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Abstract

Background: Older patients evaluated in Emergency Departments (ED) for

suspect Myocardial Infarction (MI) frequently exhibit unspecific elevations of

serum high-sensitivity troponin I (hs-TnI), making interpretation particularly

challenging for emergency physicians. The aim of this longitudinal study was

to identify the interaction of multimorbidity and frailty with hs-TnI levels in

older patients seeking emergency care.

Methods: A group of patients aged≥75 with suspected MI was enrolled in our

acute geriatric ward immediately after ED visit. Multimorbidity and frailty were mea-

sured with Cumulative Illness Rating Scale (CIRS) and Clinical Frailty Scale (CFS),

respectively. The association of hs-TnI with MI (main endpoint) was assessed by cal-

culation of the Area Under the Receiver-Operating Characteristic Curve (AUROC),

deriving population-specific cut-offs with Youden test. The factors associated with

hs-TnI categories, including MI, CFS and CIRS, were determined with stepwise mul-

tinomial logistic regression. The association of hs-TnI with 3-month mortality (sec-

ondary endpoint) was also investigated with stepwise logistic regression.

Results: Among 268 participants (147 F, median age 85, IQR 80–89), hs-TnI
elevation was found in 191 cases (71%, median 23 ng/L, IQR 11–65), but MI

was present in only 12 cases (4.5%). hs-TnI was significantly associated with

MI (AUROC 0.751, 95% CI 0.580–0.922, p = 0.003), with an optimal cut-off of

141 ng/L. hs-TnI levels ≥141 ng/L were significantly associated with CFS

(OR 1.58, 95% CI 1.15–2.18, p = 0.005), while levels <141 ng/L were associated

with the cardiac subscore of CIRS (OR 1.36, 95% CI 1.07–1.71, p = 0.011). CFS,

but not hs-TnI levels, predicted 3-month mortality.

Conclusions: In geriatric patients with suspected MI, frailty and cardiovascu-

lar multimorbidity should be carefully considered when interpreting emer-

gency hs-TnI testing.
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INTRODUCTION

The adoption of high-sensitivity troponin-T (hs-TnT) and
troponin-I (hs-TnI) testing in Emergency Departments
(EDs) has allowed quicker and more accurate rule-in and
rule-out pathways for myocardial infarction (MI) in
patients presenting with chest pain or dyspnea.1,2 In com-
parison with the previous contemporary sensitive assays,
high-sensitivity troponin assays yield an extremely high
negative predictive value, at the expense of increased
rates of positive tests in the absence of MI.2 These tests
should not, however, be classified as false positives,
because they can underlie unspecific myocardial injury
associated with adverse outcomes.2

Troponin elevation is very common in geriatric
patients presenting to the ED,3–6 especially after the
introduction of high-sensitivity assays.7 This phenome-
non depends on improved sensitivity and increased
number of prescriptions by ED physicians even when the
pre-test probability of MI is low.3,4

Older patients seeking acute care at EDs generally
have a high prevalence of multimorbidity and frailty,8,9

two distinct conditions that are often interrelated.10,11

Some of the diseases concurring to define multimorbidity
have a known association with troponin elevation,
namely heart failure (HF), diabetes, and chronic kidney
disease (CKD).12–14 However, this association has not
been studied in the context of complex geriatric patients,
where the health status is not determined just by the sum
of each single disease.10 A recent multinational nested
case–control study has also shown a significant associa-
tion between frailty and troponin elevation in patients
with stable health conditions, identifying troponin as a
biomarker of frailty.15

Overall, these findings suggest that multimorbidity
and frailty could influence the results of high-sensitivity
troponin testing in older patients presenting to ED, mak-
ing clinical interpretation of the results challenging. How-
ever, neither multimorbidity nor frailty were considered in
validation studies of the novel troponin assays,1,16,17 and
few studies have been specifically focused on this topic.

The primary objectives of this prospective cohort
study were to identify the interaction of multimorbidity
and frailty with hs-TnI levels in older patients seeking
emergency care, and verify their impact on the diagnostic
accuracy for MI. The secondary objective was to assess
the prognostic capacity of hs-TnI elevation on 3-month
mortality in this setting.

METHODS

Study setting and population

The study was conducted at the acute-care Internal Medi-
cine Unit of the Geriatric-Rehabilitation Department of
Parma University-Hospital in Italy. This unit is special-
ized in older multimorbid patients seeking urgent care
for complex medical conditions, and normally receives
patients directly from the ED.18

Patients admitted to the unit after an ED visit from
February 2019 to February 2020 were considered eligible
for the study. Inclusion criteria were age ≥75 years old and
hs-TnI testing performed at least once during ED visit or
upon ward admission. Subjects were excluded in presence
of one of the following: terminal illness with life expectancy
<3 months, cancer with ongoing chemo- or radiotherapy,
advanced CKD with glomerular filtration rate (GFR)

Key points

• In acutely hospitalized oldest old patients, hs-
TnI elevation is not associated with myocardial
infarction in >60% of cases.

• Frailty and cardiovascular multimorbidity
exhibit an independent association with hs-TnI
elevation.

• Consideration of frailty and multimorbidity is
fundamental for correct interpretation of hs-
TnI testing in oldest old patients.

Why does this paper matter?

Troponin elevation is a very frequent finding in
oldest old patients presenting to Emergency
Departments with chest pain, dyspnea, or other
related symptoms. The findings of this study
highlight that cardiovascular multimorbidity and
frailty have an independent association with tro-
ponin elevation in this setting, making an assess-
ment of these conditions extremely important for
correct interpretation of emergency troponin test-
ing. Furthermore, future studies should investi-
gate the optimal hs-TnI cut-offs for myocardial
infarction in populations of oldest old patients
with frailty and multimorbidity.
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<20 mL/min, rhabdomyolysis, acute muscular illness, sei-
zures, myocarditis or pericarditis, antitroponin antibody
syndrome, and unwillingness to complete follow-up.

The study protocol was approved by the local Ethics
Committee (Comitato Etico dell'Area Vasta Emilia Nord,
Emilia-Romagna Region, Italy), under the ID 706/2018/
OSS/AOUPR. All participants or their legal representa-
tives signed an informed consent form.

Data collection

Demographical, clinical, and laboratory data were col-
lected as part of routine care procedures on ward admis-
sion. Clinical data included the main reason for
admission, the presence of typical (chest or epigastric
pain) or atypical (dyspnea, nausea, vomiting, syncope,
palpitations, delirium) symptoms suggestive of MI, car-
diovascular risk factors, comorbidities, chronic drug
treatments, and frailty.

Multimorbidity assessment

Multimorbidity and its severity were measured by calculat-
ing the Cumulative Illness Rating Scale Comorbidity Score
(CIRS-CS) and Severity Index (CIRS-SI), respectively.
These tools are validated for measuring the clinical com-
plexity of geriatric patients in acute care settings.19,20

CIRS-CS represents the sum of the scores, ranking from
0 to 4, attributed to 14 items, corresponding to different
organs or systems of the human body. A rank of 0 means
absence of illness, while a rank of 4 means life-threatening
illness. CIRS-SI represents the number of items with a
rank of 3 (=severe illness) or 4 (=life-threatening illness).
Evaluation of comorbid conditions also included New
York Heart Association (NYHA) Scale and Clinical
Dementia Rating (CDR) Scale for each participant.

Frailty assessment

Frailty was assessed by treating physicians on ward
admission in accordance with the deficit accumulation
model, using the Rockwood Clinical Frailty Scale
(CFS),21 that represents a well-known predictor of
adverse outcomes in hospitalized older patients.22,23 This
is a 9-point scale classifying the patient as fit (score 1 very
fit, 2 well, 3 managing well), vulnerable (score 4), or frail
(score 5 mildly frail, 6 moderately frail, 7 severely frail,
8 very severely frail, 9 terminally ill) basing on the evalu-
ation of physical and cognitive capacity during the gen-
eral medical examination.

Lab tests

Lab tests included hemoglobin, serum creatinine, urea, C-
reactive protein (CRP) and brain natriuretic peptide (BNP).
In 90% of cases, hs-TnI was determined during ED visit as
part of usual clinical procedures for patients presenting with
symptoms compatible with MI. In 10% of cases,
corresponding to patients who developed symptoms compati-
ble with MI during ED boarding time, hs-TnI was deter-
mined on ward admission. The HS immunoassay (Access-
TnI-B52700 Beckman Coulter, Brea, CA) was used for hs-TnI
determination. The values of the limit of blank and limit of
detection for this assay are 0.14 and 0.34 ng/L, respectively.
The 99th percentile of the upper reference limit for this assay
is set at 17.8 ng/L in males and 10.5 ng/L in females.

Study endpoints

The primary endpoint of the study was the diagnosis of
MI, either with or without ST segment elevation, on dis-
charge. The diagnosis was formulated by the treating
physicians through integration of clinical and anamnestic
data with electrocardiographic and laboratory findings,
and retrieved from the ICD-10 codes assigned to each
patient's clinical record (codes I21–I24).

The secondary endpoint was pooled 3-month mortality.
In fact, in older patients with multimorbidity and frailty, the
3-month period after hospital discharge is generally associ-
ated with extreme vulnerability, high risk of mortality and
repeated hospital readmissions.24,25 The outcome after dis-
charge was assessed through a phone interview with the
patient or the caregiver, performed by a trained investigator.

Sample size

Previous research suggested that the area under the
receiver operating characteristic curve (AUROC) for hs-
TnT in diagnosing MI in subjects aged≥75 years old was
0.79.26 Prudently assuming an AUROC of 0.75 for hs-TnI,
a sample size of at least 253 subjects is necessary to reject
the null hypothesis (AUROC = 0.5) with α = 0.05 and
β = 0.20 (calculation performed with MedCalc v.20.011,
MedCalc Software Ltd, Belgium).

Statistical analyses

Data were collected and stored in an anonymous database
on Excel (Microsoft, US). They were expressed as median
and interquartile range (IQR) or percentages. The demo-
graphical, anamnestic, and laboratory characteristics of
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patients were compared after dividing the population by
median of CIRS-CS (low/moderate vs high burden of mul-
timorbidity) and by categories of CFS (score 1–3: fit; score 4:
vulnerable; score 5–9: frail). Mann–Whitney and chi-square
tests were used for comparisons between categories of
CIRS-CS. The Kruskal–Wallis test, adapted with Bonferroni
correction if p < 0.05, and logistic regression tests were used
for comparisons between categories of CFS.

The capacity of hs-TnI elevation of correctly identify-
ing patients with a MI diagnosis was assessed through
receiver-operating characteristics (ROC) analysis and cal-
culation of AUROC. The optimal population-specific cut-
off of hs-TnI maximizing the difference between true and
false positive tests was calculated with the Youden test.
Then, the demographical, anamnestic, and laboratory
characteristics were compared among three groups of par-
ticipants categorized by hs-TnI levels (group 1: normal hs-
TnI levels; group 2: hs-TnI levels above normal range but
below population-specific diagnostic cut-off; group 3: hs-
TnI levels above population-specific diagnostic cut-off),
using Kruskal–Wallis test, adapted with Bonferroni correc-
tion if p < 0.05, and logistic regression tests. According to
manufacturer, hs-TnI levels were considered normal if
≤17.8 ng/L in males and ≤10.5 ng/L in females. The fac-
tors significantly and independently associated with hs-
TnI categories were then assessed in a stepwise multino-
mial logistic regression model with forward selection.

Finally, the characteristics of patients who had died
at the 3-month follow-up were compared with the char-
acteristics of survivors by using Mann–Whitney and chi-
square tests. The capacity of hs-TnI to predict pooled
3-month mortality was assessed by stepwise logistic
regression with forward selection, accounting for all
other clinical variables included in the dataset.

TABLE 1 General characteristics of patients enrolled in the

study (n = 268)

Parameter

Median (IQR)
or number
(percentage)

Demography

Age, years 85 (80–89)

Female sex, n (%) 147 (55)

Anamnestic characteristics: multimorbidity and frailty

Chronic diseases, number 5 (4–7)

Hypertension, n (%) 211 (79)

Congestive heart failure, n (%) 132 (49)

Atrial fibrillation,
n (%)

117 (44)

Heart valve disease,
n (%)

108 (40)

Anemia, n (%) 94 (35)

COPD, n (%) 89 (33)

Chronic ischemic heart disease, n (%) 80 (30)

Diabetes, n (%) 73 (27)

Dyslipidemia, n (%) 59 (22)

Mild cognitive impairment, n (%) 59 (22)

Chronic kidney disease, n (%) 49 (18)

Dementia, n (%) 34 (13)

CIRS cardiac subscore 3 (2–4)

CIRS hypertension subscore 2 (1–2)

CIRS vascular subscore 1 (0–2)

CIRS respiratory subscore 1 (0–3)

CIRS EENT subscore 0 (0–1)

CIRS superior gastrointestinal subscore 0 (0–0)

CIRS inferior gastrointestinal subscore 0 (0–1)

CIRS hepatic subscore 0 (0–0)

CIRS renal subscore 0 (0–1)

CIRS urological subscore 0 (0–1)

CIRS musculoskeletal subscore 1 (0–2)

CIRS nervous subscore 0 (0–1)

CIRS endocrine subscore 1 (0–2)

CIRS psychiatric subscore 0 (0–1)

CIRS-CS 12 (10–15)

CIRS-SI 2 (1–3)

NYHA class 0 (0–3)

CDR score 0 (0–0.5)

Chronic drug treatments, number 7 (5–9)

Rockwood CFS score 4.5 (4–6)

Lab tests on admission

Creatinine, mg/dl 1.1 (0.9–1.3)

Urea, mg/dl 56 (44–75)

TABLE 1 (Continued)

Parameter

Median (IQR)
or number
(percentage)

Hemoglobin, g/L 12.1 (10.6–13.6)

CRP, mg/L 40 (15–99)

BNP, pg/ml 434 (196–856)

hs-TnI, ng/L (first determination) 23 (11–65)

hs-TnI, ng/L (second determinationa) 75 (24–166)

hs-TnI, ng/L (third determinationb) 108 (51–222)

Abbreviations: BNP, brain natriuretic peptide; CDR, clinical dementia
rating; CIRS, Cumulative Illness Rating Scale; CIRS-CS, Cumulative Illness

Rating Scale-Comorbidity Score; CIRS-SI, Cumulative Illness Rating Scale-
Severity Index; COPD, chronic obstructive pulmonary disease; CRP, C-
reactive protein; EENT, ear eye nose and throat; hs-TnI, high-sensitivity-
troponin I; IQR, interquartile range; NYHA, New York Heart Association.
aAvailable for 120 patients.
bAvailable for 38 patients.
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FIGURE 1 ROC curves testing the specificity and sensitivity of hs-TnI values for the diagnosis myocardial infarction in the studied

population. Panel A: entire population of 268 patients. Panel B: group of 150 patients with low burden of frailty/multimorbidity (CFS score

1–4 or 5 with CIRS-SI score < 2). Panel C: group of 118 patients with high burden of frailty/multimorbidity (CFS score 6–9 or 5 with CIRS-SI

score ≥ 2). Cut-offs were determined as the best specificity and sensitivity compromise with the Youden test

TABLE 2 Comparison of clinical characteristics and outcomes among participants categorized in three groups according to hs-TnI levels

on hospital arrival (group 1 normal range, group 2 elevated but below population-specific cut-off, group 3 elevated above population-specific

cut-off)

Variable

hs-TnI within
normal range
(N = 77) (1)

hs-TnI elevated
below population-
specific cut-off
(<141 ng/L)
(N = 155) (2)

hs-TnI above
population specific
cut-off (≥141 ng/L)
(N = 36) (3) p

Comparison among
groups (Bonferroni
adaptation only for
continuous
variables)

Demography

Age, years 84 (80–87) 85 (80–89) 88 (82–92) 0.028 (3) vs (1)

Females, n (%) 37 (48) 92 (59) 18 (50) 0.497 —

Anamnestic characteristics

Chronic illnesses,
number

5 (3–7) 6 (4–8) 6 (4–7) 0.111 —

CIRS-CS 11 (8–14) 13 (10–15) 14 (10–17) 0.041 —

CIRS-SI 1 (1–2) 2 (1–3) 2 (1–3) 0.159 —

Chronic ischemic
heart disease, n (%)

12 (16) 54 (35) 14 (39) 0.003 (1) vs (3) vs (2)

Congestive heart
failure, n (%)

26 (34) 91 (59) 15 (42) <0.001 (2) vs (1)

Atrial fibrillation, n
(%)

31 (40) 77 (50) 9 (25) 0.025 (3) vs (2)

Heart valve disease, n
(%)

33 (43) 67 (43) 8 (22) 0.069 —

Hypertension, n (%) 56 (73) 127 (82) 28 (78) 0.273 —

COPD, n (%) 30 (39) 53 (34) 7 (19) 0.130 —

Diabetes, n (%) 19 (25) 39 (25) 15 (42) 0.120 —

(Continues)
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The analyses were performed with SPSS package
(v.26, IBM, Armonk, NY), considering p values <0.05 as
statistically significant.

RESULTS

In the study period, 3384 patients were admitted to our
unit, of whom 412 eligible for inclusion (age ≥ 75 and
troponin testing performed in due time). The final cohort

was composed of 268 participants who signed informed
consent (147 F, 121 M), with a median age of 85 years old
(IQR 80–89). The general baseline characteristics are
shown in Table 1.

The burden of multimorbidity was high (97.7% par-
ticipants with at least 2 chronic diseases, median
5, IQR 4–7; CIRS-CS median 12, IQR 10–15; CIRS-SI
median 2, IQR 1–3). The most frequent comorbidities
are listed in Table 1. Diabetes was present in 27% of
participants, while mild cognitive impairment

TABLE 2 (Continued)

Variable

hs-TnI within
normal range
(N = 77) (1)

hs-TnI elevated
below population-
specific cut-off
(<141 ng/L)
(N = 155) (2)

hs-TnI above
population specific
cut-off (≥141 ng/L)
(N = 36) (3) p

Comparison among
groups (Bonferroni
adaptation only for
continuous
variables)

Obesity, n (%) 9 (12) 13 (8) 2 (6) 0.536 —

Dyslipidemia, n (%) 15 (19) 39 (25) 5 (14) 0.285 —

Chronic kidney
disease, n (%)

7 (9) 32 (21) 10 (28) 0.036 (1) vs (3) vs (2)

Mild cognitive
impairment, n (%)

12 (16) 36 (23) 12 (33) 0.107 —

Dementia, n (%) 7 (9) 19 (12) 8 (22) 0.156 —

Previous stroke, n (%) 11 (14) 20 (13) 6 (17) 0.827 —

Drugs, number 6 (4–9) 7 (5–10) 7 (3–9) 0.086 —

Clinical Frailty Scale 4 (4–6) 4 (4–6) 5 (4–6) 0.006 (3) vs (2) vs (1)

CDR, score 0 (0–1) 0 (0–0) 0 (0–1) 0.070 —

NYHA class 0 (0–3) 2 (0–3) 0 (0–2) 0.108 —

Lab tests

Hemoglobin, g/dl 12.2 (11.0–13.6) 12.1 (10.5–13.5) 11.6 (10.4–13.6) 0.548 —

Creatinine, mg/dl 1.0 (0.8–1.2) 1.1 (0.9–1.4) 1.1 (0.8–1.4) 0.049 —

Urea, mg/dl 52 (43–73) 58 (45–75) 54 (41–85) 0.486 —

BNP, pg/ml 252 (85–606) 434 (199–873) 790 (547–1304) <0.001 (1) vs (3) vs (2)

CRP, mg/L 45 (15–124) 40 (15–73) 35 (10–126) 0.558 —

Outcome

MI diagnosis on
discharge, n (%)

1 (1) 4 (3) 7 (19) 0.001 (3) vs (2) vs (1)

Length of hospital
stay, days

6 (4–7) 6 (4–9) 6 (4–11) 0.264 —

Hospital deaths, n (%) 2 (3) 8 (5) 1 (3) 0.580 —

Pooled mortality at
follow-upa, n (%)

5 (8) 26 (20) 7 (23) 0.029 (1) vs (3) vs (2)

Note: Data shown as median and interquartile range or numbers and percentages, as appropriate. p values calculated with Kruskal–Wallis test for continuous
variables and logistic regression for dichotomous variables. Bonferroni correction for multiple tests was applied for continuous variables when p values
were < 0.05. p values < 0.05 are indicated in bold.

Abbreviations: BNP, brain natriuretic peptide; CDR, clinical dementia rating; CIRS-CS, Cumulative Illness Rating Scale-Comorbidity Score; CIRS-SI,
Cumulative Illness Rating Scale-Severity Index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; hs-TnI=High-sensitivity troponin I;
MI, myocardial infarction; NYHA, New York Heart Association.
aInformation on follow-ups was available for only 225 participants.
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and dementia had a prevalence of 22% and 13%, respec-
tively. The median Rockwood CFS score was 4.5
(IQR 4–6).

The serum levels of hs-TnI on the first determination
were above the normal range in 191 participants (71%,
median hs-TnI 23 ng/L, IQR 11–65). Chest or epigastric
pain were present in only 34% of participants, while atyp-
ical symptoms were the most frequent reason of prescrip-
tion of hs-TnI testing.

Patients with the top 50% levels of multimorbidity
(CIRS-CS > 12) tended to have higher serum hs-TnI than
subjects with CIRS-CS ≤12, but the difference was not
statistically significant (median 25, IQR 12–78, vs 21, IQR
10–55 ng/L, p = 0.057) (Table S1). Conversely, patients
with a Rockwood CFS score in the range of frailty
(i.e., 5–9) had higher hs-TnI levels at baseline than
patients with a CFS in the range of fitness (i.e., 1–3)
(median 27, IQR 11–86, vs 18, IQR 7–36 ng/L, p = 0.044)
(Table S2).

Twelve patients out of 268 were diagnosed with MI
(4.5%), 3 with and 9 without ST-elevation. ROC analysis
showed that basal hs-TnI levels were significantly able
to predict the MI diagnosis (AUROC 0.751, 95% CI
0.580–0.922, p = 0.003) (Figure 1A). Youden test identi-
fied hs-TnI value of 141 ng/L as the optimal population-
specific cut-off for the diagnosis of MI in the studied
population (specificity 0.89, sensitivity 0.58, positive
likelihood ratio 5.13, negative likelihood ratio 0.47). The
population-specific cut-off with the best sensitivity (rule-

out) was 3.6 ng/L (sensitivity 1.00, negative likelihood
ratio 0.00), while the cut-off with the best specificity
(rule-in) was 347 ng/L (specificity 0.96, positive likeli-
hood ratio 9.44). AUROCs remained significant also
when considering only patients with low (n = 150,
Figure 1B) or high burden of frailty/multimorbidity
(n = 118, Figure 1C), but the optimal cut-offs were dif-
ferent (Figure 1).

A comparison of the characteristics of patients across
different hs-TnI categories is depicted in Table 2.
Troponin elevation was associated with older age, higher
frequency of congestive heart failure, chronic coronary
artery disease and chronic kidney disease, higher CIRS-
CS and Rockwood CFS score, and higher BNP levels
(Table 2).

In a stepwise multinomial logistic regression model
(Table 3), hs-TnI elevation below the population-specific
cut-off (<141 ng/L) was significantly associated with the
cardiac subscore of CIRS (OR 1.36, 95% CI 1.07–1.71,
p = 0.011), but not with CFS or diagnosis of MI. Instead,
hs-TnI elevation above the population-specific cut-off
(≥141 ng/L) was significantly associated with the diag-
nosis of MI (OR 19.34, 95% CI 2.13–175.54, p = 0.008)
and Rockwood CFS (OR 1.58, 95% CI 1.15–2.18,
p = 0.005).

The 3-month follow-up could be completed in
225 patients (84%), because 43 patients and their care-
givers were uncontactable by phone or refused to give
information. Pooled 3-month mortality was 16.8%

TABLE 3 Stepwise multinomial logistic regression model showing factors significantly associated with different levels of hs-TnI

elevation on admission in the studied population

Comparison Parameter Odds ratio 95% confidence interval p*

hs-TnI level 2; reference level 1 Pre-existing ischemic heart disease 1.85 0.85–4.03 0.123

CIRS cardiac subscore 1.36 1.07–1.71 0.011

Clinical frailty scale 1.04 0.84–1.30 0.713

MI diagnosis 1.73 0.19–16.06 0.632

hs-TnI level 3; reference level 1 Pre-existing ischemic heart disease 4.86 1.52–15.56 0.008

CIRS cardiac subscore 0.77 0.54–1.09 0.141

Clinical frailty scale 1.58 1.15–2.18 0.005

MI diagnosis 19.34 2.13–175.54 0.008

hs-TnI level 3; reference level 2 Pre-existing ischemic heart disease 2.42 0.87–6.69 0.089

CIRS cardiac subscore 0.58 0.41–0.81 0.002

Clinical frailty scale 1.53 1.14–2.06 0.004

MI diagnosis 10.61 2.67–42.16 0.001

Note: hs-TnI level 1 = Normal range (≤17.8 ng/L in males, ≤10.5 ng/L in females); hs-TnI level 2 = Above normal range (>17.8 ng/L in males and >10.5 ng/L
in females) but <141 ng/L (population-specific cut-off); hs-TnI level 3 = Above the population-specific cut-off (≥141 ng/L).
Abbreviations: CIRS, Cumulative Illness Rating Scale; hs-TnI, high-sensitivity troponin I; MI, myocardial infarction.
*P calculated with multinomial logistic regression, stepwise method with forward selection, considering all other clinical, demographical and laboratory

variables, significantly different after stratification by admission hs-TnI, as potential confounders entered in the stepwise method. p < 0.05 indicated in bold.
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(11 deaths during hospital stay and 27 deaths after dis-
charge). Baseline hs-TnI levels were higher in patients
who died than in survivors (Table S3). A stepwise logistic
regression model showed that age and Rockwood CFS,
but not hs-TnI levels, were significantly associated with
pooled 3-month mortality (Table 4).

DISCUSSION

In a group of older patients with high burden of mul-
timorbidity and frailty and suspect MI, hs-TnI elevation
was very common but not associated with MI in most
cases. Thus, in this context hs-TnI elevation may be con-
sidered an unspecific marker of myocardial injury rather
than a diagnostic marker. Only extreme elevations of hs-
TnI yielded a good positive predictive value for MI,
suggesting that the diagnostic cut-offs validated for the
adult population may not be suitable in a geriatric setting.
High-sensitivity troponin testing should thus need careful
interpretation in patients with frailty and multimorbidity.

A decline in the specificity of hs-TnI elevation for the
diagnosis of MI in older patients was observed also in other
studies.26,27 However, the population-specific cut-offs were
substantially lower than that identified in our population.26

The inclusion of a large number of oldest old subjects in
our study could contribute to explain this discrepancy.

Cardiac comorbidities and frailty, measured in accor-
dance with the deficit accumulation model, were both
independently associated with hs-TnI elevation. The
association of congestive heart failure,28 atrial fibrilla-
tion29 and valvulopathy30 with hs-TnI levels is well
established in the literature, also in the setting of geriatric
patients.31 However, in previous studies, this association
was assessed mainly in outpatients with stable clinical
conditions and without multimorbidity.28–31 Our data
instead suggest that multiple chronic cardiac conditions
in older patients may have a significant impact on hs-TnI
testing also in the acute setting.

Conversely, extracardiac conditions, such as COPD,
CKD, or dementia, were not independently associated

with hs-TnI elevation in our dataset. Two retrospective
studies by Sedighi and colleagues suggest that the pres-
ence of comorbidities of any type is much more impor-
tant in determining hs-TnT elevation than the number of
comorbidities or specific illness.32,33 However, in that
studies, hs-TnT exhibited a also positive association with
common extra-cardiac diseases such as anemia, diabetes
and COPD, that was not observed in our dataset.32,33 The
reason of this difference may depend on subtle differ-
ences in the kinetics of troponin T and I. Troponin I is in
fact more associated with cardiovascular disease than
troponin T, which, instead, is more influenced by extra-
cardiac conditions.34

In community-dwellers with stable health conditions,
mild hs-TnI elevation should be expected in the context
of the frailty syndrome,15,31 due to age-related myocardial
remodeling and chronic inflammation.35,36 In patients
with MI, frailty represents an adverse prognostic factor
that is associated with higher troponin levels.37–39

The association of frailty with hs-TnI levels in the acute
setting has several implications for clinical management.
The current diagnostic algorithms do not include the
assessment of frailty and comorbidity in older patients pre-
senting to ED with suspect MI, but are centered on time
intervals between symptom onset and blood sampling,
timing of repeated troponin tests and integration with elec-
trocardiogram and other clinical features.40 These algo-
rithms may lead to unnecessary diagnostic procedures and
delays in oldest old patients, due to the high frequency of
false positive results. Frailty and multimorbidity may in
fact modify the pre-test probability of having MI, and
should be carefully considered by ED physicians as a possi-
ble cause of troponin elevation, together with alternative
causes such as arrhythmia or acute heart failure.41,42

Unfortunately, at the current state-of-the-art, many ED
physicians do not consider the geriatric constructs of frailty
and multimorbidity when interpreting troponin testing.

In this framework, the inclusion of frailty status and
comorbidity burden into decision-making algorithms for
MI in ED is desirable. Further studies, with larger sample
size and experimental design, should verify whether the

TABLE 4 Factors significantly

associated with pooled 3-month

mortality in 225 patients who

completed the follow-up, determined by

stepwise logistic regression model with

forward selection

Parameter Odds ratio 95% confidence interval pa

Age (years) 1.19 1.08–1.32 0.001

Clinical frailty scale, points 1.66 1.10–2.50 0.016

BNP≥247 pg/mlb 5.32 1.32–21.40 0.019

Urea, mg/dl 1.02 1.01–1.03 0.032

Abbreviation: BNP, brain natriuretic peptide. P values <0.05 indicated in bold.
aP calculated with stepwise logistic regression with forward selection. All the variables with significant
differences in Table S3 were entered in the model as potential confounders. p values < 0.05.
bPopulation-specific cut-off for the diagnosis of decompensated congestive heart failure.
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inclusion of a prediction model accounting for frailty and
multimorbidity in the diagnostic algorithm of MI for oldest
old patients is able to improve patient-centered outcomes.
Troponin cut-offs specific for frail population should be also
assessed in larger studies in the future, ultimately leading to
the definition of different hs-TnI reference values based on
age and frailty status. However, a wide consensus on the
best way to assess frailty in ED is necessary before the diag-
nostic algorithms for MI can be substantially modified for
older patients with suspect MI.43

Frailty was also an independent predictor of pooled
3-month mortality in our dataset (Table 4), unlike hs-TnI
elevation, which was not associated with substantial out-
come prediction capacity. Previous studies have instead
shown a significant association between hs-TnI levels
and adverse outcomes in older subjects, both in commu-
nity and ED setting.44–47 The reason of this discrepancy
may partly depend on the short follow-up period consid-
ered in our study, which should be regarded as one of its
main limitations. However, the CFS represents a strong
predictor of mortality in many settings, especially in
acute conditions.48,49 Thus, in our study, the magnitude
of this association could have masked the hs-TnI out-
come prediction capacity.

Despite its contribution to clarify important aspects of
troponin testing interpretation in older patients, our
study has also some limitations. First, it was conducted
in a single center whose care pathways and protocols
may not be completely consistent with those adopted in
other institutions. The sample size was also small in com-
parison with other studies investigating the optimal tro-
ponin cut-offs in selected populations, not allowing to
reach definitive recommendations on how to include
frailty and multimorbidity in the diagnostic evaluation of
MI in older subjects. The high frequency of atypical pre-
sentation of MI in older patients could have also delayed
the timing of ED evaluation. Furthermore, repeated hs-
TnI testing was not performed in a substantial proportion
of participants, not allowing to study troponin kinetics.
The drop-out rate of 16% on phone follow-ups could have
also limited endpoint assessment. Finally, due to the
acute-care setting, frailty was assessed with CFS, a simple
clinical tool not embedding objective measures of physi-
cal or cognitive performance.

CONCLUSIONS

In oldest old patients with suspect MI, hs-TnI levels were
frequently increased and correlated with chronic mul-
timorbidity, especially involving the cardiovascular system,
and frailty. These aspects should be carefully considered
when interpreting hs-TnI tests in geriatric patients

presenting to ED. Larger, multicenter studies are needed
to adapt emergency algorithms for the diagnosis of MI to
frail multimorbid patients in the extreme decades of life.
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