfunction in patients with COPD, especially during
acute exacerbation [23].

A study of 192 consecutive patients aged 41 to 95 years
(median 75 years) with AECOPD found an association
of NT-proBNP > 587.9 pg/ml with a significant increase
in mortality at 1 year and the value > 782.2 pg/ml with
cardio-pulmonary deaths. This association persisted after
adjustment for age, gender, creatinine levels, and heart
rate. Negative predictive values for these cut-off points
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ranged from 89 to 97%. Therefore, NT-proBNP levels
are significantly increased during acute exacerbations of
chronic lung disease, in the absence of clinically appar-
ent HF and could be particularly useful for stratifying the
short-term risk of patients with chronic lung disease [48].

In geriatric patients with AECOPD, the determination
and monitoring of average BNP/NT-proBNP dynamics is
a valuable advantage in predicting mortality, the need for
non-invasive mechanical ventilation, the need for inva-
sive mechanical ventilation and transfer to stand-alone
breathing [23, 49].

Discussion

The studies mentioned above reveal that BNP/NT-
proBNP evaluation contributes to the detection of
asymptomatic chronic HF, including diastolic LV dys-
function, associated with COPD. Moreover, the BNP/
NT-proBNP value correlates with the severity of the
COPD disease and the development of hemodynamic
complications such as PH and cor pulmonale. Accord-
ing to the studies available, the usefulness of the BNP/
NT-proBNP in patients with stable COPD is still lim-
ited, but has a higher value at inpatients with AECOPD
than stable COPD, and in stable COPD patients than in
healthy subjects. Plasma levels of NT-proBNP in patients
with COPD are increasing significantly concomitantly
with the severity of the disease. So, we can conclude
that, BNP/NT-proBNP level is a strong predictor of poor
short-term (30 days) and long-term (5 years) prognosis
among patients with AECOPD. Moreover, serum BNP/
NT-proBNP is elevated in patients with PH, including
PH secondary to chronic lung disease, and may be a use-
ful prognostic marker for monitoring the progression,
severity, and prognosis of stable COPD and PH.

Conclusions

1. Natriuretic peptide values are frequently elevated in
patients with chronic obstructive pulmonary disease,
reflecting complex cardio-pulmonary interrelations
by pulmonary vascular remodeling, followed by the
cardiac reshaping with pulmonary hypertension, cor
pulmonale, and diastolic dysfunction of LV. The addi-
tional increase in BNP/NT-proBNP values during
acute exacerbation of chronic obstructive pulmonary
disease is probably a marker for the assessment of
acute estate of COPD and varying degrees of under-
lying cardiopulmonary disease.

2. Age and renal impairment may significantly affect
circulating levels of BNP/ NT-proBNP, potentially
undermining their diagnostic value. A limitation of
the interpretation of natriuretic peptides in lung dis-
eases is the confusing effect of concomitant diseases
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- heart failure, hypoxia, sepsis and kidney failure. In
patients over 65 years of age with many comorbidi-
ties, NT-proBNP should always be interpreted after
a thorough and thorough examination of the entire
clinical picture.

3. The results of the studies suggest the role of natriu-
retic peptides as relevant prognostic biomarkers not
only for patients with cardiovascular disease, but
also for patients with chronic obstructive pulmo-
nary disease, which has an important clinical impli-
cation. The determination of these biomarkers in
patients with chronic obstructive pulmonary disease
allows stratification for prognosis: it is able to select
a subgroup of patients at higher risk, which requires
increased attention and optimization of treatment.
Further studies are needed to determine the cut-off
value of BNP/NT-proBNP that may predict the risk
of exacerbation or death in patients with chronic
obstructive pulmonary disease.
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