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Abstract
Aims/hypothesis N-terminal pro-B-type natriuretic peptide (NT-proBNP) is the gold standard prognostic biomarker for diagnosis
and occurrence of heart failure. Here, we compared its prognostic value for the occurrence of congestive heart failure with that of
plasma mid-region pro-adrenomedullin (MR-proADM), a surrogate for adrenomedullin, a vasoactive peptide with vasodilator
and natriuretic properties, in people with type 2 diabetes.
Methods Plasma MR-proADM concentration was measured in baseline samples of a hospital-based cohort of consecutively
recruited participants with type 2 diabetes. Our primary endpoint was heart failure requiring hospitalisation.
Results We included 1438 participants (age 65 ± 11 years; 604 women and 834 men). Hospitalisation for heart failure occurred
during follow-up (median 64 months) in 206 participants; the incidence rate of heart failure was 2.5 (95% CI 2.2, 2.9) per 100
person-years. Plasma concentrations of MR-proADM and NT-proBNP were significantly associated with heart failure in a Cox
multivariable analysis model when adjusted for age, diabetes duration, history of coronary heart disease, proteinuria and baseline
eGFR (adjHR [95%CI] 1.83 [1.51, 2.21] and 2.20 [1.86, 2.61], respectively, per 1 SD log10 increment, both p < 0.001). MR-
proADM contributed significant supplementary information to the prognosis of heart failure when we considered the clinical risk
factors (integrated discrimination improvement [IDI, mean ± SEM] 0.021 ± 0.007, p = 0.001) (Table 3). Inclusion of NT-proBNP
in the multivariable model including MR-proADM contributed significant complementary information on prediction of heart
failure (IDI [mean ± SEM] 0.028 ± 0.008, p < 0.001). By contrast, MR-proADM did not contribute supplementary information
on prediction of heart failure in a model including NT-proBNP (IDI [mean ± SEM] 0.003 ± 0.003, p = 0.27), with similar results
for heart failure with reduced ejection fraction and preserved ejection fraction.
Conclusions/interpretation MR-proADM is a prognostic biomarker for heart failure in people with type 2 diabetes but gives no
significant complementary information on prediction of heart failure compared with NT-proBNP.
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NT-proBNP N-terminal pro-B-type natriuretic peptide
SURDIAGENE Survival Diabetes and Genetics

Introduction

Cardiovascular diseases are a leading cause of mortality in
people with diabetes [1]. Compared with non-diabetic indivi-
duals, diabetic individuals have a higher risk of developing
coronary heart disease and cardiomyopathy, pathologies that
predispose to chronic heart failure and contribute to the higher
cardiovascular mortality observed in people with diabetes [2].
Congestive heart failure (CHF) is the most frequent cause of
hospitalisation for cardiovascular disease in individuals over
65 years of age [3] and is a major public health problem with a
negative impact on the individual’s quality of life. Its inci-
dence is higher in people with diabetes than in the general
population [4–8].

Adrenomedullin (ADM) is a 52 amino acid peptide
expressed and secreted in many cell types including endothe-
lial and vascular smooth muscle cells, cardiomyocytes, fibro-
blasts, monocytes and leucocytes [9]. Production and secre-
tion of ADM is increased in response to hypoxia and ischae-
mia [10]. At physiological concentration, ADM has
vasodilatory and hypotensive effects in the systemic and pul-
monary circulations, as well as a natriuretic effect [11]. ADM
and mid-region proADM (MR-proADM) are formed in

equimolar amounts from a precursor peptide, pre-proADM,
by enzymatic cleavage. MR-proADM is easily measurable
in blood samples and is a stable surrogate marker of ADM
[12]. High plasmaMR-proADM levels have been observed in
many clinical conditions associated with hypoxia and ischae-
mia, including chronic airway obstruction, peripheral arterial
disease, ischaemic heart disease and CHF [13–16].
Population-based studies suggest that a high circulating level
of MR-proADM is associated with increased risk of develop-
ing CHF [17, 18].

B-type natriuretic peptide (BNP), a peptide secreted pri-
marily by the left ventricle when the heart is unable to effi-
ciently pump blood, is released in equimolecular amounts
with N-terminal pro-B-type natriuretic peptide (NT-proBNP)
in response to increased parietal stress generated by increased
ventricular fill pressures. With regard to the current European
Society of Cardiology (ESC) recommendations, NT-proBNP
is the gold standard biomarker for diagnosis of heart failure in
cases of acute dyspnoea and for follow-up of people with
chronic heart disease.

Studies on CHF prognosis have suggested the superiority
of MR-proADM compared with NT-proBNP in terms of mor-
bidity and mortality in individuals with post-acute coronary
syndrome and CHF [19, 20]. In addition, in elderly indivi-
duals with acute dyspnoea, MR-proADM was found to be
the only prognostic biomarker for cardiovascular mortality,
compared with other biomarkers including BNP [21].
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However, the primary outcome was not CHF but cardiovas-
cular or all death. In addition, comparisons have focussed
mainly on individuals in post-acute heart failure or on healthy
populations and no prospective data are specifically available
for individuals with type 2 diabetes. In the present investiga-
tion, we assessed and compared MR-proADM and NT-
proBNP as predictors of CHF incidence in unselected individ-
uals with type 2 diabetes.

Methods

ParticipantsWe studied individuals with type 2 diabetes, from
the Survival Diabetes and Genetics (SURDIAGENE) cohort,
a hospital-based prospective monocentric study aiming to
identify the genetic and environmental determinants of vascu-
lar complications in type 2 diabetes [22]. Individuals were
recruited and followed regularly at the University Hospital
of Poitiers, France, from 2002 to 2011. All participants gave
written informed consent and study protocols were approved
by the CCP Ouest III ethics committee of Poitiers.

Vital status and cardiovascular complications were deter-
mined from individuals’ hospital records and interviews with
general practitioners and informationwas updated every second
year. The latest update available (2015) was considered in the
present analysis. Detailed description of study population, out-
come criteria, adjudication procedure and biological procedures
has been published previously [23]. Samples were stored at
−80°C at the Poitiers biobanking facility (CRB 0033-00068;
www.chu-poitiers.fr/specialites/centre-ressources-biologiques).
Participants were considered regardless of whether or not they
had a history of CHF at baseline. Individuals with end-stage
renal disease (dialysis or renal transplant) at baseline were ex-
cluded from the current analysis.

Outcome The primary endpoint of the study was the occur-
rence of CHF requiring hospitalisation during follow-up, as
defined by the 2012 criteria of the ESC [24]. Endpoints were
adjudicated by an ad hoc committee including diabetologists
and cardiologists. According to the ESC 2012 Heart Failure
guidelines, heart failure with reduced ejection fraction (HFrEF)
was defined as heart failure with left ventricular ejection frac-
tion (LVEF) <50% and heart failure with preserved ejection
fraction (HFpEF) as heart failure with LVEF ≥50%. LVEFwas
determined by echocardiography performed by a cardiologist
as part of standard care. We have previously shown an associa-
tion between MR-proADM and all-cause death [16] and we
searched for such a relationship with NT-proBNP.

Assays MR-proADM concentration was measured in baseline
plasma–EDTA samples by an automated immunofluorescent
sandwich immune assay (B·R·A·H·M·S MR-proADM
KRYPTOR; Thermo Fisher Scientific, Hennigsdorf,

Germany) [12]. The limit of detection (LOD) was assessed as
0.05 nmol/l, intra-assay CV was 3.5–10% and the inter-assay
CV was ≤20% for 0.2–0.5 nmol/l concentrations and ≤11% for
0.5–6 nmol/l concentrations.

NT-proBNPwas measured in baseline plasma–EDTA sam-
ples by an electrochemiluminescence automated immunoas-
say (Roche Diagnostics, Mannheim, Germany). According to
the manufacturer’s information, the LODwas 5 ng/l, the intra-
assay CV was 1.2–1.9% and the inter-assay CV was 1.7–
3.1%. Glomerular filtration rate was estimated by using the
Chronic Kidney Disease Epidemiology (2009 CKD-EPI) cre-
atinine equation [25].

Echocardiography We considered a subgroup of individuals
with clinically indicated echocardiography performed in rou-
tine care 12 months before or after inclusion (provided no
CHF had occurred in the meantime), retaining those individ-
uals without significant valvular disease (see electronic sup-
plementary material [ESM] Fig. 1). Standard echocardio-
graphic examinations were performed by trained cardiologists
using a Vivid ultrasound device (GE-Vingmed Ultrasound,
Horten, Norway) with a 2.5 MHz phased-array sector scan
probe and second harmonic technology. Bidimensional, M
mode and Doppler measurements were assessed following
the American Society of Echocardiography (ASE) convention
[26]. We considered five key variables: (1) left ventricular
mass indexed for body surface area (M mode in parasternal
long and short axis views, with the individual in the left lateral
position); (2) LVEF calculated using biplane Simpson’s rule
from the apical 4- and 2-chamber views; (3) left atrium area
planimetered in apical 4-chamber view (dilatation >20 cm2);
(4) Doppler-derived left ventricular diastolic inflow recorded
in apical 4-chamber view, E and A peak velocities and their
ratio E/A and (5) early diastolic transmitral peak velocities (E)
to early peak diastolic velocities of the mitral annulus (Ea) and
their ratio E/Ea.

Statistical analyses Continuous variables are expressed as
mean ± SD, or as median and interquartile range.
Categorical variables are expressed as number of cases and
percentage. Differences between groups were assessed by un-
paired Student’s t test, ANOVA, Kruskal–Wallis test and
Pearson’s χ2 test. Kaplan–Meier curves with a logrank test
were used to plot and compare survival (CHF-free) rates over
time by tertiles of plasma MR-proADM and NT-proBNP,
respectively. Cox regression was used to examine the effect
of explanatory variables on the hazard of CHF. HRs with their
95% CIs were computed in these analyses per SD increment.
Variables presenting a significant univariate association with
the outcome were all included in a multivariable Cox model.
We censored individuals at time of primary endpoint or death
or end of follow-up. As all-cause death could compete with
the occurrence of our primary outcome, we performed
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competing-risk analysis according to the Fine and Gray meth-
od and presented subhazard ratios with their 95% CIs.

The integrated discrimination improvement (IDI) index
was calculated to assess the improvement in 5 year risk pre-
diction of MR-proADM and/or NT-proBNP in addition to
traditional risk factors. A 5 year risk was selected because it
approximates the median follow-up time for the study parti-
cipants. We further analysed Harrel C-statistics according to
the different models. The calculation of 95% CI of the diffe-
rence between two models was performed with bootstrap and
presented as mean ± standard error of the mean (SEM).

Statistical analyses were performed with SAS, version 9.3
(SAS, Cary, NC, USA). A p value <0.05 was considered
significant.

A few participants did not have a full set of variables re-
garding NT-proBNP (n = 6). Participants with missing NT-
proBNP values were removed from all the analyses including
this covariate.

We conducted three complementary analyses. First, we
assessed the impact of echocardiography data on the relation-
ship between CHF and the studied biomarkers. Second, we
assessed the improvement in Cox model performance by IDI
accomplished by adding MR-proADM on top of covariates
from the UKPDS Outcome Model for CHF [27], instead of
the covariates derived from our model. Baseline covariates
derived from the UKPDS Outcome Model study regarding
hospitalisation for heart failure [27] include age, BMI, LDL-
cholesterol, eGFR value <60 ml min−1 [1.73 m]−2, micro- or
macroalbuminuria (vs normoalbuminuria), atrial fibrillation
and a history of lower extremity amputation. Finally, stratifi-
cation according to type of CHF was applied and data on
HFpEF and HFrEF individuals were analysed separately.

Results

Out of the original 1468 SURDIAGENE participants, we
analysed 1438 individuals (ESM Fig. 1): age 65 ± 11 years;
604 women and 834 men.

Plasma concentrations of MR-proADM and NT-proBNP and
baseline characteristics Plasma MR-proADM concentration
was significantly higher in women than in men (0.76 ± 0.36
vs 0.72 ± 0.38 nmol/l, p = 0.004). The correlations of plasma
MR-proADM with clinical and biological variables at base-
line were previously reported [16]. Briefly, MR-proADMcon-
centration was significantly and positively correlated with
age, BMI and urinary albumin excretion and was negatively
correlated with eGFR and HbA1c.

Plasma NT-proBNP concentration was significantly higher
in women than in men, considering a post hoc analysis (348
[238–774] vs 258 [101–682] ng/l, respectively [p = 0.0178])
in the group with a history of CHD [n = 266 men and 118

women]), but not in the whole study population (106 [50–
283] vs 120 [49–374] ng/l, respectively [p = 0.3260]). The
increasing tertiles of NT-proBNP distribution were signifi-
cantly and positively associated with age, systolic blood pres-
sure, duration of diabetes, urinary albumin excretion and his-
tory of coronary heart disease and negatively associated with
eGFR, HbA1c and BMI (ESM Table 1). We found a positive
correlation between the concentrations of MR-proADM and
NT-proBNP, both in men and women (r = 0.63 and r = 0.54,
respectively, both p < 0.001).

Plasma concentration of MR-proADM and NT-proBNP and
occurrence of CHF during follow-upA total of 206 individuals
required hospitalisation for CHF during follow-up (median
64 months). The incidence rate of the outcome was 2.5
(95% CI 2.2, 2.9) per 100 person-years. Characteristics of
participants at baseline according to the occurrence of CHF
during follow-up are shown in Table 1. Individuals with inci-
dent CHF, as compared with those without, were older, had a
longer duration of diabetes, higher systolic blood pressure,
lower eGFR, higher urinary albumin excretion and were more
likely to have a previous history of coronary heart disease.

Incidence rates of CHF during follow-up by tertiles of
baseline plasma MR-proADM and NT-proBNP concentra-
tions are shown in ESM Table 2. Kaplan–Meier curves plot-
ting CHF-free rates over time are shown in Figs 1 and 2. The
higher tertile of plasma MR-proADM was associated with a
significantly greater incidence of CHF (p < 0.0001). Similarly,
the higher tertile of plasma NT-proBNP was associated with a
greater incidence of CHF (p < 0.0001).

Baseline covariates entered in the regression models and
results of multivariable analyses are shown in Table 2.
Concentrations of plasma MR-proADM and plasma NT-
proBNP remained significantly and independently associated
with the incidence of CHF (adjHR [95% CI] 1.83 [1.51, 2.21]
and 2.20 [1.86, 2.61], respectively, for a 1 SD increase in
log10, both p < 0.0001). The inclusion of beta blocker use at
baseline in the regression model had no impact on the associ-
ation of the biomarkers with CHF (data not shown).

During follow-up, 417 participants died. Results were not
modified when competing risk of all-cause death was
accounted for and the subhazard ratio for plasma MR-
proADM and plasma NT-proBNP remained significantly and
independently associatedwith the incidence of CHF (adjsubHR
[95% CI] 1.42 [1.17, 1.73], p = 0.0005 and 1.91 [1.61, 2.27],
p < 0.0001, respectively, for a 1 SD increase in log10).

MR-proADM and NT-proBNP interaction as predictors of CHF
When MR-proADM was added to the multivariable Cox
model including NT-proBNP, it was significantly associated
with the incidence of CHF (adjHR [95% CI] 1.27 [1.03, 1.57],
p = 0.03, for a 1 SD increase in log10 MR-proADM).
However, MR-proADM did not significantly contribute
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supplementary information on prediction of 5 year risk of
CHF in the model including NT-proBNP (IDI 0.0028 ±
0.003, p = 0.2664).

MR-proADM contributed significant supplementary infor-
mation to the prognosis of heart failure when we considered
the clinical risk factors (IDI [mean ± SEM] 0.021 ± 0.007, p =
0.0013).

When NT-proBNP was added to the multivariable Cox
model including MR-proADM, it was significantly associ-
ated with the incidence of CHF (adjHR [95% CI] 1.98
[1.64, 2.40], p < 0.0001, for a 1 SD increase in log10 NT-
proBNP). NT-proBNP significantly contributed comple-
mentary information on prediction of 5 year risk of CHF
(IDI 0.028 ± 0.008, p = 0.0003) but not MR-proADM
(Table 3). By contrast, MR-proADM did not contribute

supplementary information on prediction of heart failure
in a model including NT-proBNP (IDI [mean ± SEM]
0.003 ± 0.003, p = 0.2664), with similar results for heart
failure with reduced ejection fraction and preserved ejec-
tion fraction.

The complementary information on prediction of 5 year
risk of CHF generated by the inclusion of one biomarker or
the other is summarised in Table 3.

Complementary analyses Structural modification of the heart
could be a key factor affecting the relationship between bio-
markers and outcomes. As a complementary analysis, we
present the HR of MR-proADM first, and NT-proBNP sec-
ond, with adjustment on the echocardiography variables in the
subgroup for which data were available (Table 4).

Table 1 Characteristics of partic-
ipants according to the occurrence
of CHF during follow-up

Characteristic CHFa during follow-up
(n = 206)

No CHFa during
follow-up (n = 1232)

p value

Whole study population

Sex, male/female, n (%) 123/83 (60/40) 711/521 (58/42) 0.59

Age, years 71 ± 10 64 ± 11 <0.001

BMI, kg/m2 30.5 ± 5.9 31.4 ± 6.3 0.040

Systolic blood pressure, mmHg 137 ± 21 132 ± 17 <0.001

Diastolic blood pressure, mmHg 72 ± 13 72 ± 11 0.74

Duration of diabetes, years 20 ± 11 14 ± 10 <0.001

HbA1c, mmol/mol 63 ± 11 62 ± 13 0.34

HbA1c, % 7.9 ± 1.4 7.8 ± 1.6 –

Serum creatinine, μmol/l 95 (77–129) 81 (68–98) <0.001

eGFR, ml min−1 [1.73 m]−2 60 ± 25 76 ± 23 <0.001

ACR, mg/mmol 9.5 (2.2–74.8) 2.6 (1.0–10.7) <0.001

Total cholesterol, mmol/l 4.8 ± 1.2 4.8 ± 1.2 0.85

Active smoker, n (%) 10 (5) 142 (12) 0.003

History of coronary heart disease, n (%)b 99 (48) 285 (23) <0.001

History of coronary artery
revascularisation, n (%)

54 (26) 162 (13) <0.001

MR-proADM, nmol/l 1.00 (0.72–1.44) 0.72 (0.58–0.89) <0.001

NT-proBNP, ng/l 443 (193–1120) 93 (44–237) <0.001

Sinusal rhythm, n (%) 177 (87) 1177 (96) <0.001

Complementary analysis: participants with echocardiography availablec

LVEF, % (n = 171) 57 ± 18 62 ± 14 0.086

E/A (n = 129) 0.85 (0.74–0.98) 0.88 (0.71–1.19) 0.59

E/Ea (n = 73) 12.45 (8.90–17.76) 8.52 (6.42–44.70) 0.009

Indexed LV mass, g/m2 (n = 59) 150 ± 37 131 ± 48 0.33

LA area, cm2 (n = 55) 27 ± 6 21 ± 6 0.009

Quantitative data are expressed as mean ± SD or median (25th–75th percentile)
a CHF necessitating hospitalisation
b Coronary heart disease was defined as previous history of myocardial infarction or angina pectoris
c In the complementary analysis, echocardiography data were available for a subgroup of participants (numbers
notified for each variable)

ACR, albumin/creatinine ratio; E/A, mitral flow E peak to A peak ratio; E/Ea, early diastolic transmitral peak
velocities (E) to early peak diastolic velocities of the mitral annulus (Ea) ratio; LA, left atrium; UAC, urinary
albumin concentration
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We repeated the multivariable Cox model using baseline
covariates derived from the UKPDS Outcome Model study.
When analysed separately, plasma MR-proADM and NT-
proBNP were both associated with CHF (adjHR [95% CI]
1.77 [1.50, 2.10] and 2.27 [1.96, 2.64], respectively, for a 1
SD increase in log10, p < 0.0001 for both).

When considering MR-proADM and NT-proBNP in the
same multivariable Cox model using baseline covariates de-
rived from the UKPDS Outcome Model study, MR-proADM
was not associated with CHF (adjHR [95% CI] 0.96 [0.77,
1.19], p = 0.69, for a 1 SD increase in log10 MR-proADM),
while NT-proBNP remained associated with the outcome
(adjHR [95% CI] 2.33 [1.91, 2.85], for a 1 SD increase in
log10 NT-proBNP, p < 0.0001). NT-proBNP contributed sig-
nificant supplementary information to the prediction model
(IDI 0.0475 ± 0.0096, p < 0.001).

Among participants with incident CHF, 92 (44.7%) had
HFrEF and 106 (51.4%) had HFpEF (ESM Table 3); ejection
fraction status could not be ascertained for eight participants.
MR-proADM and NT-proBNP were significantly and

independently associated with incidence of HFrEF (ESM
Table 4) and HFpEF (ESM Table 5).

In a multivariable Cox model analysis, when both bio-
markers were accounted for simultaneously in the model,
MR-proADM was not significantly associated with occur-
rence of HFrEF (p = 0.67) while NT-proBNP remained asso-
ciated with the outcome (p < 0.0001). MR-proADM and NT-
proBNP remained significantly associatedwith the occurrence
of HFpEF (p = 0.0476 and p = 0.0009, respectively). When
considered simultaneously in a prognostic model of HFpEF,
neither NT-proBNP nor MR-proADM contributed significant
supplementary information to the prediction model (IDI
0.0061 ± 0.0043 [p = 0.1559] and IDI 0.0037 ± 0.0028 [p =
0.17643], respectively).

Discussion

In the present investigation performed in a cohort of individ-
uals with type 2 diabetes, plasma MR-proADM concentration
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Fig. 2 Kaplan–Meier curves of
CHF-free rates over time during
follow-up by tertiles of plasma
NT-proBNP at baseline; logrank
p < 0.0001
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Fig. 1 Kaplan–Meier curves of
CHF-free rates over time during
follow-up by tertiles of plasma
MR-proADM at baseline; logrank
p < 0.0001
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was a predictor for the occurrence of CHF. The association
was independent of other CHF risk factors identified in our
cohort, such as a history of coronary heart disease, proteinuria
and renal function. Moreover, MR-proADM contributed sig-
nificant supplementary information to the prediction of CHF
when we considered the clinical risk factors derived from both
our analysis and the UKPDS Outcome Model [1].
Furthermore, NT-proBNP concentration was also a predictor
for the occurrence of CHF independently of other CHF risk
factors. MR-proADM did not contribute additional informa-
tion to CHF when NT-proBNP was also included in the pre-
diction model. Finally, NT-proBNP performs better than MR-
proADM for the prognosis of CHF in people with type 2
diabetes, independently of HFrEF or HFpEF status.

The pathophysiological mechanisms linking ADM and
heart failure make MR-proADM a very attractive prognostic
biomarker for CHF. ADM is widely expressed, particularly in
the heart, kidney and lung and in endothelial and smooth
muscle cells of the vascular wall [28–32]. At physiological
concentrations, ADM has many systemic and local effects
including vasodilation and hypotension; it increases cardiac
output, glomerular filtration rate, diuresis and fractional excre-
tion of sodium [33, 34]. ADM exerts a direct inotropic effect
in the heart and increases myocardial contractility. Moreover,
ADM-induced arterial and venous vasodilatation is associated

with a decrease in cardiac preload and after-load, and with a
reduction in total peripheral resistance [33]. Intravenous ad-
ministration of ADM in individuals with previous myocardial
infarction and left ventricular dysfunction enhanced left ven-
tricular contraction and improved left ventricular relaxation
without increasing myocardial oxygen consumption [34].
Acute and chronic administration of ADM in animal models
of heart failure confirmed the beneficial effect of ADM on
cardiac function [34].

Our results in participants with type 2 diabetes support
MR-proADM as a valuable biomarker for the prognosis of
CHF, even after coronary heart disease is accounted for, as
established in several prospective studies in unselected popu-
lations. A recent study in a Dutch community-based cohort
reported an association between MR-proADM concentration
and the occurrence of new-onset heart failure with reduced left
ventricular ejection fraction [17]. This slightly differs from our
results, where the prognostic effect for CHF was found in
individuals with either preserved or reduced ejection fraction.
The prognostic value of MR-proADM concentration was
found only in a subset of participants with a high-baseline
cardiovascular risk profile [17], of whom only 7% (116 par-
ticipants) had diabetes, as indicated by use of glucose-
lowering medications. A prospective study from Austria con-
ducted in 781 participants with type 2 diabetes, with median

Table 2 HR of CHF during fol-
low-up according to baseline co-
variates—multivariable Cox
analyses

Covariate MR-proADM NT-proBNP

HR (95% CI) p value HR (95% CI) p value

Biomarker, per 1 SD log10
a 1.83 (1.51, 2.21) <0.001 2.20 (1.86, 2.61) <0.001

Age, per 1 year 1.06 (1.04, 1.08) <0.001 1.05 (1.03, 1.06) <0.001

Duration of diabetes, per 1 year 1.02 (1.01, 1.04) <0.001 1.03 (1.01, 1.04) <0.001

eGFR, per 1 ml min−1 [1.73 m]−2 1.01 (1.00, 1.02) 0.008 1.00 (1.00, 1.01) 0.10

ACR, per 1 log10
a 1.48 (1.24, 1.76) <0.001 1.37 (1.14, 1.63) <0.001

History of coronary heart diseaseb 2.08 (1.57, 2.76) <0.001 1.56 (1.17, 2.08) 0.003

Results are expressed as HR (95% CI) for a multivariable model
a Data are log10-transformed for the analyses
b Coronary heart disease was defined by previous history of angina pectoris or myocardial infarction

ACR, albumin/creatinine ratio

Table 3 Summary of the prognostic value of the addition of biomarkers in models

Reference Added biomarker C statistic (95% CI) Difference (95% CI) IDI (p value)

Model 1 0.786 (0.757, 0.815)

Model 1 MR-proADM 0.807 (0.779, 0.836) 0.0211 (0.0089, 0.0379) 0.021 ± 0.007 (0.001)

Model 1 NT-proBNP 0.835 (0.810, 0.861) 0.0479 (0.0290, 0.0693) 0.046 ± 0.010 (<0.001)

Model 1 + NT-proBNP MR-proADM 0.837 (0.811, 0.862) 0.0020 (0.0008, 0.0073) 0.003 ± 0.003 (0.27)

Model 1 + MR-proADM NT-proBNP 0.837 (0.811, 0.862) 0.0291 (0.014, 0.0480) 0.028 ± 0.008 (<0.001)

IDI is presented as mean ± SEM

Model 1 was presented in Table 2 and included age, duration of diabetes, eGFR, albumin/creatinine ratio and history of coronary heart disease

Diabetologia (2018) 61:2643–2653 2649



follow-up of 15 months, reported an association between
baseline MR-proADM and a composite endpoint of death,
heart failure, myocardial infarction, unstable angina, cardiac
rhythm and conduction disorders, peripheral and central arte-
rial occlusive disease and transient ischaemic attack or stroke
[35]. Unfortunately, published material did not permit specific
extraction of data on the prognostic value of baseline MR-
proADM concentration on CHF. Another study also demon-
strated that MR-proADM concentrations were predictive for
heart failure in people with coronary artery disease, including
489 participants (22%) with diabetes [36]. Finally, a study of
8444 healthy participants from the Finnish general population
[37], including 403 participants with diabetes followed up for
14 years, also suggested a good predictive value of ADM for
the occurrence of heart failure.

Altogether, we can conclude that the value of MR-
proADM concentration for predicting the occurrence of
CHF has been established, in participants with type 2 diabetes
specifically, as in non-diabetes populations, in accordance
with data from individuals with heart failure.

Our key research question was indeed to compare the prog-
nostic value of MR-proADM and NT-proBNP in CHF occur-
rence. NT-proBNP levels were higher in women than in men
in the subgroup of participants who had a history of coronary
heart disease but surprisingly not in the whole study popula-
tion. This might represent sample fluctuations, since inverse
correlation with BMI was demonstrated, as consistently found
in the literature. We found that NT-proBNP performed better
than MR-proADM, which has been controversial in previous
reports. A study conducted in 745 UK participants with non-
ST-elevation myocardial infarction reported that both MR-
proADM and NT-proBNP levels at discharge were predictors
of the occurrence of subsequent heart failure [14], although
data on their respective prognostic value for CHF are not
available, to our knowledge. In people with heart failure, both
NT-proBNP and MR-proADM were associated with
hospitalisation or death during follow-up (median 55 months)
[38]. Only the FINRISK study has examined the prognostic

values of both MR-proADM and NT-proBNP for occurrence
of CHF [37]. MR-proADM compared better than other natri-
uretic peptides for the occurrence of heart failure and, in con-
trast with our results, improved the risk reclassification for
heart failure beyond NT-proBNP [37]. In the FINRISK study,
only 5.1% of study participants were classified as diabetic. In
addition, the incidence rate for CHF was rather low (0.43 for
100 person-years) compared with the incidence found in our
population (2.50 for 100 person-years). Whether the results
were influenced by the diabetes status and/or by the different
incidence rate is hard to establish, and future studies will help
to clarify this discrepancy.

We found that both biomarkers were of good prognostic
value, even after adjustment for echocardiography variables as
shown in complementary analyses. Our finding in favour of
NT-proBNP supports a conservative approach, keeping this
biomarker as a reference for occurrence of heart failure in
individuals with type 2 diabetes. As no specific intervention
is based on the presence of one biomarker or the other, we
strongly recommend retaining NT-proBNP with regard to risk
of CHF. Results of our complementary analysis, suggesting
that NT-proBNP was prognostic for both HFpEF and HFrEF
while MR-proADM was prognostic for HFpEF only, also fa-
vour keeping NT-proBNP as the biomarker of reference. Of
note, our results assessing NT-proBNP in HFpEF and HFrEF
were very consistent with findings of a recent large-scale
study, which showed a significant prognostic effect of BNP
for both types of heart failure, with a higher HR for HFrEF
than for HFpEF [39].

The main strengths of our investigation are a long follow-
up period and an adequate power to specifically analyse the
occurrence of CHF as a primary endpoint. The main limita-
tions of our study are that a clear history of CHF at baseline
could not be established solidly by participants’ interview on-
ly. Cardiac ultrasound data at baseline was fragmentary and,
as a result, stratification of the analyses by baseline LVEF,
which might have pathophysiological implications, was not
feasible in our study for all participants. A caveat must be

Table 4 HR for CHF during follow-up associated with MR-proADM (first) and NT-proBNP (second), adjusted on echocardiocardiography variables

Adjustment covariate No. of participants with data
available / number of participants
with CHF events during follow-up

MR-proADM NT-proBNP

HR (95% CI) p value HR (95% CI) p value

LVEF 171/24 1.38 (0.97, 1.98) 0.073 1.78 (1.16, 2.74) 0.009

E/A 129/17 1.32 (0.88, 1.99) 0.18 1.86 (1.13, 3.06) 0.014

E/Ea 73/13 1.37 (0.81, 2.32) 0.24 1.46 (0.75, 2.83) 0.267

Indexed LV mass, g/m2 59/7 1.80 (1.01, 3.20) 0.046 1.99 (0.96, 4.13) 0.063

LA area, cm2 55/13 1.55 (0.93, 2.56) 0.089 3.01 (1.39, 6.51) 0.005

Results expressed as HR (95% CI) considering a change in 1 SD log10 of biomarker, after inclusion of the adjustment covariate (each separately)

E/A, mitral flow E peak to A peak ratio; E/Ea, early diastolic transmitral peak velocities (E) to early peak diastolic velocities of the mitral annulus (Ea)
ratio; LA, left atrium
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considered regarding echocardiography as participants with
data available were not selected for research purposes but
for routine examinations; additionally, operators were trained
cardiologists but did not follow any specific protocol and no
core centre was used for storing imaging data. Of note, ele-
vated MR-proADM or NT-proBNP most likely reflects struc-
tural heart disease and thereby represents opportunities for
intervention. However, echocardiography is not as easily
available in standard diabetology management as a simple
blood test and elevated biomarkers could be of interest to
specifically screen those participants for undergoing
echocardiography.

In conclusion, people with type 2 diabetes have a high risk
for the occurrence of heart failure, which is often diagnosed
belatedly. Our study in a cohort of individuals with type 2
diabetes showed that plasma MR-proADM concentration is
an independent predictor for the occurrence of CHF but gives
no significant supplementary information for prediction be-
yond NT-proBNP. NT-proBNP determination was shown to
have beneficial effects for early treatment of CHF in a
biomarker-based interventional trial [40]. Our current data
support the performance of future trials based on this biomark-
er, specifically in individuals with type 2 diabetes.
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