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Aim Frailty is associated with adverse outcomes in older patients with acute coronary syndrome (ACS). The impact of frailty

on long-term clinical outcomes following invasive management of non-ST elevation ACS (NSTEACS) is unknown.

Methods

and results

The multi-centre Improve Clinical Outcomes in high-risk patieNts with ACS 1 (ICON-1) prospective cohort study con-
sisted of patients aged ≥75 years undergoing coronary angiography following NSTEACS. Patients were categorized by

frailty assessed by Canadian Study of Health and Ageing Clinical Frailty Scale (CFS) and Fried criteria. The primary com-

posite endpoint was all-cause mortality, unplanned revascularization, myocardial infarction, stroke, and bleeding. Of 263
patients, 33 (12.5%) were frail, 152 (57.8%) were pre-frail, and 78 (29.7%) were robust according to CFS. By Fried cri-

teria, 70 patients (26.6%, mean age 82.1 years) were frail, 147 (55.9%, mean age 81.3 years) were pre-frail, and 46 (17.5%,

mean age 79.9 years) were robust. The composite endpoint was more common at 5 years among patients with frailty
according to CFS (frail: 22, 66.7%; pre-frail: 81, 53.3%; robust: 27, 34.6%, P= 0.003), with a similar trend when using Fried

criteria (frail: 39, 55.7%; pre-frail: 72, 49.0%; robust: 16, 34.8%, P= 0.085). Frailty measured with both CFS and Fried cri-

teria was associated with the primary endpoint [age and sex-adjusted hazard ratio (HR) compared with robust groups.
CFS: 2.22, 95% confidence interval (CI) 1.23–4.02, P= 0.008; Fried: HR 1.81, 95% CI 1.00–3.27, P= 0.048].

Conclusion In older patients who underwent angiography following NSTEACS, frailty is associated with an increased risk of the pri-
mary composite endpoint at 5 years.
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Graphical Abstract

* All-cause death, myocardial infarc�on,

unplanned revascularisa�on, stroke, and bleeding 

**Adjusted for age and sex

PRE-FRAIL

Compared to the robust group, frailty was

associated with a higher risk of primary

composite endpoint* in the adjusted model**

• CFS: HR 2.22 (95%CI 1.23-4.02), p=0.008

• Fried criteria: HR 1.81 (95%CI 1.004-3.269),

p=0.048

NSTEACS

≥75 YEARS OLD

CORONARY ANGIOGRAPHY

FRAILTY

ASSESSMENT BY

CFS AND FRIED

CRITERIA

n= 263

FIVE-YEAR CLINICAL OUTCOMES IN FRAIL PATIENTS AGED ≥75 YEARS WITH NON-ST ELEVATION ACUTE CORONARY 

SYNDROME UNDERGOING INVASIVE MANAGEMENT

Ratcovich H et al.

Pictures from Servier Medical Art Image Bank.
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Introduction

Cardiovascular disease is common in older adults, who comprise a
large and increasing proportion of the population,1 and in whom car-

diovascular risk factors are often under-recognized.2However, older

people are often excluded from clinical trials,3–5 which leads to a gap
in evidence to guide the clinical management of older patients with

acute coronary syndrome (ACS).6 Age is an established risk factor

for ACS, and older people more commonly present with non-ST ele-
vation ACS (NSTEACS)7 and are more likely to live with frailty than

younger adults. Frailty describes a loss of biological resilience to

stressors and is increasingly recognized as an important factor in
the management of older people with cardiovascular disease.8,9

Previous studies have shown that older patients with NSTEACS

have a high prevalence of undiagnosed cognitive impairment, which
is associated with recurrent myocardial infarction (MI).10 After

ACS, patients living with frailty tend to have longer hospital stays,

less often receive coronary angiography,11,12 and have a higher
1-year mortality rate compared with those without frailty.13

However, in patients that survive to 1 year after invasive treatment

of NSTEACS, those that are frail or pre-frail report a proportionally
larger improvement in health-related quality of life than robust pa-

tients.14 Although those with frailty tend to have more severe angio-

graphic disease,15 frailty is not associated with a reduction in the
short-term procedural success of percutaneous coronary interven-

tion (PCI).16 Yet the impact of frailty on long-term clinical outcomes

following invasive management of non-ST elevation ACS (NSTEACS)

is unknown.6,8 In this study, we report clinical outcomes of older pa-

tients 5 years after invasive management of NSTEACS, according to

their frailty status at admission.

Methods

The study to Improve Clinical Outcomes in high-risk patieNts with ACS
(ICON-1) is a multi-centre, prospective cohort study. The full protocol
has previously been published.17 The 5-year follow-up study was ap-
proved by the Research Ethics Committee (REC 12/NE/0160) and was
conducted in accordance with the Declaration of Helsinki. Written, in-
formed consent of all participants was obtained. The ICON-1 was pro-
spectively registered with the United Kingdom Clinical Research
Network (UKCRN; ID 12742) and ClinicalTrials.gov (NCT01933581).

Study population
Patients with NSTEACS and aged≥75 years that were referred for inva-
sive angiography at two high volume PCI centres: Freeman Hospital,
Newcastle upon Tyne (receiving patients referred from six district hos-
pitals) and James Cook University Hospital, Middlesbrough (receiving pa-
tients referred from five district hospitals) were recruited between
November 2012 and December 2015. All patients underwent coronary
angiography and received guideline-recommended management of
NSTEACS. Patients were diagnosed based on clinical symptoms, electro-
cardiography criteria and high-sensitivity troponin testing, in line with
contemporary NSTEACS guidelines.18 Exclusion criteria were the pres-
ence of cardiogenic shock, primary arrhythmia, co-existing significant
valvular heart disease, malignancy (with life expectancy ≤1 year), active

2 H. Ratcovich et al.
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infection (pneumonia, urinary tract infection, or sepsis of other cause),
and inability to provide informed consent (due to lack of capacity, visual
impairment, or language difficulties). Patients with alternative diagnoses
after angiography (Takotsubo cardiomyopathy, pulmonary embolism,
myocarditis, and coronary vasospasm) were excluded.

Frailty assessments
Frailty was assessed using the Canadian Study of Health and Ageing
Clinical Frailty Scale (CFS)19 and the Fried criteria20 by experienced
members of the research team consisting of principal investigators, re-
search fellows, and research nurses. The CFS reflects the clinician’s scaled
judgement of activities of daily living, comorbidity impact, and depend-
ency. Scores 1–7 are graded from ‘very fit’ to ‘severely frail’ (see
Supplementary material online, Table S1A). Patients with a CFS score
of 1–2 were classified as robust, 3–4 as pre-frail, and 5–7 as frail. The
Fried criteria includes self-reported weight loss, physical energy, and
low physical activity, and an objective assessment of grip strength and
walking speed (see Supplementary material online, Table S1B). A score
of 0 is categorized as non-frail (robust), 1–2 as pre-frail (intermediate),
and ≥3 as frail.

Baseline characteristics were reported by frailty category, including pa-
tient demographics, medical history [diabetes, hypertension, hyperchol-
esterolaemia, renal impairment, previous MI, angina, previous coronary
intervention, transient ischemic attack (TIA) or stroke, osteoarthritis
or rheumatoid arthritis, peptic ulcer disease, chronic obstructive pul-
monary disease (COPD)], findings at admission—heart rate, systolic
blood pressure, left ventricular ejection fraction (LVEF), New York
Heart Association Functional (NYHA) class, The Global Registry of
Acute Coronary Events (GRACE) 2.0 score, Charlson comorbidity index
(CCI), and Canadian Cardiovascular Society Angina score (CCS), creatin-
ine, haemoglobin, peak Troponin, high-sensitivity C-reactive protein,
non-ACS diagnosis, in-hospital treatment [PCI, coronary artery bypass
graft (CABG), medical treatment only], angiographic procedure duration,
periprocedural complications, length of stay, and medications at
discharge.

Follow-up and clinical outcomes
Five-year follow-up data were collected using the Summary Care
Records, National Health Service (NHS) Digital, and tertiary centre hos-
pital electronic patient records. Summary care records are an electronic
synthesis of important patient information, created from primary care
physician medical records.

The primary outcome was a composite of all-cause mortality, MI,
stroke, repeat unplanned revascularization, and significant bleeding [de-
fined as Bleeding Academic Research Consortium (BARC) type 2 or
greater].21 In participants where more than one component of the com-
posite outcome occurred, time-to-first-event was used and all patients
were censored at 5 years. The individual elements of the primary com-
posite outcome were analysed separately as secondary outcomes.

Statistical analysis
Categorical variables are summarized by number (n) and percentages (%)
and compared with χ2 test. Continuous variables were checked for nor-
mality and presented as mean+ standard deviation or median (inter-
quartile range) and compared with T-test or Wilcoxon rank-sum test
for variables with normal or non-normal distribution respectively. A
P-value ≤0.05 was considered significant.

Kaplan–Meier survival analysis was used for time to primary outcome
and time to all-cause mortality according to frailty group. To investigate
whether a potential difference between frailty groups was driven by the
mortality rates in the first year, landmark analysis was used to investigate

the number of new events after 1-year follow-up until 5-year follow-up.
Data are presented as cumulative events and compared with the log-rank
test.

Associations between frailty and the primary endpoint as well as all-
cause mortality were assessed with Cox proportional hazard model
tests, presented as hazard ratios (HRs) with 95% confidence intervals
(CIs). The proportional hazard assumption was assessed with the
Schoenfeld residuals test for all variables included in the model. If a pa-
tient had more than one event during the follow-up period (MI, new un-
planned revascularization, stroke, bleeding, or all-cause death) only the
first event counted in the primary composite endpoint. Analyses were
performed in R® version 3.6.1.

Results

Of 300 participants in the ICON1 study, 263 (87.7%) completed
5-year follow-up, had frailty assessments at baseline, and were

included in this analysis (see Supplementary material online,

Figure S1). When CFS was used, 33 patients (12.5%) were frail, 152
(57.8%) as pre-frail and 78 (29.7%) as robust. According to Fried cri-

teria, 70 patients (26.6%) were frail, 147 patients (55.9%) were

pre-frail, and 46 patients (17.5%) were robust (see Supplementary
material online, Figure S2). Twenty-five patients had frailty according

to both CFS and Fried criteria (see Supplementary material online,

Figure S3).

Baseline characteristics according to
frailty group
When frailty was measured by CFS, patients with frailty were signifi-
cantly older, more often female, and had more frequently a history of

diabetes, hypertension, renal impairment, previous MI, previous an-

gina, PCI, TIA or stroke, COPD, bleeding problems, and anaemia.
At the time of admission, patients had significantly more often a

Killip class ≥2, higher NYHA class, higher GRACE 2.0 score, higher

CCI and higher CCS score, as well as lower haemoglobin (Table 1).
Patients with frailty had a longer length of stay than robust patients.

There were no differences in the invasive treatment or pharmaco-

logical therapy at discharge, except for nicorandil and isosorbide
mononitrate which were more frequently prescribed to patients

with frailty (Supplementary material online, Table S2).

When assessed using the Fried criteria, patients with frailty were
older than pre-frail and robust patients, and more commonly had a

history of stroke or TIA and anaemia (Supplementary material

online, Table S3). At the time of admission, patients with frailty by
Fried criteria had a significantly lower median LVEF and lower

haemoglobin, and higher mean GRACE score compared with

pre-frail and robust patients. There were no differences between
the groups in the proportion of patients that were treated with

PCI or in the frequency of PCI complications (Supplementary

material online, Table S4).

Frailty and the primary composite
endpoint at 5 years
Patients with frailty had a higher incidence of the primary composite

endpoint as measured by CFS or the Fried criteria (Table 2 and
Figure 1). The risk of the primary composite endpoint was almost

doubled in patients with frailty compared with robust patients
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Table 1 Baseline characteristics for the population stratified by clinical frailty scale

Variable Total (n=263) Frail (n=33) Pre-frail (n=152) Robust (n=78) P-value

Age, years, mean (SD) 81.2 (4.1) 83.2 (4.8) 81.4 (3.8) 80.2 (4.1) 0.001

Female, n (%) 102 (38.8) 20 (60.6) 65 (42.8) 17 (21.8) ,0.001

Body mass index, kg/m2, mean (SD) 26.9 (4.4) 27.7 (4.3) 27.3 (4.9) 25.8 (3.1) 0.024

Current smoker, n (%) 18 (6.8) 2 (6.1) 15 (9.9) 1 (1.3) 0.05

Ex-smoker, n (%) 134 (51.0) 17 (51.5) 83 (54.6) 34 (43.6) 0.285

Never smoked, n (%) 109 (41.4) 14 (42.4) 54 (35.5) 41 (52.6) 0.045

Diabetes, n (%) 69 (26.2) 8 (24.2) 53 (34.9) 8 (10.3) ,0.001

Hypertension, n (%) 192 (73.0) 27 (81.8) 117 (77.0) 48 (61.5) 0.021

Hypercholesterolaemia, n (%) 152 (57.8) 22 (66.7) 86 (56.6) 44 (56.4) 0.544

Renal impairment, n (%) 57 (21.7) 13 (39.4) 34 (22.4) 10 (12.8) 0.008

Previous myocardial infarction, n (%) 87 (33.1) 20 (60.6) 55 (36.2) 12 (15.4) ,0.001

Previous angina, n (%) 116 (44.1) 22 (66.7) 74 (48.7) 20 (25.6) ,0.001

Previous PCI, n (%) 54 (20.5) 12 (36.4) 32 (21.1) 10 (12.8) 0.019

Previous CABG, n (%) 17 (6.5) 5 (15.2) 7 (4.6) 5 (6.4) 0.083

Previous TIA or stroke, n (%) 45 (17.1) 10 (30.3) 28 (18.4) 7 (9.0) 0.020

Osteoarthritis/rheumatoid arthritis, n (%) 37 (14.1) 6 (18.2) 24 (15.8) 7 (9.0) 0.285

Peptic ulcer disease, n (%) 14 (5.3) 1 (3.0) 10 (6.6) 3 (3.8) 0.561

COPD, n (%) 51 (19.4) 8 (24.2) 38 (25.0) 5 (6.4) 0.003

Malignancy, n (%) 25 (9.5) 4 (12.1) 13 (8.6) 8 (10.3) 0.789

Bleeding problems, n (%) 8 (3.0) 3 (9.1) 5 (3.3) 0 (0.0) 0.037

Anaemia, n (%) 23 (8.7) 7 (21.2) 15 (9.9) 1 (1.3) 0.002

Family history of IHD, n (%) 76 (29.1) 12 (36.4) 42 (27.6) 22 (28.9) 0.606

Heart rate, b.p.m., median (IQR) 70 (62–83) 75 (65.5–84.0) 72 (62–84) 68 (61.5–77.0) 0.091

Systolic blood pressure, mmHg, mean (SD) 144.9 (25.6) 143.9 (30.2) 144.1 (26.4) 146.8 (22.1) 0.755

LVEF, %, median (IQR) 55 (45–55) 55 (45–55) 50 (40–55) 55 (50–55) 0.012

Killip class ≥2, n (%) 32 (13.4) 9 (29.0) 18 (13.2) 5 (6.9) 0.010

NYHA class, n (%) ,0.001

1 111 (42.2) 5 (15.2) 44 (28.9) 62 (79.5)

2 99 (37.6) 8 (24.2) 75 (49.3) 16 (20.5)

3 52 (19.8) 19 (57.6) 33 (21.7) 0 (0.0)

4 1 (0.4) 1 (3.0) 0 (0.0) 0 (0.0)

GRACE score, mean (SD) 131.9 (19.3) 139.9 (22.6) 133.3 (19.5) 126 (15.4) 0.001

CCI score, median (IQR) 5 (4–7) 6 (5–8) 5 (4–7) 4 (3–5) ,0.001

CCS score, n (%) ,0.001

0 79 (30.0) 3 (9.1) 29 (37.2) 47 (30.9)

1 98 (37.3) 11 (33.3) 35 (44.9) 52 (34.2)

2 47 (17.9) 7 (21.2) 7 (9.0) 33 (21.7)

3 32 (12.2) 8 (24.2) 6 (7.7) 18 (11.8)

4 7 (2.7) 4 (12.1) 1 (1.3) 2 (1.3)

Creatinine, μmol/L, median (IQR) 97 (80.0–119.5) 102 (86–128) 98 (79–114) 97 (79.2–125.8) 0.556

Haemoglobin, g/dL, median (IQR) 13.1 (11.7–14.3) 12.4 (10.6–13.2) 13.9 (12.7–15.0) 12.9 (11.6–14.2) ,0.001

Peak Troponin, ng/L, median (IQR) 111 (36.0–405.5) 77 (31–277) 147.5 (44.5–443.0) 97.5 (33.0–405.2) 0.359

hsCRP, mg/L, median (IQR) 1.4 (0.6–3.3) 2.1 (0.7–5.0) 1.1 (0.5–2.2) 1.8 (0.7–3.6) 0.110

NSTEMI, n (%) 211 (80.2) 28 (84.8) 66 (84.6) 117 (77.0) 0.300

Unstable angina pectoris, n (%) 52 (19.8) 5 (15.2) 12 (15.4) 35 (23.0) 0.300

Frailty measurements

Weight loss during a 1-year period, n (%) 70 (26.6) 10 (30.3) 10 (12.8) 50 (32.9) 0.004

Energy loss, n (%) 79 (30.0) 18 (54.5) 5 (6.4) 56 (36.8) ,0.001

Low physical energy, n (%) 88 (33.5) 25 (75.8) 2 (2.6) 61 (40.1) ,0.001

Weakness (reduced hand grip strength), n (%) 174 (66.4) 27 (81.8) 37 (48.1) 110 (72.4) ,0.001

Slow walking speed (TUG), n (%) 41 (15.7) 18 (56.2) 1 (1.3) 22 (14.5) ,0.001

Continued
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(CFS: HR 2.55, 95% CI 1.44–4.50, P= 0.001; Fried criteria: HR

1.96, 95% CI 1.10–3.51, P= 0.023). The association remained after

adjustment for age and sex (CFS: HR 2.22, 95% CI 1.23–4.02, P=
0.008; Fried criteria: HR 1.81, 95% CI 1.00–3.27, P= 0.048;

Table 3).

Frailty and the secondary endpoints
at 5 years
Among patients with frailty assessed by CFS, there were significantly

higher all-cause mortalities, as well as more MI events and unplanned
repeat revascularization, but no differences in the occurrence of

stroke or bleeding. Patients with frailty assessed by Fried criteria

had a significantly higher all-cause mortality rate at 5 years compared

with pre-frail and robust patients. There were no significant differ-

ences in the occurrence of MI, repeated unplanned revascularization,
stroke, or bleeding events (Table 2 and Figure 2).

Frailty and pre-frailty were associated with increased risk of all-

causemortality (CFS: HR 3.89, 95%CI 1.91–7.89 P, 0.001; Fried cri-
teria: HR 4.25, 95%CI 1.77–10.22 P= 0.001) and (CFS: HR 2.09, 95%

CI 1.16–3.77 P= 0.015; Fried criteria: HR 2.55, 95%CI 1.09–5.98 P=

0.031) compared with robust patients. The association was sustained
after adjustment for age and sex for both frailty (CFS: HR 3.27, 95%

CI 1.53–6.96, P= 0.002; Fried: HR 3.57, 95% CI 1.47–8.65, P=

0.005) and pre-frailty (CFS: HR 2.05, 95% CI 1.12–3.73, P= 0.019;
Fried: HR 2.35, 95% CI 1.003–5.520, P= 0.049), compared with

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued

Variable Total (n=263) Frail (n=33) Pre-frail (n=152) Robust (n=78) P-value

Fried criteria*, n (%) ,0.001

Robust 46 (17.5) 1 (3.0) 29 (37.2) 16 (10.5)

Pre-frail 147 (55.9) 7 (21.2) 48 (61.5) 92 (60.5)

Frail 70 (26.6) 25 (75.8) 1 (1.3) 44 (28.9)

Categorical variables are summarized by number (n) and percentages (%). Continuous variables are presented as mean+ standard deviation (SD) or median (IQR). A fried criteria
score of 0 is categorized as robust, 1–2 as pre-frail and ≥3 as frail.
ACS, acute coronary syndrome; CCI, Charleston comorbidity index; CCS, Canadian Cardiovascular Society; CFS, clinical frailty scale; GRACE, The Global Registry of Acute Coronary
Events; hsCRP, high sensitive C-reactive protein; IHD, ischaemic heart disease; LVEF, left ventricular ejection fraction; NSTEMI,, non-ST elevation myocardial infarction; NYHA,
New York Heart Association Functional Classification; TIA, Transient ischaemic attack; TUG, Timed up and go test.
* = A fried criteria score of 0 is categorized as robust, 1–2 as pre-frail and ≥3 as frail.
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Table 2 Five-year outcomes stratified by frailty status according to clinical frailty scale and Fried criteria

CFS Total at 5 years (n=263) Frail (n=33) Pre-frail (n=152) Robust (n=78) P-value

Primary endpoint

Composite endpoint 127 (48.3) 22 (66.7) 81 (53.3) 27 (34.6) 0.002

Secondary endpoints

All-cause mortality 82 (31.2) 17 (51.5) 51 (33.6) 14 (17.9) 0.001

Myocardial infarction 36 (13.7) 9 (27.3) 27 (17.8) 7 (9.0) 0.013

Stroke 10 (3.8) 2 (6.1) 5 (3.3) 3 (3.8) 0.752

Repeat unplanned

Revascularization (PCI/CABG)

33 (12.5) 8 (24.2) 20 (13.2) 5 (6.4) 0.033

Bleeding 27 (10.3) 5 (15.2) 16 (10.5) 6 (7.7) 0.490

Fried criteria Total at 5 years (n=263) Frail (n=70) Pre-frail (n=147) Robust (n=46) P-value

Primary endpoint

Composite endpoint 127 (48.3) 39 (55.7) 72 (49.0) 16 (34.8) 0.085

Secondary endpoints

All-cause mortality 82 (31.2) 30 (42.9) 46 (31.3) 6 (13.0) 0.003

Myocardial infarction 36 (13.7) 14 (20.0) 25 (17.0) 4 (8.7) 0.294

Stroke 10 (3.8) 4 (5.7) 3 (2.0) 3 (6.5) 0.237

Repeat unplanned 33 (12.5) 11 (15.7) 18 (12.2) 4 (8.7) 0.529

Revascularization (PCI/CABG)

Bleeding 27 (10.3) 8 (11.4) 13 (8.8) 6 (13.0) 0.667

Summarized by number (n) and percentages (%).
CABG, coronary artery bypass grafting; CFS, clinical frailty scale; NSTEACS, non-ST elevation acute coronary syndrome; PCI, percutaneous coronary intervention.
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robust patients. Frailty measured by CFS was associated with an in-

creased risk of MI and unplanned repeat revascularization compared
with robust patients. There were no significant association between

frailty measured by Fried criteria and other secondary outcomes (see

Supplementary material online, Table S5).
A landmark analysis excluding the first year of follow-up showed

that frailty was still associated with a significantly higher risk of mor-

tality at 5 years (Fried criteria: P= 0.016, CFS: log-rank P= 0.001;
Supplementary material online, Figure S3).

Discussion

Among older adults with NSTEACS undergoing invasive treatment,

frailty measured using the Fried criteria or CFS was associated with
the primary composite endpoint, and strongly associated with

higher all-cause mortality at 5 years, even after adjustment for

age and sex. All-cause mortality was almost 50% among patients

with frailty using either frailty assessment tool. To our knowledge
this is the first study investigating long-term outcomes based

on frailty criteria of older NSTEACS patients undergoing invasive

care.
The increased risk of adverse events in patients with frailty has

been reported before, but mostly in studies with a short duration

of follow-up.11,16,22,23 In our study, frailty was associated with an in-

creased risk of the primary composite outcome of all-cause death,

MI, unplanned repeat revascularization, stroke, and bleeding at 5

years when compared with robust patients. Previous studies that re-

port long-term follow-up mainly included patients that were not re-

ferred for invasive treatment. These studies also showed that frailty

was associated with adverse outcomes.24–26 For example, the

TRILOGY ACS trial consisted of patients with NSTEACS planned

for medical management only (n= 4996, age ≥65 years, frailty ac-

cording to Fried criteria) and found that frailty was associated with

Figure 1 Kaplan–Meier of the composite primary endpoint by frailty category: (A) clinical frailty scale and (B) Fried criteria. CFS, clinical frailty
scale.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Association of frailty and the primary endpoint at 5-year follow-up according to clinical frailty scale
and Fried criteria

Unadjusted Adjusted with age+++++ sex

HR (95% CI) P-value HR (95% CI) P-value

CFS

Robust Reference Reference

Pre-frail 1.69 (1.09–2.64) 0.020 1.63 (1.04–2.55) 0.033

Frail 2.55 (1.44–4.50) 0.001 2.22 (1.23–4.02) 0.008

Fried criteria

Robust Reference Reference

Pre-frail 1.56 (0.91–2.68) 0.107 1.60 (0.93–2.75) 0.092

Frail 1.96 (1.10–3.51) 0.023 1.81 (1.004–3.269) 0.048

HR, hazard ratio; CI, confidence interval; CFS, clinical frailty scale.
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the composite primary endpoint (cardiovascular death, MI, or

stroke) at 30 months after adjustment for baseline characteristics

and GRACE score.24 In another study of patients with NSTEACS
aged ≥75 years (n= 307, median follow-up 6.7 years, frailty defined

using CFS), frailty was independently associated with all-cause mor-

tality, although the study included patients with type II MI, and most
patients with frailty did not undergo angiography.26 In a further study

of patients with ACS aged ≥65 years (n= 342, NSTEMI diagnosis in

79%, mean age 77 years, frailty by Fried criteria), frailty was asso-
ciated with higher mortality during a median of 8.7 years follow-up,

and while 80% of patients had angiography, only 44% were revascu-

larized. Whether frail patients were more often underwent incom-
plete revascularization was not reported.25

In our study, the 5-year mortality rate was 31%, and it was higher

among those with frailty than in robust patients (43 vs. 18%, for CFS).
We found that there was no difference in the proportion of patients

that were treated with PCI between frailty groups, in contrast to pre-

vious studies.16,27 While there is a clear need for individualized,
patient-centred care for older patients with NSTEACS, there is a

gap in the existing evidence to guide the optimal management in

the context of frailty, including the benefit of a routinely applied in-
vasive strategy.28,29 The results of the ongoing British Heart

Foundation Older Patients With Non-ST SEgmeNt elevatIOn

myocaRdial Infarction Randomized Interventional TreAtment trail
(SENIOR-RITA, n= 1600) will be valuable in evaluating the role of

invasive management in older adults with NSTEACS in the context

of concomitant frailty.
Our study provides further evidence that biological age (i.e. frailty)

is a more important influence on prognosis for older people with

NSTEACS than chronological age alone. With an increasing number
of older people, routine evaluation of frailty could help to guide the

most appropriate treatment strategies and inform prognosis. Risk

scoring systems like the GRACE score are widely used to triage pa-
tients of all ages with ACS. However, GRACE score is highly influ-

enced by the patient’s age, when inclusion of a frailty assessment

may offer better model discrimination.22,24 A routine integration of
frailty into prognostication risk tools for better biological age estima-

tion may be a useful next step.23

There were some differences in the clinical outcomes of patients

with frailty as defined using the CFS and the Fried criteria. While this

is to be expected based upon the different models, in this study, we
also acknowledge that this is likely to be in part related to relatively

small group sizes and therefore wide CIs. Current clinical practice

guidelines do not recommend a particular tool in patients with
NSTEACS.6 There are benefits and disadvantages with both tools.

The Fried criteria encompass both physical activity (slowness and

weakness) as well as self-reported exhaustion, which incorporates
the subjective assessment by the patient. In contrast, CFS is assessed

by a bedside observation only, which is faster and may be more suit-

able for a patient in an acute setting and can easily be performed in
the emergency departments and cardiology ward.23 This study did

not aim to compare the predictive utility of the two frailty models,

and further work is needed to identify whether one scoring system
is better than another in predicting outcomes for patients following

ACS. However, there are some data that the Fried criteria outper-

form the CFS for mortality prediction in this setting.30

Strengths and limitations
This study uses prospectively collected data with in-person follow-up

up to 1 year. Five-year follow-up was carried out via summary care

records for robust outcome ascertainment. All frailty assessments
were performed by experienced research team members with ex-

pertise in frailty assessments, and there are minimal missing data.

However, we recognize the limitations of our work. Firstly, although
over a quarter of participants were frail, the cohort is unlikely to in-

clude the frailest patients in whom invasive treatment was deemed

not to be appropriate and were therefore not referred for angiog-
raphy. Secondly, this is a relatively small study population, which in-

creases the possibility of a type two error.

Conclusion

Among older patients with NSTEACS undergoing coronary angiog-
raphy, frailty was associated with an increased risk of the primary

composite endpoint of all-cause mortality, MI, repeat unplanned

Figure 2 Kaplan–Meier of 5-year all-cause mortality by frailty category: (A) clinical frailty scale and (B) Fried criteria. CFS, clinical frailty scale.
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revascularization, stroke, and bleeding at 5 years, even after adjust-

ment for age and sex. The recognition of frailty is important to in-

form the prognosis of patients with NSTEACS and to identify a
population at particular risk of adverse outcomes.

Author contributions

H.R. performed the statistical analyses used in the paper, wrote the
draft, multiple revisions and the graphical abstract. B.B., G.M., L.H.,

J.A.H., H.S., M.V., and C.W. made critical review of the entire manu-

script. V.K. made critical review and multiple revisions.

Lead author biography

Dr Hanna Ratcovich is the first of this

manuscript. She earned her MD de-
gree in 2016 at University of

Copenhagen. She is a PhD fellow at

the Department of Cardiology,
Copenhagen University Hospital,

Rigshospitalet, Denmark. Her re-

search interests include acute coron-
ary syndrome, frailty, and invasive

cardiology. She spent part of her

PhD studies with the ICON Study
Group, Translational and Clinical Research Institute, Faculty of

Medical Sciences, Newcastle University, Newcastle upon Tyne, UK

under the supervision of Professor Vijay Kunadian.

Data availability
Data can be provided on request to the Chief Investigator and Sponsor.

Supplementary material

Supplementary material is available at European Heart Journal Open

online.

Acknowledgement
The authors are grateful to the Newcastle cardiovascular research

team for their support with the long-term follow-up.

Funding
This research is supported by the National Institute for Health Research
(NIHR) Newcastle Biomedical Research Centre based at
Newcastle-upon-Tyne Hospitals NHS Foundation Trust and
Newcastle University. V.K. has received research funding from the
British Heart Foundation (CS/15/7/31679). H.R. is funded by
Copenhagen University Hospital Rigshospitalet’s Research Foundation
and Copenhagen University’s Change of Research environment Fund,
as a PhD fellow. B.B. is funded by the NIHR as an Academic Clinical
Fellow. C.W. is funded by the NIHR as an Academic Clinical Lecturer.
The funders had no role in study design, data collection and analysis, de-
cision to publish, or preparation of the manuscript.

Conflict of interest: None declared.

References
1. World-Health-Organisation. Ageing and Health 2018. https://www.who.int/news-

room/fact-sheets/detail/ageing-and-health.
2. Mazalin Protulipac J, Sonicki Z, ReinerŽ. Cardiovascular disease (CVD) risk factors in

older adults - perception and reality. Arch Gerontol Geriatr 2015;61:88–92.
3. Tahhan AS, VaduganathanM, Greene SJ, Alrohaibani A, RaadM, Gafeer M, Mehran R,

Fonarow GC, Douglas PS, Bhatt DL, Butler J. Enrollment of older patients, women,
and racial/ethnic minority groups in contemporary acute coronary syndrome clinical
trials: a systematic review. JAMA Cardiol 2020;5:714–722.

4. Veerasamy M, Edwards R, Ford G, Kirkwood T, Newton J, Jones D, Kunadian V.
Acute coronary syndrome among older patients: a review. Cardiol Rev 2015;23:
26–32.

5. Sinclair H, Kunadian V. Coronary revascularisation in older patients with non-ST ele-
vation acute coronary syndromes. Heart 2016;102:416–424.

6. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P,
Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jüni P,
Lambrinou E, Lewis BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten
FH, Sibbing D, Siontis GCM, Kastrati A, Mamas MA, Aboyans V, Angiolillo DJ,
Bueno H, Bugiardini R, Byrne RA, Castelletti S, Chieffo A, Cornelissen V, Crea F,
Delgado V, Drexel H, Gierlotka M, Halvorsen S, Haugaa KH, Jankowska EA, Katus
HA, Kinnaird T, Kluin J, Kunadian V, Landmesser U, Leclercq C, Lettino M, Meinila
L, Mylotte D, Ndrepepa G, Omerovic E, Pedretti RFE, Petersen SE, Petronio AS,
Pontone G, Popescu BA, Potpara T, Ray KK, Luciano F, Richter DJ, Shlyakhto E,
Simpson IA, Sousa-Uva M, Storey RF, Touyz RM, Valgimigli M, Vranckx P, Yeh
RW, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P, Dorobantu M,
Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jüni P, Lambrinou E, Lewis
BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing D, Siontis
GCM. 2020 ESC Guidelines for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation. Eur Heart J 2021;42:
1289–1367.

7. Gale CP, Cattle BA, Woolston A, Baxter PD, West TH, Simms AD, Blaxill J,
Greenwood DC, Fox KAA, West RM. Resolving inequalities in care? Reduced mor-
tality in the elderly after acute coronary syndromes. The Myocardial Ischaemia
National Audit Project 2003–2010. Eur Heart J 2012;33:630–639.

8. Chung K, Wilkinson C, Veerasamy M, Kunadian V. Frailty scores and their utility in
older patients with cardiovascular disease. Interv Cardiol 2021;16:e05.

9. Walker DM, Gale CP, Lip G, Martin-Sanchez FJ, McIntyre HF, Mueller C, Price S,
Sanchis J, Vidan MT, Wilkinson C, Zeymer U, Bueno H. Editor’s choice—frailty
and the management of patients with acute cardiovascular disease: a position paper
from the Acute Cardiovascular Care Association. Eur Heart J Acute Cardiovasc Care
2018;7:176–193.

10. Gu SZ, Beska B, Chan D, Neely D, Batty JA, Adams-Hall J, Mossop H, Qiu W,
Kunadian V. Cognitive decline in older patients with non- ST elevation acute coron-
ary syndrome. J Am Heart Assoc 2019;8:e011218.

11. Ekerstad N, Swahn E, JanzonM, Alfredsson J, Löfmark R, Lindenberger M, Andersson
D, Carlsson P. Frailty is independently associated with 1-year mortality for elderly
patients with non-ST-segment elevation myocardial infarction. Eur J Prev Cardiol

2014;21:1216–1224.
12. EkerstadN, Swahn E, JanzonM, Alfredsson J, Löfmark R, Lindenberger M, Carlsson P.

Frailty is independently associated with short-term outcomes for elderly patients
with non-ST-segment elevation myocardial infarction. Circulation 2011;124:
2397–2404.

13. Batty J, QiuW, Gu S, Sinclair H, Veerasamy M, Beska B, Neely D, Ford G, Kunadian V.
One-year clinical outcomes in older patients with non-ST elevation acute coronary
syndrome undergoing coronary angiography: an analysis of the ICON1 study. Int J
Cardiol 2019;274:45–51.

14. Beska B, Coakley D, MacGowan G, Adams-Hall J, Wilkinson C, Kunadian V. Frailty
and quality of life after invasive management for non-ST elevation acute coronary
syndrome. Heart 2022;108:203–211.

15. Gu SZ, Qiu W, Batty JA, Sinclair H, Veerasamy M, Brugaletta S, Neely D, Ford G,
Calvert PA, Mintz GS, Kunadian V. Coronary artery lesion phenotype in frail older
patients with non-ST-elevation acute coronary syndrome undergoing invasive
care. EuroIntervention 2019;15:e261–e268.

16. Damluji AA, Huang J, Bandeen-Roche K, Forman DE, Gerstenblith G, Moscucci M,
Resar JR, Varadhan R, Walston JD, Segal JB. Frailty among older adults with acute
myocardial infarction and outcomes from percutaneous coronary interventions. J
Am Heart Assoc 2019;8:e013686.

17. Kunadian V, Neely RD, Sinclair H, Batty JA, Veerasamy M, Ford GA, QiuW. Study to
Improve Cardiovascular Outcomes in high-risk older patieNts (ICON1) with acute
coronary syndrome: study design and protocol of a prospective observational study.
BMJ Open 2016;6:e012091.

18. RoffiM, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA,
Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser
U, Mehilli J, Mukherjee D, Storey RF,Windecker S. 2015 ESCGuidelines for the man-
agement of acute coronary syndromes in patients presenting without persistent

8 H. Ratcovich et al.
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
h
jo

p
e
n
/a

rtic
le

/2
/3

/o
e
a
c
0
3
5
/6

5
8
6
2
6
9
 b

y
 g

u
e
s
t o

n
 0

9
 N

o
v
e
m

b
e
r 2

0
2
2

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac035#supplementary-data
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health


ST-segment elevation: Task Force for the Management of Acute Coronary
Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the
European Society of Cardiology (ESC). Eur Heart J 2016;37:267–315.

19. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, Mitnitski A.
A global clinical measure of fitness and frailty in elderly people. CMAJ 2005;173:
489–495.

20. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T,
Tracy R, Kop WJ, Burke G, McBurnie MA. Frailty in older adults: evidence for a
phenotype. J Gerontol A Biol Sci Med Sci 2001;56:M146–M157.

21. Sinclair H, Batty JA, QiuW, Kunadian V. Engaging older patients in cardiovascular re-
search: observational analysis of the ICON-1 study. Open Heart 2016;3:e000436.

22. Anand A, Cudmore S, Robertson S, Stephen J, Haga K, Weir CJ, Murray SA, Boyd K,
Gunn J, Iqbal J, MacLullich A, Shenkin SD, Fox KAA, Mills N, Denvir MA. Frailty as-
sessment and risk prediction by GRACE score in older patients with acute myocar-
dial infarction. BMC Geriatr 2020;20:102.

23. Ekerstad N, Javadzadeh D, Alexander KP, Bergström O, Eurenius L, Fredrikson M,
Gudnadottir G, Held C, Ängerud KH, Jahjah R, Jernberg T, Mattsson E, Melander
K, Mellbin L, Ohlsson M, Ravn-Fischer A, Svennberg L, Yndigegn T, Alfredsson J.
Clinical frailty scale classes are independently associated with 6-month mortality
for patients after acute myocardial infarction. Eur Heart J Acute Cardiovasc Care

2022;11:89–98.
24. White HD,Westerhout CM, Alexander KP, RoeMT,Winters KJ, Cyr DD, Fox KAA,

Prabhakaran D, Hochman JS, Armstrong PW, Ohman EM. Frailty is associated with
worse outcomes in non-ST-segment elevation acute coronary syndromes: Insights
from the TaRgeted platelet Inhibition to cLarify the Optimal strateGy to

medicallY manage Acute Coronary Syndromes (TRILOGY ACS) trial. Eur Heart J
Acute Cardiovasc Care 2016;5:231–242.

25. Sanchis J, Ruiz V, Sastre C, Bonanad C, Ruescas A, Fernández-Cisnal A, Mollar A,
Valero E, Blas SG, González J, Pernias V, Miñana G, Núñez J, Ariza-Solé A. Frailty tools
for assessment of long-term prognosis after acute coronary syndrome. Mayo Clin

Proc Innov Qual Outcomes 2020;4:642–648.
26. Ekerstad N, Pettersson S, Alexander K, Andersson D, Eriksson S, Janzon M,

Lindenberger M, Swahn E, Alfredsson J. Frailty as an instrument for evaluation of eld-
erly patients with non-ST-segment elevation myocardial infarction: a follow-up after
more than 5 years. Eur J Prev Cardiol 2018;25:1813–1821.

27. Alexander KP, Newby LK, Cannon CP, Armstrong PW, Gibler WB, Rich MW, Van
de Werf F, White HD, Weaver WD, Naylor MD, Gore JM, Krumholz HM, Ohman
EM. Acute coronary care in the elderly, part I: non-ST-segment-elevation acute cor-
onary syndromes: a scientific statement for healthcare professionals from the
American Heart Association Council on Clinical Cardiology: in collaboration with
the Society of Geriatric Cardiology. Circulation 2007;115:2549–2569.

28. Mills GB, Ratcovich H, Adams-Hall J, Beska B, Kirkup E, Raharjo DE, Veerasamy M,
Wilkinson C, Kunadian V. Is the contemporary care of the older persons with acute
coronary syndrome evidence-based? Eur Heart J Open 2021;2:oeab044.

29. Rowland B, Kunadian V. Challenges in the management of older patients with acute
coronary syndromes in the COVID-19 pandemic. Heart 2020;106:1296–1301.

30. García-Blas S, Bonanad C, Fernández-Cisnal A, Sastre-Arbona C, Ruescas-Nicolau
MA, González D’Gregorio J, Valero E, Miñana G, Palau P, Tarazona-Santabalbina
FJ, Ruiz Ros V, Núñez J, Sanchis J. Frailty scales for prognosis assessment of older
adult patients after acute myocardial infarction. J Clin Med 2021;10:4278.

Five-year outcome in older NSTEACS patients with frailty 9
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
h
jo

p
e
n
/a

rtic
le

/2
/3

/o
e
a
c
0
3
5
/6

5
8
6
2
6
9
 b

y
 g

u
e
s
t o

n
 0

9
 N

o
v
e
m

b
e
r 2

0
2
2


	Five-year clinical outcomes in patients with frailty aged ≧75 years with non-ST elevation acute coronary syndrome undergoing invasive management
	Introduction
	Methods
	Study population
	Frailty assessments
	Follow-up and clinical outcomes
	Statistical analysis

	Results
	Baseline characteristics according to frailty group
	Frailty and the primary composite endpoint at 5 years
	Frailty and the secondary endpoints �at 5 years

	Discussion
	Strengths and limitations

	Conclusion
	Author contributions
	Lead author biography
	Data availability
	Supplementary material
	Acknowledgement
	Funding
	References


