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Abstract

Background—Initial low levels of hs cTnT and NT-proBNP identify older adults at lower risk
for CV events.

Objective—To determine whether the combined trajectories of cardiac biomarkers identify those
older adults with initial low levels who have an increased risk for structural heart disease, incident
HF, and CV death.

Methods—Observational study among older adults without prevalent HF in the Cardiovascular
Health Study. NT-proBNP and hs cTnT were measured at baseline and after 2-3 years. In those
with low baseline levels, significant increase was defined as: cTnT >50%; NT-proBNP >25%
increase to >190 pg/mL. LVEF and LV mass were measured by echocardiography at baseline and
5 years. Cox regression was used to estimate the association of change in biomarkers with HF and
CV mortality.

Results—Among 2,008 participants with initially low biomarker concentrations, significant
increases occurred in 14.8% for cTnT only, 13.2% for NT-proBNP only and 6.1% for both. After
10 years, cumulative HF incidence was 50.4% vs. 12.2% among those with both vs. neither
biomarkers increased. The adjusted relative risk comparing those with increases in both vs. neither
biomarkers was 3.56 for incident HF (95% confidence interval [Cl]: 2.56-4.97) and 2.98 for CV
mortality (95% CI: 2.98-4.26). Among 1340 participants with serial echocardiography, the
frequency of new abnormal LVEF was 11.8% vs. 4.0% for those with increases in both vs. neither
biomarkers (p=0.007).
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Conclusions—Among older adults without HF with initially low cTnT and NT-proBNP, the
long-term trajectory of both biomarkers predicts systolic dysfunction, incident HF, and CV death.
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Introduction

Methods

The disease burden of HF and other high-risk cardiovascular conditions falls mostly upon
older adults, with those =65 years comprising nearly half of individuals with known
cardiovascular disease. The annual incidence of HF for older adults is as high as 1 in 100
(1). With a high mortality in older adults associated with symptomatic HF, identifying those
at greatest risk in the community may provide an opportunity to intervene to delay symptom
onset. However, traditional risk scores based on clinical risk factors typically are less
accurate in estimating cardiovascular risk in older adults compared to younger cohorts (2,3).

Blood-based biomarkers have been shown to add to traditional risk-factor based models to
improve risk stratification for HF and cardiovascular death (4-10). While the use of single
biomarkers is helpful, the examination of multiple biomarkers representing different
pathopysiologies may have even greater predictive and prognostic value (4,9,10). However,
a large proportion of individuals remain at-risk even when multiple biomarker
concentrations are below previously defined thresholds. For example, we have previously
shown that in older adults with initially low concentrations of either the cardiac specific
biomarkers cTnT (measured by a hs assay) or NT-proBNP, an upward trajectory in one
biomarker over 2-3 years is associated with a 70 to 200% increased risk of new-onset HF,
respectively, compared to individuals without such an increase(5,6). Correlation between
concentrations of these two biomarkers is only moderate, suggesting that the mechanisms
underlying their association with adverse outcomes may differ. As such, it may be that
consideration of changes in both biomarkers would provide a more complete evaluation of
cardiovascular risk, characterizing an early HF phenotype preceding structural changes and
symptomatic disease.

We hypothesized that in community-dwelling older adults free of HF with initially lower-
risk concentrations of the biomarkers NT-proBNP and hs cTnT, the trajectories of both
biomarkers measured over 2-3 years would be additive in identifying those participants at
greater long-term risk for new-onset HF and CV death. Furthermore, we hypothesized that
the trajectories of both biomarkers would identify those more likely to develop left
ventricular structural pathology by serial echocardiography prior to symptomatic HF.

Study Population

CHS is a multicenter prospective observational cohort study of cardiovascular disease in
older adults. A detailed account of the study methods, as well as a description of the study-
defined co-morbidities, has been previously published (11). Participants (N=5201) initially
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enrolled in 1989-90, and an African-American supplemental cohort (N=687) enrolled in
1992-93. In the present analysis, we excluded those participants with a diagnosis of HF prior
to the time of second biomarker measure (see below).

The CHS was approved by the institutional review boards of the University of Washington,
Seattle, and the participating centers. All participants gave written informed consent. The
present study was approved by the institutional review board of the University of Maryland,
Baltimore.

Biomarker Measurement

NT-proBNP and cTnT were measured in serum collected in 1989-90 and 1992-93 (main
cohort) or 1992-93 and 1995-96 (supplemental cohort) and stored at -70C to -80C. Samples
were thawed just prior to testing (maximum of 3 freeze-thaw cycles) and measured
according to previously described assay methods (6,12). The assay range for NT-proBNP is
5 to 35,000 pg/mL and for cTnT - utilizing the highly sensitive 5! generation test - is 3 to
10,000 pg/mL.

Primary Outcome Measures

Outcomes were incident HF and CV mortality. Incident HF events were ascertained by
participant interview at semiannual study visits and examination of Medicare claims data.
Potential HF events and determination of cause of death were determined by an expert
adjudication panel (13). Details of adjudication criteria have been previously described (14).

CV mortality was defined as mortality related to atherosclerotic heart disease (fatal
myocardial infarction and definite and possible fatal CHD), death following cerebrovascular
disease (fatal stroke), or mortality from other atherosclerotic and CV diseases including HF,
as previously described (13).

Other Covariates

Covariates including prevalent CV disease risk factors were defined at the time of the 2nd
biomarker measurement as previously described (5). Race was determined by self-
identification and classified as black or other. CHD was defined as a history of angina,
coronary angioplasty, coronary artery bypass surgery, or myocardial infarction.
Echocardiograms were also obtained; in the main cohort, this was performed in 1989- 1990
and among both cohorts was performed in 1995-1996. The measures of interest for this
analysis — left ventricular mass, left atrial diameter, diastolic measures including the mitral
inflow Doppler E/A ratio and semi-quantitative left ventricular ejection fraction — were
defined as previously specified (15). LVH was defined as LV mass indexed to height of
>46.7 g/m27 for women and >49.2g/m?27 for men (16) .

Statistical Methods

Selection of study sample—In the present analysis, we excluded those participants with
prevalent HF at enrollment into CHS and/or incident HF between enrollment and the time of
the second biomarker measurement. Since the purpose of the present analysis was to
examine the effect of change in biomarkers among those whose initial biomarkers was not
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already elevated, we further excluded participants with initial NT-proBNP>190 pg/mL or
cTnT>13 pg/mL. The cut-point for elevated NT-proBNP represents the 701" percentile in the
CHS study sample and best corresponds with increased risk of heart failure in this
population. The cut-point for cTnT represents the 99t percentile in a healthy reference
population (17), and identified a high-risk subgroup in three general population studies
(6,7,18).

Definition of significant increase in biomarkers—A “clinically significant” increase
in each biomarker was defined according to previously defined criteria: for NT-proBNP, a
>25% increase from baseline to a concentration at follow-up of >190 pg/mL; for cTnT, a
>50% increase from baseline. Increases of this magnitude represent a change greater than
the short-term within-individual variability in healthy adults (19,20), and individually have
been shown to predict a greater risk of incident HF in older adults (5,6). In the primary
analysis, participants (N=950, 47%) with concentrations below the level of detection (<3
pg/mL) were imputed a value of 2.99 pg/mL.

Study participants were divided into 4 subgroups based upon their increase from baseline to
follow-up in each of the two specified biomarkers (NT-proBNP and ¢TnT) as follows: no
change, change in cTnT only, change in NT-proBNP only, or change in both cTnT and NT-
proBNP. Baseline characteristics by category were compared using chi-square tests or 1-
way analysis of variance, as appropriate.

Comparison of echocardiographic abnormalities—Among participants in the main
cohort with complete echocardiogram data at both baseline and follow-up (1995-96) who
remained free of diagnosed HF at the time of the 2" echocardiogram, we compared the
frequency of a LVEF classified as depressed (borderline [estimated as 45-54%] or abnormal
[estimated as < 45%]) at follow-up across the 4 subgroups defined by change in biomarkers,
after excluding those with a depressed LVEF at baseline. Likewise, after excluding those
with baseline LVH, we plotted the frequency of new LVH at follow-up echocardiogram
across the subgroups defined by biomarker change. The chi-squared test was used to test the
hypothesis that the incidence of new LVH and a new depressed LVEF differed between
biomarker change subgroups.

Comparison of incident HF and CV mortality—Cumulative incidence of HF and CV
mortality in each subgroup from the time of the second biomarker measurement was
estimated using the Kaplan-Meier method and compared with the log-rank test. Multivariate
analyses were performed using Cox proportional hazard regression models. All models were
adjusted for baseline concentrations of each biomarker. Two sets of adjustment covariates
were selected which included: 1) demographics (age, sex, race [black vs. other]) and 2)
cardiovascular risk factors defined a-priori from validated risk models, which are distinct for
both HF and CV mortality (21,22). In addition to demographics, the models for HF were
adjusted for: systolic blood pressure, smoking, heart rate, creatinine, albumin, glucose,
CHD, LVH as determined by electrocardiograph (components of the Health ABC Risk
model (21)). CV death models, in addition to demographics, were adjusted in accordance
with the traditional CV risk factors as defined in the Framingham risk score: systolic blood
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pressure, diastolic blood pressure, use of anti-hypertensive medication, diabetes, CHD,
smoking, total and high-density lipoprotein cholesterol levels (22).

We estimated the incremental improvement in risk classification and discrimination from the
addition of change in biomarker concentrations to models containing baseline concentrations
and traditional risk factors using the C-statistic (as modified for time-to-event analyses) (23),
the IDI, and the NRI statistics (24). For the NRI computation, we defined a-priori 10-year
risk categories of <10%, 10%-20%, and >20% as previously described, using model-based
estimates of cumulative hazard. In sensitivity analyses, we also estimated net reclassification
using the newer “continuous NRI” as defined by Pencina et. al. (25), with bootstrapping
used to estimate the 95% confidence intervals.

Statistical analysis was performed using SPSS Statistics version 19 (IBM) and Stata v11.2
(Statacorp, College Station, TX).

Characteristics of study samples

The number of participants who met inclusion criteria for this analysis is described in figure
1. Among all CHS participants, 507 (8.6%) had HF prior to the 2" biomarker measurement,
and an additional 581 (15.9%) were either deceased or did not attend an in-person follow-up
study visit. Of the remaining participants, 2906 (64.2%) had sufficient sera from both the
baseline and follow-up visits for cardiac biomarker measurement. A total of 898 (30.9%)
had elevated concentrations of at least one cardiac biomarker at baseline and were excluded
from analysis, resulting in inclusion of 2008 participants for analysis.

Overall, approximately one third of the study population had an increase in at least one
biomarker from baseline to second blood draw. The proportion of participants with increase
in only one biomarker was relatively similar (cTnT, 14.8%; NT-proBNP, 13.2%) and 6.1%
had an increase in both biomarkers (Table 1). A progressive trend in participants with a rise
from none to both biomarkers could be seen with more advanced age, known CHD,
hypertension, and higher creatinine values. However, several demographic characteristics
and traditional risk factors, though significantly different between groups, didn't follow this
linear trend including: male gender, diabetes, and cholesterol levels. On baseline
echocardiography, significant differences were observed in those who had increased
biomarker levels over time versus those who did not. Specifically, in those in whom
biomarkers increased there was a greater prevalence of depressed LVEF, impaired diastolic
relaxation, and greater left atrial diameter. Those with increases in biomarkers also had
higher baseline hs cTnT and NT-proBNP concentrations.

Cardiac structural changes based on changes in biomarkers

Sequential echocardiograms from baseline and after 5 years were available in 1393 study
participants from the main CHS cohort who remained free of HF, of whom 1340 (96.2%)
had a normal LVEF at baseline and were included for analysis. The incidence of new
depressed LVEF at follow-up differed significantly between those with vs. without changing
biomarker concentrations, at 4.0% for those with a rise in neither biomarker to 11.8% for
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those with a rise in both cTnT and NT-proBNP (p=0.007 for test of incidence across
biomarker change subgroups; Figure 2a). Sequential measures of LV mass on
echocardiography were available for 815 participants in the main cohort without heart
failure at the time of the 2nd echocardiogram, of whom 97 (11.9%) had baseline LVH as
defined by sex-specific cut-points for LV mass indexed to height and were excluded from
analysis. The incidence of LVH on follow-up did not differ significantly (p=0.1) between
subgroups defined by increases in cardiac biomarkers (Figure 2b).

Change in biomarkers and incident heart failure and cardiovascular related death

The cumulative proportion without incident HF and CV related mortality in each subgroup
defined by changes in biomarkers is shown in Figures 3a and 3b, respectively. There was a
graded association with respect to risk of either endpoint based on the presence of 0, 1 or 2
biomarkers that became elevated by the second blood draw. Individuals with increases in
both biomarkers were at a markedly greater risk of developing HF and CV mortality than
were those that had no significant increase in either biomarker (p<0.001 for both outcomes).
After 10 years, roughly one-half (50.4%, 95% confidence interval [CI]: 40.4%, 61.4%) of
the participants with increases in both biomarkers had developed new-onset HF. More
modest but significant increments in risk were observed among those with increases in NT-
proBNP or cTnT only.

In Cox proportional hazards models, a strong association of change in both biomarkers and
the risk of incident HF was observed, with a 329% greater risk among those with both
biomarkers increased compared to those with no change in either biomarker, after adjusting
for baseline concentrations (Table 2). Adjustment for demographics and HF risk factors
attenuated this association only modestly (HR=3.56, 95% CI: 2.56, 4.97). Individuals with
increases of cTnT or NT-proBNP had an intermediate but significantly greater risk of
incident HF compared with those without increases in either biomarker. The risk of HF
among those with increases in both biomarkers was significantly greater than among those
with increases in NT-proBNP or ¢TnT only (p=0.001 for both tests of differences).
Adjustment for cystatin C or estimated GFR (using the Modification of Diet in Renal
Disease estimating equation) in place of serum creatinine resulted in similar hazard ratios
(data not shown). For CV mortality, individuals with increases in both biomarkers, after
adjustment for demographics and clinical risk factors, were at a nearly 3-fold increased risk
(HR, 2.96; 95% Cl, 2.07-4.23). In contrast, participants with a rise in only NT-proBNP or
cTnT in a fully adjusted model were not at significantly increased risk of CV mortality
compared to participants with an elevation in neither (Table 3).

Reclassification and Discrimination

Model discrimination as quantified by the C-statistic for the 10-year prediction of incident
HF and CV mortality by standard risk factors and baseline biomarkers was 0.727 and 0.746,
respectively. Addition of change in cardiac biomarker concentrations to these models did not
significant improve the C-statistic but did significantly improve discrimination as quantified
by the IDI stastistic (table 4). Addition of change in cardiac biomarkers significantly
improved risk classification (as quantified by the net NRI statistic) for both HF and CV
mortality; this significant improvement was observed whether risk of HF and CV death was
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categorized using a-priori cut-points or considered on a continuous scale (the “category-
less” NRI, table 4). The latter statistic indicates that a net 21% and 30% of patients were
correctly reclassified with regards to risk of incident HF and CV mortality, respectively, by
the measurement of change biomarkers.

Discussion

Results from this study show that in community-dwelling older adults free of HF and with
initial lower-risk levels of NT-proBNP and hs cTnT, a rise in one or both biomarkers over
the next 2-3 years is common and associated with more baseline structural cardiac
abnormalities, a greater frequency of developing a depressed LVEF in the interim between
biomarker measures, and increased long-term risk for both new-onset HF and CV mortality.
In prior analyses, we showed that the trajectory of change of a single cardiac-specific
biomarker in older adults is associated with a concordant change in CV risk (5,6). Other
authors have also reported that multiple biomarkers measured at a single time point improve
CV prognostication in community based cohorts (4,9,10). A recent study has also shown
that the combination of BNP and hs cTnT concentrations were additive in predicting
subclinical cardiac disease among primary prevention patients without overt CV disease
(26).

The current results extend these previous findings in demonstrating the prognostic
significance of longitudinal changes in multiple cardiac-specific markers in predicting CV
morbidity and mortality independent of established risk factors. Also unique to this study,
we provide evidence of a positive association between biomarker increase, and not only
baseline structural cardiac pathology, but the development of LV pathology prior to onset of
symptoms. While such structural changes could be identified in only a minority of
participants with elevations of their biomarker levels over time, it does support the
contention that both of these biomarkers represent pathophysiology of a preclinical HF
phenotype and that the presence of both increasing neurohormonal activation and myocyte
cell death represent an acceleration of a process that carries a very high risk of cumulating as
clinical symptoms or death.

We and others have shown that the correlation between baseline levels of cardiac markers of
neurohormonal activation (as measured by NT-proBNP) and myocyte cell death (as
measured by cardiac specific troponin assays) are only moderately correlated (4,6). While a
rise in cardiac biomarkers over time is common in those with initially lower levels of both
tests, the majority have a rise in only one of the two biomarkers, associated with an
intermediate increased risk of new-onset HF compared to the majority without any rise, but
a significantly lower risk than those with a rise in both biomarkers. This finding, also
supported by an intermediate risk of developing a depressed LVEF, suggests that in older
adults there are likely multiple pathophysiologies that ultimately express themselves as a
common clinical phenotype of HF, some of which represent mechanisms that predominate
in cell death and others in cardiac neurohormonal activation. The heterogeneity of trajectory
of biomarkers that ultimately lead to symptomatic HF in older adults should not be
surprising given the heterogeneity of echocardiographic findings in those with HF with the
near equal prevalence of HF with reduced or preserved LVEF in this population (27,28).
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One hypothesis is that an upward trajectory of levels of hs cTnT may represent a process of
increased myocyte apotosis with subsequent replacement with fibrosis and increased cardiac
stiffiness. Recent evidence from magnetic resonance imaging shows in a cohort of older
adults a relatively high (17%; 95% ClI, 14% to 19%) prevalence of unrecognized myocardial
infarctions (29). Therefore, occult myocardial infarction could be one potential mechanism
to account for increased hs cTnT levels. Another hypothesis is that an upward trajectory of
NT-proBNP levels may represent subtle increases in fluid and sodium retention from both
cardiac and non cardiac mechanisms increasing a vulnerability to symptomatic HF.
Inclusion of both a rising hs cTnT level and NT-proBNP level may identify those most
likely to have a cardiac specific mechanism for increasing fluid retention and potentially
identify those still asymptomatic individuals to be targeted with a specific therapy such as
aldosterone antagonists that could potentially reduce both cardiac fibrosis and fliud
retention.

Several limitations of this study should be considered. First, stored sera at both baseline and
follow-up visits were unavailable for roughly 1/3" of participants, as they had been
consumed during prior ancillary studies. We have previously shown that those participants
without available sera differed modestly from those with available sera in that they were
more likely be female, African-American and to have diabetes and hypertension(5,6).
Therefore, differential missingness of biomarker measurements may have introduced bias.
Second, although the long duration of follow-up is a strength of this study, changes in
cardiovascular prevention and disease management (e.g. greater use of statins and
angiotensin antangonists) have occurred from the time when participants were initially
enrolled into CHS, potentially effecting the generalizability of these results. Third, serial
echocardiography (and especially LV mass measures) was not performed on all CHS
participants. This smaller sample size, along with the limited reproducibility of quantitative
echocardiography to measure LV mass (30), may have resulted in limited statistical power
to detect serial changes in LV mass in association with changes in biomarker concentrations.
Fourth, we found that the combined change in both biomarkers improved discrimination
when quantified by the IDI statistic but not the C-statistic. However, the C-statistic is
relatively insensitive in detecting important risk predictors,(31,32) and the magnitude of the
improvement in model discrimination as reflected in the IDI is greater than that previously
reported for HDL cholesterol in predicting coronary heart disease events in the Framingham
Offspring Study(24).

In conclusion, over one third of older adults free of HF who may be initially classified as
lower risk based on lower baseline levels of the cardiac specific markers NT-proBNP and hs
cTnT will have a rise in one or both of these markers over the next 2-3 years. This rise is
indicative of an increased risk of both developing symptomatic HF and CV mortality,
independent of traditional risk factors. Change in concentrations of either or both of these
biomarkers likely represents the presence of active and ongoing cardiac pathophysiology
representing a pre clinical HF phenotype that could provide a mechanism to differentiate
which ACC/AHA stage A patients are most likely to move toward stage B and C and be
targets for trials of disease modifying therapies.
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HF heart failure

Ccv cardiovascular

CHD Coronary heart disease

NT-proBNP amino-terminal pro-B-type natriuretic peptide

hs cTnT highly-sensitive cardiac troponin T

CHS Cardiovascular Health Study

LVEF left ventricular ejection fraction

LVH left ventricular hypertrophy

NRI net reclassification improvement

IDI integrated discrimination improvement
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5888 Participants enrolled in the
Cardiovascular Health Study

507 Had prevalent heart failure at time of
follow-up blood draw

277 Died

581 Without in-person follow-up visit

1617 Without baseline and/or follow-up
biomarker levels

2906 With baseline and follow-up
biomarkers

898 With elevated biomarker levels at
baseline

2008 With low biomarker levels
at baseline

Figure 1. Flow Diagram
Number of participants in the Cardiovascular Health Study and inclusion in the current

analysis based on the measurement of NT-proBNP and hs cTnT.
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Figure 2a. Biomarker changes and New Depressed EF
Incidence of new depressed LVEF at follow-up echocardiogram in CHS participants free of

HF with serial echocardiograms, by change in cardiac-aspecific biomarkers (N=1340)
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Figure 2b. Biomarker changes and New LVH
Incidence of new LVH at follow-up echocardiogram in CHS participants free of HF with

serial echocardiograms, by change in cardiac specific biomarkers (N=815)
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Figure 3a. Biomarker changes and HF
Risk of incident HF Cumulative proportion without HF, by change in cardiac biomarker
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Table 2

Association of change in cardiac-specific biomarkers with the risk of incident HF

No Increase

Increased only cTnT

Increased only NT-proBNP

Increased Both

Event Rate (per 100 person-years)

15(1.3-1.7)

2.2(1.7-2.8)

2.8 (2.2-3.6)

5.1 (3.8-7.0)

Hazard Ratio (95% CI)

Unadjusted

1 [Reference]

1.66 (1.28, 2.15)

1.71(1.31,2.21)

4.29 (3.15, 5.84)

Demographics

1 [Reference]

1.46 (1.12, 1.90)

1.66 (1.27, 2.17)

3.77 (2.75, 5.16)

Demographics + Risk Factors

1 [Reference]

1.37 (1.04, 1.80)

1.56 (1.18, 2.08)

3.56 (2.56, 4.97)

All models additionally adjusted for baseline concentrations of hs cTnt and NT-proBNP.

Demographics: Age, gender, race (African-American vs. other)

Risk Factors:: SBP, smoking, heart rate, coronary heart disease (absent, prevalent at baseline, interim between baseline and follow-up), glucose,

serum creatinine, serum albumin, and LVH by EKG (risk factors comprising the HealthABC model) (21).
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Table 3

Association change in cardiac-specific biomarkers with the risk of CV mortality

No Increase | Increased only cTnT | Increased only NT-proBNP | Increased Both

Event rate (per 100 person-years) 16(1.4-1.7) 21(1.7-2.6) 32(2.7-37) 5.4 (45-6.5)

Hazard Ratio (95% CI)

Unadjusted 1 [Reference] 1.49 (1.11, 2.00) 1.55 (1.16, 2.08) 3.80 (2.72,5.32)
Demographics 1 [Reference] 1.29 (0.95, 1.75) 1.49 (1.11, 2.00) 3.22(2.29, 4.53)
Demographics + Risk Factors | 1 [Reference] 1.16 (0.85, 1.59) 1.37 (1.00, 1.87) 2.98 (2.09, 4.26)

All models additionally adjusted for baseline concentrations of hs cTnt and NT-proBNP.
Demographics: Age, gender, race (African-American vs. other)

Risk Factors: SBP, DBP, diabetes, anti-hypertensive medication use, smoking, coronary heart disease (absent, prevalent at baseline, interim
between baseline and follow-up), total and HDL cholesterol (risk factors comprising long-term Framingham risk prediction model) (22)
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Net improvement in reclassification and discrimination for the prediction of CV death and incident HF at 10

years of change in biomarkers to standard risk factors and baseline biomarker concentrations

Incident HF

CV Mortality

Statistic (95% Cl)

Statistic (95% CI)

NRI (3 categories)

073 (.019, 0.13)

.075 (.004, 0.146)

NRI (category-less)

.210 (0.062, 0.418)

.303 (.082, 0.540)

IDI

.020 (.009, .031)

.018 (.005, .031)

AC-statistic

.02 (-0.01, 0.02)

0.02 (-.01, .02)

Statistics compare models containing (change in biomarkers + baseline biomarker + risk factors in tables 2 and 3) to models containing (baseline
biomarkers + risk factors) only.
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