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ABSTRACT
Background: Frailty represents a complex clinical syndrome of decreased physiological reserve and increased vulnerability to stressors. Little is known
regarding interaction between frailty status and outcomes in patients with acute coronary syndrome. Our study aims to assess the prevalence of frailty
and its impact on in-hospital adverse outcomes of patients aged ≥ 75 years admitted for acute coronary syndromes.
Methods: In this retrospective, single centre, observational study were included patients aged ≥ 75 years admitted for acute coronary syndromes between
January 2011 and December 2015. Frailty was assessed using the Fried criteria. The primary endpoint was all-cause in-hospital mortality. Secondary
endpoints included the occurrence of re-infarction, stroke and major bleeding.
Results: Of the 502 patients included, 126 were classified as frail. These patients were older (mean age 78±5.5 vs. 76.2±5.5 years; p=0.020), more
often male (68.3%) and had a higher risk profile according to GRACE (151.4±18.8 vs. 132.1±16.8; p<0.001), TIMI (4.3±1 vs. 3.1±1; p<0.001) and
CRUSADE (34.6±9.4 vs. 25.8±9.5; p<0.001) scores at admission. All-cause in-hospital mortality was significantly more frequent in frail patients (11.9%
vs. 5.6%; p<0.001), as well as re-infarction (7.4% vs. 4.8%; p<0.001), stroke (8.7% vs. 0.5%; p=0.002) and major bleeding (7.9% vs. 1.6%; p=0.002).
On multivariate analysis, frailty remained independently associated with the primary endpoint (OR 5.63, [2.05-10.35]; p<0.001).
Conclusion: Frailty, identified by Fried criteria, is frequent in elderly patients with acute coronary syndromes, and it is an independent prognostic predictor
for in-hospital mortality.
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INTRODUCTION
Cardiovascular disease (CVD) remains the main cause of
morbidity and mortality in the developed countries and within
the last decades there was a remarkable shift in the burden
of CVD towards older people.1,2
Aging of population and high incidence of acute coronary
syndromes (ACS) in the elderly point towards a marked
increase in the number of elderly patients admitted for ACS.
Globally, around 30% of ACS patients are over 75 yearsold.3 The risk of adverse cardiovascular events after ACS
increases with age.4-7 An appropriate Risk stratification is of
paramount importance in order to plan medical care and
may improve prognosis in older population.8
Despite the higher risk, elderly patients are frequently
underrepresented in clinical trials responsible for a clear gap
in guidelines.9-11
Frailty is a biological syndrome reflecting a state of decreased
physiological reserve and vulnerability to stressors such as
an acute myocardial infarction.12 It is considered to be highly
prevalent with increasing age and conveys a higher risk of
adverse outcomes.13
Several diagnostic tools have been developed to measure
frailty, either by questionnaires or simple measures, with no
clear consensus on which is the best.
The Fried scale encompasses slowness, weakness, low
physical activity, exhaustion, unintentional weight loss and it
is considered a more reliable predictor for adverse outcome
than chronological age.14 Although there are well defined

pathways for ACS management, data applicability to elderly
patients is questionable, since most randomized clinical
trials often exclude such patients.15
The aim of the present study is to assess the prevalence
of frailty and its impact on in-hospital adverse outcomes
of patients aged ≥ 75 years admitted for acute coronary
syndromes.

MATERIAL AND METHODS
A retrospective, observational single-center analysis was
performed in coronary care unit in a non-tertiary care
hospital in Portugal from January 2011 to December 2015
and included patients aged ≥75 years admitted for acute
coronary syndrome who underwent percutaneous coronary
intervention.16
Exclusion criteria included severe cognitive impairment,
cardiogenic shock or prolonged electrical/haemodynamic
instability at presentation, and limited life expectancy due to
neoplasic disorders.
In every patient, baseline clinical characteristics including
demographic and clinical data, comorbidities and laboratory
data were collected. Prognostic ACS indexes were also
analyzed, namely Global Registry of Acute Coronary Events
(GRACE), Thrombolysis in Myocardial Infarction (TIMI), Can
Rapid risk stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of the ACC/
AHA guidelines Quality Improvement Initiative (CRUSADE)
and Charlson Comorbidity Index.17
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The GRACE risk score uses eight independent predictors
of death or the combined outcome of death and MI, both
in hospital and at 6 months: age, admission heart rate and
systolic blood pressure, Killip–Kimball class, the initial serum
creatinine concentration, cardiac arrest at admission, STsegment deviation and elevated cardiac markers. A score
greater than 140 identifies high-risk patients who have
greater benefit from an early invasive strategy.18
The TIMI risk score is a semi-quantitative score that includes
seven variables: age >65 years, three or more cardiovascular
risk factors, known ⩾50% coronary artery stenosis, aspirin
use within last 7 days, ⩽24 hours angina, ⩾0.5 mm STsegment deviation and positive cardiac markers. TIMI
punctuation predicts 14-day risk of the composite endpoint
of death, MI and urgent revascularisation.19
The CRUSADE bleeding score identifies eight independent
predictors of major bleeding (intracranial haemorrhage,
retroperitoneal bleed, haematocrit drop ⩾12%, or the need
for red blood cells transfusion) during ACS hospitalisation:
baseline haematocrit <36%, creatinine clearance, heart
rate, female sex, signs of heart failure at admission, systolic
blood pressure ⩽110 mmHg or ⩾180 mmHg, prior vascular
disease and diabetes mellitus. A score of 20 or less defines a
very low risk of severe bleeding (3.1%), whereas punctuation
over 50 defines a very high risk (19.5%).20
Frailty status evaluation was obtained within the first 48
hours of admission by a qualified physician. Frailty was
assessed using the Fried criteria. The Fried scale comprises
a possible range from 5 points based on the presence or
absence of five frailty criteria- slowness assessed by walk
speed, weakness assessed by hand grip strength and selfreported low physical activity, exhaustion, and unintentional
weight loss. Three or more criteria assessed as positive
defines a patient as frail.14,21
For the purpose of this study, two groups were distinguished
according to Fried criteria: frail and non-frail patients.
The study protocol is according to the Declaration of
Helsinki. The collection of clinical information for this study
was approved by our hospital institutional review board.
All patients or their guardians provided informed consent for
participation.
Endpoints: The primary endpoint was all-cause in-hospital
mortality. Secondary endpoints included: the occurrence
of re-infarction; stroke; major bleeding, defined as a drop of
≥3g/dl of hemoglobin attributable to blood loss or the need
for surgery or any transfusions during hospitalization.
Statistical analysis
Categorical variables were described as frequencies and
percentages. Continuous variables were described by
mean±standard deviation (SD). Statistical differences
between groups were assessed using the χ2test and
Fisher’s exact test when appropriate for categorical
variables, Student’s t-test for continuous variables of normal

distribution or the Mann–Witney U test for non-normal
distribution. A two-sided P<0.05 was considered significant.
Multiple logistic regression analysis was used to evaluate
the possible association between frailty phenotype and
predefined primary and secondary endpoints. We estimated
adjusted Odds Ratio and 95% confidence intervals (CI).
The model was adjusted for previously selected variables,
including validated prognostic indexes such as the GRACE
score, the CRUSADE bleeding score, the TIMI score, maximum
in-hospital creatinine level, culprit lesion revascularization
and complete revascularization (defined as percutaneous
treatment of all severe coronary stenosis).These variables
are widely used and recognized as prognostic variables.
Previous selection of recognized prognostic values was done
to increase the external validity of this study.
All the statistical analyses were performed using statistical
package for social sciences V.22.0, statistical software
(SPSS, Chicago, Illinois, USA).

RESULTS
Of the 502 patients included, 25.1% (n= 126) were
classified as frail. The mean age was 77 years, and 31.1%
were women.
The prevalence of diabetes mellitus was 30.9%, and 75%
had hypertension. Baseline characteristics according to
frailty status are presented in Table 1. Frail patients were
older (78+5.5 vs 76+5,5; p=0.020), had higher comorbidity
features with a higher score on the Charlson Comorbidity
Index and dyslipidemia was also more frequent in this group
(57.1 % vs 44.9%; p=0.020).
At admission, frail population presented with higher
risk profile according to the GRACE (151.4±18.8 vs.
132.1±16.8; p<0.001), TIMI (4.3±1 vs. 3.1±1; p<0.001)
and CRUSADE (34.6±9.4 vs. 25.8±9.5; p<0.001) scores.
The primary endpoint of in-hospital all-cause mortality
occurred more frequently in frail patients (11.9% vs.
9.6%; p<0.001), as well as secondary endpoints: reinfarction (7.1% vs. 4.8%; p<0.001); stroke (8.7% vs.
0.5%; p=0.002); and major bleeding (7.9% vs. 1.6%;
p=0.002). On multivariate analysis, after adjustment for
GRACE and CRUSADE admission values, maximum inhospital creatinine level, culprit lesion revascularization and
complete revascularization, frailty status was an independent
prognostic marker for inpatient all-cause mortality (OR 5.63,
[2.05-10.35]; p<0.001).

DISCUSSION
To our knowledge this is the first Portuguese analysis of
frailty regarding acute coronary syndrome giving insight of
a real-life coronary unit experience.
The management of older ACS patients is challenging because
not only age but also multiple factors contribute to adverse
outcomes and therefore must be taken in consideration.
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Table 1. Baseline characteristics and overall risk estimation

Frail (n=126)

Non-frail(n=376)

P value

78 ± 5.5

76 ± 5.5

0.020

Gender: Male (%)

86 (68.3%)

260 (69.1%)

0.800

Arterial Hypertension (%)

95 (75.4%)

281 (74.7%)

0.880

42 (33%)

113 (30.1%)

0.500

Dyslipidaemia (%)

72 (57.1%)

169 (44.9%)

0.020

Smokers (%)

11 (8.7%)

58 (15.4%)

0.060

Renal impairment (%)

9 (7.1%)

17 (4.5%)

0.250

ClCreatinine>50mL/min

6 (4.8%)

9 (2.4%)

0.170

ClCreatinine<50mL/min

3 (2.4%)

8 (2.2%)

0.890

Previous heart failure (%)

4 (3.2%)

6 (1.6%)

0.260

Previous myocardial infarction (%)

16 (12.7%)

54 (14.4%)

0.640

Previous stroke (%)

11 (8.7%)

30 (8.0%)

0.790

151.4 ± 18.8

132.1 ± 16.8

<0.001

TIMI score (mean±SD)

4.3 ± 1.0

3.1 ± 1

CRUSADE score (mean±SD)

34.6 ± 9.4

25.8 ± 9.5

<0.001

Chalrson Comorbidity Index

7.9 ± 2.3

6.4 ± 1.7

<0.001

Age (mean±SD;years)

Diabetes Mellitus (%)

GRACE score (mean±SD)

<0.001

Frailty phenotype confers an age independent risk for
adverse outcomes.
In this study, more than a quarter of the population was frail.
Frail patients were slightly older and presented an increased
burden of disease, with higher prevalence of comorbidities.
They also presented a higher risk according to the GRACE,
TIMI and CRUSADE scores, hence higher probability for
adverse events.22
The current study demonstrated that in patients with ACS
aged ≥75 years, frailty is an important prognostic risk
factor for in-hospital mortality and major cardiovascular
events. This prognostic value is independent of age and risk
scores. These findings are in accordance with multinational
published registries which support a positive correlation
between frailty and poor outcomes in ACS among elderly
patients with high-risk ACS.23-25
Patients included in TaRgeted platelet Inhibition to cLarify
the Optimal strateGy to medicallY manage Acute Coronary
Syndromes (TRILOGY ACS) trial were classified as frail, prefrail and non-frail based on the Fried criteria as used in our
study. Using this self-reported based method, only 4.7% of
included patients were classified as frail. After adjustment
for characteristics and GRACE score, frailty was significantly
associated with the combination of death, myocardial
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infarction and stroke in this population of non-invasively
managed ACS patients.26
Some limitations to this study should be noted. This is an
observational, single centre study with a small number of
patients and retrospectively collected data. The assessment
of frailty was only collected at baseline and was not repeated
later to assess change. However, it has the advantage of
representing real life clinical practice. Some answers to the
Fried index were self-reported by patients, which may allow
some bias by the subjectivity of each individual. Although
self-reporting is prone to confounding factors, several
studies have reported the value of self-reporting of frailty.4 We
found that frail patients had a higher prevalence of diabetes,
renal impairment, hypertension and previous cardiovascular
events, although not statistically significant, due to relatively
small sample in the present study. It would be of interest
to perform a longer follow-up study with prospectively
collected data and a larger sample in order to extend these
observations. Frailty, identified by Fried criteria, is frequent
in elderly patients with acute coronary syndromes, and it is
an independent prognostic predictor for in-hospital mortality.
Frailty is frequent in over 75 year’s old patients with ACS.
It is a predictor for adverse events, being a more reliable
prognostic factor than chronological age. This suggests that

age by itself should not be our first and main prognostic
evaluation for this patients group. Treatment approach
should be individualized, including also a functional status
evaluation.
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