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High level of cardiac Troponin T (hs-cTnT) in geriatric population has been considered as an age-related phenom-
enon, whichmay question the interpretation of the increase of hs-cTnT in this population. The challenge is what
is the primary cause of the increased hs-cTnT levels in elderly patients without AMI.
Objective: The aim of the current studywas to determine the impact of aging on hs-cTnT levels in elderly patients
without acute cardiac events but in the presence of comorbidities.
Methods: Sociodemographic and clinical data were collected from 6977 medical records of patients aged
≥65 years without acute coronary events but for whom hs-cTnT measurements were available. The patients
were stratified based on age, troponin levels and the number of comorbidities.
Results: The results suggested that the likelihood of increased hs-cTnT was related to the presence of comorbid-
ities independently of their number (p b 0.05). The adjusted odds ratio (AOR) for both advanced age and having
comorbidity was statistically significant, however for the old group (74 ≥ age ≥ 84 years) the chance of having
elevated troponin regarding age compared to the presence of comorbidity was 1.070 vs. 1.216, whereas for the
old-old group (≥85 years) it was found to be 1.071 vs. 1.311. Besides statistical significance for age, from a clinical
standpoint, the AOR of 1.070 may not be considered clinically relevant.
Conclusion: Increased hs-cTnT levels were associated with the presence of pre-existing comorbidities indepen-
dently of age. Increased hs-cTnT levels in the elderly should always be considered as pathological, and a specific
etiology should be searched.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Elderly patient,when experiencingmyocardial infarction, frequently
present with atypical symptoms, often lack chest pain, have non-
diagnostic ECG and delay in diagnosis and treatment [1]. High sensitiv-
ity troponin can aid in the rightful diagnosis of primary typemyocardial
infarction (type 1/associated with primary coronary event) when
interpreted appropriately. Making or excluding correctly a myocardial
infarction diagnosis in due time is paramount, especially in the elderly
population, since they are both prone to worse prognosis if left un-
treated and more complications from therapy than younger counter-
parts [2,3]. Correct interpretation of elevated troponin in the elderly
requires understanding of the factors that influence the baseline level
of that protein. Most of the available literature indicates a positive and
independent association with aging and increased baseline troponin
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level, but few, if none, have compared directly the impact of aging itself
to the comorbidity burden that may come with aging [4–6].

Coronary heart disease (CHD) events are well established as a lead-
ing cause of death among older people [7], but the relationships be-
tween age, comorbidities and the levels of cardiac biomarkers serving
as indicators for cardiac events are still subject to debate. One such bio-
marker, cardiac troponin, is established as the best biomarker to detect
myocardial necrosis [8].

With the growing clinical adoption of cardiac troponin, the diagnosis
of acute myocardial infarction (AMI), or acute coronary syndrome
(ACS), has shifted from a primarily clinical diagnosis predicated on elec-
trocardiogram (ECG) findings and blood biomarker levels, to one essen-
tially based on cardiac troponin assays, supported by clinical and ECG
findings [9].

The importance of cardiac troponin becomes even more prominent
in elderly patients [8], particularly those N80 years of age, forwhom sec-
ondary diagnostic characteristics of ACS such as chest pain, electrocardi-
ography, and biomarkers are often unreliable when trying to exclude
AMI [10]. This is exacerbated by the high prevalence of multiple chronic
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Demographic and clinical characteristics of the study cohort.

Age: x ̅ ± SD 65–74 years old
(n = 2555)
69 ± 2.83

75–84 years old
(n = 2490)
79 ± 2.88

≥85 years old
(n = 1777)
89 ± 3.62

All patients
(n = 6822)
78.3 ± 8.30

Men (%) 1456 (57%) 1294 (52%) 649 (36%) 3439 (50.4%)
Women (%) 1098 (43%) 1196 (48%) 1128 (64%) 3383 (49.6%)

Hs-cTnT ng/L
(x ̅ ± SD)

93 ± 312.15 77 ± 234.46 63 ± 162.73 79 ± 252.14

Men 104 ± 353.0 80 ± 183.73 70 ± 125.32 89 ± 264.64
Women 78 ± 242.34 74 ± 279.19 59 ± 180.71 70 ± 238.45

Comorbidities
(N, %)

Quartile I
(1291, 19.4)
Men 283.48 228.52 132.61 643.48
Women 349.52 207.48 83.49 684.52

Quartile II
(1048, 15.4)
Men 169.39 188.48 149.58 506.48
Women 263.61 204.52 78.42 545.52

Quartile III
(2030, 19.8)
Men 313.41 355.48 354.67 1022.51
Women 442.59 392.52 174.33 1008.49

Quartile IV
(2414, 35.4)
Men 294.43 425.46 493.61 1212.51
Women 397.56 491.54 314.39 1202.49

Hs-cTnT (High-sensitivity cardiac Troponin T), ng/L = nanogram/L Quartiles (I = 1–2
comorbidities, II = 3 comorbidities, III = 4–5 comorbidities, IV = ≥6 comorbidities).
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conditions and comorbidities in elderly patients, which may result in
“atypical” or “asymptomatic” presentations [11]. There is, however,
only limited data about cTnT behavior in elderly patients, and even
less knowledge about cTnT in the oldest bracket of patients with AMI
in the presence of comorbidities [12]. Moreover, hs-cTnT assays have
been shown to be associated with a higher frequency of false-positives
for AMI in elderly patients [13]. As such, AMI misdiagnoses are frequent
with very old patients [14] and an improved interpretation of elevated
hs-cTnT in elderly patients with comorbidities could have a consider-
able influence on ACS risk stratification.

Our hypothesis is that, after excluding ACS in elderly patients, the in-
creased cardiac troponin values aremainly associatedwith the presence
of comorbidities and not with age. Therefore, the main objective of this
research is to determine the differential effect of age and comorbidities
on the increased plasma hs-cTnT levels in elderly patients without ACS.

2. Methodology

2.1. Patients selection and database records

This retrospective observational cohort study in geriatric Caucasian
population was undertaken at the University Hospital of Sherbrooke
(Quebec, Canada) (CHUS) using administrative database of patient re-
cords. Selected patients were aged ≥65 years, admitted to the university
hospital between January 2012 and December 2016 and for whom se-
rial analysis of hs-cTnT levels had been performed. Patient records
were reviewed, and demographic, clinical and hs-cTnT data were
extracted.

Data records were obtained for all patients admitted for emergency
evaluation suspecting acute coronary events (chest pain, sweeting, pal-
pitations, vomiting, dyspnoea). The exclusion of ACS was based on the
same diagnostic criteria applied in our hospital, namely, the serial mea-
surement of hsTnT (0, 2 h and 6 h) and also the ECG. The first statistical
step of analysis contained 7080 medical records. The database was re-
fined by detecting and or removing corrupt, inaccurate, or unnecessary
records from our data pool. Our refined data thenwas reduced to a sam-
ple of 6822medical recordswith the presence ofmultiple comorbidities
in all. The study protocol was approved by the local Ethical Committee
of the CIUSSS de l'Estrie-CHUS (approbation # 2018-2441).

2.2. Variables

The main dependent variables were hs-cTnT values and the occur-
rence of the following concomitant comorbidities: diabetes, heart fail-
ure (HF), chronic obstructive pulmonary disease (COPD), renal
insufficiency, cancers, hypertension, neurocognitive disorders, hypo-
thyroidism, anemia, cardiomyopathy, pulmonary hypertension, pulmo-
nary embolism, pneumonia, stroke, atherosclerotic vascular disease,
subarachnoid hemorrhage and other non-acute cardiovascular disease.
Demographic and independent variables were age and sex.

2.3. Hs-cTnT assay

The hs-cTnT was measured using the elecrochemiluminescence im-
munoassays with Roche Elecsys analyzers (Troponin T Stat, Roche Diag-
nostics, F. Hoffmann-La Roche Ltd., Basel, Switzerland), with a limit of
detection of 3 ng/L.

All patients for whom the diagnosis was MI or ACS have been auto-
matically excluded. Therefore, for the included patients only thefirst hs-
cTnT measurement, collected at time of admission to the hospital or
emergency department, was considered.

2.4. Statistical analysis

Continuous variables were expressed as means ± standard devia-
tion (SD), median and quartiles. Categorical variables were expressed
as absolute values and percentages of the total. Independent t-test (to
compare the troponin levels between age groups), Chi-square tests or
Pearson χ2 tests (to evaluate the differences in the prevalence of comor-
bidities according to troponin levels) and multivariate logistic regres-
sion (to determine the association between the risk of having high
troponin levels with age and comorbidities) were applied. Data were
analyzed using SPSS (v24; IBM, USA). The statistical significance level
was set at P b 0.05.

3. Results

A total of 6977 medical records of patients aged ≥65 years were in-
cluded in the study database. After excluding all medical records with
a history of cardiac arrest, previous or post-operative AMI and/or miss-
ing medical information, a final sample of 6822 elderly patients
remained.

Table 1 presents the demographic and clinical characteristics of the
study cohort. The cohortwas categorized into three age groups: patients
aged 65 to 74 years (young-old), aged 75 to 84 years (old) and aged
≥85 years (old-old). The average age of our sample was 78.3 years,
with the oldest patient aged 104 years. Subjects were also divided into
three categories according to the tertile of hs-cTnT concentration:
tertile 1 (0–14 ng/L= low level: normal, according to themanufacturer
instructions), tertile 2 (15–31 ng/L = moderate level) and tertile
3 (≥32 ng/L = high level). Themeanhs-cTnT level in our total sample
was 79.9 ng/L.

The cohort was further categorized according to the occurrence of
comorbidities: quartile 1 (one or two comorbidities), quartile 2 (three
comorbidities), quartile 3 (four or five comorbidities) and quartile
4 (≥6 comorbidities). A large number of subjects (n = 2414; 35.4%)
had six or more comorbidities. Arterial hypertension and cardiomyopa-
thy were the most and the least frequently observed comorbidities,
respectively.

Table 2 presents total and by-sex mean hs-cTnT levels according to
the comorbidity quartiles. The standard deviation of total and all quar-
tile from the mean of troponin level was found relatively high due to
the dispersion of troponin values. The mean hs-cTnT was considered
high across sexes, age groups and comorbidity quartiles.



Table 2
Levels of hs-cTnT (ng/L) by sex and comorbidity quartiles.

Total (X ̅ ± SD) Men (X ̅ ± SD) Women (X ̅ ± SD) P-value

Q I 79 ± 324.68 93 ± 416.20 65 ± 181.78 p N 0.05
Q II 81 ± 290.86 89 ± 263.39 71 ± 317.80 p N 0.05
Q III 89 ± 264.02 97 ± 242.62 81 ± 283.43 p N 0.05
Q IV 71 ± 161.85 66 ± 203.50 76 ± 119.84 p N 0.05

Quartiles (I = 1–2 comorbidities, II = 3 comorbidities, III = 4–5 comorbidities, IV = ≥6
comorbidities), Hs-cTnT (High-sensitivity cardiac Troponin T), SD (standard deviation).

Table 3
Median and quartiles of hs-cTnT, by sex and age.

Male Female

Median [Q1; Q3] Median [Q1; Q3]

65–74 years 24.0 [13.0; 57.2] 19,0 [9.0; 45.2]
75–84 years 33.0 [19.0; 63.0] 24,0 [14.0; 48.0]
85+ years 39.0 [25.0; 67.2] 31,0 [20.0; 52.0]

Q1: 25 percentile; Q3: 75 percentiles.

Table 5
Adjusted odds ratio for one comorbidity and for a year of aging.

Tertile of hs-cTnT AOR 95% CI P value

2
Burden of disease 1.216 [1.178, 1.255] p b 0.001
Age 1.070 [1.061, 1.080] p b 0.001

3
Burden of disease 1.311 [1.272, 1.352] p b 0.001
Age 1.073 [1.064, 1.082] p b 0.001

Reference category is: 1, CI = confidence interval. AOR = adjusted odds ratio.
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According to our primary data analysis, the probability of having
raised levels of troponin was increased with all types of comorbidities.
In our pooled analysis of patients' medical records, plasma levels of
hs-cTnT had a non-parametric distribution as the hs-cTnT values were
abnormally distributed. In other words, the level of hs-cTnT was
extremely dispersed above the reference range, that means a lot of pa-
tients had raised hs-cTnT level N33 ng/Lwhereas the standard deviation
thatwas of greatermagnitude than itsmean. It can be exemplified by an
individual with an Hs-cTnT value of 9258 ng/L (which would probably
be clinically correct) which could influence the Mean (x̅).

By analyzing hs-cTnT across age groups when corrected for comor-
bid disease there was a significant decrease of baseline hs-cTnT in
male patients and an insignificant trend in female patients (Table 3).

When participants with elevated Hs-cTnTwere compared with par-
ticipants with troponin levels within the reference range using the ad-
justed odds ratio, there was a significantly increased probability of
having an increased level of troponin in the moderate or high-level
range that came with age but also with each comorbidity (Table 4).
For example, male participants of N84 years old had a crude odds ratio
of 5.61 (p b 0.001) for having an increased level of hs-cTnT but this
did not account for comorbid diseases of that group (Table 4).
Table 4
Odd ratios of having moderate or high levels of hs-cTnT in men and women, by age groups an

Hs-cTnT (0-14 ng/L) = Low level Hs-cTnT

Men N = 666
Women N = 860

OR 95% CI

Sum of the comorbidities for men 1.22 [1.16; 1.28]
Sum of the comorbidities for women 1.23 [1.18; 1.28]
Old group [75–84 years old]

Men 2.03 [1.63; 2.52]
Women 1.53 [1.25; 1.89]

Old-old group [≥85 years old]
Men 4.49 [3.10; 6.50]
Women 4.45 [3.42; 5.70]

Young-old group [65–74 years old]
Men 1
Women 1

Reference group: 1, CI = confidence interval. Multivariate logistic regressions were performed
For both the old and old-old age groups and for both sexes, we observed a greater risk of havin
groups of both sexes, the risk of having a moderate and high level of hs-cTnT has shown to be
In order to determine whether the observed increases in troponin
were attributable to advancing age or the occurrence of comorbidities,
adjusted OR (AOR) were included into our logistical regression model
(Table 5). By analyzing the risk of having increased troponin
levels with the adjusted odds ratio (AOR) still taking the population
with normal troponin levels as the reference range, the relative impact
of each added comorbidity surpasses the effect of one year of aging as
shown in Table 4. Each year of aging confers an AOR of having a
high level of hs-cTnT of 1.073 (p b 0.001) which is far less than the
impact of one added comorbid disease which confers an AOR of 1.311
(p b 0.001).

The main disadvantage of the mean (x̅) in statistical analysis refers
to its susceptibility to the impact of outliners, so the mean cannot be
representative of the values in the sample. Therefore, in this situation,
it would be preferred to have a more accurate measure of central ten-
dency. In this case, from a statistical point of view, the use of theMedian
[Q1: 25 percentile; Q3: 75 percentiles] which is not influenced by ex-
treme values, seems more precise. Therefore, we applied the median
to present Hs-cTnT values (interquartile range).

The occurrence of more comorbidity appears to have a greater influ-
ence on troponin levels, compared to age, in both hs-cTnT tertiles. In
other words, among the elderly, age may not be a risk factor for in-
creased cardiac troponin levels.
4. Discussion

Although the hs-cTnT is a marker that has made a significant con-
tribution to the diagnosis of acute myocardial events, the interpreta-
tion of abnormal hs-cTnT levels remain as a debate among geriatric
cardiologists. It could become a challenging clinical issue for the
elderly patients with vague ischemic symptoms, atypical ECG and
d the occurrence of comorbidities.

(15-31 ng/L) = moderate level Hs-cTnT (≥32 ng/L) = high level

N = 1125 N = 1648
N = 1176 N = 1342

P value OR 95% CI P value

p b 0.001 1.38 [1.31; 1.44] p b 0.001
p b 0.001 1.26 [1.21; 1.32] p b 0.001

p b 0.001 2.13 [1.73; 2.63] p b 0.001
p b 0.001 1.70 [1.37; 2.10] p b 0.001

p b 0.001 5.61 [3.92; 8.03] p b 0.001
p b 0.001 4.55 [3.53; 5.82] p b 0.001

1
1

to quantify the risk of having a high level of troponin according to age and comorbidities.
g higher levels of hs-cTnT. After calculating odds ratio, with each increase in age, in all age
increased.
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abnormal cTnT levels, to diagnose whether the patient suffer from
ACS, since it is proven that certain adverse outcomes due to acute
coronary events increase with age [15].

This study aimed to determine the influence of age on the value of
hs-cTnT in older adults without acute cardiac events, but with one or
more comorbidities, to improve the diagnostic prediction of acute coro-
nary events in elderly.

The results of the present study have shown that, in elderly and very
elderly patients suffering from different comorbidities, the presence of
comorbidities compared with advancing age has more effect to rising
hs-cTnT level. In other words, the raised cardiac troponin in the absence
of AMI or ACS in the elderly population resulted from the presence of co-
morbidities and not from their age.

The main significant novelty of the present study is to exclude acute
cardiac events (ACE) in order to eliminate the role of cardiac injury on
increasing hs-cTnT levels, and to consider the comorbidities in the sam-
ple pools as well. That means that the effects of advancing age and ACE,
as confounding biases, are diminished.

In our literature review, among the comorbidities that have been in-
cluded in the different studies, almost all papers indicated that the renal
dysfunction and congestive heart failure are themain reasons for the in-
creased hs-cTnT values in geriatric patients [16,17].

In almost all previous similar studies where the individuals were
screened to rule out ACS, the majority of these studies have justified
the increased hs-cTnT level as related to the advanced age if the ACS
could be excluded. Although in these studies the comorbidities were
presented, the authors only indicated that the reason for the increased
hs-cTnT levels was the advanced age [8,18–25]. In other words, the
age has been considered as the main factor for explaining the elevated
hs-cTnT.

Although a few studies have suggested the influence of comorbidi-
ties on raised hs-cTnT, theywere still more attributed to the effect of ad-
vancing age [26]. Several studies have considered the influence of age
on hs-cTnT as significant; consequently, they have underestimated the
diagnostic role of hs-cTnT assay in ACE profiles [16,17]. While, our
data analysis suggests a different interpretation of the rising hs-cTnT
levels in elderly, namely the hs-cTnT could still be a sensitive and very
useful acute cardiac biomarker to detect acute coronary events, and
could play a more significant role in ACS diagnosis in aged patients,
mainly in old-old patients if other reasons of its elevation are taken
into consideration such as other causes (co-morbidities) leading to in-
creased hs-cTnT levels.

A study of factors affecting hs-cTnT values has shown that the hs-
cTnT levels are higher in men and increases with age in both men and
women [27]. Our results fit with the first part of mentioned study,
which means that the basic levels of hs-cTnT are increased in men
compared to women, but in contrast our results have shown that the
hs-cTnT levels are not showing clinically significant change with ad-
vancing age in both sexes.

As the previous studies have significantly interpreted the ele-
vated of hs-cTnT values as an effect of advancing age [13,19], our
data analysis shows that the possible causes of the increased hs-
cTnT in elderly population are the presence of different comorbidi-
ties, and not advancing age. Our results are also not in agreement
with those of Kuster et al. showing that hs-cTnT concentration, inde-
pendently of comorbidities, increases exponentially with age after
65 years [6]. However, in their study the authors had used Cox
regression to analyze their data which was not possible in our condi-
tion due to abnormal distribution of the hs-cTnT values. If the ele-
vated hs-cTnT value considered as a result of advancing age, it may
be assumed that the hs-cTnT assay is not a reliable criterion to ex-
clude ACE in diagnosis of geriatric patients. However, at the absence
of a thrombotic complication of coronary artery disease in elderly
patients, an elevated hs-cTnT could be the result of undiagnosed co-
morbidities. Considering our pool of patients, it could be concluded
that among elderly patients of either sex, with abnormal hs-cTnT
values, older patients were more likely to have an elevated troponin
level compared to the younger cohorts due to the presence of comor-
bidities, but not to age (p b 0.001).

To our knowledge, this is the first study to document that advancing
age has a less role to play in elderly patients with high hs-cTnT concen-
trations. Based on the results of the present study, the elevated levels of
hs-cTnT in aged patients without any ACE are further due to other
causes which should be thoroughly investigated.
5. Conclusion

It is shown that there is an overall increase of hs-cTnT values in all
groups of elderly patients with comorbidities. Our findings suggest
that in elderly patients the association of elevated hs-cTnT is mostly ex-
plained by the presence of comorbidity than by advancing age. Conse-
quently, an increased hs-cTnT value in an elderly subject that is not
associated to the occurrence of ACS should be always be investigated
for other underlying clinical problems.
6. Study strengths

In the current study, our sample size was large, so in our statistical
analysis the t-test has so much power that even a minuscule difference
was flagged as statistically significant. On the other hand, we recruited
the medical records of a large heterogeneous elderly population, who
were divided into three main aged groups with seventeen comorbidi-
ties, so our results could be applied or generated to represent group of
elderly patients, as a whole. Thus, the main result of the study showing
that age is not the main cause for hs-cTnT can be most probably
generalized.
7. Study limitations

In our study, the evaluation of hs-cTnT accuracy was limited since
the data was collected only on elderly patients with different comorbid-
ities, without having much awareness of their concomitant therapy. In
other words, it is not possible to quantify the presence of different co-
morbidity, how much it could increase the level of hs-cTnT values.
Therefore, we cannot speculate the variance of the hs-cTnT values in el-
derly patientswhowere affected by different concomitant diseaseswith
respect to their comorbidity.

Lastly, in this study, although the datawere included froma large co-
hort of patients, these data are observational.
8. Future directions

Features of acute coronary events in elderly and very elderly pa-
tients comprise life-threatening conditions that require immediate
and efficient medical intervention to improve prospective outcomes,
particularly in the presence of atypical signs and symptoms. Judi-
cious interpretation of increased hs-cTnT levels is essential in differ-
ent fields of medicine, particularly in emergency wards, intensive
care units and geriatric cardiology. Clinical assessment with use of
para-clinical data is critical for an accurate and prompt diagnosis
followed by appropriate management. Thoughtful interpretation of
hs-cTnT levels may yield insight into physio-pathological mecha-
nism of the concomitant condition that causes the raised hs-cTnT
in elderly. Furthermore, future directions should aim to find the
cut-off level for hs-cTnT levels at the presence of different comorbid-
ities in acute coronary events, and study the relationship between
mortality and increased levels of troponin in elderly patients with
different comorbidities as well.
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