
ORIGINAL CONTRIBUTION

Reference change values and determinants of variability
of NT-proANP and GDF15 in stable chronic heart failure

Lutz Frankenstein Æ Andrew Remppis Æ Joerdis Frankenstein Æ
Georg Hess Æ Dietmar Zdunek Æ Simon Gut Æ
Karen Slottje Æ Hugo A. Katus Æ Christian Zugck

Received: 26 January 2009 / Revised: 23 March 2009 / Accepted: 25 March 2009 / Published online: 8 April 2009

� Springer-Verlag 2009

Abstract Biovariability, reference change values (RCV),

and index of individuality (IOI) have not been previously

described for NT-proANP or GDF15. Also, the relation of

changes of these markers to other clinical variables or

biomarkers is unknown. In 41 patients with stable chronic

systolic dysfunction, NT-proANP and GDF15 were mea-

sured alongside with clinical variables/markers comprising

NT-proBNP, hsTnT, and hsCRP at four sampling intervals

(2 weeks, 1-, 2-, 3-month intervals). At 2 weeks, 1-, 2-, and

3-month-follow-up, individual NT-proANP variations were

27.1, 22.5, 28.9, 15.6%, respectively, corresponding to

RCVs of 53.2, 62.4, 80.2, and 43.2%, respectively. For

GDF15, the respective individual variations were 6.8, 4.1,

5.5, 6.8%, corresponding to RCVs of 18.8, 11.5, 15.3 and

18.8%. Neither changes of NT-proANP or GDF15 corre-

lated with changes in any of the clinical variables or

biomarkers examined except for GDF15 with renal func-

tion. Baseline hormonal levels and clinical variables did

not consistently influence the extent of change. The IOI

was 0.19–0.35 according to interval for NT-proANP and

0.06–0.09 for GDF 15. In patients with CHF preselected

for clinical stability changes of NT-proANP at intermediate

follow-up do not correlate with changes in other variables;

changes of GDF15 inversely correlate with renal function.

The extent of change in both markers is not related to

baseline hormonal levels or other baseline variables. RCVs

are high for NT-proANP and low for GDF15, while inter-

individual variation is high in GDF15 and intermediate in

NT-proANP.

Keywords Chronic heart failure � GDF15 � NT-proANP �
Reference change values � Change

Introduction

Chronic heart failure (CHF) is increasingly understood as a

multisystem disorder with widespread neurohumoral acti-

vation and changes in receptor expression [3]. Consequently,

a multi-marker strategy is warranted. Although a substantial

number of markers have been suggested recently, only a few

appear to prevail due to various reasons.

The value of natriuretic peptides for prognostication or

guidance of medical therapy [7, 12, 29] appears clear.

While here, ANP appears to be inferior to (NTpro)BNP [9],

NTproANP shows strong diagnostic [1] and prognostic

power [18], possibly superior to NT-proBNP [27]. More-

over, atrial natriuretic peptides and brain natriuretic

peptides appear to represent different aspects of cardio-

vascular risk [2], justifying their supplementary use.

Although reference change values (RCVs) and factors

influencing hormonal change have been investigated for

(NTpro)BNP [6, 25, 32], allowing serial application of this

hormone, no comprehensive data exists for (NTpro)ANP.
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More recently, growth differentiation factor 15 (GDF15)

has been shown to exhibit prognostic information beyond

established clinical and biochemical markers [16] sup-

ported by an ever growing number of studies from different

aspects of cardiovascular pathology. Being the part of the

BMP/GDF-super family [13], it appears to be part of a

generic gene programme that is activated in response to

external stressors [31] and the capacity to antagonise a

ventricular hypertrophic response and loss of ventricular

performance has been suggested [33]. To date, no data

exists on biovariability of GDF15, let alone in CHF, and no

comprehensive study looking into influencing factors for

serial modulation of GDF15 in CHF or calculating RCVs

to allow serial interpretation of measurements is available,

either.

Furthermore, the relation of changes of the above markers

to other established risk markers such as NTproBNP, high-

sensitive troponin T (hsTnT) and high-sensitive C-reactive

protein (hsCRP) is largely unknown. This study sought to fill

these gaps in a prospective, observational design from a

university outpatients’ background.

Methods

Recruitment and drop out

This study is part of a multi-marker project on neurohumoral

pathways in chronic heart failure. The project was approved

by the local ethics committee and conforms to the principles of

the declaration of Helsinki. Patient recruitment was prospec-

tive and continuous from the heart failure outpatients’ clinic of

the University Hospital Heidelberg, Germany. All patients

re-attending clinic (n = 766 patients) between September

2006 and June 2007 were screened. A total of 90 patients

fulfilled the inclusion/exclusion criteria described below, of

which 43 patients consented in writing.

The final study population consisted of 41 patients as

two patients withdrew their consent after the first visit. At

3-month-follow-up, three patients showed a significant

unexplained weight loss compared with 1-month-follow-

up. Following the study protocol, they remained in the

data-set for 1-month-follow-up as they were stable to all

parameters until that time, but were excluded from further

analysis for 2- and 3-month-follow-up, even though they

were otherwise stable including self-perceived clinical

status. Therefore, at 3-month-follow-up the final study

populations consisted of 38 patients.

Inclusion

Heart failure diagnosis was established according to the

published guidelines [28] and the aetiology confirmed on

cardiac catheterisation in all patients during first contact

with our clinic. Patients were eligible if they met all of the

following criteria (1) chronic heart failure due to systolic

dysfunction (left ventricular ejection fraction \45%)

known for at least a year followed-up at our clinic, (2)

stable clinical condition with no hospitalisation due to

worsening heart failure within the past 6 months, (3)

NYHA functional class I–III, (4) subjectively stable clini-

cal condition since the last visit to the outpatients’ clinic as

judged both by the patient and the physician, (5) ischaemic

or idiopathic dilated cardiomyopathy as the aetiology of

heart failure, (6) in case of ischaemic origin—no revas-

cularisation within the past 6 months and no planned

revascularisation within the next 6 months, (7) age

[18 years, (8) complete adherence to guidelines of medi-

cal treatment regarding class of drugs, (9) individually

optimised doses of guideline recommended drugs for at

least 4 weeks prior to inclusion, (10) no recent involuntary

change of weight exceeding 2 kg within 4 weeks prior to

inclusion and (11) normal serum-sodium levels indicating

euvolemic state.

Exclusion

Patients were excluded if they met one or more of the

following criteria: (1) pregnancy, (2) significant renal dys-

function as identified by a creatinine level [176.8 lmol/l

(2 mg/dl), (3) unstable renal function as identified by a

change in creatinine [20% since the last visit, (4) thyroid

dysfunction, (5) history of pulmonary disease, (6) significant

valvular disease [II�, (7) inability to cooperate or to com-

prehend the study protocol, (8) active listing for cardiac

transplantation, (9) primary pulmonary hypertension and

(10) in case of ischaemic origin—angina, angina-equivalent

or ischaemia-induced changes in the electrocardiogram

during bicycle exercise testing of at least 7 MET (metabolic

equivalent test).

Sampling and study protocol

Blood samples were taken from an indwelling venous

catheter after a rest period of 30 min between 14:00 and

16:00 o’clock. After the initial visit (T0), patients were

seen again after 2 and 4 weeks (T1 and T2) as well as after

12 weeks (T3). For T1 and T2, a delay of 2 days was

allowed and for T3 a delay of 4 days. EDTA vacutainers

were used and samples were centrifuged at 4�C immedi-

ately after the collection to separate out the plasma and

frozen at -20�C. To minimise analytical variance, all

samples were analysed together in one run.

GDF15 was measured using a one-step enzyme immuno-

assay based on the electrochemiluminescence technology.

Although this method is different from the IRMA-assay
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used by others [15], the antibodies used for both assays are

identical (capture antibody: PAK \GDF-15[ Goat-

IgG(IS); detection antibody: MAK \GDF-15[ Mouse-

147627-IgG; purchased from R & D Systems). For the

other markers, details of test principle and assay charac-

teristics have been described before regarding NT-proBNP

[34], NT-proANP [21], hsTnT [17], and hsCRP [8].

Within-run imprecision of NT-proANP and GDF15 was

determined using 21 aliquots each. For GDF, 15 total

within-run variation was 1.8% and for NT-proANP total

within-run variation was 2.0%.

Statistics

Renal function was estimated both through serum creati-

nine levels and the simplified modification of diet in renal

disease (MDRD) formula [19]. The total coefficient of

variation (CVt) and the analytical coefficient of variation

(CVa) provided the basis for the individual biological

coefficient of variation (CVi) following CVi = (CVt
2 -

CVa
2)�. The CV is calculated following CV = 100 (stan-

dard deviation/mean). It, therefore, represents the scatter

variation of individual measurements in relation to the

mean of these measurements with higher values repre-

senting larger variability of measurements. The measured

variation will be due to the precision of the test itself (CVa)

and the biological changes (CVi). RCVs were calculated

from median CVt values, according to the formula:

RCV = Z 9 21/2 (CVa
2/na ? CVi

2/ns)
1/2, where Z = 1.96

(i.e., the Z score for 95% confidence with a two-tailed

P \ 0.05); na is the number of replicate assays; and ns is

the number of patient samples to estimate each of the two

homeostatic set points. It, therefore, represents the change

of a marker needed in order to be considered statistically

significant in the light of CVt determined before. The index

of individuality (IOI) was calculated following IOI =

(CVa
2 ? CVi

2)�/CVG (=intra-individual variance ? ana-

lytical variance/inter-individual variance) [11, 23]. It,

therefore, represents within-person variation compared

with between-person variation to decide whether individual

reference intervals would be better than population refer-

ence intervals for following serial measurements.

Continuous data were tested using the two-sample

Wilcoxon test, Kruskal–Wallis test, and one-way analysis

of variance (ANOVA) where appropriate. The Spearman

method was used to assess the correlation between vari-

ables and univariable and multivariable linear regression

were performed to estimate the influence of variables

on neurohormonal change. An arbitrary level of 5% sta-

tistical significance (P \ 0.05 two-tailed) was assumed

throughout. Calculations were performed with SAS

version 6.12.

Results

Patients’ characteristics and stability

The population included represents a specialised university

outpatients’ setting with a male preponderance, a relatively

low age and a relatively high percentage of non-ischaemic

cardiomyopathy. For complete characteristics see Table 1.

Between all visits, patients were stable as to NTproANP

(P = 0.92), GDF15 (P = 0.99), NTproBNP (P = 0.99),

hsTnT (P = 0.94), and hsCRP (P = 0.86), as well as

clinical characteristics (see Table 2).

Table 1 Patient characteristics at inclusion

Parameter Value

Patients (n) 41

Men (n/%) 33 (80)

Age (years) 61 ± 10

IHD (n/%) 17 (41)

NYHA I (n/%) 9 (22)

NYHA II (n/%) 29 (71)

NYHA III (n/%) 3 (7)

LVEF (%) 33 ± 10

BMI (kg/m2) 28.2 ± 4.6

Waist (cm) 102.5 ± 11.1

BP sys (mmHg) 111 ± 17

BP dia (mmHg) 72 ± 10

HR (1/min) 68 ± 11

Sinus rhythm (n/%) 27 (66)

NTproANP (nmol/l) 4.09 ± 3.07

GDF15 (ng/ml) 1,933 (1,303–2,778)

NTproBNP (pg/ml) 597 (257–1,306)

hsTnT (pg/ml) 14.2 (6.8–20.8)

hsCRP (mg/l) 1.69 (1.13–3.39)

Na (mmol/l) 139 ± 3

Crea (lmol/l) 108.0 ± 25.7

MDRD (ml/min) 59 ± 17

Medication

ACEI or ARB (n/%) 41 (100)

Beta-blocker (n/%) 40 (98)

ALD (n/%) 28 (68)

Diuretics (n/%) 25 (61)

IHD ischaemic heart disease, NYHA New York Heart Association

functional class, LVEF left ventricular ejection fraction, BMI body

mass index, BP sys systolic blood pressure, BP dia diastolic blood

pressure, HR heart rate, GDF15 growth differentiation factor 15,

hsTnT high-sensitive troponin T, hsCRP high-sensitive C-reactive

protein, Na serum sodium concentration, Crea serum creatinine

concentration, MDRD glomerular filtration rate as estimated through

the modified diet in renal disease formula, ACEI ACE-inhibitor, ARB
angiotensin receptor blocker, ALD aldosterone antagonist, ranges in

brackets represent interquartile range

Basic Res Cardiol (2009) 104:731–738 733

123



Correlates of change

Both changes of GDF15 and NT-proANP exhibited a

variable pattern of correlation with changes of other vari-

ables across the test intervals. At 14 days, follow-up

NT-proANP changes inversely correlated with haemo-

globin changes (rho = -0.40; 95% CI -0.64 to -0.09;

P = 0.02) and GDF15 changes correlated with NTproBNP

changes (rho = 0.34; 95% CI 0.03–0.59; P = 0.04)

and inversely with MDRD changes (rho = -0.47; 95%

CI -0.68 to -0.18; P = 0.004). At 28 days, NT-proANP

changes correlated with NT-proBNP changes (rho = 0.41;

95% CI 0.11–0.64; P = 0.02) and GDF15 changes inver-

sely correlated with haemoglobin changes (rho = -0.52;

95% CI -0.72 to -0.25; P = 0.002) and MDRD changes

(rho = -0.46; 95% CI -0.68 to -0.18; P = 0.004). At

62 days, NT-proANP changes did not correlate with other

changes and GDF15 changes only correlated inversely with

MDRD changes (rho = -0.48; 95% CI -0.69 to -0.20;

P = 0.003). At 90 days, NT-proANP changes again did

not correlate with other changes, while GDF15 changes

inversely correlated with in MDRD changes (rho = -0.55;

95% CI -0.74 to -0.28; P = 0.0007) and hsTnT changes

(rho = 0.40; 95% CI 0.10–0.64; P = 0.02) changes. No

further correlation between changes was observed for

NT-proANP or GDF15 either with one another or with

NTproBNP, hsCRP, hsTnT, waist circumference, haemo-

globin, MDRD, weight, or heart rate.

Determinants of change

Regression analyses for NT-proANP change showed no

significant influence of any variable at 14 days, a significant

influence of baseline haemoglobine-levels (b-coefficient

-0.20; SE 0.092, P = 0.04) at 28 days, no significant

influence of any variable at 62 days, and a significant

influence of baseline heart rate (b-coefficient -0.13, SE

0.006, P = 0.04) at 90 days. As for GDF15 change, a very

small but significant influence of baseline GDF15-levels

was found at 14 days (b-coefficient 0.0001, SE 0.00002,

P \ 0.001), 28 days (b-coefficient 0.0001, SE 0.00001,

P = 0.001), and at 62 days (b-coefficient -0.0003, SE

0.00006, P \ 0.001), but not at 90 days. Furthermore, at

28 days, age (b-coefficient 0.008, SE 0.002, P = 0.002)

Table 2 Patient characteristics during serial sampling

Parameter Initial visit 14 days 28 days 90 days

NYHA I (n/%) 9 (22) 9 (22) 9 (22) 9 (22)

NYHA II (n/%) 29 (71) 29 (71) 29 (71) 29 (71)

NYHA III (n/%) 3 (7) 3 (7) 3 (7) 3 (7)

BMI (kg/m2) 28.2 ± 4.6 28.2 ± 4.7 28.2 ± 4.7 28.3 ± 4.9

Waist (cm) 102.5 ± 11.1 102.4 ± 11.3 101.1 ± 11.3 100.7 ± 11.3

BP sys (mmHg) 111 ± 17 112 ± 17 110 ± 17 111 ± 18

BP dia (mmHg) 72 ± 10 69 ± 8 67 ± 10 69 ± 11

HR (1/min) 68 ± 11 67 ± 9 67 ± 11 68 ± 9

Sinus rhythm (n/%) 27 (66) 27 (66) 27 (66) 27 (66)

NTproANP (nmol/l) 4.09 ± 3.07 4.16 ± 2.93 4.25 ± 3.59 3.85 ± 3.63

GDF15 (ng/ml) 1,933 (1,303–2,778) 1,847 (1,355–2,693) 1,868 (1,365–2,623) 1,923 (1,217–2,865)

NTproBNP (pg/ml) 597 (257–1,306) 582 (272–1,538) 590 (286–1,183) 520 (215–1,494)

hsTnT (pg/ml) 14.2 (6.8–20.8) 10.6 (6.5–18.4) 12.1 (5.8–19.0) 11.2 (5.9–19.1)

hsCRP (mg/l) 1.69 (1.13–3.39) 1.96 (1.15–3.91) 1.54 (1.02–2.97) 1.76 (1.00–2.80)

Na (mmol/l) 139 ± 3 139 ± 3 140 ± 3 140 ± 3

Crea (lmol/l) 108.0 ± 25.7 109.0 ± 24.8 106.0 ± 23.3 109.0 ± 28.0

MDRD (ml/min) 59 ± 17 58 ± 15 60 ± 15 59 ± 26

Hb (mg/dl) 14.1 ± 1.2 13.9 ± 1.3 14.0 ± 1.4 14.2 ± 1.5

Medication

ACEI or ARB (n/%) 41 (100) 41 (100) 41 (100) 41 (100)

Beta-blocker (n/%) 40 (98) 40 (98) 40 (98) 40 (98)

ALD (n/%) 28 (68) 28 (68) 28 (68) 28 (68)

Diuretics (n/%) 25 (61) 25 (61) 25 (61) 25 (61)

NYHA New York Heart Association functional class, BMI body mass index, BP sys systolic blood pressure, BP dia diastolic blood pressure, HR
heart rate, Na serum sodium concentration, Crea serum creatinine concentration, MDRD glomerular filtration rate as estimated through the

modified diet in renal disease formula, Hb haemoglobin, ACEI ACE-inhibitor, ARB angiotensin receptor blocker, ALD aldosterone antagonist,

ranges in brackets represent interquartile range
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and underlying rhythm (b-coefficient 0.122, SE 0.051,

P = 0.02; for atrial fibrillation) significantly determined the

extent of GDF15 change, as did baseline MDRD at 90 days

(b-coefficient -0.004, SE 0.0016, P = 0.04). No other

significant influence of baseline levels the extent of change

of NT-proANP or GDF15 was found for baseline hormonal

levels, age, sex, LVEF, BMI, waist circumference, weight,

haemoglobin, heart rate, MDRD, serum sodium, NYHA,

blood pressure, underlying rhythm, or aetiology of heart

failure at any other test interval.

Changes in NT-proANP were not significant determi-

nants of change in GDF15 and vice versa. Furthermore,

change in NT-proANP, was not determined by changes in

NT-proBNP, hsCRP or hsTnT at any of the test intervals.

Although no influence of change in hsCRP was noted for

GDF15 either, changes in NT-proBNP were determinants

of change in GDF15 at 28 days (b-coefficient 0.15, SE

0.07, P = 0.03), changes in hsTNT were determinants at

14 days (b-coefficient 1.04, SE 0.09, P \ 0.001), 62 days

(b-coefficient 1.12, SE 0.09, P \ 0.001) and 90 days (b-

coefficient 0.29, SE 0.08, P \ 0.001), but not at 28 days

(P = 0.14), as was change in MDRD at 14 days (b-coef-

ficient -2.09, SE 0.42, P \ 0.001), 28 days (b-coefficient

-0.53, SE 0.18, P \ 0.01), 62 days (b-coefficient -1.54,

SE 0.55, P \ 0.01), and 90 days (b-coefficient -0.55, SE

0.14, P \ 0.001).

In multivariable regression for GDF15, the influence of

change in MDRD and hsTnT was independent from one

another and from aetiology of CHF, respectively, at 14 days

(P \ 0.001, P \ 0.001, P = 0.33, for delta_MDRD, del-

ta_hsTnT, and aetiology, respectively; adjusted-R2 = 0.84),

at 28 days (P = 0.02, P = 0.40, P = 0.56, for delta_MDRD,

delta_hsTnT, and aetiology, respectively; adjusted-R2 =

0.14), 62 days (P \ 0.05, P \ 0.001, P = 0.46, for del-

ta_MDRD, delta_hsTnT, and aetiology, respectively;

adjusted-R2 = 0.80), and 90 days (P \ 0.01, P \ 0.01,

P = 0.15, for delta_MDRD, delta_hsTnT, and aetiology,

respectively; adjusted-R2 = 0.42).

Biovariability, RCVs, and IOI

GDF15 showed a stable biological variability of 4.1–

6.8% depending on test interval. Consequently, RCVs

were between 11.5 and 18.8%. NT-proANP showed a

slightly more variable biological variability of 22.5–

28.9% depending on test interval. Consequently, RCVs

were between 53.2 and 80.2%. The indices of individu-

ality ranged from 0.07 to 0.09 for GDF15 and from 0.19

to 0.35 for corrected values. For complete results, see

Table 3.

Coefficients of variation did not correlate between GDF15

and NT-proANP at any of the four test intervals (P = 0.31;

P = 0.51; P = 0.06; P = 0.08; at 14 days, 1-, 2-, 3-month

intervals, respectively). For GDF15, coefficients inter-corre-

lated at all test intervals (r = 0.81, P \ 0.001; r = 0.97,

P \ 0.001; r = 0.84, P \ 0.001; r = 0.88, P \ 0.001;

r = 0.80, P \ 0.001; r = 0.86, P \ 0.001; for 14 days vs. 1-,

2-, 3-, 1- vs. 3-month, and 2- vs. 3-month intervals, respec-

tively). For NT-proANP, coefficients inter-correlated at all

test intervals (r = 0.77, P \ 0.001; r = 0.61, P \ 0.001;

r = 0.56, P \ 0.001; r = 0.40, P = 0.02; r = 0.69,

P \ 0.001; for 14-days vs. 1-, 2-, 3-, 1- vs. 3-month, and 2- vs.

3-month interval, respectively), except for 1- vs. 2-month

values (P = 0.35).

Table 3 Analytical, biological variation, reference change values, and index of individuality of NT-proANP and GDF15 according to sampling

interval

Measurement interval

14 days (A) 14 days (B) 14 days (comb) 28 days 62 days 90 days

tact (days) 14.2 ± 0.5 13.9 ± 0.9 14.1 ± 0.6 28.1 ± 1.2 63.4 ± 2.9 91.5 ± 2.9

GDF15

CVt (%) 6.1 (2.8–10.0) 5.9 (2.4–10.0) 7.0 (3.9–14.4) 4.5 (2.3–11.3) 5.8 (3.2–10.9) 7.0 (2.4–13.0)

CVi (%) 5.8 (2.1–9.8) 5.6 (1.6–9.8) 6.8 (3.5–14.3) 4.1 (1.4–11.2) 5.5 (2.6 –10.8) 6.8 (1.6–12.9)

RCV (%) 16.2 15.6 18.8 11.5 15.3 18.8

IOI (relativ) 0.07 0.08 0.09 0.06 0.08 0.09

NT-proANP)

CVt (%) 24.0 (10.8–37.7) 26.6 (14.0–41.1) 27.2 (19.9 – 46.7) 22.6 (6.7–33.8) 29.0 (10.7–43.9) 15.7 (4.4–30.6)

CVi (%) 23.9 (10.6–37.6) 26.5 (13.9–41.1) 27.1 (19.8–46.7) 22.5 (6.4–33.7) 28.9 (10.5–43.9) 15.6 (3.9–30.5)

RCV (%) 66.3 73.5 53.2 62.4 80.2 43.2

IOI (relativ) 0.33 0.34 0.35 0.28 0.33 0.19

tact actually achieved time interval between measurements, CVt total coefficient of variation, CVi individual biological coefficient of variation,

RCV reference change value, IOI index of individuality, CV values are given as median (interquartile range), A first 14-day interval between

measurements, B second 14-day interval between measurements, comb both 14-day intervals combined; ranges in brackets represent interquartile

range
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Discussion

We sought to establish short to medium term biovariability

of NT-proANP and GDF15 and the relation of changes

thereof to changes in clinical variables and other estab-

lished risk markers such as NTproBNP, hsTnT, and hsCRP

from an outpatients’ setting in patients with stable chronic

heart failure on individually optimised stable medication.

Our main findings are:

1. Although no consistent pattern of correlation of

changes of NT-proANP appears to exist, change of

GDF15 appears to be inversely related to change in

renal function.

2. The extent of change of NT-proANP and GDF15 was

not consistently related to baseline variables or base-

line hormonal levels.

3. While biovariability of NT-proANP appears high it is

low in GDF15 though individuality of values is

intermediate in NT-proANP but high in GDF15.

To a certain extent, GDF15 and NT-proANP mediate

comparable physiological function and share common

stimuli [33]. The reasons for investigating these markers

have been stated above.

NT-proANP

NT-proANP levels are related to neurohumoral activa-

tion and LV function [30] as well as age and sex [10].

ANP modulates both the arterial and cardiopulmonary

baroreceptor-mediated control of sympathetic outflow

[20]. It is, therefore, interesting to note that no consistent

pattern of correlation with changes in other variables

have been noted in our cohort preselected for clinical

stability and that baseline clinical variable appear not to

influence biovariability of NT-proANP. There is a strong

debate whether the concept of biological variation

around a homeostatic setpoint might hold for NT-proB-

NP [4]. That debate is potentially transferable to

NT-proANP. This could be because CVs for natriuretic

peptides in general might not represent random varia-

tion, but rather the close balance between hemodynamics

and neuroendocrine regulation versus counter regulation

[5].

Then again, secretory stimuli for (NT-pro)ANP are not

completely identical to those of (NT-pro)BNP [24], though

ANP shows pulsatile secretion, too [22]. In contrast to

NT-proBNP, however, values of NT-proANP did not show

a skewed distribution in our patients. Still, our data for

NT-proANP seem to mirror NT-proBNP [26] with rather

elevated RCV, though IOI is higher for NT-proANP in our

patients than reported for NT-proBNP by others [26],

indicating less inter-individual variation.

GDF15

GDF15 in return is not related to sex and only very little to

age [15]. Secretory stimuli include ischaemia and proin-

flammatory cytokines [14]. Against this background it

appears logic that changes in hsTNT determined changes in

GDF15 but surprising that this was not the case for hsCRP.

A possible explanation could be that our selection criteria

protected the study against changes in overt inflammation

or ischaemia but not subclinical changes in wall stress

resulting in micro-necroses. The influence of changes in

hsTnT on GDF5 was independent from aetiology of CHF,

confirming that GDF15 is not simply a marker of myo-

cardial necrosis [31]. Therefore, it might potentially be the

physiology of CHF that might give rise to hemodynamic

and other changes that could cause clinically undetectable

‘‘microscopic’’ events that as such do not necessarily

macroscopically destabilise the patient.

Here, our study gives valuable insight into what is

otherwise considered ‘‘stable’’. The same holds true for the

association with changes in renal function. Since no data

are available on biovariability of hsTnT in healthy subjects,

we can only speculate as to the significance of these

associations. In contrast to NT-proANP, GDF15 showed

very little biological variation, although the IOI was low

indicating elevated inter-individual variation. This would

render this marker preferable over natriuretic peptides from

the point of view of RCV.

Clinical application

Consideration of the above points is important for clinical

interpretation of change of both markers in practice as it

potentially indicates that in the presence of a clinically

more unstable setting change of NT-proANP does not

simply reflect, e.g. change in renal function or blood

pressure but should rather prompt investigation of the

underlying cardiovascular reason. Of course, this cardio-

vascular change might be the common reason for changes

both of marker and clinical variables but it would appear

from our data that these changes coexist rather than one

being the cause for the other.

GDF15, however, should always be evaluated in the

light of renal function. According to our data, a proportion

of change in GDF15 is determined by latent change in renal

function and micro-necrosis as reflected through hsTnT.

Consequently, larger variation in GDF15 should prompt

hemodynamic and renal investigation to account for this

proportion of change.

We would be inclined to assume that changes in NT-

proANP and GDF15 appear not to be related to baseline

hormonal levels. This facilitates clinical applicability as it

indicates that clinical settings associated with elevated
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hormone secretion might not destabilise secretion pattern

as such. This will further facilitate clinical applicability

since the extent of variation can therefore be taken into

consideration without the need to take into account, e.g.

underlying rhythm or heart rate.

Limitations

The number of patients included, resulting from the

numerous and strict selection criteria, might represent a

statistical handicap. On one hand, these criteria should give

this study even greater value as we think that RCVs need to

be established in clinical stability to allow application to

more instable settings. On the other hand, these criteria

might impact on clinical variables, possibly reducing the

clinical transferability, and render correlation analyses

between changes of variables more difficult. We cannot

rule out that some of the inconsistent determinants of

change for both markers are due to chance rather than true

influence or vice versa. Also, the important drop out rate

might introduce a bias to the study. Furthermore, as we did

not perform invasive testing or long-term Holter follow-up,

we cannot completely rule out that we did not measure pure

bio variability but to a certain extent clinically undetected

variation of phenotype such as intermittent change of

rhythm, change of loading conditions or silent ischaemia

for patients with ischaemic heart disease with it although

major changes should have been ruled out by the selection

criteria applied throughout the course of the study. Finally,

we did not extend our study beyond 3 months. Our study

shows only limited comparability to other studies with

longer follow-up [25] that retrospectively identified stable

subjects with the aid of 4 inclusion criteria from a database.

We chose 3 months as the last visit as from our point of

view this mirrors the clinical setting/interval where patients

with suspected instability are reassessed. A patient who

only requires yearly visits could be more readily accepted

as stable. In contrast, evaluation of markers of these

patients in whom deterioration of CHF is suspected

requires short to medium term data on biovariability of

these markers.

Conclusion

In patients with CHF preselected for clinical stability

changes of NT-proANP at 2-week, 1-, 2- and 3-months

follow-up do not correlate with changes in other variables

and the extent of change is not related to baseline hormonal

levels or other baseline variables. Changes of GDF15 only

correlate inversely with changes in renal function but again

the extent of change is not consistently related to baseline

hormonal levels or other baseline variables. RCVs are high

for NT-proANP and low for GDF15 while inter-individual

variation is high in GDF15 and intermediate in NT-pro-

ANP. Consideration of these facts as discussed above will

facilitate clinical monitoring, possible guidance of therapy

and continuous risk stratification.
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