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In order to study the influence of gender on circulating

levels of cardiac natriuretic hormones (CNHs) in heart

failure, we measured the plasma levels of atrial natri-

uretic peptide (ANP) and brain natriuretic peptide (BNP)

by means of highly sensitive and specific IRMA meth-

ods in 239 consecutive patients (age 64.7±11.6 years,

range 21–89 years; 170 men and 69 women) with car-

diomyopathy. There was different response of CNH ac-

cording to gender in patients with heart failure, as indi-

cated by the ratio between the individual CNH values

of patients and the gender-specific cut-off values. In-

deed, the mean ratio for ANP found in men (3.6±3.6)

was significantly higher (p = 0.0075) than that found in

women (2.4±2.1). The mean ratio for BNP was on aver-

age 2.3 fold higher (15.9±27.1 in men and 6.9±6.8 in

women, p = 0.0084). Moreover, age, ejection fraction,

and disease severity independently and significantly

contributed to regression with both ANP (R = 0.612, 

F = 39.969, p < 0.0001) and BNP (R = 0.656, F = 49.957,

p < 0.0001) values, while gender did not. In conclusion,

our study suggests a different, gender-specific activa-

tion of the CNH system in this clinical condition, al-

though age, ejection fraction and disease severity

seem to be more powerful predictors than gender of

circulating levels of ANP and BNP in patients with heart

failure. Clin Chem Lab Med 2003; 41(5):686–692
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Abbreviations: ANP, atrial natriuretic peptide; BNP,
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Introduction

Human cardiomyocytes secrete a family of related pep-
tide hormones (cardiac natriuretic hormones; CNHs)
with powerful diuretic, natriuretic, and vascular smooth
muscle-relaxing effects, as well as complex interac-
tions with other neurohormonal systems, as recently

reviewed (1–6). CNHs include atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP), and their related
peptides (including proANP- and proBNP-related pep-
tide); while C-type natriuretic peptide(CNP) and urodi-
latin, structurally related to the ANP/BNP family, are not
secreted by the heart but by other tissues (1–6).

CNHs are greatly increased in diseases characterized
by an expanded fluid volume (2). In particular, the im-
portance of measuring circulating levels of these pep-
tide hormones for the classification of patients with
heart failure and/or for predicting their mortality/sur-
vival rates, has been recently reported (1–7). 

Age and sex are two well-recognized cardiovascular
risk factors (8). The incidence of ischemic heart disease
increases with age, however, it is lower in women dur-
ing their child-bearing years than in men, while after
menopause this difference disappears (8–14).

The relationship between CNHs and gender and/or
age has been little investigated in humans, both in
healthy subjects (2, 15–22) and in patients with heart
failure (23). This lack of studies specifically dedicated to
the influence of age and gender on the CNH system
could be due to methodological problems, i.e., diffi-
culty with finding a sufficient number of truly healthy
subjects over 65 years of age, since approximately 85%
of the people over the age of 65 suffer from one or
more chronic conditions (24). Another methodological
problem is related to the very low plasma concentra-
tions of CNHs in normal adults (on average about
10–20 pg/ml), which often are below, or close to, the
sensitivity level of immunoassay methods generally
used to measure these hormones (2, 25). On the whole,
the reference values for ANP and BNP, commonly used
in pathophysiological studies as well as in clinical prac-
tice, have been calculated from a small number of sub-
jects, without taking into account possible effects of
age and sex. This is important because it is well known
that the incidence of cardiac disease increases progres-
sively with age (14, 15, 24).

On the other hand, there is growing evidence for po-
tential gender differences in subjects with heart failure:
several studies addressed diagnosis, epidemiology, re-
sponse to treatment, and outcome of this disease (23,
26–33). Taken as a whole, these studies suggest a
lower susceptibility of middle-aged women to heart
failure, a more favorable clinical course of disease in
this group, and even better survival (23).

To explain, at least in part, these findings, it has been
suggested that female sex steroid hormones have a
cardioprotective role in normal cycling women and in
postmenopausal women treated with hormone re-
placement therapy (9–13). Recent studies from our lab-
oratory suggest that, if there is a cardioprotective ac-*E-mail of the corresponding author: clerico@ ifc.cnr.it
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tion of sex steroid hormones, this could be, at least in
part, mediated by the CNHs (22, 34).

In order to study the influence of gender on circulat-
ing levels of CNHs and its possible pathophysiological
role in heart failure, we measured the plasma levels of
ANP and BNP by means of highly sensitive and specific
IRMA methods (17, 19, 35) in two large groups of
healthy adult subjects and in patients with different
severity of heart failure.

Subjects, Materials and Methods

Control group

The control group consisted of 222 healthy subjects (109 men
and 113 women) with age ranging from 20 to 77 years (mean
age 43.9±14.6 years). Physiological characteristics of this pop-
ulation were reported in detail elsewhere (22). In particular,
women did not take female steroid hormones (i.e., contracep-
tive steroids or hormone replacement therapy) and all the sub-
jects had normal thyroid function. Moreover, we present here
only the ANP and BNP data, which are of interest for the pre-
sent study. The mean ANP value found was 17.8±10.9 pg/ml
(16.7±10.0 pg/ml in men and 18.8±11.7 pg/ml in women). The
97.5th percentile for ANP values (considered as cut-off) of for
the whole population was 42 pg/ml (39 pg/ml for men and
49 pg/ml for women). The mean BNP value was 9.9±8.9 pg/ml
(7.7±7.0 pg/ml in men and 12.3±10.0 pg/ml in women,
p < 0.0001, respectively). The 97.5th percentile for the distribu-
tion of BNP values for the whole population was 39 pg/ml
(24 pg/ml for men and 39 pg/ml for women).

Patients with heart failure

We studied 239 consecutive patients (age 64.7±11.6 years,
range 21–89 years; 170 men and 69 women) with chronic car-
diomyopathy, admitted to our Institute. Male patients had a
mean age (63.5±11.9 years), significantly lower than that of
female patients (68.0±10.0 years, p = 0.0096). Cardiac mor-
phology and function were assessed by 2D-echocardiogra-
phy, radionuclide ventriculography, or cardiac catheterization,
as appropriate. In order to study patients with a significant re-
duction of left ventricular function, only patients with ejection
fraction less than 45% were enrolled in the study.

The patients were divided into two subsets according to the
New York Heart Association (NYHA) functional class: 52% of the
patients were in I-II NYHA class and 48% in III-IV NYHA class. 

Patients were treated with a relative restriction of water-
sodium intake (using a personalized diet with a sodium intake
of 100–140 mmol/day) and with optimal pharmacological
treatment including digitalis, vasodilators (generally an-
giotensin converting enzyme (ACE) inhibitors, nitrates), di-
uretics (frusemide and/or potassium-sparing agents), and/or
carvedilol. Moreover, women did not take female steroid hor-
mones (i.e., contraceptive steroids or hormone replacement
therapy) and all the patients had normal thyroid function.

Moreover, patients with atrial fibrillation, as well as those
with an acute myocardial infarction or myocarditis, which
may affect the secretion and/or metabolism of CNHs, were
also excluded from the study. 

Informed consent was obtained from all individuals en-
rolled in the study.

Plasma samples 

We collected blood samples between 8 am and 9 am after an
overnight fast, and after 15 min of rest in a supine position. Af-

ter collection, blood samples (10 ml) were immediately put
into ice-chilled disposable polypropylene tubes containing
aprotinin (500 KIU/ml of plasma) and EDTA (1 mg/ml of
plasma). Plasma samples were rapidly separated by centrifu-
gation for 15 min at 4 °C, and then frozen and stored until as-
say (usually performed within one month) at –20 °C in 1 ml
aliquots in polypropylene tubes.

ANP and BNP IRMAs 

Plasma ANP and BNP were measured (at least in duplicate)
with two-site (sandwich) IRMA methods, previously set up in
our laboratory, which do not require a preliminary step for ex-
traction or purification of plasma samples (direct assay) (17,
19, 35). These IRMA methods use two monoclonal antibodies
prepared against two sterically remote epitopes of the human
ANP or BNP molecule, of which one is included in the ring
structure of the peptide chain. One antibody is coated onto the
solid phase beads and the other is radiolabeled with 125I. 

The assay sensitivity of ANP IRMA was about 2 pg/ml and
the working range was from 10 to 2000 pg/ml (17, 35). The be-
tween-assay precision (CV%) was 11.4% (mean ± SD =
22.6±2.6 pg/ml, n = 16) and 10.7% (25.6±2.7 pg/ml, n = 12) for
the two plasma pools with ANP concentrations in the normal
range, prepared by pooling together several plasma samples
collected from normal subjects, and 8.0% (178.6±14.3 pg/ml,
n = 16) and 6.7% (162.2±10.8 pg/ml, n = 12) for the other two
pools with ANP levels above the normal range, prepared by
pooling several plasma samples collected from patients with
heart failure.

The assay sensitivity of BNP IRMA was about 2.5 pg/ml and
the working range was from 5 to 2000 pg/ml (17, 19). The be-
tween-assays precision was 11.0% for one plasma pool with
BNP concentration in the normal range (5.10±0.56 pg/ml, n =
10), prepared by pooling together several plasma samples
collected from normal subjects, and 9.0% (58.7±5.3 pg/ml, n =
10) for another pool with BNP concentration above the upper
limit of normal range, prepared by pooling several plasma
samples collected from patients with heart failure.

Statistical analysis

Statistical analysis was carried out on a Power Macintosh G3
personal computer using the Stat-View 5.0.1 program
(1992–98, SAS Institute Inc., SAS Campus Drive, Cary, NC,
USA). Because ANP and BNP values in healthy subjects are
not normally distributed, the logarithmic transformation of
data were used for statistical analysis. ANP or BNP values,
considered as dependent variables, and gender, ejection frac-
tion values, and the severity of disease, considered as inde-
pendent variables, were also analyzed by linear multiple re-
gression analysis using a stepwise model (forward selection)
and the logarithmic transformation of original data. In this
type of analysis, the severity of disease was considered to be
a dummy variable, assigning score 1 to mild disease (NYHA
class I-II) and score 3 to severe disease (NYHA class III-IV),
while gender was another dummy variable with score 0 for
women and score 1 for men. 

The results are expressed as mean ± SD if not otherwise
stated. p-Values were considered significant when less than
0.05.

Results

As expected, greatly increased CNHs were found in pa-
tients with heart failure compared to healthy subjects
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(p < 0.0001). The mean ANP value found in patients with
heart failure of both sexes was 132.8±131.0 pg/ml (me-
dian = 87.5, range 5.3–922.0 pg/ml), while the mean
BNP value in the same patients was 342.9±568.4 pg/ml
(median 193.8 pg/ml, range of 3.7–7018.0 pg/ml). The
ANP and BNP values observed, categorized according
to gender and severity of heart failure, are reported in
Table 1; as also expected, higher values of CNHs were
found in patients with more severe disease. Moreover,
there were no significant differences between the CNH
values found in men and women.

In order to better estimate whether there is a differ-
ent response of the CNH system according to gender in
patients with heart failure, we calculated the ratio be-
tween the respective CNH values of patients and the
different cut-off values for ANP (i.e., 39 pg/ml for men
and 49 pg/ml for women) or BNP (i.e., 24 pg/ml for men
and 39 pg/ml for women). For ANP, the mean ratio
found in men (3.6±3.6) was significantly higher (p =

0.0075) than that found in women (2.4±2.1). In particu-
lar, this ratio was 2.4±2.7 and 1.4±1.2 (p = 0.0298) in
male and female patients with mild disease, while it
was 5.0±4.0 and 4.4±2.0 in male and female patients
with more severe disease (p = 0.5240), respectively
(Figure 1). For BNP, the mean ratio found in men
(15.8±27.1) was significantly higher (p = 0.0084), on av-

Table 1 ANP and BNP values of patients with heart failure
classified according to gender and degree of heart failure.
Mild disease includes patients in NYHA functional classes I
and II, while severe disease indicates patients in NYHA func-
tional classes III and IV.

ANP (pg/ml; mean ±SD)

Severity of heart Men Women p* 
failure

Combined mild 141.2±140.7 114.9±101.3 0.2606
and severe (166) (68)

Mild 94.4±105.3 64.5±56.0 0.2681
(80) (40)

Severe 195.3±157.6 217.5±97.9 0.0827
(86) (28)

p** <0.0001 <0.0001

BNP (pg/ml; mean ±SD)

Severity of heart Men Women p* 
failure

Combined mild 381.9±649.6 252.0±266.8 0.1577
and severe (165) (68)

Mild 177.0±203.9 112.2±121.9 0.1726
(79) (40)

Severe 604.2±863.4 510.4±281.1 0.5310
(86) (28)

p** <0.0001 <0.0001

*p-Values between gender groups calculated by means of the
t test for unpaired data using the logarithmic transformation
of original data set; **p-values calculated between patients
with mild and severe disease by means of the t test for un-
paired data using the logarithmic transformation of original
set of concentration values. The numbers of patients studied
are indicated within parentheses.

Figure 1 Ratios between the individual ANP values of pa-
tients and the different cut-off values in men (39 pg/ml) and in
women (49 pg/ml). The results are expressed as boxes with
five horizontal lines, displaying the 10th, 25th, 50th (median),
75th, and 90th percentiles. All values above the 90th per-
centile and below the 10th percentile (outliers) are plotted
separately (as circles). Mild disease �; Severe disease  �.

Figure 2 Ratios between the indiviual BNP values of patients
and the different cut-off values found in men (24 pg/ml) and in
women (39 pg/ml). The results are expressed as boxes with
five horizontal lines, displaying the 10th, 25th, 50th (median),
75th, and 90th percentiles. All values above the 90th per-
centile and below the 10th percentile (outliers) are plotted
separately (as circles). Mild disease �; Severe disease  �. 
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erage 2.3 times, than that found in women (6.9±6.8).
This ratio was 7.1±8.3 and 3.5±3.8 (p = 0.0157) in male
and female patients with mild disease, while it was
25.1±35.8 and 13.2±7.3 in male and female patients
with more severe disease (p = 0.1225), respectively
(Figure 2).

As expected, negative linear regressions were found
between the logarithmically transformed ANP
(Figure 3) and BNP (Figure 4) values and the left ven-
tricular ejection fraction (EF) of patients with heart fail-
ure. However, gender did not affect EF in patients with
the same severity of disease, as reported in Table 2. We
used the analysis of covariance (ANCOVA) to test the
influence of gender (considered as effect factor) on the
relationship between CNH levels (considered as de-
pendent variable) and the EF values (considered as co-
variate variable). These data suggest that gender does
not significantly affect the inter-relationships between
the individual ANP (Table 3) or BNP (Table 4) levels and
the respective EF values in patients with heart failure.

In order to consider the possible effect of age,
gender, EF, and disease severity as determinants of cir-
culating levels of CNHs, we analyzed the data from all
patients with heart failure by multiple stepwise regres-
sion analysis, where ANP or BNP values were consid-

ered dependent variables, and gender, age, EF, and
severity of disease were independent variables. Age,
EF, and disease severity independently and signifi-

Figure 3 Linear regression analysis of the relationship be-
tween plasma ANP (logarithmic transformation) and ejection
fraction (EF) in men (A) and women (B).

Figure 4 Linear regression analysis of the relationship be-
tween plasma BNP (logarithmic transformation) and ejection
fraction (EF) values in men (A) and women (B).

Table 2 Ejection fraction values (%) in patients with heart
failure classified according to the severity of the disease and
gender.

Severity of heart Men Women p* 
failure EF (%) (EF%)

(Mean ± SD) (Mean ± SD)

Combined mild 28.4±8.8 30.9±7.6 0.0497
and severe (159) (62)

Mild 31.9±8.6 33.5±6.3 0.3490
(76) (37)

Severe 24.9±8.1 26.3±7.7 0.4812
(83) (25)

p** <0.0001 0.0004

*p-Values calculated for the EF values found in men and
women by means of the t test for unpaired data; **p-values
calculated for patients with mild and severe disease by means
of the t test for unpaired data. The numbers of patients stud-
ied are indicated within parentheses.
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only in women with severe left ventricular dysfunction
(23). However, a limitation of this study is that, even if
1883 subjects were enrolled into the study, only 2.5%
(23 men and 25 women) showed left ventricular dys-
function according to the clinical and experimental pro-
tocol used. Furthermore, the measurements of ANP
and BNP were performed only in some of these sub-
jects (23). Finally, left ventricular dysfunction was sig-
nificantly greater in males, obviously influencing CNH
levels (EF: 37±2 vs. 43±1%).Our data also suggest that
there is a different, gender-related response of the CNH
system between male and female patients with heart
failure. 

Indeed, plasma ANP and BNP levels are not signifi-
cantly different between male and female patients,
even if, on average, male patients have higher levels
than female patients (Table 1). However, it is is im-
portant to note that male patients are on average sig-
nificantly younger than female patients (63.5 vs.
68.0 years). The effect of lower age of males tends to re-
duce the difference in CNH levels between genders, be-
cause CNH levels increase with aging in both sexes,
and healthy women aged over 50 years generally show
higher CNH levels (especially for BNP) than men of the
same age (22).

Due to the higher circulating CNH values in women
than in men, gender-specific cut-off values (such as the
97.5th percentile of ANP or BNP distribution values)
have been recently recommended in clinical practice
(22, 38, 39). 

In particular, the use of gender-specific cut-off values
for ANP and BNP can allow the calculation of an index
of hormonal response as the ratio between the hor-
mone levels of patients with heart failure and the re-
spective, gender-related, cut-off values. Since the cut-
off values are greater for women than for men, while
the mean CNH concentrations are not significantly dif-
ferent between male and female patients (Table 1), this
ratio became smaller for women than for men. 

Therefore, our study suggests that male patients
show a greater activation of the CNH system than fe-
male patients (Figure 1 and 2). In particular for BNP, this
index indicates that male patients with heart failure
show, on average, an increase in hormone levels of ap-
proximately 20 times compared to healthy men, while
female patients show an increase in hormone levels of
approximately 7 times compared to healthy women. 

Furthermore, our data suggest that male patients
with heart failure have a greater and earlier activation
of the CNH system than female patients (expecially for
BNP). However, with the progression of the disease
from mild to severe, the degree of hormone activation
tends to reach a maximum with similar circulating lev-
els in male and female patients for both ANP and BNP.

Since there is a close negative relationship between
EF and circulating levels of CNH (Figure 3 and 4), it
could be hypothesized that the gender-related differ-
ence in hormone response may be due to lower EF val-
ues of male patients with heart failure than those of fe-
male patients. However, the data reported in Table 2
indicate that there were no significant differences in EF

cantly contributed to the regression with logarithmic
transformation of original data both for ANP (R = 0.612,
F = 39.969, p < 0.0001) and BNP (R = 0.656, F = 49.957,
p < 0.0001), while gender did not.

Discussion

An independent stimulatory effect of aging and female
sex hormones on ANP and BNP levels in healthy adult
subjects has been recently suggested (22). Women
showed higher levels of plasma BNP than men
throughout adult life (20 to 80 years of age), while ANP
values were higher in women only until the meno-
pause (22). These data suggest that production/secre-
tion, turnover and/or peripheral sensitivity of CNHs are
differently regulated in men and women throughout
the adult life.

Several studies have suggested a cardioprotective
role for endogenous sex female steroid hormones in
normal cycling women and for estrogen replacement
therapy in postmenopausal women (9–13). Two recent
studies from our laboratory indicated that this cardio-
protective action could be mediated, at least in part, by
the stimulatory effect of estrogens on the CNH system
(22, 34). This cardioprotective action may explain the
lower incidence of cardiovascular disease in normal cy-
cling women compared to men of the same age, as
well as the gender-specific differences in the patho-
physiological and biochemical mechanisms of heart
failure (14, 23, 24, 36, 37). 

Very recently, Luchner et al. (23) suggested a gender-
specific control of myocardial adaptation to hemody-
namic overload and a more rapid induction of left ven-
tricular hypertrophy during myocardial dysfunction in
men than in women. In this population-based study,
men with moderate or severe left ventricular dysfunc-
tion were characterized by an increase in CNH levels; in
contrast, CNH levels increased to a lesser extent and

Table 3 ANCOVA analysis of ANP values (logarithmic trans-
formation) of patients with heart failure.

DF F-value p-value

Gender 1 0.269 0.6046
EF 1 36.695 <0.0001
Gender * EF 1 0.536 0.4648
Residual 216

Table 4 ANCOVA analysis of BNP values (logarithmic trans-
formation) of patients with heart failure.

DF F-value p-value

Gender 1 1.284 0.2585
EF 1 34.020 <0.0001
Gender * EF 1 1.464 0.2276
Residual 214

Gender * EF: interaction term between gender and EF, DF: de-
gree of freedom.
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values between male and female patients, when con-
sidering the severity of disease. Furthermore, gender
does not significantly affect the relationships between
the individual ANP (Table 3) or BNP (Table 4) levels and
the respective EF values of patients with heart failure.

Finally, age, EF, and severity of disease, but not gen-
der, were found to be independently related to circulat-
ing levels of ANP and BNP by multiple regression
analysis; this indicates that hemodynamics and/or
other pathophysiological mechanisms are more pow-
erful predictors of activation of the CNH system than
gender in patients with heart failure.

In conclusion, our study suggests a gender-specific
activation of the CNH system in this clinical condition,
though age, ejection fraction, and disease severity
seem to be more powerful predictors of circulating lev-
els of ANP and BNP than gender in patients with heart
failure.
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