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Abstract

Aims Biomarkers reflecting myocardial fibrosis and inflammation have been individually associated with left ventricular
hypertrophy (LVH) and diastolic dysfunction (DD). However, the added value of a fibrosis-inflammation multimarker approach
in a populational setting is yet to be studied. We evaluated the value of a multimarker approach to detect LVH and DD in a
large population-based cohort.
Methods and results In a prespecified analysis (BioSe-PreIC study) of the 4th visit of the STANISLAS cohort (1705 subjects,
47 ± 14 years, 47.4% men), we evaluated the ability of brain natriuretic peptide (BNP), Galectin-3 (GAL3), N-terminal
propeptide of procollagen type III (P3NP), and soluble ST2 to predict LVH (LV mass > 116/100 g/m2 for men/women) and
DD using discrimination (C-index) and reclassification analysis (NRI).
Participants with LVH and/or DD had significantly higher levels of BNP, GAL3, and ST2. Overall, the predictive value of clinical
variables for LVH and/or DD was good (C-index ranging from 0.76 to 0.82) and the addition of BNP, Gal3, P3NP, and ST2
moderately but significantly improved predictive value (delta C-index = 0.03, P = 0.03 for LVH and 0.01, P = 0.01 for DD)
and reclassification (NRI = 25.3, P = 0.02 for LVH and NRI = 32.7 for DD, P < 0.0001). Gal3, P3NP, and ST2 significantly
improved predictive value (delta C-index = 0.01, P = 0.01) and reclassification (NRI = 31.3, P < 0.0001) for DD of top of
clinical variables and BNP.
Conclusions As the measurement of Gal3, P3NP, and ST2 results in marginal (even if significant) increase in the prediction of
DD/LVH on top of routine evaluation, their systematic use should not be promoted in unselected healthy individuals to screen
for preclinical DD. Further research is needed to determine whether a more personalized medicine approach combing
proteomic and clinical scoring can amplify the added value of biomarkers to identify preclinical DD.
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Background

Early identification of patients with cardiac abnormalities
[Stage B—structural heart disease in the absence of clinical

signs or symptoms of heart failure (HF)] represents a major
challenge for research and clinical practice.1 Recent
guidelines emphasized the importance of the detection of
preclinical diastolic dysfunction (DD) using conventional
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echocardiographic algorithms as they identify higher risk of
developing overt HF.2,3 Yet, a widespread systematic use of
echocardiography as a screening tool cannot be routinely
used in patients without symptoms primarily because of the
lack of machine/physician time and high cost. Brain natriuretic
peptide (BNP) alone has limited specificity to detect
cardiac structural/functional disease in Stage B.4 Whether a
fibrosis-inflammation multimarker approach can improve de-
tection of LV remodelling and preclinical DD in a populational
setting remains uncertain.

Aims

We aimed to evaluate the ability of four a priori selected
serum biomarkers [BNP, Galectine-3 (GAL3), N-terminal
propeptide of procollagen type III (P3NP), and ST2] to detect
structural and/or functional cardiac disease [left ventricular
hypertrophy (LVH) and/or DD] in a populational setting.

Methods

The STANISLAS Cohort has been described previously.5

Briefly, it is a single-centre familial longitudinal cohort

which includes 1006 families (4295 subjects) from the
Nancy region of France recruited in 1993–1995. From
2011 to 2015, a total of 1705 subjects aged 20
to 75 years underwent their 4th examination using
high-quality echocardiographic imaging at our department.
In this prespecified analysis (BioSe-PreIC study funded in
2012—specifically targeted to test the prespecified
hypothesis above) of the 4th visit of the STANISLAS
populational cohort (Lorraine, France),5 we include all
patients who attended the 4th visit (1705 subjects,
47 ± 14 years, 47.4% men) with available echocardiographic
examinations (performed using Vivid 9, General Electric
Medical Systems, Horten, Norway).

All cardiac chamber volumes and mass measures were
measured according to current guidelines indexed to body
surface area.6 DD was graded according to the 2009
guidelines.7 Briefly, as previously used by our group, two
qualifying steps were applied: the first is based on e′ and left
atrial volume index, while the second is based on E/A, E/e′,
and deceleration time.8 We assessed the additional value of
biomarkers on top of the HOMAGE score9 recently validated
as an accurate predictive tool for HF. We measured BNP,
GAL3, and ST2 using the OLINK Proseek® Multiplex. The as-
says use a proximity extension assay (PEA) technology, where
oligonucleotide-labelled antibody probe pairs bind to their
respective targets and give rise to new DNA amplicons with

Table 1 Subjects characteristics, circulating biomarkers, and imaging phenotype according to the presence of diastolic dysfunction and/
or left ventricular hypertrophy

Whole cohort Individuals 50 or older

Characteristic
Overall

(n = 1705)
No DD/LVH
(n = 1,313)

DD and/or LVH
(n = 350) P value

No DD/LVH
(n = 633)

DD and/or LVH
(n = 331) P value

Clinical variables
Female gender 878 (51.5%) 681 (51.9%) 175 (50.0%) 0.55 315 (49.8%) 165 (49.8%) 1.00
Age (years) 48.9 ± 14.1 45.7 ± 13.8 60.2 ± 7.4 <0.0001 59.2 ± 4.0 61.5 ± 5.0 <0.0001
BMI (kg/m2) 26.0 ± 4.8 25.4 ± 4.5 27.8 ± 5.2 <0.0001 26.4 ± 4.4 27.8 ± 5.2 <0.0001
Diabetes 70 (4.1%) 45 (3.4%) 23 (6.6%) 0.014 38 (6.0%) 23 (7.0%) 0.58
Coronaropathy 42 (2.5%) 24 (1.8%) 18 (5.2%) 0.002 15 (2.4%) 18 (5.5%) 0.015
Hypertension 337 (19.8%) 192 (14.7%) 135 (38.8%) <0.0001 163 (25.8%) 133 (40.4%) <0.0001
SBP (mmHg) 126 ± 16 124 ± 15 132 ± 18 <0.0001 128 ± 16 133 ± 19 <0.0001

Biology and biomarkers
Creatinine (μmol/L) 72.20 ± 14.11 71.66 ± 13.73 73.83 ± 15.48 0.012 72.73 ± 15.42 73.70 ± 15.44 0.16
Natriuretic peptides B

(BNP)
1.43 ± 0.60 1.35 ± 0.50 1.71 ± 0.81 <0.0001 1.52 ± 0.56 1.73 ± 0.81 0.003

NT-pro BNP 3.58 ± 1.02 3.48 ± 0.96 3.95 ± 1.13 <0.0001 3.80 ± 0.90 3.99 ± 1.10 0.031
Galectin-3 (Gal-3) 6.31 ± 0.34 6.28 ± 0.33 6.43 ± 0.33 <0.0001 6.38 ± 0.32 6.44 ± 0.33 0.030
ST2 protein (ST2) 4.57 ± 0.61 4.54 ± 0.61 4.68 ± 0.62 <0.0001 4.63 ± 0.54 4.68 ± 0.61 0.10
P3NP (ng/mL) 6.20 ± 2.09 6.14 ± 1.90 6.34 ± 2.72 0.082 6.07 ± 1.73 6.36 ± 2.77 0.047

Echocardiography
LVEF (%) 65 ± 7 65 ± 6 65 ± 8 0.81 66 ± 6 65 ± 8 0.029
Indexed LVM (g/m2) 76.2 ± 19.2 72.6 ± 15.7 90.0 ± 24.8 <0.0001 76.4 ± 15.5 89.8 ± 24.5 <0.0001
Indexed LAV (mL/m2) 22.8 ± 7.3 22.1 ± 6.7 25.6 ± 8.7 <0.0001 22.5 ± 7.2 25.6 ± 8.9 <0.0001
E/A 1.19 ± 0.42 1.27 ± 0.43 0.91 ± 0.26 <0.0001 1.04 ± 0.30 0.89 ± 0.23 <0.0001
Mean E′:lateral septal

(cm/s)
11.4 ± 3.2 12.3 ± 2.8 7.9 ± 1.9 <0.0001 10.4 ± 1.6 7.7 ± 1.6 <0.0001

E/E′ 6.48 ± 1.85 6.02 ± 1.41 8.17 ± 2.32 <0.0001 6.54 ± 1.41 8.24 ± 2.33 <0.0001
DT (ms) 210.4 ± 53.3 207.3 ± 51.8 220.9 ± 56.3 <0.0001 218.9 ± 52.9 223.3 ± 56.5 0.23

BMI, body mass index; BNP, brain natriuretic peptide; DT, deceleration time; LAV, left atrial volume; LVH, left ventricular hypertrophy;
LVM, left ventricular mass; NT-pro BNP, N-terminal pro brain natriuretic peptide; SBP, systolic blood pressure.
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each ID-barcoding their respective antigens. The amplicons
are subsequently quantified using a Fluidigm BioMark™ HD
real-time PCR platform. The good correlations of PEA-based
approach for the quantification of circulating plasma natri-
uretic peptides have been reported previously.10 P3NP was
measured by an ELISA (CISBIO, Saclay, France; dynamic

range 2.2 to 30 μg/L; inter-assay coefficient of variation
8%). The ability of biomarkers to predict LVH (LV
mass > 116/100 g/m2 for men and women) and DD
were evaluated using discrimination (C-index), integrated
discrimination improvement and reclassification analysis
(NRI).

FIGURE 1 Discriminant value of brain natriuretic peptide (BNP), Galectin-3 (GAL3), N-terminal propeptide of procollagen type III (P3NP), and ST2 for
left ventricular hypertrophy and/or diastolic dysfunction in the whole cohort (Panel A) and in patients 50 or older (Panel B).
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Results

The DD and LVH prevalence were 18% and 14%, respectively.
Patients with LVH and/or DD were older and had higher body
mass index and systolic blood pressure (Table 1). All four bio-
markers were significantly higher in patients with DD and/or
LVH. GAL3 had the highest discrimination value for DD
(C-index of GAL3 0.64 vs. 0.62 for BNP, 0.55 for ST2, and
0.54 for P3NP) whereas BNP and ST2 had the highest discrim-
ination value for LVH (C-index 0.68 and 0.62, respectively).
Overall, the discrimination value of the HOMAGE score
(age, body mass index, systolic blood pressure, heart rate,
serum creatinine, smoking, diabetes mellitus, history of coro-
nary artery disease, and use of antihypertensive medication)
for LVH and/or DD was good (C-index ranging from 0.76 to
0.82) (Figure 1), and the addition of BNP, Gal3, P3NP, and
ST2 significantly but moderately improved discrimination
value (delta C-index = 2.6%, P = 0.03 for LVH and 1.2%,
P = 0.01 for DD) and reclassification (NRI = 25.3, P = 0.02
for LVH and NRI = 32.7, P < 0.0001).

In patients 50 or older, the predictive value of clinical var-
iables were lower (all C-index <0.70) whereas the added
value of biomarkers remained significant (delta C-index = 0.05,
P = 0.02 for LVH and 0.02, P = 0.03 for DD).

In both the whole population and participants 50 or older,
the addition of GAL3, ST2, and P3NP significantly increased
the discrimination for DD on top of the HOMAGE score and
BNP (P = 0.01 and P = 0.02, respectively), whereas BNP did
not significantly increase the discrimination for DD on top
of the HOMAGE score.

Considering N-terminal pro BNP in place of BNP retrieved
similar results (data not shown).

Conclusions

We provide evidence for the additional value of several
circulating biomarkers, related to different biological path-
way involved in HF, to predict LV remodelling and/or DD in
a populational setting.

Natriuretic peptides are well-established biomarkers for
prognosis in HF patients but are currently not recommended
as a screening tool in asymptomatic individuals especially in a
population at low risk to develop overt HF. Importantly, in
the results presented herein, BNP did not increase discrimi-
nation for DD.

In our study, we intended to improve the accuracy of the
biological screening for functional/structural abnormality
using additional biomarkers selected a priori based on their
association with mechanistic pathways leading to HF.11 We
showed herein a significant association of these additional
biomarkers, exploring fibrosis (Gal 3 and N-terminal
propeptide of procollagen type III) and inflammation (ST2),

with structural and functional cardiac changes at a very early
stage of the disease process. These results extend our under-
standing as these biomarkers were previously mostly studied
in patients with overt HF.

The increase in myocardial Gal-3 expression has been
previously related to LVH and incident HF with preserved
EF.12 In our analysis, among the four biomarkers tested,
Gal-3 (C-index 0.64) appears to be the most promising bio-
markers to detect preclinical DD.

In the results reported herein, ST2 had some predictive
value for LVH (C-index 0.62). ST2 is related to myocardial
inflammation, which can lead to myocardial fibrosis13

and increase the risk for DD and incident HF with
preserved EF.14 Our results confirm the results of smaller
studies reporting improved prediction of LVH and/or DD in
preclinical HF patients with the isolated use of ST2.15,16

We demonstrated significant differences in P3NP levels in
participants >50 with and without cardiac abnormalities
(P = 0.04) in a populational setting. This extends previous
data showing that P3NP have diagnostic/prognostic value in
patients with HFpEF17 or elderly individuals.18

The superiority of a multi-biomarker approach on top of a
mono-marker (BNP) strategy has been reported for the de-
tection of LVH,19 but scarce evidence exist for the detection
of DD. In our study, we show that a screening based on four
biomarkers results in marginal but significant increase in the
prediction of both LVH and DD on top of the HOMAGE score
and that this significant increase persists when considering
individuals aged 50 or older (as C-index changes related to
the addition of biomarkers increased while the predictive
value of the HOMAGE score dropped in this subset). Impor-
tantly, the achieved increase appeared more important for
DD than for LVH, possibly because of greater DD variability
in this populational pre-disease setting than LVH. In addition,
the ageing process could increase DD and LVH variability to a
greater extent in older individuals. In addition, our results
show that the addition of GAL3, ST2, and P3NP have
additive value on top of the HOMAGE score and BNP to de-
tect DD.

Importantly, we used PEA to quantify natriuretic peptides,
GAL3 and ST2. We have evidence of the adequacy of
PEA-based approach for natriuretic peptides,10 but the quan-
tification of GAL3 and ST2 with ELISA may have improved the
value of these biomarkers to identify preclinical HF.

These findings suggest that a screening using four biologi-
cal biomarkers improves our prediction for LVH and/or DD in
populational settings, but that the achieved prediction re-
mains fairly low. GAL3 for DD and ST2 for LVH appeared the
most informative biomarkers. Approaches based on
integrative approaches using more biological biomarkers,
possibly combined with imaging biomarkers, are warranted
to better identify individuals at risk for HF. Future studies
should determine whether an approach based on GAL3 for
DD and ST2 measurements in clinical settings, using
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predetermined thresholds and routine biological methods,
have an impact on our detection of DD/LVH in routine
practice.
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