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Abstract
Background

Procollagen type | C-terminal propeptide (PICP) and procollagen type Il N-terminal propeptide
(PHINP) are markers reflecting collagen synthesis in cardiac fibrosis. However, they may be
influenced by the presence of noncardiac comorbidities (e.g., ageing, obesity, renal impairment).
Understanding the associations between markers of collagen synthesis and abnormalities of cardiac
structure and function is important to screen for myocardial fibrosis and monitor the antifibrotic

effect of medications.
Methods

The HOMAGE (Heart OMics in Aging) trial showed that spironolactone decreased serum PICP
concentrations and improved cardiac remodeling over 9 months in a population at risk of developing
heart failure (HF). We evaluated the associations between echocardiographic variables, PICP, PIIINP
and galectin-3 at baseline and during the course of the trial.

Results

Among 527 individuals (74+7years, 26% women), median serum concentrations of PICP, PI1INP
and galectin-3 were 80.6pug/L (65.1-97.0), 3.9ug/L (3.1-5.0) and 16.1pg/L (13.5-19.7), respectively.
After adjustment for potential confounders, higher serum PICP was significantly associated with left
ventricular hypertrophy, left atrial enlargement, and greater ventricular stiffness (all p-values<0.05),
whereas serum PIIINP and galectin-3 were not (all p-values>0.05). In patients treated with
spironolactone, a reduction in serum PICP during the trial was associated with a decrease in E/e’
(adjusted-beta [95% CI] =0.93 [0.14-1.73]; p=0.022).

Conclusions

In individuals at high risk of developing HF, serum PICP was associated with cardiac structural and
functional abnormalities, and a decrease in PICP with spironolactone was correlated with improved
diastolic dysfunction as assessed by E/e’. In contrast, no such associations were present for serum
PIINP and galectin-3.

Keywords: collagen markers; myocardial fibrosis; spironolactone; diastolic function; cardiac

structural remodeling; heart failure.



Introduction

Myocardial fibrosis is often accompanied by increased left ventricular (LV) stiffness, hypertrophy,
and diastolic functional abnormalities, all of which may contribute to the development of heart
failure (HF) * 2 Serum concentrations of procollagen type | C-terminal propeptide (PICP) and
procollagen type Il N-terminal propeptide (PIIINP) are surrogate markers of systemic and,
potentially, myocardial fibrosis generated during the extracellular conversion of procollagen to
mature fibril-forming collagen type I and 111, respectively *. In addition, serum concentration of

4

galectin-3, a mediator of aldosterone-induced cardiac fibrosis “, correlates with serum markers

associated with extracellular matrix turnover °.

Whether these markers specifically reflect alterations in cardiac structure and function
remains insufficiently established °. This is clinically important, as “cardiac-specific” markers could
be useful for screening cardiac fibrosis and identifying populations at high risk of developing HF ’.
Markers of collagen synthesis are commonly used to quantify the severity of myocardial fibrosis in
various settings ®°, and predict therapeutic response to cardiac remodeling and cardiovascular events
in HF with a preserved ejection fraction (HFpEF) ***. Several non-cardiac comorbidities promote

12,13

fibrosis , and thus serum PICP and PIIINP may be potentially influenced by ongoing collagen

deposition in many extra-cardiac tissues (e.g., skin, lung, liver, kidney, heart) " 4.

In the Heart “OMics” in AGEing (HOMAGE) trial, spironolactone reduced serum PICP and
improved cardiac remodeling in people with preclinical HF *°. In the present analysis, we (i) explore
whether clinical profiles influence serum PICP, PIIINP and galectin-3, (ii) assess the associations
between the collagen-related markers, abnormal echocardiographic structure and function, and (iii)
assess the associations between changes in collagen-related markers and changes in

echocardiographic ~ variables as a  consequence  of  spironolactone  treatment.



Methods

Study population

The HOMAGE trial has been described previously '°. Patients aged >65 years (amended to >60 years
during the course of the trial) with established coronary artery disease or at least two criteria
indicating cardiovascular disease (i.e. hypertension, diabetes mellitus, microalbuminuria or an
abnormal electrocardiogram), and those with a plasma amino-terminal pro-B-type natriuretic peptide
(NT-proBNP) of 125-1,000 pg/mL or B-type natriuretic peptide 35-280 pg/mL were included.
Patients with a pre-existing diagnosis of HF, a left ventricular ejection fraction (LVEF)<45%, atrial
fibrillation, an estimated glomerular filtration rate (eGFR) '’ <30 mL/min/1.73m? or a serum
potassium >5.0 mmol/L were excluded. The trial was approved by relevant ethics committees and
regulatory bodies. Participants provided written informed consent (ClinicalTrials.Gov Identifier:

NCT02556450).
Laboratory assays

Serum PICP was measured by enzyme immunoassay (METRA; Quidel Corporation®), PIIINP by
radio-immunoassay (Orion Diagnostica®), and galectin-3 by enzyme-linked immunosorbent assay

(ELISA), blinded to clinical and echocardiographic data, as previously reported *°,

Echocardiogram

Echocardiograms were recorded, de-identified and transferred to the Nancy University Hospital
Clinical Investigation Center. LV volumes and LVEF were calculated using the biplane method of
disks summation (modified Simpson’s rule), while left atrial (LA) volume was assessed using the
biplane area-length method from apical views. Diastolic function was assessed from the pattern of
mitral inflow by pulsed-wave Doppler. Mitral annular early diastolic velocity (e") was assessed at the

septal and lateral sites of the mitral annulus using tissue Doppler imaging. E/A ratio, average ¢’ and



average E/e’ ratio were calculated *. Tricuspid annular plane systolic excursion (TAPSE)

measurement was obtained as recommended *°.

Baseline measurements were carried out by a single experienced echocardiographer (E.B.),
blinded to clinical data, using dedicated software (Echo PAC, GE Healthcare). Measurements were
repeated at least two months later, blinded to the first measurement. All recordings with suboptimal
images and/or with differences >10% were reviewed by a senior cardiologist (N.G.) to exclude
measurement error. Our center’s measurement reproducibility by experienced echocardiographers

has been previously reported %°.

Dilated LV end-diastolic volume (LVEDV) was defined by an indexed LVEDV (LVEDVi)
>74ml/m2 in men or >61mL/m?2 in women, decreased LVEF by LVEF <52% in men or LVEF <54%
in women, LV hypertrophy by indexed LV mass (LVMi) >115g/m? in men or >95g/m? in women,
LA volume enlargement by indexed LA volume (LAVi) >34 mL/m?, and abnormal ¢’ by a septal ¢’

<7cmi/sec or lateral ¢’ <10cm/sec 822,

Statistical analysis

Categorical variables are presented as frequencies (percentages) and continuous variables as mean +
standard deviation or median (25th and 75th percentiles) depending on distribution. Comparisons of
baseline characteristics according to tertiles of collagen-related markers were analyzed using
ANOVA, Kruskal-Wallis and y tests, as appropriate. Unadjusted correlations are presented using
Spearman’s correlation coefficients. Patients were categorized by tertiles of baseline PICP (1% tertile:
<71.9ug/L, 2" tertile: 71.9-91.2ug/L, 3" tertile: >91.2pg/L), PININP (1% tertile: <3.4pg/L, 2" tertile:
3.4-4.6pg/L, 3" tertile: >4.6pg/L), and galectin-3 (1™ tertile: <14.5pg/L, 2™ tertile: 14.5-18.3ug/L,

3" tertile: >18.3pg/L).



Multinominal logistic regression analyses with backward selection were tested to explore
baseline clinical factors associated with tertiles of each collagen-related marker (with the lowest
tertile group as a reference). Candidate variables were as follows: age, sex, body mass index (BMI),
ratio of waist and hip circumference, exercise performance (as number of shuttles completed in a
shuttle walk test), medical history (hypertension, diabetes, coronary artery disease, previous
myocardial infarction, a prior percutaneous coronary intervention, coronary artery bypass graft,
stroke/transient ischemic attack [TIA], chronic obstructive pulmonary disease and implanted cardiac
device), visual analogue scale (on which scores range from 0 to 100, with higher scores indicating
dyspnea with milder activities), systolic blood pressure (BP), diastolic BP, heart rate, QRS duration
in electrocardiogram, and laboratory findings (hemoglobin, sodium, potassium, and eGFR). These
variables had a small proportion of missing values (<10%), and no imputation was performed.
Subsequently, logistic regression analyses were performed to study the association between collagen-
related markers, and abnormalities of cardiac structure and function after adjustment for clinical
confounders selected from the models above. Linear regression analyses, in addition, were used to
assess the associations between changes in collagen-related markers and changes in
echocardiographic variables during the follow-up period separately in patients assigned to
spironolactone and placebo. The models were adjusted for clinical confounders selected as above

plus baseline collagen-related markers and echocardiographic variables.

Statistical analyses were performed using R version 3.4.0 (R Development Core Team,

Vienna, Austria). A two-sided p-value <0.05 was considered statistically significant.

Results

Baseline characteristics, and clinical factors associated with collagen synthesis markers

Among the 527 participants included in the study, mean age was 74+7 years, 26% were women, one-

third (34 %) had a BMI >30kg/m?, 78% had hypertension, and median NT-proBNP was 214 pg/mL



(25" and 75™ centiles 137-356 pg/mL). The mean LVEF was 62 +7%, 29% had LV hypertrophy,
34% had LA enlargement and 87% had decreased ¢'.

Median serum concentrations of PICP, PIIINP and galectin-3 were 80.6 pg/L (65.1-97.0),
3.9 ng/L (3.1-5.0) and 16.1 pg/L (13.5-19.7), respectively (Supplemental Figure 1), and the
correlations between them were weak (Spearman's rho<0.20) (Supplemental Table 1). The baseline
characteristics of the patients divided by tertiles of serum PICP and PIIINP are shown in Table 1.
Patients with higher serum PICP were more likely to be women, were more likely to have a history
of stroke or TIA, had lower eGFR, and greater LVMi and LAVi. Those with higher serum PIIINP
were older, had a higher BMI and waist circumference, were more likely to have a history of
hypertension, had lower eGFR and greater LVMi. In addition, those with higher serum galectin-3
were older, were more likely to have a history of hypertension and diabetes, had lower eGFR, greater
LVMi, higher E/e’ ratio and higher serum concentrations of collagen type-1 C-terminal telopeptide
(CITP). Supplemental Table 2.

Higher BMI and lower eGFR were associated with higher serum PICP, whereas older age
and higher BMI were associated with higher serum PIIINP. Older age, a history of diabetes and

lower eGFR were associated with higher serum galectin-3 (Table 2).
Associations between collagen synthesis markers and echocardiographic variables

In a multinomial logistic model for serum PICP with the lowest tertile as a reference, those in the
upper tertile group were more likely to have LV hypertrophy (adjusted-OR [95%CI] =1.89 [1.08-
3.32]; p=0.026), LA enlargement (adjusted-OR=2.01 [1.21-3.37]; p=0.007) and abnormal ¢’
(adjusted-OR =2.32 [1.12-5.06]; p=0.028). By contrast, serum PIIINP and galectin-3 were not
significantly associated with echocardiographic structural or functional abnormalities (all p-

value>0.05) (Table 3).



Similar associations were observed regardless of the type of LV mass and LA volume variables

considered (i.e., absolute, indexed to body surface area, and height). Supplemental Table 3.

Associations between changes in collagen markers and changes in echocardiographic variables
After adjustment for clinical confounders (selected from the results of Table 2), in subjects treated
with spironolactone, a decrease in serum PICP during follow-up was significantly associated with a
decrease in E/e’ (adjusted-beta [95% CI] =1.02 [0.21-1.83]; p=0.014) but not in those not treated
with spironolactone; however, the interaction test was not significant (p>0.10). An increase in serum
galectin-3 from baseline to the final visit was significantly associated with a decrease in LAVi in
people treated with spironolactone treatment (adjusted-beta [95% CI] =-5.69 [-8.58 - -2.79],
p<0.001) but not in those not treated with spironolactone (p for interaction=0.005). No other
significant associations between changes in collagen-related markers and changes in

echocardiographic variables were observed (Table 4).
Discussion

In a population at a high risk of developing HF, we found that age and/or comorbidities (particularly
obesity and lower eGFR) were associated with increasing concentrations of circulating markers of
collagen synthesis; however, independent of these confounders, higher serum PICP was associated
with abnormalities of diastolic function (specifically, with greater LA volume indexed for body
surface area and lower ¢'). In contrast, serum PIHINP and galectin-3 were not associated with
abnormalities in any of the measures of cardiac structure or function. In addition, in individuals
treated with spironolactone, a decrease in serum PICP during follow-up paralleled a decrease in E/e’.
These findings suggest that PICP might be useful in screening individuals for abnormalities in
cardiac structure and function associated with cardiac fibrotic remodeling, and that changes in PICP
might be used to monitor any subsequent change in diastolic function due to the antifibrotic effect of

spironolactone %.
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In the current analysis of the HOMAGE trial including people with preclinical HF, values of
PICP and PIIINP were comparable to those in patients with resistant hypertension ?* and lower than
those in patients with HFpEF 2*2°. Higher BMI was associated with higher serum PICP and PI1INP,
which is consistent with previous reports ® %°. We also observed that lower eGFR was associated
with higher serum PIHIINP. This finding is supported by evidence suggesting that pathophysiological
mechanisms in chronic kidney disease such as hemodynamic overload, biochemical mediators (for
example, angiotensin Il and oxidative stress) and inflammation may alter fibroblasts and collagen

synthesis as measured by serum PIIINP in the heart or in the kidney 2%,

Consistent with prior reports, we found that serum galectin-3 correlated with
echocardiographic measures of diastolic function and serum CITP, a marker of collagen degradation
>3 However, after adjustment for clinical confounders (i.e., old age, diabetes and renal function) as

previously reported 3! %

, serum galectin-3 was no longer significantly associated with cardiac
structure and function. Interestingly, an increase in serum galectin-3 was associated with a reduction
in LAV in subjects assigned to spironolactone. Galectin-3 is increased directly by aldosterone via
mineralocorticoid receptor antagonism *3, and in the main results of the HOMAGE study,
spironolactone caused a significant increase in serum galectin-3 , perhaps as a consequence of
increases in aldosterone due to mineralocorticoid receptor blockade by spironolactone *°. Our
observations might be explained by a simultaneous fall in LV filling pressures (as reflected in the

LAVi) and rise in serum galectin-3, as co-variates, caused by mineralocorticoid receptor antagonism

with spironolactone *.

Some evidence suggests that both collagen synthesis markers, PICP and PIIINP, are
associated with myocardial fibrosis confirmed by endomyocardial biopsies 3. However, PICP
originates directly from the synthesis of collagen type I, whereas PI1INP originates from partially

processed procollagen molecules on the surface of collagen type 111 fibers . Net release from the
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heart into the circulation has been reported only for PICP 3*. The myocardial collagen matrix consists
primarily of type I collagen, which is composed of large-diameter fibres *'. Collectively, these
mechanisms may explain our observations that high serum PICP, but not PIIINP, is associated with
LV hypertrophy, stiffness, and LA enlargement. Interestingly, we found that a decrease in PICP with
spironolactone treatment was significantly and linearly associated with improvements in diastolic
function as assessed by changes in E/e’. PICP may also play a key role in the assembly of collagen
type | molecules into collagen type I fibrils *. The reduction of serum PICP by spironolactone,
therefore, may have double anti-fibrotic beneficial effects: reduced availability of mature collagen
type | molecules and reduced assembly of these molecules to form collagen type 1 fibrils. These data
support the hypothesis that serum PICP (rather than serum PIIINP and galectin-3) may be related to
abnormalities of cardiac structure and function, and could be used to monitor the anti-fibrotic action
of spironolactone involved in its reverse remodeling effect. In support of this possibility, falls in
serum PICP with treatment are associated with reduction of fibrosis in endomyocardial biopsies both

in non-HF * and HF patients *.

Of interest, the impact of myocardial fibrosis is determined by the quantity of collagen deposition
(captured by PICP), as well as by the degree of collagen cross-linking, which increases the stiffness and
resistance to degradation of collagen fibers. Indeed, previous sub-studies in patients with HFpEF from the
Aldosterone Receptor Blockade in Diastolic Heart Failure (ALDO-DHF) trial® and from the HOMAGE

trial**

showed that baseline collagen type I cross-linking (non-invasively estimated by the ratio of CITP to
matrix metalloproteinase [MMP-1]) influenced the beneficial cardioprotective effects of spironolactone,
with patients with low collagen cross-linking showing the highest improvement in parameters associated
with diastolic dysfunction and remodelling (e.g. E/e’ in ALDO-DHF and LAVi in HOMAGE). Therefore,

we cannot discard that the associations reported in the current study between PICP and structural and

functional parameters might be influenced by the degree of collagen cross-linking.
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Our findings in preclinical HF were not in line with a prior report showing that spironolactone
treatment reduced serum PHINP in patients with severe HF and a reduced LVEF *. The different etiology

of HF may partly influence the relevance of collagen type | and type I11

. Therefore, the substantial
differences in population characteristics, comorbidity burden, LVEF and severity of HF are likely
responsible for differences in the response to spironolactone treatment between these studies *. The
present study should be regarded as hypothesis generating and larger sample sized studies should be

warranted to validate the finding that PICP is more specific for myocardial fibrosis than PIIINP and

galectin-3 in other clinical settings.

Our study has several limitations. This is a post-hoc analysis of the HOMAGE trial, hence
has the limitations inherent in exploratory analyses. Despite different patterns observed between
spironolactone treatment groups, the interaction between changes in serum PICP and changes in E/e’ with
regards to spironolactone use was not significant; however, the moderate sample size of our population may
limit the statistical power of such interaction test *°. Of note, the interaction was significant when
considering galectin-3 and LAVi, which sizably strengthen our pathophysiological perspective. There were
no data regarding global longitudinal strain, which better captures subtle systolic impairments;
however this echocardiographic variable requires more sophisticated equipment as well as

professional skill which can limit its availability *°.

Conclusions

In individuals at a high risk of developing HF, serum PICP was associated with abnormalities of
cardiac structure and function, and a decrease in serum PICP with spironolactone treatment was
associated with improvements in diastolic dysfunction as assessed by changes in E/e’. In contrast, no
such associations were present for serum PIHINP and galectin-3. These findings support PICP as the

marker of choice to assess cardiac fibrosis and response to spironolactone.
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Table 1. Baseline characteristics of subjects according to tertiles of serum concentrations
of PICP and PI1INP

Values are expressed as mean =SD, n (%) or median (25th to 75th percentile)

PIIINP, procollagen type-111 N-terminal propeptide; PICP, procollagen type-I C-terminal propeptide; CITP,
collagen type-1 C-terminal telopeptide; MMP-1, matrix metalloproteinase-1; BMI, body mass index; PCI,
percutaneous coronary intervention; CBAG, coronary artery bypass graft; TIA, transient ischemic attack; COPD,
chronic obstructive pulmonary disease; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CCB, calcium channel blocker; BP, blood pressure; eGFR, estimated glomerular filtration rate;
NT-proBNP, amino-terminal B-type natriuretic peptide; LVEDVi, left ventricular end-diastolic volume index;
LVEF, left ventricular ejection fraction; LVMi, left ventricular mass index; LVH, left ventricular hypertrophy;
LAVi, left atrial volume index; TAPSE, tricuspid annular plane systolic excursion.

Table 2. Multinomial logistic model for clinical factors associated with serum
concentrations of baseline PICP, PIIINP and galectin -3

OR, odd ratio; ClI, confidence interval; Other abbreviations are presented in Table 1.

Patients with tertile 1 of serum collagen markers as a reference.

Table 3. Associations between baseline serum PICP, PIHINP, galectin-3 and baseline
echocardiographic variables in multivariable logistic regression analyses

Each model for abnormalities of echocardiographic function and structure was adjusted for clinical confounders
selected in the results of Table 2.

OR, odd ratio; ClI, confidence interval; Other abbreviations are presented in Table 1.

Dilated LVEDVi was defined by an LVEDVi>74ml/m2 in men or >61ml/m2 in women, decreased LVEF by an
LVEF<52% in men or <54% in women, LV hypertrophy by a LVMi>115g/m2 in men or >95g/m? in women and
decreased e’ by a septal e’ <7cm/sec or lateral e'<I10cm/sec.

Table 4. Associations between changes in PICP, PIHINP and galectin 3, and changes in
echocardiographic variables in multivariable linear regression analyses

*PICP, PIINP and galectin-3 were transformed using a logarithm function.

Each model was adjusted for clinical confounders selected in the results of Table 2 plus baseline collagen-related
marker and baseline echocardiographic variable.

Cl, confidence interval; Other abbreviations are presented in Table 1.
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PICPT1 PICP T2 PICP T3 PITINP T1 PITINP T2 PITINP T3
(<71.9ug/L) (71.9-91.2pg/L) (>91.2ug/L) Valhe (<3.4pg/L) (3.4-4.6ug/L) (>4.6pg/L) V;;Je
(N=172) (N=172) (N=172) (N=171) (N=170) (N=171)
Collagen markers
PITINP, pg/L 3.6 (3.0-4.6) 3.9(3.0-5.0) 43(3.3-54) <0.001 2.8(24-31) 3.9(36-4.3) 5.5(5.0-6.5) <0.001
PICP, pg/L 60.5 (53.5 - 65.1) 80.6 (75.8 - 84.8) 105.9 (97.1-121.7)  <0.001 77.3 (62.6 - 93.1) 77.2 (64.3-95.1) 86.4 (70.8-104.8)  <0.001
CITP, pg/L 3.4(26-42) 3.7(28-4.7) 43(3.2-5.9) <0.001 3.2(25-41) 3.4(2.8-45) 4.7(3.6-6.2) <0.001
PICP/CITP ratio 17.3 (13.4 - 22.6) 22.0 (17.3-28.8) 25.4 (18.1-34.5) <0.001 24.0 (18.5 - 30.5) 21.5(16.7 - 28.9) 18.1 (13.5 - 24.0) <0.001
CITP/MMP-1 ratio 1.21(0.70 - 2.02) 1.26 (0.83 - 1.95) 1.36 (0.88 - 2.27) 0.08 1.04 (0.65 - 1.85) 1.32 (0.85 - 1.98) 1.53 (0.89 - 2.60) <0.001
Galectin-3, pg/L 16.0 (13.6 - 19.4) 15.6 (12.9 - 19.2) 16.5(13.9 - 20.7) 0.18 15.9 (13.1 - 19.5) 15.4 (13.2-19.4) 17.0 (14.1 - 21.0) 0.019
Age, years 73 (68 - 77) 72 (69 - 78) 74 (69 - 79) 0.38 72 (68 - 78) 73 (69 - 79) 74 (70 - 79) 0.032
Women, N (%0) 39 (22.5 %) 36 (20.9 %) 56 (32.6 %) 0.027 53 (31.0 %) 36 (21.2 %) 41 (24.0 %) 0.10
BMI, kg/m? 28 (25-31) 28 (26 - 32) 28 (25 - 32) 0.33 27 (24 - 30) 28 (26 - 32) 28 (26 - 32) <0.001
Waist circumference, cm 101 (95 - 110) 101 (94 - 110) 103 (95 - 112) 0.68 99 (92 - 107) 103 (96 - 112) 104 (97 - 112) <0.001
Smoking, N (%0) 10 (5.8 %) 10 (5.8 %) 22 (12.8 %) 0.023 16 (9.4 %) 15 (8.8 %) 11 (6.4 %) 0.58
Medical history, N (%)
Hypertension 137 (79.2 %) 131 (76.2 %) 137 (79.7 %) 0.69 123 (71.9 %) 138 (81.2 %) 141 (82.5 %) 0.035
Diabetes 78 (45.1 %) 69 (40.1 %) 62 (36.0 %) 0.23 64 (37.4 %) 75 (44.1 %) 71 (41.5 %) 0.45
Coronary artery disease 126 (72.8 %) 132 (76.7 %) 115 (66.9 %) 0.12 125 (73.1 %) 116 (68.2 %) 125 (73.1 %) 0.52
Myocardial infarction 70 (40.5 %) 78 (45.3 %) 63 (36.6 %) 0.26 79 (46.2 %) 60 (35.3 %) 68 (39.8 %) 0.12
Stroke or TIA 5 (2.9 %) 7 (4.1 %) 15 (8.7 %) 0.037 4 (2.3 %) 11 (6.5 %) 13 (7.6 %) 0.079
COPD 14 (8.1 %) 9(5.2%) 9 (5.2 %) 0.44 11 (6.4 %) 14 (8.2 %) 7 (4.1 %) 0.29
Treatments, N (%)
ACEi or ARB 135 (78.0 %) 140 (81.4 %) 135 (78.5 %) 0.71 135 (78.9 %) 134 (78.8 %) 136 (79.5 %) 0.99
Beta-blocker 125 (72.3 %) 123 (71.5 %) 112 (65.1 %) 0.29 122 (71.3 %) 116 (68.2 %) 117 (68.4 %) 0.78
CCB 29 (16.8 %) 38 (22.1 %) 39 (22.7 %) 0.32 34 (19.9 %) 38 (22.4 %) 36 (21.1 %) 0.86
Lipid-lowering therapy 145 (83.8 %) 143 (83.1 %) 138 (80.2 %) 0.65 141 (82.5 %) 137 (80.6 %) 144 (84.2 %) 0.68
Clinical profile
Systolic BP, mmHg 141 (128 - 155) 139 (127 - 156) 140 (128 - 154) 0.89 139 (126 - 153) 141 (130 - 157) 141 (126 - 157) 0.17
Diastolic BP, mmHg 78 (71 - 86) 78 (72 - 85) 78 (71-84) 0.78 78 (69 - 84) 78 (73 - 85) 78 (71 - 84) 0.33
Heart rate, bpm 61 (55 - 68) 60 (54 - 67) 61 (55 - 67) 0.58 62 (56 - 68) 60 (54 - 66) 60 (55 - 67) 0.37
Number of shuttles completed 45 (31-63) 52 (35 - 66) 49 (30-73) 0.22 48 (33 - 66) 54 (37 - 70) 45 (26 - 64) 0.10
Laboratory data
Hemoglobin, g/dL 14.0 (13.1 - 14.7) 14.2 (13.2 - 15.0) 13.9 (12.9 - 14.9) 0.35 14.0 (13.1 - 14.6) 14.0 (13.2 - 14.9) 14.0 (12.9-15.1) 0.74
Anemia, N (%) 29 (16.8 %) 24 (14.0 %) 27 (15.8 %) 0.78 20 (11.8 %) 25 (14.7 %) 35 (20.5 %) 0.083
Sodium, mmol/L 139 (137 - 140) 140 (138 - 142) 140 (138 - 142) <0.001 139 (137 - 141) 139 (138 - 141) 140 (138 - 142) 0.021
Potassium, mmol/L 43(4.1-45) 43(4.1-46) 43(4.1-46) 0.81 44(4.1-46) 43(4.1-46) 43(4.0-45) 0.033
eGFR, mL/min/1.73m? 72 (61 - 86) 68 (60 - 82) 70 (59 - 81) 0.012 70 (60 - 84) 72 (61 -87) 69 (57 - 80) 0.012
NT-proBNP, pg/ml 172 (131 - 288) 187 (122 — 323) 268 (183 —505) <0.001 200 (136 — 336) 179 (131 — 299) 278 (157 — 497) <0.001
Echocardiographic variables
LVEDVi, mL/m? 42 (36 - 49) 40 (35 - 47) 41 (36 - 50) 0.18 43 (36 - 49) 41 (35 - 49) 41 (35 - 49) 0.40
LVEF, % 64 (58 - 68) 63 (57 - 67) 61 (56 - 66) 0.15 63 (56 - 68) 62 (58 - 66) 63 (57 - 66) 0.67
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LVMi, g/m? 92 (77 - 108) 93 (84 - 112) 99 (83 - 120) <0.001 92 (78 - 106) 94 (83 - 115) 98 (81 - 115) 0.028
Men 92 (78 - 110) 95 (85 - 114) 100 (83 - 122) 0.005 93 (79 - 110) 96 (84 - 115) 97 (81 - 116) 0.23
Wormen 87 (68 - 101) 89 (79 - 106) 97 (82 - 112) 0.007 87 (74 - 103) 90 (80 - 103) 101 (82 - 114) 0.043

LAVi, mL/m? 30 (25 - 34) 30 (26 - 37) 32 (26-37) 0.039 30 (26 - 35) 30 (26 - 36) 32 (26-37) 0.70

E/A ratio 0.8(0.7-1.0) 0.8 (0.7 - 1.0) 0.8(0.7-1.0) 0.19 0.8 (0.7 - 1.0) 0.8 (0.7 - 1.0) 0.8(0.7 - 1.0) 0.56

Lateral ¢/, cm/sec 8.0 (7.0 - 10.0) 8.2 (6.6 - 10.0) 8.2 (7.0 - 10.0) 0.85 8.3(7.0-10.0) 8.8 (6.6 - 10.5) 8.0 (7.0 - 10.0) 0.28

Septal ¢', cm/sec 55(4.8-7.2) 5.7 (4.8 - 7.0) 5.9 (5.0 - 6.8) 0.74 5.7(4.9-7.1) 5.7 (4.8-7.1) 5.6 (4.8 - 6.6) 0.24

Average ¢, cm/sec 7.1(62-8.7) 7.2 (5.9 -8.4) 7.3(6.0-8.4) 0.83 7.2 (6.0 - 8.3) 7.3 (5.8 - 8.6) 7.0(6.1-8.4) 0.30

Average E/e’ ratio 9.0 (7.3-11.5) 9.6 (7.9-11.6) 9.4 (7.6 - 11.5) 0.46 9.0 (7.4-11.4) 8.9 (7.5-116) 9.7(7.8-11.6) 0.32

TAPSE, cm 22.2 (16.6 - 26.0) 22.8 (18.2 - 27.7) 206 (16.6-254) 011  22.6(17.8-27.8) 21.9 (16.8 - 26.3) 211(175-259)  0.47




Table 2. Multinomial logistic model for clinical factors associated with serum
concentrations of baseline PICP, PIIINP and galectin -3
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Tertile 2 Tertile 3
PICP model (71.9-91.2pg/L) (>91.2ug/L)
OR (95%Cl) p-value OR (95%Cl) p-value
Women 1.01 (0.58 - 1.75) 0.98 1.95(1.14 - 3.31) 0.01
BMI (per 5kg/m?) 1.14(0.90 - 1.43) 0.29 1.35(1.07 -1.71) 0.01
Number of shuttles completed 1.01 (0.99 - 1.02) 0.10 1.01 (1.002 - 1.02) 0.02
Smoke 1.17 (0.46 - 3.00) 0.74 3.25(1.41-7.49) 0.006
eGFR (per 5ml/min/1.73m?) 0.91 (0.85-0.98) 0.01 0.92 (0.86 - 0.99) 0.03
Tertile 2 Tertile 3
PHINP model (3.4-4.6pg/L) (>4.6pg/L)
OR (95%Cl) p-value OR (95%Cl) p-value
Age (per Syears) 1.25(1.03 - 1.51) 0.02 1.33(1.10 - 1.60) 0.003
Women 0.54 (0.33-0.91) 0.02 0.59 (0.36 - 0.99) 0.046
BMI (per 5kg/m?) 1.55 (1.21 -1.97) <0.001 1.73 (1.35-2.21) <0.001
Potassium 0.64 (0.33-1.24) 0.19 0.40 (0.21-0.77) 0.006
Tertile 2 Tertile 3
Galectin-3 model (14.5-18.3pug/L) (>18.3pg/L)
OR (95%Cl) p-value OR (95%Cl) p-value
Age (per Syears) 1.27 (1.06 — 1.52) 0.009 1.36 (1.13 - 1.64) 0.001
Diabetes 1.45 (0.92 — 2.31) 0.11 2.67 (1.65 — 4.30) <0.001
eGFR (per 5ml/min/1.73m?2) 0.97 (0.90 - 1.04) 0.40 0.81 (0.74-0.87) <0.001
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Table 3. Associations between baseline serum PICP, PIHINP, galectin-3 and baseline
echocardiographic variables in multivariable logistic regression analyses

Tertile 2 Tertile 3
PICP model (71.9-91.2pg/L) (>91.2pg/L)
OR (95%Cl) p-value OR (95%Cl) p-value
Dilated LVEDVi 0.20 (0.01-1.44) 0.16 0.67 (0.12 - 3.30) 0.62
Decreased LVEF 1.03 (0.47 - 2.25) 0.95 1.19 (0.54 - 2.64) 0.66
LV hypertrophy 1.32 (0.76 - 2.31) 0.33 1.89 (1.08 - 3.32) 0.026
LAVi>34mL/m?2 1.25(0.75 - 2.08) 0.39 2.01(1.21-3.37) 0.007
Decreased e’ 1.32 (0.69 - 2.52) 0.40 2.32 (1.12 - 5.06) 0.028
Average E/e'>14 1.15(0.50 - 2.72) 0.74 1.52 (0.68 - 3.53) 0.31
TAPSE<16cm 0.52 (0.28 - 0.95) 0.037 0.85 (0.47 - 1.53) 0.59
Tertile 2 Tertile 3
PHINP model (3.4-4.6pg/L) (>4.6ug/L)
OR (95%Cl) p-value OR (95%0Cl) p-value
Dilated LVEDVi 0.53 (0.07 - 2.85) 0.48 0.53 (0.07 - 2.95) 0.48
Decreased LVEF 0.90 (0.40 - 2.00) 0.80 1.28 (0.60 - 2.75) 0.53
LV hypertrophy 1.16 (0.68 - 1.99) 0.58 1.20 (0.70 - 2.03) 0.51
LAVi>34mL/m? 1.27 (0.78 - 2.09) 0.34 1.59 (0.98 - 2.60) 0.06
Decreased e’ 0.81 (0.42 - 1.55) 0.52 1.71(0.80 - 3.81) 0.18
Average E/e'>14 1.48 (0.64 - 3.52) 0.37 1.97 (0.89 - 4.56) 0.10
TAPSE<16cm 0.95 (0.52 - 1.70) 0.85 0.84 (0.45 - 1.54) 0.57
Tertile 2 Tertile 3
Galectin-3 model (14.5-18.3ug/L) (>18.3ug/L)
OR (95%Cl) p-value OR (95%Cl) p-value
Dilated LVEDVi 1.12 (0.20 - 6.24) 0.90 0.76 (0.09 - 5.23) 0.78
Decreased LVEF 0.84 (0.40-1.72) 0.63 0.49 (0.20-1.13) 0.10
LV hypertrophy 1.77 (1.06 - 3.00) 0.03 1.39(0.80 - 2.42) 0.25
LAVi>34mL/m? 0.79 (0.49 - 1.28) 0.33 0.82 (0.49 - 1.35) 0.43
Decreased e’ 0.98 (0.52-1.87) 0.95 1.63 (0.77 - 3.57) 0.21
Average E/e’>14 0.85 (0.36 - 2.01) 0.70 1.18 (0.52 - 2.72) 0.70
TAPSE<16cm 1.56 (0.87 - 2.82) 0.14 0.79 (0.41 - 1.54) 0.49
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Table 4. Associations between changes in PICP, PIHINP and galectin 3, and changes in echocardiographic variables in multivariable linear
regression analyses

Change in PICP* Change in PIIINP* Change in Galectin-3*
Placebo Spironolactone Placebo Spironolactone Placebo Spironolactone
beta p- beta P- beta p- beta p- beta p- beta p-
(95%CI) value (95%Cl) value (95%Cl) value (95%Cl) value (95%ClI) value (95%ClI) value
: . 2.05 20.09 2043 20.20 0.11 0.14
Changein LVEDVI | 18_427) | 907 | (005-186) | O | (170-084) | %0 | (154-115) | 078 | (253-275) | 0% | (262-289) | 2%
: 0.05 0.45 20.30 0.89 150 0.07
Change in LVEF (-215-226) | %% | (149-238) | % | (153-093) | %03 | (os1-230) | O | (413-114) | 0% | (278-202) | 0%
: . 2.49 185 0.33 155 20,46 2.93
Change in LVMi -274-772) | 9% | (665-296) | % | (262-328) | %83 | (5.00-1.99) | 9% | (697-606) | °® | (9.75-389) | 040
. : 0.93 1.66 0.11 0.88 175 5.69
Change in LAVi 151-337) | O | (039-371) | O | (128-151) | 987 | (057-233) | O% | (135-485 | %?7 | (858--279) | <0001
) 0.05 20.36 014 0.19 0.39 0.05
Change in ¢’ mean -064-073) | °8 | (0s88-017) | %18 | (052-025) | %% | (c021-058) | O | (046-123) | % | (o0s1-072) | O
- 0.80 107 0.65 0.03 0.75 20.85
Change in E/fe"mean | 37 9y | 016 | (928 186) | 9908 | (002-132) | 900 | (os8-065) | %% | (220-070) | 3% | (206-036) | O
. 121 0.83 0.94 0.94 354 1.06
Change in TAPSE -343-1.02) | %% | (118-284) | 9% | (216-028) | %13 | (c045-232) | O | (6.09--099) | 0907 | (414-202) | OO




Supplemental Figure 1. Histogram of the distribution of serum concentration of baseline PICP, PIIINP and galectin-3
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Supplemental Table 1. Correlation matrix among collagen-related markers

PICP PITINP
r p-value r p-value
PITINP 0.195 <0.001 - -
Galectin-3 0.052 0.24 0.100 0.02
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Supplemental Table 2. Baseline characteristics of subjects according to tertiles of serum

concentrations of galectin-3

Galectin-3T1 Galectin-3 T2 Galectin-3 T3
(<14.5pg/L) (14.5-18.3pg/L) (>18.3pg/L) p-value
(N=173) (N=172) (N=173)
Collagen markers
PHINP, pg/L 3.7(3.0-4.8) 4.0(3.1-5.0) 4.1(3.2-5.0) 0.10
PICP, pg/L 78.3(65.8-92.1) 80.8(65.7-100.5) 81.0(64.6-100.1) 0.32
CITP, pg/L 3.2(2.7-4.1) 35(2.7-4.7) 4.4 (3.5-6.0) <0.001
PICP/CITP ratio 23.9(17.5-30.4) 22.7 (16.7 - 30.3) 18.2 (14.1- 24.0) <0.001
CITP/MMP-1 ratio 1.17 (0.77 - 1.98) 1.39 (0.74 - 2.15) 1.31(0.87 - 2.20) 0.36
Galectin-3, pg/L 12.7 (11.3 - 13.5) 16.1 (15.3 - 17.0) 21.5(19.7 - 25.0) <0.001
Age, years 71 (67 - 76) 73 (69 - 79) 75 (70 - 80) <0.001
Women, N (%0) 37 (21.4 %) 45 (26.2 %) 50 (28.9 %) 0.27
BMI, kg/m? 28 (25 - 31) 28 (25 - 31) 28 (26 - 32) 0.68
Waist circumference, cm 101 (94 - 110) 101 (94 - 110) 103 (95 - 111) 0.52
Smoking, N (%) 10 (5.8 %) 14 (8.1 %) 18 (10.4 %) 0.29
Medical history, N (%)
Hypertension 125 (72.3 %) 135 (78.5 %) 148 (85.5 %) 0.01
Diabetes 54 (31.2 %) 67 (39.0 %) 89 (51.4 %) <0.001
Coronary artery disease 141 (81.5 %) 126 (73.3 %) 105 (60.7 %) <0.001
Myocardial infarction 84 (48.6 %) 64 (37.2 %) 62 (35.8 %) 0.03
Stroke or TIA 9 (5.2 %) 13 (7.6 %) 6 (3.5 %) 0.24
COPD 14 (8.1 %) 9 (5.2 %) 9 (5.2 %) 0.44
Treatments, N (%)
ACEi or ARB 129 (74.6 %) 135 (78.5 %) 147 (85.0 %) 0.054
Beta-blocker 125 (72.3 %) 119 (69.2 %) 115 (66.5 %) 0.51
CCB 35 (20.2 %) 39 (22.7 %) 35 (20.2 %) 0.81
Lipid-lowering therapy 153 (88.4 %) 147 (85.5 %) 127 (73.4 %) <0.001
Clinical profile
Systolic BP, mmHg 142 (129 - 155) 138 (126 - 153) 142 (126 - 157) 0.23
Diastolic BP, mmHg 78 (71 - 86) 78 (71 - 84) 78 (71 - 84) 0.70
Heart rate, bpm 59 (54 - 65) 62 (55 - 67) 63 (56 - 70) 0.012
Number of shuttles completed 54 (36 - 70) 49 (35 - 66) 44 (26 - 62) 0.13
Laboratory data
Hemoglobin, g/dL 14.2 (13.3 - 15.0) 14.0 (13.2 - 14.8) 13.8 (12.8 - 14.6) 0.004
Anemia, N (%0) 19 (11.0 %) 23 (13.5 %) 38 (22.1 %) 0.011
Sodium, mmol/L 139 (138 - 141) 139 (138 - 141) 140 (138 - 141) 0.63
Potassium, mmol/L 43 (4.1-4.6) 43 (4.1-45) 4.4 (4.0 -4.6) 0.65
eGFR, mL/min/1.73m? 73 (63 - 87) 74 (60 - 86) 63 (52 - 77) <0.001
NT-proBNP, pg/ml 184 (126 — 313) 207 (134 — 340) 251 (141 — 435) 0.04
Echocardiographic variables
LVEDVi, mL/m? 43 (37 - 50) 41 (35 - 49) 41 (34 - 49) 0.16
LVEF, % 63 (58 - 67) 62 (57 - 66) 62 (56 - 67) 0.79
LVMi, g/m? 91 (79 - 103) 97 (83 - 116) 97 (82 - 113) 0.047
Men 92 (78 - 106) 100 (85 - 119) 97 (83 - 114) 0.028
Women 89 (81 - 100) 93 (80 - 108) 100 (75 - 111) 0.64
LAVi, mL/m2 31 (26 - 37) 29 (24 - 36) 31 (26 - 36) 0.35
E/A ratio 09(0.7-1.1) 0.9(0.7-1.0) 0.7 (0.7 - 1.0 0.028
Lateral e’, cm/sec 9.0(7.9-11.0) 8.0 (7.0-10.0) 8.0 (6.0 - 10.0) 0.001
Septal e’, cm/sec 59(4.9-7.1) 58(4.9-7.1) 55(4.6-6.7) 0.067
Average e', cm/sec 7.4 (6.4-8.7) 7.1(6.0-8.3) 6.9 (5.7 -8.3) 0.001
Average E/e' ratio 8.9 (6.9 - 10.8) 9.3(7.7-11.4) 9.6(79-119) 0.022
TAPSE, cm 22.8(17.7-275)  21.5(16.0 - 26.3) 21.6 (17.1-25.9) 0.36




Supplemental Table 3. The association of collagen-related markers with left ventricular mass and left atrial volume variables

PICP* PIHINP* Galectin-3*
adjusted-beta p- adjusted-beta val adjusted-beta val
(95%Cl) value (95%Cl) p-vaiue (95%Cl) p-value
LV mass 24.09 (12.68 - 35.50) | <0.001 | 2.20 (-6.05-10.44) | 0.60 11.29 (-2.60 - 25.17) 0.11
LV mass/BSA 13.25(7.42-19.07) | <0.001 | 1.48(-2.70 - 5.66) 0.49 6.39 (-0.02 - 12.81) 0.051
LV mass/height 14.79 (8.11-21.46) | <0.001 | 1.57 (-3.24 -6.38) 0.52 7.28 (-0.75 - 15.30) 0.08
LA volume 5.50 (1.78 - 9.22) 0.004 | 0.47 (-2.31-3.25) 0.74 0.09 (-4.18 - 4.36) 0.97
LA volume/BSA 2.98 (1.05 - 4.92) 0.003 | 0.17 (-1.26 - 1.61) 0.81 0.59 (-1.55 - 2.73) 0.59
LA volume/height 3.40 (1.22 - 5.58) 0.002 | 0.26 (-1.36 - 1.88) 0.75 0.42 (-2.06 - 2.89) 0.74

*PICP, PIIINP and galectin-3 were transformed using a logarithm function.

Respective model was adjusted for clinical confounders selected in Table 2.
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