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Abstract

Background—~Procollagen type 11 N-terminal peptide (PIIINP) is a biomarker of cardiac
fibrosis that is associated with heart failure prognosis in Caucasians. Its prognostic significance in
African Americans is unknown. We sought to determine whether PIIINP is associated with
outcomes in African Americans with heart failure.

Methods and Results—Blood was collected from 138 African Americans with heart failure for
determining PIIINP and genetic ancestry, and patients were followed prospectively for death or
hospitalization for heart failure. PIIINP was inversely correlated with West African ancestry
(R?=0.061, p=0.010). PIIINP >4.88 ng/ml was associated with all-cause mortality on univariate
(hazard ratio: 4.9, 95% confidence interval: 2.2-11.0; p<0.001) and multivariate (HR: 5.8; 1.9—
17.3; p=0.002) analyses over a median follow-up period of 3 years. We also observed an increased
risk for the combined outcome of all-cause mortality or hospitalization for heart failure with
PIIINP >4.88 ng/ml on univariate (HR: 2.6; 95% CI 1.6-5.0; p<0.001) and multivariate (HR 2.4;
95% CI: 1.2-4.7; p-0.016) analyses.

Conclusion—High circulating PIIINP is associated with poor outcomes in African Americans
with chronic heart failure, suggesting that PIIINP may be useful in identifying African Americans
who may benefit from additional therapy to combat fibrosis as a means of improving prognosis.
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Introduction

There are significant ethnic differences in heart failure susceptibility, etiology, and
prognosis. For example, African Americans have a higher incidence of heart failure, are less
likely to have obstructive coronary disease as a cause for heart failure, and have higher
mortality rates from the disease compared to Caucasians.1~8 There is additional evidence
suggesting ethnic variability in response to heart failure medications, which could
potentially be secondary to differences in heart failure pathophysiology by ethnicity.9-11

Cardiac fibrosis is an important component of cardiac remodeling and contributes to the
progression of heart failure regardless of etiology.12 Cardiac fibrosis is a major determinant
of myocardial stiffness, left ventricular contractility, and risk for cardiac arrhythmias.13-1°
Medications that attenuate cardiac fibrosis, including angiotensin converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARBs), and mineralocorticoid receptor antagonists
(MRAS), reduce cardiac fibrosis and significantly reduce morbidity and mortality in patients
with heart failure and reduced ejection fraction (EF).16-23

Type 111 collagen is one of the primary collagen types that contribute to cardiac fibrosis.24
Procollagen type 11 N-terminal peptide (PIIINP) is released into the bloodstream when type
I11 collagen is incorporated into the myocardium and has been correlated with the degree of
type 111 collagen deposition.25: 26 While a number of circulating biomarkers have been
proposed for noninvasive assessment of cardiac fibrosis, PIIINP is one of the few biomarkers
correlated with myocardial collagen volume fraction. 26 27 Circulating PIIINP is also
correlated with risks for hospitalization and death in largely Caucasian cohorts with heart
failure. Additional evidence shows that PIIINP is predictive of response to therapies that
attenuate fibrosis, such as ACE inhibitors and MRAs.16: 28 For example, the greatest survival
benefits with MRA therapy in heart failure have been observed in patients with the highest
PIIINP levels at baseline.16

There is a paucity of data on the prognostic significance of PIIINP in African Americans.
Because of significant differences in heart failure susceptibility, etiology, and prognosis by
ethnicity, it is important to confirm that prognostic indicators in Caucasians extend to
African Americans. Insight into factors associated with death or hospitalization in African
Americans with heart failure could lead to better treatment strategies to improve outcomes in
this population. In particular, an enhanced understanding of collagen turnover and its
relevance to heart failure outcomes in African Americans may better define the role of
therapies to combat cardiac fibrosis in this population, who has been significantly
underrepresented in most heart failure studies to date. Therefore, we sought to determine
whether PIHINP is associated with risk for death or the combined outcome of death or
hospitalization for heart failure among African Americans with heart failure.
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Materials and methods

Patient population and procedures

A total of 138 African Americans, age =18 years, with a history of Stage C heart failure
were enrolled from the heart failure clinic at the University of Illinois Hospital & Health
Sciences System (Ul-Health) between November 2001 and February 2014. These patients
were part of a larger cohort of patients enrolled in a heart failure research database.
Additional inclusion criteria for the current study included class | through 111 New York
Heart Association (NYHA) functional status, treatment with guideline-driven medical
therapy with an ACE inhibitor (or ARB) and B-blocker, in the absence of a history of
medication intolerance,2® and absence of heart failure-related hospitalization for at least 3
months prior to enrollment. Patients unable to tolerate an ACE inhibitor or ARB were
included if they were taking hydralazine plus nitrates. Patients taking an MRA were
excluded to avoid confounding effects of an MRA on circulating PIIINP. Patients with a
history of rheumatoid arthritis, pulmonary fibrosis, metabolic bone disease, active
malignancy, or acute coronary syndrome within 3 months were also excluded to minimize
the likelihood of diseases of than heart failure contributing to circulating PITINP. The study
protocol was approved by the University of Illinois at Chicago Institutional Review Board,
and all patients provided written, informed consent for study participation.

On the day of enrollment, a cardiologist performed a medical history and physical
examination, and a clinical pharmacist obtained a medication history. Blood samples were
obtained for determination of serum PIHINP and individual genetic ancestry. All samples
were obtained between 8 am and 1 pm. Demographic and clinical data were recorded from
the electronic medical record and through patient interview. Hospital admissions for heart
failure were tracked prospectively through patient interview and review of the electronic
health record at each heart failure clinic visit. Admission, consult, and discharge summary
notes were used to determine if the hospitalization occurring at Ul Health was heart failure
related. Hospitalizations at outside institutions were assessed through patient interview at
each clinic visit. Deaths were assessed through medical record review and the Social
Security Death Index.

Serum PIIINP measurement

Serum PIINP was determined by radioimmunoassay using a commercially available kit
containing 1-125-labeled procollagen (Orion Diagnostica, Finland; distributed by
Immunodiagnostic Systems Inc., Scottsdale, AZ). Assay sensitivity was 0.3 pg/L for PITINP.
Intra- and interassay coefficients of variation were 2.8% and 2.5%, respectively.

Genetic ancestry

Individual genetic ancestry was determined for each person using 105 autosomal DNA
ancestry informative markers for West African, Native American, and European genetic
ancestry using published methods, to confirm African descent.3% 31 Qur group 32 and
others 33 have demonstrated that approximately 100 ancestry informative markers are
required to obtain estimates of ancestry that correlate with the true individual ancestral
proportions with correlation coefficients more than 0.9. Individual ancestry was estimated

J Card Fail. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mansour et al.

Page 4

from the genotype data using the Bayesian Markov Chain-Monte Carlo (MCMC) method
implemented in the program STRUCTURE version 2.1.3% 35 STRUCTURE as run under the
admixture model using prior population information and independent allele frequencies.
Each participant was scored from 0% to 100% for individual estimates of West African,
Native American and European ancestry.

Statistical analysis

Results

The association between serum PIHINP and West African ancestry was determined via
Pearson correlational analysis. Baseline PIIINP levels were compared between patients who
died and those who survived as well as between those who died or were hospitalized for
heart failure versus those with hospitalization-free survival over the course of follow-up
using the Student’s unpaired #test. Receiver operating characteristic (ROC) curves were
used to determine the optimal dichotomization point of PIIINP to predict all-cause mortality
and the composite of death or hospitalization for heart failure. The area under the ROC
curve is a measure of PIIINP accuracy or ability to discriminate risk. The cut point was
selected as the point that yielded the best sensitivity and specificity combination. Clinical
characteristics were compared between patients with a PIIINP level above and below the cut
point value of 4.88 ng/ml as determined by the ROC curve, by the Chi-square test for
categorical variables and Student’s unpaired #test for continuous variables. Univariate and
multivariate Cox proportional hazards regression was used to calculate the hazard ratios for
each outcomes associated with PIIINP, modeled as a continuous or dichotomous variable.
Variables significantly correlated with outcomes on univariate analysis (p<0.05) or known to
influence outcomes were incorporated into the multivariate analyses. The proportional
hazard assumption of the Cox regression was tested by the interaction between time to event
and PIHINP. The contribution of PIIINP to outcomes was assessed by the Likelihood Ratio
Test of the goodness-of-fit between models with and without PIIINP. Net reclassification
improvement and integrated discriminatory improvement were also calculated using STATA
IC13 (College Station, Texas) to quantify the improvement in the prediction model for
outcomes when PI1INP was added as a dichotomous (net reclassification improvement) or
continuous (integrated discriminatory improvement) variable.3¢ Kaplan-Meier and log-rank
tests were used to construct unadjusted survival curves for time to death from any cause and
time to death or first hospitalization for heart failure between patients with a PIIINP level
above and below the threshold value. Patients were censored from the analysis if an endpoint
(death or hospitalization for heart failure) was reached or the patient was lost to follow-up.
Secondary analyses were done for patients with a left ventricular EF <40%. Statistical
analyses were conducted using IBM SPSS 21(Armonk, NY).

Study population

The mean age of the study population was 57 + 15 years, and the median West African
ancestry was 79% (range 41% to 95%). The majority (78%) had a non-ischemic etiology for
heart failure (33% with a hypertensive etiology), and the mean left ventricular EF of the
study population was 36 + 13%. Seventy-four (54%) patients had an EF <40% at baseline.
Most patients (76%) had NYHA functional class 11 or 111 symptoms at the time of
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enrollment, and none had class IV symptoms. Patients were well treated at enrollment; 92%
were taking an ACE inhibitor or angiotensin receptor blocker, and 96% were taking a 8-
blocker. Sixty-one percent of p-blocker—treated patients were on guideline-directed target
doses (i.e. metoprolol CR/XL 200 mg/day or carvedilol 50-100 mg/day).

The mean PIIINP level was 5.49 + 3.09 ng/ml. The area under the ROC curve was 0.718
(0<0.001, Figure 1) for the prediction of mortality based on PIIINP concentration and 0.634
for prediction of all-cause mortality or first hospitalization for heart failure (p <0.001, Figure
2). The optimal PIIINP threshold value was 4.88 ng/ml, corresponding to a sensitivity of
0.75 and specificity of 0.63 for prediction of all-cause mortality, and 0.64 and 0.66,
respectively for prediction of mortality or heart failure hospitalization. Serum PIIINP was
above the threshold value of 4.88 ng/ml in 63 (46%) patients. Baseline characteristics of
patients with a PIIINP level >4.88 ng/ml (high PIIINP group) or 4.88 ng/ml or below (low
PIIINP group) are summarized in Table 1. Patients with higher PIIINP had a higher
prevalence of ischemic heart disease, lower left ventricular EF, lower glomerular filtration
rate (GFR), were less likely to be on a B-blocker, and tended to have a higher prevalence of
atrial fibrillation.

Serum PIIINP and ancestry

For each 1% increase in West African ancestry, there was an associated 0.010 ng/ml lower
PIIINP level (R2=0.061, B coefficient —0.01; 95% CI -0.017 to —0.002; p=0.010). There was
no significant association between West African ancestry and all-cause mortality (p=0.142)
or the combined outcome of all-cause mortality or heart failure hospitalization (p=0.123).

Serum PIIINP and all-cause mortality

Median time to death or censoring was 3.14 years, with a median of 2.41 years for the
higher PIIINP group and 3.62 years for the lower PIIINP group. Thirty-two (23%) patients
died over the course of follow-up, consisting of 24 (38%) patients from the high PIIINP
group and 8 (11%) from the low PITIINP group (p<0.001). The mean PIIINP level (measured
at the time of enrollment) was 6.92 + 2.92 ng/mL among patients who died and 5.06 + 3.02
ng/mL among survivors (p=0.003).

In the unadjusted analysis, Kaplan-Meier survival curves (Figure 3) demonstrated
significantly higher all-cause mortality in the higher serum PHINP group (log-rank
p<0.001). On univariate analysis, PIIINP concentration was associated with all-cause
mortality when consider as either a continuous variable or a dichotomous variable using the
cut-off point of 4.88 ng/mL (0 <0.001 for both), as shown in Table 2. Additional variables
associated with all-cause mortality on univariate analyses were older age, ischemic heart
disease, history of atrial fibrillation or flutter, renal function, absence of B-blocker therapy,
and reduced EF. Male sex also tended to be associated with increased mortality. After
controlling for these factors and additional factors known to impact mortality (i.e. NYHA
functional class),3”-41 PIIINP >4.88 ng/ml (p=0.002, Table 3) and as a continuous variable
(0=0.010) was an independent predictor of all-cause mortality. PIIINP >4.88ng/ml was
found to provide incremental prognostic value in predicting all-cause mortality by the
Likelihood Ratio Test for goodness-of-fit (p<0.001). The net reclassification improvement
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after adding PITINP as a dichotomous variable to the adjusted prediction model for
prediction of all-cause mortality was 71% (p=0.001), and the integrated discriminatory
improvement was 4% (p=0.012). Among patients with an EF <40%, PIIINP >4.88 ng/ml
remained associated with all-cause mortality on both univariate (p<0.001) and multivariate
(p<0.001) analysis.

Serum PIIINP and all-cause mortality or heart failure hospitalizations

Median time to death or first heart failure hospitalization or censoring was 3.13 years with a
median of 2.22 years for the higher PIIINP group and 3.52 years for the lower PIIINP group.
Fifty-three (38%) patients died or were hospitalized for heart failure over the course of
follow-up; 34 (54%) were in the higher PIIINP group and 19 (25%) were in the lower
PIINP group (£=0.001). The mean baseline PIIINP level among patients who died or were
hospitalized for heart failure versus those with hospital-free survival was 6.77 £+ 3.31 ng/mL
and 4.70 + 2.66 ng/mL, respectively (p<0.001).

Kaplan-Meier survival curves (Figure 4) demonstrated a significantly higher death or heart
failure hospitalization rate among patients in the higher PIIINP group (log-rank p<0.001).
Higher PIHINP serum levels were significantly associated with all-cause mortality or heart
failure hospitalization when considered as a continuous or dichotomous variable using the
cut-off point of 4.88 ng/mL (p<0.001 for both) on univariate analyses (Table 2). Additional
variables associated with heart failure hospitalization were older age, history of atrial
fibrillation or flutter, lower GFR, and absence of a Blocker use. Though not statistically
significant, male sex and NYHA functional class tended to be associated with the combined
outcome. After controlling for these factors and factors shown to impact risk for heart failure
hospitalization (i.e. ischemic heart disease, EF),37-3% 41 P|[INP remained a significant
predictor of death or heart failure hospitalization when evaluated as a dichotomous
(0=0.016) or continuous (0=0.024) variable (Table 3). PIIINP > 4.88ng/ml provided
incremental prognostic value in predicting the combined outcome by the Likelihood Ratio
Test for goodness-of-fit (p=0.018). The Net reclassification improvement and integrated
discriminatory improvement after adding PIIINP as a dichotomous variable to the adjusted
prediction model were 55% (p=0.004) and 2% (p=0.057), respectively. Similarly, among
patients with an EF <40%, PIHIINP >4.88 ng/ml was associated with death or heart failure
hospitalization on univariate (p=<0.001) and multivariate (p<0.001) analysis.

Discussion

Our primary finding was that higher circulating PIIINP was associated with all-cause
mortality and the combined outcome of all-cause mortality or hospitalization for heart
failure in African Americans with chronic heart failure receiving standard vasodilator and p-
blocker therapy. The higher risk for poor outcomes was evident whether PIIINP was
assessed as a continuous or dichotomous variable, and PIIINP remained associated with risk
for death and death or heart failure hospitalization after adjusting for clinical variables well
known to influence heart failure prognosis.

To our knowledge, this is the first study to demonstrate an association between PIIINP and
outcomes in African Americans with heart failure. Our findings are in agreement with
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previous reports in predominately Caucasian populations.16: 42 Specifically, post-hoc
analysis of the Randomized Aldactone Evaluation Study (RALES), in which 98% of
participants were Caucasian, showed that higher PI1INP levels (PIIINP >3.85 pg/L)were
associated with increased risk for death (relative risk 2.3, 95% CI 1.34 to 4.18) and death or
hospitalization (relative risk 1.83, 95% CI 1.18-2.83), and this risk was attenuated with the
addition of spironolactone therapy.1® The survival benefits of spironolactone were limited to
patients with elevated PIIINP. Participants in RALES had NYHA class 111 or 1V heart
failure, whereas the majority of the patients in our study had class | or Il symptoms, and
none had class 1V heart failure. Thus, in addition to showing a novel association between
PIIINP and outcomes in African Americans, our findings extend the association between
PIIINP and outcomes to patients with less severe heart failure.

Another notable difference between our cohort and the one in RALES is that only 11% of
RALES participants were taking a p-blocker. In contrast nearly all patients in our study were
on a B-blocker, in addition to an ACE inhibitor or ARB, as directed by heart failure
guidelines.2? B-blockers inhibit plasma renin release, and thus, like ACE inhibitors and
ARBs, have been shown to reduce cardiac fibrosis in heart disease.13 17:43-48 et, we found
that PIIINP was elevated and associated with poor prognosis in a significant portion of
African American patients.

By design, none of the patients in our study were taking a MRA, which when added to
standard therapy has been shown to reduce morbidity and mortality in heart failure. 21. 49
However, data show that MRASs are significantly under prescribed, which may be due to
uncertainty about whether their potential benefit outweighs risk for hyperkalemia and other
adverse drug effects.?0-52 A recent analysis of RALES data showed that spironolactone
reduced the combined end point of death or hospitalization for heart failure in Caucasians,
but not in African Americans, which could lead to further uncertainty about MRA use in the
latter group.1? Interestingly, patients in our study with a higher degree of West African
ancestry had lower serum PIHINP levels. This may provide insight into potential ethnic
differences in drug response. Specifically, when taken into consideration with data that
MRAs provide the greatest mortality benefit in patients with high PIIINP,16 the negative
correlation between PIHHINP and West African ancestry provides a potential explanation for
the lower MRA efficacy observed in African Americans compared to non-African
Americans. Given evidence that higher PIIINP levels portend greater benefit from an MRA,
the negative correlation between PIHIINP and West African ancestry could potentially
contribute to reduced MRA effectiveness in African Americans compared to other ethnic
groups. Nonetheless, a significant portion of African Americans with heart failure had
elevated PIIINP, which places them at an increased risk for mortality and thus, they would
be expected to benefit from MRA therapy to combat fibrosis and potentially improve
outcomes.

We excluded patients with many non-cardiac disorders known to influence procollagen
levels to improve the likelihood that circulating PIIINP was reflective of myocardial
collagen content. However, in the absence of cardiac biopsy, the gold standard for assessing
fibrosis, we cannot confirm that PIIINP were truly reflective of cardiac collagen. Our
population consisted of patients with stable heart failure on guideline-driven medical therapy
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and free of recent hospitalization for heart failure, which likely explains the low event rate.
Outcome data, particularly related to heart failure hospitalization, were collected from the
medical record and through interview of patients during heart failure clinic visits. The latter
was done to help identify heart failure admissions at outside institutions to better
characterize out-of-system utilization which would not be captured through the medical
chart review. However, outside admissions may have been missed because of poor patient
recall or patient drop-out, which limits our findings regarding this endpoint. We did not
measure other biomarkers, such as brain natriuretic peptide. However, PIIINP is a more
specific marker for cardiac fibrosis, and elevated PIIINP suggests that additional therapy to
attenuate cardiac fibrosis may be warranted. Finally, our findings are limited by the
relatively small sample size and retrospective nature of the analysis and may not be
representative of the broader African American population with heart failure. As such,
additional data from larger and more diverse populations are necessary to validate the study
findings.

Conclusion

In conclusion, we found that elevated PIIINP was associated with increased all-cause
mortality in African Americans receiving standard vasodilator and p-blocker therapy for
heart failure. Whether additional therapy that attenuates cardiac fibrosis will improve
survival in African American patients with elevated PIIINP remains to be determined.

Acknowledgments

This study was supported by an NIH NIA (AG033381-01) grant to LHC and support from the University of Illinois
at Chicago Office of the Vice Chancellor for Research.

References

1. Alexander M, Grumbach K, Selby J, Brown AF, Washington E. Hospitalization for congestive heart.
failure Explaining racial differences. JAMA. 1995; 274(13):1037-1042. [PubMed: 7563454]

2. Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, Burke GL, Lima JA. Differences in
the incidence of congestive heart failure by ethnicity: the multi-ethnic study of atherosclerosis. Arch
Intern Med. 2008; 168(19):2138-2145. [PubMed: 18955644]

3. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, de Ferranti S, Despres JP,
Fullerton HJ, Howard VJ, Huffman MD, Judd SE, Kissela BM, Lackland DT, Lichtman JH,
Lisabeth LD, Liu S, Mackey RH, Matchar DB, McGuire DK, Mohler ER 3rd, Moy CS, Muntner P,
Mussolino ME, Nasir K, Neumar RW, Nichol G, Palaniappan L, Pandey DK, Reeves MJ, Rodriguez
CJ, Sorlie PD, Stein J, Towfighi A, Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner MB.
American Heart Association Statistics C and Stroke Statistics S. Heart disease and stroke
statistics--2015 update: a report from the American Heart Association. Circulation. 2015;
131(4):e29-e322. [PubMed: 25520374]

4, Brown DW, Haldeman GA, Croft JB, Giles WH, Mensah GA. Racial or ethnic differences in
hospitalization for heart failure among elderly adults: Medicare, 1990 to 2000. Am Heart J. 2005;
150(3):448-454. [PubMed: 16169322]

5. Dries DL, Exner DV, Gersh BJ, Cooper HA, Carson PE, Domanski MJ. Racial differences in the
outcome of left ventricular dysfunction. N Engl J Med. 1999; 340(8):609-616. [PubMed:
10029645]

6. Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E, Gardin JM, Arynchyn A, Lewis CE,
Williams OD, Hulley SB. Racial differences in incident heart failure among young adults. N Engl J
Med. 2009; 360(12):1179-1190. [PubMed: 19297571]

J Card Fail. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mansour et al.

Page 9

7. Moe GW, Tu J. Heart failure in the ethnic minorities. Curr Opin Cardiol. 2010; 25(2):124-130.
[PubMed: 20019604]

8. Yancy CW. Heart failure in African Americans: a cardiovascular engima. J Card Fail. 2000; 6(3):
183-186. [PubMed: 10997742]

9. Carson P, Ziesche S, Johnson G, Cohn JN. Racial differences in response to therapy for heart failure:

analysis of the vasodilator-heart failure trials Vasodilator-Heart Failure Trial Study Group. J Card
Fail. 1999; 5(3):178-187. [PubMed: 10496190]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Exner DV, Dries DL, Domanski MJ, Cohn JN. Lesser response to angiotensin-converting-enzyme
inhibitor therapy in black as compared with white patients with left ventricular dysfunction. N
Engl J Med. 2001; 344(18):1351-1357. [PubMed: 11333991]

Vardeny O, Cavallari LH, Claggett B, Desai AS, Anand I, Rossignol P, Zannad F, Pitt B, Solomon
SD. Randomized Aldactone Evaluation Study I. Race influences the safety and efficacy of
spironolactone in severe heart failure. Circ Heart Fail. 2013; 6(5):970-976. [PubMed: 23940307]
Swynghedauw B. Molecular mechanisms of myocardial remodeling. Physiol Rev. 1999; 79(1):
215-262. [PubMed: 9922372]

Brilla CG, Matsubara L, Weber KT. Advanced hypertensive heart disease in spontaneously
hypertensive rats Lisinopril-mediated regression of myocardial fibrosis. Hypertension. 1996;
28(2):269-275. [PubMed: 8707393]

Ramires FJ, Mansur A, Coelho O, Maranhao M, Gruppi CJ, Mady C, Ramires JA. Effect of
spironolactone on ventricular arrhythmias in congestive heart failure secondary to idiopathic
dilated or to ischemic cardiomyopathy. Am J Cardiol. 2000; 85(10):1207-1211. [PubMed:
10802002]

Zile MR, Baicu CF, Ikonomidis JS, Stroud RE, Nietert PJ, Bradshaw AD, Slater R, Palmer BM,
Van Buren P, Meyer M, Redfield MM, Bull DA, Granzier HL, LeWinter MM. Myocardial stiffness
in patients with heart failure and a preserved ejection fraction: contributions of collagen and titin.
Circulation. 2015; 131(14):1247-1259. [PubMed: 25637629]

Zannad F, Alla F, Dousset B, Perez A, Pitt B. Limitation of excessive extracellular matrix turnover
may contribute to survival benefit of spironolactone therapy in patients with congestive heart
failure: insights from the randomized aldactone evaluation study (RALES) Rales Investigators.
Circulation. 2000; 102(22):2700-2706. [PubMed: 11094035]

Brilla CG, Funck RC, Rupp H. Lisinopril-mediated regression of myocardial fibrosis in patients
with hypertensive heart disease. Circulation. 2000; 102(12):1388-1393. [PubMed: 10993857]
Diez J, Querejeta R, Lopez B, Gonzalez A, Larman M, Martinez Ubago JL. Losartan-dependent
regression of myocardial fibrosis is associated with reduction of left ventricular chamber stiffness
in hypertensive patients. Circulation. 2002; 105(21):2512-2517. [PubMed: 12034658]

Effect of enalapril on survival in patients with reduced left ventricular ejection fractions and
congestive heart failure. The SOLVD Investigators. N Engl J Med. 1991; 325(5):293-302.
[PubMed: 2057034]

Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ, Michelson EL, Olofsson B,
Ostergren J, Yusuf S, Pocock S. Investigators C and Committees Effects of candesartan on
mortality and morbidity in patients with chronic heart failure: the CHARM-Overall programme.
Lancet. 2003; 362(9386):759-766. [PubMed: 13678868]

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, Wittes J. The effect of
spironolactone on morbidity and mortality in patients with severe heart. failure Randomized
Aldactone Evaluation Study Investigators. N Engl J Med. 1999; 341(10):709-717. [PubMed:
10471456]

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman R, Hurley S, Kleiman J,
Gatlin M. Eplerenone Post-Acute Myocardial Infarction Heart Failure E and Survival Study I.
Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after
myocardial infarction. N Engl J Med. 2003; 348(14):1309-1321. [PubMed: 12668699]

Tsutsui H, Matsushima S, Kinugawa S, Ide T, Inoue N, Ohta Y, Yokota T, Hamaguchi S, Sunagawa
K. Angiotensin Il type 1 receptor blocker attenuates myocardial remodeling and preserves diastolic
function in diabetic heart. Hypertens Res. 2007; 30(5):439-449. [PubMed: 17587756]

J Card Fail. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mansour et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 10

Koshy SK, Reddy HK, Shukla HH. Collagen cross-linking: new dimension to cardiac remodeling.
Cardiovasc Res. 2003; 57(3):594-598. [PubMed: 12618221]

Diez J, Laviades C, Mayor G, Gil MJ. Monreal | Increased serum concentrations of procollagen
peptides in essential hypertension. Relation to cardiac alterations. Circulation. 1995; 91(5):1450—
1456. [PubMed: 7867186]

Klappacher G, Franzen P, Haab D, Mehrabi M, Binder M, Plesch K, Pacher R, Grimm M, Pribill I,
Eichler HG, et al. Measuring extracellular matrix turnover in the serum of patients with idiopathic
or ischemic dilated cardiomyopathy and impact on diagnosis and prognosis. Am J Cardiol. 1995;
75(14):913-918. [PubMed: 7733000]

Lopez B, Gonzalez A, Ravassa S, Beaumont J, Moreno MU, San Jose G, Querejeta R, Diez J.
Circulating Biomarkers of Myocardial Fibrosis: The Need for a Reappraisal. J Am Coll Cardiol.
2015; 65(22):2449-2456. [PubMed: 26046739]

Sato A, Takane H, Saruta T. High serum level of procollagen type I11 amino-terminal peptide
contributes to the efficacy of spironolactone and angiotensin-converting enzyme inhibitor therapy
on left ventricular hypertrophy in essential hypertensive patients. Hypertens Res. 2001; 24(2):99—
104. [PubMed: 11325081]

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, Fonarow GC, Geraci SA,
Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC, Masoudi FA, McBride PE,
McMurray JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL. American College of Cardiology F and American Heart Association Task Force on
Practice G. 2013 ACCF/AHA guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol. 2013; 62(16):e147—e239. [PubMed: 23747642]

Giri VN, Egleston B, Ruth K, Uzzo RG, Chen DY, Buyyounouski M, Raysor S, Hooker S, Torres
JB, Ramike T, Mastalski K, Kim TY, Kittles R. Race, genetic West African ancestry, and prostate
cancer prediction by prostate-specific antigen in prospectively screened high-risk men. Cancer
Prev Res (Phila). 2009; 2(3):244-250. [PubMed: 19240249]

Tian C, Hinds DA, Shigeta R, Kittles R, Ballinger DG, Seldin MF. A genomewide single-
nucleotide-polymorphism panel with high ancestry information for African American admixture
mapping. Am J Hum Genet. 2006; 79(4):640-649. [PubMed: 16960800]

Kosoy R, Nassir R, Tian C, White PA, Butler LM, Silva G, Kittles R, Alarcon-Riquelme ME,
Gregersen PK, Belmont JW, De La Vega FM, Seldin MF. Ancestry informative marker sets for
determining continental origin and admixture proportions in common populations in America.
Hum Mutat. 2009; 30(1):69-78. [PubMed: 18683858]

Tsai HJ, Choudhry S, Naqvi M, Rodriguez-Cintron W, Burchard EG, Ziv E. Comparison of three
methods to estimate genetic ancestry and control for stratification in genetic association studies
among admixed populations. Hum Genet. 2005; 118(3-4):424-433. [PubMed: 16208514]

Falush D, Stephens M, Pritchard JK. Inference of population structure using multilocus genotype
data: linked loci and correlated allele frequencies. Genetics. 2003; 164(4):1567-1587. [PubMed:
12930761]

Pritchard JK, Stephens M, Donnelly P. Inference of population structure using multilocus genotype
data. Genetics. 2000; 155(2):945-959. [PubMed: 10835412]

Pencina MJ, D’Agostino RB, D'Agostino RB Jr, Vasan RS. Evaluating the added predictive ability
of a new marker: from area under the ROC curve to reclassification and beyond. Stat Med. 2008;
27(2):157-172. discussion 207-112. [PubMed: 17569110]

Pocock SJ, Wang D, Pfeffer MA, Yusuf S, McMurray JJ, Swedberg KB, Ostergren J, Michelson
EL, Pieper KS, Granger CB. Predictors of mortality and morbidity in patients with chronic heart
failure. Eur Heart J. 2006; 27(1):65-75. [PubMed: 16219658]

Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, Shusterman NH. The
effect of carvedilol on morbidity and mortality in patients with chronic heart failure U.S.
Carvedilol Heart Failure Study Group. N Engl J Med. 1996; 334(21):1349-1355. [PubMed:
8614419]

The Cardiac Insufficiency Bisoprolol Study Il (CIBIS-11): a randomised trial. Lancet. 1999;
353(9146):9-13. [PubMed: 10023943]

J Card Fail. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mansour et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 11

Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL Randomised Intervention
Trial in Congestive Heart Failure (MERIT-HF). Lancet. 1999; 353(9169):2001-2007. [PubMed:
10376614]

Shindler DM, Kostis JB, Yusuf S, Quinones MA, Pitt B, Stewart D, Pinkett T, Ghali JK, Wilson
AC. Diabetes mellitus, a predictor of morbidity and mortality in the Studies of Left Ventricular
Dysfunction (SOLVD) Trials and Registry. Am J Cardiol. 1996; 77(11):1017-1020. [PubMed:
8644628]

Radauceanu A, Ducki C, Virion JM, Rossignol P, Mallat Z, McMurray J, Van Veldhuisen DJ,
Tavazzi L, Mann DL, Capiaumont-Vin J, Li M, Hanriot D, Zannad F. Extracellular matrix turnover
and inflammatory markers independently predict functional status and outcome in chronic heart
failure. J Card Fail. 2008; 14(6):467-474. [PubMed: 18672194]

Chan V, Fenning A, Hoey A, Brown L. Chronic beta-adrenoceptor antagonist treatment controls
cardiovascular remodeling in heart failure in the aging spontaneously hypertensive rat. J
Cardiovasc Pharmacol. 2011; 58(4):424-431. [PubMed: 21709583]

Kobayashi M, Machida N, Mitsuishi M, Yamane Y. Beta-blocker improves survival, left ventricular
function, and myocardial remodeling in hypertensive rats with diastolic heart failure. AmJ
Hypertens. 2004; 17(12 Pt 1):1112-1119. [PubMed: 15607617]

Le DE, Pascotto M, Leong-Poi H, Sari I, Micari A, Kaul S. Anti-inflammatory and pro-angiogenic
effects of beta blockers in a canine model of chronic ischemic cardiomyopathy: comparison
between carvedilol and metoprolol. Basic Res Cardiol. 2013; 108(6):384. [PubMed: 24072434]

Sukumaran V, Watanabe K, Veeraveedu PT, Thandavarayan RA, Gurusamy N, Ma M, Yamaguchi
K, Suzuki K, Kodama M, Aizawa Y. Telmisartan, an angiotensin-1I receptor blocker ameliorates
cardiac remodeling in rats with dilated cardiomyopathy. Hypertens Res. 2010; 33(7):695-702.
[PubMed: 20535115]

Varagic J, Ahmad S, Voncannon JL, Moniwa N, Simington SW Jr, Brosnihan BK, Gallagher PE,
Habibi J, Sowers JR, Ferrario CM. Nebivolol reduces cardiac angiotensin 11, associated oxidative
stress and fibrosis but not arterial pressure in salt-loaded spontaneously hypertensive rats. J
Hypertens. 2012; 30(9):1766-1774. [PubMed: 22895019]

Weber KT, Brilla CG, Campbell SE, Guarda E, Zhou G, Sriram K. Myocardial fibrosis: role of
angiotensin Il and aldosterone. Basic Res Cardiol. 1993; 88(Suppl 1):107-124. [PubMed:
8395170]

Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi H, Vincent J, Pocock SJ,
Pitt B, Group E-HS. Eplerenone in patients with systolic heart failure and mild symptoms. N Engl
J Med. 2011; 364(1):11-21. [PubMed: 21073363]

Krantz MJ, Ambardekar AV, Kaltenbach L, Hernandez AF, Heidenreich PA, Fonarow GC. Get
With the Guidelines Steering C and Hospitals. Patterns and predictors of evidence-based
medication continuation among hospitalized heart failure patients (from Get With the Guidelines-
Heart Failure). Am J Cardiol. 2011; 107(12):1818-1823. [PubMed: 21482418]

Juurlink DN, Mamdani MM, Lee DS, Kopp A, Austin PC, Laupacis A, Redelmeier DA. Rates of
hyperkalemia after publication of the Randomized Aldactone Evaluation Study. N Engl J Med.
2004; 351(6):543-551. [PubMed: 15295047]

Rossignol P, Dobre D, McMurray JJ, Swedberg K, Krum H, van Veldhuisen DJ, Shi H, Messig M,
Vincent J, Girerd N, Bakris G, Pitt B, Zannad F. Incidence, determinants, and prognostic
significance of hyperkalemia and worsening renal function in patients with heart failure receiving
the mineralocorticoid receptor antagonist eplerenone or placebo in addition to optimal medical
therapy: results from the Eplerenone in Mild Patients Hospitalization and Survival Study in Heart
Failure (EMPHASIS-HF). Circ Heart Fail. 2014; 7(1):51-58. [PubMed: 24297687]

J Card Fail. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mansour et al.

Page 12

Highlights
. Serum procollagen type 11 N-terminal peptide (PIIINP) is a biomarker
of cardiac fibrosis.
. We evaluated the association between serum PIIINP and outcomes in

African Americans with New York Heart Association Class | through
Class 11 heart failure.

. On multi-variate analysis, PIIINP >4.88 ng/ml was a significant
predictor of all-cause mortality (hazard ratio: 5.8, 95% confidence
interval: 1.9-17.3; p=0.002) and the combined outcome of all-cause
mortality or hospitalization for heart failure (HR: 2.4, 95% CI 1.2-4.7;
p=0.016).

. PIIINP may be a useful biomarker for identifying African Americans
who may benefit from additional therapy to attenuate cardiac fibrosis
and potentially improve outcomes.
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Figure 1.
Receiver operation characteristic curves for the prediction of mortality based on procollagen

type I11 N-terminal peptide levels. (p<0.001 for the area under the curve versus a non-
discriminatory area under the curve of 0.50)
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Figure 2.
Receiver operation characteristic curves for the prediction of all-cause mortality or heart

failure hospitalization based on PIIINP levels (p<0.001 for the area under the curve versus a
non-discriminatory area under the curve of 0.50)
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Figure 3.

Kaplan-Meier curves of all-cause mortality for patients stratified by procollagen type Il N-
terminal peptide (PIIINP) > 4.88 ng/ml or < 4.88 ng/ml. Log-rank p<0.001.
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Figure 4.

Kaplan-Meier curves of all-cause mortality or heart failure hospitalization for patients
stratified by procollagen type 111 N-terminal peptide (PIIINP) >4.88ng/ml or <4.88 ng/ml.
Log-rank p=0.017.
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Table 1
Baseline characteristics by PIHINP level
Characteristic Serum PIHINP level
<4.88ng/ml  >4.88ng/ml  p Value
n=75 n=63

Age (years) 55+ 15 59+ 14 0.094
Male sex 33 (44) 28 (44) 1.000
BMI (kg/m?) 35+11 3412 0.877
Diabetes 22 (29) 21 (33) 0.713
Hypertension 61 (81) 52 (83) 1.000
Dyslipidemia 43 (57) 35 (56) 0.864
Atrial fibrillation/flutter 11 (15) 18 (29) 0.059
Ischemic heart disease 10 (13) 19 (30) 0.035
Tobacco use 42 (57) 32 (51) 0.497
Medication use

ACE inhibitor or ARB 69 (93) 58 (92) 1.000

B-blocker 74 (100) 59 (94) 0.042

Hydralazine plus nitrate 8 (11) 13 (21) 0.156

Loop diuretic 54 (75) 54 (86) 0.136

Digoxin 19 (26) 17 (27) 0.999

Statin 44 (64) 35 (71) 0.431
NYHA functional class

Class | 22 (30) 10 (16)

Class Il 24 (32) 20 (32) 0.110

Class 11 28 (38) 33 (52)
Blood pressure (mmHg)

Systolic 127+ 23 130 + 26 0.557

Diastolic 73+12 74 £16 0.700
Heart rate (bpm) 74 +£13 73+14 0.697
S3 (%) 0 2(3) 0.207
JVD, above 8 cm 2(3) 5(8) 0.246
Rales 0 4 (6) 0.041
Glomerular filtration rate 76+£25 60 =30 0.002
Mean LVEF 38+13 33+£13 0.032
LVEF <40% 36 (52) 38 (68) 0.100

Mean + SD or No (%)

*
Extended release formulation doses shown

Page 17

BMI, body mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; NYHA, New York Heart Association; bpm, beat
per minute; S3, the third heart sound; JVD, jugular venous distension; PIIINP, procollagen type Il N-terminal peptide; LVEF, left ventricular

ejection fraction
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