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Aims B-type natriuretic peptide (BNP) measurement in screening for left ventricular hypertrophy (LVH)
and left ventricular systolic dysfunction (LVSD) has been evaluated in the general population, but cor-
responding information on proBNP and the N-terminal proBNP fragment is still limited. We therefore
examined whether proBNP measurement is useful for LVH and LVSD screening in the general population.
Methods and results In the 4th Copenhagen City Heart Study, 3497 participants underwent echocardio-
graphy with assessment of left ventricular ejection fraction (LVEF) and mass. The impact of gender and
age was determined and the diagnostic performance of the plasma proBNP concentration was evaluated
using receiver operating characteristic (ROC) curves. Of 1502 men and 1995 women, 4.1 and 2.6% had
LVSD defined as an LVEF , 60% whereas only 0.4% displayed LVEF , 40%. The proBNP concentration was
1.7-fold higher in women compared with men (P, 0.0001) and related to age in both genders. The
mean proBNP plasma concentration was two-fold higher in subjects with LVSD than without LVSD
(P, 0.0001). Likewise, LVH imposed a 1.9-fold increase in the proBNP concentration (P, 0.0001):
Both differences persisted after adjusting for ischaemic heart disease, hypertension, diabetes,
gender, and age. The diagnostic performance of proBNP in detecting LVEF, 40% was high with an
area under the ROC curves of 0.92 (95% CI 0.79–1.00) in women and 0.85 (95% CI 0.74–0.96) in men.
Conclusion We have established the impact of age and gender on the proBNP concentration in a large,
community-based cohort. The diagnostic performance for proBNP measurement in screening for LVH and
LVSD in the general population parallels the reported data for BNP.
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Introduction

Left ventricular hypertrophy (LVH) and left ventricular
systolic dysfunction (LVSD) are common conditions in
today’s world. Both conditions can precede overt heart
failure, which still is a grave disease associated with high
morbidity and mortality.1–3 In heart failure, echocardiogra-
phy has become the gold standard examination providing
information on LV anatomy and function. Echocardiographic
testing, however, is most often performed in patients when
cardiac disease is already suspected. Clinicians in general
practice consequently often make critical decisions based
on diffuse and unspecific symptoms. Moreover, patients
with mild to moderate LVH and LVSD may not present signs
or even acknowledge their symptoms.4 Thus, there is a
need for simple tools to facilitate identification of LVH and
LVSD in the general population.5,6

Plasma concentrations of cardiac-derived natriuretic pep-
tides have been firmly associated with cardiac function.7,8 In
particular, increased concentrations of atrial natriuretic
peptide (ANP), B-type natriuretic peptide (BNP), as well as
the N-terminal fragments of their biosynthetic precursors
(N-terminal proANP and proBNP), are hallmarks of con-
gestive heart failure. Accordingly, the European Society of
Cardiology has suggested that measurement of the cardiac-
derived peptides may be helpful in diagnosing chronic heart
failure.9 Automated assays for measurement of BNP and
the N-terminal proBNP fragment 1–76 in plasma have
now become available and may facilitate routine
measurement.10

Most studies so far have focused on patients consulting
either a physician or an emergency ward, which indicates
a sudden change in their clinical status. In contrast,
measurement of natriuretic peptides as a tool for commu-
nity screening is not well elucidated.11 Although some of
the first studies on BNP as marker for severe LVSD were
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highly promising,12,13 plasma BNP and N-terminal proANP
measurement has also been reported to be suboptimal for
LVH and LVSD screening in the general population.14,15

Other reports suggest that measurement of the N-terminal
proBNP peptides increases the diagnostic usefulness in
primary care16 and may even be used for LVSD community
screening.17,18 Recently, a population-based study compared
BNP with N-terminal proBNP as heart failure markers and
suggested that the N-terminal proBNP fragment (NT-proBNP)
is ‘at least equivalent’ to BNP in detecting LVSD.19

Although different BNP assays have been used in the clini-
cal studies, one automated assay has predominantly been
employed to examine the clinical usefulness of N-terminal
proBNP measurement.20 A noteworthy discrepancy,
however, persists in head-to-head comparisons of the few
available N-terminal proBNP assays.21,22 Moreover, BNP and
N-terminal proBNP concentrations are not always related,
which has led to the suggestion that the two markers may
have different diagnostic performances depending on the
clinical situation.23 Importantly, the discrepancies may not
solely be due to analytical variation between the different
assays but could also be caused by changes in the molecular
heterogeneity of the peptides in plasma.24 In the present
study, we, therefore, evaluated plasma measurement of
intact proBNP together with its N-terminal fragment using
a processing-independent assay (PIA). Plasma proBNP con-
centrations were determined in a large, community-based
population in relation to age and gender, and the diagnostic
performance in detecting LVH and LVSD was assessed.

Methods

Study population

The study was performed as a substudy of the 4th Copenhagen City
Heart Study, a longitudinal cohort study of cardiovascular disease
and risk factors.25,26 At the first examination in 1976–78, a
random sample of 19 329 citizens living within a defined area of
inner Copenhagen city boundary was drawn from the Copenhagen
Population Register and invited to take part in the study. The
sample was stratified by gender and age (5-year strata from the
age of 20 years) so that nearly equal numbers within each stratum
were invited. At the fourth examination, which took place in
2001–03, a total of 12 600 persons were invited in a random
order. This study population consisted of participants from the pre-
vious examinations who were still alive (n ¼ 11 600) supplemented
by a random sample of persons from the younger age strata
(n ¼ 1000). Out of these, 6238 (49.5%) participated and 3497
(56.1%) randomly selected participants underwent an echocardio-
graphic examination, thus constituting the population included in
the present report. Whether a participant underwent echocardio-
graphy or not was completely independent of health status and
other risk factors. All subjects gave informed consent to participate,
and the study was performed in accordance with the 2nd Helsinki
Declaration and was approved by the regional ethics committee.

Health examination

Blood pressure was measured in the sitting position after a 5 min
rest with a London School of Hygiene sphygmomanometer with an
appropriately sized cuff on the left upper arm. Hypertension was
defined as systolic blood pressure. 130 mmHg or diastolic blood
pressure. 80 mmHg. Non-fasting blood samples were obtained for
measurement of plasma glucose and creatinine by enzymatic
methods. Blood samples for measurement of plasma proBNP were
collected in EDTA-containing vacutainers, immediately centrifuged

at 3000 rpm for 10 min, and the plasma was stored at 2708C until
analysis. Height and weight were measured without shoes and
heavy clothing, and the body mass index (BMI) defined as weight/
height2 (kg/m2). Body surface area was calculated by the formula:
0.007184 � weight0.425 � height0.725 (m2). Anamnestic information
was obtained regarding ischaemic heart disease, diabetes mellitus,
and present medication. Ischaemic heart disease was defined as
either a history of hospital admission due to acute coronary artery
occlusion, percutaneous coronary intervention or coronary artery
bypass grafting, or major ischaemic alterations on the electrocardio-
gram as defined by the Minnesota codes 1.1–3. Diabetes mellitus was
defined as a non-fasting plasma glucose concentration �11.1 mmol/L
or use of antidiabetic medicine or self-reported disease.

Echocardiography

All the echocardiograms were performed by three experienced echo
technicians using GE Vingmed Ultrasound’s Vivid Five ultrasound
machine with a 2.5 MHz probe (Horten, Norway). The collected
data were stored on magneto-optical discs and in an external Fire-
Wire hard drive and analysed off-line by one expert with the
EchoPAC program version 6.4.3f1. All subjects were examined
with two-dimensional and M-mode echocardiography while lying
down on their left side. All images were recorded in second harmo-
nic imaging and at the time of end-expiration. One loop of the
apical four-chamber, two-chamber, and long-axis projections were
recorded, more if atrial fibrillation was present. The 16 standard
segments model as suggested by the American Society of
Echocardiography27 was used for evaluation of regional function.
The wall motion index was estimated and used for calculation of
the left ventricular ejection fraction (LVEF).28–30 LVSD was defined
as LVEF, 60%, unless otherwise stated. One loop was recorded of
the parasternal long axis and one M-mode still frame in correct
908 angle between the tips of the mitral leaflets and the tips of
the papillary muscles. If the correct angle could not be obtained,
two-dimensional images were used instead to quantify the myocar-
dial thickness and the dimensions of the left ventricle. The LV mass
index (LVMI) was calculated by the formula: [0.8 � (1.04((IVSþ
LVDdþ LVPW)32 LVDd3))þ 0.6]/body surface area,31, where IVS
and LVPW are the thickness of the interventricular septum and the
posterior wall of the left ventricle in diastole and LVDd is the dia-
meter of the left ventricle in diastole. LVH was defined as
LVMI � 104 g/m2 for women and �116 g/m2 for men.32

Plasma proBNP measurement

The plasma proBNP concentration was measured using a PIA.33

Plasma was incubated with the endoprotease trypsin (Worthington
Cooperation). Trypsin cleaves intact proBNP and its N-terminal frag-
ments at an arginyl residue in position 21, which releases a uniform
fragment (proBNP 1–21) from each molecule. The enzymatic reac-
tion was terminated by boiling the mixture, and the proBNP 1–21
fragment was quantitated with a radioimmunoassay specific for
the N-terminal decapeptide. The analytical validation of this PIA
has been reported elsewhere.34 The present inter-assay coefficients
of variation were 23% at 38 pmol/L, 11% at 76 pmol/L, and 7% at
152 pmol/L (n ¼ 62). Overall, the molar measurements using this
PIA proBNP assay are highly comparable with those of, for instance,
the NT-proBNP assay on the Elecsys platform from Roche with a
negligible systematic bias (manuscript in preparation).

Statistical analyses

The plasma proBNP concentrations in the population were positively
skewed and therefore logarithmically transformed (ln) prior to
further statistical analysis. Comparisons between groups were per-
formed by Student’s t-test, x2 test, and test for trend by linear
regression. Associations were tested by univariate and multivariable
linear regression analyses. The parameters included in the multi-
variable analyses were chosen from the existing information on
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medical conditions that can affect the proBNP concentration
(ischaemic heart disease, hypertension, diabetes, gender, and
age). The diagnostic performance of proBNP for detection of LVSD
and LVH was evaluated by receiver operating characteristic (ROC)
curves with calculation of areas under the curves (AUC) of sensi-
tivity plotted vs. 1-specificity for each possible cut-off proBNP
concentration. Cut-off values for proBNP concentrations ruling out
LVSD or LVH were then estimated from the curves assuring 100% se-
nsitivity with the highest possible specificity. Cut-off values for
proBNP concentrations diagnosing LVEF, 40% assuring 95% specificity
were also found with corresponding estimates of the positive predic-
tive values. Confidence intervals (CIs) for these estimates were calcu-
lated using Bootstrap estimation (10 000 replications) with the 2.5th
and 97.5th percentiles. P, 0.05 on two-sided tests were considered
significant. Values in brackets are 95% CIs, unless otherwise stated.
All analyses were performed by SAS (SAS System for Windows,
release 8.02, SAS Institute Inc., Cary, NC, USA) and Stata software
(release 8.2 College Station, Stata Corporation, TX, USA).

Results

The characteristics of the study cohort are listed in Table 1.
There was no difference in mean age between men and
women. Of the 1502 men, 62 (4.1%) had LVSD defined as
an LVEF , 60% on echocardiography, whereas 52 of the
1995 women (2.6%) had LVEF , 60%. As expected, the
prevalence of ischaemic heart disease and LVH was higher
in men, whereas the geometric mean plasma proBNP
concentration was 1.7-fold higher in women compared
with men [16.4 (15.5–17.4) vs. 9.8 (9.0–10.6) pmol/L,
P, 0.0001]. LVEF , 50% was present in 37 subjects (1.0%;
13 females and 24 males), and only 14 subjects (0.4%; five
females and nine males) displayed severely reduced

LVEF , 40%. In addition, subjects in medical treatment for
hypertension displayed a 1.9-fold higher proBNP concen-
tration compared with subjects not in treatment [22.7
(20.3–25.4) vs. 11.8 (11.1–12.4) pmol/L, P, 0.001].

To assess the distribution of LVSD and LVH according to the
proBNP concentrations, we divided the population into
inter-quartile intervals of proBNP (Table 2). Both LVSD and
LVH were more common in men with proBNP concentrations
in the highest inter-quartile interval, which underscores
the association between the plasma proBNP concentration
and LV function and anatomy. Overall, the mean proBNP
concentration was two-fold higher in subjects with LVSD
than in subjects without [25.4 (19.1–33.8) vs. 12.8
(12.2–13.5) pmol/L, P, 0.0001]. In a multivariable analysis
including ischaemic heart disease, hypertension, diabetes,
gender, and age, this increase remained unaffected
(P, 0.01). In parallel, the presence of LVH imposed a
1.9-fold increase in plasma proBNP concentrations [21.6
(18.8–24.8) vs. 11.4 (10.8–12.1) pmol/L], which persisted
after adjusting for ischaemic heart disease, hypertension,
diabetes, gender, and age (P , 0.0001).

Both gender and age have been shown to influence the
BNP concentrations in plasma.35 To examine the possible
impact of these parameters on plasma proBNP concen-
trations, we stratified the population according to gender
and age (Table 3). In subjects without LVSD and LVH, the
impact of increasing age was more than three-fold
between subjects ,50 years compared with subjects .70
years for both men (4.3-fold, P, 0.0001) and women
(3.3-fold, P, 0.0001). This difference was further pro-
nounced in men with LVSD (8.6-fold in men, P, 0.0001;
3.3-fold in women, P, 0.0001) and in subjects with LVH

Table 1 Population demographics

Men Women P-value

Number of included subjects 1502 1995
Age (years) 57.9 (57.1–58.7) 59.2 (58.4–59.9) 0.02
BMI (kg/m2) 26.3 (26.1–26.5) 25.2 (25.0–25.4) ,0.0001
Plasma creatinine (mmol/L) 87 (86–88) 75 (74–76) ,0.0001
Hypertension (%) 68 (66–71) 61 (60–63) ,0.0001
Blood pressure medicine (%) 15 (13–17) 18 (17–20) 0.016
Diabetes (%) 12 (11–14) 6 (5–8) ,0.0001
Ischaemic heart disease (%) 9 (8–11) 5 (5–7) ,0.0001
LVH (%) 18 (15–20) 12 (11–14) ,0.0001
LVSD (%) 4.1 (3.1–5.3) 2.6 (2.0–3.4) 0.013
Plasma proBNP (pmol/L) 9.8 (9.0–10.6) 16.4 (15.5–17.4) ,0.0001

Data are presented as geometric means or proportions with 95% CIs in parentheses. LVSD was defined as LVEF , 60% and LVH as
LV mass index � 104 g/m2 (women) and �116 g/m2 (men).

Table 2 Distribution of LVSD (LVEF, 60%) and LVH according to inter-quartile proBNP intervals

Intervals (%) ProBNP
(pmol/L)

LVSD (%) LVH (%)

Men Women Men Women

0–25 0–8 1.6 (—) 2.3 (—) 12.6 (—) 5.6 (—)
25–50 9–18 2.9 (P ¼ 0.184) 1.5 (P ¼ 0.367) 14.4 (P ¼ 0.463) 6.6 (P ¼ 0.560)
50–75 19–32 3.9 (P ¼ 0.047) 2.4 (P ¼ 0.935) 16.1 (P ¼ 0.210) 10.2 (P ¼ 0.019)
75–max 33– 10.8 (P, 0.0001) 4.1 (P ¼ 0.136) 36.7 (P, 0.0001) 23.8 (P, 0.0001)

P-values indicate the difference from 1st inter-quartile proportions.
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(10.9-fold in men, P , 0.0001; 5.3-fold in women,
P, 0.0001). Thus, the proBNP concentration not only
depends on gender and age, but our results indicate that
the pathophysiological response reflected by the proBNP
concentration could also differ between women and men.
Combined LVSD and LVH was present in 17 women [,50
years: n ¼ 0; 50–70 years: n ¼ 5, mean proBNP ¼ 34.9
(14.0–87.3) pmol/L; .70 years: n ¼ 12, mean proBNP ¼

74.9 (47.2–118.8) pmol/L] and 29 men [,50 years: n ¼ 2,
mean proBNP ¼ 2.4 pmol/L; 50–70 years: n ¼ 9, mean
proBNP ¼ 36.5 (18.9–70.1) pmol/L; .70 years: n ¼ 18,
mean proBNP ¼ 72.2 (43.4–118.9) pmol/L].
Several earlier reports have examined BNP or proBNP as

markers of LVSD defined as an LVEF , 50%. When using this
lower echocardiographic limit, only 24 males (1.6%) and 13
females (1.1%) were identified in the present population.
This is in striking contrast to an earlier report from the
same town.17 However, the participants in this study were
recruited from general practitioners, which clearly is a
selected group from the general population. As expected,
the lower threshold for LVSD (LVEF , 50%) did not have a
clear impact on the proBNP concentrations in subjects
without LVSD, but the concentrations were generally
higher in subjects with LVEF , 50% compared with
LVEF , 60%: Men ,50 years (n ¼ 1): mean proBNP
30 pmol/L; 50–70 years (n ¼ 9): 22.7 (10.8–47.7) pmol/L;
.70 years (n ¼ 14): 44.6 (27.5–72.2) pmol/L and women
,50 years: n ¼ 0, 50–70 years (n ¼ 5): 42.0 (11.5–153.7)
pmol/l, . 70 years (n ¼ 8): 94.2 (47.7–186.2) pmol/L.
The diagnostic performance of proBNP measurement in

detecting LVSD and LVH was assessed using ROC curves that
combine sensitivity and specificity (Table 4). The AUC
values disclosed the best performance for severe LVSD
(LVEF , 40%) with AUC values of 0.92 (0.79–1.00) and 0.85
(0.74–0.96) for women and men, respectively. However,
the AUC values for detecting LVEF , 60% were markedly
lower, which parallels earlier findings from plasma BNP as

screening marker.14 The diagnostic performance in detect-
ing LVH was 0.70 (0.66–0.74) and 0.63 (0.59–0.68) for
women and men, respectively (Table 4). The cut-off values
for proBNP concentrations assuring 100% sensitivity in
ruling out LVEF , 40% was found to be , 17 (17–55) pmol/
L with a corresponding specificity of 56% (54–59) and
positive predictive value of 1.4% (0.6–2.3) in men and
,30 (30–173) pmol/L with a specificity of 66% (64–68) and
a positive predictive value of 0.7% (0.2–1.5) in women.
Conversely, proBNP cut-off concentrations for diagnosing
LVEF , 40% was 74 (66–88) pmol/L for men and
77 (72–83) pmol/L for women. At these cut-off values, the
specificity was 95% with sensitivities and positive predictive
values of 33% (0–67) and 3.9% (0.0–8.8) in men and 60%
(0–100) and 3.0% (0.0–6.7) in women, respectively.

Discussion

The present study reports on the plasma proBNP concen-
trations in subjects from a large community-based popu-
lation. Using a PIA for proBNP and its N-terminal fragments
in plasma, our results sustain the connotation that plasma

Table 4 ROC of plasma proBNP in detecting LVSD and LVH
(n ¼ 3497)

Women Men

LVEF (%)
,60 0.60 (0.51–0.69) 0.72 (0.65–0.78)
,50 0.83 (0.69–0.95) 0.75 (0.67–0.84)
,40 0.92 (0.79–1.00) 0.85 (0.74–0.96)

LVH 0.70 (0.66–0.74) 0.63 (0.59–0.68)

AUC values from the ROC analysis are listed with 95% CIs. LVH was
defined as LVMI � 104 g/m2 for women and �116 g/m2 for men.

Table 3 Plasma proBNP concentrations in age groups with or without LVSD or LVH

Men Women

Normal LV systolic function and no LVH
Age groups (years) ,50 50–70 .70 ,50 50–70 .70
Number of subjects 398 432 162 529 612 368
Mean proBNP 5.5 7.4 23.6* 8.7 14.7 28.5*
Range 0–93 0–117 0–431 0–81 0–145 0–210
Median 25th–75th percentiles) 10 (3–18) 11 (5–20) 26 (14–47) 14 (6–22) 19 (11–30) 32 (19–47)

Reduced LV systolic function (LVEF, 60)
Age groups (years) ,50 50–70 .70 ,50 50–70 .70
No. of subjects 4 30 28 7 22 23
Mean proBNP 5.6 20.4 48.0* 11.2 17.6 36.6*
Range 0–30 0–112 0–310 2–89 0–182 0–188
Median (25th–75th percentiles) 14 (4–25) 23 (13–37) 63 (22–130) 13 (3–19) 24 (11–36) 41 (31–146)

LVH (LVMI � 104 g/m2 for women and �116 g/m2 for men)
Age groups (years) ,50 50–70 .70 ,50 50–70 .70
No. of subjects 40 103 73 12 83 118
Mean proBNP 3.3 14.2 35.9* 8.9 21.5 47.1*
Range 0–30 0–193 0–334 0–49 0–144 2–361
Median (25–75 percentiles) 7 (0–15) 17 (8–35) 35 (22–73) 16 (5–25) 28 (13–41) 50 (31–77)

Mean proBNP concentrations are geometric mean values.
*P, 0.0001 (test for trend).
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concentrations are influenced by both gender and age.
Additionally, echocardiography of the 3497 subjects estab-
lished that increased proBNP concentrations are indepen-
dently related to echocardiographic findings of LVSD and
LVH in the general population. The overall diagnostic per-
formance, expressed as AUC values from ROC curves, was
comparable to the previously reported diagnostic perform-
ance of plasma BNP in a large population.14 Thus, neither
proBNP nor BNP measurement seem to be optimal for diag-
nostic LVSD and LVH screening, but should possibly be intro-
duced in primary health care combined with other clinical or
biochemical markers of heart failure.
The present findings of gender and age-specific differ-

ences in plasma proBNP concentrations compare well with
the reported differences in BNP concentrations.35 In this
key study by Redfield et al., plasma BNP concentrations
were not only related to gender and age, but the differences
also proved assay-dependent when comparing two commer-
cial BNP assays. In contrast, the existing data on proBNP
concentrations has been dominated by one single assay.36

As BNP data from previous studies have shown assay-specific
effects, it is important to also examine proBNP measure-
ment in plasma using different methodologies. Notably,
the few head-to-head comparisons of proBNP methods
have indicated some hitherto unexplained concentration-
dependent differences.21,22 In this context, it should be
recapitulated that different assays are based on recognition
of different epitopes within the precursor molecule (for
review, see Goetze37), which in turn will be affected differ-
ently by changes in post-translational processing as well as
enzymatic degradation in circulation. Nevertheless, the
present findings of a 4.3-fold (men) and 3.3-fold (women)
increase in proBNP concentrations between the chosen age
groups seem to compare reasonably well with a smaller
recent study that examined 397 normal subjects using an
automated method for the N-terminal proBNP fragment.38

We therefore suspect that assay-related differences in
gender and age-specific concentrations may be less pro-
nounced in normal subjects. In contrast, we found a
marked effect of gender and age in subjects with LVSD or
LVH (Table 3). This may reflect differences in the underlying
pathology leading to LVSD and LVH in the gender and age-
specific groups, which may further obscure the search for
a uniform reference interval.
In this study, LVSD was defined as an LVEF , 60%. Earlier

studies used a lower limit for LVSD.12,13 Today, LVSD is
often defined as LVEF , 50%. In this population-based
study, only 37 of the 3497 participants had LVEF , 50%,
which severely reduced the possibility of further subdividing
these subjects. A recent study from the same town recruited
participants from general practitioners, and as much as 11%
of the participants had LVEF , 50%.17 This large difference is
likely to reflect that subjects recruited from general prac-
titioners represent a select group from the general popu-
lation. Results from truly population-based studies like the
present one should therefore not readily be compared
with studies that examine subjects already selected by, for
instance, an established contact to a doctor. In this
respect, our findings are in line with another population-
based study.39 The diagnostic performance of proBNP
measurement in detecting LVSD was also assessed using
ROC curves (Table 4). As expected, the performance
increased in a step-wise manner with more severe LVSD

(LVEF , 40%) harbouring the highest AUC values of 0.92
and 0.85 in women and men, respectively. An earlier
population-based study that evaluated plasma BNP as
screening marker found AUC values of 0.85 (women) and
0.79 (men) in detecting moderate to severe LVSD.14 Our
results using proBNP as a screening marker, therefore,
seem to parallel or even supercede these findings.
Importantly, both the previous Framingham report and our
present study did not include measurement of diastolic dys-
function, which in turn could influence the diagnostic
performance.

A recent report has suggested that proBNP measurement
may at least be equivalent to BNP measurement in a
head-to-head study.19 In this study, the AUC values for
detecting LVEF � 50 or 40% were reported higher for N-
terminal proBNP compared with BNP in men (but not in
women). Unfortunately, it is not possible to directly
compare those results with our findings. Whether the differ-
ences are statistically significant or not, it still seems
reasonable to address the actual main question of whether
BNP and/or proBNP measurement are to be considered for
population screening inspite of small differences in ROC ana-
lyses. For instance, the AUC values for screening for pros-
tate cancer in men using prostate-specific antigen
measurement was recently reported as low as 0.69 for
men younger than 70 years.40 In that respect, the World
Health Organization has proposed a set of criteria which
should be considered for any given screening marker.
Essentially, the condition to screen for should be of public
health importance and detectable in a pre-clinical stage.
Also, the screening method should be safe and the condition
should have an effective treatment. Finally, the screening
and intervention should be economically reasonable.
Several of these criteria are in fact fulfilled by BNP or
proBNP measurement including the medical importance of
LVSD and LVH and an established treatment for the con-
ditions. However, the impact of mild LVSD on morbidity
and mortality is still not well documented, and perhaps
most unclear is still the potential impact of such screening
on the health care economy, although a few studies
already have addressed this issue.41 Clearly, many subjects
will undergo echocardiography without having LVSD or LVH,
but whether early identification of a few patients could
counteract this expense in the long-term is still unknown.

In population screening, there is a particular demand for
high diagnostic sensitivity. In our study, we identified sep-
arate threshold values for men (,17 pmol/L) and women
(,31 pmol/L), which completely could exclude a diagnosis
of LVEF , 40%. Thus, the data not only support a role for
proBNP measurement in ruling out severe LVEF but also
show that the number of subjects with increased proBNP
concentrations without LVSD is high. In heart failure diagnos-
tics, proBNP and BNP measurement has generally been ham-
pered by low specificity, which has prompted the rational
suggestion of using these markers primarily as ‘rule out’
markers.42 Increased proBNP and BNP concentrations can
be caused by other medical conditions including changes in
peripheral elimination such as renal impairment.43 In
addition, increased plasma concentrations may be due to
augmented cardiac expression caused by mechanisms not
detected by standard echocardiographic assessment.
For instance, stable coronary artery disease in the
absence of LVSD is associated with increased plasma
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concentrations.44–46 Another stimulus for increased cardiac
BNP gene expression can be proinflammatory cytokines in
vitro, which also may be involved in vivo during sepsis.47

In this respect, precipitation of acute dyspnoea has been
shown to represent a useful clinical threshold at hospital
admission,45,46 and that both plasma proBNP and BNP
measurements seem to be useful as biochemical
markers.48–50 We therefore propose that the future search
for new markers may be related to conditions other than
LVSD that may precede acute dyspnoea as, for instance,
pulmonary function tests.
In conclusion, the present study has demonstrated that

measurement of proBNP in plasma parallels earlier findings
of BNP as screening marker for LVH and LVSD in the
general population. Using a PIA for proBNP measurement,
our results consolidate the impact of gender and age on
proBNP concentrations in subjects with and without LVSD
and LVH. LVSD is uncommon in the general population and
not obvious to screen for, but proBNP measurement can be
used to rule out severe LVSD. Identification of other
markers that can increase the diagnostic specificity is
warranted.
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