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Abstract. – Study Objective: We evaluat-
ed the performance of Troponin T (cTnT) for
acute coronary syndrome (ACS) diagnosis in
elder compared to younger patients. 

Materials and Methods: We retrospective-
ly evaluated 2688 patients admitted to our
Emergency Department for suspected ACS. All
patients received ECG, serum creatinine deter-
mination, and serial cTnT samplings. Patients
were considered positive for cTnT if they had
a cTnT above our reference standard (>0.03
µg/L) in any determination obtained within 6
hours from admission. ACS diagnosis, either
acute myocardial infarction or unstable angi-
na, was based on reviewed data and discharge
diagnosis hospital. Patients were divided in
three groups according to age: <65 years old,
elders ≥65 and <80 years, and very elders ≥80
years. CTnT diagnostic accuracy for ACS was
compared in these three groups in patients
<65 years. 

Results: Two thousands six and hundred
eighty-eight patients (35.3% female) were en-
rolled in this study. 1087 patients (40.4%) were
<65 years old, while 1205 patients (44.8%)
were ≥65 and <80 years, and 396 patients
(14.8%) were ≥80 years. The overall sensitivity
of cTnT for ACS diagnosis was 0.57 (CI 95%
0.54-0.60) with a specificity of 0.71 (CI 95%
0.69-0.73). In older cohorts cTnT showed a re-
duced performance for ACS diagnosis. Area
under the receiver operating characteristic
curve of abnormal cTnT for ACS was 0.70
(0.66-0.73) in <65 years, 0.61 (95% CI 0.60-0.66)
in ≥65 and <80 years, and 0.59 (0.53-0.65) in
≥80 years.

Conclusion: Compared to younger patients
cTnT showed a reduced performance for ACS
diagnosis in elders ≥65 and <80 years; cTnT
performance was further reduced in patients
≥80 years.
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Introduction

Acute coronary syndrome (ACS) is one of the
most common cause of Emergency Department
(ED) access and hospital admission in the United
States and other western countries1. The identifi-
cation of patients affected by ACS has critical
relevance for emergency physicians, since these
patients are at significant risk of adverse outcome
if not promptly treated and admitted for in-hospi-
tal care2. 

Biochemical cardiac markers, particularly tro-
ponins, are an essential diagnostic tool in this
setting. Cardiac troponin T (cTnT) and I, are pro-
teins integral to the function of striated muscles3

derived from genes specific to the heart4. The
main advantage of troponins, together with the
high specificity in the detection of myocardial
damage, is their prognostic significance for both
short and long term prognosis5-7. 

However, cTnT elevation may be found in pa-
tients with renal function impairment9, and sever-
al pathological conditions not related to ACS10. A
previous study reported that cTnT specificity
could be reduced in elders possibly because actu-
al diagnostic reference standards are generally
based on younger population and could be inade-
quate for old and very old patients11.

The aim of the present study is to evaluate the
diagnostic accuracy of cTnT for ACS diagnosis
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in old (≥65 and <80 year) and very old patients
(≥80 year), compared to the younger patients
(<65 years old). As secondary end point, we
evaluated the significance of abnormal cTnT at
ED presentation for prediction of short term mor-
tality in different age cohorts.

Materials and Methods

This was a retrospective cohort study conduct-
ed evaluating the clinical records of all the pa-
tients presented to our ED over a 30 months peri-
od, and admitted to our Hospital for suspected
ACS or ACS rule-out. Our Hospital is an urban
academic institution with about 75,000 annual
visits in the ED. Approval for the study was ob-
tained from our Institutional Ethical Committee. 

According to our internal protocol, all patients
with suspected ACS received ECG, cTnT, and
serum creatinine measurement at time of ED ad-
mission. We reviewed the records of patients en-
rolled to evaluate demographical and clinical
characteristics such as age, sex, history of hyper-
tension, diabetes, congestive hearth failure,
chronic obstructive pulmonary disease, dyslipi-
demia, and malignancies. 

Biochemical Markers
Cardiac troponin T was measured using the

elecrochemiluminescence immunoassays intend-
ed for the Roche Elecsys analyzers (Troponin T
Stat, Roche Diagnostics, F. Hoffmann-La Roche
Ltd, Basel, Switzerland), a third-generation as-
say. The analytical sensitivity (lower detection
limit) was 0.01 µg/L for cTnT. The normal refer-
ence range (97.5th percentile) for cTnT was <0.03
µg/L.

Patients evaluated in this study had serial de-
termination of cTnT. The first sample was col-
lected at time of ED presentation and a second
determination was obtained after a 6 hours inter-
val. Patients were considered positive for cTnT
test if they had a cTnT >0.03 µg/L in any sample
obtained within 6 hours from ED presentation.

Serum creatinine was measured using a rou-
tine automatic analyzer (Hitachi 917, Hitachi
Ltd, Tokio, Japan) according to the manufactur-
er's instructions. Normal reference range for cre-
atinine was <124 µmol/L (≤1.4 mg/dl).

Outcomes
Patients were classified as ACS (acute my-

ocardial infarction or unstable angina [UA]), or

non-ACS, based on reviewed data and hospital
discharge diagnosis. 

The diagnosis of acute myocardial infarction
(AMI) was based on the current universal defini-
tion12. Acute ST elevation MI was diagnosed in
patients with typical ECG changes (current of in-
jury in contiguous leads or new Q-waves >0.04
ms) associated with typical chest pain or charac-
teristic time-related increase in cTnT or CK-MB
levels. Non-ST-elevation myocardial infarction
(STEMI) was diagnosed in patients with typical
chest pain, significant ST-segment deviation
and/or T wave inversion at ECG, and time-relat-
ed increase in cTnT or CK-MB levels. 

The diagnosis of UA was based on clinical
history in patients with known coronary artery
disease and increase in the frequency, severity or
duration of a previously stable angina13,14. We al-
so diagnosed UA in patients with objective evi-
dence of ischemia from diagnostic testing, which
included assessment of ST-T wave changes dur-
ing acute symptoms, dynamic ECG monitoring,
or positive treadmill exercise test result13,14.
Treadmill exercise testing was performed with
continuous 12-lead ECG monitoring according to
the standard or modified Bruce protocol. 

Finally, patients were classified as UA patients
if they had typical symptoms, non-diagnostic
ECG, negative cTnT, and documentation of sig-
nificant stenosis in at least 1 vessel at coronary
angiography performed during the in-hospital
stay13,14. 

The occurrence of death was calculated at time
of hospital discharge. 

Statistical Analysis 
Patients were divided in three groups accord-

ing to age: patients <65 years, elders ≥65 and
<80 years old, and very elders ≥80 years old. A
further analysis was performed separating pa-
tients with normal (serum creatinine ≤1.4 mg/dl)
from those with abnormal renal function (serum
creatinine >1.4 mg/dl).

Demographic, clinical and laboratory data cat-
egorized as dichotomous variables were com-
pared using Pearson χ2 test. Sensitivity, specifici-
ty, positive and negative predictive value were
calculated for cTnT in each cohort, using a 2 × 2
table in Microsoft Excel (2003 Edition). In each
study cohort the ROC area under curve15 (AUC)
for cTnT was calculated both for ACS diagnosis
and intra-hospital death occurrence, using the
cut-off provided by the manufacturer (<0.03
ng/ml). Sensitivity and specificity of cTnT for
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< 65 ≥ 65 and < 80 ≥ 80 All 
years old years old years old patients

(N = 1087) (N = 1205) (N = 396) (N = 2688)

Age (Mean±SD) 52.8 ± 9.6 71.6 ± 4.2 84.8 ± 4.2 66.0 ± 13.6
Sex (M/F) 809/278 757/448 174/222 1740/948

Serum creatinine
>1.4 mg/dl (%) 6.3% 19.2% 30.1% 15.6%
Abnormal cTnT (%) 30.1 40.4 56.6 38.6%

Medical hystory
− Hypertension (%) 35.4 40.5 90.0% 55.7
− Diabetes (%) 12.7 18.8 11.9 15.3
− CHF (%) 18.5 26.6 32.1 24.1
− COPD (%) 27.6 38.5 45.5 35.1
− Dyslipidemia (%) 20.5 20.0 18.0 32.0
− Malignancies (%) 3.3 5.2 8.8 5.0

Table I. Demographic and clinical characteristics of the study cohorts.

overall sensitivity of 0.57 (CI 95% 0.54-0.60) for
ACS diagnosis, with a specificity of 0.71 (CI
95% 0.69-0.73).

The AUC of cTnT for ACS diagnosis was re-
duced in elders and very elders compared to the
< 65 years group (Table III). In patients older
than 80 years ACS was diagnosed in 33.9% of
patients with positive cTnT versus 15.1% with
normal cTnT (p < 0.01); in patients between 65
and 80 years ACS was diagnosed respectively in
58.4% versus 41.6% (p < 0.01); in patients <65
years ACS was diagnosed in 65% of patients
with abnormal cTnT vs 26.2% with normal cTnT
(p < 0.01). 

Among patients with abnormal cTnT values at
ED presentation, younger patients were more
likely to have a discharge diagnosis of ACS com-
pared to the older cohorts. Accordingly cTnT
showed a higher specificity for ACS diagnosis in
the younger cohorts with respect to older ones
(Table III). In the very old patients cTnT speci-
ficity for ACS was as low as 0.49 (CI 95% 0.44-
0.55). Both sensitivity and specificity of cTnT
for ACS were significantly reduced in patients
≥65 and <80 years and in patients >80 years
compared to patients <65 years (Table III).

Troponin T Performance for ACS and
Renal Function 

In 2269 patients (84.4%) creatinine levels
were ≤1.4 mg/dl, while 419 patients (15.6%) had
creatinine >1.4 mg/dl. Renal function impair-
ment was significantly more common in very old
and old patients compared to younger ones
(30.1%, 19.2%, and 6.3%, respectively, p <
0.01). 

ACS and death in older patients cohorts were
compared to sensitivity and specificity in the co-
hort <65 years by the McNemar χ2 test16. Statisti-
cal analysis was conducted by SPSS version 13.0
(Statistical Package for Social Science Inc.,
Chicago, IL, USA). A p value <0.05 was regard-
ed as significant. 

Results

Two thousands, six hundred and eighty-eight
patients (35.3 % female) were enrolled in this
study. 1087 patients (40.4%) were <65 years old,
while 1205 patients (44.8%) were ≥65 and <80
years, and 396 patients (14.8%) were ≥80 years.
Table I shows demographic and clinical charac-
teristics of the study cohorts. At hospital dis-
charge, 936 patients (34.8%) had ACS diagnosis.
ACS diagnosis was significantly less common in
very old and old patients, compared to the
younger cohort (25.0%, 34.9%, and 38.0% re-
spectively, p < 0.01). Table II shows discharge
diagnosis of the patients in the study groups.

Troponin T Performance for ACS Diagnosis
A cTnT >0.03 ng/ml was found in 1038 pa-

tients (38.6%). Patients in the older cohorts had
significantly higher rates of abnormal cTnT val-
ues (56.6% in patients ≥80 years, 40.4% in pa-
tients ≥65 and <80 years, and 30.1% in patients
<65 years, p  < 0.01).

A discharge diagnosis of ACS was made in
51.6% of patients with abnormal cTnT at ED
presentation, and in 24.2% of patients with nor-
mal cTnT values (p < 0.01); cTnT showed an
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In patients with serum creatinine >1.4 mg/dl,
cTnT showed an overall low accuracy for ACS
diagnosis in all the age groups. Both specificity
and sensitivity were significantly reduced in
older patients compared to the younger ones,
and in patients ≥80 years abnormal cTnT
showed no statistical correlation to ACS diag-
nosis (Table III).

Troponin T and In-Hospital Death 
In-hospital death occurred in 130 patients

(4.8%). Death rate was significantly higher in very
old and old patients compared to the younger co-

hort (11.9%, 5.6%, and 1.4%, respectively, p <
0.01). An abnormal cTnT value at ED presentation
was significantly associated to intra-hospital death
in our patients. When comparing patients with ab-
normal vs. normal cTnT values we found that death
occurred in 9.8% vs 1.9% of cases (p < 0.01).

Analysing the death rates for positive vs nega-
tive cTnT in every age cohort we found that
death occurred respectively in 3.4% vs 0.5% in
younger patients (p < 0.01); 9.7% vs 2.9% in pa-
tients aged from 65 to 80 years (p < 0.01); in
17.9% vs 4.1% of cases in patients over 80 years
(p < 0.01). 

< 65 ≥ 65 and < 80 ≥ 80 All 
years old years old years old patients 

(N = 1087) (N = 1205) (N = 396) (N = 2688)

ACS (%) 38.0 34.9 25.8 34.8
− STEMI (%) 13.2 11.1 5.1 11.1
− NSTEMI (%) 11.6 12.3 14.4 12.3
− UA (%) 13.2 11.5 6.3 11.4
Death (%) 1.4 5.6 11.9 4.8

Table II. Hospital discharge diagnosis and outcome.

All patients < 65 years old > 65 and < 80 years > 80 years

p (Pearson χ2 test) 0.000 0.000 0.000
Sensitivity (CI 95%) 0.52 (0.47-0.57) 0.58 (0.54-0.63)* 0.74 (0.66-0.83)**
Specificity (CI 95%) 0.83 (0.80-0.86) 0.69 (0.66-0.72)** 0.45 (0.44-0.55)**
PPV (CI 95%) 0.65 (0.60-0.71) 0.51 (0.46-0.55) 0.34 (0.28-0.40)
NPV (CI 95%) 0.74 (0.71-0.77) 0.76 (0.72-0.79) 0.85 (0.79-0.90)
AUC (CI 95%) 0.70 (0.66-0.73) 0.61 (0.60-0.66) 0.59 (0.53-0.65)

Creatinine ≤ 1.4 mg/dl < 65 years old > 65 and < 80 years > 80 years

p (Pearson χ2 test) 0.000 0.000 0.000
Sensitivity (CI 95%) 0.50 (0.46-0.55) 0.54 (0.49-0.59) 0.71 (0.60-0.82)**
Specificity (CI 95%) 0.84 (0.82-0.87) 0.77 (0.74-0.80)** 0.56 (0.49-0.62)**
PPV (CI 95%) 0.67 (0.62-0.73) 0.56 (0.51-0.62) 0.33 (0.25-0.41)
NPV (CI 95%) 0.73 (0.70-0.76) 0.75 (0.72-0.78) 0.86 (0.80-0.92)
AUC (CI 95%) 0.70 (0.67-0.74) 0.66 (0.62-0.69) 0.59 (0.53-0.66)

Creatinine > 1.4 mg/dl < 65 years old > 65 and < 80 years > 80 years

p (Pearson χ2 test) 0.002 0.010 0.092
Sensitivity (CI 95%) 0.76 (0.58-0.94) 0.78 (0.69-0.88)** 0.81 (0.68-0.94)
Specificity (CI 95%) 0.65 (0.51-0.78) 0.39 (0.31-0.46)** 0.34 (0.24-0.44)
PPV (CI 95%) 0.48 (0.31-0.65) 0.38 (0.30-0.45) 0.36 (0.25-0.46)
NPV (CI 95%) 0.86 (0.75-0.97) 0.79 (0.70-0.88) 0.80 (0.67-0.93)
AUC (CI 95%) 0.67 (0.54-0.80) 0.58 (0.51-0.66) 0.58 (0.47-0.69)

Table III. Performance of Troponin T > 0.03 ng/ml at ≤ 6 hour from ED presentation as a predictor of ACS diagnosis.

*p < 0.05 compared to group < 65 years old; **p < 0.01 compared to group < 65 years old. Sensitivity and specificity compari-
son was not performed for non significant cTnT/ACS correlation subgroups.
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symptoms non-diagnostic ECG and slightly ab-
normal cTnT is critical, since it is well known
that individual risk of adverse outcome in ACS
increases with age22. Current American College
of Cardiology/American Heart Association
(ACC/AHA) guidelines for ACS include cardiac
troponins as the preferred biomarkers of cardiac
damage, and give indications on diagnostic and
therapeutic interventions based on abnormal tro-
ponin values13. These recommendations are irre-
spective of patients age, and an aggressive treat-
ment, including early percutaneous transluminal
coronary angioplasty (PTCA), is recommended
for patients with positive troponin results23. On
the other hand it is known that invasive proce-
dures could be associated to an higher rate of ad-
verse outcomes in elders24,25,26. In our study cTnT
showed, a significant correlation with ACS diag-
nosis in each age cohort. This result was, howev-
er, largely expected since cTnT value was a key
element for the diagnosis in our patients. Never-
theless, our data confirm that, as previously re-
ported, an abnormal cTnT value has a lower
specificity for ACS diagnosis in patients ≥65
years11. Furthermore, we found that cardiac cTnT
has a even reduced specificity for ACS in ≥80
years patients. These findings are probably relat-
ed to higher occurrence of conditions associated
to non-ischaemic-related cTnT elevation in our
cohort of older patients. 

Among the different possible confounders, re-
nal function deserves a major consideration. The
interpretation of raised concentration of tro-
ponins can be particularly difficult in patients
with renal dysfunction since it is well known that
these patients often have a raised cTnT in ab-
sence of ACS27,28. Patients with renal impairment
and raised cTnT create a diagnostic dilemma
when ACS is suspected, as these patients are at
higher risk of MI  than general population29. Ac-
tually, cardiovascular disease accounts for up to
50% of death in patients with renal failure, and in
these patients the prevalence of coronary artery
disease was reported to be higher than 70%30.
Furthermore, in these patients the relationship
between raised troponin concentration and prog-
nosis seems to be irrespective of level of renal
function31. Several study reported an association
between troponin elevation and risk of death, in
patients with renal insufficiency and no suspicion
of myocardial ischaemia32,33. Our study confirms
that in patients with renal function impairment
cTnT shows an overall reduced specificity for
ACS diagnosis. In addition, our data showed that

In patients with normal renal function, we
found that a positive cTnT was significantly as-
sociated to in-hospital death in each age cohort,
and the cTnT performance in predicting death,
measured by AUC, was comparable across the
age groups. Conversely, in patients with impaired
renal function, an abnormal cTnT value was not
significantly associated to death in any cohort. 

Discussion

The results of the present large study, in con-
secutive patients admitted for suspect of ACS in
a busy ED, show that cTnT performance in pre-
dicting ACS diagnosis is progressively reduced
with age. This result fits with a previous report,
in patients ≥65 years, and extends this observa-
tion to a population of very old patients which
were not separately investigated in the past11. 

It is well known that the performance of cTnT
for ACS diagnosis could be greatly affected by
population characteristics. This has been well
demonstrated in patients with impaired renal
function9,10,11, but it is also well know that several
conditions such as chronic heart failure, chronic
obstructive pulmonary disease (COPD), pul-
monary embolism, myocarditis and others, can
lead to abnormal cTnT values in absence of MI
or UA10. It has also been reported that advanced
age could be related to reduced cTnT perfor-
mance for ACS diagnosis. The available data
suggest that in patients ≥65 years troponins can
have a reduced diagnostic accuracy11,17. 

Due to improved life expectancy, the elder
population is growing rapidly in all the western
countries. In a 2008 reports, people over 65 years
accounted for 13% of total population in North
America, 16% in Europe and up to 20% in
Italy18. In the United States people ≥65 years ac-
counts for 16% of ED visit and 43% of hospital
admissions19. In our institution, in the past 10
years, people ≥65 years old accounted for 21%
of total ED visits, and for 31% of hospital admis-
sions. 

The importance of cardiac biomarkers reliabil-
ity for ACS diagnosis in the elderly is increased,
since it is well know that elderly patients often
show atypical presentation of acute cardiac dis-
ease, and very old patients with cognitive impair-
ment can be unreliable when referring their clini-
cal symptoms20,21. The challenge for the emer-
gency physician facing the patient with vague
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nificantly different catheterization rate among the
three age subgroup. Angiography was performed
in 65% of patients <65 years, in 51% of patients
≥65 and <80 years old and in 21% of patients
≥80 years (p < 0.01). These scenarios, however,
are comparable to that reported by literature20, in
similar age groups.

Both ACS and death were identified at hospi-
tal discharge, and were not measured at a longer
follow-up period. However, since this study was
conducted to confront cTnT accuracy in differ-
ent age cohorts, a longer follow-up would have
probably not affected the relative performance of
cTnT on different ages.

We used serum creatinine, instead of Glomeru-
lar Filtration Rate (GFR) evaluation, to identify
patients with impaired renal function. This was
due to the fact that patient weights are not routine-
ly recorded in our ED, precluding the estimation
of GFR by Cockroft-Gault equation. However,
serum creatinine is readily available for ED physi-
cians and is widely used to drive the decision
making, rather than creatinine clearance.

Conclusions

In patients with normal renal function, cTnT
shows a significantly reduced performance for
ACS diagnosis in elders, and especially in pa-
tients ≥80 years old. 

In subjects with abnormal renal function cTnT
showed an overall reduced accuracy for ACS di-
agnosis, and in patients ≥80 years and serum cre-
atinine >1.4 mg/dl cTnT was not statistically cor-
related to ACS in our cohort.

These findings suggest that in elders with sus-
pect of ACS, regardless of renal function, an ab-
normal cTnT value should not be taken into ac-
count as the unique criteria for the subsequent in-
stitution of an aggressive medical management,
and should not divert attention from other under-
lying clinical problems.
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