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INTRODUCTION

Natriuretic peptides (NPs) encompass a family of
structurally related hormone/paracrine factors acting
through the natriuretic peptide system (NPS) that regulate
cell proliferation, vessel tone, inflammatory processes,
neurohumoral pathways, fluid, and electrolyte balance
[1,2]. The three most studied peptides currently are atri-
al natriuretic peptide (ANP), brain natriuretic peptide
(BNP), and C-Type natriuretic peptide (CNP) [3].

ANP, the first identified member, was originally
discovered in the cardiac atrium when de Bold and col-
leagues showed rats’ atrial extracts contained a compo-
nent that decreased blood pressure by increasing renal
sodium and water secretion [4]. BNP, called B-type, was
discovered next and was isolated from porcine brain
extracts by Sudoh et al. in the 1980s [5]. Lastly, in the
1990s, CNP, which causes smooth muscle relaxation, was
first identified from porcine brain extracts [2,6,7].

Besides ANP, BNP, and CNP, two other NPs: uro-
dilatin and dendroaspis natriuretic peptide (DNP), were
identified. Urodilatin is a product of proANP, expressed
in the kidney with identical ring structures and similar
properties to ANP [8]. It binds to the same receptors as
ANP in the kidneys, acting as a potent natriuretic and
diuretic peptide. DNP was isolated from the venom of
green mamba snakes (Dendroaspis angusticeps) [9]. It
has been demonstrated that DNP acts like ANP and BNP
by stimulating ANP receptors. Its intrinsic physiological
actions are under investigation [7].

ANP and BNP are the most relevant NP biomarkers
for diagnosing and prognosis of heart failure and under-
lying cardiovascular diseases usually associated with in-
creased ventricular stress and congestive disorders [10].
Although ANP and BNP diagnose other diseases and
comorbidities related to heart failure, their relevance is
sometimes questionable [10,11].

This review covers aspects of ANP and BNP’s phys-
iology, their predictive values as biomarkers, and their
suitability regarding diagnosis and prognosis. We first
present an overview of the synthesis, structure, storage,
and release of NPs, followed by ANP and BNP receptors
and physiological roles, which leads to the following
topics: ANP and BNP in various settings and conditions
and consideration guidelines for the use of BNP as a
biomarker in dyspneic patients with cardiac dysfunction,
including consideration about COVID-19.

SEARCH METHODS

For this narrative review, pertinent studies were
examined from seven electronic databases (PubMed,
Google Scholar, Cochrane Library, Web of Science, Sci-
ence Citation Index, and EMBASE) using the common
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ANP, BNP: SYNTHESIS, STRUCTURE,
STORAGE, RELEASE

All natriuretic peptides (NPs) are synthesized as
preprohormones (Figure 1) [12]. The NPs are found in-
tracellularly as inactive precursor polypeptides (pro-pep-
tide), which are converted to biologically active forms
[13]. Each NP’s active form shares a typical 17-amino
acid disulfide ring structure with variable C-terminal and
N-terminal tails; however, their precursors are encoded
by separate genes [2]. The genes that encode ANP and
BNP are NPPA and NPPB [14].

ANP is mainly synthesized in the cardiac atria and
is primarily expressed and stored in the granules of car-
diomyocytes [14]. However, at lower concentrations, the
NPPA gene is also expressed in other tissues, such as the
ventricles, lungs, brain, and kidneys.

The primary stimulus for ANP release is atrial wall
stretch resulting from increased intravascular volume
[15,16]. Secretion of ANP is also stimulated by hormones
and neurotransmitters, such as endothelin, arginine vaso-
pressin, and catecholamines, which facilitate its distribu-
tion to its various target organs in an endocrine manner
[17-19].

BNP is secreted as a prohormone in a pulsatile pat-
tern under volume and pressure stress [20]. The half-life
of BNP active hormone is about 22 minutes, whereas
N-terminal pro b-type natriuretic peptide (NT-proBNP)
has a half-life of about 60 to 120 minutes [20]. The tissue
concentrations of BNP are much higher in the atria than
in the ventricles, which is a potential cause of atrial fibril-
lation and atrial overload in some cases [21].

BNP can be stored in low concentrations along with
ANP in cardiac atria but is found in greater concentra-
tions in the cardiac ventricles [2]. Additionally, BNP is
usually transcribed as needed in response to cardiac stress
rather than stored in cardiac granules, like ANP[2].

New studies are attempting to understand the role
of NPs outside the cardiovascular and renal systems.
Although cardiomyocyte stress is the chief stimulus to
release ANP from the atria and BNP from the ventricles,
other stimuli are also relevant [22,23]. Tissues other than
cardiomyocytes, such as the uterus, spleen, thyroid, and
prostate, also produce ANP and BNP [24]. Hormones
such as endothelin, angiotensin, and arginine-vasopressin
(AVP) stimulate ANP release, as do water immersion and
head-down tilt [25-30]. It has been described that, as well
as ANP, hormones, such as catecholamines, angiotensin
II, and endothelin, and disease-associated conditions,
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Figure 1. ANP and BNP synthesis in human cardiomyocytes. A) ProANP (126 aa) is cleaved into the 28 amino-acid
active ANP and the 98 amino-acid NT-proANP by the enzymes corin and furin. Human preproANP is 151 amino acids
in length. Cleavage of the amino-terminal signal sequence results in the 126-amino-acid proANP, the predominant form
stored in atrial granules [22]. ANP is primarily expressed and stored in granules in the atria, although it is present at
lower concentrations in tissues such as the ventricles and kidneys. B) BNP is synthesized in various organs but pri-
marily in the left ventricular myocardium following mechanical stretching caused by volume overload [23]. PreproBNP
(134 aa) is first cleaved in the sarcoplasmic reticulum to pre-pro (26-amino-acid signaling peptide) and the proBNP (108
aa). ProBNP is then cleaved by convertase enzymes (corin and furin) into the biologically active BNP NT-proBNP (an
inactive signal peptide), being both released into the blood [10,23].

such as hypoxia, enhance the secretion of NT-proBNP
[31,32].

ANP AND BNP RECEPTORS AND
INTRACELLULAR SIGNALING

NPs’ effects, discussed in the next session, are main-
ly mediated by stimulation of transmembrane receptors,
members of G (guanylyl) proteins [12,27,33,34]. NP
receptors (NPRs) stimulation activates guanylyl cyclase
(GC), leading to the production of the second messenger
cyclic guanosine monophosphate (cGMP) (Figure 2).
The NPRs consist of three subtypes: natriuretic peptide
receptor-A (NPR-A or guanylyl cyclase-A), natriuretic
receptor-B (NPR-B or guanylyl cyclase-B), and natriuret-
ic peptide receptor-C (NPR-C or clearance receptor) [12].

Human NPR-A mRNA is highly expressed in kid-
neys, adrenal glands, terminal ileum, adipose, aortic, and
lung tissues [12]. NPR-B is the primary NP receptor in
the brain; however, its mRNA is found in the lungs, brain,
adrenal glands, kidneys, uterus, and ovaries. NPR-C is
primarily expressed in kidneys, and adipocytes are its
second-largest expression site and the main target for
endogenous agonists [42].

A dual intracellular mechanism has been proposed

for NPR-C signaling [38,40,41]. The NPR-C lacks
guanylyl cyclase (GC) activity; instead, receptor activa-
tion is coupled to the inhibition of adenylyl cyclase (AC)
and/or activation of PLC. The inhibition of one pathway
may thus be compensated for by the upregulation of the
other [43,44]. Using selective NPR-C agonists, molecular
studies on signaling transduction have shown that NPs
activate Gi proteins and the consequent AC activity inhi-
bition (via the o subunit) results in a stimulation of PLCB
signaling (via the By subunits) [35].

In addition, some studies suggest that NPR-C acti-
vation is indirectly involved with endothelial nitric oxide
synthase (e-NOS)/nitric oxide production (NO). This
would lead to cardioprotective roles through its activa-
tion and signaling mediated by NO, particularly in the
coronaries [44]. This may be clinically relevant in heart
failure patients with expressive endothelial dysfunction
since NPR-C stimulation could lead to coronary vessel
relaxation.

The physiological functions mediated by NPs recep-
tors’ activation are presented in the following section and
compiled in Table 1.

ANP AND BNP: PHYSIOLOGICAL ROLES
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Figure 2. Natriuretic Peptide Receptors A, B, and C. NPR-A and NPR-B have a similar structure and are linked to
the cGMP-dependent signaling cascade. NPR-C does not possess a GC domain and has no direct effect on cGMP
levels [35-37]. Although the extracellular domain of NPR-C is 30% identical to NPR-A and NPR-B, it is not coupled to
GC. Affinity to NPR-A: ANP = BNP >>> CNP [12]. Affinity to NPR-B: CNP >> ANP = BNP. Affinity to NPR-C is contro-
versial: ANP=CNP=BNP; ANP=CNP=BNP; ANP=CNP>BNP [12,36,38-41]. Although there are controversies regard-
ing the peptides’ affinity to NPR-C, it is assumed that ANP has the highest and BNP has the lowest affinity for NPR-C
[36,38-41]. Hypothesis for NPR-C and investigations/development of selective agonists are under course. It might
involve inhibitory (Gi) and/or stimulatory protein (Gq) activation, as well as activation of e-NOS leading to NO pro-
duction. GC: Guanylyl Cyclase. cGMP: cyclic Guanosine Monophosphate. AC: Adenylyl Cyclase. e-NOS: endothelial

Nitric Oxide Synthase. NO: Nitric Oxide.

NPs influence many physiological functions: vasodi-
lation, antiproliferative effects, vascular remodeling, and
modulation of the renin-angiotensin-aldosterone system
(RAAS) [2,12,38,45].

ANP and BNP act on target organs to promote fluid
regulation and cardiovascular homeostasis. These NPs
increase the glomerular filtration rate (GFR), thus in-
creasing diuresis by afferent renal arteriole relaxation and
efferent renal arteriole constriction [17].

NPR-A stimulation in the kidneys by ANP increases
natriuresis by decreasing the open probability of epithe-
lial sodium channels (ENaCs) [46]. In addition, ANP
is a key player in the aldosterone escape phenomenon
[26], a natriuretic compensatory mechanism triggered by
extracellular fluid volume expansion in response to the
sodium-retaining effects of aldosterone [47].

ANP and BNP participate in the homeostasis of
cardiovascular functions by regulating cellular growth,
cellular proliferation, and vascular permeability [48].
They reduce cardiac remodeling and hypertrophy, which
are crucial to avoiding the long-term effects of increased
blood volumes and counteracting the progression of heart
diseases such as congestive heart failure [48].

ANP and BNP levels increase in response to myocar-
dial infarction, promoting protective actions against neu-

trophil-induced endothelial damage. In this sense, ANP
and BNP suppress neutrophil adhesiveness to human
endothelial cells, CD18 expression on neutrophils, and
the release of elastase from neutrophils [49]. Following
myocardial ischemia and coronary reperfusion, ANP and
BNP decrease cardiovascular tissue necrosis by stimulat-
ing cGMP synthesis, preventing excessive cardiac myo-
cytes’ contracture and death [49-51].

Besides being critical factors in maintaining the ho-
meostasis of cardiovascular and renal functions, ANP and
BNP are synthesized and act in the organs where their
receptors are expressed (as described above). ANP and
BNP activate hormone-sensitive lipase in adipose cells,
which express NPR-A and NPR-C, resulting in the break-
down of triglycerides [52,53]. In humans and rats, ANP
released from enterochromaffin cells of the stomach stim-
ulates somatostatin secretion [54]. NPR-C, stimulated by
ANP, BNP, and CNP, functions as clearance receptors for
those respective natriuretic peptides [28].

Generally, hormones or growth factors that stim-
ulate vasoconstriction or promote cellular growth or
proliferation oppose the actions of natriuretic peptides.
Angiotensin II, Vasopressin, lysophosphatidic acid,
sphingosine-1-phosphate, platelet-derived growth factor,
fibroblast growth factor, and endothelin have all been
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Table 1. Effects Mediated by Natriuretic Peptide Receptor A, B, and C Stimulation

Natriuretic Peptide Receptors

Target Organs/ NPR-A

System

CNS | Thirst
| Water intake
| Sympathetic activity

Renal | Na* reabsorption

| Water reabsorption

| Renin secretion

| Adrenal aldosterone secretion
1 Afferent arteriolar vasodilation
1 Efferent arteriolar
vasoconstriction

1 Renal blood flow

1 GFR

1 Lipolysis

1 Arterial dilatation

1 Capillary endothelial permeability
1 Vascular smooth muscle
relaxation

Adipose
Vascular

NPR-B NPR-C

(clearance receptor)

| Ability to concentrate®

| Lipolysis*
1 Vascular smooth muscle
relaxation
1 Venous dilation
1 Vascular regeneration

1 Venous dilation
1 Vascular regeneration

Pulmonary

| Pulmonary hypertension &

fibrosis

Musculoskeletal

Cardiac | Myocyte hypertrophy

| Cardiac fibrosis

1 Endochondral bone growth

| Endochondral bone
growth*

| Myocyte hypertrophy
| Cardiac fibrosis

*Studies have shown that knock-out mutations of the NPR-C receptor have been found to have the opposite effect. This is supposed
to be due to the observed increase in the half-life of natriuretic peptides following the knock-out mutation of the NPR-C. These
effects mediated by NPR-C activation are based on the literature data collection [28,52,55,56]. CNS: Central Nervous System. GFR:
glomerular filtration rate. (Adapted from Zakeri and Burnett and Matsukawa et al [3,28]).

foundto inhibit NPR-A and/or NPR-Breceptors[12,34,57-
59]. Lysophosphatidic acid and Sphingosine-1-phosphate
have been found to cause NPR-B receptor desensitization
by inducing dephosphorylation of NPR-B guanylyl cy-
clase [34,57]. The inhibition of NPR-B by growth factors
has been correlated with the dephosphorylation of the
phosphoserine and phosphothreonine residues of the re-
ceptor [59]. Vasopressin, Angiotensin II, and endothelin
bind to their respective receptors, which are coupled to
Gq, activating phospholipase C-B (PLC-B). This leads
to protein kinase C’s activity and intracellular calcium’s
elevation. The elevated intracellular calcium results in
vasoconstriction, which opposes the actions of natriuretic
peptides [58]. Angiotensin II has also decreased the ex-
pression of gene coding for NPR-A receptor-dependent
guanylyl cyclase activity [33].

NPR-C signaling in heart diseases is under inves-
tigation. There are suggestive results on the hypothesis
that, in heart failure, an increase in NPR-C intracellular

pathway activation indicates (1) an increase in NPR-C
expression, (2) increased recruitment, or (3) activation of
NPR-C already expressed [38,51,57].

ANP AND BNPS AS BIOMARKERS

Plasma levels of ANP in healthy subjects are report-
ed to be 5.2 = 2.8 pmol/L, whereas plasma levels of BNP
in healthy subjects were measured to be 2.5 + 2.4 pmol/L
[60]. In addition, Cowie et al. reported that BNP concen-
tration is a more suitable indicator than ANP in patients
with imminent heart failure [61]. ANP plasma levels in
patients with heart failure with underlying cardiovascu-
lar diseases such as coronary artery disease and dilated
cardiomyopathy were 41.4 + 53.1 pmol/L, whereas BNP
plasma levels were 210 + 286.3 pmol/L [60]. In patients
with heart failure and those underlying cardiovascular
diseases, the level of BNP is ~84 times lower than in
healthy subjects, whereas ANP was only ~8 times lower
in healthy subjects [60].
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Plasma BNP levels are shown to increase due to
the progression of heart failure and the slow and steady
increase of BNP release [62]. However, although BNP
levels are increased in patients with CHF, no significant
change is noted in the exercise duration [62]. This finding
is essential since it demonstrates that the kinetics of BNP
is not as effective in regulating plasma BNP levels in pa-
tients [62]. Plasma levels of ANP in healthy patients are
approximately 10 fmol/ml and are elevated 10- to 30-fold
in patients with congestive heart failure [63,64].

A report by the American College of Cardiology
Solution Set Oversight Committee released in 2021
highlights updated guidelines for managing heart failure
and indications for utilizing natriuretic peptides in heart
failure.

Current clinical guidelines give a Class I recommen-
dation to measure BNP or NT-proBNP when attempting
to diagnose heart failure, assess disease severity, and
establish prognosis [65,66]. Guidelines released by the
Heart Failure Association of the European Society of
Cardiology in 2019 and by an Italian consensus doc-
ument in 2005 advise performing a BNP/NT-proBNP
assay to confirm the diagnosis of heart failure in patients
with vague symptoms that could be confused with pa-
thologies such as chronic obstructive pulmonary disease
[67,68]. However, they highlight the necessity to account
for the prevalence of pulmonary hypertension and right
ventricular dysfunction in those patients and that serum
levels of BNP may be in the “gray zone.” However,
the accuracy of natriuretic peptides in diagnosing heart
failure in patients with pre-existing pulmonary diseases
remains unchanged [68,69].

ANP AND BNP IN VARIOUS SETTINGS AND
CONDITIONS

Cardiac dysfunctions related to cardiomyocytes
stretching in the atria and ventricles are primary elicitors
of ANP and BNP release, respectively. Cardiac valvular
dysfunction, hypertension, coronary artery disease, myo-
cardial infarction, persistent arrhythmias, and cardiomy-
opathies are pathologies mainly associated with heart
failure, either as causes or consequences, and are known
to activate NPs [70]. Acute dysrhythmias such as atrial
fibrillation have increased ANP and BNP due to increased
blood pooling in the heart chambers [71,72].

Cardiac amyloidosis also increases serum ANP and
BNP levels through a similar mechanism of increased
intracardiac blood volume. It is proposed to be directly
involved with myocardial damage due to regional me-
chanical stress caused by extracellular amyloid deposi-
tion [29,73,74].

Myocardial depression secondary to septic shock is
believed to be caused by the release of various cytokines
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that results in systolic dysfunction. This causes an increase
in ventricular blood volume and cardiomyocyte stretch
resulting in the release of ANP and BNP [30,75,76]. Re-
nal pathologies such as chronic kidney disease (CKD)
decrease GFR, resulting in increased blood volume and
thus increased BNP plasma levels, regardless of whether
that individual has heart failure [77]. GFR is inversely
related to ANP and BNP concentrations [78].

Little atrial ANP is produced by ventricular tissue in
normal adults, but it is present in the ventricular tissue
of fetuses and neonates and the hypertrophied ventricle.
Aging is also a critical non-modifiable factor associated
with the progressive increase in levels of ANP and BNP
[29,79]. Age-related reduction in GFR, systolic dysfunc-
tion, cardiac hypertrophy, and decreased diastolic func-
tion all contribute to the rise of ANP and BNP with age
[29,79].

Studies have shown that the prevalence of chronic
obstructive pulmonary disease (COPD) is two to three
times higher in individuals over 60 than in younger in-
dividuals. Evidence of aging, such as cellular senescence
and telomere attrition, is present in the lungs of individu-
als with COPD. These findings have shown a correlation
between aging and the development of COPD [80,81].

Cor pulmonale-associated disorders, such as pulmo-
nary embolisms and COPD, also result in increased blood
volume in the heart chambers due to impaired forward
blood flow out of the right heart chambers, eliciting ANP
and BNP release [71,82,83].

Plasma BNP has been reported to help differentiate
cardiac from pulmonary etiologies of dyspnea in adults
[84] and neonates [85].

BNP AS A PROGNOSTIC PARAMETER
IN DYSPNEIC PATIENTS WITH
CARDIOVASCULAR DYSFUNCTIONS

Pre-existing co-morbidities such as chronic kidney
disease, hypertension, and pulmonary disease impact the
baseline levels of BNP, and variabilities amongst individ-
uals such as sex, age, and weight have illustrated the need
for standardized guidelines in the use of ANP and BNP in
diagnosing heart failure. BNP levels tend to increase with
age, and females tend to have slightly higher levels of
BNP than males. Obesity, however, has been correlated
with lower levels of BNP [29,73].

Dyspnea is one of the major symptoms of heart fail-
ure [64]. Impaired contractility of the left ventricle not
only results in the release of ANP and BNP due to stretch-
ing of the cardiomyocytes but also increases pressure in
the pulmonary vasculature due to impaired forward flow
of blood in the heart resulting in dyspnea, cough, and
wheezing [63].

Although both ANP and BNP would serve as bio-
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Table 2. BNP and NT-proBNP Mean Levels (pg/mL) at Admission and All-cause Mortality in

Patients with Acute Decompensated Heart Failure

Time Frame BNP NT-proBNP
15 - 31 Days 549 - 1,189 5,165
2 - 3 Months 764 - 766 4,077 - 9,488
6 - 11 Months 237 - 311 7,685 - 10,283
12 - 23 Months Not Reported 3,512 -7,863
24 Months - 6.8 years 441 - 658 1,668 - 5,734

(Adapted from Santaguida et al [93]).

markers for differentiating cardiac versus noncardiac
causes of dyspnea and as a tool for measuring the prog-
nosis of patients with heart failure, BNP has been shown
with the highest predictive value, particularly in pulmo-
nary disorders [84-86].

In fact, NT-proBNP is recognized as a critical player
in maintaining cardiopulmonary homeostasis. Its levels
are directly associated with hemodynamic variables reg-
ulating the heart (left and right ventricles) and pulmonary
functional capacities [86]. Literature has displayed a fair
amount of data evaluating BNP levels in the management
of pulmonary hypertension (PH) and COPD management
[86-90].

Serum concentrations of NT-proBNP are recom-
mended as prognostic parameters for PH [85,86]. A re-
cent review indicated NT-proBNP has strong diagnostic
efficacy in predicting morbidity in patients with acute ex-
acerbations with COPD and PH. The authors concluded
that 175.14 pg/ mL is a predictive NTproBNP threshold,
with a weak correlation with the severity of PH with
COPD [86].

The multiparametric risk assessment approach has
been included in systematic reviews to evaluate NT-
proBNP levels in the PH patient management scope [88].
Persistent NT-proBNP levels are highly prognostic of
PH progression and indicate patients at the highest risk
[86,89,90]. NT-proBNP is a powerful independent pre-
dictor of death and adverse events in heart failure, a broad
range of cardiovascular conditions, even in asymptomatic
individuals. Many studies have attempted to determine
the predictability of adverse outcomes in patients with
heart failure. These studies have found that patients with
higher levels of BNP have a positive association with
mortality [25,91,92].

The prognosis and diagnosis of cardiovascular dis-
ease in patients with COPD are critical to reducing mor-
bidity and mortality [86]. Time-intensive management of
patients with elevated NT-proBNP helps identify cardio-
vascular disease, stratify risk, and guide the treatment of
COPD [87].

Considering admission and all-cause mortality [93],
including respiratory dysfunction, the time frame for

prognostic values of BNP and NT-proBNP mean levels
(pg/mL) are described in Table 2.

Although optimal discriminatory values have not
been determined, studies have attempted to establish
broad inferences between certain levels of BNP and its
strength in diagnosing heart failure interwoven with
respiratory dysfunctions. Limitations to achieving the
optimal levels of BNP as a predictive biomarker are often
related to the lack of a variety of stratified correlations, ie,
there are considerations in patients based on comorbidi-
ties but not based on age. A correlation between dyspneic
patients with heart failure and associated BNP values
above 400 pg/mL was observed. BNP levels below 100
pg/mL have a very high negative predictive value for
heart failure as the cause of dyspnea compared to good
standard clinical diagnostic criteria, such as ejection
fraction. Levels between 100 and 400 pg/mL have low
sensitivity and specificity for diagnosing heart failure as
the cause of dyspnea [16]. Measurement of plasma BNP/
NT-proBNP levels is recommended in all patients with
acute dyspnea and suspected acute heart failure. While
there is no absolute “diagnostic level” of these biomark-
ers for acute heart failure (AHF), most assays have three
ranges. For the typical BNP assay, a BNP less than or
equal to 100 pg/mL is strongly suggestive of non-heart
failure etiology for the dyspnea, BNP 100 to 400 pg/mL
is indeterminate, and BNP more significant than 400 pg/
mL is strongly supportive of AHF.

Although dyspnea is the most relevant clinical pre-
sentation in which NPs are frequently used to support the
diagnosis of HF, several confounders must be considered
when interpreting the predictive values since they might
elevate or reduce BNP/NT-proBNP levels beyond heart
failure [73,94-97] (Table 3).

With BNP levels below 100 pg/ml having a high neg-
ative predictive value and levels above 400 pg/ml having
a high positive predictive value, a gray area remains in
between that is left for interpretation by the diagnostician
caring for a patient. Individuals found to be in this gray
area cannot be assigned to a particular group, dyspnea
due to heart failure or dyspnea not due to heart failure.
Currently, the literature does not present clear evidence
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Table 3. Selected Cardiac and Noncardiac Comorbidities Influencing Factors in the Predictive
Values of BNP and NT-ProBNP Levels as Diagnostic Parameters in Heart Failure

Causes of Elevated peptide
levels

Causes of reduced peptide levels

Cardiac *Heart failure (including RV
syndromes) *Acute coronary
syndrome *Heart muscle disease,
including LVH <Valvular heart
disease *Pericardial disease
+Atrial fibrillation *Myocarditis

*Cardiac surgery *Cardioversion

Noncardiac Advancing age* *Anemia *Renal
failure « Pulmonary: obstructive
sleep apnea, severe pneumonia,
pulmonary hypertension «Critical
illness *Bacterial sepsis *Severe
burns <Toxic-metabolic factors (ie:

cancer chemotherapy)

*Cardiac tamponade *Mitral stenosis
*End-Stage cardiomyopathy

*Flash pulmonary edema; *Genetic polymorphisms
*Obesity**

BMI** (Kg.m2) BNP Predictive Diagnostic Value
(pg/L)  in AHF

Lower than 25 <170 negative

25-35 <110 negative

Higher than 35 <54 negative

*Grey zone when analyzing levels of NT-proBNP according to age: <50 years old 300 450 pg/mL; 50-75 years 300-900 pg/mL; >75

years 300—1800 pg/mL [95].

**Obesity and BMI as predictive parameters for heart failure: independent of BMI, the diagnostic value is negative (‘rule out’), if BNP
levels are lower than 100 ng/L and NT-proBNP is lower than 300 ng/L. In addition, independent of BMI, if BNP levels are higher than

400 pg/mL, the diagnostic value is positive (‘rule in’).

(Adapted from Reinmann et al. [73], Chow et al. [96], and Maisel et al. [97]).

to rule out pulmonary edema, pneumonia, embolism, and
core pulmonale in patients with high BNP. The ambigu-
ous levels of BNP limit their predictability in diagnosing
heart failure, as the cause of dyspnea may result from
pre-existing conditions and individual variability.

BNP AS A BIOMARKER FOR COVID-19

Recent studies have examined the impact of
COVID-19 on levels of BNP and NT-proBNP and their
correlation with the prognosis of infected patients. A thor-
ough search of PubMed did not find any research looking
at the impact of COVID-19 on levels of serum ANP. It is
accepted that since the circulating concentration of BNP
is less than 20% of that of ANP in normal subjects but
can equal or exceed that of ANP in patients with heart
failure, BNP is more valuable than ANP in the evaluation
of cardiac dysfunction and volume overload [16,98].

Pneumonia has long been known to cause an increase
in BNP levels [99]. Serum levels of BNP have also been
shown to correlate with the severity of pneumonia [100].
Several hypotheses exist for the correlation between
pneumonia and increased BNP levels. Some studies have
suggested that right ventricular overload due to tissue
hypoxia, pulmonary vasoconstriction, and pulmonary
hypertension seen in pneumonia cause the secretion of
BNP [32,101,102]. Other studies have found that specif-

ic proinflammatory cytokines such as IL-1b, IL-6, and
TNF-a induce the release of BNP from cardiomyocytes
cultured in vitro [103,104].

Studies have shown that COVID-19 infection also
increases serum levels of NT-proBNP and BNP [22,105].
Three hypotheses about the increased BNP and NT-proB-
NP levels in COVID-19-infected patients have been
made. Pneumonia and mechanical ventilators are known
to increase pulmonary vascular tone, which may increase
right ventricular afterload and wall tension, stimulating
the release of BNP and NT-proBNP [22]. Direct involve-
ment of the myocardium in COVID-19 infection has also
been shown to increase levels of NT-proBNP [105].

Lastly, COVID-19 infection can result in acute
renal failure, impairs clearance, resulting in elevated
levels of NT-proBNP [106]. Elevated levels of NT-proB-
NP correlate with more severe cases of infection and
higher mortality rates [106]. A study that looked at the
prognostic significance of NT-proBNP in patients with
COVID-19 without any previous history of heart failure
concluded that increased NT-proBNP levels are inde-
pendently linked to higher mortality rates in patients with
COVID-19 pneumonia and no heart failure [15]. These
findings illustrate the need for further investigation in
patients with dyspnea, elevated levels of serum BNP, and
signs of systemic infection. Such results may be more
indicative of pneumonia than primary cardiac dysfunc-
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tion. These new findings may also indicate the need for
assessing cardiac biomarkers in COVID-19-infected pa-
tients, as they may enable the timely diagnosis of cardiac
injury, the monitoring of disease progression, and aid in
implementing appropriate treatment plans.

CONCLUSIONS

Plasma levels of BNP/NT-proBNP are a potential
biomarker in diagnosing and making prognostic assess-
ments of cardiopulmonary-related diseases. Neverthe-
less, further studies are needed to narrow its predictive
value. The most common aspects that limit the achieve-
ment of the optimal values (or range of values) are related
to study designs, such as retrospective, cross-sectional
(transversal — short-term studies), single-center, and the
lack of healthy control groups. Therefore, due to these
limitations, many studies miss the populational stratifica-
tion regarding conditional and non-conditional variability
of respiratory diseases associated with cardiovascular
and metabolic co-morbidities. The lack of stratification
of subjects in studies based on criteria such as age, sex,
and medical history may be a limiting factor in increasing
the specificity of the biomarker. Also, when it comes to
respiratory dysfunctions, a combination of patients with
chronic distress and those with acute dyspnea may bias
the observations. As with all laboratory tests, BNP con-
centrations need to be interpreted in the context of the
individual patient. Some assays provide different diag-
nostic ranges based on a patient’s sex/gender, age, and
renal function. In addition, there are known factors other
than CHF that can result in high BNP levels (eg, age, re-
nal dysfunction, myocardial infarction, acute pulmonary
embolism, and high output states such as cirrhosis) and
lower-than-expected BNP levels (eg, obesity, within 1
hour of flash pulmonary edema, acute mitral regurgita-
tion, and mitral stenosis).

Future research may need to focus on the stratifica-
tion of patients based on age, sex, weight, and medical
history, and the impact of those confounding variables on
serum levels of BNP in patients presenting with dyspnea.
Differences between laboratory-conducted and point-
of-care assays may also play a role in this variability.
Therefore, it is vital to ensure that laboratories and assay
kits are subjected to strict quality control and assessment
criteria.
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