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ABSTRACT

Background Elderly, frail patients are often excluded
from clinical trials so there is lack of data regarding
optimal management when they present with symptomatic
coronary artery disease (CAD).
Objective The aim of this observational study was to
evaluate an unselected elderly population with CAD for the
occurrence of frailty, and its association with quality of life
(QoL) and clinical outcomes.
Methods Consecutive patients aged ≥80 years presenting
with CAD were prospectively assessed for frailty (Fried
frailty phenotype (FFP), Edmonton frailty scale (EFS)), QoL
(Short form survey (SF-12)) and comorbidity (Charlson
Comorbidity Index (CCI)). Patients were re-assessed at 4
months to determine any change in frailty and QoL status
as well as the clinical outcome.
Results One hundred fifty consecutive patients with
symptomatic CAD were recruited in the study. The mean
age was 83.7±3.2 years, 99 (66.0%) were men. The
clinical presentation was stable angina in 68 (45.3%), the
remainder admitted with an acute coronary syndrome
including 21 (14.0%) with ST-elevation myocardial
infarction. Frailty was present in 28% and 26% by FFP and
EFS, respectively, and was associated with a significantly
higher CCI (7.5±2.4 in frail, 6.2±2.2 in prefrail, 5.9±1.6
in those without frailty, p=0.005). FFP was significantly
related to the physical composite score for QoL, while
EFS was significantly related to the mental composite
score for QoL (p=0.003). Treatment was determined by
the cardiologist: percutaneous coronary intervention in
51 (34%), coronary artery bypass graft surgery in 15
(10%) and medical therapy in 84 (56%). At 4 months, 14
(9.3%) had died. Frail participants had the lowest survival.
Cardiovascular symptom status and the mental composite
score of QoL significantly improved (52.7±11.5 at baseline
vs 55.1±10.6 at follow-up, p=0.04). However, overall
frailty status did not significantly change, nor the physical
health composite score of QoL (37.2±11.0 at baseline vs
38.5±11.3 at follow-up, p=0.27).
Conclusions In patients referred to hospital with
CAD, frailty is associated with impaired QoL and a high
coexistence of comorbidities. Following cardiac treatment,
patients had improvement in cardiovascular symptoms
and mental component of QoL.

Key questions
What is already known about this subject?
►► Frailty and coronary artery disease are both preva-

lent and often coexist in older adult patients.
►► Frail cardiovascular patients have been shown

to have poor clinical outcomes especially when
faced with external stressors like surgery and
interventions.
►► An increasing number of percutaneous coronary intervention (PCI) procedures are being carried out in
older adult patients.

What does this study add?
►► Frailty is significantly related to health-related qual-

ity of life (QoL) in an octogenarian population with
symptomatic coronary artery disease and is a predictor of poor survival irrespective of the treatment
they undergo.
►► PCI in frail older adult patients showed improvement
in symptoms and mental composite scores of QoL
but no significant improvement in physical composite scores of QoL.

How might this impact on clinical practice?
►► Frailty can offer further risk stratification in older

adult patients presenting with symptomatic coronary artery disease and can help identify patients
who are unlikely to experience any significant improvement in their health-related QoL despite undergoing PCI.

INTRODUCTION
Life expectancy is rising and as the prevalence of coronary artery disease (CAD)
increases with age,1 a growing number of
elderly patients are presenting with symptomatic CAD. This has translated into year-on-
year increases in the number of revascularisation procedures (both percutaneous coronary intervention (PCI) and coronary artery
bypass graft surgery (CABG)) in patients
aged ≥80 years.2 In this advanced age group,
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long-
term mortality benefits seen with cardiovascular
interventions is offset by a relatively limited lifespan;
therefore, control of symptoms and preserving quality
of life (QoL) are important considerations rather than
longevity.3
The evidence base to guide management of elderly
patients is limited. A review of major trials in cardiovascular disease indicated that 50% of trials failed to enrol
any participant above 75 years of age.4 Indeed, only 9%
of trial participants were aged >75 years, and only 2%
were >85 years of age. The reasons are multifactorial but
include increased comorbidities that exclude trial participation as well as reluctance to commit to the burden of
additional hospital visits.
Importantly, interventions may incur increased procedural risks as compared with younger patients.5 However,
it is important to be able to identify and risk stratify those
older patients who are most likely to benefit from invasive
interventional procedures. ‘Frailty’ amalgamates several
key physiological processes. It takes into account the
loss of functional reserves which makes these individuals
vulnerable to a poor outcome in the face of any physiological stressor such as an acute coronary syndrome.6
Frailty, QoL and comorbidity assessment tools may help
us to better understand the prognosis of elderly patients
and provide a basis for evidence-based decision-making.7
Previous registries have indicated that frail patients
undergoing PCI or CABG have a poorer outcome and
higher mortality.8 9 However, these patients have been
selected for the intervention, and these studies do not
therefore consider patients who are managed medically.
An overview of the entire population is needed in order to
better guide decision-making in elderly patients. Therefore, we sought to assess the occurrence and impact of
frailty in an unselected elderly population with CAD, irrespective of clinical presentation or treatment. We evaluated the relationship of frailty with QoL and determined
any association with short-term survival.
METHODS
We recruited 150 consecutive patients aged ≥80 years
with symptomatic CAD between June 2016 and January
2017. This single-centre prospective observational study
included patients across the whole spectrum of CAD;
those with stable angina as well as inpatients with acute
coronary syndromes (unstable angina (UA), non-
ST-
elevation myocardial infarction (NSTEMI) and ST-elevation myocardial infarction (STEMI)). Participants were
recruited from the cardiology and cardiothoracic departments at Castle Hill Hospital in Hull. This is a tertiary
referral centre in the North of England serving a population of 1.2 million. Patients with established heart failure
and severe valvular heart disease if indicated by their
previous medical records were excluded. Patients with
advanced dementia and significant cognitive impairment
who were unable to consent or understand the questionnaires were excluded from the study.
2

The primary objective was to evaluate the relationship
between frailty and QoL. Participants were assessed for
frailty using validated tools.10 11 Briefly, the Fried frailty
phenotype (FFP) evaluates patients for weight loss,
level of exhaustion, physical activity, gait speed and grip
strength.10 The Edmonton frailty scale (EFS) also evaluates weight loss and physical capability but in addition
has some assessment of cognitive function and mood.11
Disability was defined as at least one disability determined by the IADL (Independent activity of daily living)
score collected as part of the EFS. QoL was assessed using
Short survey form-12 (SF-12).12 The QoL scores were
compared with a control population matched for age
and sex.13 Assessments were done at baseline and again at
4 months. Patients presenting with STEMI were included
into the study after they had undergone PCI. The intensity of angina symptoms was classified according to the
Canadian Cardiovascular Society (CCS).14 15 Patients
presenting with STEMI were allocated CCS class IV. Shortness of breath was categorised according to the New York
Heart Association.16 Predicted mortality risk was assessed
using the Global Registry of Acute Coronary Events Score
(GRACE)17 and the surgical EuroScore II.18
Major adverse cardiovascular events (MACEs) were
defined as death, acute myocardial infarction, stroke and
major bleeding as defined by the Bleeding Academic
Research Consortium Scale.19 20 Detailed demographic
and clinical characteristics of the participants were
recorded to explore factors associated with frailty and
QoL in the study cohort.
Statistical analysis
The sample size of 150 participants was used to explore
the relationship between frailty and QoL and not powered
for statistical significance. Hence, all findings of the analyses are reported as associations. Continuous variables
are expressed as mean with SD, while categorical data
are expressed as numbers and percentages. The relationship of frailty and QoL was evaluated using both simple
and multiple linear regression models. Transformations
were not used to meet the model assumptions. Missing
values were omitted. Patients were categorised into non-
frail, pre-frail and frail depending on their FFP scores.
The EFS categorised patients into non-frail, vulnerable,
mild, moderate and severe frailty groups. Demographic
and clinical parameters were compared with further
define the characteristics of patients in each of these
groups. Chi-square test was used to compare categorical
variables and ANOVA was used for continuous variables.
Participants’ clinical and demographic variables were
included in a regression model to better understand the
relationship with QoL physical composite score (PCS)
and mental composite score (MCS). The predictor variables were chosen on the basis of previously published
work, indicating a relationship with QoL or which had a
plausible biological rationale. Variables showing a statistically significant relationship in univariate analysis, and
those which were of particular interest, were entered
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Table 1 Baseline characteristics of the overall study cohort and according to Fried frailty status
Fried frailty phenotype
Total cohort (n=150) Non-frail n=19

Pre-frail n=89

Frail n=42

P value

Age
Sex

83.7±3.2

82.2±1.8

83.6±3.3

84.4±3.4

0.04

 Female

51 (34.0%)

3 (15.8%)

29 (32.6%)

19 (45.2%)

0.07

Body mass index

27.3±4.7

26.2±2.8

27.2±4.6

27.9±5.5

0.41

 Hypertension

102 (68%)

13 (68.4%)

61 (68.5%)

28 (66.7%)

0.98

 Diabetes mellitus

40 (26.7%)

4 (21.1%)

25 (28.1%)

11 (26.2%)

0.27

 Previous myocardial infarction 65 (43.3%)

5 (26.3%)

34 (38.2%)

26 (61.9%)

0.01

Medical history

 Previous PCI

53 (35.3%)

5 (26.3%)

28 (31.5%)

20 (47.6%)

0.13

 Previous CABG

18 (12%)

2 (10.5%)

9 (10.1%)

7 (16.7%)

0.55

 h/o CKD

10 (6.7%)

0 (0.0%)

6 (6.7%)

4 (9.5%)

0.03

70 (46.7%)

13 (68.4%)

46 (51.7%)

11 (26.2%)

69 (46%)

6 (31.6%)

37 (41.6%)

26 (61.6%)

1 (0.7%)

0 (0.0%)

0 (0.0%)

1 (2.4%)

Charlson comorbidity score

6.5±2.24

5.9±1.6

6.2±2.2

7.5±2.4

0.005

Presentation

68 (45.3%)

10 (52.6%)

44 (49.4%)

14 (33.3%)

0.73

CCS angina class

NYHA class

LV function (n=111)

16 (10.7%)

2 (10.5%)

9 (10.1%)

5 (11.9%)

45 (30%)

5 (26.3%)

24 (26.9%)

16 (38.1%)

21 (14%)

2 (10.52%)

12 (13.5%)

7 (16.7%)

12 (8.0%)

2 (10.5%)

6 (6.7%)

4 (9.5%)

19 (12.7%)

4 (21.1%)

9 (10.1%)

6 (14.3%)

41 (27.3%)

9 (47.4%)

28 (31.5%)

4 (9.5%)

50 (33.3%)

2 (10.5%)

32 (36.0%)

16 (38.1%)

28 (18.7%)

2 (10.5%)

14 (15.7%)

12 (28.6%)

10 (6.7%)

4 (21.1%)

6 (6.7%)

0 (0%)

87 (58%)

12 (63.2%)

58 (65.2%)

17 (40.5%)

44 (29.3%)

3 (15.8%)

24 (27.0%)

17 (40.5%)

9 (6%)

0 (0%)

1 (1.1%)

8 (19.0%)

55 (49.5%)

7 (46.7%)

29 (45.3%)

20 (57.1%)

25 (22.5%)

2 (13.3%)

15 (23.4%)

9 (25.7%)

20 (18%)

3 (20%)

12 (18.8%)

5 (14.3%)

0.03

<0.001

0.50

11 (9.9)

3 (20.0%)

8 (12.5%)

1 (2.9%)

ECG

24 (16%)

2 (10.5%)

11 (12.4%)

11 (26.2%)

0.10

Blood parameters

126±18 (123-129)

126±4 (117–135)

128±2 (124–132)

122±2 (118–127)

0.32

52.6±19.9 (49.4–55.8)

55.3±3.2 (48.5–62.1)

54.3±2.1 (50.2–58.4)

47.8±3.5 (40.7–54.9)

0.18

34±6 (34–35)

36±1 (34–38)

35±1 (33–36)

33±1 (32–35)

0.16

13±29 (7-19)

14±8 (4–32)

7±3 (2–13)

23±7 (9–36)

0.05

41.6±25.8 (36.1–47.2)

51.6±5.4 (39.5–63.6)

41.3±3.9 (33.5–49.1)

37.9±5.0 (27.5–48.3)

0.34

2259±506 (1254–3265)

1332±611 (30–2695)

1941±629 (677–3205)

3215±1131 (895–5535)

n=84

n=10

n=45

n=29

0.44
0.40

13 (15.5%)

2 (20%)

5 (11.1%)

6 (20.7%)

37 (44.0%)
34 (40.5%)

6 (60%)
2 (20%)

18 (40%)
22 (48.9%)

13 (44.8%)
10 (34.5%)

Coronary angiogram

Continued
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Table 1 Continued
Fried frailty phenotype
Management

Total cohort (n=150) Non-frail n=19

Pre-frail n=89

Frail n=42

84 (56.0%)

10 (52.6%)

51 (57.3%)

23 (54.8%)

51 (34%)

8 (42.1%)

25 (28.1%)

18 (42.9%)

P value
0.13

15 (10%)

1 (5.3%)

13 (14.6%)

1 (2.4%)

Predicted in-hospital mortality
risk (GRACE score)

5.2%±8.6%

3.1%±3.3%

4.4%±7.1%

7.7%±12.0%

0.06

Predicted 1-year mortality risk
(GRACE score)

15.2±14.7

11%±7%

14%±12%

20±20

0.01

Operative mortality risk
(EuroScore II)

5.0%±4.8%

3.9%±4.0%

4.0%±3.7%

7.4%±6.4%

SF-12 PCS score
SF-12 MCS score

37.1±10.7
51.7±11.3

43.5±7.6
57.1±6.4

38.8±11.3
52.7±10.7

30.5±7.1
47.4±12.8

<0.01
0.005
0.003

Data presented as mean±SD or n (%).
CABG, coronary artery bypass graft surgery; CCS, Canadian Cardiovascular Society; CKD, chronic kidney disease; GRACE, Global Registry
of Acute Coronary Events; h/o, history of; LV, left ventricle; SF-12 MCS, Short form-12 mental composite score; NYHA, New York Heart
Association; PCI, percutaneous coronary intervention; ; SF-12 PCS, Short form-12 physical composite score.

into the multiple regression model. Participants lost to
follow-up were excluded from the follow-up analysis. No
imputations were used for missing data. The incidence
rate of each outcome variable was calculated. The association between the pre-specified variables and outcome
was investigated with regression model and time to event
analysis was expressed using Kaplan-Meier curve.
RESULTS
A total of 150 participants were recruited; frailty was identified in 42 (28.0%) by FFP and 39 (26.1%) by EFS. The
baseline characteristics of the total cohort and by frailty
status (FFP) are presented in table 1. Majority of the
participants had some features of frailty (87.3%). Frail
patients were older and had a significantly higher mean
Charlson’s comorbidity score (7.5±2.4). The clinical presentation was with acute coronary syndrome in 82 (54.7%)
though proportionately greater in the frail group (n=28,
66.7% as compared with n=9, 47.4% in the non-
frail
group and n=44, 50.6% in the pre-frail group, p=0.02).
Coronary angiography was undertaken in 96 (64.0%),
with multivessel disease identified in 78 (81.3%).
The QoL score by SF-12 was divided into a physical
composite score (SF-12 PCS) and a mental composite
score (SF-12 MCS). As compared with a control population, the SF-12 PCS was found to be far below expected in
98 (65.3%) and the SF-12 MCS was far below expected in
27 (18.0%). As shown in table 1, both measures of QoL
were significantly lower with increasing levels of frailty.
Relationship between frailty and QoL
Tables 2 and 3 depict the multiple variable regression and
backwards stepwise regression analysis of the relationship
between frailty and QoL as judged by the SF-12 PCS and
MCS, respectively, at baseline. There was a significant
association between the SF-12 PCS score and female sex,
4

previous PCI, CCS angina class, NYHA class, Charlson
comorbidity score and FFP (table 2). The adjusted R2
value was 0.33 for this regression model. There was a
significant association between the SF-12 MCS score and
age, history of diabetes mellitus and EFS (table 3). The
adjusted R2 value for this regression model was 0.35.
Overlap between frailty, comorbidity and disability
There was considerable overlap observed between frailty,
comorbidity and disability in this elderly cohort with 20%
of the participants were both frail and had at least one
comorbidity and disability. None of the participants in
the frail group were free from comorbidity or disability as
calculated from IADL score (figure 1).
Association of frailty with short-term survival and major
adverse events
The overall mortality rate was 9.3% with the lowest
survival in the frail group (figure 2). As outlined in
table 4, a major adverse cardiovascular event occurred
in 24.7%. Frail patients were significantly more likely to
have an acute kidney injury.
Of the participants enrolled as an inpatient, patients
with frailty had significantly longer duration of hospital
stay (mean 6.5 days compared with 2.7 days for patients
who were not frail).
Assessment of frailty and QoL at follow-up
Of the 136 patients who survived, 103 had a follow-up
assessment (75.7%) with results outlined in table 5.
There was a significant improvement in both angina class
as well as NYHA class. There was no significant alteration
in overall frailty status or the PCS of QoL. However, the
mental composite score of QoL did significantly improve.
This may be a result of improvement in symptoms as
suggested by improvement in CCS angina and NYHA
class.
Qayyum S, et al. Open Heart 2020;7:e001314. doi:10.1136/openhrt-2020-001314
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Table 2 Multiple variable regression and backward stepwise regression showing relationship between frailty and SF-12
physical composite score
Multiple variable regression
(Adj R2=0.32)

Backwards stepwise regression
(Adj R2=0.33)

SF-12 PCS at baseline

β (95% CI)

P value

β (95% CI)

P value

Age
Female sex

−0.12 (−0.66 to 0.42)
−3.58 (−7.24 to 0.59)

0.64
0.05

−2.90 (−6.11 to −0.32)

0.07

BMI

−0.14 (−0.51 to 0.23)

0.45

 Hypertension

−1.15 (−4.66 to 2.36)

0.52

 Diabetes mellitus

−0.90 (−4.79 to 2.99)

0.65

 Previous MI

0.49 (−4.15 to 5.13)

0.84

 Previous PCI

−3.82 (−8.22 to 0.57)

0.09

−3.15 (−6.34 to 0.03)

0.05

Medical history

Baseline CCS class
 No angina

0.00

0.06

0.00

 Class I

−0.68 (−7.34 to 7.48)

−0.81 (−7.50 to 5.87)

 Class II

−2.31 (−8.78 to 4.17)

−3.76 (−9.69 to 2.18)

 Class III

−6.14 (−12.34 to 0.06)

−6.41 (−16.44 to −0.64)

 Class IV

−8.06 (−17.42 to 1.31)

−2.67 (−8.76 to 3.40)

0.06

Baseline NYHA class
 Class I

0.00

0.04

0.00

 Class II

−4.68 (−11.07 to 1.70)

−4.76 (−10.83 to 1.32)

 Class III

−8.73 (−15.93 to −1.53)

−9.77 (−16.44 to −3.12)

 Class IV

−2.27 (−12.53 to 7.99)

−2.92 (−12.19 to 6.35)

Charlson comorbidity score

−0.74 (−1.47 to 0.14)

0.14

GRACE 1-year mortality

−0.05 (−0.21 to 0.11)

0.54

0.84 (−0.39 to 0.56)

0.73

0.00

0.13

EuroScore II

−0.96 (−1.72 to −0.21)

0.004

0.01

Clinical presentation
 Stable angina
 Unstable angina

−4.61 (−10.03 to 0.81)

 NSTEMI

0.52 (−3.96 to 5.00)

 STEMI

6.54 (−3.05 to 16.13)

Fried frailty phenotype
 Not frail

0.00

0.05

0.00

 Pre-frail

−0.05 (−5.04 to 4.94)

−1.44 (−6.05 to 3.17)

 Frail

−5.42 (−11.89 to 1.04)

−7.29 (−12.83 to 1.75)

0.005

Edmonton frailty score
 Not frail

0.00

 Vulnerable

−0.36 (−4.48 to 3.76)

 Mild frailty

−3.01 (−8.36 to 2.33)

 Moderate frailty
 Severe frailty

0.37 (−6.34 to 7.07)
−0.77 (−9.84 to 8.29)

DISCUSSION
In this study, we have evaluated an unselected group
of patients aged ≥80 years attending hospital primarily
due to coronary artery disease. For the first time, we
comers irrespective of treatment
have enrolled all-
therefore removing bias present in previous registries
Qayyum S, et al. Open Heart 2020;7:e001314. doi:10.1136/openhrt-2020-001314
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that have included only those patients offered revascularisation. We have shown that frailty is common
and seen in more than a quarter of patients. Frailty
increased with age and was associated with a high
term
comorbidity score and reduced QoL. At short-
follow-
up, frail patients were less likely to survive.
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Table 3 Multiple variable regression and backward stepwise regression showing relationship between frailty and SF-12
mental composite score

SF-12 MCS score at baseline

Multiple linear regression
(adjusted R2=0.33)

Stepwise regression
(adjusted R2=0.35)

β (95% CI)

β (95% CI)

P value

Age
Female

1.01 (0.45 to 1.57)
−2.09 (−5.86 to 1.69)

0.00
0.28

BMI

−0.05 (−0.43 to 0.33)

0.79

P value

0.83 (0.35 to 1.32)

<0.01

−2.74 (−6.34 to 0.89)

0.03

Medical history
 Hypertension

1.85 (−1.78 to 5.49)

0.31

−4.03 (−8.07 to to 0.01)

0.05

 Previous MI

2.90 (−1.90 to 7.71)

0.23

 Previous PCI

−1.87 (−6.42 to 2.68)

0.42

 Diabetes mellitus

Baseline CCS class
 No angina

0.00

 Class I

3.14 (−4.53 to 10.81)

 Class II

3.07 (−3.64 to 9.77)

 Class III

0.03 (−6.39 to 6.45)

 Class IV

4.76 (−4.93 to 14.46)

0.52

Baseline NYHA class
 Class I

0.00

 Class II

0.93 (−5.68 to 7.54)

0.07

0.00

0.20

1.23 (−4.85 to 7.30)

 Class III

6.29 (−1.16 to 13.74)

4.78 (−2.05 to 11.62)

 Class IV

2.73 (−7.90 to 13.35)

0.15 (−9.41 to 9.71)

Charlson comorbidity score

−0.69 (−1.72 to 0.34)

0.19

GRACE 1-year mortality

−0.08 (−0.25 to 0.92)

0.37

EuroScore II

−0.10 (−0.59 to 0.40)

0.70

−0.47 (−1.26 to 0.31)

0.24

Clinical presentation
 Stable angina

0.00

 Unstable angina

0.70 (−4.91 to 6.31)

 NSTEMI

0.27 (−4.37 to 4.91)

 STEMI

−5.86 (−15.8 to 4.07)

0.60

Fried score
 Not frail

0.00

 Pre-frail

−1.70 (−6.87 to 3.47)

 Frail

−0.94 (−7.63 to 5.75)

0.77

Edmonton frailty score
 Not frail
 Vulnerable
 Mild frailty
 Moderate frailty
 Severe frailty

0.00
−11.45 (−15.7 to 7.1)

0.00

<0.01

−11.23 (−15.11 to 7.35)

−4.85 (−10.38 to 0.69)

−5.88 (−10.91 to 0.85)

−14.25 (−21.19 to 7.31)
−21.63 (−31.0 to 12.24)

−14.13 (−20.29 to 7.96)
−22.05 (−29.52 to 14.5)

However, those who underwent follow-
up demonstrated an improvement in symptoms (CCS and NYHA
class) and mental well-being.
The American Heart Association and European
Society of Cardiology both recommend screening
elderly patients with CAD and acute coronary syndromes
6

0.00

for frailty, cognitive decline and comorbid conditions
and to take these factors into consideration while
formulating their management plans.4 21 There is a high
prevalence of frailty in elderly patients with cardiovascular disease and an increased incidence of subclinical
cardiovascular disease in patients with frailty.22 23
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Figure 1 Venn diagram showing overlap of frailty, disability
and comorbidity in study cohort. Frailty was derived from
Fried frailty phenotype. Disability was derived from IADL
scores and comorbidity was calculated from Charlson
comorbidity scores.

In accordance with our study, there is growing
evidence of a strong association between frailty and
poor QoL.24 25 It could be hypothesised that QoL might
improve following coronary intervention primarily due
to relief of angina symptoms. In our study, as evidenced
by an improvement in CCS and NYHA class, symptoms
did improve at follow-up and this was associated with a
significant improvement in the MCS of QoL. However,
there was no change in the PCS nor the frailty status
suggesting that the CAD treatment has limited benefit
in this regard. Instead, we have demonstrated considerable overlap between frailty, comorbidity and disability,
and it is likely that the high burden of comorbidities is
an important driver of QoL. This highlights the need to
take a holistic approach in managing frail and pre-frail
elderly patients rather than just focusing on treating the
CAD in isolation.

Figure 2 Kaplan-Meier curve showing survival curves of
frailty subgroups as per Fried frailty phenotype.

The importance of identifying frailty was recognised in
2017/2018 when the National Health Service introduced
routine frailty screening for patients aged ≥65 years to
the General Practitioner contract, the aim being to
identify people living with frailty and place measures to
enable them to live independently for as long as possible.
Various interventions may also be of value in people with
frailty. A recent systematic review analysed 21 randomised
controlled trials that enrolled 5275 older adults with a
variety of interventions.26 The majority were recruited in
a community setting and the review found that, although
results were mixed, physical exercise programmes were
generally effective at reducing or postponing frailty but
only when conducted in groups. One multifactorial interdisciplinary study of 241 community-
dwelling patients
with frailty demonstrated that those randomised to intervention had significantly less frailty at 1 year as compared
with those in the usual care group. Importantly, in the
‘very frail’ subgroup the intervention was both more
effective and less costly than the control.27 Although

Table 4 Adverse clinical events for the whole cohort as well as by Fried frailty status occurring at a mean follow-up of 107
days
Fried frailty phenotype
Total cohort (n=150)

Not frail (n=19)

Pre-frail (n=89)

Frail (n=42)

P value

37 (24.7%)
14 (9.3%)

8 (42.1%)
2 (10.5%)

16 (18.0%)
5 (5.6%)

13 (31.0%)
7 (16.7%)

0.31
0.13

Myocardial infarction

8 (5.3%)

2 (10.5%)

3 (3.4%)

3 (7.1%)

0.37

CVA

3 (2.0%)

1 (5.3%)

1 (1.1%)

1 (2.4%)

0.49

5 (3.3%)

1 (5.3%)

3 (3.4%)

1 (2.4%)

0.84

12 (8.0%)
26 (17.3%)

3 (15.85)
3 (15.8%)

7 (7.9%)
10 (11.2%)

2 (4.8%)
13 (31.0%)

0.34
0.02

MACE*
Death

TIA
Major bleed
AKI

*MACE was defined as the composite of death, myocardial infarction, stroke or major bleeding.
AKI, acute kidney injury; CVA, cerebrovascular accident; MACE, major adverse cardiac event; TIA, transient ischaemic event.
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Table 5 Table showing frailty and quality of life scores in patients who attended both a baseline as well as a follow-up
assessment (n=103)
n=103
Clinical characteristics

Baseline assessment
Age
Female

83.6±3.0 (83.0–84.1)
33 (32.0%)

BMI

27.3±4.0 (26.5–28.1)

h/o Hypertension

64 (62.1%)

h/o Diabetes

25 (24.8%)

h/o Previous MI

46 (44.7%)

Follow-up

P value

<0.001

h/o CKD

Coronary angiography (n=59)

LV function (n=79)

CCS angina class

NYHA class

Fried frailty phenotype

Edmonton frailty score

Creat clearance >85

7 (6.8%)

Creat clearance 50–85

45 (43.7%)

Creat clearance <50

50 (48.5%)

Single-vessel disease

12 (20.3%)

Two-vessel disease

24 (40.7%)

Three-vessel disease

23 (39.0%)

LVEF ≥55

43 (54.4%)

LVEF 46%–54%

18 (22.8%)

LVEF 36%–45%

13 (16.5%)

Severe LVEF ≤35%

5 (6.3%)

No chest pain

7 (6.8%)

61 (59.2%)

CCS class I

15 (14.6%)

17 (16.5%)

CCS class II

33 (32.0%)

20 (19.4%)

CCS class III

32 (31.1%)

5 (4.9%)

CCS class IV

16 (15.5%)

0 (0.0%)

NYHA class I

6 (5.8%)

17 (16.5%)

NYHA class II

64 (62.1%)

55 (53.4%)

NYHA class III

29 (28.2%)

27 (26.2%)

NYHA class IV

4 (3.9%)

4 (3.9%)

Not frail

13 (12.6%)

19 (18.5%)

Pre-frail

62 (60.2%)

54 (52.4%)

Frail

28 (27.2%)

30 (29.1%)

Not frail

60 (58.3%)

60 (58.3%)

Vulnerable

17 (16.5%)

19 (18.4%)

Mild frailty

15 (14.6%)

16 (15.5%)

Moderate frailty

8 (7.8%)

4 (3.9%)

Severe frailty

3 (2.9%)

4 (3.9%)

37.2±11.0

38.5±11.3

0.27

At or above

27 (26.2%)

33 (32.0%)

0.19

Below

13 (12.6%)

13 (12.6%)

SF-12 physical composite score
Physical health composite score

Far below
SF-12 mental composite score
Mental health composite score

63 (61.2%)

56 (54.4%)

52.7±11.5

55.1±10.6

At or above

81 (78.6%)

84 (81.6%)

Below
Far below

4 (3.9%)
18 (17.5%)

7 (6.8%)
11 (10.7%)

0.05

0.56

0.66

0.04
0.19

BMI, body mass index; CCS, Canadian Cardiovascular Society; CKD, chronic kidney disease; h/o, history of; LVEF, left ventricle ejection
fraction; MI, myocardial infarction; NYHA, New York Heart Association.
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these studies did not specifically evaluate cardiovascular patients, the benefits of cardiac rehabilitation are
well recognised. A meta-
analysis of 63 studies (14 486
participants) demonstrated that exercise-based cardiac
rehabilitation reduces mortality and improves QoL in
all age groups.28 Paradoxically, although the benefit of
rehabilitation is potentially greater in older adults, there
is relatively poor uptake. Older patients are particularly
prone to deconditioning, frailty and disability, such that
the implementation of exercise is often the most difficult.
However, a structured physical activity programme that
incorporates exercises to improve strength, flexibility,
co-
ordination and balance as well as aerobic exercise
has been shown to be beneficial in patients identified as
frail following cardiac surgery.29 Strategies are needed to
increase participation in rehabilitation programmes and
further research is needed to assess whether long-term
multidisciplinary interventional programmes can be
shown to improve frailty and QoL, and be cost-effective
in terms of reducing healthcare costs and hospitalisations.28 30
Another finding of the current study is that frailty assessment is complex and measures are not identical. The FFP
focuses on weight loss, exhaustion, physical activity, gait
speed and grip strength. These are ‘physical features’
and the FFP was found to be associated with the physical composite score of QoL. This was in addition to the
expected association of the physical component of QoL
to symptom burden (CCS and NYHA class). On the other
hand, the Edmonton score assesses mood as well as cognitive function in addition to physical parameters such as
the ‘get up and go’ test. This enabled the EFS to detect
the mental component to QoL. Although not independent, physical and mental elements are both important
components of an individual’s QoL. This highlights the
limitation of using a single frailty index score and emphasises the importance of also encompassing QoL assessment in older patients. The differences between the
frailty scores also underpins the difficulties encountered
in truly defining frailty, making it challenging to compare
studies that use different assessment tools.
Previous studies have demonstrated that frailty is associated with a lower survival rate.31 This was also seen in the
present study and highlights the need for careful consideration when making management recommendations in
frail patients, particularly regarding revascularisation, as
the benefits of invasive treatment may not outweigh the
risks. Our study also demonstrates that frail patients are
at significantly increased risk of acute kidney injury. This
is in accordance with a recent study of unselected acute
medical admissions aged ≥65 years which demonstrated
an association between acute kidney injury on admission
and frailty, as well as an increase in early mortality.32 Care
should therefore be taken in frail patients when considering introducing cardiac medications such as ACE inhibitors and angiotensin receptor blockers which reduce
renal blood flow. In addition, hydration status of the frail
patients should be assessed carefully prior to undergoing
Qayyum S, et al. Open Heart 2020;7:e001314. doi:10.1136/openhrt-2020-001314

invasive cardiac investigations to help reduce the risk of
contrast-induced nephropathy.
For patients admitted with an acute coronary syndrome,
the strategy of early coronary angiography and revascularisation will be evaluated in the on-going SENIOR-RITA
trial. This study, funded by the British Heart Foundation,
is a multicentre prospective open-label trial randomising
2300 patients with NSTEMI, aged ≥75 years, to invasive
versus a conservative treatment strategy. The primary
outcome is cardiovascular death or non-
fatal myocardial infarction at 1 year. Importantly, the study includes
assessment of frailty and QoL scores at baseline and up
to 5 years. In addition, the multicentre MOSCA-FRAIL
study will specifically evaluate frail patients admitted with
NSTEMI and randomised to invasive versus a conservative strategy.33 For elective patients being considered for
surgery, there is a potential role of ‘prehabilitation’. Based
on respiratory and exercise interventions prescribed
prior to surgery, there is evidence that this improves
outcomes following cardiac surgery.34 However, studies
have enrolled low-risk and relatively young patients and
there is a lack of data linking its effectiveness in a cohort
of older ‘frail’ or ‘prefrail’ individuals.
Study limitations
This is a single-centre study evaluating a predominantly
Caucasian population in the North of England. Results
cannot therefore be generalised to patients from other
ethnic backgrounds. Due to the sample size, the study
was not designed to determine causality and a larger
multicentre study would be needed. The study is observational and not designed to evaluate the impact of treatment strategy on outcome. In patients who were alive,
almost one quarter withdrew from the study (follow-up
rate 75.7%) despite offering home visits. This highlights
the difficulties in undertaking research in this age group
and should be factored into determining sample sizes for
future studies.
CONCLUSIONS
In patients referred to hospital with coronary artery
disease, frailty is associated with poorer QoL, a high coexistence of comorbidities, a high burden of cardiovascular
symptoms and a high short-term mortality rate. Following
cardiac treatment, patients had an increase in the mental
component of QoL. There was no change in the physical
aspect of QoL or overall frailty status. Hence, in older
adults presenting with symptomatic coronary artery
disease, frailty will need to be taken into account in addition to their treatments to improve their overall QoL.
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