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ABSTRACT

Background: MRproADM and MRproANP can be used as diagnostic and prognostic markers in heart failure.
Aim: The objective was to identify confounding factors for the interpretation of plasma MRproADM and MRproANP

concentrations.

Methods: A total of 518 healthy volunteers with a mean age of 60.84+7.41 years were analyzed. We evaluated the
influence of demographic factors, renal function and echocardiographic indices on the candidate peptides.

Results: Multivariate analysis revealed that age (P<0.001), BMI (P<0.001) and eGFR (P<0.001) were independent
predictors for MRproADM concentrations in healthy subjects. The independent predictors for MRproANP were age
(P<0.001), female gender (P<0.001), heart rate (P<0.001) and eGFR (P = 0.039).

Conclusion: The interpretation of both peptides is multifaceted due to confounders. Knowledge of these factors will
further our understanding of how these peptides behave in health and in disease.

Keywords: Mid-regional pro-adrenomedullin, mid-regional pro-A-type natriuretic peptide, heart failure, body

mass index, renal function

Introduction

The application of cardiac biomarkers is widespread, rang-
ing from the diagnosis of myocardial infarction (MI) with the
gold standard cardiac troponins (Thygesen et al., 2007) to
the diagnosis of acute heart failure (HF) with the natriuretic
peptides (Maisel et al., 2002), and their use in prognostica-
tion in an array of disease processes (Panteghini, 2006;
Panteghini, 2010; Dolci and Panteghini, 2006). New peptides
are being identified to complement existing tools in improv-
ing the diagnostic and prognostic accuracy of cardiovascular
disease. Among these are novel peptides such as mid-re-
gional pro-adrenomedullin (MRproADM) and mid-regional
pro-A-type natriuretic peptide (MRproANP), which have
been shown to be comparable to B-type natriuretic peptide
(BNP) in the prognosis of HF (Gegenhuber et al., 2007) and
in the diagnosis of acute HF (Maisel et al., 2010).

Adrenomedullin (ADM) is a 52-amino-acid peptide,
which was first discovered from human pheochromocy-
toma (Kitamura et al., 1993a) and has later been detected
in a variety of tissues such as brain, lungs, heart, kidneys,
and gastrointestinal organs (Ichiki et al., 1994; Kitamura
et al., 1993b; Washimine et al., 1995). It is expressed in
endothelial cells, vascular smooth muscle cells, fibro-
blasts and adipocytes, mediating vasorelaxation, natri-
uresis, diuresis and increasing cardiac output (Ishimitsu
et al., 1998; Nakamura et al., 1997; Sugo et al., 1994). It
is derived from a precursor preproadrenomedullin
(preproADM), consisting of a 185-amino-acid chain
(Kitamura et al., 1993b). Concerns exist regarding the
accuracy and reliability of ADM quantification, largely
in part due to its short half-life of 22min and its partial
binding to complement factor H (Meeran et al., 1997). In
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Abbreviations:

MRproADM, mid-regional pro-adrenomedullin
MRproANP, mid-regional pro-A-type natriuretic peptide
NTproBNP, N-terminal pro-B-type natriuretic peptide
BNP, B-type natriuretic peptide

HE heart failure

AM]J, acute myocardial infarction

NYHA, New York heart association classification

BMI, body mass index

eGFR, estimated glomerular filtration rate

BP, blood pressure

ANP, atrial natriuretic peptide

MDRD, modification of diet in renal disease
DT, deceleration time

IVRT, isovolumetric relaxation time

LV, left ventricular

LVEE LV ejection fraction

LVH, Left ventricular hypertrophy
LVWMI, LV wall motion index

EDTA, ethylenediaminetetraacetic acid
MAE, methyl-acridinium ester.

comparisonto ADM, the mid-regional portion of proADM
(45-92 amino acid of preproADM) is more stable. The
stoichiometric generation of MRproADM allows it to be
used as a surrogate marker for the ADM system.

The BACH study showed that MRproADM was prog-
nosticallymore accurate than BNP or N-terminal pro-BNP
(NTproBNP) at predicting 90-day mortality in patients
presenting to hospital with acute shortness of breath and
HE. The investigators suggested that MRproADM should
be adopted in preference to NTproBNP or BNP in risk-
stratifying patients with acute HF (Maisel et al., 2010).

MRproANP is strongly related with prognosis in
patients with chronic HF, independent of parameters
such as left ventricular ejection fraction (LVEF), New
York Heart Association (NYHA) classification, age, gen-
der, plasma creatinine and NTproBNP (von Haehling
et al., 2007). Both MRproADM and MRproANP have also
shown promise as prognostic biomarkers after acute
myocardial infarction (AMI), independent of established
risk-stratifying markers such as NTproBNP (Khan et al.,
2007; Khan et al., 2008).

ANP is a member of the natriuretic peptide family,
possessing natriuretic, diuretic and vasodilatory actions
(Vesely, 2001). ANP is secreted from the myocardium,
predominantly from the atria, in response to wall stretch
(Ruskoaho, 1992). The bioactive ANP is derived from
the enzymatic cleavage of its precursor proANP. The
N-terminal and C-terminal epiptopes of the proANP are
prone to further degradation in circulation (Ala-Kopsala
et al., 2004). MRproANP represents the 53-90 amino acid
fragment of the N-terminal of proANP. This portion is bio-
chemically inactive and more stable than other precursor
fragments, which has led to its adoption as a surrogate
marker for the ANP system (Ala-Kopsala et al., 2004).

With the introduction of MRproADM and MRproANP
as potential diagnostic and prognostic factors in HF and
acute coronary syndromes (ACS), there is a need to
understand variables, which may influence their con-
centrations in healthy individuals, in order to derive a
working reference range for diagnosis or prognosis of
heart disease. The aims of this population-based study
was to identify these confounding factors for the inter-
pretation of plasma MRproADM and MRproANP con-
centrations, which may lead to improved utility of these
markers.

Materials and methods

Study population

A total of 518 healthy volunteers were derived from a
screening study performed in the local community. A
set of study definitions were used. Information regarding
history of ischemic heart disease (myocardial infarction
or angina), hypertension, diabetes mellitus, smoking and
cardiovascular medications were collected from patient’s
records. This study complied with the Declaration of
Helsinki and was approved by the local ethics commit-
tee. All healthy volunteers gave written informed consent
for physical examination, echocardiography and phle-
botomy. Participants with a history of ischemic heart
disease, hypertension, diabetes mellitus, those with ECG
or echocardiographic abnormalities [including segmen-
tal wall motion abnormalities, valvular disease, left ven-
tricular hypertrophy (LVH)] and those on cardiovascular
medications were excluded from the present study.

Blood sampling

Phlebotomy was performed in volunteers. Samples for
measuring the plasma concentrations of the peptides
were collected in prechilled tubes containing ethylenedi-
aminetetraacetic acid (EDTA) and aprotinin. Plasma was
stored at-70 °C until assay and all analyses were done in
a single batch.

Creatinine assay

The estimated glomerular filtration rate (eGFR) of these
subjects was derived using the modification of diet in
renal disease (MDRD) formula (Stevens et al., 2007).
Concentrations of creatinine were determined by the
compensated kinetic Jaffe method (Siemens Advia
2400, USA). The creatinine method is traceable to a High
Pressure Liquid Chromatography (HPLC) candidate ref-
erence method, which uses reference materials from the
National Institute of Standards and Technology (NIST),
via patient sample correlation.

MRproADM assay

A novel sandwich immunoluminometric assay was
used to determine MRproADM concentrations
(Morgenthaler et al., 2005). Tubes were coated with
sheep polyclonal antisera directed against amino acid
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sequence 83-94 of preproADM as the capture antibody.
Sheep antibody raised against the amino acid sequence
68-86 of preproADM was used as a tracer labeled with
methyl-acridinium ester (MAE). Dilution of peptide rep-
resenting 45-92 of preproADM in horse serum was used
as calibrators. The immunoassay was conducted by incu-
bating 10 pL of sample/standard and 200 pL of tracer in
the coated tubes for 2h at room temperature. Test tubes
were washed four times with 1 ml of wash solution, and
bound chemiluminescence was measured on a LB952T
luminometer (Berthold, Germany). The limit of detec-
tion was 0.08 nmol/L and the inter-assay coefficient of
variation was <20% for values >0.12 nmol/L. The intra-
assay coefficient of variation was <8% for samples con-
taining the range 0.08-14.7 nmol/L (Morgenthaler et al.,
2005).

MRproANP assay

MRproANP concentrations were determined by a novel
sandwich immunoluminometric assay, which has been
reported previously (Morgenthaler et al., 2004). Tubes
were coated with sheep capture antibody (polyclonal
antisera directed against amino acid sequence 73-90 of
proANP). Sheep antibody raised against the amino acid
sequence 53-72 of proANP was used as a tracer. The
immunoassay was conducted by incubating 50 pL of
sample/standard and 200 pL of tracer in the coated tubes
for 30 min at room temperature. Test tubes were washed
three times with 1ml of wash solution, and bound
chemiluminescence was measured on a LB952T lumi-
nometer (Berthold, Germany). The limit of detection was
6.0 pmol/L, and the intra-assay coefficient of variation
was <10% for samples containing 23-3000 pmol/L. The
inter-assay coefficient of variation was 10% for a concen-
tration of 65 pmol/L (Morgenthaler et al., 2004).

Echocardiography

Transthoracic echocardiography was performed on vol-
unteers using a Sonos 5500 instrument (Philips Medical
Systems, Reigate, Surrey, UK). A 16-segment left ventric-
ular wall motion index (LVWMI) based on the American
Society of Echocardiography model was derived by scor-
ing each LV segment (1 =normal, 2=hypokinesis, 3 =aki-
nesis) and dividing the total by the number of segments
scored. LVEF was calculated using the biplane method of
discs formula (Schiller et al., 1989). All the healthy vol-
unteers in this study had a LVWMI =1 (i.e., no segmental
wall motion abnormalities), and no evidence of valvular
disease or LVH. Left ventricular (LV) mass was calculated
using the Devereux et al. (1993) formula and indexed for
body surface area to obtain LV mass index. LVH is diag-
nosed when the LV mass index is greater than 134 g/m?
110g/m? in males and females, respectively (World
Health Organization, 1999).

The transmitral peak flow during early (E) and the
atrial (A) filling phase was determined using pulsed
wave Doppler examination at the tips of the mitral valve
leaflets. The E/A ratio, left ventricular isovolumetric

© 2011 Informa UK, Ltd.

relaxation time (IVRT) and deceleration time (DT) were
calculated from these traces.

Statistical analysis

Statistical analysis was performed using Statistics Package
for Social Sciences version 16.0 (SPSS Inc, Chicago,
IL). Variables that did not follow a Gaussian distribu-
tion were log transformed prior to statistical analysis.
Concentrations of MRproADM, MRproANP and plasma
creatinine had a non-Gaussian distribution and were
log transformed. For continuous variables in two inde-
pendent groups, the Student’s #-test was used. Pearson’s
correlation coefficients were used to investigate the influ-
ence of patient characteristics on log MRproADM and
log MRproANP concentrations in univariate analyses. To
analyze the interaction of multiple independent variables
on MRproADM and MRproANP concentrations, linear
regression was used. A Pvalue below 0.05 was deemed to
be statistically significant.

Results

The clinical and demographic features together with
the plasma biomarker concentrations and echocardio-
graphic parameters are presented in Table 1. The mean
age of the study population was 60.84+7.41 years. The
cohort consisted of 58% of males (n=300).

Univariate and multivariate analyses for MRproADM

Median plasma MRproADM concentrations were sig-
nificantly higher in females compared to males (0.48
[0.30-0.92] vs. 0.45 nmol/L [0.27-1.06]; P =0.001,
respectively). In univariate analysis MRproADM was sig-
nificantly positively correlated with older age (r,=0.400;

Table 1. Baseline characteristics of the 518 healthy subjects.

Clinical characteristics Sample population (n=518)

Age (y), mean (SD) 60.84 (7.41)
eGFR (ml min~! 1.73 m? surface 75 [40-111]
area), median (range)

BMI (kg/m?), mean (SD) 25.74 (3.78)

Heart rate (min'), mean (SD)
Systolic BP (mmHg), mean (SD)
Diastolic BP (mmHg), mean (SD)
Biochemical assays

71.56 (11.42)
123.51 (12.73)
73.0(9.74)

Plasma Creatinine (umol/L), median
[range]

Plasma MRproADM (nmol/L),
median [range]

Plasma MRproANP (pmol/L),
Median [range]

85.0 [58.0-156.0]
0.46 [0.27-1.06]
49.80 [4.08-173.00]

Echocardiographic characteristics
Left Atrium (cm), mean (SD)

E/A ratio, mean (SD)

DT (ms), mean (SD)

IVRT (ms), mean (SD)

LV mass (g), mean (SD)

LV mass index (g/m?), mean (SD)
LVEF (%), mean (SD)

3.26 (0.50)
0.89 (0.21)
232.35 (51.87)
110.85 (43.12)
145.79 (44.73)
78.98 (19.75)
61.97 (5.07)
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P<0.001). (Figure 1A) MRproADM was significantly
correlated with increasing BMI (r,=0.205; P<0.001) and
systolic BP (r,=0.139; P =0.002) (Table 2). An inverse
relationship was observed between MRproADM and
eGFR (r,=-0.338; P<0.001). (Figure 2A) E/A ratio as an
index of diastolic dysfunction was negatively associated
with plasma MRproADM concentrations, (r,=-0.182;
P<0.001).

Significant clinical and echocardiographic variables
in univariate analyses were used as covariates in multi-
variate analysis. Multivariate analysis revealed that age
(P<0.001), BMI (P<0.001) and eGFR (P<0.001) were
independent predictors of plasma MRproADM concen-
trations in healthy subjects (Table 3).

Univariate and multivariate analyses for MRproANP

Median plasma MRproANP concentrations were sig-
nificantly elevated in the female cohort compared to
the males (56.10 [24.00-173.00] vs. 46.00 pmol/L [4.08-
136.00]; P<0.001, respectively). Plasma MRproANP
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Age (y)

Figure 1. Relationship between plasma MRproADM and MRpro-
ANP with age. (A) Relationship between plasma MRproADM
and age. r,=0.400, P<0.001. (B) Relationship between plasma
MRproANP and age. r =0.392, P<0.001.

concentrations were positively correlated with age
(r,=0.392; P<0.001). (Figure 1B) An inverse relationship
was observed between MRproANP concentrations and
heart rate (r,=-0.119; P =0.007) and eGFR (r,=-0.244;
P<0.001). (Figure 2B) No significant relationships were
identified between plasma MRproANP concentrations
and the echocardiographic parameters.

In multivariate analysis, the independent predictors of
plasma MRproANP concentrations were age (P<0.001),
female gender (P<0.001), heart rate (P<0.001) and eGFR
(P =0.039).

Discussion

Novel peptides such as MRproADM and MRproANP
have been shown to be comparable with the natriuretic
peptides in the prognosis of ACS and HF (Gegenhuber
etal., 2007; Khan et al., 2007; Khan et al., 2008).

The reference range, and factors that could influence
plasma MRproADM and MRproANP in individuals with-
out cardiovascular disease, has not been established. The
magnitude of effects of variables, such as age and gen-
der and their potential importance in the interpretation

Table 2. Pearson’s correlations between the clinical parameters
and the candidate peptides.

Clinical parameters Log MRproADM Log MRproANP
Age r.=0.400 r.=0.392
P<0.001 P<0.001
Male Gender r.=-0.119 r,=-0.281
P =0.007 P<0.001
BMI r.=0.205 r,=-0.072
P<0.001 P=0.104
Heart Rate r,=0.080 r,=-0.119
P =0.069 P =0.007
Systolic BP r,=0.139 r,=0.080
P =0.002 P=0.074
Diastolic BP r.=-0.070 r,=-0.040
P=0.121 P=0.372
eGFR r.=-0.338 r.=-0.244
P<0.001 P<0.001
LA size r,=-0.008 r,=0.015
P=0.853 P=0.743
DT r.=0.044 r,=0.022
P=0.338 P=0.629
E/A ratio r.=-0.182 r,=-0.047
P<0.001 P=0.293
IVRT r,=0.033 r,=-0.039
P=0.475 P =0.400
LV Mass r,=-0.024 r,=-0.049
P=0.617 P=0.309
LV mass index r,=-0.055 r,=0.017
P =0.255 P=0.729
LVEF r,.=-0.044 r,=0.035
P =0.640 P=0.710
Biomarkers
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Figure 2. Relationship between plasma MRproADM and
MRproANP with eGFR. (A) Relationship between plasma
MRproADM and eGFR. r,=-0.338, P<0.001. (B) Relationship
between plasma MRproANP and eGFR. r,=-0.244, P<0.001.

of plasma MRproADM and MRproANP concentrations,
remains unclear.

In this study, MRproADM concentrations increased
with age and were higher in female subjects without
cardiovascular disease and detectable structural heart
disease. These findings are mirrored in patients with
AMI (Khan et al., 2007). In this present study, age and
renal function were independently predictive of plasma
MRproADM concentrations in healthy individuals.
The increase in plasma concentrations of MRproADM
with age is independent of age-related changes in renal
function. This relationship cannot be explained by age-
related changes in cardiac structure, as the effect of age
was independent of left atrial (LA) size, LV mass, E/A
ratio and IVRT.

The effect of increasing BMI on plasma MRproADM
concentrations was significant. MRproADM concen-
trations were positively correlated with increasing
BMI, which corroborates findings by Nomura et al.
(2009). A possible explanation for this finding is that

© 2011 Informa UK, Ltd.

Table 3. Multivariate analyses for the prediction of plasma Log
MRproADM and Log MRproANP concentrations in healthy
subjects.

Standardized regression

coefficients (beta) Significance

Independent predictors of plasma Log MRproADM

Age 0.397 P<0.001
Male gender 0.017 P =0.686

BMI 0.233 P<0.001

eGFR -0.198 P<0.001

SBP 0.021 P =0.608

E/A 0.059 P=0.185
Independent predictors of plasma Log MRproANP

Age 0.335 P<0.001

Male gender —-0.205 P<0.001

Heart rate -0.196 P<0.001

eGFR —-0.089 P =0.039

ADM has been shown to be expressed in a number of
tissues particularly adipose tissue (Li et al., 2007). ADM
may serve to protect against the deleterious effects of
increasing BMI and the subsequent development of
metabolic syndrome by promoting vasodilatation and
insulin sensitivity via paracrine and autocrine actions
(Shimosawa et al., 2003). Its effects on insulin resis-
tance and its secretion by adipose tissue may represent
a counter regulatory endocrine response to increasing
obesity.

In this study, both MRproADM and MRproANP were
influenced by eGFR in the healthy individuals. A similar
finding was reported in disease, whereby an increase in
the plasma concentrations of both peptides, across the
GFR stages in nondiabetic patients with chronic kidney
disease was observed, hence inferring a correlation
between both biomarkers and renal disease severity
(Dieplinger et al., 2009). The natriuretic and vasodilator
properties of both peptides may have a protective role
in the preservation of renal function (Dieplinger et al.,
2009). However, other possibilities remain to be investi-
gated, such as the retention of mid-regional peptides in
renal impairment if these peptides are primarily elimi-
nated by renal excretion.

Plasma concentrations of MRproANP were signifi-
cantly related to female gender and increasing age. These
findings corroborate findings by Khan et al. (2008) who
investigated the prognostic utility of plasma MRproANP
concentrations in context of AMI. The trend for elevated
concentrations of MRproANP in females is similar to that
observed for other natriuretic peptides, inferring a pos-
sible relationship with estrogen status (Redfield et al.,
2002).

Heart rate was inversely correlated with MRproANP
concentrations. Multivariate analyses revealed that
heart rate was predictive of plasma MRproANP con-
centrations in the healthy subjects. This connection
may reflect that synthesis and secretion of MRproANP
from the atria are dependent upon diastolic duration or
filling pressure.
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Investigating the interaction between the ADM/ANP
system and clinical/echocardiographic variables in a
healthy population as opposed to patients with cardio-
vascular disease furthers our understanding of how these
neuro-hormonal systems behave in health. This present
study should be used to highlight the possible con-
founding variables in future studies that examine these
biomarkers in the diseased states.

A limitation of the current study is that the study pop-
ulation consisted entirely of White Caucasians. Hence,
these findings cannot be extrapolated to other ethnic
groups without further studies. Although the relation-
ship of MRproADM and MRproANP with the MDRD
formula derived eGFR was documented, a relationship
with renal function may necessitate direct measure-
ment of GFR. This study was only conducted in healthy
individuals, thus no comparison with diseased states
can be made objectively. This was a cross-sectional
study, and the remit of this study was not to establish
causality between the trends identified. Further studies
are required to elucidate the underlying mechanisms for
these connections.

Conclusion

This study suggests that MRproADM is influenced by age,
BMIandrenal functionin healthyindividuals. In addition,
the interpretation of plasma MRproANP concentrations
is multifaceted due to potential confounders such as age,
female gender, heart rate and renal function. Knowledge
of these factors will further our understanding of how
these peptides behave in health and in disease.
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