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Abstract

Objective: To evaluate the role of cardiac troponin T (¢TnT) in predicting death, recurrent ischemic events, and heart
failure among community-dwelling persons with first myocardial infarction (MID).

Patients and Methods: Consecutive Olmsted County, Minnesota, residents with an incident MI between November 6,
2002, and December 31, 2007, were studied (N=1177; mean age, 68 years). Maximal cTnT value was measured at a
median of 1 day after MI (median, 0.52 ng/mL; interquartile range, 0.16-1.75 ng/mL) and evaluated as a prognostic
factor using measures of absolute risk.

Results: During a mean follow-up of 16 months, 276 deaths (23%) occurred, 341 patients (29%) experienced a
recurrent ischemic event, and 326 patients (28%) experienced heart failure. A dose-response relationship was dem-
onstrated early after MI between ¢TnT and the adjusted cumulative incidence of all outcomes. The multivariate-
adjusted absolute risk differences (events per 100 patients) between the upper and lower ¢TnT tertiles at 30 days were
5.8 (95% confidence interval [CI], 1.4-10.2) for death, 5.2 (95% CI, 0.2-10.3) for recurrent ischemic event, and 6.9
(95% CI, 1.4-12.4) for heart failure. These differences were either maintained or increased at 2 years.

Conclusion: In the community, ¢TnT level predicts death and nonfatal cardiac events independently of other prog-
nostic factors. The increased risk associated with elevated cTnT level appears shortly after MI and persists for at least 2
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n 2000, cardiac troponin was recommended as

the biomarker of choice for the diagnosis of

myocardial infarction (MI) in clinical practice. 1.2
Although the association between troponin levels
and post-MI prognosis has previously been docu-
mented,”® these studies consisted mostly of se-
lected clinical trial populations or disease registries,
had limited follow-up (eg, 30 days), and reported
chiefly on death as the sole outcome. Moreover,
published data focus on measures of association that
are reported on a relative scale, primarily hazard
ratio (HR), which may be less intuitively understood
by clinicians and patients than absolute measures of
risk.” We evaluated the prognostic role of cardiac
troponin T (cTnT), prospectively measured in all
residents of Olmsted County, Minnesota, with a
first-ever MI, in subsequent outcomes, including
nonfatal events. We used novel methods to assess
the adjusted cumulative incidence of outcomes
across ¢InT categories and to calculate absolute risk
differences among these categories, allowing for
time-varying associations and accounting for com-
peting risks.'® Our focus on reporting the “real-life”
experience of a community resonates with the in-
creasing awareness of and emphasis on comparative
effectiveness research,' "' particularly with the rec-

ognized need to study patients who are typical of
day-to-day clinical care. Our contemporary cohort,
consisting of all incident cases in a geographically
defined population with no exclusion criteria, ful-
fills this need.

PATIENTS AND METHODS

Study Setting

This research was conducted in Olmsted County,
Minnesota, a location well suited for epidemiologi-
cal studies because complete medical records for
residents contain all encounters with medical care
professionals in the county. These records are acces-
sible through a centralized system,'” which pro-
vides the infrastructure to analyze population-level
disease occurrence and outcomes.

Patient Enrollment

After approval by the appropriate institutional review
boards, a prospective cohort study was performed. Po-
tential participants included all individuals admitted to
an Olmsted County facility between November 6,
2002, and December 31, 2007, with a ¢TnT level of
0.03 ng/mL or higher (to convert to ug/L, multiply
by 1). These persons were prospectively identified
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through the Department of Laboratory Medicine
within 12 hours of their blood draw. Written con-
sent from all patients, or next of kin if consent could
not be granted by the patient, was sought by nurse
coordinators for inclusion in the study. Unused
blood from samples stored for further clinical need
was used to measure cardiac biomarkers. If unused
blood was not available, another sample was drawn;
whenever possible, this draw was in conjunction
with another clinically indicated draw. The partici-
pation rate in this study was demonstrated to be
high, nearly 90% among incident MI patients.'* As
part of clinical practice, successive ¢cTnT measure-
ments were performed; this practice did not change
during the study period. As recommended, ¢cTnT
measurements were made at baseline and after onset
of symptoms."'” For MI diagnosis, we applied a
computerized algorithm that integrated ischemic
symptoms, Minnesota code of the electrocardio-
grams, and cTnT levels.'® This algorithm accounted
for circumstances that might invalidate the bio-
marker values.'” Patients with prior MI were
excluded.

cTnT Measurement

The ¢TnT values were measured repeatedly'® after
hospital admission or infarction onset if the patient
was already hospitalized (median number of mea-
surements, 5; interquartile range [IQR], 4-7). The
highest measurement (maximal ¢TnT), with a mean
value of 1.84 ng/mL, was obtained at a median of 1
day (IQR, 0-2 days) after MI and used for all analy-
ses. Measurements were performed in the Depart-
ment of Laboratory Medicine and Pathology labora-
tories (Elecsys 2010; Roche Diagnostics Corp,
Indianapolis, IN) using a sandwich electrochemilu-
minescence immunoassay. The department has ro-
bust quality controls in place and is certified by the
Clinical Laboratory Improvement Act of 1988 and
the College of American Pathologists.'®

Additional Clinical Data

The medical record was reviewed to ascertain MI
characteristics and severity indices along with car-
diovascular risk factors using data recorded as of the
index MI hospitalization or at the closest time before
hospital admission. Smoking status was classified as
current, former, or never. Body mass index was cal-
culated as current weight in kilograms divided by
earliest adult height in meters squared. Clinical def-
initions were used to assess diabetes mellitus,'® hy-
pertension,”” and hyperlipidemia.”’ The MI charac-
teristics and severity indices included ST-segment
elevation, Q waves, infarct location, left ventricular
ejection fraction, and Killip class. Killip class was
determined within 24 hours of index MI and ana-
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lyzed as a categorical variable (class =2 vs class 1).
Ejection fraction was estimated echocardiographi-
cally at the time of the index MI; if ejection fraction
was not measured at the time of the MI, the closest
measurement within 30 days after MI was used.
Echocardiographic data were available for 920 pa-
tients (78% of the cohort). Reperfusion therapy or
revascularization included coronary artery bypass
grafting, percutaneous coronary intervention, or
thrombolysis performed during the index hospital-
ization. Overall comorbidity burden was assessed by
the Charlson index.”” Estimated glomerular filtra-
tion rate was calculated with the Modification of
Diet in Renal Disease Study equation®” using the
serum creatinine value at presentation.

Outcome Measures

Primary outcomes were time to death, recurrent
ischemic event, and heart failure. All participants
were followed up through their complete (inpatient
and outpatient) medical records in the community
from index time to death or the most recent clinical
contact. Multiple sources were used to ascertain
death, including autopsy reports, death certificates
filed in Olmsted County, obituary notices, and elec-
tronic death certificates obtained from the Section of
Vital Statistics, Minnesota Department of Health.**
Recurrent ischemic events included recurrent MI
and unstable angina pectoris requiring hospitaliza-
tion and were based on clinical diagnoses.”” The
Framingham Heart Study criteria were used to diag-
nose heart failure. These criteria require the pres-
ence of at least 2 major criteria or 1 major criterion
in addition to 2 minor criteria®®; its ascertainment
process in this setting has previously been described
in detail.*”

Statistical Analyses
For ease of interpretation and presentation, patients
were divided into 3 groups of approximately equal
size (tertiles) according to ¢TnT distribution. Base-
line characteristics across these tertiles are presented
as mean * SD or median (IQR) for continuous vari-
ables and frequencies for categorical variables.
Adjusted cumulative incidence curves for (1)
all-cause mortality, (2) recurrent ischemic event,
and (3) heart failure according to ¢TnT tertiles were
projected for up to 24 months after the index MI
using the direct adjustment method.”®*° Adjust-
ment was made for demographic variables, cardio-
vascular risk factors, MI characteristics and severity
indices, and comorbidities. Because the Charlson
score was adjusted for as a measure of overall co-
morbidity burden, specific components of this in-
dex (ie, heart failure and diabetes mellitus) were not
included individually in the models. Because in the
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presence of competing risks, standard survival pre-
dictions may substantially overestimate the absolute
risk of the event of interest,'® death was treated as a
competing risk in the analyses of recurrent ischemic
events and heart failure, adopting the Fine and Gray
model for a subdistribution function.” Stratified
proportional hazards models were used for all out-
comes, allowing time-varying associations for the
cTnT categories. Adjusted risk differences and 95%
confidence intervals (Cls) among the cTnT tertiles at
predefined periods (0-30 days, 0-180 days, 0-12
months, and 0-24 months) were estimated for each
outcome.”®*” Lastly, adjusted HRs and 95% Cls in
cInT tertiles were estimated using standard Cox
models, and effect modification by ST-segment ele-
vation was tested. To assess whether the association
between ¢InT and outcomes persists beyond 30
days, a landmark analysis was performed between 1
month and 24 months.

Missing values did not exceed 1% in any of the
covariates used in the regression analyses, except for
ejection fraction (22%), for which missing values
were imputed and analyzed with the multiple impu-
tation method.”" The Harrell C statistic** was used
to assess model discrimination; this represents the
area under the receiver operating characteristic
curve and accounts for time to event (death: 0.81;
95% CI, 0.79-0.83; recurrent ischemic event: 0.63;
95% CI, 0.60-0.66; and heart failure: 0.83; 95% CI,
0.82-0.85; based on fully adjusted models). An ex-
ponential association between ¢InT and outcomes
was assessed but not detected. Analyses were per-
formed using SAS statistical software, version 8.2
(SAS Institute Inc, Cary, NC).

RESULTS

A total of 1177 participants (mean age, 68 years;
44% women) were included in the analysis. Maxi-
mal cTnT was inversely and weakly correlated with
ejection fraction (r,=—0.25) and age (r,=—0.18)
but not with body mass index. In a subsample with
a cTnT value available at day 3 (n=457 [39%]), a
strong correlation (r,=0.94) was found with the
maximal measured cTnT level. Baseline clinical char-
acteristics across ¢InT tertiles are given in Table 1.
Higher ¢TnT levels were associated with younger
age, male sex, ST-segment elevation, Q waves, lower
ejection fraction, higher estimated glomerular filtra-
tion rate, and more frequent use of reperfusion or
revascularization during hospitalization.

During a mean * SD follow-up of 16*10
months, among the 1177 participants, 276 deaths
(23%) occurred, 341 patients (29%) experienced re-
current ischemic event, and 326 patients (28%) expe-
rienced heart failure. After multivariate adjustment, a
clear dose-response relationship was observed be-
tween cTnT tertiles and the cumulative incidence of

death, recurrent ischemic event, and heart failure
(Figure). The adjusted cumulative incidence esti-
mates in increasing ¢TnT tertiles at 30 days were
6.9%, 5.8%, and 12.7% for death; 10.2%, 12.7%,
and 15.4% for recurrent ischemic event; and 17.9%,
19.0%, and 24.8% for heart failure. At 24 months,
the respective estimates were 23.1%, 25.2%, and
29.0% for death; 28.4%, 33.9%, and 34.0% for re-
current ischemic event; and 24.2%, 28.8%, and
34.1% for heart failure. The adjusted absolute risk
differences of these outcomes among the cTnT ter-
tiles at predefined periods during follow-up are pre-
sented in Table 2. After 30 days, the estimated ex-
cess numbers of cases per each 100 patients in the
upper vs lower c¢TnT tertiles were 5.8 (95% CI, 1.4-
10.2) for death, 5.2 (95% CI, 0.2-10.3) for recurrent
ischemic event, and 6.9 (95% CI, 1.4-12.4) for heart
failure. After 24 months, the respective estimates
were 5.9 (95% CI, —1.2to 12.9) for death, 5.6 (95%
CI, —3.5to 14.7) for recurrent ischemic event, and
9.9 (95% CI, 1.1-18.7) for heart failure.

The adjusted HR (95% CD) for death, recurrent
ischemic event, and heart failure in ¢TnT tertiles
(overall and period specific) are listed in Table 3. An
increased risk was observed for all outcomes in the
upper vs lower ¢TnT tertiles during both short-term
and longer-term follow-up, except for recurrent
ischemic events beyond 30 days.

Assessing effect modification by ST-segment el-
evation revealed a borderline significant interaction
with recurrent ischemic event at 30 days (P=.00).
Accordingly, the adjusted HR in the upper vs lower
¢TInT tertile was 1.96 (95% CI, 1.18-3.24) in non—
ST-segment elevation and 0.75 (95% CI, 0.21-2.70)
in ST-segment elevation MI.

DISCUSSION

In this prospective cohort study of contemporary
patients with first MI, maximal cTnT value was pre-
dictive of death, recurrent ischemic events, and
heart failure. These associations followed a dose-
response pattern and were independent of several
key established prognostic factors. The worse prog-
nosis associated with elevated ¢TnT level was dem-
onstrated immediately after MI and maintained for
at least 2 years. In absolute terms, the largest risk
differences between the ¢TnT categories were found
for heart failure, whereas more moderate differences
were seen for death and recurrent ischemic event.
Conversely, on a relative scale, differences were
most substantial for death. The maximal ¢TnT value
(obtained typically on day 1) was closely correlated
with the value from day 3, reported to correlate best
with magnetic resonance imaging—determined in-
farct size.?*** Thus, our data are consistent with the
association between the size of MI and outcomes,
particularly among incident cases, and underscore
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TABLE 1. Baseline Characteristics Across cTnT Tertiles®

All patients
Characteristic (N=1177)
Cutoff cTnT level (ng/mL)®
Sociodemographic variables
Age (y), mean = SD 68.4%153
Female 519 (44)
White 1126 (96)
Cardiovascular risk factors
Hypertension 818 (70)
Hyperlipidemia 729 (62)
Current or former smoking 709 (60)
Body mass index, mean = SD 285*6.5
MI characteristics, severity indices, and comorbid conditions
ST-segment elevation Ml 233 (18)
Q-wave Ml 588 (55)
Anterior Ml 446 (38)
Killip class > 1 339 (29)
Ejection fraction (%), mean * SD 53%13
Reperfusion or revascularization during hospitalization 600 (51)
Charlson index score, median (IQR) [ (0-3)
Diabetes mellitus 288 (25)
Heart failure history 191 (16)
Estimated glomerular filtration rate (mL/min/1.73 m?), mean * SD 5924
Troponin measurements
Maximal cTnT (ng/mL), median (IQR) 0.52 (0.16-1.75)
Time to maximal cTnT (d), median (IQR) [ (0-2)
No. of cTnT measurements, median (IQR) 5 (4-7)

Data are presented as No. (percentage) of patients unless indicated otherwise.

#cTnT = cardiac troponin T; IQR = interquartile range; Ml = myocardial infarction.

®To convert cTnT to ug/L, mu

250

Itiply by I.

that maximal ¢TnT value measured clinically can be
used as a suitable indicator of MI severity.

For detection of myocardial cell injury, cardiac
troponins are considered ideal biochemical markers
because of their high sensitivity and specificity, thus
providing the ability to detect even minor amounts
of myocardial damage. Myocardial necrosis pro-
duces an initial release of troponin from an early
releasable pool referred to as “cytosolic.””” Rapid
access from this compartment allows detection
shortly after MI.°° Values usually peak by 12 to 24
hours, and a gradual return to normal occurs gener-
ally within 7 to 14 days. Although the exact mech-
anism remains to be elucidated, data suggest that
patients with elevated troponin levels, especially
with non-ST-segment elevation MI, have more cor-
onary thrombi, more complex lesions, and impaired
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cTnT tertile
Lower Middle Upper
(n=396) (n=388) (n=393)
=022 0.23-1.17 =1.18
709%14.5 700%15.2 644%15.2
198 (50) 193 (50) 128 (33)
379 (96) 372 (96) 375 (95)
295 (75) 278 (72) 245 (62)
246 (62) 240 (62) 243 (62)
244 (62) 218 (56) 247 (63)
283%68 28062 292+63
18 (5) 56 (14) 159 (41)
174 (49) 156 (44) 258 (69)
153 (39) I'18 (30) 175 (45)
110 (28) 99 (26) 130 (33)
56*13 5413 51x12
15 (29) 190 (49) 295 (75)
2 (0-4) I (0-3) I (0-2)
103 (26) 89 (23) 96 (24)
101 (26) 57 (15) 33(8)
55%24 58+23 65%24
0.I'1 (0.07-0.16) 052 (0.34-0.76)  3.05 (1.75-5.76)
I (0-2) I (1-3) I (0-2)
4 (3-6) 5 (4-7) 5 (4-7)

coronary flow.>” In addition, there are data linking
cTnT level measured at 72 hours after MI to infarct
size, regardless of reperfusion status.”*** Finally,
previous studies have shown that troponin elevation
was associated with subsequent cardiac events in
patients with acute coronary syndromes, probably
as a reflection of severe anatomical disease.”® How-
ever, several important limitations of previous stud-
ies hinder their clinical applicability. First, the avail-
able data were mostly derived from post hoc
analyses of controlled clinical trials or disease regis-
tries; therefore, the generalizability of their findings
is uncertain.”®>? Second, previous publications fo-
cused primarily on short-term mortality as the out-
come of interest, with few data available on longer-
term, nonfatal cardiovascular end points, such as
heart failure and recurrent ischemic events. Further-
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FIGURE. Cumulative risk probabilities of all-cause death (A), recurrent ischemic event (B), and heart failure (C) across cardiac
troponin T tertiles, using the direct adjustment method based on stratified Cox models. Adjustment was made for age, sex,
ST-segment elevation myocardial infarction (MI), anterior M, ejection fraction, Killip class, reperfusion or revascularization during
hospitalization, smoking, hypertension, hyperlipidemia, body mass index, Charlson index, and estimated glomerular filtration rate.
For the analyses of recurrent ischemic events and heart failure, death was considered a competing event.

more, measures of absolute risk, which are highly
informative and complementary to relative risk
measures ' and may be more easily understood
by clinicians and patients,” have not been previously
reported.

Thus, the present data provide novel informa-
tion on the prognostic value of cTnT after MI. We
studied a population-based cohort of incident MI
patients, relying on standardized criteria to define
MI, and evaluated nonfatal cardiovascular end

TABLE 2. Multivariate-Adjusted Absolute Risk Differences: Excess Events per 100 Patients for Death,
Recurrent Ischemic Event, and Heart Failure Among cTnT Tertiles at Different Time Points During Follow-up®

Excess events (95% Cl) during follow-up period

cTnT tertile comparison 0-30d 0-180 d 0-12 mo 0-24 mo
Death
Upper vs lower 5.8 (14-10.2) 79 (2.6-132) 87 (3.1-14.4) 59 (—12to 129)
Middle vs lower —10(—=40to 1.9) .1 (—28105.0) 42 (—0.2to 8.5) 2.1 (=371078)
Upper vs middle 69 (2.5-11.2) 6.8 (1.5-12.1) 46 (—10to 10.1) 38 (—29to 10.5)
Recurrent ischemic event®
Upper vs lower 52 (02-10.3) 7.6 (1.1-14.0) 50(—22to 122) 56 (—35to 147)

Middle vs lower

Upper vs middle

Upper vs lower
Middle vs lower

Upper vs middle

25 (~20107.0)
27 (-221077)

69 (1.4-12.4)
11 (=390 62)
58 (0.8-107)

4.9 (—0.8to 10.5)

2.7 (—351t0 8.8)
Heart failure®

7.7 (1.8-13.6)

33 (—2.1t088)

4.3 (=09 10 9.6)

36 (=27 10 9.9)
14 (—53108.1)

59 (~0410 12.1)
Il (—4.7 10 6.9)
48 (—071t0 102)

55 (~231t0 133)

0.1 (—841t0 86)
9.9 (1.1-187)
46 (—191to I1.1)

53(-331t0 139)

“Risk differences were estimated at the end of the periods. Adjustment was made for age, sex, ST-segment elevation M, anterior Ml,

ejection fraction, Killip class, reperfusion or revascularization during hospitalization, smoking, hypertension, hyperlipidemia, body mass

index, Charlson index, and estimated glomerular filtration rate. Cl = confidence interval; cTnT = cardiac troponin T; Ml = myocardial
infarction.

®With death considered a competing event.
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TABLE 3. Adjusted HRs (95% Cls) of Death, Recurrent Ischemic Event, and Heart Failure in cTnT Tertiles at

Different Periods During Follow-up

Event Lower

Death

First 30 d (n=94) | (reference)

[-24 mo (n=170) I (reference)

Overall (N=264) | (reference)
Recurrent ischemic event

First 30 d (n=153) | (reference)

[-24 mo (n=181) | (reference)

Overall (N=334) | (reference)
Heart failure

First 30 d (n=260) | (reference)

1-24 mo (n=65) | (reference)

Overall (N=325) | (reference)

HR (95% Cl) by cTnT Tertile

Middle Upper
0.79 (0.46-1.36) 1.80 (1.04-3.13)
1,47 (1.02-2.11) 1.74 (1.06-2.84)
1.22 (0.90-1.66) 1.83 (1.26-2.66)
.32 (0.86-2.05) 1.72 (1.07-2.75)
1.22 (0.84-1.78) [.12 (0.71-1.75)
.26 (0.95-1.68) .35 (0.98-1.87)
1.0l (0.70-1.45) 1.48 (1.02-2.15)
2.02 (0.96-4.24) 1.92 (0.86-4.31)
111 (0.79-157) 151 (1.06-2.14)

Models are adjusted for age, sex, current and former smoking, ST-segment elevation myocardial infarction, anterior myocardial

infarction, ejection fraction, Killip class, reperfusion or revascularization during hospitalization, hypertension, hyperlipidemia, body mass

index, Charlson index, and estimated glomerular filtration rate. Cl = confidence interval; cTnT = cardial troponin T; HR = hazard ratio.

points and death ascertained with similar rigor us-
ing the complete (inpatient and outpatient) medical
records in the community. The use of a contempo-
rary cohort of unselected patients from a geograph-
ically defined population is an important strength
because of its relevance to real-world clinical prac-
tice. Indeed, it was previously demonstrated that the
external validity of studies based on clinical trial
participants is questionable,”® whereas studies that
use administrative or registry data often lack essen-
tial clinical details and are hence more prone to mis-
classification bias and confounding.**** Impor-
tantly, the same ¢TnT assay was used throughout
the entire study period. Moreover, we applied ad-
vanced analytical methods to assess absolute mea-
sures of association between ¢TnT and outcomes. In
doing so, we were able to demonstrate not only that
cTInT is predictive of death, recurrent ischemic
events, and heart failure but also to report the dif-
ferences in the results obtained from absolute and
relative risk estimates and between short-term and
long-term outcomes. We also found exploratory ev-
idence of a stronger association between ¢TnT and
recurrent ischemic event in non-ST-segment eleva-
tion than in ST-segment elevation MI, which is con-
sistent with previous reports.” Indeed, in patients
with non-ST-segment elevation MI, angiographic
data suggest the presence of complex plaques, more
thrombi, more extensive disease, and reduced
Thrombolysis in Myocardial Infarction flow grades
when troponin levels are elevated.***

Potential limitations of this study are important
to consider. Even though Olmsted County is be-

coming more diverse, US whites comprise most of
the study population. Therefore, our findings
should be confirmed in different racial and ethnic
groups and in other data sets. Reflecting the chang-
ing epidemiology of MI, in which non-ST-segment
elevation now constitutes most M1,***” only 20% of
our cohort presented with ST-segment elevation.
Additional assessment of differential associations
between ¢TnT and post-MI outcomes by MI type is
therefore warranted. Although multivariate adjust-
ment was performed for many prognostic factors,
residual confounding might have remained due to
unmeasured characteristics, including angiographic
data. In addition, maximal ¢cTnT may not be accu-
rate in patients who are rapidly reperfused. Eventu-
ally, the incremental value of ¢TnT measurement
over standard risk scores in risk stratification after
MI should be quantified.*®

CONCLUSION

This prospective, community-based cohort study of
incident MI patients indicates that in clinical prac-
tice cTnT levels strongly predict adverse outcomes,
including death, recurrent ischemic events, and
heart failure. These associations are independent of
well-established prognostic factors, show a dose-
response pattern, and appear early after MI. Thus,
elevated cTnT levels can identify high-risk pa-
tients who may benefit from close follow-up and
early initiation of therapies proven to improve
outcomes.
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