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RISK STRATIFICATION FOR HEART

failure (HF) in older adults in-
volves unique clinical chal-
lenges.Elderly individuals com-

prise the largest subgroup of patients
hospitalized for HF, accounting for 80%
of the more than 1.1 million US admis-
sions per year.1,2 Once diagnosed with
HF, older patients respond less well to
guideline-based therapy than their
younger counterparts, are more likely to
require readmission, and are at higher
risk for death.2-4 Furthermore, predic-
tion models based on traditional cardio-
vascular risk factors are less adept at iden-
tifying cardiovascular risk in older adults
compared with younger populations.5

Blood-based biomarkers, including
C-reactive protein (CRP), natriuretic
peptides, and troponins, have been ad-
vocated as adjuncts to clinical risk fac-
tors to identify community-dwelling
older patients at high risk for adverse
cardiovascular outcomes, but studies
examining the additive prognostic value
of these markers have reported incon-
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Context Older adults comprise the majority of new-onset heart failure (HF) diag-
noses, but traditional risk-factor prediction models have limited accuracy in this popu-
lation to identify those at highest risk for hospitalization or death.

Objectives To determine if cardiac troponin T (cTnT) measured by a highly sensi-
tive assay would be detectable in the majority of community-dwelling older adults,
and if serial measures were associated with risk of HF hospitalization and cardiovas-
cular death.

Design, Setting, and Participants A longitudinal nationwide cohort study (Car-
diovascular Health Study) of 4221 community-dwelling adults aged 65 years or older
without prior HF who had cTnT measured using a highly sensitive assay at baseline
(1989-1990) and repeated after 2 to 3 years (n=2918).

Main Outcome Measures New-onset HF and cardiovascular death were exam-
ined through June 2008 with respect to cTnT concentrations, accounting for clinical
risk predictors.

Results Cardiac troponin T was detectable (�3.00 pg/mL) in 2794 participants (66.2%).
During a median follow-up of 11.8 years, 1279 participants experienced new-onset
HF and 1103 cardiovascular deaths occurred, with a greater risk of both end points
associated with higher cTnT concentrations. Among those participants with the high-
est cTnT concentrations (�12.94 pg/mL), there was an incidence rate per 100 person-
years of 6.4 (95% confidence interval [CI], 5.8-7.2; adjusted hazard ratio [aHR], 2.48;
95% CI, 2.04-3.00) for HF and an incidence rate of 4.8 (95% CI, 4.3-5.4; aHR, 2.91;
95% CI, 2.37-3.58) for cardiovascular death compared with participants with unde-
tectable cTnT levels (incidence rate, 1.6; 95% CI, 1.4-1.8 and 1.1; 95% CI, 0.9-1.2
for HF and cardiovascular death, respectively). Among individuals with initially de-
tectable cTnT, a subsequent increase of more than 50% (n=393, 22%) was associ-
ated with a greater risk for HF (aHR, 1.61; 95% CI, 1.32-1.97) and cardiovascular
death (aHR, 1.65; 95% CI, 1.35-2.03) and a decrease of more than 50% (n=247,
14%) was associated with a lower risk for HF (aHR, 0.73; 95% CI, 0.54-0.97) and
cardiovascular death (aHR, 0.71; 95% CI, 0.52-0.97) compared with participants with
50% or less change. Addition of baseline cTnT measurements to clinical risk factors
was associated with only modest improvement in discrimination, with change in C sta-
tistic of 0.015 for HF and 0.013 for cardiovascular death.

Conclusion In this cohort of older adults without known HF, baseline cTnT levels
and changes in cTnT levels measured with a highly sensitive assay were significantly
associated with incident HF and cardiovascular death.
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used standard troponin assays that are
only able to detect circulating tropo-
nin levels in a small proportion of in-
dividuals.9-11 Recently, a highly sensi-
tive cardiac troponin T (cTnT) assay has
been developed, designed to improve
low-end accuracy to meet and exceed
myocardial infarction diagnosis guide-
lines.12,13 This assay has detected cir-
culating cTnT in almost all patients with
chronic HF or ischemic heart disease
and provides independent prognostic
information with respect to HF admis-
sion and cardiovascular death in these
patients.14,15

We hypothesized that in community-
dwelling ambulatory older adults with-
out a prior HF diagnosis, a measurable
cTnT concentration would be common
usingthehighlysensitivecTnTassayand
that higher concentrations would be as-
sociated with a greater risk of new-onset
HFandcardiovasculardeathindependent
of traditional risk factors. Furthermore,
we anticipated that serial measures of
cTnT concentrations over time would
change, potentially reflecting a dynamic
change in risk.

METHODS
Study Population

The Cardiovascular Health Study (CHS)
is a multicenter prospective observa-
tional study of cardiovascular disease
in older adults. For our analysis, par-
ticipants with prior HF at study entry
were excluded. Details of the study
methods including data collection and
definitions of comorbid conditions
have been previously published.16,17

FIGURE 1 shows the numbers of par-
ticipants with adequate serum and
without prevalent HF for inclusion in
the analysis at both baseline (1989-
1990 for the main cohort and 1992-
1993 for the supplemental black co-
hort) and follow-up periods (3 and 2
years later for the main and supple-
mental cohorts, respectively). These pe-
riods are the first follow-up visit for each
cohort.

The CHS was approved by the insti-
tutional review boards of the Univer-
sity of Washington, Seattle, and the par-
ticipating centers. All participants gave

written informed consent to partici-
pate at the time of study enrollment.
Our study was approved by the insti-
tutional review board of the Univer-
sity of Maryland, Baltimore.

Biomarker Analysis

All measurements were performed on
serum samples stored at −70°C to −80°C
and thawed just before testing (maxi-
mum of 3 freeze-thaw cycles) in April
2010. Cardiac troponin T concentra-
tions were measured with highly sen-
sitive cTnT reagents on an Elecsys 2010
analyzer (Roche Diagnostics, India-
napolis, Indiana), with an analytical
measurement range of 3 to 10 000 pg/
mL. The value at the 99th percentile
cutoff from a healthy reference popu-
lation (n=616) was 13.5 pg/mL.13 The
10% coefficient of variation concentra-
tion is reportedly close to or less than
the 99th percentile of the reference
population.13 Details of N-terminal
pro-type B natriuretic peptide (NT-
proBNP, expressed in pg/mL; to con-
vert to nanograms per liter, multiply by
1.0) and CRP measurements in CHS
have been described previously.6,8 Tech-
nologists recording the cTnT results
were blind to participant outcomes.

Primary Outcome Measures

Outcome measures were incident HF
and cardiovascular mortality. Inci-
dent HF events were ascertained by par-
ticipant interview at semi-annual study
visits and through examination of Medi-
care claims data. Potential HF events
and determination of cause of death
were assessed by an expert adjudica-
tion panel.18 The CHS Events Commit-
tee adjudicated HF by reviewing all per-
tinent data, including history, physical
examination, chest radiography re-
port, and medication use.19 An HF event
was confirmed if, in addition to a phy-
sician diagnosis, there was (1) docu-
mentation in the medical record of a
constellation of symptoms and physi-
cal signs; (2) supporting clinical find-
ings; or (3) a record of medical therapy
for HF. Incident HF in the current
analysis was defined as adjudicated first
HF event.

Cardiovascular mortality was de-
fined as mortality related to atheroscle-
rotic heart disease (fatal myocardial in-
farction and definite and possible fatal
coronary heart disease [CHD]), mor-
tality following cerebrovascular dis-
ease (fatal stroke), or mortality from
other atherosclerotic and cardiovascu-
lar diseases including HF.18 Events as-
certained through June 2008 were avail-
able for analysis.

Other Covariates

Race was self-identified and for the pur-
poses of our analysis classified as black
or other (primarily white and all other
self-identified race). Coronary heart dis-
ease was defined as a history of angina,
coronary revascularization, or myocar-
dial infarction. Electrocardiograms were
obtained at baseline and left ventricu-
lar hypertrophy was defined as previ-
ously reported.20 Echocardiograms were
obtained during the year of the initial
cTnT measure for the main cohort and
2 years following the initial cTnT mea-
sure for the black cohort. Left ventricu-
lar mass, left atrial diameter, and semi-

Figure 1. Flow of Participants in the
Cardiovascular Health Study

2918 With follow-up cTnT level included
in sequential measures analysis

4221 With cTnT level at baseline
included in primary analysis

5888 Participants enrolled in
Cardiovascular Health Study

3402 Had in-person study visit

5613 Without prior heart failure

484 Had no follow-up blood
sample available

1392 Had no sufficient blood
sample available

275 Had prior heart failure at
study entry

819 Excluded
172 Had incident heart failure
112 Died
535 No in-person study visit

cTnT indicates cardiac troponin T.
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quantitative left ventricular ejection
fraction were defined using previously
specified criteria.21

Statistical Methods

Participants were divided into catego-
ries of cTnT concentration, with indi-
viduals with undetectable levels in the
first category (�3.00 pg/mL) and those
with detectable levels divided into 4
equal-sized groups (3.00-5.44 pg/mL,
5.45-8.16 pg/mL, 8.17-12.94 pg/mL,
and �12.94 pg/mL). Baseline partici-
pant characteristics were compared by
category of cTnT concentration using
1-way analysis of variance tests for
Gaussian continuous measures, Cuz-
ik’s nonparametric trend test for non-
Gaussian continuous variables,22 or the
score test for trend in proportions, a test
of linear trend of the log odds of a bi-
nary measure.23 Cumulative inci-
dence of HF and cardiovascular death
for each category of cTnT concentra-
tion were estimated using the Kaplan-
Meier method and compared with the
log-rank test for trend. Multivariate
analyses were performed by using Cox
proportional hazard regression models.

Three sets of covariates were
selected for adjustment that included
(1) demographics (age, sex, race
[black vs other]); (2) traditional risk
factors were selected from validated
risk scores, which differ for HF and
cardiovascular mortality.24,25 Heart
failure models were adjusted for sys-
tolic blood pressure, glucose, albu-
min, CHD, smoking, creatinine, heart
rate, and electrocardiographic-
determined left ventricular hypertro-
phy; and cardiovascular death models
were adjusted for systolic and dia-
stolic blood pressure, use of antihy-
pertensive medications, diabetes,
CHD, smoking, and total and high-
density lipoprotein cholesterol.24,25 (3)
Other cardiovascular biomarkers
(NT-proBNP and CRP). Because
comorbid conditions such as hyper-
tension and CHD are highly prevalent
in elderly patients and could influence
the association of cTnT with incident
HF and cardiovascular death, a sub-
group analysis was performed among

those participants without either CHD
or major HF risk factors.

Change in cTnT concentration was
considered using 2 alternative catego-
rizations. First, among all participants
with cTnT measured at baseline and fol-
low-up, we compared the risk of HF and
cardiovascular death between those
with and without detectable cTnT con-
centrations at follow-up, adjusting for
baseline cTnT concentration and for the
risk factors described above for each
outcome.24,25 Second, among partici-
pants with detectable baseline cTnT
(�3.00 pg/mL), those with more than
50% relative increase in cTnT concen-
tration or a more than 50% relative de-
crease were compared with those with
longitudinal change of 50% or less with
regard to new-onset HF and cardiovas-
cular death, adjusting for baseline cTnT
and for the risk factors described above.
The choice of a 50% relative change
threshold was specified a priori based
on a prior study of short-term change
in cardiac troponin I (measured with
a highly sensitive assay) in healthy
adults.26 In our analysis of more than
50% change, those participants with
undetectable baseline cTnT were
excluded.

The incidence rate of HF and car-
diovascular death was estimated and
compared across categories of cTnT
change with the log-rank test, stratify-
ing by baseline cTnT category. At-risk
time was defined as time from the sec-
ond cTnT measurement until the
event of interest, death, or the most
recent follow-up ( June 2008). Cox
proportional hazard regression models
stratified on cohort (main vs supple-
mental) were used for the analyses of
change in cTnT level. For these multi-
variate models for new-onset HF and
cardiovascular death, the risk factors
described above, respectively for each
end point, were entered as adjustment
covariates using updated values from
the study visit of the second cTnT
measurement.24,25

We also conducted an exploratory
analysis in which we considered cTnT
as a continuous measure by imputing
a concentration of 2.99 pg/mL for those

participants (approximately 34%) with
levels below the limit of detection for
the assay, and assessed the association
between natural log transformed cTnT
values and incident HF and cardiovas-
cular death.

Time-dependent C statistics were
computed for survival regression mod-
els with and without baseline cTnT and
interval change in cTnT27; the statisti-
cal significance of the improvement in
the C statistics was determined using
bootstrapping techniques. The net re-
classification improvement (NRI) and
the integrated discrimination improve-
ment (IDI)28 were computed for the ad-
dition of cTnT to risk-factor adjusted
models, and for the addition of change
in cTnT to risk-factor adjusted mod-
els including only baseline cTnT. The
NRI quantifies the extent to which a
biomarker correctly reclassifies indi-
viduals to a higher or lower category of
risk. For these calculations, individu-
als were categorized according to
model-based 10-year risk of HF or car-
diovascular death of less than 10%, 10%
to 20%, or more than 20%. The IDI
quantifies the improvement in pre-
dicted risk as a continuous measure.

Statistical analysis was performed by
using Stata version 10 (StataCorp LP,
College Station, Texas) and time-
dependent C statistics were generated
by using R version 2.1.1 (R Founda-
tion for Statistical Computing, Vi-
enna, Austria). Statistical significance
was defined a priori as P� .05.

RESULTS
Participant Characteristics

Baseline measures of cTnT were avail-
able in 3707 participants (74.6%) of the
main cohort and 514 participants
(80.1%) of the supplemental cohort
without prevalent HF. Participants with
sufficient sera volumes available for
cTnT measurement were more likely to
be women, black, and have diabetes and
hypertension than those without suf-
ficient sera available (eTable 1, avail-
able at http://www.jama.com). Con-
centrations of cTnT were equal to or
more than the limit of detection (�3.00
pg/mL) in 2794 participants (66.2%).
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Higher cTnT concentrations were as-
sociated with multiple traditional risk
factors, known CHD, abnormal left ven-
tricular ejection fraction, and in-
creased left ventricular mass. In con-
trast, there was no association between
cTnT level and race or body mass in-
dex, calculated as weight in kilograms
divided by height in meters squared
(TABLE 1). The linear correlation of
cTnT with NT-proBNP was modest
(Spearman rank �=0.36, P� .001) and
with CRP was minimal (� = 0.06,
P� .001).

Outcomes by Initial cTnT Level

During a median follow-up of 11.8
years (interquartile range, 6.5-16.6
years) from the initial cTnT measure-
ment, 1279 participants experienced
new-onset HF and 1103 cardiovascu-
lar deaths occurred (among 2872 total
deaths). The cumulative incidence of

HF and cardiovascular death by cTnT
category are shown in FIGURE 2. Dif-
ferentiation of risk occurred by 1 to 2
y e a r s a n d c o n t i n u e d t h r o u g h
follow-up for both end points. The
incidence rate for new-onset HF (per
100 person-years) ranged from 1.6 in
those participants without detectable
cTnT levels to 6.4 for those in the
highest category (TABLE 2). After
adjustment for clinical predictors of
HF, the hazard ratio (HR) for HF for
those participants with cTnT levels
in the highest category was 2.48
(95% confidence interval [CI], 2.04-
3.00) compared with participants
with undetectable levels, with mod-
est attenuation in risk after further
adjustment for NT-proBNP and CRP.
Similar findings were observed with
respect to cardiovascular death (HR,
2.91; 95% CI, 2.37-3.58) (Table 2).
Results were similar for the 1002

participants without CHD or major
HF risk factors (eTable 2).

In an exploratory analysis of cTnT as
a continuous variable after natural log
transformation, we found a continu-
ous relationship with incident HF (per
1-ln unit increment; HR, 1.44; 95% CI,
1.33-1.55; P� .001) and with cardio-
vascular death (per 1-ln unit incre-
ment; HR, 1.54; 95% CI, 1.44-1.67;
P� .001) in multivariate models in-
cluding risk factors described in Table 2.

Outcomes by Change in cTnT Level
During Interval Follow-up

Follow-up cTnT levels were available
in 2918 of 3402 participants (85.8%)
who returned for follow-up and did not
develop HF between the baseline and
follow-up period (Figure 1 and eTable
3). Within each baseline cTnT cat-
egory, cTnT levels were similar among
those participants who did or did not

Table 1. Characteristics of Study Sample by Baseline cTnT Concentration (N = 4221)a

Characteristics

cTnT Concentration, pg/mL

P for
Trend

�3.00
(n = 1427)

3.00-5.44
(n = 697)

5.45-8.16
(n = 700)

8.17-12.94
(n = 697)

�12.94
(n = 700)

Age, mean (SD), y 70.4 (4.0) 71.9 (4.7) 72.9 (5.0) 74.4 (5.7) 76.3 (6.7) �.001

Men 324 (22.7) 234 (33.6) 323 (46.1) 362 (51.9) 466 (66.6) �.001

Black 250 (17.5) 99 (14.2) 97 (13.9) 97 (13.9) 139 (19.9) .80

Diabetes 161 (11.3) 98 (14.1) 129 (18.4) 146 (21.0) 210 (30.0) �.001

Coronary heart disease 167 (11.7) 105 (15.1) 134 (19.1) 141 (20.2) 193 (27.7) �.001

Hypertension 700 (53.3) 337 (54.8) 363 (59.5) 398 (67.8) 364 (67.6) �.001

BP, mean (SD), mm Hg
Systolic 132.6 (19.6) 134.3 (19.8) 138.0 (22.1) 141.5 (21.8) 142.8 (23.7) �.001

Diastolic 70.4 (10.7) 70.2 (10.4) 70.7 (11.6) 72.1 (11.5) 72.0 (12.4) �.001

Estimated GFR �60 mL/min/1.73 m2 137 (13.1) 101 (14.5) 147 (21.0) 179 (25.7) 284 (40.6) �.001

Major ECG abnormality 235 (17.0) 156 (23.1) 207 (30.3) 237 (35.1) 336 (50.5) �.001

Current or former smoker 546 (38.3) 286 (41.2) 305 (43.6) 299 (43.0) 311 (44.4) .003

BMI, mean (SD) 26.7 (4.7) 26.5 (4.8) 27.0 (5.0) 27.0 (4.6) 26.8 (4.6) .97

NT-proBNP, median (IQR), pg/mL 79.5 (43.7-142.6) 94.1 (50.6-178.3) 116.5 (58.5-223.1) 138.5 (75.9-301.6) 228.7 (108.3-588.2) �.001

CRP, median (IQR) 2.5 (1.3-4.3) 2.3 (1.1-4.3) 2.3 (1.3-4.2) 2.5 (1.3-4.2) 3.1 (1.6-6.7) �.001

LV mass by ECG, median (IQR), g
Men 169.7 (156.9-184.2) 171.4 (155.4-187.0) 171.7 (155.8-188.2) 171.0 (154.3-188.5) 177.6 (159.0-202.0) �.001

Women 133.5 (121.5-146.8) 134.0 (121.2-148.2) 136.5 (122.9-155.4) 139.8 (124.4-157.2) 136.8 (123.4-159.3) �.001

Left atrial diameter by
echocardiogram, mean (SD), cm

3.73 (0.59) 3.84 (0.64) 3.93 (0.65) 3.96 (0.68) 4.11 (0.72) �.001

Abnormal LVEF 55 (4.1) 35 (5.2) 39 (5.8) 69 (10.6) 100 (15.8) �.001

LV mass index by echocardiogram,
mean (SD), g/m2b

Women 77.3 (19.5) 79.4 (21.4) 83.3 (23.5) 86.5 (26.8) 89.1 (23.7) �.001

Men 85.9 (22.6) 87.8 (23.3) 90.9 (26.0) 89.8 (24.1) 96.9 (29.0) �.001
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; BP, blood pressure; CRP, C-reactive protein; cTnT, cardiac troponin T; ECG,

electrocardiogram; GFR, glomerular filtration rate; IQR, interquartile range; LV, left ventricle; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-type B natriuretic peptide.
aData are presented as No. (%) unless otherwise indicated. A cTnT concentration of less than 3.00 pg/mL is undetectable.
bA total of 2739 participants were assessed.
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demonstrate subsequent changes in
cTnT at the follow-up measurement
(eTable 4). The rate of new-onset HF
and cardiovascular death based on the
presence or absence of a detectable
cTnT on follow-up testing, stratified by
initial cTnT category, are shown in
eFigure 1 and eFigure 2. The risks of
HF and cardiovascular death were

higher among those participants with
detectable compared with undetect-
able levels at follow-up, irrespective of
the baseline level.

Differentiation of risk for both end
points could be further refined by
categorizing participants within each
category by a more than 50% increase
or decrease from baseline level

(FIGURE 3). Within each category, risk
of HF and cardiovascular death was
highest for those with an increase in
cTnT level of more than 50% and low-
est for those with a more than 50% de-
crease in cTnT level on follow-up test-
ing compared with participants with a
change of 50% or less. For partici-
pants with measurable baseline cTnT

Figure 2. Kaplan-Meier Curves Reflecting Cumulative Proportion of Older Adults Free of Heart Failure and Without Cardiovascular Death by
Baseline Cardiac Troponin T Concentration
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Categories of cardiac troponin T concentrations were divided into category 1 (�3.00 pg/mL), category 2 (3.00-5.44 pg/mL), category 3 (5.45-8.16 pg/mL), category
4 (8.17-12.94 pg/mL), and category 5 (�12.94 pg/mL).

Table 2. Association of Baseline cTnT Concentration With Incident Heart Failure and Cardiovascular Death

cTnT Concentration, pg/mL

�3.00
(n = 1427)

3.00-5.44
(n = 697)

5.45-8.16
(n = 700)

8.17-12.94
(n = 697)

�12.94
(n = 700)

Heart failure (n = 311) (n = 180) (n = 235) (n = 237) (n = 316)

Incidence rate (95% CI), per 100 person-years 1.6 (1.4-1.8) 2.1 (1.8-2.4) 3.0 (2.6-3.4) 3.4 (3.0-3.8) 6.4 (5.8-7.2)

Hazard ratio (95% CI)
Unadjusted 1 [Reference] 1.33 (1.11-1.60) 1.96 (1.65-2.31) 2.27 (1.91-2.69) 4.83 (4.12-5.66)

Adjusted for demographic factorsa 1 [Reference] 1.21 (1.01-1.46) 1.71 (1.44-2.03) 1.79 (1.50-2.14) 3.52 (2.95-4.21)

Adjusted for demographic and traditional risk factorsb 1 [Reference] 1.13 (0.93-1.36) 1.41 (1.18-1.69) 1.47 (1.22-1.77) 2.48 (2.04-3.00)

Adjusted for demographic factors, traditional risk factors,
and NT-proBNP and CRP

1 [Reference] 1.09 (0.90-1.32) 1.27 (1.06-1.52) 1.24 (1.03-1.50) 1.84 (1.51-2.24)

Cardiovascular death (n = 222) (n = 153) (n = 204) (n = 239) (n = 285)

Incidence rate (95% CI), per 100 person-years 1.1 (0.9-1.2) 1.6 (1.4-1.9) 2.3 (2.0-2.7) 3.0 (2.6-3.4) 4.8 (4.3-5.4)

Hazard ratio (95% CI)
Unadjusted 1 [Reference] 1.59 (1.30-1.96) 2.34 (1.93-2.82) 3.14 (2.61-3.77) 5.93 (4.96-7.08)

Adjusted for demographic factorsa 1 [Reference] 1.41 (1.14-1.73) 1.92 (1.58-2.33) 2.24 (1.84-2.71) 3.80 (3.12-4.64)

Adjusted for demographic and traditional risk factorsc 1 [Reference] 1.35 (1.10-1.67) 1.66 (1.36-2.02) 1.91 (1.57-2.33) 2.91 (2.37-3.58)

Adjusted for demographic factors, traditional risk factors,
and NT-proBNP and CRP

1 [Reference] 1.30 (1.05-1.60) 1.45 (1.19-1.78) 1.58 (1.29-1.93) 2.10 (1.70-2.60)

Abbreviations: CI, confidence interval; CRP, C-reactive protein; cTnT, cardiac troponin T; NT-proBNP, N-terminal pro-type B natriuretic peptide.
aAdjusted for age, sex, and race (black vs other).
bAdjusted for demographic factors and systolic blood pressure, serum glucose, coronary heart disease, smoking status (never, current, former), creatinine, albumin, heart rate, and left

ventricle hypertrophy by electrocardiogram.
cAdjusted for demographic factors and systolic and diastolic blood pressure, antihypertensive medications, coronary heart disease, smoking status (never, current, former), diabetes, and

total and high-density lipoprotein cholesterol.
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levels, an increase of more than 50%
was associated with an increased risk
of HF and a greater risk of cardiovas-
cular death, adjusting for baseline cTnT

and risk factors. Results were mod-
estly attenuated after adjusting for NT-
proBNP and CRP (TABLE 3). In con-
trast, a decrease of more than 50% was

associated with a risk-factor adjusted
lower risk of HF and lower risk of car-
diovascular death compared with those
participants with 50% or less longitu-

Figure 3. Incidence Rates of Heart Failure and Cardiovascular Death by Baseline cTnT Concentration and Subsequent Change in cTnT
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cTnT indicates cardiac troponin T. Error bars represent 95% confidence intervals. Numbers of study participants in each cTnT category are shown in eTable 4. For those
participants with initial undetectable concentrations of cTnT, a baseline value of 2.99 pg/mL (just below the lower limit of detection) was imputed for the calculation
of relative change. For comparisons between the subsequent change in cTnT levels by log-rank test for trend for incidence rates of heart failure, P� .001 for less than
3.00 pg/mL, P=.02 for 3.00 to 5.44 pg/mL, P� .001 for 5.45 to 8.16 pg/mL, P=.02 for 8.17 to 12.94 pg/mL, and P� .001 for more than 12.94 pg/mL; and for
incidence rates of cardiovascular death, P� .001 for less than 3.00 pg/mL, P� .001 for 3.00 to 5.44 pg/mL, P=.001 for 5.45 to 8.16 pg/mL, P=.001 for 8.17 to 12.94
pg/mL, and P=.004 for more than 12.94 pg/mL.

Table 3. Association of Change in cTnT Concentration With Subsequent Heart Failure and Cardiovascular Death

All Participants
With Baseline cTnT

(n = 2918)

Participants With Detectable
Baseline cTnT Only

(n = 1797)

Undetectable
at Follow-up

(n = 1036)

Detectable
at Follow-up

(n = 1882)

�50%
Increase
(n = 393)

Change �50%
(n = 1157)

�50%
Decrease
(n = 247)

Heart failure (n = 182) (n = 625) (n = 155) (n = 366) (n = 56)

Incidence rate (95% CI), per 100 person-years 1.5 (1.3-1.7) 3.7 (3.5-4.0) 5.3 (4.5-6.2) 3.5 (3.1-3.8) 2.0 (1.5-2.6)

Hazard ratio (95% CI)
Unadjusteda 1 [Reference] 2.06 (1.70-2.50) 1.73 (1.44-2.10) 1 [Reference] 0.57 (0.43-0.76)

Adjusted for demographic factorsb 1 [Reference] 1.82 (1.50-2.21) 1.67 (1.38-2.02) 1 [Reference] 0.65 (0.49-0.86)

Adjusted for demographic and traditional risk factorsc 1 [Reference] 1.70 (1.39-2.07) 1.61 (1.32-1.97) 1 [Reference] 0.73 (0.54-0.97)

Adjusted for demographic factors, traditional risk factors,
and NT-proBNP and CRP

1 [Reference] 1.55 (1.26-1.90) 1.40 (1.14-1.71) 1 [Reference] 0.74 (0.55-1.00)

Cardiovascular death (n = 142) (n = 534) (n = 140) (n = 321) (n = 48)

Incidence rate (95% CI), per 100 person-years 1.1 (0.9-1.3) 2.8 (2.6-3.1) 4.1 (3.5-4.8) 2.6 (2.4-3.0) 1.6 (1.2-2.1)

Hazard ratio (95% CI)
Unadjusteda 1 [Reference] 1.94 (1.56-2.41) 1.79 (1.47-2.19) 1 [Reference] 0.57 (0.42-0.77)

Adjusted for demographic factorsb 1 [Reference] 1.63 (1.31-2.04) 1.72 (1.40-2.11) 1 [Reference] 0.68 (0.50-0.93)

Adjusted for demographic and traditional risk factorsd 1 [Reference] 1.57 (1.25-1.95) 1.65 (1.35-2.03) 1 [Reference] 0.71 (0.52-0.97)

Adjusted for demographic factors, traditional risk factors,
and NT-proBNP and CRP

1 [Reference] 1.39 (1.12-1.74) 1.38 (1.11-1.71) 1 [Reference] 0.75 (0.55-1.02)

Abbreviations: CI, confidence interval; CRP, C-reactive protein; cTnT, cardiac troponin T; NT-proBNP, N-terminal pro-type B natriuretic peptide.
aAll models additionally adjusted for baseline cTnT and for Cardiovascular Health Study cohort (main vs supplemental).
bAdjusted for age, sex, and race (black vs other).
cAdjusted for demographic factors and systolic blood pressure, serum glucose, albumin and creatinine concentrations, coronary heart disease, smoking status (never, current, former),

heart rate, and left ventricle hypertrophy on electrocardiogram.
dAdjusted for demographic factors and systolic and diastolic blood pressure, use of antihypertensive medications, diabetes, coronary heart disease, total and high-density lipoprotein

cholesterol, and smoking status (never, current, former).
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dinal change. Results were modestly at-
tenuated and no longer significant af-
ter adjusting for NT-proBNP and CRP
(Table 3).

Discrimination and Reclassification

For the prediction of both outcomes,
the addition of baseline cTnT measure-
ments to clinical risk factor models only
modestly but statistically significantly
improved classification (for HF:
NRI=0.043 and IDI=0.026; and for car-
diovascular death: NRI = 0.040 and
IDI=0.021) and discrimination (for HF:
difference in area under the curve
[�AUC]=0.015; and for cardiovascu-
lar death: �AUC=0.013). The addi-
tion of change in cTnT level to clinical
risk factors and baseline cTnT mea-
sures also significantly improved clas-
sification for both end points except for
the NRI when predicting HF. How-
ever, the increment in discrimination
was not significant for either end point
(for HF: �AUC=0.012, P=.09; and for
cardiovascular death: �AUC=0.007,
P=.25) (eTable 5).

COMMENT
Low concentrations of cTnT, mea-
sured with a highly sensitive assay, were
associated with a gradient of risk for
new-onset HF and cardiovascular death
in ambulatory community-dwelling in-
dividuals aged 65 years or older, inde-
pendent of clinical variables associ-
a ted with r isk , as wel l as the
cardiovascular risk biomarkers CRP and
NT-proBNP. Furthermore, in this
population, low cTnT concentrations
are shown to frequently change over
time. Independent of other risk fac-
tors as well as the baseline level of cTnT,
these changes are associated with dy-
namic changes in risk of HF and car-
diovascular death, concordant with the
direction of change in biomarker level.

These findings expand upon prior
studies using the highly sensitive cTnT
assay outside the acute coronary syn-
drome setting in 3 ways. First, cTnT
concentrations are detectable and of
prognostic value in nearly two-thirds
of a large geographically and ethni-
cally diverse, stable, but at-risk popu-

lation of ambulatory older individuals
without a prior diagnosis of HF. The
lower prevalence of detectable levels in
the general population would be ex-
pected compared with studies of pa-
tients with stable coronary artery dis-
ease or symptomatic HF.14,15 Second,
baseline levels of cTnT, below the range
that would be expected to be detected
with conventional assays, strongly as-
sociate with incident HF and cardio-
vascular death, independent of stan-
dard risk prediction variables. Addition
of baseline cTnT to risk factor–
adjusted models modestly improved
discrimination, as measured by the C
statistic and the IDI. Third, changes in
cTnT during 2 to 3 years in older adults
who remain free of HF, even when oc-
curring at concentrations well below the
99th percentile of healthy younger
blood donors,13 are prognostically sig-
nificant.

These results should be considered
in the context of prior findings with
both conventional troponin T and I as-
says and other biomarkers for stratify-
ing cardiovascular risk in community-
dwelling older adults. In previous
studies of older individuals, detect-
able levels of cardiac troponins were
present in approximately 4% to 8%, and
predictive of increased risk of HF, car-
diovascular, and all-cause mortal-
ity.9-11 Similar to studies in patients with
chronic but stable cardiovascular dis-
ease, the application of the highly sen-
sitive cTnT assay increased the propor-
tion of community-dwelling older
adults with detectable cTnT levels ap-
proximately 10-fold.14,15 Compared with
studies that used conventional tropo-
nin assays, the markedly increased
range of measureable cTnT in our study
enables estimation of a gradient of risk
across the majority of older individu-
als, including those with an absence of
clinical risk factors (other than age), and
also permits examination of the signifi-
cance of changing cTnT concentra-
tions.

It is not possible from our study to
determine the pathophysiology that re-
sults in detectable levels and frequent
changes over time of cTnT in older

adults. Prior evidence has shown that
exercise-induced cardiac ischemia can
lead to transient very low level in-
creases in cardiac troponin levels as
measured by a highly sensitive tropo-
nin I assay.29 Ischemia from known or
unknown coronary artery disease must
be considered in an older population,
but magnetic resonance imaging in
another stable older population does
not support chronic ischemic heart
disease as a predominant etiology link-
ing low levels of troponins with sub-
sequent development of HF.30 Further-
more, in a younger population with
stable coronary artery disease small in-
creases in cTnT levels measured by the
highly sensitive cTnT assay were not
predictive of myocardial infarction.15

Our findings also show that cTnT re-
mains predictive of both HF and car-
diovascular death in a subgroup of older
adults with an absence of traditional risk
factors, clinical history of heart dis-
ease, or an abnormal left ventricular
ejection fraction (eTable 2).

Measurement of cTnT by the highly
sensitive assay for risk stratification of
older individuals has unique perfor-
mance characteristics compared with
other biomarkers that have been advo-
cated by some for risk stratification in
general populations, such as CRP and
NT-proBNP. Although CRP has been
associated with cardiovascular risk in
younger populations, its prognostic
value in older populations can be at-
tenuated or absent.8,9,31 In contrast, na-
triuretic peptides, particularly NT-
proBNP, perform better in higher-risk
populations, including older adults
compared with a younger general popu-
lation.32 Our findings suggest that very
low levels of cTnT provide prognostic
information with respect to new-
onset HF and cardiovascular mortal-
ity that is independent of NT-proBNP
and CRP levels. The associations with
HF were independent of other biomar-
kers such as renal function and elec-
trocardiographic evidence of left ven-
tricular hypertrophy.

The increment in the C statistic
achieved by adding baseline cTnT to
other clinical risk predictors is statis-
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tically significant, although more
modest than in prior studies. In our
analysis, we used as reference models
outcome-specific clinical prediction
models optimized for risk prediction in
these individuals.24,25 The inclusion of
variables such as albumin and left ven-
tricular hypertrophy did optimize the
clinical model but is beyond the tradi-
tional risk factors recommended for in-
clusion in statistical models when as-
sessing the additional prognostic value
of novel biomarkers.33 As a conse-
quence, these reference models re-
sulted in higher prognostic accuracy (C
statistic, 0.75-0.78), even before add-
ing cTnT than that reported in previ-
ous studies.9,15

Unique to our study is the finding
that changes in very low levels of cTnT
are common in this cohort of older
adults and are independently associ-
ated with change in risk of both new-
onset HF and cardiovascular death. Al-
though it is possible that such changes
reflect normal biological variation, the
fact that these changes are associated
with significant relative and absolute
changes in risk regardless of baseline
levels suggests that in fact they may rep-
resent a dynamic change in disease pro-
gression. Previously, we identified in the
same population that change in NT-
proBNP levels over time augmented
prognostication above a single base-
line measure.6 Taken together, these 2
findings suggest that serial measure-
ments of both NT-proBNP and cTnT
may improve risk assessment in el-
derly individuals.

Ultimately, the clinical importance
of monitoring changes in cTnT levels
for risk of progression to symptomatic
HF is yet to be determined. This needs
to be specifically considered in light of
the conflicting findings with regard to
improvement in discrimination, with
significant improvement in one mea-
sure (the IDI) but not another (C sta-
tistic). However, the observation that
changes in cTnT track with risk of HF
and cardiovascular death reflects the dy-
namic nature of cardiovascular risk in
older adults. Further studies are needed
to assess whether monitoring low lev-

els of cTnT may provide an opportu-
nity to motivate specific changes in life-
style or prompt medical interventions
before progression to symptoms or car-
diac structural abnormalities and to
track the outcomes associated with
these interventions.

Our study also has several limita-
tions. First, samples were available in
approximately three-fourths of the co-
hort at baseline, and differential ab-
sence of cTnT measures may have in-
troduced bias into the estimates of
associations with HF and cardiovascu-
lar death. Second, the duration of fol-
low-up is a strength of our study; how-
ever, cardiovascular therapy has
changed over time and it is possible that
more ubiquitous use of medications
such as statins could blunt the predic-
tive value of the cTnT level. Third, un-
measured and residual confounding
may have influenced our results; how-
ever, we demonstrate that cTnT con-
centration provides incremental pre-
diction for HF and cardiovascular death
beyond that provided by risk factors
commonly used in clinical practice.
Fourth, our choice of a more than 50%
change in cTnT over time was based on
biological variability in younger
adults.26 Biological variability for cTnT
using the highly sensitive cTnT assay
has been reported to be higher in a small
cohort of younger adults, for whom
cTnT concentrations were mostly less
than 3.00 pg/mL (the limit of detec-
tion of the current version of the highly
sensitive cTnT assay).34 Therefore, these
results may not be as relevant to our
analysis. Biological variability in older
adults with greater comorbidities re-
mains to be determined.

CONCLUSIONS
Detectable cTnT levels as measured by
a highly sensitive assay were present in
the majority of community-dwelling
older adults in this cohort, and higher
concentrations—within a normal range
established for a younger general popu-
lation—reflect a greater burden of car-
diovascular risk factors and imaging evi-
dence of cardiac disease. Independent
of these comorbidities, cTnT concen-

trations were associated with risk of
new-onset HF and cardiovascular death.
Furthermore, longitudinal changes in
cTnT concentrations were common in
this cohort and correspond with a dy-
namic change in risk over time.
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