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Article history: Comorbidities are common risk factors for rising cardiac troponin in non-acute coronary syndromes con-
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Consequently, measurement of cardiac troponin in hospital admission may contribute to predict the mor-
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tality risk in elderly patients. Among geriatric patients without acute coronary syndrome, with concomi-
tant diseases, the correct interpretation of elevated cardiac troponin, particularly in emergency
conditions poses a diagnostic dilemma. Although in several studies it is suggested that at the presence
of comorbidity, there is an increase in cardiac troponin values, the elderly patients have not been
Elderly patients without acute coronary ?nclud.ecl c.onclu.sively. In or.cler to assess thfe dia.gnostic and prognqstic rqle of cardiac troponin elevation
syndrome in geriatric patients suffering from chronic diseases, a systematic review was performed. The study
Chronic diseases included the elderly patients free of acute coronary syndrome admitted to the hospital with concomitant
disease, with a report of at least one cardiac troponin measurement. We found that elevated cardiac tro-
ponin is an independent prognostic factor, predicting all-cause morbidity and mortality burden in geri-

atric patients without acute coronary syndromes.
© 2020 The Author(s). 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

Cardiac troponin (cTn) is a highly sensitive and specific protein,
that can be released during myocardial cell injury, consequently it
has been introduced as a preferred biomarker for diagnosis of acute
coronary syndrome (ACS) [1]. Two different subtypes of cTn, called
high-sensitivity cardiac troponin T (hs-cTnT), and high-sensitivity
cardiac troponin I (hs-cTnl), are available in clinical practice and
may be used interchangeably [2].

cTn elevation that occurs in elderly patients has been shown not
always being related to ACS [3]. Considering that the observation of
the unexpected increased concentration of ¢Tn in elderly patients
without ACS is a serious challenge for its interpretation, particu-
larly across the emergency ward, it is indispensable to understand
the differential diagnosis and clinical role of an elevated cTn value.
Accordingly, misdiagnosis could be prevented. Therefore, careful
attention should be paid to any condition that can be associated
with increased cTn values in this population.

Although elevated cTn values have been addressed as a signifi-
cant independent risk factor for mortality and morbidity in elderly
with diabetes mellitus (DM) [4], hypertension (HTN) [5], renal
insufficiency (RI) [6,7], cardiomyopathy (CM) [8], pulmonary
hypertension (PHTN) [9], chronic obstructive pulmonary disease
(COPD) [10], stroke [11-13], obstructive sleep apnea (OSA) [14],
and different types of cancer [15-17], a systematic review to iden-
tify the underlying cause of an elevated cTn values for this propor-
tion of elderly patients is scarce.

The aim of current study is to review the published literature
regarding the significance of cTn elevations in geriatric patients
who do not experience ACS.

2. Research method
2.1. Data source and literature search strategy

An extensive evaluation of original articles and reviews from
March 1990 to January 2020, written in English and French, and
including participants >65 years of age, was systematically used.
Embase and PubMed in addition to Scopus were applied by using
the following Medical Subject Headings phrase strategy:

131 relevant studies through
PUBMED, EMBASE and SCOPUS
database searching

(“comorbidity” OR “concomitant disease”) AND (“cardiac tro-
ponin” OR “cardiac biomarkers”). The following mesh terms were
used to carefully collect the relevant literature and to identify
any potential inconsistencies as well: (“free of acute coronary syn-
drome”), with a combination of subtitles such as: [non-ACS] OR
[without acute myocardial infarction] AND [cardiac biomarkers]
OR [cardiac troponin] OR [cTnl] OR [cTnT] OR [troponin assays]
OR [hs-cTnT] OR [hs-cTnl] AND [aged patients] OR [older adults]
OR [elderly patients] OR [geriatric patients] AND [concomitant dis-
eases] OR [comorbidity].

For this study, the full texts of the potentially related publica-
tions were obtained and integrated in order not to miss relevant
articles. Titles and abstracts were then reviewed, and the studies
were selected based on these full texts.

2.2. Study selection

A standardized data collection form was used to evaluate each
article meeting the inclusion criteria by two authors (S.S. and T.
F.). Any discrepancies were resolved upon discussion by consensus
of all authors. We retrieved first author’s surname, publication
year, region of study performed, study population information
(sample size, age range, cut-off value of cardiac troponin), the car-
diac troponin assay (hs-cTnT, hs-cTnl), the reported level for tro-
ponin and any type of comorbidity. A concentration of hs-cTn
above the assay-specific upper reference limit, more than 14 ng/
L, was considered as the cut-off point for increased cardiac tro-
ponin in the elderly [18]. The quality items for each study selection
are shown in Supplementary Table 1. The response for each item is
graded as: Yes, Partly or Not available.

3. Results
3.1. Search results and selected articles

There were 23 relevant articles out of 131 that was initially
studied (Fig. 1). The review of the collected articles yields poor out-
come, mostly due to inadequate consensus on the definition of
elderly, not considering all the causes of high troponin level or
comorbidity and not including the geriatric patients without ACS.

103 studies were
excluded based on the

y

28 full text reviewed for detailed
assessment

irrelevant title and

abstract

5 studies were

excluded because

A

23 studies included in quantitative
systematic review

\ 4

they did not rule out
clearly ACS

Fig. 1. Flow diagram of the study selection process.
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Table 1
Summary of included studies.

Source, year Type of study Comorbidity

Country  NOS

Tang et al., 2020 [4] retrospective

DM, CKD, HTN, HF, COPD, stroke, frailty, dementia USA 9

Sedighi et al., 2020 retrospective anemia, hypothyroidism, pneumonia, cancer, CVA, CM, DM, PE, SAH, HTN, PHTN, COPD, RI, Canada 8
[23] ASVD

Di Micoli et al., 2019  retrospective DM, CKD, sepsis + aging Italy 7
[27]

Crewdson et al., retrospective Post- trauma ICU admission UK 7
2019 [21]

Sedighi et al., 2019 retrospective Ageing, anemia, hypothyroidism, pneumonia, cancer, CVA, CM, DM, PE, SAH, HTN, PHTN, COPD, Canada 7
[22] RI, ASVD + aging

Arnadéttir et al,, prospective stroke, PAD, COPD, DM, HTN along with ESRD Denmark 7
2018 [28]

Xu et al,, 2018 meta-analysis PHTN China 7

Fan et al., 2018 [9] meta-analysis Acute ischemic stroke China 7

Dziadkowiak et al., retrospective Acute phase of stroke Poland 6
2018 [12]

VanHouten et al., retrospective Acute Ischemic Stroke USA 6
2018 [13]

Vestergaard et al., cross-sectional HF, LVH, CKD, DM Denmark 7
2016[26]

Pavasini et al., 2015  Systematic review and AECOPD Italy 7
[10] meta-analysis

Arshed et al., 2015 case report with review of ~ AD, arrhythmia, CM, HF, cardiac contusion/manipulation, sepsis, PE, ARDS, stroke, strenuous USA 7
[25] literature exercise, cardiac infiltrative disease, toxins

McEvoy et al,, 2015  prospective HTN USA 8
[5]

Liu et al., 2015[24] prospective sepsis, shock, COPD, ARF, vasopressor medications USA 7

Bardaji et al,, 2015 retrospective HTN, DM, HF, PVD, CVD, RI Spain 7

[29]

Rahman et al., 2014  review article
[30]

Dubin et al., 2013 cross-sectional CKD
[7]

Kubo et al., 2013 [8] retrospective CM

Randby et al., 2012 cross-sectional OSA
[14]

Resjo et al., 2011 prospective sepsis
[20]

McGill et al., 2010 prospective renal disease
[6]

Jeremias et al., 2005 narrative review
[31]

sepsis, PE, RI, HF, pericarditis, stroke, arrhythmia, CM, cardiac contusion

Australia 6

USA 7
Japan 7
Norway 7
Norway 7

Australia 7

sepsis, hypovolemia, atrial fibrillation, CHF, PE, myocarditis, myocardial contusion, and RI USA 7

DM (diabetes mellitus), CKD(chronic kidney disease), HTN(hypertension), HF(heart failure), COPD(chronic obstructive pulmonary disease), CVA (cerebrovascular accident),
CM(cardiomyopathy), PE (pulmonary embolism), SAH (subarachnoid hemorrhage), PHTN(pulmonary hypertension), RI(renal insufficiency), ASVD(atherosclerotic vascular
disease), CRF(chronic renal failure), LVH(left ventricular hypertrophy), ESRD(end-stage renal disease), AECOPD(acute exacerbation of chronic obstructive pulmonary disease),
AD (aortic dissection), ARDS(acute respiratory distress syndrome), PVD(peripheral vascular disease), ARF(acute renal failure), OSA(obstructive sleep apnea).

For the assessment of the methodological quality of each study
(Supplementary Table 1), and also in order to reduce any possible
biases such as the performance bias, detection bias, and attrition
bias as much as possible, a maximal 9-star Newcastle-Ottawa
Scale (NOS) of cohort studies was used and adopted [19]. Accord-
ing to the NOS score, study awarding 7 or more was considered
as good quality (Table 1).

The funnel diagram (Fig. 2) was used to quickly visualize the
best qualified studies according to NOS.

In general, all included studies had a moderate-to-good
methodological quality. The main finding of this study revealed
that there is a comorbidity-induced risk for rising cTn. The table
1 is the conclusion of all provided studies.

3.2. Study populations

Our literature review showed that in numerous studies both the
young (<65 years old) and the elderly or geriatric patients
(>65 years) were included in order to explore the data on geriatric
patients. Four studies out of 23 have exclusively included the geri-
atric patients without ACS [4,22,23,27] (Table 2).

In our systematic review, most studies have included patients of
all ages [5,21-23,25,26], nine studies measured cTnT [5-8,14,17-

20] and three studies measured cTnl [13,24,25]. Two articles con-
ducted by the same authors, with relatively the same database,
compared the influence of age and individual comorbidity of cTn
value [22,23].

3.3. Origin of evaluated studies

Three studies out of the 23 were meta-analysis [9-11], four sys-
tematic and narrative review [25,30-32], four prospective
[6,20,24,26], whereas twelve studies [4,5,7,8,12-14,21-27,29]
were retrospective in nature.

Seven studies were conducted in the United States
[5,7,13,24,25,31,33], two in Canada [22,23], nine in Europe
[4,10,12,20,21,26,27,29,32], two in Australia [6,30], and three stud-
ies in Asia [8,9,11].

3.4. Variables

The interested variables were introduced as the response
variable (at least one documented measurement of cTn) and the
categorical variables (comorbidities).

There were seventeen categorial variables: anemia, cerebrovas-
cular accident (CVA), cancer, cardiomyopathy (CM), DM,
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Tang et al, 2020
McEvoy et al, 2015
Sedighi et al, 2020

Di Micoli et al, 2019
Crewdson et al, 2019
Sedighi et al, 2019
Arnadéttir et al, 2018
Xuetal, 2018

Fan et al, 2018
Vestergaard et al, 2016
Pawvasini et al, 2015
Arshed et al, 2015
Liu et al, 2015
Bardaji’ et al, 2015
Dubin et al, 2013

Kubo et al, 2013

Randby et al, 2012
Resjg et al, 2011

McGill et al, 2010
Jeremias et al, 2005
Dziadkowiak et al, 2018
VanHouten et al, 2018

Rahman et al, 2014

Fig. 2. Funnel diagram according to NOS criteria for each study (red = 9-star, green = 8-star, blue = 7-star, yellow = 6-star). (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

pulmonary embolism (PE), subarachnoid hemorrhage (SAH), HTN,
PHTN, hypothyroidism, pneumonia, COPD, RI, end stage renal dis-
ease (ESRD), septicemia, peripheral arterial/vascular disease, and
arteriosclerotic vascular disease (ASVD). In the collected studies,
each comorbidity has been weighted along with the physician’s
diagnosis.

—

3.5. Analytical outcomes

At first glance on the collected data, it is found that the cTn
value is raised in comorbidity, regardless of age and ACS. Moreover,
the mortality profile reveals a linear correlation with elevated cTn
in the collected studies. The existence of both publication and
selection bias were observed in the general analysis of all-cause
mortality.

Considering having age heterogeneity to the large extent of the
collected studies versus few numbers of relevant studies, employ-
ing a meta-analysis was not appropriate in a practical sense. Table 1
refers to the characteristic of included study.

The prognostic role of cTn was explored individually for COPD
[10], acute stroke [11], critically care patients [21,24], HTN [5]
and for RF, PAD, arrhythmia, HF and DM as well [28]. Therefore,
the prognostic implications of elevated cTn seem to be correlated
with all-cause mortality in geriatric patients without ACS.

A meta-analysis study on circulating cTn level summarized that
an increase in cTn levels was more common among older patients
with acute ischemic stroke and associated with poor outcome and
mortality as well [11].

Although an exclusive retrospective study suggested that aging
could be considered mostly an independent factor for rising cTn in
the elderly potentially without ACS [22], the significance of each
comorbidity was not included.

According to a recent study that has evaluated fourteen comor-
bidities in roughly 7000 elderly patients who were free of ACS, ele-
vated hs-cTnT levels were observed statistically significant for RI,
cardiomyopathy, COPD, DM, and anemia (p < 0.0001) [23]. More-
over, regardless of age, the influence of HTN, HF, PVD (peripheral
vascular disease), CVD (cerebrovascular disease), and renal disease
on cTn has been significantly shown [28,29].

One study presented that the elevated cTn implications could
be along with severity of sepsis [20], thus, it could be introduced
as an early biomarker in septic shock. Interestingly, after excluding
sepsis or other confounding comorbidities, the prognostic perfor-
mance of rising cTn among CVA patients is equally important [13].

After applying a rigorous approach to all the collected literature,
only in one study, the authors significantly adjusted the influence
of individual concomitant disease on cTn value as RI, cardiomyopa-
thy, COPD, DM, and anemia in geriatric patients [23].
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Table 2
The characteristic of studies exclusively related to the geriatric patients.
Total Objective Results
patients
Tang et al. [4] 1835 assess the relation between the geriatric syndrome (dementia and frailty) - the geriatric syndrome along with chronic diseases

and elevated cTn values, and the use of cTn to stratify mortality risk in DM

Sedighi et al. [23] 7062

Sedighi et al. [22] 6822
comorbidities

Di Micoli et al. 443
[27] T and |, and age

could increase cTn values
- CTn could be recommended as an objective measure
of mortality in the elderly with diabetes

determine the relationship between cTn elevation and individual - elevated cTn levels were significantly associated
comorbidities, and estimate the impact of each comorbidity on cTn levels
determine the impact of aging on cTn levels in the presence of - increased cTnT levels were associated with the pres-

with RI, CM, COPD, DM, and Anemia

ence of pre-existing comorbidities independently of
age

- the cumulative effect of comorbidity decreases the
impact of aging on cTn

determine the possibility of correlation between the two different troponin - age appears to be the most important factor related

to elevated cTn

cTn (cardiac troponin), DM (diabetes mellitus), RI (renal insufficiency), CM (cardiomyopathy), COPD (chronic obstructive pulmonary disease).

4. Discussion

The main purpose of the present study was to conduct a sys-
tematic review of literature with regards to the significance of ris-
ing cTn in elderly patients without ACS.

Interestingly, we have found that there is an unwritten agree-
ment reached on the impact of concomitant disease on troponin
value. It is appropriate to use the expression “Troponinemia“ to
reflect any condition that is correlated to elevated cTn.

According to our review, the significance of elevated cTn role
was to be able to predict independently mortality in geriatric
patients with concomitant diseases, individually for COPD, RI, HF,
DM, CVD, and sepsis [10,11,13,20,23,28]. Therefore, our study
clearly determines that ¢cTn may be viewed as a prognostic test.
Therefore, cTn has the potential to predict patients’ outcomes
and it is required to be considered in medical interventions to
improve mortality profile. Moreover, troponinemia could provide
more accurate prognostic information than comorbidity alone. It
is thus essential to consider also cTn level while the physician is
treating a chronic pathological process or evaluating pharmacolog-
ical responses to any related interventions.

Significantly, cTn has evolved from a non-significant tool [34] to
a “diagnostic and prognostic indicator in end-stage renal disease
(ESRD) [35]. As reviewed, the ESRD elderly patients with
troponinemia- preferably measuring ¢TnT- above optimal cut-off
point presented with worsening mortality profile [6,7]. It is still
unclear how to exactly explain this result in ESRD elderly patients
with acute troponinemia, without ACS as well as in case of the
other co-morbidities from the studies included in this systematic
review.

With regards to troponinemia in geriatric patients experiencing
sepsis and CVA [13,20], it is suggested to consider the prognostic
performance of elevated cardiac troponin. It is suggested that
physicians should offer a judicious strategy to pursue additional
cardiovascular evaluation in a patient with CVA and troponinemia.

Although the correlation between c¢Tn and comorbidity has
been individually studied [4-6,8,10-14,20,35], the possibility of
simultaneous comorbidities is not clarified. Therefore, there is
higher probability of selection bias.

In an exclusive study, the cumulative effects of comorbidities
are more prominent than those produced by individual chronic
disease alone [22]. However, the degree of severity of each comor-
bidity has not been determined. It is reasonable to assume that any
changes in the severity of individual diseases, causes a change in
the level of troponinemia.

A few studies have reported that cardiac biomarkers including
troponin could be considered as a prognostic value to predict mor-

tality and cardiovascular health in patients suffering from various
cancer stages independently of the cancer type, age and even treat-
ment [15-17]. Consequently, it would be judicious to measure the
troponin level serially which is a specific biomarker of cardiac
damage in all cancer patients to determine either the presence of
previous CVD or the dynamic of its changes during the cancer
treatment to intervene as adequately as possible.

Although in literature, it is generally proposed that the cTn con-
centrations progressively increase with age [27,36,37], two studies
have proposed to consider troponinemia independent from age
[22,23]. To justify the above proposed contention, it is not simply
referring to aging at large, but specifically to healthy aged people
where the cTn level was found below the defined normal range.
In other words, even if aging is a risk factor for cardiovascular dis-
ease, it did not correlate with troponin levels. Although false-
positive elevation of cTn could be rarely observed in the absence
of cardiac or non-cardiac diseases [32], it is even more crucial to
exclude all likelihood of ACS in elderly patients. This corroborate
all the studies showing the role of troponinemia in elderly with
comorbidities after exclusion of ACS.

5. Conclusion

Elevated cardiac troponin is an independent prognostic factor,
beyond traditional cardiovascular risk factors, predicting all-
cause morbidity and mortality burden in geriatric patients free of
ACS.

Given that there is a higher cardiac troponin level in geriatric
patients at the presence of any comorbidity it is essential for physi-
cians to care and follow for these elevated troponin levels. This is
absolutely essential by further studies to understand the cause(s)
underlying the prognostic role of the cTn increased level.

6. Ethics
The present study was done according to previously published

studies. Consequently, ethical approval and informed consent were
not required.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijcha.2020.100629.
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