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Abstract: Despite the evidence demonstrating the clinical
utility of cardiac specific biomarkers in improving
cardiovascular risk evaluation in several clinical conditions,
even the most recent reviews and guidelines fail to consider
their measurement in order to enhance the accuracy of
the evaluation of cardiovascular risk in pregnant women.
The aim of this review article was to examine whether
the assay of cardiac specific biomarkers can enhance
cardiovascular risk evaluation in pregnant women, first by
reviewing the relationships between the physiological state
of pregnancy and cardiac specific biomarkers. The clinical
relevance of brain natriuretic peptide (BNP)/NT-proBNP and
high-sensitivity cardiac troponin I/high-sensitivity cardiac
troponin T (hs-cTnI/hs-cTnT) assay in improving cardiovas-
cular risk evaluation is examined based on the results of
clinical studies on subjects with normal and those with
complicated pregnancy. Finally, the analytical approaches
and clinical objectives related to cardio specific biomarkers
are advocated in order to allow an early and more accurate
evaluation of cardiovascular risk in pregnant women.
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Introduction

Cardiovascular diseases are the leading cause of maternal
mortality and fetal morbidity in European and North
American countries [1-4]. Furthermore, a meta-analysis
published in 2019 reported that women with a history
of complications during pregnancy are at higher risk of
cardiovascular diseases, in some cases, years after pregnancy
[5]. In particular, hypertensive disorders, gestational diabetes,
and preterm birth, which occur in 1-20 % of pregnancies, are
the most frequent cardiovascular complications of pregnancy
[6-8]. Preeclampsia, the most frequent condition, reportedly
occurs in 4-5 % of cases [7]. Hypertension in pregnant women
is of particular concern, given that it carries a higher risk
of maternal and fetal morhidity and mortality, as well as
a higher lifetime risk of cardiovascular disease in women
with hypertension [6-8].

The 2023 Consensus Bundle on Cardiac Conditions in
Obstetric Care published in US reports that the majority
of women who died of cardiovascular complications dur-
ing pregnancy or postpartum were not diagnosed with car-
diac disease before death [3]. However, the majority of
pregnancy-related deaths reportedly occur in non-Hispanic
Black people [3]. This suggests that excessive mortality may
reflect some US healthcare deficiencies in the identification
of pre-pregnancy cardiovascular complications, especially
in women from the social strata with the lowest income [3].
In view of the body of experimental and clinical evidence
now available, as well recent guidelines, a more accurate
evaluation of cardiovascular risk should be made in all
women in early pregnancy [1-11].

Over the last 20 years, findings in an increasing number
of experimental studies confirm that the measurement
of cardiac natriuretic hormones (NPs) and cardiac troponin
I(cTnI) and T (cTnT) can improve upon the accuracy of car-
diovascular risk assessment in apparently healthy
individuals, and in patients with cardiovascular diseases
[12-14]. NPs are secreted and released specifically by
atrial (especially ANP) and ventricular (especially BNP)
cardiomyocytes in response to stressful stimuli that activate
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the neuro-endocrine and immunological systems [12, 15-18].
Moreover, NPs (in particular, BNP and NT-proBNP) are
considered the first-choice biomarkers in all national
and international guidelines for early diagnosis, therapy
monitoring and risk prediction in patients with heart
failure [19-21].

In healthy adults, the measurement of cardiac tropo-
nins with high sensitivity methods (hs-cTnI and hs-cTnT)
provides an estimate of the physiological or pathological
turnover of myocardial cells (cardiomyocyte renewal)
[22-24]. In 2018, the Fourth Universal Definition of
Myocardial Infarction introduced the concept of myocar-
dial injury, defined as a dynamic elevation of cardiac
troponins with at least one value above the 99th percentile
of biomarker values in a reference population (99th
percentile upper reference limit — URL) [25]. Moreover, an
early and more accurate assessment of cardiovascular risk
in apparently healthy women and men in the general
population is feasible using the measurement of cardiac
specific biomarkers, especially cardiac troponin I and T,
measured with high-sensitivity assay methods (hs-cTnI and
hs-cTnT) [26-34]. In particular, these studies have demon-
strated that apparently healthy men and women with
circulating hs-cTnl and hs-cTnT levels in the upper tertile
are at a high risk of cardiac mortality and Major Adverse
Cardiovascular Events (MACE) [26-35]. A possible limita-
tion of these studies is that the mean age of enrolled
populations was >44 years.

Despite the evidence supporting the clinical utility of
cardiac specific biomarkers assay in improving cardiovas-
cular risk evaluation in healthy subjects and patients with
several clinical conditions, the majority of reviews and
guidelines fail to consider the measurement of cardiac
specific biomarkers in improving on the evaluation of
cardiovascular risk in pregnant women with preeclampsia,
gestational hypertension, and cardiovascular diseases
[7-11]. However, the most recent consensus document by
Hameed et al. [3] reports that pregnant or post-partum
women presenting with cardiac symptoms, such as short-
ness of breath, palpitations, or chest pain, should be eval-
uated for peripartum cardiomyopathy and significant
cardiac conditions using an electrocardiogram, B-type
natriuretic peptide test, or echocardiogram, or a combi-
nation of these, along with a cardiology consultation.
Moreover, the 2018 ESC Guidelines for the management of
cardiovascular diseases during pregnancy recommend the
use of ECG and troponin level measurement in pregnant
women with chest pain [35].
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The aim of this review article was to discuss whether
the assay of cardiac specific biomarkers can improve upon
the evaluation of cardiovascular risk in pregnant women.
The relationships between the physiological state of preg-
nancy and cardiac specific hiomarkers are reviewed, and the
clinical relevance of brain natriuretic peptide/N-terminal
pro-brain natriuretic peptide (BNP/NT-proBNP) and hs-cTnl/
hs-cTnT assay in enhancing cardiovascular risk evaluation
is discussed on the basis of results of clinical studies on
normal and complicated pregnancies. Finally, the analytical
approaches and clinical objectives related to cardiac specific
biomarkers, are advocated in order to enable an early, more
accurate evaluation of cardiovascular risk in pregnant
women.

Relationships between pregnancy
and cardiac specific biomarkers

Natriuretic peptides

In healthy females and males, circulating levels of NPs and
cardiac troponins show an opposite age trend, as shown in
Figure 1[12, 14-19, 36-41]. The age trend of circulating levels
of NT-proBNP in these subjects (age 15-85 years) is reported
in Figure 1A. NT-proBNP concentrations in healthy women
are significantly higher (about two-fold) than in men of the
same age, whereas the biomarker values increase in both
categories after 55 years of age [12, 17-29, 36].

The great heterogeneity in results of studies measuring
BNP and NT-proBNP in women with normal and those with
complicated pregnancies is due to: a) the different numbers
of healthy pregnant or non-pregnant women (the study
control group); b) the presence of co-morbidity (especially
cardiovascular diseases) before, or complications during
pregnancy; c) different numbers and time intervals for
sampling during pregnancy and peri- and post-partum; d)
different methods used for ANP, BNP and NT-proBNP
assaying [36, 42-54]. These variations preclude reliable
comparison between the results found in different studies
[42, 44, 52-54].

Several studies have studied possible variations in NPs
levels during pregnancy and peri-partum [42, 44, 52-54].
In 2009, Franz et al. [42] reported that NT-proBNP levels
are increased in healthy pregnancies (94 normotensive,
healthy pregnant women, mean + SD age: 32 + 6 years)
compared to non-pregnant controls (521 healthy women;
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Figure 1: Age trends of circulating levels of NT-proBNP and hs-cTnI in healthy subjects (age 15-55 years). (A) Age trend (15-55 years) of NT-proBNP

(Elecsys method, Roche Diagnostics) in healthy females (F) and males (M) enrolled in a reference population, as previously described [38-40]. (B) Age
trend (15-55 years) of hs-cTnI (Architect method, Abbott Diagnostics) in healthy females (F) and males (M) enrolled in an Italian reference population, as
previously described [39, 40]. The age trends were calculated by a spline function using the JMP 17.2.1 statistical program (SAS Institute Inc.). The 95 %

confidence limits of spline functions are reported in the figures (shaded area).

mean + SD age: 32 + 7 years) at the first trimester sample. In
2017, Burlingame et al. [52] confirmed that levels of NPs
(i.e., BNP and NT-proBNP) significantly increased in the first
48 h after delivery in 95 healthy pregnant women (mean age
31.2 years, SD 5.8 years). In 2018, Umazume et al. [44]
measured BNP and NT-proBNP peptide (one blood sample
per trimester) in 51 pregnant women (aged 34 + 5 years) and
in the post-partum period (one blood sample taken in the
first postpartum week, and another one about 1 month after
delivery) [44]. In particular, the levels of NPs, higher in the
first trimester, tended to progressively decrease in the
second and third trimesters, and markedly increased during
the first postpartum days, with a return to normal values
after the first week [44]. In 2020, Furenas et al. [48] enrolled a
total of 199 pregnant healthy women (age 18—44 years). Blood
samples were obtained on four occasions: at 10-12 and also
20-25 gestational weeks, after delivery and 6 months post-
partum; the results [48] confirmed that NT-proBNP levels
change significantly during pregnancy and post-partum, the
highest levels occurring during the first trimester. In 2021,
Dockree et al. [49] aimed to define the reference interval for
BNP and NT-pro BNP in each trimester of uncomplicated
pregnancy. Findings made in a total of 260 healthy pregnant
women (mean age 30.1 years, SD 5.0 years) enrolled
confirmed that NT-proBNP levels change significantly
throughout normal pregnancy, values being higher (median
68.8ng/L) during the first, and lower during the third
(median 40.6 ng/L) trimester [49]. The Authors found that

the trend in BNP levels was similar to that of NT-proBNP, but
the wide variation in values precluded any demonstration
of significant variations throughout the course of normal
pregnancy (median first trimester 16.5 ng/L, median third
trimester 12.2ng/L) [49]. They therefore suggested two
cut-off values for NT-proBNP (first trimester<200 ng/L;
third trimester<150 ng/L), but only one for BNP (<50 ng/L)
[49]. In 2023, Minhas et al. [54] confirmed that 564 women
(aged 20-40 years) without a history of cardiovascular
diseases, enrolled from the general US population (n=2,134)
during the first trimester of pregnancy, had significantly
higher NT-proBNP than those in the third trimester and to
age-matched non-pregnant women. In view of the results
from these studies [42, 44, 47, 52-55], the dynamic nature
of biomarkers should be taken into consideration for the
clinical interpretation of circulating levels of BNP and
NT-proBNP during normal pregnancy.

From an analytical perspective, BNP values measured
in pregnant women should be considered method-
dependent, even if no studies have specifically evaluated
the systematic difference between BNP methods in large
populations of pregnant women [49, 55, 56]. Moreover, no
data are available on significant differences in circulating
levels of BNP and NT-proBNP in pregnant women of
different ethnicities.

In healthy subjects, the release of ANP by atrial
cardiomyocytes is stimulated by mechanical stretch due to
an increase in venous return via mechano-sensor receptors
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[15-18]. However, it has been suggested that several biolog-
ical factors and biomarkers stimulate or inhibit the
production/secretion of NPs in vivo or in cardiomyocytes
culture (Table 1) [12, 15-18, 57-62]. Regarding gender differ-
ences, according to some studies, estrogen administration
can increase the production of cNPs in post-menopausal
women [58, 59], while a recent study reported that
NT-proBNP levels were higher in transgender women
(assuming estrogens) than transgender men (assuming
androgens) [63]. Accordingly, the physiological changes in
BNP and NT-proBNP levels, usually observed throughout
pregnancy and post-partum, are probably due to marked
changes in cardiovascular and renal function, as well as
increased plasma volume, partially related to an activation
of the renin-angiotensin-aldosterone system, and also an
increase in estradiol levels of about 100-fold in the third
trimester compared to pre-pregnancy levels [42, 44, 49,
59-62]. In particular, cardiac output increases by 20 % in the
first 8 weeks, and up to 40 % during the course of pregnancy,
mainly due to peripheral vasodilation, while the blood
pressure remains constant, even if peripheral resistance
tends to decrease after the first trimester in women with
a normal pregnancy [44, 49, 60, 61]. Childbirth further
activates the neurohormonal system, resulting in a marked
increase in natriuretic peptides and cardiac output [44,
49, 61, 62].

In their study on non-healthy pregnant women, Denoble
et al. [50] reported that obese pregnant women (n=28) have
lower NT-proBNP values than non-obese women (n=17) and
are at a higher risk of developing hypertensive disorders.

Table 1: Biological factors and biomarkers suggested to affect the
production/secretion of cardiac natriuretic hormones in vivo or in cell
culture of cardiomyocytes (ref. [12, 15-18, 57-63]).

Stimulating factors Inhibiting factors

Mechanical strain of myocardial tissue Androgens
Hypoxia Nitric oxide
Angiotensin II Insulin
Endothelin-1

Adrenergic agents (both a and B)
Arginine-vasopressin

Pro-inflammatory cytokines (such as IL-1, IL-6, TNF-a)
Basic fibroblastic growth factor (bFGF)
Prostaglandins (such as PGF2a and PGD2)
Lypolysaccaride

Chromogranin B

Thyroid hormones

Corticosteroids

Estrogens

IL, interleukin; TNF, tumor necrosis factor; bFGF, basic fibroblastic growth
factor (bFGF); PG, prostaglandin.
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Two meta-analyses, published in 2021 and 2022, respectively,
report that persistently elevated levels of BNP or NT-proBNP
during the second half of pregnancy may indicate the pres-
ence of complications (e.g. heart failure and pre-eclampsia)
and are associated with dystocia and neonatal suffering [64,
65]. However, the few studies reporting these findings are
heterogeneous in terms of the number of women enrolled,
number and time of sampling during pregnancy, and
analytical performances of BNP and NT-proBNP assay
methods [64, 65].

More recently, Hauspurg et al. [66] investigated the
hypothesis whether higher concentrations of NT-proBNP
in early pregnancy would be associated with hypertensive
disorders of pregnancy and hypertension 2-7 years
post-partum. The study series consisted of 4,103 women
(mean (SD) age, 27.0 (5.6) years) [66] with the following
(clinical) characteristics: 1) a viable singleton pregnancy; 2)
no previous pregnancy of more than 20 weeks’ gestation; 3)
between 6 and 14 weeks of gestation at enrollment (first
study examination/visit/). Nine hundred and nine (22.2 %)
had an Adverse Pregnancy Outcome (APO), and 817 (19.9 %)
had hypertension at the follow-up visit. Women who
experienced an APO were more likely to self-report as
non-Hispanic Black people, and to have higher early-
pregnancy BMI values than women without an APO [66].
Additionally, women with an APO, who had higher blood
pressure in early pregnancy, were more likely to develop
gestational diabetes, had earlier gestational ages at delivery,
and lower infant birth weights. Pregnant women with the
higher stages of hypertension had the lowest NT-proBNP
concentrations in the first trimester, whereas women
without hypertension at follow-up had higher concentra-
tions of the biomarker in the first trimester of pregnancy.
Higher NT-proBNP levels during the first month of preg-
nancy were also associated with a lower risk of hypertensive
disorders (adjusted odds ratio: 0.81; 95 % CI: 0.73-0.91), this risk
remaining constant after adjustment for age, self-reported
race and ethnicity, early-pregnancy body mass index, smok-
ing, and aspirin use [66]. Moreover, higher NT-proBNP con-
centrations in early pregnancy were also associated with a
lower risk of incident hypertension two to 7 years after de-
livery (adjusted odds ratio: 0.84; 95 % CI: 0.77-0.93), an asso-
ciation that persisted after controlling for confounding factors,
including hypertensive disorders of pregnancy. The authors
suggest that normal early-pregnancy cardiovascular physi-
ology, assessed on the basis of NT-proBNP concentration, may
provide biologic insights into both pregnancy outcome and
cardiovascular disease risk [66].

It is important to compare the results previously
reported in the two meta-analyses [64, 65] with the more
recent data reported by Hauspurg et al. [66]. Overall, these
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data [64-66] indicate that the trend of NPs (BNP and
NT-proBNP) concentrations expected in healthy pregnant
women without APO is characterized by increased concen-
trations in the first trimester of pregnancy compared to
pre-pregnancy levels, followed by a subsequent decline
during the third trimester and, finally, a sharp increase in
biomarker levels in the peri-partum period, lasting a few
days after delivery. These changes in biomarkers levels
should be considered as a physiological adaptation of the
NP system to cardiovascular stress during pregnancy and
partum [44, 48, 52, 53, 6062, 66].

Hauspurg et al. [66] suggest that lower concentrations
of NT-proBNP during the first trimester of pregnancy
may reflect impaired adaptation to pregnancy or impaired
pre-pregnancy cardiovascular function, resulting in
increased vascular stiffness and a less robust volume
expansion, which might be closely related to the risk of
hypertensive disorders during pregnancy, and post-partum
hypertension. This hypothesis is also in agreement with
findings that lower concentrations of NPs are associated
with higher BMI and waist circumference values, probably
related to racial or ethnic differences (e.g., non-Hispanic
Black people) [66, 67].

Cardiac troponins

Only during the last 10 years has a new generation of
high-sensitivity immunoassay methods (hs-cTnl and hs-
cTnT) been set up in order to accurately measure circulating
levels of biomarkers in the majority of adult women (>18
years) [24, 38-40, 68, 69]. Overall, healthy women have
significantly lower (about half) cTnl and cTnT levels than
healthy men of the same age during the fertility age (about
18-45 years) (Figure 1B) [12, 24, 38-40, 68, 69]. The few studies
using hs-cTnl or hs-cTnT methods to evaluate the physio-
logical changes of cardiac troponin levels during normal or
complicated pregnancy [44, 48, 70-76] have demonstrated
no significant difference between hs-cTnl and hs-cTnT
levels in pregnant, and those in non-pregnant, healthy
women [48, 70-76].

In their systematic review of 2021, Dockree et al. [70]
reported that in only 10 studies (9 for cTnI and 1 for cTnT)
were circulating troponin levels measured in women
with normal or complicated pregnancy, but in only two
were hs-cTnI methods used [71, 75]. The results of this study
suggest that the levels of cTnI and cTnT in healthy pregnant
women are not significantly different from those in healthy
non-pregnant women [70]. Moreover, the Authors observe
that Tnl is elevated in women with pre-eclampsia, but
the mechanism underlying this, and its extent, is not well
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understood [70]. These data [70] confirm those previously
reported by Furends et al. [48], suggesting that elevated
levels of cTnl and cTnT in pregnant women call for greater
attention to cardiac symptoms and renal function.

A more recent study by Minhas et al. [72] analyzed data
on 2,358 women (1,736 non-pregnant and 622 pregnant; age
range 18-40 years) from the US Centers for Disease Control
and Prevention (National Health and Nutrition Examination
Survey) [77, 78]. Less than 5% of both non-pregnant
and pregnant women had diabetes, and less than 10 %,
hypertension. Measurement of hs-cTnT and hs-cTnl values
was made using three different methods (Architect Abbott
Laboratories, Siemens Healthcare Diagnostics, VITROS
Ortho Clinical Diagnostics) on samples collected from 1999
to 2004 [72]. The hs-cTnl and hs-cTnT of women with
uncomplicated pregnancies were comparable to those of
non-pregnant women, both before and after statistical
adjustment for all parameters, including demographics and
cardiovascular risk factors (age, race, ethnicity, diabetes,
blood pressure value, glomerular filtration rate value) [72].
Therefore, all currently available evidence [70-76] indicates
that pregnant women with an uncomplicated delivery
present substantially stable hs-cTnI and hs-cTnT levels that
are similar to those of the pre-partum period.

Several studies have evaluated the clinical relevance of
cardiac troponins methods in women with pregnancies
complicated by diabetes, hypertension, eclampsia or
cardiomyopathy [70-76, 79]. Overall, there appears to be a
significant association between elevated levels of cardiac
troponins in pregnancy and a higher risk of cardiovascular
complications, dystocia and fetal distress [43, 70, 71,
73-76, 80].

Clinical relevance of combined assay of both
cardiac specific biomarkers in pregnancy

The combined measurement of natriuretic peptides and
cardiac troponins provides complementary (rather than
redundant) pathophysiological and clinical information in
patients with cardiovascular diseases [12, 81, 82]. Increased
BNP or NT-proBNP can be caused by physiological activities
and conditions (e.g., change in posture, water immersion,
physical exercise, pregnancy and partum) or, alternatively,
by stress conditions (e.g., trauma, sepsis, renal failure, and
cardiovascular diseases) [12, 15-19, 81]. If the stressor is very
powerful and/or long standing, it can lead to myocardial tis-
sue damage, inducing an increase in hs-cTnl and hs-cTnT
circulating levels above the 99th percentile URL values, thus
demonstrating the presence of myocardial injury, according to
the Fourth Universal Definition of Myocardial Infarction [25].
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Few studies have measured both the cardiac specific
biomarkers in women with normal or complicated
pregnancies with the aim of evaluating whether the
combined assay of NPs and hs-cTn can improve the diag-
nosis, risk stratification and/or management of pregnant
women with preexisting cardiac disease or with a pregnancy
affected by a cardiovascular complication [44, 48, 76]. In
2020, Furenas et al. [48] enrolled 196 healthy pregnant
women from maternal outpatient clinics in order to describe
the intraindividual changes in cardiac biomarker levels
during and after pregnancy, and to verify existing cut-off
levels for heart failure and myocardial ischemia in pregnant
women. Inclusion criteria were pre-pregnancy women
classified as healthy on the basis of cardiac echography, age
18-44 years, without heart, lung or kidney disease, and un-
der no regular medication. The Authors measured
NT-proBNP and hs-cTnT using the Elecsys immunometric
methods (Roche Diagnostics, Mannheim, Germany) on four
occasions: at 10-12, 20-25 gestational weeks of pregnancy,
after delivery, and 6 months postpartum [48]. None of the
women had hypertensive disease or other peripartum or
postpartum cardiovascular complications, but one had fever
during delivery. NT-proBNP values were significantly higher
(p<0.05) at 10-12 gestational weeks (mean 67 ng/L, SD 45 ng/L,
n=196) with respect to both 20-25 gestational weeks (mean
58 ng/L, SD 45 ng/L, n=163) and post-partum (mean 62 ng/L,
SD 44, n=150). Conversely, hs-cTnT values were broadly
stable during pregnancy showing only a significant mean
increment in the peri-partum compared with the other
measurements, including three asymptomatic women with
hs-cTnT values above the cut-off value of 14 ng/L (sample at
0-25 gestational weeks: mean 5.02 ng/L, SD 0.13 ng/L, n=196;
sample at peri-partum: 6.67 ng/L, SD 3.32 ng/L, n=119; p<0.05)
[48]. The Authors concluded that NT-proBNP values of
<300 ng/L can be used to exclude the diagnosis of heart
failure, while hs-cTnT values of <14 ng/L can be used to
exclude the presence of myocardial damage in pregnant
and/or peripartum women [48].

In 2022, Chang et al. [76] enrolled 307 pregnant women
with pre-existing cardiac disease (45% with congenital
heart disease) to test the clinical utility of temporal trends
of NT-proBNP and hs-cTnl throughout pregnancy in women
with preexisting cardiac disease, and to assess the associa-
tion between NT-proBNP and hs-cTnl levels with pregnancy
outcomes. In this study [76], NT-proBNP values remained
steady over the course of pregnancy with a transient
increase during labor and delivery with higher levels in
subgroups of stable cardiac patients. NT-proBNP, adjusted
for age and CARPREG II risk score, was significantly
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associated with combined heart failure and preeclampsia
(adjusted odds ratio per log NT-proBNP increase: 2.14; 95 %
CI: 1.48-3.10; p<0.001). The Authors suggest the use of an
NT-proBNP cut-off level of 200 ng/L for diagnosing heart
failure/preeclampsia in the pregnant cardiac population
[76]. They also suggest that clinicians can expect women
with reduced left ventricular ejection fraction or increasing
cardiac structural complexity to have higher, but stable,
NT-proBNP levels throughout pregnancy. Furthermore, the
presence of NT-pro BNP levels above 200 ng/L in pregnant
women, independently associated with heart failure and
preeclampsia, should prompt clinicians to closely monitor
women throughout pregnancy and peri-partum. Conversely,
on measuring hs-cTnl in 191 pregnant women; only 19
(about 10 %) presented biomarker values above the hs-cTnl
cut-off value (i.e., 15ng/L), thus suggesting the presence of
a myocardial injury [76]. Of these women with increased
hs-cTn values, four had supraventricular tachycardia, two
HF, one preeclampsia, and one myocarditis, while in the
remaining cases, the causes of increased hs-cTnl were
not ascertained. The Authors were unable to establish a
consistent relationship between hs-cTnl and adverse
outcomes, such as preeclampsia and heart failure [76]. This
negative result might be due to the smaller number of
pregnant women (n=191) with measured cardiac troponin
compared to those with NT-proBNP (n=307), and especially
to the extremely small number of pregnant women with
higher hs-cTnI values enrolled in this study (only 19/191,
about 10 %) [76].

In order to clinically interpret the relative changes
in circulating levels of cardiac-specific biomarkers
(i.e., cardiac natriuretic hormones and cardiac troponins)
in pregnant women, some general pathophysiological
considerations should be made [81-88]. The cardiac natri-
uretic system, including two active peptide hormones
(i.e., ANP and BNP), shares some potent physiological
actions (including diuretic, natriuretic, vascular muscle-
relaxing, anti-inflammatory and anti-growth effects)
related to several complex interactions with hormonal,
immunological and nervous systems by way of specific
receptors located in the membranes of cardiomyocytes (12,
15-19, 56-59, 81-83). Of particular relevance in pregnancy
are the relations between the cardiac natriuretic system
and sex steroids, Renin-Angiotensin-Aldosterone system,
glycemic and lipid regulation, and renal function (12, 17, 43,
44, 56-61, 81-88). In particular, the higher BNP/NT-proBNP
levels measured during the first trimester in healthy
pregnant women of NPs are probably due a physiological
NPs system’s response to an increase in steroid
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estrogen production by the placenta, activation of Renin-
Angiotensin-Aldosterone system, and blood volume
expansion [17, 44, 48-50, 85-88]. Likewise, the rapid
increase in BNP/NT-proBNP in the peri-partum period is
due to the physiological response of NPs system to stress
during labor and delivery [44, 48, 52, 53, 62].

Unlike NPs, hs-cTnl and hs-cTnT levels in “healthy”
pregnant women are not significantly different from those in
non-pregnant healthy women, but the biomarker levels
can significantly increase in the peri-partum period, even
if these values are usually lower than the recommended
cut-off levels (i.e., the 99th percentile URL specific for
females) for myocardial injury [44, 48, 62, 72]. This increase
in hs-cTnI and hs-cTnT in the peri-partum period of women
without APO is characterized by a rapid upward and
downward trend (lasting only few days) similar to that
found after strenuous physical exercise in healthy
individuals and athletes [89-92]. Indeed, cardiac troponins
are predominantly located in the cardiac sarcomere bound
to myofibrils, while only approximately 4-9 % of cTnl and
cTnT are present in the cytosol of cardiomyocytes as
unbound-forms showing a lower molecular mass than sar-
comeric forms of biomarkers [91-95]. Experimental studies
suggest several possible mechanisms underlying the extru-
sion of cytosol unbound- or bound-forms (microparticles) of
biomarkers from cardiomyocytes in the absence of cell
death, including transient increases in cell permeability due
to cell damage or formation of membranous blebs [91-95].
Currently no experimental data are available to explain the
mechanisms underlying the release of hs-cTnI and hs-cTnT
in pregnant women during peri-partum.

Several recent studies have reported that pregnant
women with APO (including hypertension, pre-eclampsia,
diabetes, and congenital or acquired cardiomyopathies)
present increased levels of cardiac troponins more
frequently than pregnant women without APO [70, 71, 73-76,
79]. It has also been reported that the frequency of elevated
levels of cardiac troponins is greater in pregnant women
with cardiovascular diseases or diabetes, associated with
dystocia and fetal distress [71-76, 79, 80]. Accordingly, it is
conceivable that hs-cTnl and hs-cTnT concentrations =99th
percentile URL value are associated with a higher cardio-
vascular risk with progression to symptomatic heart and
renal failure, as occurs in apparently healthy women in the
reference population [13, 14, 26-34, 41, 96]. It should be borne
in mind that the presence of a value (specific for female sex
and assay method) [24, 39, 41, 68, 69] above the 99th
percentile URL of the reference population always indicates
the presence of myocardial injury in accordance with the
Fourth Universal Definition of Myocardial Infarction [25].
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Discussion

Since pregnancy acts as a physiologic cardiovascular stress
test by virtue of the hemodynamic changes that occur [3, 84,
85], it may exacerbate underlying cardiac disease or lead to
de novo cardiomyopathy or peripartum cardiomyopathy
[1-3].

As reported by Hameed et al. [3], the incidence of
maternal mortality is increasing in the United States, every
year approximately 17 per 100,000 women dying of
pregnancy-related causes. These Authors [3] recently
reported that in the majority of women who died in US
of cardiovascular complications during pregnancy or
postpartum, the presence of cardiac diseases was frequently
not diagnosed before death. In this US study [3], cardiac
conditions account for approximately one third of all
pregnancy-related deaths, with a disproportionate number
of deaths among non-Hispanic Black people, suggesting that
these women could suffer from insufficient healthcare
before and during pregnancy [97]. On the other hand, aortic
dissection is one of the most common causes of cardiac death
in pregnancy, accounting for 10 out of 28 cardiac deaths in a
cohort of 1.5 million live births enrolled in Nordic countries
[98], which have the lowest maternal mortality rate in the
world [99].

Furthermore, hypertensive disorders are the most
frequent cardiovascular complications of pregnancy
(i.e., preeclampsia complicates 4-5 % of pregnancies) [6-8].
The presence of hypertension in pregnant women is of
particular clinical concern given the fact that it carries a
higher risk of maternal and fetal morbidity and mortality, as
well as a higher lifetime risk of cardiovascular diseases in
women with hypertension [6-8]. In view of this evidence, the
most recent available guidelines recommend that a more
accurate evaluation of cardiovascular risk be made in
early pregnancy, particularly in women with known cardiac
diseases; examinations conducted should include echocar-
diography and laboratory biomarkers [6-11]. However, only
the 2018 ESC Guidelines for the management of cardiovas-
cular diseases during pregnancy recommend that ECG and
troponin levels measurement should be performed in
pregnant woman with chest pain [35].

The results of several studies on women with a normal
or complicated pregnancy indicate that the measurement
of cardiac-specific biomarkers may be useful in predicting
cardiovascular risk, delivery outcome, and/or fetal and
newborn health [48, 50, 51, 64-66, 70-76, 79, 80]. Unfortu-
nately, the few studies available on this issue (the use of
hs-cTn methods, in particular) are heterogeneous in terms
of the number of women enrolled, presence of a control



588 —— Clerico et al.: Cardiac specific biomarkers in pregnancy

group with normal pregnancy, type of complication
(e.g., hypertension, eclampsia, diabetes, cardiomyopa-
thies), biomarkers studied, and analytical performance of
methods used. In particular, only a few studies have been
performed with the specific aim of evaluating the cut-off or
reference values of cardiac biomarkers in pregnant women
[48, 49].

Despite the above limitations, some pathophysiological
and clinical considerations can guide clinicians toward a
more appropriate use of cardiac biomarkers in the assess-
ment of cardiovascular risk in pregnant women. In line with
the Fourth Universal Definition of Myocardial Infarction
[25], we believe a value above the 99th URL percentile
specific for each hs-cTnl and hs-cTnT method, should be
sufficient for a diagnosis of myocardial injury in a pregnant
woman. Moreover, we suggest that the best possible clinical
practice is to measure both the cardiac specific biomarkers
(i.e., BNP or NT-proBNP and hs-cTnl or hs-cTnT) during
the first trimester of pregnancy (basal sample), particularly
in pregnant women with a previous diagnosis of cardio-
vascular disease and/or those with high BMI, smoking habit,
and/or increased blood pressure. This proposal is supported
by several experimental and clinical evidences [43, 48, 50,
64-66, 70, 71, 73-76, 79, 80].

On considering NPs assay it is important to bear in mind
that the biomarker trend during uncomplicated pregnancy
is characterized by an increase in biomarker values in the
first trimester with a progressive decline up to the third
trimester, followed by a sharp rise in the peri-partum period
[42, 44, 49, 60-62]. Due to the diversity of concentration
values in healthy pregnant and non-pregnant women during
pregnancy and peri-partum periods, the wide intra- and
inter-individual variations of these biomarkers (both
40-60 %), and the systematic difference among the assay
methods BNP and NT-proBNP [12, 56, 81, 100], it is difficult to
indicate reliable cut-off values for these biomarkers [48, 49].

Currently, the assay of cardiac specific biomarkers is
not specifically recommended in expert documents and
guidelines [6-11] for the screening or primary prevention
of hypertensive and other cardiovascular disorders in the
pre- or early pregnancy period, even if an accurate clinical
evaluation before pregnancy is recommended in some
guidelines for women with established chronic hyperten-
sion or risk factors for preeclampsia [6-8, 11]. Only the
consensus document published by Hameed et al. [3] in 2023
states that pregnant or post-partum women presenting
with cardiac symptoms should be evaluated for peripartum
cardiomyopathy and significant cardiac conditions using
cardiac testing, such as an ECG, cardiac natriuretic peptides
assay, ECG, or a combination of these, along with a cardiol-
ogy consultation.
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Recent data reported by Hauspurg et al. [66] indicate
that the loss of the physiological upward and downward
trend during pregnancy, which is replaced by stable low
or high BNP or NT-proBNP concentrations, suggests the
presence of cardiovascular complications (e.g., heart failure
and pre-eclampsia) and is associated with a dystocic delivery
and neonatal stress.

Considering the hs-cTnl and hs-TnT assay, the data
reported in Figure 1B demonstrate that on average the age
trend of hs-cTnl levels (measured with the ARCHITECT
method) of healthy women during the fertile period (17-50
years) are relatively stable around the LoD value of the assay
method (about 1-2 ng/L) [39, 68]. In particular, Ravichandran
et al. [71] reported that hs-cTnI could be measured (ARCHI-
TECT method) with a median of 1 ng/L (range 0-783 ng/L) in
546 (62 %) pregnant women (total population 880, mean
age 20.1 years, SD=5.1 years), among whom 28 (3 %) were
classified as having pregnancy-induced hypertension and 10
(1%), preeclampsia. Furthermore, hs-cTnl was above the
99th percentile URL value in only 19 (2 %) women [71]. The
more recent studies report no significant difference between
the hs-cTnl and hs-cTnT levels of healthy pregnant women
and those of healthy non-pregnant women [70, 71]. It is
therefore reasonable to assume that hs-cTnl and hs-cTnT
values above the 99th percentile URL value are always
associated with APO, in particular gestational hypertension,
preeclampsia and ischemic heart disease [70, 71, 73-76, 79].
Moreover, these data indicate that hs-cTnl and hs-cTnT
should be considered a reliable marker of cardiovascular
risk, also in pregnant women.

Circulating hs-cTnI and hs-cTnT levels are considered a
very reliable index of myocardial tissue turnover in healthy
individuals, corresponding to the renewal of <10 mg of car-
diac tissue in healthy adult subjects [22-24, 93, 94, 100, 101].
The physiological renewal rate of myocardial tissue is
proportional to cardiac mass, which could explain why
biomarker values are on average higher in men (mean
heart mass 300 g; range 280-340 g) than in women (average
cardiac mass 250 g; range 230-280 g; Figure 1B). Further-
more, these data explain why circulating hs-cTnl and
hs-cTnT levels are stable in healthy individuals of both sexes
after adolescence (>18 years) up to 55 years; Figure 1B,
and more closely correlated with body height than BMI
[22-24, 41, 69, 93, 94, 100, 101].

Umazume et al. [44] measured mean hs-cTnl concen-
trations and mean left ventricular (LV) mass (evaluated
by echocardiography) values in 51 healthy pregnant women
during five different periods of pregnancy: first trimester
(Tr 1), second trimester (Tr 2), third trimester (Tr 3),
post-partum (days 2-6, PP1) and post-post-partum (days
24-39 days, PP2). If the original data reported by
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Figure 2: Relationship between hs-cTnI concentrations and LV mass
values in healthy pregnant women during different periods of pregnancy.
The Figure reports the results of a logistic 3P regression analysis using the
original data reported by Umazume et al. [44], concerning the mean
hs-cTnl concentrations (X axis) and the mean left ventricular (LV) mass
(evaluated by ECG) values (Y axis) measured in 51 healthy pregnant women
during five periods of pregnancy: first trimester (Tr 1), second trimester (Tr
2), third trimester (Tr 3), post-partum (days 2-6, PP1) and post-partum (days
24-39 days, PP2). The regression analysis was calculated using the original
data reported by Umazume et al. in Table 2 for mean LV mass and mean hs-
cTnlvalues [44]. This analysis was performed by the Authors of the present
review article using the JMP 17.2.1 statistical program (SAS Institute Inc.) for
the statistical analysis of the original data [44].

Umazume et al. (i.e., ref. [44], Table 2) are evaluated by
means of alogistic 3P regression analysis, a highly significant
curvilinear association (chi squared test: p<0.0001,
R=0.93643) is found between the means for hs-cTnl concen-
trations (X axis) and mean LV mass (Y axis) evaluated by
Umazume et al. [44], as reported in Figure 2. These data
indicate that there is also a close association between cTnl
concentration and cardiac mass in women during preg-
nancy, not only in healthy men and women in the general
population [24]. Moreover, these data are in agreement with
available data indicating that cTnl values in healthy preg-
nant women tend to increase in relation to cardiac output
peaks in the early third trimester, following a non-linear
adaptation pattern of cardiovascular function, as suggested
by Meah et al. [84].

Several recent studies have demonstrated that a varia-
tion of 230 % in hs-cTnI and hs-cTnT concentration values
between two samples collected from the same individual at
different time intervals should be considered a clinically
relevant variation, suggesting a significant increase in
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biomarker release from cardiomyocytes [24, 37, 41, 69, 100,
102]. Even in the absence of studies specifically designed to
evaluate the clinical relevance of variations in hs-cTnI and
hs-cTnT throughout the course of normal and complicated
pregnancies, a progressive increase >30% of hs-cTnl
and hs-cTnT found in some serial samples collected
from pregnant women should lead clinicians to suspect
(the presence of a) pathological remodeling of myocardial
tissue (in pregnant women).

Conclusions

Currently, the clinical use of cardiac-specific biomarkers in
pregnancy is severely limited because few studies have been
performed with the specific aim of evaluating the cut-off or
reference values of cardiac-specific biomarkers in pregnant
women [48, 49]. The assay of cardiac specific biomarkers
(i.e., cardiac natriuretic peptides and/or cardiac troponins)
is not specifically recommended in expert documents and
guidelines [6-11] for screening or primary prevention in
women with hypertensive and other cardiovascular disorders
in pre- or early pregnancy. Only the consensus document by
Hameed et al. [3] recommends that pregnant or post-partum
women presenting with cardiac symptoms should be evalu-
ated for peripartum cardiomyopathy and significant cardiac
conditions using cardiac natriuretic peptides, combined with
ECG or echocardiogram, or a combination of these.

According to the Fourth Universal Definition of
Myocardial Infarction [25], it is conceivable that pregnant
women with hs-cTnI and hs-cTnT values >99th reference
URL (i.e., the cut-off value for the diagnosis of myocardial
injury) should be considered at high cardiovascular risk.
There is therefore an urgent need for clinical studies
designed to confirm this hypothesis.

As a practical clinical consideration, all biomarker
assays should be performed in the same laboratory using
the same method in order to maximize the accuracy of
biomarker variability estimation in all pregnant women
with respect to a reliable baseline testing value, because the
measured values of both cardiac-specific biomarkers are
method-dependent [37-41, 55, 56, 69, 81, 100, 102].
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