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Abstract

Introduction

Cardiovascular disease (CVD) is the commonest cause of morbidity and mortality worldwide.
Frailty is a clinical syndrome of physiological decline, resulting in adverse health outcomes.
While the bidirectional relationship between CVD and frailty has been established, there is
limited data on the contemporary association of frailty status with the causes, characteristics
and outcomes of patients with CVD. This thesis aimed to investigate 1) the prevalence of frailty
in CVD patients, 2) the clinical characteristics of frail CVD patients, 3) which CVD patients
with frailty present with and 4) the outcomes of frail CVD patients.

Methods

Two studies were conducted. For the first study, CVD encounters from the 2016-2018
Nationwide Emergency Department (ED) Sample were stratified by their Hospital Frailty Risk
Score (HFRS) into low risk (<5), intermediate risk (5-15) and high risk (>15). For the second
study, CVD hospital admissions from the 2015-2019 National Inpatient Sample were stratified
by their HFRS into low, intermediate and high risk. These samples were filtered by specific
diagnoses: acute myocardial infarction, acute ischaemic stroke, atrial fibrillation (AF), heart
failure, pulmonary embolism, acute haemorrhagic stroke and cardiac arrest.

Results

Over 20 million ED encounters and 16 million hospitalisations were identified. Frailty was
present in a significant proportion of ED and hospital admissions for CVD. Increasing HFRS
was associated with older age, female sex and increased comorbidities. Increasing frailty was
associated with increased odds of mortality across most CVD. The largest effect size was
observed in high HFRS patients diagnosed with AF for both studies (ED adjusted odds ratio
(aOR) 27.14, 95% confidence interval (Cl) 25.03-29.43 and in-hospital aOR 17.69, 95% CI

16.08-19.45 in-hospital compared to their low HFRS counterparts).

XV



Conclusion
Patients have varying frailty risk according to CVD phenotype. Increased frailty is associated
with increased all-cause mortality in patients with most CVD admissions. Knowledge of these

trends is fundamental for the early recognition and optimal management of frailty in CVD

patients.
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1. Chapter 1: Introduction

1.1. Thesis Introduction

1.1.1. Burden of frailty

The average age of the population is increasing, which is largely related to advancements in
healthcare, improvement in overall population health and the management of chronic
conditions [1]. According to the World Health Organisation (WHQO), in 2000, 600 million
people were aged 60 years or above [2]. In 2018, this number increased to 1 billion and is
expected to double to 2 billion by 2050 [2]. Age is strongly associated with frailty and therefore,
with increasing numbers of the elderly population, the proportion of the fragile population is

increasing [3, 4].

Frailty is conceptually defined as a syndrome of physiological decline resulting in an increased
vulnerability to stress, leading to increased risk of adverse outcomes such as falls,
hospitalisation and death [4]. A systematic review published in 2012 including 65,100
community-dwelling adults older than 65 years described the prevalence of overall frailty to
be 10.7% [5]. Between 25% to 50% of people over 85 are estimated to be frail, with increased
prevalence in females and in lower income countries [6-8]. However, investigating true
estimates of the prevalence and burden of frailty can be difficult and strongly depends on the
definition used and the population investigated [4]. Due to multiple causes and risk factors,
there is an ongoing evolution in the contemporary understanding of frailty [4]. There is no
agreed definition of frailty, yet there are multiple scoring systems to predict a person’s frailty
status [4]. Examples of validated tools include Fried’s Frailty Phenotype (FP), Rockwood’s
Clinical Frailty Scale (CFS) and more recently Gilbert’s Hospital Frailty Risk Score (HFRS)

[9-11].



Frailty represents a significant healthcare burden [9, 12] and can impact on clinical outcomes,
for example in comparison to patients without frailty, frail patients undergoing elective surgery
are more likely to die (0.4% vs 0.0%) have an increased length of hospital stay (2.1 vs 0.8 days)
and incur higher total costs ($3,129 vs $5,447) [13]. A study including 95,863 linked records
of United Kingdom (UK) primary care patients concluded the extra annual cost to healthcare
per patient to be £561 for patients with mild frailty, £1,208 for patients with moderate frailty
and £2,108 for severely frail patients [14]. In total, this cost amounts to an additional £5.8
billion annually [14]. In comparison to non-frail patients, severely frail patients have an
incidence risk ratio (IRR) of primary care consultations, emergency admission and inpatient

days (IRR 1.52, 3.16 and 7.26 respectively) [14].

Pre-frailty is a state between non-frailty and frailty defined as having 3 of the 5 components of
frailty present according to Fried’s criteria (slowness, weight loss, weakness, low level of
physical activity and exhaustion) [7]. Pre-frail patients have a higher chance of progressing to
frailty and suffer worse outcomes compared to non-frail patients [7]. However, as with the
definition of frailty, the definition of pre-frailty also varies in the literature [7]. Frailty is not an
absolute fixed state as patients can transition between frail, pre-frail, and non-frail [7]. The
prevalence of pre-frailty in a systematic review of 47,302 adults over 60 was 49.3% [7]. Frailty
and pre-frailty carry a significant personal, societal, and financial impact, and there is a growing
body of evidence that it can be reversed [15]. Therefore, it is important to identify at-risk

groups.

1.1.2. Burden of cardiovascular disease

As with frailty, the numbers of patients living with cardiovascular disease (CVD) is increasing,
particularly given the aging population and improved survivorship in patients with acute or

chronic CVD [16]. CVD is the most common cause of morbidity and mortality worldwide [17].



The prevalence of CVD increased from 271 million in 1990 to 523 million in 2019, with deaths
increasing from 12.1 million to 18.6 million in the same period [17]. CVD has significant
implications for disability [17]. For ischaemic heart disease (IHD) in 2019, the total number of
disability adjusted life years (DALY increased to 182 million in 2019, with 9.14 million deaths
and 197 million cases [17]. CVD tends to affect more males than females, and increasing age
is a risk factor [17]. Other risk factors for CVD can be divided into metabolic, environmental,
and behavioural [17]. Systolic blood pressure contributed to the greatest burden of CVD in
2019, followed by dietary risks, low-density lipoprotein (LDL) cholesterol levels, air pollution

and high body mass index (BMI) [17].

Care for CVD incurs a substantial cost. From 1996 to 2016, spending on CVD care increased
from $212 billion to $320 billion, with 54% covered by public insurance [18]. IHD was the
largest cause of spending, followed by hypertension, hyperlipidaemia, and atrial fibrillation
(AF) [18]. The cause of this expansion was attributed to several factors, such as increasing
population, median age, and pharmaceutical prices [18]. In the UK, the cost of CVD was £29.1
billion in 2004 [19]. Therefore, both frailty and CVD are significant public health burdens that

are identified by WHO as closely related target priorities.

The relationship between frailty and CVD is bidirectional [20]. CVD is associated with a three-
fold increase in frailty and frailty is independently associated with an increased mortality from
CVD [21, 22]. There are several simultaneous mechanisms that connect between frailty and
CVD such as inflammation, concomitant risk factors and increased comorbidity burden [3].
However, it is unknown whether CVD admissions and in-hospital outcomes vary by frailty
status. Information on the causes of admission for CVD in the frail population and the

associated outcomes is vital to plan service around the needs of this key patient population.



Therefore, the aim of this thesis is to describe the cause of CVVD admission, prevalence of

frailty, clinical characteristics of frail patients, and outcomes of frail patients with CVD.

1.1.3. Thesis structure

This thesis consists of 4 further chapters (Chapters 2-5) in addition to this introductory chapter
(Chapter 1). The rest of this chapter provides a summary of frailty and CVD as distinct entities.
Chapter 2 summarises the current evidence of the use of the HFRS in patients with CVVD with
a systematic search of peer-reviewed articles on the topic of the relationship of frailty and ends
with the thesis aims. Chapter 3 outlines the methods undertaken to investigate the thesis aims,
including a description of the two datasets used: the Nationwide Emergency Department
Sample (NEDS) and the NIS. Chapter 4 describes the results of each observational study
included in this thesis. Finally, Chapter 5 provides a general discussion of the results, whilst
summarising clinical implications and areas for future research. The general research questions

addressed in this thesis are:

1) What is the prevalence of frailty in patients admitted with acute CVD?
2) What are the clinical characteristics of frail patients admitted with acute CVD?
3) What are the specific causes of acute CVD admissions in frail patients?

4) What are the outcomes following acute CVD admissions in frail patients?

1.2. Cardiovascular disease

1.2.1. Definition

CVD describes a variety of diseases that affect the heart and blood vessels [23]. Principally,
CVD can be grouped into 6 categories defined by the WHO: coronary artery disease (CAD),

cerebrovascular disease, peripheral vascular disease (PVD), rheumatic heart disease,



congenital heart disease and venous thromboembolism [17]. CAD can be used interchangeably
with the term IHD and coronary heart disease (CHD), both terms include diseases that primarily
affect the heart [24]. Cerebrovascular disease represents diseases which affect the vasculature
of the brain. PVD covers pathologies which affect the vasculature which is not present in the
heart, brain, or aorta [24]. Rheumatic heart disease consists of damage to the heart from
rheumatic fever [24]. Congenital heart disease includes birth defects that affect the structure of
the heart, with implications on the normal development and function of the heart [24]. Finally,

venous thrombosis comprises of two diagnoses, deep vein thrombosis (DVT) and PE [24].

CVD is recognised as a global health priority [17]. Public health initiatives have focused on
addressing the numerous risk factors for CVD, particularly behavioural and lifestyle
interventions. This thesis will focus on 7 important conditions under the umbrella of CVD:
acute myocardial infarction (AMI), acute ischaemic stroke, AF, heart failure (HF), pulmonary
embolism (PE), cardiac arrest, and acute haemorrhagic stroke. Many CVD share the underlying
pathophysiology of atherosclerosis, systemic inflammation and endothelial dysfunction.
However, some of the CVD of interest in this thesis have their own discrete pathophysiology.

Nevertheless, each CVD is associated with ageing and poor outcomes in the elderly.

1.2.2. Epidemiology

CVD is the leading cause of death worldwide [17]. The lifetime risk of CVD is 60% [25]. In
1990, the prevalence of CVD was 271 million with 12.1 million deaths [17]. By 2010, the
global prevalence of CVD increased to 523 million, with 18.6 million deaths, while 85% of
CVD deaths were due to AMI and stroke [17]. By 2025, deaths from CVD are estimated to rise
to 25 million [17]. The global average life-expectancy is 78.8 years, yet one-third of CVD

deaths occur before the age of 75 and DALY for IHD alone increased by 29 million from 1990



to 2010 [25, 26]. This demonstrates a substantial burden of CVD particularly in the elderly,

which explains why CVD remains a global health priority [17].

Strategies for preventative care, and improvements in contemporary management have
decreased mortality in developed countries [17]. Deaths in the UK between 1990 and 2013
decreased by 52% for CVD, 60% for CAD and 46% for stroke, while age-standardised
mortality from CVD decreased by 70% from 1980 to 2013 [27]. Whilst mortality has decreased
in developed countries, prevalence has increased, demonstrating the improved care and
survivorship in patients with acute and chronic CVD [27]. However, 75% of CVD deaths occur
in low-and-middle income countries despite the lower incidence of cardiovascular risk factors
in these countries [24]. Mortality and an incidence of major adverse cerebrovascular and
cardiovascular events (MACCE) in developing countries is still increasing [28]. Even in
developed countries, socio-economic status is associated with increased risk of CVD and
increased likelihood of adverse complications [29]. Data from less developed countries could
be underestimated, as health statistics in these countries may not cover all areas or is incomplete
or inaccurate [29]. Age-standardised mortality for CVD is 500 per 100,000 in Egypt, 400 per
100,000 in South Africa and 300 per 100,000 in China compared to 100 per 100,000 in

Australia and the US [24]. Most CVD is preventable by addressing risk factors.

1.2.3. Risk factors

Despite temporal improvements in the care of CVD patients, the burden of risk factors is
increasing, and therefore the prevalence of CVD is increasing [29]. Risk factors can be
classified according to the control of the exposure and are therefore termed modifiable and
non-modifiable (Table 1.1) [29]. The risk factors usually do not occur in isolation, with over
70% of at-risk individuals demonstrating more than 1 risk factor [30]. Both modifiable and

non-modifiable risk factors should be considered in conjunction when assessing patients’



cardiovascular risk [17]. Overall, modifiable risk actors can be subclassified into metabolic,

environmental, and behavioural [17].

Table 1.1 Risk factors of cardiovascular disease.

Modifiable Non-modifiable
Metabolic Age
Hypertension Sex

Diabetes Ethnicity
Hypercholesterolaemia Genetics
Behavioural Family history
Obesity

Smoking

Diet

Physical activity

Alcohol

Environmental
Socio-economic status
Air pollution
Temperature

1.2.3.1. Modifiable risk factors

The most common modifiable risk factors are smoking, hypertension, diabetes,
hypercholesterolaemia and obesity (Table 1.1) [29]. Therefore, these risk factors are often
called standard modifiable risk factors. However, there are additional important risk factors
that are difficult to control, such as kidney dysfunction or lung disease [17]. Examples of
metabolic risk factors include high blood pressure, hypercholesterolaemia and increased BMI
[17]. Hypertension is one of the leading CVD and a risk factor for other CVD. Its prevalence
was up to 31.1% amongst the global adult population in 2010 [17, 31]. Furthermore, obesity is
a common risk factor that potentiates both hypercholesterolaemia and diabetes [32]. The
prevalence of obesity in 2008 was 33.8% and is expected to rise to 51% by 2030, with 11% of
the population expected to be severely obese [32]. Comorbid CVD in patients with diabetes
leads to poor outcomes, with over half of deaths in diabetics attributed to CVVD [33]. The global

prevalence of diagnosed diabetes in 2019 was 9.3% and is expected to rise to 10.2% by 2030



[34]. Hypercholesterolaemia and its association with CVD is primarily driven by high levels
of low-density lipoprotein (LDL), leading to the atherosclerosis and endothelial dysfunction
[35]. Metabolic risk factors can be affected in-part by behavioural risk factors. Examples of
behavioural risk factors include diet, alcohol, and physical activity [17]. Increased exercise
duration and vigour are independently associated with a decreased risk of CVD [29]. In
contrast, increased fat and salt contents in diet lead to a higher likelihood of CVD [29].
Behavioural risk factors, whilst classically thought to only be controlled by the individual, can
also be affected by environmental risk factors [17]. Examples of environmental risk factors
include socio-economic status, air pollution and environmental temperature [17]. Unlike
behavioural and physical risk factors, environmental risk factors, whilst modifiable, cannot be
changed by the individual due to their population-wide effects [17]. Modifiable risk factors
play a vital role to the development of CVD, with 1 modifiable risk factor leading to a 4-fold
increase in adverse cardiovascular complications [30]. This risk increases to almost 60-fold in
those with 5 modifiable risk factors, though this risk could differ depending on risk factor [30].
Small reductions in risk can lead to large reductions in adverse outcomes [30]. A 10% decrease
in cholesterol and systolic blood pressure is associated with a 45% decrease in CVD incidence

[30].

There is a growing body of evidence that a significant number of CVD complications occur in
patients with no traditional modifiable risk factors [36, 37]. This population is associated with
lower odds of invasive management and higher odds of adverse outcomes compared to patients

with traditional modifiable risk factors [36-38].

1.2.3.2. Non-modifiable risk factors

Non-modifiable risk factors are another important vital aspect of CVD as those with no

modifiable risk factors only have a 5% lower lifetime risk of CVD compared to those with



modifiable risk factors [39]. Non-modifiable risk factors include age, sex, ethnicity, family
background and genetic factors (Table 1.1) [40]. The risk of CVD is increased by 70% for
females and by 100% for males if one parent has CVD [41]. In the case of early-onset CVD,
multiple genes have been implicated in its development due to their connection with
atherosclerosis [41]. Ethnicity is a vital factor to the development and CVD and its
complications [27]. The analysis of UK data showed that South Asians are 2 times more likely
to develop CAD compared to the rest of the population, while African Caribbeans are more
likely to develop hypertension [27]. In 2019, the incidence of CVD in the US was 77.2% for
males and 78.2% for females aged 60-79, however in adults aged above 80, the incidence is

89.3% in males and 91.8% in females [42].

1.2.4. Risk assessment

To assess CVD risk, there are different risk scores worldwide. Global risk scoring systems such
as the QRISK3 and Framingham Risk Score (FRS) calculate the risk of a MACCE in a given
time period [43]. They are primarily used by primary care and consider comorbidities,
modifiable risk factors and non-modifiable risk factors [43]. Risk stratification scores are
fundamental to detect asymptomatic individuals with possible CVD, in order to timely prevent,

recognise and treat CVVD [43].

Due to population differences, different countries have different risk assessment tools to stratify
their patients [44]. The FRS is preferred in Canada [45]. The updated Systematic Coronary
Risk Evaluation (SCORE2) risk chart is advocated by the European Society of Cardiology
(ESC) [46]. In the US, the joint American Heart Association (AHA)/ American College of
Cardiology (ACC) Atherosclerotic CVD Risk Estimator tool is preferred [47]. According to
the UK guidelines from the National Institute for Health and Care Excellence (NICE), patients

over 40 should have their 10-year CVD risk regularly estimated using primary care electronic



health records (EHR) [48]. Patients with an estimated 10-year risk of 10% or more should be
prioritised for a full clinical risk assessment [48]. QRISKS is the preferred risk assessment tool
of choice [48]. Components of QRISK3 include patient demographics such as age, sex and
ethnicity, current health status including smoking status, systolic blood pressure, BMI,

cholesterol levels and comorbidities such as AF, diabetes mellitus and renal disease [43, 49].

1.2.5. Cardiovascular diseases of interest

1.2.5.1. Acute myocardial infarction

AMI is defined as a disruption of blood flow to the myocardium commonly due to unstable
plaque rupture, causing myocardial necrosis [39]. AMI is a the most severe form of CAD,
which is responsible for more than a third of deaths in developed nations annually [50]. AMI
can be sub-divided further depending on the aetiology [39]. Type 1 is the classical form of AMI
and results from unstable plagque causing acute absolute coronary flow disturbance [39]. Type
2 AMI occur when the demand for oxygen by the myocardium is greater than the supply, with
causes including coronary artery vasospasm, anaemia and unruptured atherosclerotic plaques,
usually secondary to an underlying illness [39]. Type 3 AMI is sudden cardiac death in the
absence of confirmed biomarker and electrocardiogram changes [39]. There are two sub-
classifications of Type 4 AMI. Type 4a AMI is due to percutaneous coronary intervention [39].
Type 4b AMI is due to coronary stent thrombosis [39]. Finally, type 5 AMI is due to cardiac
surgery, most commonly coronary artery bypass grafting (CABG) [39]. For the purposes of

this thesis, type 1 AMI was the condition of interest.

AMI classically presents as chest pain that radiates to the left arm and neck, but the presentation
varies with multiple symptoms of different intensity [39]. Investigations for AMI can be

divided into non-invasive and invasive methods [39]. Non-invasive methods involve the use of
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an electrocardiography and laboratory analysis [39]. Electrocardiographic results can be
classified according to whether the ST segment is elevated or not elevated (STEMI and
NSTEMI), and this usually informs the subsequent management strategy (Figure 1.1) [50].
Electrocardiograms have a 95% specificity (true negative) for AMI but only 30% sensitivity
(true positive) [39]. Therefore, clinical assessment and electrocardiogram results are used in
conjunction with laboratory analysis. Utilization of blood tests to detect biomarkers such as
cardiac troponins is recommended in patients with suspicion for AMI [39]. Finally cardiac
imaging in the form of coronary angiography can be used to the coronary anatomy and vessel
patency and inform further management in the form of percutaneous coronary intervention
(PCI) [51]. Importantly, an echocardiography can be used to assess the impact of CAD on heart
function by detecting wall motion abnormalities, valve insufficiencies, and life-threatening

complications like cardiac tamponade [50].

Two-thirds of patients with AMI over the age of 70 are admitted into hospital and 60% of
deaths from AMI occur in this population [52]. Despite lifesaving interventions for AMI, the
elderly population is still disproportionately adversely affected and are underrepresented in
clinical trials. The 35-day mortality for AMI patients treated with thrombolysis has been
reported to be 24.3% in patients aged over 75, compared to 3.4% in patients under 55 [52].
Patients aged over 75 have worse outcomes regardless of thrombolytic medication used, with
30 day mortality from alteplase at 19% and streptokinase at 21% compared to 4.4% and 5.5%

for patients aged under 75 [52].

All AMI patients require immediate management in the form of high dose aspirin, and
supportive medications if feasible, such as oxygen, opiates and sublingual nitro-glycerine [51].
Further medications and management are dependent on whether it is a STEMI or NSTEMI.

Primary percutaneous coronary intervention is the gold-standard management of STEMI [51].
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In the absence of primary PCI within 120 minutes, fibrinolysis should be performed [51]. For
NSTEMI patients, a risk tool such as the Global Registry for Acute Coronary Events (GRACE)
score is used to assess the timing of the invasive coronary angiography [51]. After the coronary
angiography, the subsequent management is decided, and includes PCI, surgical
revascularization, or medical therapy [51]. In the long term, the secondary prevention is critical

and all cardiovascular risk factors are optimised [51].

Figure 1.1 Management of acute myocardial infarction.
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Acute ischaemic stroke is defined as an acute-onset, focal neurological deficit with evidence
of damage to the brain parenchyma. About 85% of stroke are due to tissue ischaemia from

arterial thrombosis and the remaining 15% are due to haemorrhage [42]. In 2018, there were
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12.2 million incident strokes and 101 million prevalent strokes. Stroke is the leading cause of
disability, with 50% of survivors being disabled, resulting in 143 million DALY in 2019 alone
[53], and the second leading cause of death in the world (behind IHD), with an annual mortality
rate of 5.5 million [54]. The overall lifetime risk of stroke is 1 in 6 for men and 1 in 5 for
women [55]. Older age increases the risk stroke, with 70% of strokes occurring after the age
of 65 [42]. In 2019, the age-standardised incidence of acute ischaemic stroke was 94.51 per
100,000 person years [53]. In the same period the death rate was 43.50 per 100,000 person
years and the prevalence was 951 per 100,000 person years [53]. There are modifiable risk
factors for stroke including hypertension, diabetes, smoking and AF and therefore, share
similar risk factors to CVD [56]. Carotid artery stenosis is also a risk factor for stroke, with 2

of strokes occurring in patients with asymptomatic carotid stenosis [56].

Stroke has a myriad of manifestations but is commonly identified by a unilateral facial droop,
contralateral loss of limb function and dysarthria [57]. Neuroimaging in the form of computed
tomography is used to quickly identify stroke, as timing is crucial to management and long-
term prognosis [57]. Magnetic resonance imaging can sometimes be used to further inform the
anatomy and management [57]. Thrombolysis is considered within 4 hours and 30 minutes of
onset and thrombectomy can be considered within 6 hours of onset, or up to 24 hours if there

is still salvageable brain tissue on imaging (
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Figure 1.2) [57].

Figure 1.2 Management of suspected stroke.
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1.2.53. Atrial fibrillation

AF is the most common arrhythmia worldwide [58]. It is commonly defined as an irregularly

irregular pulse caused by excitation of the atrium that results in irregular and dyssynchronous
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atrial and ventricular contraction [58]. Symptoms drastically vary and it is detected using an
electrocardiogram for routine health check-ups or consultations for palpitations or related
health conditions [58]. AF is either caused by cardiac causes, extra-cardiac causes or idiopathic
(Figure 1.3) [58]. Major cardiac causes include valvular heart disease, hypertension and left-
atrial disease, all being more likely in the elderly [58]. Extra-cardiac causes include non-cardiac
surgery, hyperthyroidism, alcohol, diabetes, and hypoxia, and therefore are related to other
conditions [58]. Idiopathic AF generally occurs in younger patients where cardiac risk factors
are absent, however there is no agreed underlying aetiology [58]. There are different types of
AF: paroxysmal, persistent, and chronic [58]. Paroxysmal AF is defined as recurrent episodes
of AF interspersed with sinus rhythm, lasting up to 7 days [58]. Persistent AF is defined as AF
continuing beyond 7 days or until cardioversion [58]. Chronic AF is defined as AF resistant to
cardioversion, or AF in which rhythm control methods were arbitrary abandoned [58]. The
incidence of AF increases with age and is more commonly found in males [58]. The incidence
of AF in patients aged 45-54, 44-64, 65-74, 75-84, and over 951is 0.5, 1.1, 3.2, 6.2, 7.7 per 1000
persons respectively [58]. An ageing myocardium predisposes to alterations of the
electrophysiology of the heart that lead to arrythmias such as AF [59]. The presence of AF

leads to a higher risk of stroke, congestive cardiac failure, and AMI [58].

Figure 1.3 Pathogenesis of atrial fibrillation adapted from Staerk et al. [58].
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The management of AF has several aims, to control heart rate, restore normal sinus rhythm,
improve symptoms and prevent thromboembolic complications [60]. This is achieved by one
of two methods depending on the presentation of the patient with AF: either rhythm or rate
control. The primary aim of rhythm control is to restore normal sinus rhythm [60]. This is
achieved pharmacologically with anti-arrhythmic medication, using electrical cardioversion or
through percutaneous interventions (ablations) [60]. The primary aim of rate control is to
control heart rate and manage symptoms [60]. This can be achieved with beta adrenoreceptor
antagonists, calcium channel antagonists and digoxin [60]. To prevent further downstream
recurrence and complications, patients are offered anticoagulation and lifestyle advice [60].
Anticoagulant medication is offered on a risk-benefit analysis, where the risk of stroke
determines the need for anticoagulation, while the bleeding risk warrants the decrease of
reversible bleeding risk factors [60]. This is usually performed by using risk stratification
scores such as the CHA2DS2VASc score which predicts stroke risk following AF, and

HASBLED score which predicts bleeding in AF (Table 1.2 and Table 1.3) [60].

Table 1.2 Components of the CHA2DS2VASc score.

Variables Score
Congestive HF

Hypertension

Age >75

Age 64-75

Diabetes
Stroke/TIA/Thrombo-embolism
Vascular Disease

Female Sex

RIRNPRRN PR

Table 1.3 Components of the HASBLED score.

Variables Score
Hypertension 1
Abnormal renal/liver function lor2
Stroke history 1
Bleeding tendency or bleeding predisposition
Labile International Normalised Ratio

Age >65

iR
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Medications predisposing bleeding 1
Alcohol use 1

1.25.4. Heart failure

HF is a clinical syndrome manifesting as the result of structural and functional defects which
impair ventricular filling or ejection of blood, affecting up to 2% of the adult population [61].
Most commonly, the cause of HF is left ventricular myocardial dysfunction, however defects
can occur anywhere in the myocardium, pericardium, or endocardium [61]. HF is classified
according to the site of impairment into left ventricular, right ventricular, or biventricular, and
then further sub-classified according to the ejection fraction in preserved, mid-range or reduced
[61]. HF can present with shortness of breath, orthopnoea and paroxysmal nocturnal dyspnoea,
and raised brain natriuretic peptide levels [61]. Therefore HF causes significant impairment to
daily activities [61]. The functional status of patients is classified according to the New York
Heart Association (NYHA) as class 1 (no functional impairment) to class 4 (severe functional
impairment) [62]. The prognosis is poor, with 50% of NYHA class 4 HF patients developing

fatal event within 1 year of diagnosis [62].

5.7 million people in the US have HF, which is predicted to rise to 8 million by 2030 [63]. HF
affects more men than women and its prevalence increase with age [59, 63]. As mentioned, age
is a significant risk factor for HF due to increased vulnerability to stress and chronic
inflammation [59]. Ageing is associated with an increased incidence of left ventricular
hypertrophy, decreased left ventricular diastolic function, left atrial dilation, decline in exercise
tolerance, and increased incidence of AF [59]. All have a direct impact on the morphology and
residual function of the heart [59]. Increasing age is associated with an increased heart mass to

volume ratio of 5 mg/ml/year as well as a fall in stroke volume by 0.4 ml/year [59]. All factors
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could lead to a reduction in stroke volume and compliance, resulting in a lower cardiac output

[59].

1.255. Pulmonary embolism

PE is defined as a venous thrombo-embolism (VTE) that travels to and occludes the arteries of
the lung [64]. In the United States (US), the estimated incidence of PE is 65 per 100,000
however the true value is thought to be higher as PE can remain undiagnosed or diagnosed at
autopsy. Up to 10% of in-hospital deaths are a direct result of PE [64]. Mortality from PE is
dependent on the degree of obstruction and haemodynamic compromise [65, 66]. Massive PE,
defined as a PE causing systematic arterial hypotension due significant obstruction of the
pulmonary vasculature, have a reported mortality of 25% to 65%, yet this risk reduces to 3%
to 15% for sub-massive PE and reduces to less than 1% in patients with low-risk PE, normal

heart function and anticoagulation [65, 66].

Risk factors for VTE can be classified according to Virchow’s Triad of blood stasis, endothelial
damage and hypercoagulability (Figure 1.4) [64]. These factors can also be divided into
inherited factors (e.g. Factor V Leiden, protein C and protein S deficiency) and acquired factors
(e.g. trauma, surgery and malignancy) [64]. Atherosclerosis from CVD is implicated to
increase the VTE risk due to hypercoagulability and endothelial dysfunction [67]. However,
shared risk factors such as smoking, obesity and age could equally contribute [65]. The risk of
VTE increases with age, with patients over the age of 70 being 3 times more likely to develop
VTE compared to those aged 45 to 69 [64]. The proposed mechanism is an imbalance between
anticoagulants and procoagulants, resulting in a hypercoagulable state, generally starting in the
4™ and 5™ decade of life [64]. Furthermore, age increases risk of other factors such as decreased

mobility, obesity, comorbidities and malignancy [64].

Figure 1.4 Virchow’s Triad.
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1.2.5.6. Cardiac arrest

Cardiac arrest is a complication from an acute event, where there is loss of cardiac activity and
systemic circulation, resulting in a cell damage and oedema formation [68]. The reported
incidence and outcomes of cardiac arrest varies greatly per study as metrics to identify cardiac
arrest varies by database, population, and management of cardiac arrest between countries.
Cardiac arrest can either occur in-hospital or out of hospital. Out of hospital cardiac arrest has
an annual incidence of 350,000 in the US, and is associated with poor outcomes, with
approximately 12% of patients surviving to discharge. In-hospital cardiac arrest has an annual
incidence of 290,000 in the US, amounting to 7 cardiac arrests per 1000 admissions. In-hospital
cardiac arrest has relatively better outcomes, yet only 25% of patients survive to discharge,
generally attributed to the immediate provision of basic and advanced life support. However,
despite being discharged, 15% of patients still have an unfavourable neurological outcome.
Cardiac arrest is more likely in patients around 65 years and in men (60%) [69]. Cardiac arrest
can also occur in younger, athletic patients, with 1 in 23,000 to 1 in 200,000 athletes per year
experiencing cardiac arrest [68]. Cardiac arrest in younger patients is commonly due to

underlying structural or arrhythmogenic heart disease, that manifests on exertion [68]. About

19



80% of out of hospital cardiac arrest have underlying cardiac cause with 80% of patients who
experience sudden cardiac death having evidence of underlying CAD [68]. The prevalence of
CAD and sudden cardiac death increases with age [68]. Older age is associated with decreased
survival following cardiac arrest [69]. About 59% of 65-year-olds discharged following cardiac
arrest survive at 1 year, with 34% not requiring readmission [69]. In-hospital cardiac arrest are
mostly due to either cardiac (50-60%) or respiratory (15-40%) causes [69]. The concept of
4H’s and 4T’s have been identified as the main reversible causes of cardiac arrests (Table 1.4)
[69]. The two strongest factors to determine prognosis of cardiac arrest is the duration of

cardiac arrest and the presenting rhythm [69].

Table 1.4 Reversible causes of cardiac arrest.

4H’s 4T’s

Hypoxia Tension pneumothorax
Hypovolaemia Tamponade
Hypothermia Toxins
Hyper/Hypokalaemia and -calcaemia Thrombo-embolus
1.25.7. Acute haemorrhagic stroke

Acute haemorrhagic stroke is defined as a bleeding into the brain due to a ruptured blood vessel,
responsible for 15% of all strokes [70]. It is an umbrella term for intracerebral haemorrhage
and subarachnoid haemorrhage [70]. It shares similar clinical features to acute ischaemic
stroke, but can and should be differentiated using imaging methods [71]. Acute haemorrhagic
stroke is most commonly caused by uncontrolled hypertension, cerebral amyloid angiopathy,
aneurysms and head injuries [70]. The risk of acute haemorrhagic stroke increases with age,
with an incidence ratio of 9.6 (CI 6.6-13.9) for patients aged 85 years and older compared to

patients aged 45-54 [72]. Acute haemorrhagic stroke is associated with significant morbidity
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and mortality [72]. Independency rates from acute haemorrhagic stroke is between 12% and
39% and overall mortality rate is between 30% and 50% [72]. The trends in incidence and
adverse outcomes have not changed significantly over time [72]. Acute haemorrhagic stroke
progression is characterised by neurological dysfunction and is caused by a variety of factors:
haematoma expansion, peri-haematoma oedema, intraventricular haemorrhage, and
inflammation [71]. Haematoma expansion is defined as an increase of haemorrhage by 33%
from the baseline, or a volume increase by 1.4 times or 12.5 cm?® [71]. Haematoma expansion
occurs in 12-40% of all acute haemorrhagic stroke patients [71]. Intraventricular progression
of the haemorrhage occurs in 20-55% of patients and is associated with a more severe
functional decline and a higher mortality rate, when adjusting for other causes [71].
Perihematomal oedema occurs within the first day of spontaneous haemorrhage and peaks after
5 days, potentially causing mass effect [71]. Finally, an acute inflammatory response is
associated with deterioration of acute haemorrhagic stroke and is a predictor for worse short

and long-term outcomes [71].

1.2.6. Pathophysiology of the cardiovascular diseases of interest

The most common underlying mechanism of CVD is atherosclerosis caused by modifiable and
non-modifiable risk factors (Figure 1.5) [35]. Atherosclerosis commences with endothelial
dysfunction due to damage from hypertension, hyperglycaemia, hypercholesterolaemia and
smoking [35]. Oxidative stress and the presence of reactive oxygen species damage the
endothelium [35]. Activated endothelium upregulates adhesion proteins, and therefore is more
permeable to immune cell and low-density lipoprotein (LDL) infiltration [35]. LDL builds up
in the endothelial space where it undergoes oxidation into lipids through its interaction with
reactive oxygen species [35]. LDL has a higher propensity to accumulate in vascular

endothelium compared to high density lipoprotein due to a charged interaction between LDL
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and the matrix proteoglycans [35]. Oxidation triggers chronic inflammation, promoting
monocyte migration into the tunica intima [35]. Monocytes are then activated to become
macrophages, which releases pro-inflammatory cytokines and chemokines [35]. Pro-
inflammatory cytokines recruit smooth muscle cells and induce proliferation [28]. Oxidised
LDL is up taken by macrophages and become filled with lipid, becoming “foam cells” [35].
Over many years, foam cells accumulate to become an atheroma [28]. Foam cells continue to
release pro-inflammatory cytokines, inducing migration of smooth muscle cells to form a
fibrous capsule in order to stabilise the lesion [35]. The intimal thickening leads to narrowing
of the blood vessel, however this does not initially reduce blood flow [28]. Coronary arteries
can remodel (Glagov phenomenon) to preserve the cross-sectional area to maintain blood
supply to the myocardium, and therefore, no symptoms are produced [28]. Over many years,
the chronic inflammatory process further narrows blood vessels, reducing downstream blood
flow [28]. This process does not progress linearly [35]. The lesion undergoes neo-
vascularisation, remodelling and in some instances can regress [35]. Stable plaques have lower
levels of inflammation and higher levels of smooth muscle cell survival, creating a stronger
capsule [35]. Sudden bursts of inflammatory activity, for example due to continued insult and
deposition of dead cells, causes the fibrous capsule to become weaker leading to an unstable
plaque and subsequent thrombosis and adverse cardiovascular events [28]. Inflammatory cells
produce pro-apoptotic cytokines and chemokines which inhibit smooth muscle cells and

degrade the collagen produced by smooth muscle cells [35].

Modifiable risk factors initiate the process of atherosclerosis, and non-modifiable risk factors
generally are responsible for driving the process further through a variety of mechanisms [73].
Age has a significant effect on inflammatory process underlying atheroma formation as it is
associated with immune dysregulation, which increases the circulating pro-inflammatory

cytokines [73]. Therefore, age is a strong risk factor for CVD.
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Figure 1.5 Process of atherosclerosis.
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1.3. Frailty

1.3.1. Definition

Broadly, frailty can be defined a clinical syndrome of physical decline and decreased functional

capacity across multiple organ systems resulting in an increased vulnerability to stress (

Figure 1.6) [4]. Frailty is associated with adverse biological, physiological, and sociological
health outcomes [74]. It is classified as a geriatric syndrome and therefore is most strongly
associated with increasing age [74]. There are many mechanisms implicated in the
development of frailty, however these are poorly understood [4]. Contemporary research has
led to developments and improved care of elderly patients and by extension, frail patients [4].

However, there is no single agreed clinical definition or assessment of frailty [4]. Definitions
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can be classified according to the theoretical models or the established research models that
exist in the literature [75]. There are two major models of frailty, the Phenotype Model, and
the Cumulative Deficit Model [9, 76]. The Phenotype Model is based on physical
characteristics of patients such as muscle strength, exhaustion, and low energy, giving rise to
the term ‘physical frailty’ [9]. A major determinant to physical frailty alongside age is
sarcopenia, defined as loss of skeletal muscle function [9]. The Cumulative Deficit Model
describes frailty as a collection of different insults to the body varying from symptoms like
hearing loss to diseases such as dementia [11]. Frailty is preceded by pre-frailty, which is an
early, reversible state before frailty [4]. Pre-frail patients are more likely to suffer adverse
health complications compared to non-frail patients. Pre-frail patients can be identified using

the same assessment tools as used to assess frailty [4].

Figure 1.6 Response to acute stressors in frail patients versus non-frail patients from Clegg et
al [1].
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1.3.2. Epidemiology

The reported prevalence of frailty between studies varies and is dependent on the definition
and the measurement system used [77]. A systematic review of the global prevalence of frailty
found frailty to be present in 12% of people aged over 50 using physical models and 24% using
deficit models [77]. The prevalence of pre-frailty was 46% using the physical model and 49%
using the deficit model in the same population [77]. The prevalence of frailty was highest in
Africaand lowest in Europe [77]. Another systematic review described the prevalence of frailty
among community-dwelling older adults to be between 4.0% and 59.1% [5]. A meta-analysis
of 46 observational studies of 120,000 non-frail patients found the incidence of frailty to be
between 43-150 per 1000 person-years [6]. Pre-frail patients had higher risk of frailty than non-
frail patients (62.7 versus 12.0 cases per 1000 person-years for pre-frail and non-frail patients,
respectively) [6]. The development of frailty is dependent on many factors including age, sex,

socioeconomic status, and comorbidities [4].

Age is a strong risk factor of frailty, with age over 50 being substantially associated with
increased frailty risk (8-14% of 50-59-year-olds, 29-34% aged 80-89) [78]. Female sex is also
a risk factor for frailty [6] . A systematic review of community dwelling older adults found
frailty incidence was higher in females compared to males (44.8 versus 24.3 cases per 1000
person-years for females and males respectively) [6]. The highest incidence of frailty is
observed in selected populations such as cancer patients (42% for frailty and 43% for pre-
frailty), HF patients (44.5%), end-stage renal disease patients (36.8%) and patients with

depression (40.4%) [79].

Numerous studies have reported a relationship between frailty and adverse outcomes [9, 76,
80, 81]. In summary, frailty is a predictor to incident falls, worsened mobility, disability,

incident hospitalisation and death [9]. Increased death risk persists after 5 years for mildly frail
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patients (odds ratio (OR) 4.82 (95% CI 3.74 to 6.21) and highly frail patients (OR 7.34 95%
Cl 4.7 to 11.38) [76]. Female sex carries a 6 times increased risk of death and 10 times
increased risk of disability and nursing home entry compared to males [80]. Frail patients have

increased odds of 2 or more falls within a year, with the risk increased in females [81].

1.3.3. Risk factors

Research on frailty mainly focuses on physical activity and hence, health interventions focus
on increasing exercise amongst at risk groups [82]. However, frailty has numerous risk factors
from genetics to age and comorbidities [82]. These factors can be divided into
sociodemographic, physical, biological, lifestyle and psychological [82]. Sociodemographic
factors include increasing age, female sex, black or Hispanic ethnic background, low income,
and low education level [82]. Significant physical risk factors include increased BMI,
decreased activities of daily living, and decreased functional status [82]. Biological factors
include increased serum C-reactive protein, uric acid, and albumin, and decreased free
testosterone and sex hormone binding globulin [82]. There has been no significant association
found in relation to immunological biomarkers of frailty such as erythrocyte sedimentation
rate, neutrophil count, thyroid hormone, and interleukin levels [82]. Significant lifestyle factors
include diet and increased smoking and alcohol intake [82]. A Mediterranean diet is disputed
as a protector of frailty, with some studies reporting a lower likelihood of frailty and some
reporting no association [82]. The association between alcohol and smoking and frailty is also
mixed [82]. Smoking has either been found to have no association or a small positive
association whereas alcohol has been found to have a negative association with frailty [82].
Higher protein, fruit and vegetable consumption is associated with a lower risk of frailty [82].
Finally, significant psychological factors include depression, cognitive function, and higher

affect [82]. No association have been found between frailty and emotional support and
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medication use [82]. Risk factors for frailty are related and are thought to result in sarcopenia
and reduced total energy expenditure leading to deconditioning and dependency [83]. This
leads to what has been described as a self-perpetuating cycle of events, as outlined in the

Women’s Health and Aging Study II (Figure 1.7) [83].

Figure 1.7 Cycle of Frailty adapted from Xue et al. [83].

—> Undernutrition Disability —_—

\, T

Weight loss ,—) Falls

JStrength

v W

Sarcopaenia JWalking speed | —> Activity

J( Exhaustion ‘ |

VEnergy p
expenditure S

1.3.4. Pathophysiology

1.3.4.1. Inflammation

The pathophysiology of frailty is a debated topic. Whilst there are established hypotheses
behind frailty, research is still in its early stages in gaining a definite understanding of the
processes involved [74]. Generally it is agreed that frailty can a result of loss of the homeostatic
balance of the body, rather than a distinct pathology in itself [74]. The proposed mechanism is
chronic inflammation that shares direct and indirect pathophysiological processes that
primarily affect the cardiovascular, endocrine, haematological, and musculoskeletal systems

(Figure 1.8) [74].
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Figure 1.8 Pathophysiology of frailty, adapted and modified from Clegg et al. [1].
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Chronic inflammation has been identified as the key underlying mechanism driving frailty.
Inflammatory markers such as neopterin, interleukin 6 (IL6), tumour necrosis factor alpha
(TNFa), and C-reactive protein are increased in patients with frailty [74]. This is likely due to
a myriad of causes including ageing, genetics, lifestyle, environment, and diseases [74]. These
inflammatory markers recruit monocytes and macrophages, which in turn release further
inflammatory markers, inducing advanced inflammation leading to decreased muscle mass,
strength and power [74]. This leads to chronic inflammation, underpinning the process of frailty

[74].

Clinically, immune dysregulation manifests as an increased or upper range of normal white

blood cell count and increased neutrophils and monocytes [74]. This leads to increased counts
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of differentiated pro-inflammatory T-cells [74]. Ageing decreases the efficiency of the immune
system leading to an increased susceptibility to comorbidities such as cardiovascular disease,
dementia, cancer and diabetes [84]. These diseases also either cause or are underpinned by a
chronic inflammatory process, accelerating the disease processes but also the progression to

frailty [84].

1.3.4.2. Endocrine system and sarcopenia

Multiple hormones have been implicated in the process of frailty through their contribution to
sarcopenia, in particular sex hormones, vitamin D, metabolic hormones and growth hormone
[85]. Lower levels of free testosterone in men and oestrogen in women and Insulin-like Growth
Factor 1 lead to decreased muscle mass and strength, leading to sarcopenia [74]. Chronic
inflammation and chronic disease, both more prevalent in the elderly, accelerate this process,

inciting the cycle of frailty [4].

As many definitions of frailty focus on the physical performance of patients, the
musculoskeletal system plays a vital role in decreasing the likelihood of progression to frailty
[74]. Sarcopenia is one of the most important contributors to frailty [74]. Other direct
relationships include osteopenia and osteoporosis [74]. Sarcopenia is defined as a loss of
muscle strength and mass after the age of 50 [74]. It is caused by changes in type 1 muscle
fibres, malnutrition, hormonal imbalance and reduced physical activity [74]. More
contemporary studies are targeting sarcopenia to prevent or delay frailty, given its impact on

the overall health [74].

1.3.5. Assessment tools

1.35.1. Rockwood’s Clinical Frailty Scale

Frailty has been objectively measured using a variety of methods (
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Table 1.5). Frailty has been operationalised as a combination of specific features, which whilst
precise, can neglect individuals whom do not possess the specific combination of factors
required to match the rules-based definition [11]. These operationalised components have been
combined with clinical judgement from history taking and clinical examination to increase
detection, however this is subject to user bias from the clinician [74]. Finally, frailty has also
been modelled as a sum of impairments, which can strongly predict future outcomes [74].
However, lack of routinely collected data and detailed patient history would prevent from using
these assessment methods. There are three widely used models to quantify frailty risk:
Rockwood’s CFS, Fried’s FP, and more recently Gilbert’s Hospital Frailty Risk Score (HFRS)
[9-11]. The CFS uses the operational model and combines it with clinical assessment [11, 76].
The FP model developed by Fried et al. uses five operationalised criteria: slowness, weight
loss, weakness, low level of physical activity and exhaustion [74]. The HFRS quantifies frailty

by the number of diagnoses from routinely collected health record data [10].

Table 1.5 Measurements of frailty.

Measurement Model

HFRS Cumulative deficit

Frailty Index Cumulative deficit

Frailty Phenotype Operational

Frailty Scale Clinical assessment

Edmonton Frail Scale Operational & cumulative deficit

Survey of Health Ageing and Retirement Operational
in Europe Frailty Index

Green Score Operational
Fatigue, Resistance, Ambulation, Illness Operational
and Loss of Weight Score

Tilburg Frailty Indicator Operational
Gait speed Operational
Short Physical Performance Battery Operational
Grip strength Operational
Gait speed Operational
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Rockwood et al. proposed and operation classification of frailty using a 7 category CFS [11].
Therefore, the CFS sought to measure frailty from clinical judgement [76]. The Canadian Study
of Health and Ageing, a 5-year prospective cohort study from 1991 with 10,263 participants
aged 65 and above, was used [76]. The original cohort study was designed to describe the
epidemiology of cognitive impairment in Canadians [76]. The study gathered information on
baseline demographics and clinical characteristics from clinical examination [76]. They firstly
developed a rule-based definition of frailty using only clinical examination findings [76].
Following this, their cumulative deficit model with 70 components termed the Frailty Index
(FI) was developed, which is popular in contemporary assessments of frailty [76]. However,
each had their own distinct limitations that were outlined in above [76]. The CFS included 82
variables ranging from signs, symptoms, laboratory values, diseases and disabilities [76]. This
was validated using 2,305 elderly participants without dementia who participated in the 2"
stage of the Canadian Study of Health and Ageing [11]. This was then compared against other
scores such as the Modified Mini-Mental State Examination and Cumulative Iliness Rating
Scale [11]. The 7 categories were: very fit (1); well without active disease (2); well with treated
active disease (3); apparently vulnerable (4); mildly frail (5); moderately frail (6); and severely
frail (7) (Table 1.6) [11]. Finally, for the 3 stage of the Canadian Study of Health and Ageing,
the CFS was validated by a 5-year follow up of the 1,299 participants that were still alive since
the 2" stage of the study. At the end of the 2" stage of the study, a clinician assigned a number
from the CFS to each patient [11]. At the end of the 3 stage, this was repeated, but with the

addition of a multidisciplinary team [11].

Table 1.6 Categories of Rockwood’s Clinical Frailty Scale, adapted from Rockwood et al [11].

Category  Name Features

1 Very fit Robust and active.

2 Well without active disease ~ Without disease, but less fit than category 1.

3 Well with treated active Active comorbidities but controlled by
disease treatment.
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4 Vulnerable Active comorbidities not controlled with

treatment.

5 Mildly frail Dependent on others for activities of daily
living.

6 Moderately frail Dependent on others for most activities of
daily living.

7 Severely frail Complete dependence or terminally ill.

Participants with increasing CFS score were more likely to be older and female and have more
comorbidities such as cognitive impairment, incontinence and impaired mobility [11].
Increased CFS category is associated with decreased probability of survival and increased
probability of institutionalised care over a period of 70 months (area under curve 0.70 for
mortality and 0.75 for institutionalisation) [11]. More specifically, a 1-category-increase was

associated with an increased risk of death (21.2% 95% CI 12.5-30.6%) [11].

There are several strengths and weaknesses to the CFS. Strengths include its use of a clinical
assessment and components such as comorbidity, disability, and cognitive impairment, which
is overall, less reliant on the physical frailty [11]. Furthermore, the CFS demonstrated relatively
strong predictive abilities when compared to other frailty measurement systems available at the
time of the study [11]. Limitations from this study include the overrepresentation of
participants with cognitive impairment in the derivation cohort, potentially leading to
underestimation of frailty in those without cognitive impairment [11]. Furthermore, given the
CFS is partially based on clinical assessment from a clinician, it is susceptible to user bias [11].
Some clinicians may or may not recognise aspects of the presentations of patients that may
warrant a robust assessment using the CFS [11]. This could lead to variability in its application

[11].

1.35.2. Fried’s Frailty Phenotype

Fried et al. proposed a classification of frailty based on 5 phenotypes included in the cycle of

frailty that were hypothesised to account for the main clinical presentations of frailty:
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sarcopenia; weakness; exhaustion; slowness; and low activity [9]. Each phenotype was
operationalised and their prevalence, incidence, and validity for predicting adverse outcomes
were investigated using the unrelated Cardiovascular Health Study (Table 1.7) [9]. The
Cardiovascular Health Study included 5,201 Americans in 1989-90 from 1992-93, and later
expanded to include 687 African Americans [9]. The study by Fried et al. included 5,317
participants aged 65 years and over [9]. All patients received similar baseline evaluations [9].
This included interviews ascertaining demographics, self-reported comorbidities, medications,
and health status. Cardiovascular specific characteristics were verified by medication and
baseline electrocardiogram, echocardiogram, and ankle-brachial index [9]. Follow up occurred
in the form of annual examinations, telephone visits and simple surveillance of complications
such as hospitalisations, falls and mortality [9]. Frailty was defined as “a clinical syndrome
where 3 or more of domains were present” whereas pre-frailty was defined by the presence of
1 or 2 of the domains [9]. Sarcopenia was assessed as: weight loss in the preceding year;
weakness defined as grip strength measured by a dynamometer; exhaustion measured by the
Centre for Epidemiological Studies Depression Scale; slowness defined as time to walk 15 feet;
and low activity defined by the Minnesota Leisure Time Activity Questionnaire. Each
component was adjusted for relevant characteristics that were obtained from the baseline

assessment [9].

Table 1.7 Components of the Frailty Phenotype adapted from Fried et al. [9].

Category  Name Features

1 Sarcopenia Unintentional weight loss of >5% of body weight in prior
year.

2 Weakness Strength of grip in the lowest 20% adjusted for age and BMI.

3 Exhaustion Self-reported based on Centre for Epidemiological Studies
Depression Scale.

4 Slowness Time to walk 15 feet in lowest 20% adjusted for age and
height.
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5 Low activity  Self-reported kilocalories expended per week in lowest 25%
by sex.

Frailty was more frequently observed in participants who were older, female, African
American and in those with higher rates of chronic comorbidities and disability [9]. About 7%
of the initial cohort and 12% of the African American cohort were defined as frail, with
increasing prevalence at each 5-year age interval, and double rates in females [9]. The incidence
of frailty was 7% for year 0-3 and 3-7 [9]. Frail patients had higher rates of falls,
hospitalisations and death. Pre-frail patients also had an increased risk of both adverse

outcomes and progression to frailty compared to non-frail patients [9].

There were several strengths and limitations of this classification of frailty. A major strength
included the clear division between frailty, comorbidity and disability, as these entities can
overlap, despite commonly being used interchangeably [9]. Frailty has been defined
previously. Disability is defined as dependency for an activity of daily living. Medically it is
diagnosed from self-reported activities [9]. About 20-30% of community dwelling adults aged
70 or over reported physical disability, most commonly for mobility [9]. Comorbidity is
medically defined as the diagnoses of two or more medical conditions for the same individual.
Comorbidities tend to increase with age, with around 70% of the US population above 80 years
of age reporting 2 or more diseases [86]. This study featured components that rarely overlap
with measures of disability and comorbidity, ensuring that frailty is diagnosed as its own
clinical syndrome [9]. Another strength of this study includes the assessment of frailty using
relatively inexpensive and straightforward methods [9]. This study’s main limitation is that
only phenotypes collected routinely in the original cohort were subsequently used in further
studies [9]. Therefore, other important factors of frailty, such as medical history, could be
underrepresented [9]. Another limitation results from being a questionnaire-based study that is

subject to recall bias [9]. Finally, whilst an assessment would not be intensive, it does not
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provide the depth of information of scores that utilise routinely collected healthcare, which can
cover a wider range of demographic information and comorbidities [9]. Therefore, this score
relies on the decision of the clinician as to whether a patient requires assessment, meaning frail

patients requiring assessment could be missed due to user bias [9].

1.3.5.3. Gilbert’s Hospital Frailty Risk Score

Gilbert et al. developed the Hospital Frailty Risk Score (HFRS) to establish whether elderly
patients at risk of adverse outcomes could be identified using routinely collected healthcare
data, without the need for a manual assessment [10]. The study followed a 3-step process to
create the HFRS [10]. First, a cluster analysis of a group of elderly patients admitted to hospital
with characteristics of frailty was used to identify characteristics associated with frailty using
the Hospital Episode Statistics database [10]. Second, the most prevalent variables were used
to make the HFRS using International Classification of Diseases, 10" Revision Clinical
Modification (ICD-10-CM) codes [10]. Finally, the HFRS was validated by investigating the
adverse outcomes of 2 cohorts of emergency admissions from the UK’s Hospital Episode

Statistics (HES) database, and then compared to existing frailty scores [10].

For the first step, 22,139 patients aged 75 years or older were randomly sampled from 3 specific
regions in the UK [10]. The regions selected were Leicester, Nottingham, and Southampton
due to their variable population representing both rural and urban populations in the UK [10].
These patients were grouped together for a cluster analysis using three variables for the
clustering matrix: 1ICD-10-CM codes, inpatient days and hospital costs [10]. Each group was
compared using admission history, the Charlson Comorbidity Index (CCI) and 2-year mortality
so common variables could be identified [10]. A set of variables identified as predictors of

frailty and their associated ICD-10-CM codes were used to create a frail cohort [10]. These
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codes were derived by Gilbert et al. through collaboration with primary care, public health,

and geriatric physicians. A total of 4,907 patients were identified as frail [10].

For the second step, ICD-10-CM codes for variables that were twice as prevalent in the frail
cohort were extracted to produce the HFRS [10]. Each variable was given an individual
weighting in proportion to their ability predict membership of patient to a cluster which was
based on logistic regression models [10]. This score was then tested using c-statistics. This
yielded the final HFRS score, composed of 109 individually weighted variables and a total

score (Appendix 1) [10].

For the third step, the score was validated using a local cohort of 569 patients and national UK
cohort of 1,013,590. Patients scored from 0 to 99 when the HFRS was applied [10]. This was
skewed to the right with the majority of patients having high scores [10]. The proportion of
patients with 30-day mortality increased with increasing HFRS, until patients with a score of
15 and above, where mortality remained the same [10]. Therefore, the HFRS stratifies patients
into 3 frailty risk groups: low risk (HFRS <5), intermediate risk (HFRS 5 to 15) and high risk
(HFRS >15) [10]. The performance of the HFRS was further assessed using c-statistic,

demonstrating a result of 0.60 [10]. This score performed as well as the CFS and the FI [10].

There are several strengths of this score. Firstly, the use of routinely collected healthcare data
is independent of user-operator error from manual assessment of frailty [10]. Secondly, this
score allows a time-efficient and broad risk stratification of frailty using many variables and is
able be integrated into systems which use ICD-10-CM codes to automatically calculate scores
[10]. Finally, this score can identity patients who don’t commonly receive assessment for

frailty, which is most older patients [10].
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1.4. Chapter summary

This chapter outlines the two fundamental concepts to this thesis: CVD and frailty. Given
advances to medical treatment for acute and chronic conditions and an ageing population, the
prevalence of both CVD and frailty is increasing. CVD and frailty incur a significant burden
to healthcare resources. The relationship between CVD and frailty is bidirectional. The next
chapter describes the systematic review and narrative synthesis undertaken to summarise the
evidence of the impact of the HFRS on the outcomes of patients with CVD. The remaining

chapters in this thesis address the general research questions in this thesis which are:

1) What is the prevalence of frailty in patients admitted with acute CVD?
2) What are the clinical characteristics of frail patients admitted with acute CvVD?
3) What are the specific causes of acute CVD admissions in frail patients?

4) What are the outcomes following acute CVVD admissions in frail patients?
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2. Chapter 2: Systematic review of the Hospital Frailty

Risk Score in cardiovascular disease patients

2.1 Chapter overview

The HFRS is a relatively new tool to stratify frailty risk in patients. To date, there have been
no studies to summarise the evidence about the use of the HFRS in CVD patients. This chapter

summarises a systematic review of the prognostic impact of the HFRS in patients with CVD.
2.2 Systematic reviews

A systematic review is a form of secondary research study, defined as studies reviewing already
published literature to provide an overall summary [87]. This contrasts with primary research
studies which aim to answer a specific research question using the non-published data, often
providing novel findings [87]. The primary aim of a systematic review is to identify all relevant
literature on a given topic. This is performed via a thorough search, termed a search protocol
[87]. Systematic reviews can be sub-classified into either narrative review, which are
descriptive or meta-analyses, which aim to pool all studies and assess the overall outcome with
minimal bias [87]. This decision is determined by the number, quality, and results of the articles
extraction from the final screening against the inclusion criteria [87]. Given its rigorous
process, systematic reviews provide high-quality evidence to analyse the current literature on
the topic of CVD and frailty [87]. Furthermore, as all information about the given topic is
pooled into one, thorough, succinct document, areas of further research can be accurately

identified [87].
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There are several strengths of systematic reviews. Firstly, bias can be reduced in systematic
reviews due to their robust and explicit methodology, making the results reproducible for
validation [87]. Secondly, as all studies are about the topic of interest, each included study can
vary in population, outcome measurements, definitions of disease and confounders [87].
Therefore, systematic reviews are often more generalisable [87]. Thirdly, as mentioned,
systematic reviews allow potential areas of future research to be identified. Finally, as all
research on the topic is collated into one article, this makes finding answers to specific research

questions easier and more accessible [87].

Systematic reviews have several limitations. Firstly, searches do not account for publication
bias, defined as the selective publication of studies that have a positive result [87]. Secondly,
the quality of a systematic review is dependent on the quality of the original studies included
[87]. Thirdly, systematic reviews can be over-generalisable, rendering their translation to
clinical practice by healthcare professionals ineffective [87]. Finally, for meta-analyses, high
heterogeneity in study design and quality can result in inaccurate estimates, away from the true

relationship [87].

2.3 Introduction

As mentioned throughout this chapter. There are a variety of tools to stratify frailty in the
primary care and hospital setting [9-11, 86, 88]. The HFRS provides a means of quantifying
frailty using a cumulative deficit model using 109 individually weighted 1CD-10 codes [10].
The HFRS has been validated in a variety of countries, however, it is not yet widely used due
to its reliance on ICD-10 codes [10, 89-91]. The HFRS has been shown to perform as well as
other frailty measures and comorbidity measures when predicting adverse outcomes such as
length of stay and all-cause mortality [92-95]. Therefore, the aims of this systematic review

were to identify peer-reviewed articles investigating the prognostic use of the HFRS in patients
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with CVD, to describe the prevalence, clinical characteristics and prognostic value of frailty in
CVD patients, and finally to identify areas of further research on the topic of frailty and CVD.

The findings from this study have been submitted for publication (Appendix 2).

2.4 Methods

2.4.1 Search strategy and study selection

This systematic review was performed and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidance [96]. The
protocol for the systematic review was pre-registered with the International Prospective
Register of Systematic Reviews (PROSPERO, CRD42022371883). A thorough search strategy
was developed to identify relevant peer-reviewed articles. The search included 2 main key
words and their synonyms (“cardiovascular disease” and “hospital frailty risk score™). This
search strategy was used with 6 databases: MEDLINE via EBSCO, EMBASE via Ovid, AMED
via EBSCO, AMED via EBSCO, CINAHLPIlus via EBSCO, AgeL.ine via EBSCO and Web of
Science (WOS). Specific terms were used for databases indexed with Medical Subject Heading

(MeSH) terms. One reviewer (Balamrit Singh Sokhal) performed the search.

2.4.2 Inclusion and exclusion criteria

The population, exposure, control, and outcomes framework were used to develop the research
question and design the inclusion criteria (Figure 2.1). The population was defined as all adults
with CVD. The exposure was frailty as defined by the HFRS. The comparison was patients
with low risk of frailty as defined by the HFRS. The primary outcome was mortality. The
secondary outcomes were to describe prevalence of frailty and the clinical characteristics of

frail patients. Observational studies conducted in the community, primary, or secondary care
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were included. Qualitative studies, case reports, letters to the editor, conference abstracts and
studies that measured frailty with other tools were excluded. There was no exclusion for

language or age of the publication (Table 2.1).

Table 2.1 Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Studies investigating cardiovascular Qualitative only studies (I.e., not mixed methods)
disease

Studies using the Hospital Frailty Risk Studies not investigating cardiovascular disease
Score or frailty

Observational studies Studies not using the Hospital Frailty Risk Score

Systematic reviews
Non-systematic reviews
Conference abstracts

Letters to the editor

Cannot obtain abstract or full text

Figure 2.1 The systematic review research question in the form of the population, exposure,
control, and outcomes framework.

Population All adults with

CvD
Frailty (as
Exposure defined by the
HFRS)
Comparison Low risk of frailty
Outcome Mortality
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2.4.3 Screening and data extraction

One reviewer (Balamrit Singh Sokhal) imported all references and removed exact duplicates.
The remaining references were imported into Rayyan. One reviewer (Balamrit Singh Sokhal)
screened all titles and removed references that did not meet the inclusion criteria. Two
reviewers (Balamrit Singh Sokhal and Sowmya Prasanna Kumar Menon) screened abstracts
and full texts independently to ensure no studies were incorrectly excluded. Any disagreements

between reviewers were resolved by a third reviewer (Charles Willes).

Two reviewers (Balamrit Singh Sokhal and Sowmya Prasanna Kumar Menon) independently
extracted data from full-text articles into pre-formed tables in Microsoft Word. Tables for data
extraction included: first author, study year and country, study design, number and age of the
participants stratified by frailty status, the prevalence and clinical characteristics of the

participants stratified by frailty status, and all-cause mortality stratified by frailty status.

2.4.4 Quality assessment

Avrticles included were critically appraised by two reviewers (Balamrit Singh Sokhal and
Sowmya Prasanna Kumar Menon) using the Newcastle-Ottawa Quality Assessment for Cohort
Study tool [97]. Any disagreements were resolved by a third reviewer (Charles Willes). These
validated tools function to assess the confounders, power, reproducibility, level of bias in the
exposure and outcome variable and internal and external validity. Three domains are assessed:
selection, comparability, and outcome. Each domain is comprised of multiple-choice outcomes
and a ‘star’ to represent sufficient quality. The domain for selection assesses the
representativeness of the cohort, cohort selection method, ascertainment of exposure and

whether the exposure was present at the start of the study. The domain for comparability
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assesses the quality of adjustment for confounders. The domain for outcome assesses how the

outcome was identified, the length of follow-up, and adequacy of follow-up.[98].

2.4.5 Data synthesis and analysis

Given the heterogeneity between each study, a meta-analysis was not conducted. The extracted
data was compared descriptively. The narrative synthesis was developed in accordance with
the Synthesis Without Meta-analysis (SWiM) guidelines and the Cochrane Handbook [99,
100]. The SWiM guideline is a 9-item reporting checklist that provides a standardised approach

to reporting systematic reviews in the absence of a meta-analysis.

2.5 Results

2.5.1 Study characteristics

Following the search, MEDLINE via EBSCO vyielded 5,241 results. EMBASE via EBSCO
yielded 8,271 articles, AMED via EBSCO vyielded 43 articles, CINAHLPIus via EBSCO
yielded 2,113 articles, AgeLine via EBSCO yielded 400 articles and Web of Science yielded
3,915 articles for a total of 19,983 results (Appendix 3-8). After exclusion of duplicates
(10,341) and title (9,150) and abstract screening (345), 147 full texts were screened, and 17
studies included in the final analysis and underwent quality appraisal. Excluded studies during
abstract screening included reviews, letters, editorials, conference abstracts (54), studies not

using the HFRS (75), and full texts that could not be obtained (1) (
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Figure 2.2).

Figure 2.2 PRISMA flow chart of included results.
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Abbreviations: CVD - Cardiovascular Disease; HFRS — Hospital Frailty Risk Score; WOS - Web of Science.

Of the 17 studies, all were retrospective cohort studies with 2 using propensity-score matching.
Studies were conducted in Australia (N=9), US (N=4), Germany (N=2), Canada (N=1) and
Korea (N=1). Across the 17 included studies, there was a total of 20,419,197 cases of CVD.
Studies investigated HF (N=7), AMI (N=4), stroke (N=4), AF (N=1), cardiac arrest (N=1), and
general CVD (N=1) which included primary hypertension, HF, AF, hypotension and chronic

ischaemic heart disease.
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There was varied reporting of each HFRS category. All studies described the prevalence of
each HFRS category (N=17), whilst most studies described HFRS categories by age (N=10),
clinical characteristics (N=10) and adjusted odds ratio (aOR) of mortality (N=13). Some
studies classified a HFRS > 5 as frail, hence combining the intermediate and high frailty groups
(N=6) and one study had a no risk (HFRS=0) category (N=1). All 17 studies were rated good
quality according to the Newcastle-Ottawa Quality Assessment for Cohort Study tools (Figure
2.3). From the 17 studies included using the HFRS, there were 20,419,197 cases of CVD.
Studies were conducted in Australia (N=8), US (N=4), Germany (N=2), Canada (N=1) and
Korea (N=1) (Table 2.2). The median age of the low HFRS group ranged from 62.2 years to
83.6 years, the intermediate group ranged from 70.5 years to 84.3 years and the high HFRS

group ranged from 75.1 years to 84.6 years (Table 2.3).

Figure 2.3 Study quality assessment using Newcastle-Ottawa Quality Assessment Forms for
Cohort Studies
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Kundi 2019 u bl il X il L bl Ll Good
Kwok 2019 I I i > o o k3 k3 Good
Smith 2019 ks r s X o s s o Good
Kwok 2020 * * #* X il # # * Good
MeAllister s o +r x 1 +r + % Good
2020

Yang 2020 -4 k-3 k3 X o e k3 k3 Good
Zhang 2020 * * * X * * o o Good
Kilkenny 2021 + 1 +* * + + + * Good
Lopez 2021 o o o 0 i i o o Good
Nghiem 2021 bl + + * + + + + Good
Pinho 2021 * t P » % P o * Good
Schnieder 2021 1 1 E x e b e i Good
Sharma 2021 by e + ® o ﬁ + o Good
Borovac 2022 ;:; ;:; y_‘( e ﬁ r ﬁ ﬁ Good
Sharma 2022 t t T % T T T ¢ Good
Sharma 2022 r r r x i r r r Good
Sharma 2022 T fr T ¥ fr T T tr Good

Table 2.2 Selected study characteristics.

Study Sample Participant inclusion
period size criteria
General CVD cohort

Study Study design  Country

. . Over 75 with CVD
Nghiem Retrospective Australia 2012- 115,946 (primary hypertension,

a
2021 cohort 2015 HF, AF, hypotension,
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chronic ischaemic heart

disease)
HF cohort
Retrospective United 2004- Adult (>18)
Kwok 2020 cohort States 2014 11,626,400 hospitalisations for HF
McAllister  Retrospective 2004- First time adult (>18)
2020 cohort Canada 515 26626y o alisation for HE
Sharma Retrospective . 2015- First time adult (>18)
20212 cohort; Australia 2019 3,706 hospitalisation for HF
Sharma Retrospective . 2013- .
2022 cohort Australia 2020 5,735 Older than 75 with HF
Retrospective
Sharma propensity- . 2013- Adults (>18)
20223 matched Australia 2020 5,734 hospitalised with HF
cohort
Retrospective
Sharma propensity- . 2013- Adults (>18)
2022a¢ matched Australia 2019 4,913 hospitalised with HF
cohort
AMI and HF cohorts
Medicare fee-for-
. . : service beneficiaries 65
K21(1)r113 ' Retr(':%srffrcttlve szg,;[gg 2016 785,127 years and older
admitted with AMI, HF
or pneumonia
AMI cohorts
. : Adult (>18)
Kwok 2019 Retrospective United 2004- 7,393,268 hospitalisations for
cohort States 2014 ACS
Lopez Retrospective United 2003- 2761 Over 80 hospitalised
2021 cohort States 2008 ' with AMI
i . Adults ( >18)
Borovac Retrospective United 2015- 429,070 hospitalised with
2022 cohort States 2017
STEMI
Stroke cohorts
. Adults (>18) with
Zhang Retrospective . 2009- .
2020 cohort Australia 2013 15,482 intracerebral
haemorrhage
Kilkenny  Retrospective . 2009- Adults (>18) with
2021¢ cohort  Australia 555 15468 stroke and TIA
Hospitalisations for
Pinho Retrospective German 2012- 489 acute ischemic stroke
2021¢ cohort Y 2017 receiving endovascular
treatment
Hospitalisations for
Schnieder  Retrospective German 2015- 318 rgggitsilr?cf;rgcl)(\:/;;glizr
20212 cohort Y 2019 g

treatment for large
vessel occlusion stroke
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Cardiac arrest cohort

All in-hospital cardiac

Smith Retrospective . 2008- arrest involving rapid
20192 cohort Australia 2017 388 response team
attendance
AF cohort
Retrospective 2005- Adults (>18) with non-
f
Yang 2020 cohort Korea 2015 262,987 valvular AF

2Study defined frailty as a HFRS > 5.

b Cohorts separated into 4 groups: frail and non-frail with and without specific pharmacotherapy

¢ Study investigated whether admission under general medicine or cardiology specifically impacted outcomes.

d Study included a no risk frailty group (HFRS=0).

€ Study divided outcomes into favourable and poor at 3-months.

f Study investigated different clinical management pathways (ABC and no ABC) and effect of HFRS specifically.
Abbreviations: aOR — Adjusted odds ratio; AF — Atrial Fibrillation; AMI — Acute Myocardial Infarction; CVD
— Cardiovascular Disease; Cl — Confidence Interval; HF — Heart Failure; HFRS — Hospital Frailty Risk Score;
NSTEMI — Non ST-Elevation Myocardial Infarction; STEMI — ST-Elevation Myocardial Infarction; TIA —
Transient Ischaemic Attack.

Table 2.3 Selected study results.

Prevalence Clinical Odds of mortality
by HFRS . characteristics of with low HFRS
Study HFRS Category category, Age In years high HFRS reference group,
% category, % aOR [CI)]
General CVD cohort
Low 24.6 82.4 +5.2 Bivariate analysis of
30-day mortality
Intermediate 34.5 83.7+55 . with high relation
High HFRS group coefficient (0.92,
were more likely 0<0.01)
(t504b6e) fi?\?elea Intermediate/High:
Nghiem e 1.73 for all CVD,
a Charlson score .
2021 above 2 (86.8) 2.15 for primary
High 40.9 84.1+55 have a |engﬂ'1 of hypertension, 2.31
stav bevond 10 for HF, 2.52 for AF,
dg s {32 9) 2.65 for hypotension
Y e and 2.56 for chronic
ischaemic heart
disease.
HF cohort
Low 80.0 72.0+15.0 Greater
Intermediate 19.9 76.0+£13.0 proportion of
female patients in
intermediate
(53.4) and high Intermediate: 1.52
(55.9) groups. [1.50-1.54]
Kwok Greater High: 1 60‘ [1.35-
2020 . prevalence of T '
High 0.1 81.0£11.0 previous stroke Al 1.28]001
(17.2) and <o
peripheral
vascular disease
(15.4), for high
frailty risk group.
McAllister Low 66.6 75.7£13.0 Higher HFRS Results not
2020 Intermediate 26.4 80.5+11.6 group were more presented as odds
High 6.9 82.7+10.3 likely to have ratios. 30-day
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higher Charlson,
female sex and
decreased
likelihood of
baseline
independence,
more prior
emergency
department visits
and more prior
hospitalizations.

mortality presented
as crude rates.

Low 76.4 75.2+14.4 High HFRS group 30-day all-cause
Intermediate 22.0 79.4+12.3 were more likely mortality:
Sharma to be female . -
20212 _ (67.8), have a Intermediate/High:
High 1.6 825+11.1 higher Charlson 4.12,[2.71-6.27], p
<0.001
score (3.9).
Low 86.1 75.4 +14.3 High HFRS group
Intermediate 12.4 79.9+11.3 were less likely to
be female (40.6) 30-cay all- cause
and more likely to mortgllty.
Sharma have a higher Intermediate: 1.52
2022 High 16 g24+16  meanCharlson . [1.20-1.93]
igh: 2.09 [1.21-
score (3.0) and 3.60]
increased length '
of stay (8.7).
Low 755 Characteristics In-hospital all-cause
Characteristics f . mortality of frail
. or each frailty . o
Sharma for each frailty patients receiving
20223b Intermediate/High 245 category not cgtego_r y not pharmacotherapy:
: escribed. . e
described. Intermediate/High:
0.20[0.15-0.27]
Low 76.2 Characteristics Characteristics Outcomes for each
Sharma for each frailty for each frailty frailty category not
20222¢ Intermediate/High 23.8 category not category not compared to lower
described. described. frailty category.
AMI and HF cohorts
49.3 for Greater
Low AMI, 27.5 proportion of
for HF female patients in
36.8 for intermediate
Intermediate AMI, 47.4 (48.5%) and high
for HF (47.5%) group.
Those with higher
Characteristics HF
for each frailty RS had greater 30-day in-hospital
category not prevalence of HF  all-cause mortality:
Kundi described. (4.5%), AE Intermediate: 3.73
2019 Mean age of  (30.5%), previous [3.66-3.80]
AMI cohort stroke (19.3%), High: 2.57 [2.18-
13.9 for was 77.4+8.7, peripheral 3.04]
High AMI, 25.0 and HF cohort  vascular disorders All p<0.001.
for HF was 80.1+9.0  (15.7%), chronic

lung disease
(20.6%), renal
failure (50.9%),
liver failure
(1.9%), and
dementia
(60.3%).
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AMI cohorts

Kwok
2019

Low

86.5

66+14

Intermediate

134

75+13

High

0.1

80+11

Greater
proportion of
female patients in
intermediate
(48.5%) and high
(47.5%) group.
Those with higher
HF
RS had greater
prevalence of HF
(4.5%), AF
(30.5%), previous
stroke (19.3%),
peripheral
vascular disorders
(15.7%), chronic
lung disease
(20.6%), renal
failure (50.9%),
liver failure
(1.9%), and
dementia
(60.3%).

30-day in-hospital
all-cause mortality:
Intermediate: 3.73
[3.66-3.80]
High: 2.57 [2.18-
3.04]
All p<0.001

Lopez
2021

Low

59.1

83.6+27

Intermediate

29.0

843+28

High

11.9

84.6+%27

High HFRS group
were more likely
to be female
(59.8), and have
history of HF
(38.7),
cerebrovascular
disease (40.9),
dementia (35.1),
chronic
pulmonary
disease (23.8),
renal disease
(23.5), cancer
(23.2) and higher
Charlson score
(3.9).

30-day all-cause
mortality with
HFRS in model:
Intermediate: 1.40
[1.10-1.79]
High: 1.58 [1.12-
2.24]

Borovac
2022

Low

71.6

62.2+12.9

Intermediate

26.3

70.5+13.7

High

2.1

75.1+£127

High HFRS group
were more likely
to be female
(48.9), less likely
to be white
(69.5), smoke
(0.8) and receive
PCI (22.6).
High HFRS group
had lower
prevalence of
arterial
hypertension
(29.8) and
dyslipidaemia
(43.3). High
HFRS had a
higher prevalence
of peripheral

Intermediate: 4.02
[3.91-4.13]
High: 4.63 [4.36-
4.92]
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artery disease
(10.6), AF (27.4),
anaemia (40.5)
and renal failure
(44.9).

Stroke cohorts

Low 25.0 Univariate model
Intermediate 48.0 hazard of death after
intracerebral
haemorrhage:
Characteristics Characteristics Intermedlate_. 118
Zhang for each frailty for each frailty [0'96'%'44] p=0.115
2020 . category not category not High: 1.70 [1.37-
High 27.0 described. described. 2.10] p<0.001 i
Multivariate model:
Intermediate: 1.78
[1.33-2.39] p<0.001
High: 1.34 [1.03-
1.75] p=0.032
67.0 (57.4- 30-day all-cause
. 9.0 for no 75.6) for no mortality compared
No risk . . .
(HFRS=0)/ Low risk, risk _ to no-risk group
risk (HFRS=1-4) 23.0 for (HFRS=0), High HFRS group Low: 0.95 [0.70-
low risk 71.5 (60.8- were more likely 1.28]
80.5) to be female Intermediate: 2.08
. 76.1 (65.4- (55.5), suffer [1.62-2.67]
Intermediate 450 83(.8) severe stroke High: 3.55 [2.80-
Kilkenny (16.5) and have 4.52]
2021 more 90-day all-cause
comorbidities, mortality compared
history of stroke to no-risk group
. 82.2 (74.3- and length of Low: 1.06 [0.82-
High 22.0 87(.5) stay. 1.36]
Intermediate: 2.29
[1.85-2.84]
High: 4.33 [3.41-
5.49]
Low 2.0 ‘Favourable’ 3-
Intermediate 68.3 Characteristics Characteristics month outcome
Pinho for each frailty for each frailty defined by modified
2021¢ Hiah 29.7 category not category not Rankin scale of 0-2.
g : described. described. High: 0.48 [0.26-
0.89] (p=0.020)
Low 75.1 78.9 (9.6) High HFRS group
Intermediate 22.7 83.8 (9.6) were more likely 90-day all-cause
Schnieder to be female mortality:
a H .
2021 High 99 84.2 (7.2) (71.4). ngg4]1p1:20[(1)2%2
Cardiac arrest cohort
Low 81.4 - Characteristics In-hospital
Characteristics . .

. . for each frailty mortality:
Smith for each frailty . _—
20192 Intermediate/High 18.6 category not category not Intermediate/High:

' described described. 2.80[1.52-5.15]
' p<0.001
AF cohort
Low 84.2 Characteristics Characteristics Outcomes for each
Yang Intermediate 14.2 for each frailty for each frailty .
2020f category not category not frailty category not
High 1.6 described.

described.

described.
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@ Reported as per study as median with IQR, or mean with SD.

b Study defined frailty as a HFRS > 5.

¢ Cohorts separated into 4 groups: frail and non-frail with and without specific pharmacotherapy

d Study investigated whether admission under general medicine or cardiology specifically impacted outcomes.
& Study included a no risk frailty group (HFRS=0).

f Study divided outcomes into favourable and poor at 3-months.

9 Study investigated different clinical management pathways (ABC and no ABC) and effect of HFRS
specifically.

Abbreviations: aOR — Adjusted odds ratio; AF — Atrial Fibrillation; AMI — Acute Myocardial Infarction; CVD
— Cardiovascular Disease; Cl — Confidence Interval; HF — Heart Failure; HFRS — Hospital Frailty Risk Score;
NSTEMI — Non ST-Elevation Myocardial Infarction; STEMI — ST-Elevation Myocardial Infarction; TIA —
Transient Ischaemic Attack.

2.5.2 Prevalence and clinical characteristics of frail patients

The prevalence of low frailty risk ranged from 2.0% to 86.5%, compared to 12.4% to 68.3%
for intermediate frailty risk and 1.6% to 40.9% for the high frailty risk group. The average age
of the low HFRS group ranged from 62.2 years to 83.6 years, compared 70.5 years to 84.3
years for the intermediate HFRS group and 75.1 years to 84.6 years for the high HFRS group.
Increasing frailty score was generally associated with female sex and an increased prevalence

of comorbidities, increased length of stay and increased odds of all-cause mortality (Table 2.3).

2.5.3 The hospital frailty risk score and general cardiovascular disease

One study from Nghiem et al. investigated the impact of the HFRS in general CVD patients
aged over 75 years [101]. The prevalence of low frailty risk was 24.6%, intermediate frailty
risk was 34.5% and high frailty risk was 40.9%. The average age of the high frailty risk group
was 84.1 years, compared to 83.7 years for the intermediate frailty group and 82.4 years for the
low frailty risk group. The high HFRS group were more likely to be female (54.6%), have a
Charlson Comorbidity Index (CCI) above 2 (86.8%), and increased length of stay beyond 10
days (23.9%). This study reported specific diagnoses of AF, HF, primary hypertension,
hypotension and chronic ischaemic heart disease. The age, prevalence and clinical
characteristic for patient cohorts with each diagnosis was not described. This study combined

the intermediate and high frailty risk group to report 30-day mortality in comparison to the low
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risk group. Bivariate analysis had a significantly high relation coefficient (0.92, p<0.01) and
was reported over logistic regression as the regression results were determined to be biased.
For the combined intermediate/high frailty risk group, odds of mortality using bivariate
analysis was 1.73 for general CVD compared to the low frailty risk group. When stratified by
diagnosis, odds of 30-day all-cause mortality using bivariate analysis was 2.15 for primary
hypertension, 2.31 for HF, 2.52 for AF, 2.65 for hypotension and 2.56 for chronic ischaemic
heart disease compared to the low frailty risk group. There were no confidence intervals

reported in this study (Table 2.3).

2.5.4 The hospital frailty risk score and heart failure

Eight studies utilised the HFRS in a HF cohort [90, 91, 101-106]. The prevalence of low frailty
risk ranged from 24.6% to 86.1%, intermediate frailty risk ranged from 12.4% to 47.4%, and
high frailty risk ranged from 0.1% to 13.9%. The average age of HF patients at low risk ranged
from 72.0 years to 82.4 years, intermediate risk ranged from 76.0 years to 80.5 years, and high
frailty risk ranged from 81.0 years to 82.7 years. Increasing HFRS category was mostly
associated with an increased likelihood of female sex — with 1 study observing decreasing
prevalence - a higher prevalence of cardiovascular and non-cardiovascular comorbidities and
CCl, and increased length of stay. The aOR of 30-day all-cause mortality ranged from 1.52
(95%CI [1.50-1.54]) to 2.80 (95%CI [2.70-2.90]) in patients at intermediate risk, and 1.60
(95%CI [1.35-1.90]) to 3.50 (95%CI ([3.40-3.68]) for patients at high risk, compared to their

low-risk counterparts (Table 2.3).
2.5.5 The hospital frailty risk score and acute myocardial infarction
Four studies utilised the HFRS in an AMI cohort [89, 102, 107, 108]. The prevalence of low

frailty risk ranged from 49.3% to 86.5%, intermediate frailty risk ranged from 13.4% to 36.8%,
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and high frailty risk ranged from 0.1% to 13.9%. The age of AMI patients at low risk ranged
from 62.2 years to 83.6 years, at intermediate risk ranged from 70.5 years to 84.3 years, and
high frailty risk ranged from 80.0 years to 84.6 years. Increasing HFRS category was associated
with increased likelihood of female sex, lower likelihood of being white, and a higher
prevalence of cardiovascular and non-cardiovascular comorbidities and CCIl. The aOR of
mortality ranged from 1.40 (95%CI [1.10-1.79]) to 4.02 (95%CI [3.91-4.13]) in patients at
intermediate risk, and 1.58 (95%CI [1.12-2.24]) to 4.63 (95%CI [4.36-4.92]) for patients at

high risk, compared to their low-risk counterparts (Table 2.3).

2.5.6 The hospital frailty risk score and stroke

Four studies used the HFRS in the overall stroke cohort (stroke, TIA or intracerebral
haemorrhage) [95, 109-111]. Not all studies reported every outcome. The prevalence of
intermediate frailty risk ranged from 45.0% to 48.0%, and high frailty risk ranged from 22.0%
to 27.0%. The age of stroke patients at intermediate risk ranged from 76.0 years to 83.8 years,
and high frailty risk ranged from 81.0 years to 84.2 years. Increasing HFRS category was
associated with an increased likelihood of female sex, increased prevalence of comorbidities
and increased length of stay. Of the 2 studies that reported aOR of 30-day mortality, this ranged
from 1.78 (95%CI [1.33-2.39]) to 2.08 (95%CI [1.62-2.67]) in patients at intermediate risk,
and 1.34 (95%CI [1.03-1.75]) to 3.55 (95%CI [2.80-4.52]) for patients at high risk, in

comparison to their low-risk counterparts (Table 2.3).

2.5.7 The hospital frailty risk score and atrial fibrillation

Two studies used the HFRS in an AF cohort [101, 112]. Neither study described the age
distribution or clinical characteristics in each HFRS category. One study reported non-valvular

AF patients exclusively [113]. The prevalence of intermediate frailty risk in was 14.2% and
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high frailty risk was 1.6% [113]. This study did not report outcomes stratified by frailty risk
category. The study of general CVD reported an aOR of 30-day mortality of 2.52 for combined
intermediate/high frailty risk patients compared to their low frailty risk counterparts [101].

There was no CI reported for this result (Table 2.3).

2.5.8 The hospital frailty risk score and cardiac arrest

One study used the HFRS in a cardiac arrest cohort [114]. This study described frailty as HFRS
> 5, combining intermediate and high risk scores under this category. The prevalence of low
frailty risk was 81.4% and intermediate or high frailty risk was 18.6%. This study did not
describe the distribution of age, prevalence and clinical characteristics of each HFRS category.
The odds of 30-day in-hospital mortality was 2.80 (95%CI [1.52-5.15]) for the

intermediate/high frailty group, compared to the low-risk group (Table 2.3).

2.6 Discussion

2.6.1 Main findings

This is the first systematic review of the utility of the HFRS to investigate the prevalence of
frailty in CVD patients, clinical characteristics of frail patients with CVD, and likelihood of
mortality of frail patients with CVD. Frailty is associated with an increased hospital length of
stay, total costs, adverse health outcomes and mortality [4]. There is a paucity of data on the
prognostic ability of the HFRS in CVD-specific cohort. There are several important findings
from this review that adds to the current body of literature exploring the relationship between
CVD and frailty. This review also identifies potential areas for further research. Firstly,
intermediate and high frailty risk is present in a substantial proportion of patients across a range

of CVD. Secondly, increasing HFRS is associated with increased age, female sex, non-white

54



race, and comorbidities. Thirdly, higher frailty incurs a greater healthcare burden, with
increased HFRS associated with increased length of stay and total charges. Finally, the HFRS

is significantly associated with increased mortality across most CVD.

The impact of frailty on outcomes varies with frailty measure, study setting and length of
follow up [90]. Frailty has been shown to increase odds of CVD by 35% [22]. In turn, CVD
increases the odds of frailty, demonstrating a bidirectional relationship [22]. The positive
correlation is observed using most frailty measures including the HFRS which performs as well
as most frailty and comorbidity tools as determined by area under receiver operating curves
[10, 92, 94]. There are multiple underlying mechanisms linking CVD and frailty. In summary,
both frailty and CVD are age-related conditions causing a pro-inflammatory state, with
increased levels of pro-inflammatory cytokines and immune markers such as interleukin 6 and
C-reactive protein [115]. Increased inflammation perpetuates a cycle of frailty, driving
sarcopenia and leading to adverse health outcomes [80]. In the context of CVD, the presence
of inflammation drives atherosclerosis and plaque instability, leading to increased likelihood
of plaque rupture and associated complications [73]. Therefore, CVD and frailty drive one

another and are major public health priorities [116].

2.6.2 Prevalence of frailty

There are many validated tools to assess frailty, yet there is no consensus on which tool to use
[117]. As developed countries transition to digital systems, there is increasing reliance on
electronic health care records and automation of processes to ensure efficiency and
optimisation of patient care [118]. The HFRS was derived entirely from routinely collected
health record data using ICD codes and then validated on a UK cohort [10]. The HFRS has
since been used with Australian, United States, and German CVD cohorts [89, 91, 110]. The

performance of the HFRS is comparable to other digital health record frailty measures and
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other well-known measures such as the Frailty Index and Clinical Frailty Scale [10, 94].

However, most studies comparing tools do not investigate patients with CVD specifically.

The reported prevalence of frailty is highly variable in the literature as it is dependent on the
frailty measure used [16]. A meta-analysis of 31,343 community-based participants estimated
the prevalence of frailty to be around 17.9%, however, none of the included studies used the
HFRS [16]. This systematic review suggests the prevalence of frailty as defined by the HFRS
in CVD ranges between 12.4-48.0% for intermediate risk, and 0.1-40.9% for high risk. Such a
range in prevalence could be due to the specific CVD of interest or the criteria of cohort
selection. Reported prevalence values seemingly remained constant across studies
investigating the same CVD. However, studies vary in participant inclusion criteria. Most
frailty studies have a minimum age cut-off of 65 or 75 years; yet this review found some studies
also included all adult hospitalisation with no age restrictions [101]. As frailty is related to
ageing, studies adopting age restrictions would have a larger proportion of patients at risk of

frailty, rendering them less generalisable to the entire population [4, 6, 16].

2.6.3 Frailty and clinical characteristics

This study found the increasing HFRS was mostly associated with female sex, non-white race,
and increased prevalence of comorbidities. Most measures of frailty demonstrate increased
prevalence of frailty in females, patients from non-white racial groups and patients with
multimorbidity [5, 7, 78]. There are a variety of factors implicated in this relationship. Women
are more likely to have a higher percentage body composition of fat and are more affected by
biological and socio-economic factors of frailty [119, 120]. Non-white race may be a factor in
the development of frailty, even after adjustment for age, sex and socio-economic status,
however the mechanisms behind this are poorly understood, with conflicting results between

studies [121, 122]. Many studies corroborate increasing frailty with increasing comorbidity
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burden. Whilst both overlap, both have two distinct process, both related to age [123]. The
normal physiological process of ageing, and it’s interaction with diseases leads to the
development of frailty [123]. Comorbidities play a distinct role in introducing the ageing
patient to acute stressors, leading to rapid decline in functional abilities in a frail patient [123].
As the HFRS was formed as a cumulative deficit model of over 109 comorbidities ranging
from dementia to infection, patients with increased HFRS are inherently more likely to also

have more comorbidities [10].

2.6.4 Frailty and mortality

In this systematic review, increasing HFRS category was associated with increased odds of all-
cause mortality across all CVD. This supports previous literature corroborating frailty, as
defined by most other measures, associated with an increase in the odds of all-cause mortality
from CVD [16, 22, 115, 116]. In the pilot study where non-CVD specific cohorts were used,
receiver operating curves for the HFRS predicting 30-day mortality, long hospital stay, and 30-
day readmission was 0.60, 0.68 and 0.56 respectively with the performance of the categorised
HFRS fairly overlapping with the Frailty Phenotype and Frailty Index scales, and the
continuous HFRS demonstrating moderate agreement with Rockwood’s Frailty Index [10].
Studies using the HFRS in non-CVD specific cohorts also demonstrate an increased odds of
mortality with increasing HFRS, with some studies comparing the HFRS to other frailty

measures demonstrating comparable performance [124, 125].

2.6.5 Clinical implications

The clinical implications of this study may be substantial given the increasing age and frailty
of the population, the increasing prevalence of CVD, and the drive to digital systems in certain

areas of the world that facilitate electronic health record data [6, 17, 126]. The drive toward
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such systems prompts the utility of automated systems to improve efficiency, increase accuracy
and identify needs of at-risk individuals based on their past medical history and risk factors
[100]. Frailty is a reversible condition and progression can be mediated by earlier identification,
assessment, and intervention to improve prognosis in CVD, though the possible outcomes of
intervention have not been explored [9, 30, 117]. However, medications used to treat
cardiovascular conditions may be contra-indicated in the frail elderly on the basis of a risk-
benefit assessment [127]. This review provides assurance that the HFRS is a validated and

important tool that can be used to risk stratify CVD patients.

2.6.6 Strengths and limitations

This systematic review has several strengths. Firstly, there was a systematic approach to
identifying research articles guided by PRISMA guidelines, ensuring optimal identification of
potential articles and minimisation of bias. Each abstract and full text was screened by two
reviewers, with conflicts resolved by a third, independent reviewer. Secondly, the search
strategy was comprehensive through the inclusion of all synonyms for each search term,
verified by experts in cardiology, epidemiology and systematic reviews. This allowed for
inclusion of most papers on the topic of CVD and frailty, allowing authors to specifically screen
for the studies that included the HFRS. Thirdly, all major databases were searched. MEDLINE,
EMBASE and Web of Science (WOS) are among the largest repositories for peer-reviewed

research. This reassures the search for articles was comprehensive.

This systematic review has several limitations. Firstly, there was a large degree of
heterogeneity between the study focus, study design and reporting of studies. Most studies
reported mortality in the intermediate and high HFRS groups separately, whereas others
combined both groups. For adjusted analysis, most studies used a low HFRS category as the

reference group, but some studies used a HFRS of 0 as the reference group. In addition, studies
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used different covariates for the multivariable analyses. This makes it difficult to compare
results and yield accurate estimates. Secondly, not all studies described the prevalence or
clinical characteristics of each HFRS cohorts. This decreases the confidence of the conclusions
drawn in this review and its generalisability. Thirdly, restricting inclusion of studies to the
English language only could have implications for the results of this study. Different
populations may have different prevalence of diseases and therefore different frailty risk
profiles according to the HFRS. Finally, all studies in this review were from countries that have
made the transition to electronic health record keeping and hold registries. Some of these
countries, especially US based, may be privatised, hence socio-economic status could act as a
barrier to healthcare and therefore studies could be underestimating the burden of frailty. This
means the review cannot be generalised to healthcare systems that do not utilise the ICD coding

system or digital systems in general.

2.7 Conclusions

This study reassures that HFRS can be utilised to stratify patients admitted with CVD, and
exhibit association with adverse outcomes in this population. However, the reporting of clinical
characteristics and outcomes of the studies included are inconsistent and, in some cases, the
HFRS is not the main focus of CVD studies. Further studies that stratify CVD patients by their

HFRS categories are warranted to determine its effects in different CVD patient groups.

2.8 Thesis aims

This systematic review demonstrates that the use the HFRS has been sparsely used on CVD
cohorts, with most studies focusing on AMI and HF patients. Other tools such as the CFS and

FP have been widely used in the literature. Given the rigorous nature of the HFRS and the use
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of routinely coded data being inherent to its use, the HFRS remains an understudied tool in the

CVD population despite its predictive abilities.

There are multiple aims of this thesis. Firstly, using national emergency department (ED) and
hospital datasets, this thesis aims to describe the prevalence of low, intermediate and high
HFRS in a cohort of patients with CVD. There has been only one previous study using the
HFRS in a general CVD cohort. However this study investigated 5 CVD in depth (primary
hypertension, HF, AH, hypotension and chronic IHD). Furthermore, this study described the
odds of mortality in a combined intermediate and high HFRS group, and not separately. This
thesis hypothesises that frailty represents a significant proportion of the population as reported

in previous studies.

Secondly, this thesis aims to describe the clinical characteristics of low, intermediate and high
HFRS patients with CVD. Numerous studies have demonstrated that increased frailty is
associated with increased age, female sex, non-white race and prevalence of comorbidities.
This trend is generally seen across most studies using the HFRS in general and specific cohorts.
This thesis hypothesises that increasing HFRS will follow a similar trend reported in previous

studies.

Thirdly, this thesis aims to describe the specific causes of CVD in the low, intermediate and
high HFRS patients. As with the prevalence of frailty in CVD, there is only one study using
the HFRS stratifying a general CVD cohort into specific diseases. This thesis hypothesises that,
in a cohort with general CVD, increasing frailty will be associated with age-related CVD such

as stroke and HF.

Fourthly and finally, this thesis aims to describe the association of the HFRS with mortality in
patients with CVD. Studies report the HFRS is associated with an increased odds of all-cause

mortality across most CVD. This thesis hypothesises a similar trend to that reported in previous
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studies using the HFRS, with increasing HFRS associated with increased odds of mortality in

CVD.
2.9 Chapter summary

This chapter summarised the current evidence of the use of the HFRS in CVD patients. Most
studies investigating CVD and frailty are limited to community studies or focus on one specific
diagnosis. Furthermore, very few studies utilise the HFRS specifically in a CVD setting and
given the continued progression to EHR data use in clinical practice, the HFRS can be a
powerful tool for the prognostication of frail patients. More studies need to be done to

investigate its use in patients with CVD specifically.

Therefore the aim of this thesis is to describe the prevalence, characteristics and mortality of
CVD patients based on their HFRS. The next chapter outlines the methods involved to
investigate these aims, through the analysis of national databases from the United States: the

Nationwide Emergency Department Sample and the National Inpatient Sample.
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3. Chapter 3: Methods

3.1 Chapter overview

This thesis uses national datasets from the United States (US). This chapter summarises the
general methods of this thesis. Firstly, this chapter provides a brief introduction to the structure
of healthcare in the US and an overview of electronic health record (EHR) data. Secondly, this
chapter provides an overview of the two national US databases used in this thesis: the National
Emergency Department Sample (NEDS) for emergency encounters and the National Inpatient
Sample (NIS) for hospital admissions. Finally, this chapter will define the main variables used
in the studies and how the analyses will be conducted to yield the results presented in this

thesis.
3.2 Healthcare in the United States

The US utilises a combined public and private approach to healthcare, whereby individuals
obtain health insurance coverage from private companies or government-subsidised health
insurance [128]. According to the US Census results for 2021, 66.0% of US citizens are insured
privately, 35.7% publicly and 8.6% are uninsured, with some citizens insured under multiple
initiatives (Table 3.1) [129]. Broadly, there are 3 types of private health insurance:
employment-based, where an insurance plan is provided by the employer or trade union, direct-
purchase, where an insurance plan is obtained directly from a company and Tricare, where
insurance is provided by the Civilian Health and Medical Program of the Uniformed Services
[129]. The 2010 Affordable Care Act aimed to provide more universal healthcare, defined by
the World Health Organisation (WHO) as “ensuring access to health services of sufficient

quality to be effective without exposing the user to financial hardship”, by launching health
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insurance marketplaces to include individuals across all ages, races and income levels [128,
130]. Public health insurance can also be divided into 3 types: Medicare and Medicaid which
are explained below and the Civilian Health and Medical Program of the Department of

Veterans Affairs [129].

Table 3.1 United States healthcare insurance plans.

Public Private
Medicare Employer-based
Medicaid Direct purchase

Civilian Health and Medical Program of the Tricare
Department of Veterans Affairs

Public healthcare insurance programmes such as Medicare and Medicaid were incepted in 1965
as part of the Social Security Act [131]. 18.4% of US citizens were insured by Medicare and
18.9% by Medicaid [129]. Medicare provides basic healthcare to patients over 65, or under 65
with a disability and is funded with tax revenue [131]. There are several types of coverage: Part
A which covers care in the inpatient setting; Part B which covers general outpatient care such
as procedures and diagnostic tests; Part C which is a combination of Part A and B and is more
often offered by private companies; and more recently Part D which was introduced to cover
prescription medications [131]. However, Medicare follows a co-insurance model, where part
of the cost of healthcare is still paid for by the individual [131]. Medicaid follows a similar
model to Medicare, but is specifically available to low-income individuals with no age
restrictions, rendering Medicaid the largest source of funding for medical services to the US
lowest income individuals [132]. Individuals not eligible for Medicare or Medicaid either self-

pay or are privately insured [133].

In order to monitor events during episodes of healthcare provision, all US hospitals routinely
code the services provided in order to yield accurate billing information [134]. These codes are

recorded on EHR databases [134].
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3.3 Electronic health record data

EHR data is collected by healthcare service providers and is used across different countries for
different purposes. EHR data is widely used in the US by healthcare service providers for

billing purposes, clinical information and high quality research (Table 3.2) [134].

Table 3.2 Examples of electronic health record datasets.

Public
United States Nationwide Emergency Department Sample
National Inpatient Sample
National Readmissions Database
Nationwide Kids Database
Medical Information Mart for Intensive Care
Centre for Disease Control and Prevention
United Kingdom Clinical Practice Research Datalink
Hospital Episode Statistics
National Vascular Registry
Sentinel Stroke National Audit Programme
National Institute for Cardiovascular
Research Outcomes Datasets

There are several strengths of using EHR in research, including the impact on clinical,
organisational and societal outcomes [135]. EHR databases can collect important clinical
information such as diagnoses, symptoms, biomarker levels, medications, management and
complications, patient information such as demographics and insurance status, and hospital
information such as length of stay, total costs, hospital bed size, teaching status, and
geographical region [136]. This information is routinely collected for every admission to a
hospital that uses EHR data, and therefore EHR can provide vital information for entire
populations, allowing insights into public health, chronic and communicable diseases [137].

Information is either anonymised or pseudo-anonymised [136].

Most EHR studies focus on improving patient safety and assessing intervention effectiveness
and efficiency [135]. EHR studies facilitate high-impact research vital for clinical practice

[135]. In addition, EHR data have driven research fundamental to public health and
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preventative medicine by means of comparing patients with certain risk factors against a
control group [135]. Generally, hospitals that invest in information technology and are involved
in research have a higher quality of care [138]. Studies using EHR can have multiple
methodologies, most commonly they are observational studies or longitudinal cohort studies
[139]. Studies using EHR are relatively less expensive compared to surveys and are less likely

to incur reporting bias and attrition bias [136, 137, 139].

There are several limitations to research using EHR. Firstly, different databases may not
contain sufficiently granular information, for instance some databases lack information, or have
low accessibility to information, about diet, physical activity, disease duration and medications
which is particularly important for studies investigating CVD [140]. Secondly, EHR are
potentially a source of coding inaccuracies and missing data [140]. Resultant misclassification
or non-random missing data can result in inaccurate estimations [140]. Thirdly, there is a
difficulty in defining incident and prevalent disease, as all comorbidities of a patient may be
recorded upon the initial episode of care, therefore the length of time between diagnosis and
treatment and coding onto the database is not known [140]. Furthermore, patients may
predominantly present with more severe conditions meaning that databases could
underestimate important but less severe conditions [140]. Some databases may only record in-
patient episodes, and therefore lack post-discharge and primary care data, where most patient
care occurs [141]. Fourthly, some studies using databases that include information on
pharmacotherapy may experience confounding by indication, where a medication may cause
paradoxical results in a study [139, 140]. Finally, due to data anonymization, databases may be
focused on hospitalisation-related data leading to potential capture of same patient with
multiple encounters [139, 140]. The NIS and NEDS are two examples of EHR datasets that

will be used in this study [142].
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3.4 Study design

The studies were designed as a retrospective cohort studies. Retrospective studies investigate
readily collected data and look back in time to investigate both exposures and outcomes [143].
Both studies utilise data from the NEDS and NIS. Due to large sample size within the used
datasets, the studies from this thesis contain significant statistical power given a large number
of cases for the variables of interest. However, no formal power calculation was performed

beforehand.

There are strengths and limitations to the retrospective cohort study design. Major strengths of
cohort studies firstly consist of them being relatively inexpensive, less time-consuming, and
generally less resource intensive when compared to prospective cohort studies [143]. This is
because data has already been collected [143]. Secondly, particularly in the case of this thesis,
large datasets are easily accessible and allow powered analyses leading to detection of less
prominent variations between studied groups [143]. However, this warrants critical appraisal
of clinical significance for each finding [143]. Finally, as mentioned, multiple aspects of a
disease can be measured simultaneously, such as incidence, exposures, and outcomes. This is

particularly suitable for examining rare diseases [143].

However, with this design there are inherent disadvantages. Firstly, there is less control over
the variables included in the study, as only the variables that have been collected can be used
[143]. Secondly, retrospective studies are susceptible to a variety of bias such as selection and
information bias, which would decrease the precision of results through deviation from the true
value [143]. Finally, confounding variables commonly introduces confounding bias into cohort
studies [143]. Therefore, variables must be carefully considered and data must be accurately
and thoroughly collected to allow stratification of confounding variables and inclusion in

statistical models [143].
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3.5 Study databases

3.5.1 The Nationwide Emergency Department Sample

The NEDS was developed by the Healthcare Cost and Utilization Project (HCUP) sponsored
by the Agency for Healthcare Research and Quality (AHRQ). Data collection for the NEDS
has been released annually since 2006. The NEDS provides information on 28 million annual
ED visits from 989 hospitals across 40 states in the US. This is an approximate 20% stratified
sample of all US hospital-based ED encounters. When weighted, the NEDS is designed to be
representative of approximately 143 million annual ED encounters across the US, like the
estimated total ED encounters in the US [144]. The NEDS has been used for a variety of
analyses using the retrospective observational study design ranging from prognostic studies to

validation studies [145, 146].

The NEDS provides information on ED encounters, irrespective of the disposition and
outcomes. Such information includes hospital demographics, patient demographics, treatment,
comorbidities and outcomes (Appendix 9) [142]. Patient demographics include age and sex.
Hospital demographics include bed size, region, teaching status and whether the hospital is
rural or urban. Hospital outcomes include ED discharge status. All information for the NEDS
since 2015 was captured using ICD-10-CM codes. The large sample size means the NEDS is
suitable for observational studies for even uncommon diseases and procedures. Coders are
specifically trained to analyse medical discharge summaries and assign the correct code for

billing purposes.
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3.5.2 The National Inpatient Sample

The NIS is the largest available database of US hospitalisations developed for the Healthcare
Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and
Quality (AHRQ). The first rendition of the NIS became available in 1988 and since then the
AHRQ has released the NIS annually. The NIS contains anonymised data on diagnoses and
procedures from over 7 million hospitalisations annually from 20% of US community
hospitals, excluding rehabilitation and long-term acute care hospitals. Unweighted, this
represents a 20% sample of all US hospitalisations [142]. When weighted, the NIS represents

97% of US hospitalisations which is approximately 35 million yearly hospitalisations.

The database contains both clinical and non-clinical information [147]. Examples of clinical
information includes patient demographics, comorbidities and in-patient procedures whilst
examples of non-clinical information include total inpatient costs and length of hospital stay,
bed size and teaching status (Appendix 10) [147]. Information available on the NIS is derived
from discharge summaries. The NIS has the capacity to record one primary discharge
diagnosis, and up to 29 secondary diagnoses, as well as up to 15 procedures [147]. As with the
NEDS trained coders analyse medical discharge summaries and assign the correct code. The
NIS is coded using International Classification of Diseases code renditions. From the 1% of

October 2015, the NIS uses ICD-10-CM [147].

To produce the sample, each discharge from all participating hospital is ordered by hospital,
admission month and diagnostic group (e.g. cardiovascular diseases) [147]. Following this,
every 5™ discharge is extracted, producing a 20% sample [147]. Samples are then weighted to
represent the entire population. To calculate weight, the expected number of hospital
admissions is divided by the number of sampled admissions within a stratum [147]. Strata are

hospital characteristics such as teaching status, location, bed size and importantly, census

68



region [147]. The US is divided into 9 census regions of the US: New England, Mid-Atlantic,
East North Central, West North Central, South Atlantic, East South Central, West South
Central, Mountain and Pacific (Error! Not a valid bookmark self-reference.) [147]. All admitted
patients will have the same weight applied to them to produce national estimates. Overall the

weighted sample includes approximately 35 million hospitalisations (Figure 3.2) [147].

Figure 3.1 Census regions for the NIS, from HCUP [142].
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Figure 3.2 Flowchart of the sampling process.

United States All hospitalisations ordered by hospital,
hospitalisations diagnostic group and admission month.
sample method Every 5th admission is sampled, representing

20% of all hospitalisations.

For each census region, the number of
Sample unit expected admissions is divided by the number
of sampled admissions.

S This number produced is the weighting applied
Helgiung to all hospitalisations.

Weighted sample The final number produces a national estimate.
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3.5.3 Limitations

3.5.3.1 Internal validity

Limitations of the databases originate from their internal validity. Internal validity represents
the ability of a study to accurately measure the intended outcomes, and therefore generate valid
conclusions. The higher the internal validity of a study, the more confident investigators can
be that the hypothesis is correct and not due to other variables unaccounted for. Internal validity
is affected by random error, confounding and systematic errors such as selection and

confounding bias.

3.5.3.2 Random error

Random error occurs due to chance and is more likely to happen with smaller datasets. Random
error can be minimised by using large datasets as a larger sample size reduces type | and type
Il error [148]. The NEDS and NIS are national datasets containing data of millions of patients
across the US. The large dataset means the chance of random error occurring is relatively small
[148]. Furthermore, increased sample size and allows for even more precise estimates. Where
‘acceptable’ p-values are usually considered to be <0.05, it is common for studies using the
NEDS and NIS to have p-values as small as <0.001. Therefore, significant results from these

studies are less likely to be due to random error and chance [148].

3.5.33 Information and selection bias

Bias is defined as methods that introduce systematic errors during the conduction and analysis
of a study, which favour one outcome that could deviate from the true outcome. Selection bias
is defined as bias arising errors in how subjects are included in a study. This could lead to
inaccurate conclusions for the same reasons as information bias. The systematic methods

behind both information and selection bias are similar for the study datasets. The NIS and
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NEDS are comprised of coded data primarily for billing purposes. Coded data could be subject
to selection bias due to inaccurate coding or missing data [149]. Other types of selection bias
that commonly occur in observational cohort studies do not apply in this study as coding is
mandatory for all hospital encounters for billing purposes in the US [150]. This includes loss
of follow up bias (participants previously engaged in the study, that are no longer able to be
contacted), non-response bias (lack of information gained as participants are unable to
respond), spectrum bias (due to a limited inclusion criteria) and survivor bias (where treatment
effects are overestimated as those who have survived have received treatment for longer)
among others [150]. Overall, coding for routinely collected healthcare data has been found to
be relatively robust and acceptable for use in research [151]. However, the selection of codes

for a particular condition could introduce inadvertent selection bias.

There is the potential for information and selection bias from the availability of, and the coding
of data in the NIS and the NEDS. Information bias, also known as observational bias or
misclassification bias, occurs as a form of measurement error, where there is inaccurate recall,
recording or handling of the information of a study [149]. In this of both datasets, information

bias contributes to selection bias.

3.5.3.4  Confounding

Confounding bias relates to the interference of individual’s risk factors with the detection of
direct association between the exposure of interest and outcome in the study. Therefore, the
relationship between the exposure and outcome becomes unclear. Confounding bias is common
in epidemiological studies however there are methods to minimise its effect through statistical
adjustment [150]. There are different types of confounding bias: positive, negative, and
unmeasured. Positive confounders are variables that overestimate the true effect of the

exposure [150]. This leads to a smaller effect size in multivariate models. Negative confounders
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cause the opposite as they are inversely associated with the outcome [150]. Therefore, negative
confounding variables underestimate the true effect of the exposure such that when they are
adjusted for, the effect size is larger [150]. Unmeasured confounding occurs when relevant
confounders are not accounted for in the adjustment models [150]. Most confounders can be
accounted for with careful selection of adjustment variables, as to minimise their effect and
yield a value closer to the true value [150]. The NEDS and the NIS cover a broad range of
diagnoses, procedures, and outcomes due to the use of the ICD-10-CM classification system,
meaning that many potential confounders can be identified and accounted for [152]. However,
factors highly relevant to CVVD are not covered by either database, such as diet, exercise level,
pharmacotherapy and biomarker levels [152]. This information could have implications on the
outcomes of studies conducting uses the databases, in particular CVD studies, as a significant
number of patients diagnosed with any form of CVD are medically treated. Therefore,
conclusions from studies are prone to misestimations [152]. Finally, both databases only
capture information on in-hospital events and therefore, more detailed analysis of longitudinal

outcomes cannot be assessed.

3.6 International Classification of Diseases, Tenth Revision

The ICD-10 system is the official diagnosis and procedure classification for US hospitals and
has been used by the NIS since 1%t October 2015 (previously the 9™ edition of the codes was
used) [153]. The ICD system was created to monitor diseases and provide accurate tracking of
medical procedures for hospital charges in the US [153]. The ICD system is also used
internationally by over 100 countries to provide accurate mortality statistics [153, 154]. ICD-
10 was developed to allow for greater richness of data in comparison to its predecessor,
containing around 155,000 codes compared to the previous 17,000 [153]. The ICD-10 codes

are split into 3 volumes: the 1% contains lists of cause-of-death titles and codes; the 2" contains
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inclusion and exclusion terms for cause-of-death titles; and the 3" contains an index of diseases
and natures of injury and external causes of injury. The ICD-10 codes consist of 3 to 7
characters, the first character is a letter which assigns the code to a chapter [153]. The second
and third characters are numbers, and the remaining characters are a combination of letters and
numbers [153]. The combination of the first 3 numbers is representative of common traits, with
each number assigned toa specific trait. As mentioned, both the NEDS and the NIS use ICD-
10-CM codes when billing patients. Therefore, ICD-10-CM codes can be used in research to
extract specific study variables from the NEDS and NIS databases. Accurate coding is required

to ensure valid analysis of data to draw conclusions.

3.7 Study variables

3.7.1 Independent

The independent variable is defined as a variable that will not be affected by another but can
influence the dependent variable. For this thesis, the independent variable is the HFRS. As
mentioned in Chapter 1 the HFRS is comprised of many variables sourced entirely from ICD-
10-CM codes, allowing analysis with routinely collected EHR data that holds the variable
included. The NEDS and the NIS are coded using ICD-10-CM, therefore, each individual
clinical encounter in the ED or in-hospital, can be classified according to their HFRS into the
3 groups outlined in the original study: low risk (HFRS <5); intermediate risk (HFRS 5 to 15);
and high risk (HFRS >15) [10]. Each variable was used and weighted according to the original

study [10].

Other independent variables used were the 7 CVD admission of interest: AMI, AF, acute
ischaemic stroke, HF, PE, cardiac arrest and acute haemorrhagic stroke. The parent code for

AMI was 121.x. The parent code for AF was 148.x. The parent code for acute ischaemic stroke
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was 163.x. The parent code for HF was 111, 113, 142 and 150.The parent code for PE was 126.x.
The parent code for cardiac arrest was 146.x. The parent code for acute haemorrhagic stroke

was 160.x, 161.x and 162.x (Table 3.3).

Table 3.3 ICD-10 codes used in this thesis.

Variables Source Codes
Acute ischaemic stroke ICD-10 163
Qfg&‘; haemorrhagic ~p) 4 430, 431, 432.0, 432.1, 432.9
Heart Failure ICD-10 150, 142
AF ICD-10 148.91, 148.20-21, 148.11, 148.19, 14.80

. 146.2 (due to cardiac condition); 146.8 and 146.9
Cardiac arrest ICD-10 (due to( non-cardiac condition) :

410.0x, 410.1x, 410.2x, 410.3x, 410.4x, 410.5x,

Acute Ml ICD-10° 410 6x. 410.7x, 410.8x, 410.9x
Pulmonary embolism ICD-10 126
Dyslipidaemia ICD-10 E78
Smoker ICD-10 Z72.0
Previous Ml ICD-10 125.2, 125.6
Previous PCI ICD-10 Z98.61, 7955
Previous CABG ICD-10 Z795.1, 7955
Thrombocytopenia ICD-10 D69.4, D69.5, D69.6
Homelessness ICD-10 Z59.0
Chronic renal failure ICD-10 N18
Hypertension ICD-10 110
Anaemias ICD-10 D62, D63, D64
Diabetes Mellitus ICD-10 EO08, E09, E10, E11, E13
Coagulopathies ICD-10 D65, D66, D67, D68, D69
Liver disease ICD-10 K70, K72.1, K72.9, K73, K74, K75, K76, K77
Metastatic disease ICD-10 C77,C78, C79, R18.0, C7B
PVD ICD-10 173
Valvular heart disease ICD-10 134, 135, 136, 137

Abbreviations: AF: atrial fibrillation; CABG — coronary artery bypass grafting; CVA: cerebrovascular accident;
ICD-10 — International Classification of Diseases Tenth Edition Clinical Modification; MI — myocardial
infarction; PCI: percutaneous coronary intervention; PVD — peripheral vascular disease; TIA: transient ischaemic
attack.

3.7.2 Dependent

The dependent variable is defined as the variable to be measured. The primary dependent
variable of interest was the adverse clinical outcome of all-cause mortality, as this study aims

to investigate whether mortality differs by frailty status, and if there is an additional difference
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by cardiovascular admission. Both databases contain built-in data on all-cause mortality,
detected on the discharge level for each individual discharge. This data represents crucial
information collected directly from the discharge records. There are no methods for

adjudicating this event and there are no data on the specific cause of death.

3.7.3 Confounders

Confounding variables are related to the independent and dependent variables. These variables
can explain the relationship between the independent and dependent variables and therefore
must be accounted for in the analysis to assess the true relationship between CVD and frailty.
The databases used in this thesis cover a wide range of information such as demographics,

medical history and comorbidities that can be classed as confounders.

Demographic information related to the patient include are age, sex, race, median household
income and primary expected payer. Demographic information related to the hospital include,
location, teaching status and bed size. Demographic information adjusted for in this analysis
thesis where available were age, sex, race, weekend admission, primary expected payer,
median household income, bed size of hospital, region of hospital, location/teaching status of

hospital.

Cardiovascular medical history was included among covariates due to their strong association
with recurrent cardiovascular events and higher likelihood of mortality. The exemplary
conditions that were used as covariates include smoking status, previous AMI, previous
percutaneous coronary intervention (PCI), previous coronary artery bypass graft (CABG) and

dyslipidaemia.

Comorbidities included in the NIS are numerous and are dependent on the granularity of the

ICD codes. The most commonly evaluated comorbidities in the cardiovascular studies
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evaluating NIS and NEDS include: cardiovascular (HF, PVD, valvular heart disease,
hypertension), respiratory (chronic lung disease, pulmonary circulation disorders), endocrine
(hypothyroidism, diabetes mellitus), renal (fluid and electrolyte disorders, renal failure)
psychiatric (depression, psychosis, substance misuse, alcoholism), oncological (metastatic
cancer, solid tumours with no metastasis), haematological (anaemia, coagulopathies,
thrombocytopaenia), gastrointestinal (liver disease, peptic ulcer disease), infectious (acquired
immune deficiency syndrome (AIDS)), neurological and other (e.g. dementia, weight loss,

obesity).

Each comorbidity is coded as a binary variable and is identified using ICD-10-CM codes. This
thesis used the following comorbidities based on availability within the NIS, lack of inclusion
in the HFRS, clinical knowledge and the supervisory team: anaemias, coagulopathy, diabetes

mellitus, liver disease, metastatic cancer, PVD, and chronic renal failure (Table 3.3).

3.8 Analysis

3.8.1 Overview

All statistical analyses were weighted and performed using the SPSS version 27 (IBM Corp,
Armonk, NY) [155]. As described, this thesis uses two datasets and therefore, the results
section of this thesis describes specific aspects of the methodology of each study in detail. This

section aims to provide an overview of the general methodology and the statistical methods.
3.8.2 Data preparation

Prior to starting each study, the datasets were critically examined for completeness, the
presence of inconsistencies and any limitations of data analysis by general inspection and cross-

tabulation of the dataset. Each major variable to this study was checked using frequency
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statistics and their upper and lower bounds. Cases were excluded if they did not meet the
inclusion criteria, for instance hospital episodes recorded for patients under 18. As regression
analyses were to be performed, cases with missing data for relevant variables were excluded,
such as hospital information and patient-related factors. Each study outlined in the results

chapter reports which variables were specifically addressed.

3.8.3 Descriptive statistics

Following initial frequency statistics and data cleansing, the total number of admissions were
identified and stratified according to their HFRS score into the 3 groups (low, intermediate,
and high). The specified variable to be included in the study were finalised from literature

searches, clinical knowledge, and the supervisors.

The normality continuous variables were visually checked using Q-Q plots and the Shapiro-
Wilk test. Data for continuous variables such as age, length of stay and total charges were
summarised using median and interquartile range (IQR) due to being not normally distributed.
Categorical variables were compared using the Pearson Chi-squared (X?) test and summarised
as percentages (%), as were ordinal variables. As both datasets are large, specific results of
clinical relevance and association were described in preference to every result which yielded a

p-value of less than 0.05.

3.8.4 Regression analysis

Logistic regression is a type of regression analysis that was developed as an extension of linear
regression [156]. It is a statistical method beneficial when there are multiple co-variables that
can affect an outcome. The purpose of logistic regression is to mathematically model a
relationship between the independent and dependent variables. The dependent variable is

binary so the logistic regression model must be binomial. It has several advantages. Firstly,
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logistic regression studies allow control for confounding variables through the ability to
examine multiple covariates simultaneously. Secondly the aOR produced from logistic
regression can be easily understood and interpreted, allowing conclusions from results to be
made. Finally, the model provides an association as well as the direction of association. There
are multiple assumptions to consider. Firstly, logistic regression models assume linearity
between the dependent and independent variable and cannot assume a curved relationship.
Secondly, this model assumes observations are independent and unrelated to each other.
Thirdly, data must be pre-processed and cleaned as the model cannot remove null data without
decreasing validity. Finally, more variables lead to a decreased reliability of the regression

model.

The main outcome investigated as part of the aim of this thesis was all-cause mortality. All-
cause mortality is a binary variable, therefore binomial multivariable logistic regression was
performed to determine the adjusted odds ratio (aOR) for the outcome (all-cause mortality) of
the studied population, using the low frailty group as the reference group. When determining
which variables were included as covariates, the clinical and prognostic value of each variable
was considered in relation to frailty, all-cause mortality and other independent variables.
Having in mind the large sample size, all relevant variables were included in the adjusted
analysis to account for confounders, without risk for model overfitting. 77All results were
presented as adjusted odds ratios (aOR) with 95% confidence intervals (Cl). Results were

determined significant at the level of p<0.05.

3.9 Ethical approval

The studies included in this thesis did not require ethical approval from an institutional review
board. The NEDS and NIS are publicly available national datasets that are anonymised and do

not contain any patient-identifiable information.
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3.10 Chapter summary

This chapter explored the general methods used in the studies that are outlined in Chapter 4.
This chapter provided an overview of the national US databases used in each study, the NEDS
and NIS, exploring their general strengths and limitations. This chapter identified the
fundamental variables of this thesis, frailty, and the CVD diagnoses of interest (independent),
mortality (dependent) and demographics, medical history, and comorbidities (confounders).
Finally, this chapter summarised how the general analysis was conducted, with continuous
variables summarised using median and IQR, categorical variables compared using X? and
summarised as percentages, and logistic regression models using aOR of mortality. The

following chapter will explore each individual study in further detail, including the results.
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4. Chapter 4: Results

4.1 Chapter overview

Chapter 1 and Chapter 2 of this thesis established the need for the studies described in this
chapter. The proportion of the population living with CVD and frailty is increasing, CVD and
frailty is associated with adverse outcomes, and CVD and frailty are closely related. Frailty is
defined as an impairment of multiple systems resulting in an increased vulnerability to stress,
leading to an increased risk of adverse outcomes such as hospitalisations and mortality, and is
strongly associated with age [4]. With the growing numbers of the elderly population, the
proportion of individuals living with frailty in society and across healthcare systems is
increasing [3]. Similarly, the numbers of patients living with cardiovascular disease (CVD) is
increasing, particularly given an improved survivorship in patients with acute or chronic CVD
[157]. The relationship between frailty and CVD is bidirectional [20]. CVD is associated with
a three-fold increase in frailty and frailty is independently associated with an increased
mortality from CVD [21, 22]. A recent meta-analysis including 31,343 CVD patients reported

that the prevalence of frailty was 17.9% and was associated with an increased risk of HF [16].

This chapter provides a broad summary of the results of this thesis pertaining to the aims
outlined in Chapter 1 and Chapter 2 and the methods outlined in Chapter 3. It describes the
results of each of the two studies conducted: the association between frailty and CVD in the

ED, and the association between frailty and CVD in hospital admissions.
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4.2 Emergency encounters

4.2.1 Introduction

To investigate the aims of this thesis on a population level, this first study addresses the
relationship between CVD and frailty in the ED. As stated previously, whilst there are studies
that describe the association between CVD and frailty in the community inpatient setting, there
remains little data on whether CVVD admissions vary by frailty status in the emergency setting
[102, 158]. Inpatient hospitalisations alone may not provide enough information on the
associations between frailty and CVD encounters. The ED is an area where patients can be
treated and discharged, referred to another department for further care, or die during the
encounter. It is essential to know the types of CVD and outcomes of frail patients in the ED as
this allows ED services to meet the needs of the growing frail population. Therefore, the aim
of this study was to describe the prevalence, clinical characteristics, and mortality of patients
admitted with the CVD diagnoses stratified by frailty status. The findings from this study have

been submitted for publication (Appendix 11).
4.2.2 Methods

The general methods have been described in Chapter 3. Briefly, the NEDS was used for this
initial study. The NEDS provides accurate estimates of all hospital-owned ED encounters in
the US. Weighted, the NEDS contains information from approximately 145 million ED
encounters. Patients demographics, outcomes, and comorbidities are all captured using ICD-

10-CM codes [142].

ICD-10-CM codes were used to identify all adult discharge records with a principal diagnosis

of an acute CVD admission between 2016 and 2018. This sample was filtered by the 7 CVD
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admissions of interest: AMI, AF, acute ischaemic stroke, HF, PE, cardiac arrest, and acute
haemorrhagic stroke. The sample was then stratified according to their frailty status measured
by the HFRS into 3 groups: low risk (HFRS <5), intermediate risk (HFRS 5 to 15) and high
risk (HFRS >15) [10]. The HFRS was created by identifying a cohort of elderly patients
admitted for diagnoses associated with frailty were identified using ICD-10-CM codes [10].
Using the 109 variables included in the final score, patients were grouped into low risk (HFRS
<5), intermediate risk (HFRS 5-15) and high risk (HFRS >15) [10]. The HFRS was validated

using a local and national cohort in the United Kingdom [10].

Cases were excluded due to missing data for the following variables: age, sex and mortality.
As this was an observational study, it was appraised according to the Strengthening The
Reporting of OBservational Studies in Epidemiology (STROBE) recommendations (Appendix

12).

Continuous variables including age, length of stay and total charges were summarised using
median and interquartile ranges (IQR). Categorical variables were compared using the Chi-
squared (X?) test and summarised as percentages (%). Multivariable logistic regression was
performed to determine the adjusted odds ratio (aOR) for all-cause mortality. Results were
presented as aOR with 95% confidence intervals (CI) and determined significant at the level of
p<0.05. Regression was adjusted for the following variables: age, sex, race, weekend
admission, primary expected payer, median household income, bed size of hospital, region of
hospital, location/teaching status of hospital, smoking status, previous AMI, previous
percutaneous coronary intervention (PCI), previous coronary artery bypass graft (CABG),
dyslipidaemia, and Elixhauser comorbidities (anaemias, coagulopathy, diabetes mellitus, liver
disease, metastatic cancer, PVD and chronic renal failure). All statistical analyses were

weighted and performed using SPSS version 27 (IBM Corp, Armonk, NY) [155].
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4.2.3 Results

423.1 Cohort characteristics

20,690,808 ED encounters were recorded between 2016 and 2018. After exclusion of missing
data for age, sex and all-cause mortality (0.19%) and patients younger than 18 (1.34%), there
were 20,498,939 encounters (Figure 4.1). 13,520,067 (66.0%) had a low HFRS of <5,
6,384,446 (31.1%) had an intermediate HFRS of 5-15 and 594,426 (2.9%) had a high HFRS
of >15. Patients with a high HFRS were more likely to have a higher prevalence of
comorbidities such as dyslipidaemia (55.2% for high HFRS vs 53.9% for intermediate HFRS
and 29.5% for low HFRS), thrombocytopaenia (6.8% for high HFRS vs 5.6% for intermediate
HFRS and 1.3% for low HFRS), anaemia (30.8% for high HFRS vs 30.0% for intermediate
HFRS and 6.7% for low HFRS), coagulopathy (9.5% for high HFRS vs 7.5% for intermediate
HFRS and 2.0% for low HFRS) and peripheral vascular disease (4.8% for high HFRS vs 4.6%
for intermediate HFRS and 1.2% for low HFRS), compared to patients with a low and

intermediate HFRS (all p<0.001) (Table 4.1).

Figure 4.1 Flow diagram of the Emergency Department cohort selection process.

Nationwide Emergency Department
Sample
(2016-2018)

|

CVD Cohort Identified
(n=20,690,808)

Excluded due to missing data in variables
(n= 40,341 [0.19%])
Age (n=790)
Sex (n=2,871)
Died during hospitalisation (n=36,680)
Excluded due to age younger than 18
(n=279,515 [1.353%])

CVD Study Population
(n=20,498,939)
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Table 4.1 Patient characteristics for all ED cardiovascular admissions according to HFRS.

Hospital Frailty Risk Score

Intermediate

Characteristics Low <5 High >15  Pp-value
(66.0%) (3?"[& ) (2.9%)

gi‘gg?]ger;g’sf weighted 13520,067 6,384,446 594,426
Age (years), median (IQR) 66 (55, 77) 73 (62, 82) 77 (67,86)  <0.001
Female sex, % 47.9 49.5 55.4 <0.001
Weekend admission, % 24.4 24.8 25.9 <0.001
Primary expected payer, % <0.001
Medicare 22.4 61.2 81.1
Medicaid 27.5 14.2 7.7
Private Insurance 30.4 16.9 8.5
Self-pay 14.6 4.9 1.3
No charge 0.5 0.3 0.1
Other 4.5 2.5 1.4
I(\Sztrjézgtw;tjgzhold Income <0.001
0-25th 35.7 32.4 29.8
2650t 27.5 26.6 25.2
51575t 20.8 22.1 22.8
76t—100t" 16.0 18.9 22.2
Comorbidities, %
Dyslipidaemia 29.5 53.9 55.2 <0.001
Thrombocytopenia 1.3 5.6 6.8 <0.001
Smoking 12.5 11.6 9.2 <0.001
Previous AMI 7.1 131 9.6 <0.001
Previous PCI 7.1 12.2 7.8 <0.001
Previous CABG 5.3 111 7.7 <0.001
Anaemias 6.7 30.0 30.8 <0.001
Valvular disease 54 16.2 14.6 <0.001
Peripheral vascular disease 1.2 4.6 4.8 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 Integrjwlesdiate High>15  P-value
(66.0%) (31.1%) (2.9%)
Coagulopathy 2.0 7.5 9.5 <0.001
Diabetes Mellitus 23.7 43.4 41.0 <0.001
Liver disease 1.2 3.9 3.3 <0.001
Chronic renal failure 10.1 44.0 43.2 <0.001
Chronic pulmonary disease 10.5 26.4 21.6 <0.001
Cancer 24 5.4 5.1 <0.001
Hospital Region, % <0.001
Northeast 16.9 17.6 18.1
Midwest 22.0 22.9 25.1
South 42.9 41.9 39.8
West 18.3 17.6 17.0
rITé));:Fa;littl:inlr,1/(E/((e)achmg status of <0.001
Rural 26.9 24.8 20.9
Urban non-teaching 55.7 64.7 71.9
Urban teaching 17.4 10.5 7.2
'(-Ig‘%h of stay (days), median 5 42,7) 6(4,11)  <0.001
Tl EDcherges (USD) (a7g  Gogas, (ol <ooon
61,860) 74,794) 119,808)

All-cause mortality, % <0.001
ED all-cause mortality 3.1 0.4 0.1
In-hospital all-cause mortality 0.4 3.8 8.3

Overall all-cause mortality 3.5 4.2 8.4
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4232 Cause of admission

The most common cause of admission was for ‘other CVD’ (57.9%), followed by AF (10.2%),
AMI (8.8%), acute ischaemic stroke (8.2%), HF (7.3%), PE (3.1%), cardiac arrest (2.4%) and
acute haemorrhagic stroke (2.3%). Of the CVD of interest, the cohort admitted with ischaemic
stroke had the highest proportion of patients with a high HFRS (16.7%), followed by acute
haemorrhagic stroke (10.6%) and AMI (1.7%). The cohort admitted with acute ischaemic
stroke had the highest proportion of patients with an intermediate HFRS (57.5%), followed by
acute haemorrhagic stroke (42.6%) and HF (40.5%). The cohort admitted with cardiac arrest
had the highest proportion of patients with a low HFRS (89.1%), followed by AF (75.2%) and

HF (57.8%) (Table 4.2 and

Figure 4.2).

Table 4.2 Prevalence of the ED cardiovascular admission diagnoses within each HFRS
category and associated mortality within each CVD admission group.
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Hospital Frailty Risk Score

Intermediate

Admission diagnosis Low <5 High >15 p-
5-15 value
(66.0%0) (2.9%)
(31.1%)
. Prevalence 9.0 8.7 5.0 <0.001
Acute myocardial
infarction ED mortality 0.8 0.3 0.1 <0.001
(N'=1,796,127) Overall mortality 1.9 8.9 14.5 <0.001
Prevalence 3.2 15.1 46.7 <0.001
Ischaemic stroke .
(N =1,662,442) ED mortality 0.2 <0.1 <0.1 <0.001
Overall mortality 0.6 2.6 7.4 <0.001
. Prevalence 115 7.7 3.7 <0.001
Atrial
fibrillation/flutter ED mortality <0.1 0.1 <0.1 <0.001
(N'=2,056,294) Overall mortality 0.1 15 5.9 <0.001
Prevalence 6.4 9.5 4.2 <0.001
Heart failure :
(N =1,483,837) ED mortality 0.2 0.1 <0.1 <0.001
Overall mortality 0.5 3.3 9.1 <0.001
Prevalence 3.1 3.1 1.6 <0.001
Pulmonary
Embolism ED mortality 0.3 0.1 <0.1 <0.001
(N=627,547) Overall mortality 0.8 5.4 10.7 <0.001
Prevalence 3.3 0.8 0.5 <0.001
Cardiac arrest :
(N=495,406) ED mortality 88.2 39.4 5.7 <0.001
Overall mortality 89.2 78.0 63.2 <0.001
. Prevalence 1.6 3.1 8.2 <0.001
Haemorrhagic
stroke ED mortality 2.0 0.6 0.1 <0.001
(N =458,987) Overall mortality 7.0 20.1 16.0 <0.001
Prevalence 61.9 52.1 30.1 <0.001
Other CVD :
(N =11,773,600) ED mortality 0.1 0.1 <0.1 <0.001
Overall mortality 0.1 2.3 5.9 <0.001

Abbreviations: CVD- Cardiovascular Disease — Emergency Department.
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Figure 4.2 Distribution of each HFRS category within each of the selected ED cardiovascular
admission causes.
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Of the CVD of interest, Ischaemic stroke was the most common cause of encounter for the high
HFRS group (46.7%), followed by acute haemorrhagic stroke (8.2%) and AMI (5.0%).
Ischaemic stroke was also the most common cause of specific CVD admission in the
intermediate HFRS group (15.1%), followed by HF (9.5%) and AMI (8.7%). The most
common cause of specific CVD encounter in the low HFRS group was AF (11.5%), followed

by AMI (9.0%) and HF (6.4%). (

Figure 4.3).
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Figure 4.3 Distribution of selected ED cardiovascular admission causes within each HFRS
category.

Low <5 Intermediate 5-15
9.0% 8.7%
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High 15<

5.0%

46.7%

= Acute Myocardial Infarction = Ischaemic Stroke

= Atrial Fibrillation/Flutter Heart Failure
= Pulmonary Embolism = Cardiac Arrest
= Haemorrhagic Stroke » OtherCVD

4.2.3.3  Discharge disposition

Patients with a high HFRS were less likely to be routinely discharged home (1.2% for high

HFRS vs 10.4% for intermediate HFRS and 53.2% for low HFRS), transferred to a short-term

hospital (0.4% for high HFRS vs 2.4% for intermediate HFRS and 7.3% for low HFRS) and

more likely to be admitted to hospital as an inpatient (97.3% for high HFRS vs 84.5% for

intermediate HFRS and 33.2% for low HFRS) (
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Table 4.3).

Table 4.3 Destination of discharge from ED stratified by HFRS category.

Hospital Frailty Risk Score

Intermedia
Characteristics Low <5 515 High >15 vapl-ue
(66.0%0) (2.9%)
(31.1%)
Number of weighted discharges 13,520,067 6,384,446 594,426
Discharge disposition, % <0.001
Home 53.2 10.4 1.2
Transfer to short-term hospital 7.3 24 0.4
Other transfer 1.5 1.2 0.6
Home health care 0.4 0.8 0.4
Left against medical advice 1.3 0.3 <0.1
Admitted as inpatient 33.2 84.5 97.3
ED mortality 3.1 0.4 0.1

4.2.3.4  Mortality

Patients with a high HFRS generally had lower unadjusted rates of ED all-cause mortality
compared to their lower frailty counterparts (0.1% vs. 0.8% for intermediate HFRS group and
7.9% for low HFRS group, p<0.001). However, high HFRS was associated with increased rates
of overall mortality (ED and in-hospital combined mortality) (9.4% vs. 6.3% for intermediate
HFRS group and 8.7% for low HFRS group, p<0.001). This trend was observed across all CVD
admissions, with lower crude rates of ED all-cause mortality and increased rates of overall

mortality with increasing HFRS category (Table 4.2).
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Figure 4.4. ED mortality in different frailty risk categories and cardiovascular admission
diagnoses.

90.0% 88.2%
80.0%

70.0%

60.0%

50.0%

40.0% 39.4%
30.0%

20.0%

10.0%

2.0%
0.8% 0.3% 0.1% 0.2%<0.1%0.1% <0.1%0.1%<0.1% 0.2% 0.1%<0.1% 0.3% 0.1%<0.1% — 0.6% 0.1% 0.1% 0.1%<0.1%
0.0% — . —

Acute Myocardial Ischaemic Stroke Atrial Heart Failure Pulmonary Cardiac Arrest Haemorrhagic Other CVD
Infarction Fibrillation/Flutter Embolism Stroke

mlow<5 ®Intermediate 5-15 High >15

On adjustment for baseline covariates, the high HFRS group had a decreased odds of ED
mortality for patients admitted with across all CVVD admission cohorts (p<0.001), compared to
their low HFRS counterparts. The intermediate HFRS group also had decreased odds of ED
mortality across most CVD admission cohorts (apart from AF), though the effect size was
greater for the high HFRS group (p<0.001). When looking at the effect size, patients with
intermediate and high HFRS admitted for cardiac arrest had the lowest odds of ED all-cause
mortality (aOR 0.06, 95% C1 0.04 to 0.11 for high HFRS group and aOR 0.12, 95% CI1 0.11 to
0.12 for intermediate HFRS group), compared to their low frailty risk counterparts (Table 4.4

and
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Figure 4.5).

Apart from cardiac arrest, adjusted odds of overall mortality (combined ED and in-hospital

mortality) for the intermediate and high HFRS groups were increased (p<0.001), compared to

their low HFRS counterparts. When looking at the effect size, intermediate and high HFRS

patients admitted with AF had the highest odds of overall all-cause mortality (aOR 27.14, 95%

Cl 25.03 to 29.43 for high HFRS group and aOR 8.38, 95% CI 7.91 to 8.89 for intermediate

HFRS group), compared to their low frailty risk counterparts (Table 4.4 and

Figure 4.5).

Table 4.4 Adjusted odds ratios of ED and overall mortality in different HFRS categories and
selected ED cardiovascular admission diagnoses*.

Hospital Frailty Risk Score

Intermediate 5-15 High >15
Admission Diagnosis (35.5%) (4.8%)
aOR[95%CI] P aor[eswcl) P
value value
Hospitalisation 447 [441- 0 284012509- 4 5
Acute myocardial 4.54] 32.14]
infarction ED mortality 041[039- 44y  006[0.04- 440
(N =1.796.127) 0.44] 0.11]
e Overall 4.10 [4.02- <0.001 5.69 [5.48- <0001
mortality 4.18] ' 5.91] '
o 5.71 [5.65- 40.35 [39.11-
Hospitalisation 5.77] <0.001 41.63] <0.001
Ischaemic stroke . 0.36 [0.31- 0.12 [0.09-
(N =1,662,442) ED mortality 0.41] <0.001 0.16] <0.001
Overall 3.83[3.67- 9.83[9.42-
mortality 4.00] <0001 g0 0 <0001
Hospitalisation A4LIA37- g9 2322[2166- 4 5
Atrial 4.45] 24.89]
fibrillation/flutter  ED mortality 72 B9l o1 O11I002 640
(N =2,056,294) 2.13] 0.79]
T Overall 8.38 [7.91- <0.001 27.14 [25.03- <0.001
mortality 8.89] ' 29.43] '
. 7.06 [6.98- 48.68 [44.12-
Heart failure Hospitalisation 713] <0.001 53.70] <0.001
(N =1,483,837) . 0.74 [0.66- 0.24 [0.11-
ED mortality 0.84] <0.001 0.50] <0.001
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Overall 5.65 [5.45- 13.71 [12.95-
mortality 5.86] <0.001 14.51] <0.001
Hospitalisation 4'61 %']51_ <0.001 28'245 [2262].94- <0.001
Pulmonary - '
Embolism ED mortality 0'48 4[8']34' <0.001 O'lg £%j06' <0.001
(N=627,547) Overall 561(538 oo 1098[1016 _,
mortality 5.86] ' 11.87] '
. 40.64 [39.22- 42.01 [35.19-
Hospitalisation 42.12] <0.001 49.21] <0.001
Cardiac arrest . 0.12 [0.11- 0.02 [0.01-
(N=495,406) ED mortality 0.12] <0.001 0.03] <0.001
Overall 0.43 [0.42- 0.20 [0.18-
mortality 0.45] <0.001 0.22] <0.001
Hospitalisation 8'33 gé']zo' <0.001 59.1641 [0537]'32' <0.001
Haemorrhagic - '
stroke ED mortality 0'38 g(;.]ZS- <0.001 O'Og ([)(%.]03- <0.001
(N =458,987) ' '
Overall 2.79 [2.73- <0.001 2.01[1.95- <0.001
mortality 2.86] ' 2.08] '
. 5.63 [5.61- 24.05 [23.51-
Hospitalisation 5.65] <0.001 24.60] <0.001
Other CVD . 0.66 [0.63- 0.30 [0.24-
(N=11,773,600) ED mortality 0.70] <0.001 0.38] <0.001
Overall 5.56 [5.46- 11.75[11.45-
mortality 5.65] <0001 "o 0 <0001

*Reference group is low HFRS score <5 for each CVD admission diagnosis.

Multivariable logistic regression model adjusted for: age, sex, weekend admission, primary expected payer,
median household income, region and teaching status of the hospital, dyslipidaemia, smoking, thrombocytopenia,
previous AMI, anaemia, coagulopathies, liver disease, diabetes, hypertension, malignancy, peripheral vascular
disease, chronic pulmonary disease, chronic renal disease and valvular heart diseases.

Abbreviations: aOR — adjusted Odds Ratio; Cl — Confidence Interval; ED — Emergency Department; HFRS —
Hospital Frailty Risk Score.

Figure 4.5. Adjusted ED mortality (left) and overall mortality (right) rates for different
frailty risk category and selected ED cardiovascular admission causes™.
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*Reference group is low HFRS score <5 for each CVD admission diagnosis.

Multivariable logistic regression model adjusted for: age, sex, weekend admission, primary expected payer,
median household income, region and teaching status of the hospital, dyslipidaemia, smoking, thrombocytopenia,
previous AMI, anaemia, coagulopathies, liver disease, diabetes, hypertension, malignancy, peripheral vascular
disease, chronic pulmonary disease, chronic renal disease and valvular heart diseases.

Abbreviations: aOR — adjusted Odds Ratio; CI — Confidence Interval; ED — Emergency Department; HFRS —
Hospital Frailty Risk Score.

4.2.3.5  Subgroup analyses

There were 1,796,127 encounters for AMI. 1,210,737 (67.4%) had a high HFRS, 555,343
(30.9%) had an intermediate HFRS and 29,932 (1.7%) had a low HFRS. Patients admitted for
AMI with a high HFRS were more likely to be older than those with an intermediate and low
HFRS (median age 79 for high HFRS vs 73 for intermediate HFRS and 63 for low HFRS).
This was the same for their likelihood of being female (52.9% for high HFRS vs 44.2% for
intermediate HFRS and 34.9% for low HFRS). Patients with a high HFRS more comorbid with

conditions such as anaemia (40.8% for high HFRS vs 30.6% for intermediate HFRS and 6.8%
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for low HFRS), thrombocytopaenia (9.9% for high HFRS vs 7.6% for intermediate HFRS and

2.0% for low HFRS), chronic renal failure (58.2% for high HFRS vs 45.7% for intermediate

HFRS and 8.9% for low HFRS) and PVD (6.3% for high HFRS vs 6.2% for intermediate HFRS

and 1.8% for low HFRS) compared to patients with a low HFRS (p<0.001) (Table 4.5).

Table 4.5 Characteristics of patients presenting with acute myocardial infarction.

Hospital Frailty Risk Score

Characteristics Low <5 |n:§"5rt‘fgia High>15  yalue
(67.4%) (30.9%) (1.7%)

Number of weighted discharges 1,210,737 555,343 29,932
Age (years), median (IQR) 63 (55, 73) 73(63,82) 79 (70,87) <0.001
Female sex, % 34.9 44.2 52.9 <0.001
Weekend admission, % 27.2 27.3 26.4 <0.001
Primary expected payer, % <0.001
Medicare 47.9 73.0 83.9
Medicaid 10.2 7.6 5.3
Private Insurance 31.8 14.2 7.8
Self-pay 6.7 2.8 1.4
No charge 0.5 0.3 0.2
Other 3.0 2.0 1.4
(I}/il)edian Household Income (percentile), <0.001
0-25t 31.5 32.4 31.7
2650t 28.4 26.6 25.5
51575t 21.9 22.2 22.2
76th-100t 18.3 18.8 20.5
Homelessness, % 0.3 0.4 0.2 <0.001
Comorbidities, %
Dyslipidaemia 55.0 65.8 58.8 <0.001
Thrombocytopenia 2.0 7.6 9.9 <0.001
Smoking 22.2 134 7.6 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrg_‘fgia High >15 val-ue

(67.4%) (30.9%) (1.7%)
Previous AMI 131 18.5 142 <0.001
Previous PCI 14.6 18.3 11.7 <0.001
Previous CABG 8.1 13.3 9.9 <0.001
Anaaemias 6.8 30.6 40.8 <0.001
Valvular disease 7.0 18.0 20.8 <0.001
Peripheral vascular disease 1.8 6.2 6.3 <0.001
Coagulopathy 2.5 9.5 12.6 <0.001
Diabetes Mellitus 31.6 49.2 46.7 <0.001
Liver disease 1.3 5.2 6.9 <0.001
Chronic renal failure 8.9 45.7 58.2 <0.001
Chronic pulmonary disease 12.2 25.5 25.1 <0.001
Length of stay (days), median (IQR) 2(2,3) 4(2,8) 7(4,13) <0.001

Total ED and in-hospital charges (USD), 64,266 71,890 87,723
median (IQR) (37,412, (36,099, (42,721, <0.001

100,202)  139,045) 182, 812)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 1,662,442 encounters for acute ischaemic stroke. 429,032 (25.8%) had a high
HFRS, 955,886 (57.5%) had an intermediate HFRS and 227,212 (16.7%) had a low HFRS.
Patients admitted for acute ischaemic stoke with a high HFRS were more likely to be older
than those with an intermediate or low HFRS (median age 77 for high HFRS vs 71 for
intermediate HFRS and 67 for low HFRS). Patients with a high HFRS were more likely to be
female (50.2%for high HFRS vs 49.6% for intermediate HFRS and 46.7% for low HFRS) and
more comorbid with conditions such as dyslipidaemia (59.4.2% for high HFRS vs 58.6% for
intermediate HFRS and 39.2% for low HFRS), diabetes (40.2% for high HFRS vs 39.0% for

intermediate HFRS and 28.4% for low HFRS), chronic pulmonary disease (15.7% for high
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HFRS vs 12.5% for intermediate HFRS and 6.8% for low HFRS), liver disease (1.8% for high

HFRS vs 1.4% for intermediate HFRS and 0.7% for low HFRS) and valvular disease (10.4%

for high HFRS vs 7.7% for intermediate HFRS and 3.6% for low HFRS) compared to patients

with a low HFRS (all p<0.001) (

Table 4.6).

Table 4.6 Characteristics of patients presenting with acute ischaemic stroke.

Characteristics

Hospital Frailty Risk Score

. - p_
Low <5 '”E‘Zg{’fg'a High>15  value
[0) 0)
(@58%)  grooy  (16.7%)

Number of weighted discharges

429,032 955,886 277,212

Age (years), median (IQR)

67 (57,77) 71(61,82) 77(66,86) <0.001

Female sex, % 46.7 49.6 55.2 <0.001
Weekend admission, % 25.0 26.0 26.5 <0.001
Primary expected payer, % <0.001
Medicare 55.1 66.0 76.7
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Hospital Frailty Risk Score

Characteristics Low <5 |”Eg"5rt1fgia High >15 va?l-ue
(25.8%) (57 5%) (16.7%)

Medicaid 9.8 9.0 7.8
Private Insurance 26.0 18.3 11.3
Self-pay 6.3 4.3 2.5
No charge 0.3 0.3 0.2
Other 2.5 2.0 1.5
2//(I)edian Household Income (percentile), <0.001
0-25th 31.7 31.3 31.0
2650t 28.5 26.6 25.1
51575t 21.9 22.5 23.0
76t—100t 17.9 19.6 20.9
Homelessness, % 0.1 0.3 0.4 <0.001
Comorbidities, %
Dyslipidaemia 39.2 58.6 59.4 <0.001
Thrombocytopenia 1.1 2.7 4.7 <0.001
Smoking 15.1 15.9 115 <0.001
Previous AMI 4.4 7.8 8.1 <0.001
Previous PCI 4.2 7.5 7.0 <0.001
Previous CABG 4.0 6.9 6.9 <0.001
Anaemias 3.9 115 20.4 <0.001
Valvular disease 3.6 7.7 10.4 <0.001
Peripheral vascular disease 0.8 2.4 3.6 <0.001
Coagulopathy 2.0 4.2 7.0 <0.001
Diabetes Mellitus 28.4 39.0 40.2 <0.001
Liver disease 0.7 1.4 1.8 <0.001
Chronic renal failure 4.6 17.0 30.0 <0.001
Chronic pulmonary disease 6.8 12.5 15.7 <0.001
Length of stay (days), median (IQR) 2(1,3) 3(2,5) 5(3,9) <0.001
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Hospital Frailty Risk Score

Characteristics Low0<5 Inzgrgjfgla High 0>15 value
(25.8%) (57.5%) (16.7%)

31,338 39,490 58,132
(20,350, (24,355, (32,803, <0.001
49,857)  67,104)  108,342)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 2,056,294 encounters for AF. 1,546,361 (75.2%) had a high HFRS, 487,734
(23.7%) had an intermediate HFRS and 21,710 (1.1%) had a low HFRS. Patients admitted for
AF with a high HFRS were more likely to be older than those with an intermediate or low
HFRS (median age 82 for high HFRS vs 76 for intermediate HFRS and 69 for low HFRS) and
more likely to be female (63.8%for high HFRS vs 55.3% for intermediate HFRS and 47.3%
for low HFRS). High HFRS patients we more comorbid with conditions such as
thrombocytopaenia (7.4% for high HFRS vs 4.9% for intermediate HFRS and 1.3% for low
HFRS), liver disease (4.1% for high HFRS vs 3.1% for intermediate HFRS and 1.0% for low
HFRS), anaemias (32.1% for high HFRS vs 23.0% for intermediate HFRS and 5.3% for low
HFRS), PVD (2.5% for high HFRS vs 2.3% for intermediate HFRS and 0.5% for low HFRS)
and valvular disease (22.5% for high HFRS vs 19.5% for intermediate HFRS and 8.5% for low

HFRS) compared to patients with a low HFRS (all p<0.001) (Table 4.7).

Table 4.7 Characteristics of patients presenting with atrial fibrillation/flutter.

Hospital Frailty Risk Score

Characteristics Low <5 Intermedia High >15

g value
te 5-15
(75.2%) (23.7%) (1.1%)
Number of weighted discharges 1,546,361 487,734 21,710
Age (years), median (IQR) 69 (59, 78) 76 (67,84) 82(75,88) <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrgjfgia High >15 val-ue
(75.2%) (23.7%) (1.1%)

Female sex, % 47.3 55.3 63.8 <0.001
Weekend admission, % 23.9 23.5 24.2 <0.001
Primary expected payer, % <0.001
Medicare 59.8 79.0 89.5
Medicaid 6.6 5.4 2.8
Private Insurance 27.6 12.2 5.7
Self-pay 3.4 1.7 0.7
No charge 0.2 0.1 <0.1
Other 24 1.5 1.2
(I}//(I)edian Household Income (percentile), <0.001
0-25th 25.5 28.7 27.8
26150t 27.4 27.0 25.2
515t-75t 24.5 23.5 24.2
76t-100t" 22.6 20.7 22.8
Homelessness, % 0.3 0.6 0.3 <0.001
Comorbidities, %
Dyslipidaemia 33.9 53.1 51.1 <0.001
Thrombocytopenia 1.3 4.9 7.4 <0.001
Smoking 8.5 8.5 5.4 <0.001
Previous AMI 5.5 10.3 9.2 <0.001
Previous PCI 5.8 10.2 7.5 <0.001
Previous CABG 4.6 8.4 6.6 <0.001
Anaemias 5.3 23.0 32.1 <0.001
Valvular disease 8.5 19.5 22.5 <0.001
Peripheral vascular disease 0.5 2.3 2.5 <0.001
Coagulopathy 2.0 6.5 10.0 <0.001
Diabetes Mellitus 20.0 331 31.9 <0.001
Liver disease 1.0 3.1 4.1 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High>15  yalue

(75.2%) (23.7%) (1.1%)
Chronic renal failure 6.6 32.7 45.1 <0.001
Chronic pulmonary disease 11.8 27.2 26.7 <0.001
Length of stay (days), median (IQR) 2(1,3) 3(2,6) 6(4,9) <0.001

21,552 29,965 43,833
(12,381, (17,898, (26,340, <0.001
36,053)  52,761)  80,853)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 1,483,837 encounters for HF. 857,682 (57.8%) had a high HFRS, 601,133 (40.5%)
had an intermediate HFRS and 24,673 (1.7%) had a low HFRS. Patients admitted for AF with
a high HFRS were more likely to be older than those with an intermediate and low HFRS
(median age 81 for high HFRS vs 76 for intermediate HFRS and 69 for low HFRS). Patients
with a high HFRS were more likely to be female (58.3% for high HFRS vs 49.9% for
intermediate HFRS and 45.5% for low HFRS) and more comorbid with conditions such as
thrombocytopaenia (9.5% for high HFRS vs 6.1% for intermediate HFRS and 1.9% for low
HFRS), liver disease (4.6% for high HFRS vs 4.3% for intermediate HFRS and 1.9% for low
HFRS), anaemias (45.6% for high HFRS vs 35.8% for intermediate HFRS and 12.5% for low
HFRS) and PVD (2.9% for high HFRS vs 2.4% for intermediate HFRS and 0.8% for low

HFRS) compared to patients with a low HFRS (all p<0.001) (

Table 4.8).
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Table 4.8 Characteristics of patients presenting with heart failure.

Characteristics

Hospital Frailty Risk Score

Intermedia

o s am
Number of weighted discharges 857,682 601,133 24,673
Age (years), median (IQR) 69 (57,82) 76 (64,85) 81(72,88) <0.001
Female sex, % 45.5 49.9 58.3 <0.001
Weekend admission, % 25.3 25.1 25.7 <0.001
Primary expected payer, % <0.001
Medicare 65.2 77.5 86.0
Medicaid 13.7 8.9 5.3
Private Insurance 13.8 9.9 6.6
Self-pay 4.7 1.9 0.9
No charge 0.3 0.1 0.1
Other 2.3 1.7 11
2//(I)edian Household Income (percentile), <0.001
0-25th 37.6 33.0 29.1
2650t 28.6 26.6 26.2
51575t 19.8 21.9 22.4
76t—100t 14.0 18.5 22.3
Homelessness, % 0.8 0.8 0.4 <0.001
Comorbidities, %
Dyslipidaemia 30.3 50.1 48.6 <0.001
Thrombocytopenia 1.9 6.1 9.5 <0.001
Smoking 12.3 10.2 4.7 <0.001
Previous AMI 10.6 16.0 145 <0.001
Previous PCI 8.2 13.3 10.1 <0.001
Previous CABG 10.0 154 12.2 <0.001
Anaemias 12.5 35.8 45.6 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High>15  yalue
(57.8%) (40.5%) (1.7%)

Valvular disease 12.2 25.6 29.2 <0.001
Peripheral vascular disease 0.8 2.4 2.9 <0.001
Coagulopathy 2.4 7.6 11.9 <0.001
Diabetes Mellitus 33.7 46.3 44.3 <0.001
Liver disease 1.9 4.3 4.6 <0.001
Chronic renal failure 17.1 52.6 66.9 <0.001
Chronic pulmonary disease 24.1 41.4 41.0
Length of stay (days), median (IQR) 3(2,4) 4(3,7) 7(5,12) <0.001

24,150 33,388 54,783
(14,639, (19,700, (29,946, <0.001
40,737)  59,088)  102,563)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 627,547 encounters for PE. 421,229 (67.2%) had a high HFRS, 195,479 (31.2%)
had an intermediate HFRS and 9,781 (1.6%) had a low HFRS. Patients admitted for PE with a
high HFRS were more likely to be older than those with an intermediate and low HFRS (median
age 78 for high HFRS vs 70 for intermediate HFRS and 60 for low HFRS). Patients with a high
HFRS were more likely to be female (60.5% for high HFRS vs 55.2% for intermediate HFRS
and 50.5% for low HFRS) and more comorbid with conditions such as dyslipidaemia (44.5%
for high HFRS vs 42.6% for intermediate HFRS and 26.2% for low HFRS), diabetes (29.6%
for high HFRS vs 28.8% for intermediate HFRS and 16.6% for low HFRS), chronic pulmonary
disease (28.1% for high HFRS vs 27.8% for intermediate HFRS and 12.6% for low HFRS),
and anaemias (38.6% for high HFRS vs 28.5% for intermediate HFRS and 11.8% for low

HFRS) compared to patients with a low HFRS (all p<0.001) (
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Table 4.9).

Table 4.9 Characteristics of patients presenting with pulmonary embolism.

Characteristics

Hospital Frailty Risk Score

Intermedia

(Ié(;v;;f) (gel.Sz-&/i) "'('192(;01)5 value
Number of weighted discharges 421,229 195,479 9,781
Age (years), median (IQR) 60 (47,71) 70 (59,80) 78(68,85) <0.001
Female sex, % 50.5 55.2 60.5 <0.001
Weekend admission, % 65.9 324 1.7 <0.001
Primary expected payer, % <0.001
Medicare 40.2 66.6 79.9
Medicaid 14.0 10.0 6.9
Private Insurance 37.0 18.7 10.7
Self-pay 5.3 2.7 0.9
No charge 0.4 0.2 0.1
Other 3.1 1.9 1.5
2//(I)edian Household Income (percentile), <0.001
0-25th 27.8 29.4 27.0
26150t 27.0 26.1 25.0
515t-75t 23.9 24.0 23.0
76t-100t 21.2 20.6 25.0
Homelessness, % 0.6 0.8 0.2 <0.001
Comorbidities, %
Dyslipidaemia 26.2 42.6 44.5 <0.001
Thrombocytopenia 2.8 7.7 9.9 <0.001
Smoking 13.4 10.7 5.9 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrg_‘fgia High >15 vzfl-ue
(67.2%) (31.2%) (1.6%)

Previous AMI 3.6 7.1 6.3 <0.001
Previous PCI 3.5 6.2 5.5 <0.001
Previous CABG 2.3 4.3 3.0 <0.001
Anaemias 11.8 28.5 38.6 <0.001
Valvular disease 3.4 8.2 10.3 <0.001
Peripheral vascular disease 0.4 1.5 2.3 <0.001
Coagulopathy 7.3 13.1 15.6 <0.001
Diabetes Mellitus 16.6 28.8 29.6 <0.001
Liver disease 2.0 4.4 55 <0.001
Chronic renal failure 4.5 23.4 37.1 <0.001
Chronic pulmonary disease 12.6 27.8 28.1 <0.001
Length of stay (days), median (IQR) 3(2,4) 4(3,7) 7(4,11) <0.001

25,714 41,040 63,254
(16,266, (24,310, (37,499, <0.001
42,702) 72,495) 115,130)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 495,406 encounters for cardiac arrest. 440,834 (89.1%) had a high HFRS, 50,997
(10.3%) had an intermediate HFRS and 2,689 (0.5%) had a low HFRS. Patients admitted for
cardiac arrest with a high HFRS were more likely to be older than those with an intermediate
and low HFRS (median age 70 for high HFRS vs 67 for intermediate HFRS and 69 for low
HFRS). Patients with a high HFRS were less likely to be female (45.4% for high HFRS vs
44.3% for intermediate HFRS and 37.8% for low HFRS) and more comorbid with conditions
such as dyslipidaemia (34.1% for high HFRS vs 29.5% for intermediate HFRS and 9.3% for

low HFRS), diabetes (40.7% for high HFRS vs 39.0% for intermediate HFRS and 18.3% for
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low HFRS), chronic pulmonary disease (24.7% for high HFRS vs 22.1% for intermediate

HFRS and 8.3% for low HFRS), and PVD (4.5% for high HFRS vs 2.4% for intermediate

HFRS and 0.2% for low HFRS) compared to patients with a low HFRS (all p<0.001) (

Table 4.10).

Table 4.10 Characteristics of patients presenting with cardiac arrest.

Hospital Frailty Risk Score

Characteristics Low <5 |n:§r5rt‘fgia High>15  yalue
(831%)  (15305)  (05%)

Number of weighted discharges 440,834 50,997 2,689
Age (years), median (IQR) 69 (57,80) 67 (56,77) 70(59,79) <0.001
Female sex, % 37.8 443 45.4 <0.001
Weekend admission, % 29.7 28.3 25.5 <0.001
Primary expected payer, % <0.001
Medicare 54.7 65.9 66.1
Medicaid 10.5 11.0 145
Private Insurance 18.3 14.6 12.5
Self-pay 13.4 5.7 3.8
No charge 0.3 0.2 <0.1
Other 2.9 2.6 3.2
2//(I)edian Household Income (percentile), <0.001
0-25t 33.6 34.1 38.6
2650t 26.8 26.6 22.7
51575t 20.9 21.6 20.9
76t—100t 18.6 17.7 17.8
Homelessness, % 0.1 0.4 1.3 <0.001
Comorbidities, %
Dyslipidaemia 9.3 29.5 34.1 <0.001
Thrombocytopenia 0.1 5.2 11.2 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrg_‘fgia High >15 val-ue
(89.1%) (10.3%) (0.5%)

Smoking 4.7 9.2 9.3 <0.001
Previous AMI 3.6 9.1 6.6 <0.001
Previous PCI 2.0 6.8 4.3 <0.001
Previous CABG 2.8 7.7 7.0 <0.001
Anaemias 1.4 20.2 37.9 <0.001
Valvular disease 0.5 4.8 7.0 <0.001
Peripheral vascular disease 0.2 2.4 4.5 <0.001
Coagulopathy 0.3 9.0 17.7 <0.001
Diabetes Mellitus 18.3 39.0 40.7 <0.001
Liver disease 0.6 11.5 20.0 <0.001
Chronic renal failure 6.1 32.4 44.1 <0.001
Chronic pulmonary disease 8.3 22.1 24.7 <0.001
Length of stay (days), median (IQR) 1(0,1) 2(1,5) 4(2,11) <0.001

25,990 51,916 88,357
(15202, (27,889, (46,312, <0.001
46,584)  99,687)  176,094)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 458,987 encounters for acute haemorrhagic stroke. 214,968 (46.9%) had a high
HFRS, 195,128 (42.6%) had an intermediate HFRS and 48,488 (10.6%) had a low HFRS.
Patients admitted for acute haemorrhagic stroke with a high HFRS were likely to be as old as
patients with an intermediate HFRS and older than those with a low HFRS (median age 71 for
high HFRS vs 71 for intermediate HFRS and 67 for low HFRS). Patients with a high HFRS
were more likely to be female (48.3% for high HFRS vs 47.8% for intermediate HFRS and
46.4% for low HFRS) and less comorbid with conditions such as anaemias (24.5% for high

HFRS vs 15.6% for intermediate HFRS and 3.6% for low HFRS), diabetes (31.0% for high

108



HFRS vs 28.2% for intermediate HFRS and 17.1% for low HFRS), chronic pulmonary disease

(12.7% for high HFRS vs 11.2% for intermediate HFRS and 4.9% for low HFRS), and liver

disease (3.0% for high HFRS vs 2.9% for intermediate HFRS and 1.0% for low HFRS)

compared to patients with a low HFRS (all p<0.001) (

Table 4.11).

Table 4.11 Characteristics of patients presenting with acute haemorrhagic stroke.

Hospital Frailty Risk Score

Characteristics Low <5 |n:§|’5rtlfgia High >15 veE)I-ue
(46.9%) (42.6%) (10.6%0)
Number of weighted discharges 214,968 195,128 48,488
Age (years), median (IQR) 67 (55,78) 71(58,81) 71(58,81) <0.001
Female sex, % 47.9 47.9 48.6 <0.001
Weekend admission, % 26.5 26.5 27.3 <0.001
Primary expected payer, % <0.001
Medicare 53.0 63.3 62.2
Medicaid 10.5 10.7 14.0
Private Insurance 25.7 18.9 17.1
Self-pay 7.7 4.6 4.4
No charge 0.3 0.3 0.3
Other 2.8 2.2 2.0
(I}/il)edian Household Income (percentile), <0.001
0-25th 29.1 29.9 30.4
2650t 21.7 25.2 24.3
51575t 23.1 23.2 23.1
76t—100t 20.2 21.8 22.2
Homelessness, % 0.2 0.4 0.3 <0.001

Comorbidities, %
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrg_‘fgia High >15 vzfl-ue
(46.9%) (42.6%) (10.6%)

Dyslipidaemia 19.9 39.2 41.3 <0.001
Thrombocytopenia 2.0 6.3 8.2 <0.001
Smoking 9.2 10.4 10.6 <0.001
Previous AMI 2.8 5.6 4.7 <0.001
Previous PCI 2.5 5.7 4.0 <0.001
Previous CABG 2.5 5.2 4.1 <0.001
Anaemias 3.6 15.6 24.5 <0.001
Valvular disease 1.0 3.6 4.6 <0.001
Peripheral vascular disease 0.3 1.2 1.7 <0.001
Coagulopathy 3.6 11.0 14.2 <0.001
Diabetes Mellitus 17.1 28.2 31.0 <0.001
Liver disease 1.0 2.9 3.0 <0.001
Chronic renal failure 4.0 16.6 25.4 <0.001
Chronic pulmonary disease 4.9 11.2 12.7 <0.001
Length of stay (days), median (IQR) 3(2,6) 5(2,9) 10 (5,19) <0.001

43,951 62,802 122,631
(23,126, (31,224, (57,268, <0.001
88,058)  138,057)  272,340)

Total ED and in-hospital charges
(USD), median (IQR)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

There were 11,773,600 encounters for the ‘Other CVD’ group. 8,290,854 (70.4%) had a high
HFRS, 3,304,205 (28.1%) had an intermediate HFRS and 178,541 (1.5%) had a low HFRS.
Patients admitted with ‘Other CVD’ with a high HFRS were more likely to be older than those
with an intermediate and low HFRS (median age 79 vs 72 for intermediate HFRS and 66 for
low HFRS). Patients with a high HFRS were more likely to be female (56.4% vs 49.2% for

intermediate HFRS and 50.7% for low HFRS) and more comorbid with conditions such as
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anaemias (6.6% vs 36.1% for intermediate HFRS and 44.1% for low HFRS),
thrombocytopaenia (8.3% vs 5.9% for intermediate HFRS and 1.1% for low HFRS), chronic
pulmonary disease (29.0% for high HFRS vs 28.6% for intermediate HFRS and 9.0% for low
HFRS), and chronic renal failure (62.7% for high HFRS vs 54.7% for intermediate HFRS and

11.2% for low HFRS) compared to patients with a low HFRS (all p<0.001) (

Table 4.12).

Table 4.12 Characteristics of patients presenting with other cardiovascular diseases.

Hospital Frailty Risk Score

Characteristics Low <5 Intzrgfgia High >15 vzfl[;e
(70.4%) (28.1%) (1.5%)

Number of weighted discharges 8,290,854 3,304,205 178,541
Age (years), median (IQR) 66 (54, 77) 72 (61,82) 79 (69, 86) <0.001
Female sex, % 50.7 49.2 56.4 <0.001
Weekend admission, % 23.7 24.0 24.8 <0.001
Primary expected payer, % <0.001
Medicare 45.2 72.5 83.3
Medicaid 15.0 10.5 6.5
Private Insurance 27.1 11.8 7.4
Self-pay 9.4 3.2 1.4
No charge 0.5 0.2 0.1
Other 2.8 1.8 1.3
2//(I)edian Household Income (percentile), <0.001
0-25th 35.2 344 30.7
26th_50th 27.3 26.1 24.9
51575t 20.9 21.4 22.9
76t—100t" 16.6 18.1 21.4
Comorbidities, %
Dyslipidaemia 26.0 53.5 54.2 <0.001
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Hospital Frailty Risk Score

Characteristics Low <& Intgrg_]fgia High 15 VaF_)ll,le

(70.4%) (28.1%) (1.5%)
Thrombocytopenia 1.1 59 8.3 <0.001
Smoking 12.2 10.9 6.7 <0.001
Previous AMI 6.8 14.4 11.9 <0.001
Previous PCI 6.8 13.4 9.2 <0.001
Previous CABG 5.0 12.4 9.4 <0.001
Anaemias 6.6 36.1 44.1 <0.001
Valvular disease 4.5 17.5 20.3 <0.001
Peripheral vascular disease 1.4 6.2 7.9 <0.001
Coagulopathy 1.7 7.7 10.7 <0.001
Diabetes Mellitus 22.0 46.7 45.2 <0.001
Liver disease 1.2 4.3 4.3 <0.001
Chronic renal failure 11.2 54.7 62.7 <0.001
Chronic pulmonary disease 9.0 28.6 29.0 <0.001
Length of stay (days), median (IQR) 2(2,4) 4(2,7) 7(4,12) <0.001

Total charges (USD), median (IQR) 30,211 36,900 53,864

(17,007, (20,962, (29,065, <0.001
56,165)  69,341)  105,405)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; ED — Emergency
Department; IQR — Interquartile Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

4.2.3.6  Additional analyses

With the HFRS modelled as a continuous variable, increasing HFRS was associated with
increased odds of home discharge, hospitalisation and ED mortality for all CVD admission
groups. Interestingly, increasing HFRS was associated with increased odds of overall mortality

for most CVD admission groups apart from cardiac arrest (Table 4.13).

Table 4.13 Adjusted odds ratios of hospitalisation and ED mortality for selected ED
cardiovascular admission diagnoses per 1-unit increase of HFRS*.

Admission Diagnosis Hospital Frailty Risk Score
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aOR [95%ClI] p-value

Acute myocardial Hospitalisation 1.34 [1.34-1.35] <0.001
infarction ED mortality 0.85[0.84-0.86] <0.001
(N =1,796,127) Overall mortality 1.15[1.15-1.16] <0.001
Ischaemic stroke Hospitalisat_ion 1.31[1.30-1.31] <0.001
(N =1,662,442) ED mortallty_ 0.87 [0.85-0.88] <0.001
T Overall mortality 1.12[1.12-1.13] <0.001
Atrial Hospitalisation 1.35[1.34-1.35] <0.001
fibrillation/flutter ED mortality 1.03[1.01-1.05] <0.001
(N =2,056,294) Overall mortality 1.24[1.23-1.25] <0.001
Heart failure Hospitalisat'ion 1.53 [1.52-1.53] <0.001
(N =1,483,837) ED mortality 0.95[0.93-0.96] <0.001
T Overall mortality 1.21[1.21-1.22] <0.001
Pulmonary Hospitalisation 1.38 [1.37-1.39] <0.001
Embolism ED mortality 0.86 [0.84-0.88] <0.001
(N=627,547) Overall mortality 1.20 [1.20-1.22] <0.001
Cardiac arrest Hospitalisat_ion 1.75[1.74-1.76] <0.001
(N=495,406) ED mortality 0.71[0.70-0.72] <0.001
' Overall mortality 0.88 [0.87-0.89] <0.001
Haemorrhagic Hospitalisation 1.39 [1.38-1.39] <0.001
stroke ED mortality 0.84 [0.83-0.85] <0.001
(N =458,987) Overall mortality 1.05 [1.04-1.05] <0.001
Hospitalisation 1.40 [1.39-1.40] <0.001

&ti‘i; ?7\2,%00) ED mortality 0.93 [0.92-0.93] <0.001
T Overall mortality 1.19[1.18-1.19] <0.001

*1-unit increase in the HFRS.

Multivariable logistic regression model adjusted for: age, sex, weekend admission, primary expected payer,
median household income, region and teaching status of the hospital, dyslipidaemia, smoking, thrombocytopenia,
previous AMI, anaemia, coagulopathies, liver disease, diabetes, malignancy, peripheral vascular disease, chronic
pulmonary disease, chronic renal disease and valvular heart diseases.

Abbreviations: aOR — adjusted Odds Ratio; Cl — Confidence Interval; ED — Emergency Department; HFRS —
Hospital Frailty Risk Score.

4.2.4 Discussion

4.24.1 Main findings

This study was a national analysis of the prevalence, clinical characteristics, phenotypes, and
clinical outcomes of patients admitted to ED with CVD stratified by the HFRS. There are
several important findings. Firstly, frailty is present in a significant proportion of CVD patients
encounters in the ED. Secondly, there were important frailty-based differences in the clinical

characteristics between HFRS groups, with high HFRS patients generally being older, female
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and more comorbid. Thirdly, high HFRS was associated with a higher crude rates of
hospitalisation and lower crude rates of home discharge compared to low HFRS. Finally, higher
HFRS is associated with decreased ED mortality but increased overall mortality among most

CVD phenotypes.

4.2.4.2  Prevalence of frailty

As demonstrated in Chapter 1, few studies use the HFRS, and of these, few involve specific
CVD cohorts. Most CVD studies using the HFRS focusing on HF or ACS [89, 90, 95, 103].
One study used the HFRS in the ED cohort of 12,237 patients [159]. Interestingly, around
17.5% of these patients had a high HFRS, with the most having an intermediate (47.9%) and
low HFRS (34.5%). However, the study did not investigate CVD specific encounters but rather
evaluated all encounters, and only included patients aged over 75 [159]. The observed different
distribution of HFRS in our study may reflect that the ED population admitted for CVD is less
frail when not restricted by age, given frailty risk increases with age. Studies using measures
such as the FI or FP estimated the prevalence of frailty to be between 1% to 91%. In studies
using CVD-specific cohorts, the prevalence is estimated it to be between 15% and 41% [16,
78]. As discussed in Chapter 1, the wide range in reported prevalence may be due to the
heterogeneity between frailty measures, with variations in what each score captures. In
addition, there is further heterogeneity in the populations included in these studies [160]. Frailty
was associated with specific clinical characteristics such as increasing age, female sex and
comorbidities, in line with previous literature [82]. Interestingly, high HFRS was associated
with lower prevalence of previous AMI, previous PCI and previous CABG compared to the
intermediate HFRS group. This could be due survivorship bias, as patients with severe CVD

are less likely to live longer, whereas frailty increases with age [161].
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4243  Frailty and cardiovascular disease encounters

In this analysis, there were variations in frailty status across most CVD admissions. AF was a
rare cause of admission in the high HFRS group but interestingly was associated with the worst
prognosis. Although the associated wide 95%CI, possibly demonstrating a degree of
imprecision, should be considered. Poor outcomes in AF patients could be explained by AF
having several clinical associations. It is associated with increasing age, comorbidity burden
and stroke risk [58, 162, 163]. Frailty predisposes to AF through changes in left atrial volume
in the ageing heart [162]. Furthermore, AF patients are more likely to receive treatment with
an anticoagulant to decrease the risk of stroke, and therefore this could have mediated outcomes
in lower risk patients [164]. However, frailty can be described as a relative contraindication to
anticoagulation, particularly for patients with a high bleeding risk, meaning highly frail patients
are less likely to be anticoagulated, leading to the occurrence of thrombotic complications
[165]. Acute ischaemic stroke was the most common cause of admission in the intermediate
HFRS group. The acute ischaemic stroke cohort had the highest proportion of patients with a
high HFRS and was also associated with the worst prognosis of all CVD admissions in the high
HFRS group. Acute ischaemic stroke is considered a condition of older age like AF, with 70%
of strokes occurring after the age of 65 [55]. There are no studies describing the prevalence of

PE, cardiac arrest, and acute haemorrhagic stroke stratified by the presence of frailty.

Cardiac arrest and haemorrhagic stroke had high proportions of patients at low or intermediate
risk of frailty. This could also be due to a couple of reasons. Firstly, this could be due to the
inherent poor prognosis of these conditions, independent of frailty status [68, 69, 72]. Secondly,
this could be due to potential selection bias with only the most robust patients that are frail

surviving to hospital admission.
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HF admissions had a high proportion of intermediate or high HFRS patients. No studies have
used the HFRS to study HF in the ED setting. In hospital studies, the reported prevalence of
intermediate and high HFRS in HF varies [90, 102]. A HF study of an US cohort estimated the
prevalence of intermediate and high HFRS to be 19.9% and 0.1% respectively. An Australian
study reported a similar distribution [91], and contrasts with another hospital study of Medicare
beneficiaries who reported a prevalence of 47.4% and 25.0% for intermediate and high HFRS
respectively [90, 102]. This further demonstrates that this ED cohort represents a clinically

different group to those observed in hospital studies using the HFRS.

In this analysis, increased HFRS was associated with decreased crude rates of ED mortality
and increased crude rates of in-hospital mortality. This could be due to early identification and
triaging of patients with higher frailty risk, leading to a lower likelihood of adverse outcomes
in the ED setting, but overall worse prognosis during their in-hospital stays. Although it is hard
to delineate the exact mechanisms underlying the present findings, it should be noted that frail
patients were less likely to be discharged home and more likely to be hospitalised and have
higher in-hospital mortality. There have been no studies evaluating the difference in ED and
hospital mortality in ED patients, and whether highly frail patients are more likely to be triaged
sooner. Studies investigating frailty in the ED generally focus on in-hospital mortality or 30-

day mortality [166-168]. Few studies have utilised the HFRS [94, 159].

As mentioned previously, many cases of cardiac arrest occur out-of-hospital, and those that
make it into the hospital or occur in the hospital have very poor outcomes [68, 69]. This was
reflected in our analysis where cardiac arrest patients had the highest rates of ED mortality
across all HFRS groups. For most other CVVD admissions in our analysis, patients survived ED

admission but suffered poor outcomes in-hospital.
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4.2.4.4  Clinical implications

There are several important clinical implications of this study. Firstly, this study reaffirms
frailty represents a significant proportion of patients seen in ED, with over half of patients at
high risk. This outlines the importance of a frailty assessment in the ED, adding to the growing
body of research into frailty assessments in the ED [169-171]. It is important to identify patients
at risk of frailty, for appropriate management to prevent adverse complications and improve
quality of life [172]. Moreover, frailty can be reversed, exemplifying the need for early
identification and optimisation of risk factors [173]. Secondly, coexistence of frailty and
comorbidity among patients with CVD represent a challenge for healthcare services through
increased length of stay, total costs and mortality. Knowledge of the trends and outcomes of
CVD in frail patients is important to deliver improved care or this at-risk group. Finally, this
study prompts the early recognition and management of CVD and frailty in the community,

which could have an impact on acute and unplanned admissions [174].

4245 Limitations

This study includes several limitations inherent to the NEDS database. Firstly, coded databases
are susceptible to selection bias due to missing data, miscoding, and misdiagnosis. Secondly,
given this is an observational study, confounding bias could not be eliminated despite the broad
range of conditions covered by the NEDS. Thirdly, useful clinical information that could
provide a more granular analysis such as race and pharmacological management of patients are
not available using the NEDS. Finally, detailed analysis of longitudinal outcomes could not be

assessed as the NEDS only captures ED and in-hospital outcomes only.
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4.2.5 Conclusions

ED encounters for CVD vary by frailty status with ischaemic stroke being the most common
cause in high-risk patients, followed by haemorrhagic stroke and AMI, and cardiac arrest is the
most common encounter in low-risk patients, followed by AF and AMI. Patient encounters for
CVD in the ED have high frailty burden, which is associated with a worse prognosis, including
the highest overall mortality in patients with high HFRS, across most CVVD phenotypes. Future
studies are needed to define the long term relationship between frailty and mortality in this

setting.

4.3 Hospital admissions

4.3.1 Introduction

The first chapter of this thesis established that there is a paucity of literature using the HFRS
in patients with CVD. Studies using the HFRS varied in there reporting and granularity. Whilst
there are many studies utilising frailty measures for specific CVD, there is little data
investigating whether CVD admissions vary by frailty status and whether frailty is associated
with in-hospital outcomes in patients admitted with acute CVD conditions. One study used the
HFRS in an overall CVD cohort, where 5 conditions were specifically investigated due to their
overall prevalence: AF, chronic IHD, HF, hypotension and primary hypertension [101].
Overall, the increasing HFRS is associated with higher prevalence of female sex, non-white
race, comorbidities and increased likelihood of adverse outcomes such as hospital length of

stay, readmission and all-cause mortality.

The first part of the results of this thesis referred to the study that evaluated the HFRS in CVD

specific encounters in the ED. Broadly, the HFRS in the ED setting positively predicted adverse
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outcomes. However, the complete understanding of the association between CVD and frailty
cannot be investigated solely with the ED data. Analyses of in-hospital period are beneficial to
provide a broader representation of the relationship between CVD and frailty. This allows for
an analysis of the causes and outcomes of frail patients admitted to hospital with CVD.
Information on the causes of CVD admissions and their associated outcomes would be

fundamental in planning healthcare services around the growing frail population.

Therefore, the aim of this study was to describe the prevalence, clinical characteristics, and in-
hospital mortality of patients with the CVD admissions of interest based on their frailty status,
as measured by the HFRS. The findings from this study have been published in the American

Journal of Cardiology (Appendix 13) [175].

4.3.2 Methods

The general methods of this study were described in Chapter 3. Briefly, the NIS database of
hospitalisations across the US was used for this study. The NIS is the largest available database
of US hospitalisations developed for the HCUP sponsored by the AHRQ, containing
anonymised data on diagnoses and procedures from over 7 million hospitalisations annually,
representing a 20% stratified sample of all discharges from US community hospitals, excluding
rehabilitation and long-term acute care hospitals [142]. An overview of the NIS was provided

in Chapter 3.

The HFRS was used to stratify all patients by frailty risk. The HFRS was developed by Gilbert
et al. to establish whether elderly patients at risk of adverse outcomes could be identified using
routinely collected healthcare data [10]. An overview of its development was provided in
Chapter 1. The pivotal study analysed cohort of patients aged 75 and over that were hospitalised

with diagnoses associated with frailty [10]. The HFRS was then created by grouping the
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identified patients according to their ICD-10-CM codes into 3 groups: low risk (HFRS <5),

intermediate risk (HFRS 5-15) and high risk (HFRS >15) [10].

ICD-10-CM codes were used to identify all adult hospitalisations with a principal discharge
diagnosis of CVD between October 2015 and December 2019. This sample was further filtered
by focusing on the 7 CVD admissions of interest as outlined in Chapter 1: AMI, AF, acute
ischaemic stroke, HF, PE, CA, and acute haemorrhagic stroke. Further stratification was done
according to their frailty status by HFRS into the low, intermediate, and high risk of frailty.
Cases with missing data for the following variables were excluded: age, sex, elective
admission, in-hospital mortality, primary expected payer, total charges and length of stay.
These cases accounted for no more than 1.0% of the original dataset (Figure 4.6). This

observational study was appraised according to the STROBE recommendations [176].

Figure 4.6 Flow diagram of the cohort selection process.

National Inpatient Sample
(2015-2019)

CVD cohort identified
(n=16,443,762)

Excluded due to missing data in variables
(n=163,345 [1.0%])

Sex (n=2,235)
| Elective admission (n=30,930)
Total charges (n=120,810)
l Died during hospitalisation (n=8,315)
Length of stay (n=535)

A

CVD study population

Excluded due to Age <18
(n=16,267,357) xcluded due to Age <

(n=12,120 [<01%])

Median and interquartile range (IQR) were used to summarise continuous variables such as

age, length of stay and total charges. Chi-squared (X?) test was used to compare categorical
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variables and results were summarised as percentages (%). Multivariable logistic regression
was performed to determine the adjusted odds ratio (aOR) of all-cause mortality. The logistic
regression model was adjusted for the following variables: age, sex, race, weekend admission,
primary expected payer, median household income, bed size of hospital, region of hospital,
location/teaching status of hospital, smoking status, previous AMI, previous percutaneous
coronary intervention (PCI), previous coronary artery bypass graft (CABG), dyslipidaemia,
and Elixhauser comorbidities (anaemias, coagulopathy, diabetes mellitus, liver disease,
metastatic cancer, PVD and chronic renal failure). aOR had 95% confidence intervals (CI) and
results were determined significant at the level of p<0.05. All statistical analyses were weighted

and performed using SPSS version 27 (IBM Corp, Armonk, NY) [155].

4.3.3 Results

433.1 Cohort characteristics

A total of 16,267,357 discharges with acute CVD admissions were identified, while a total of
9,307,398 discharges had one of the 7 cardiovascular diagnoses of interest (acute myocardial
infarction, acute ischaemic stroke, atrial fibrillation, heart failure, pulmonary embolism, and

acute haemorrhagic stroke)

Overall, 10,033,793 discharges (61.7%) had a HFRS of <5, 5,834,375 (35.9%) had a HFRS of
5-15 and 399,150 (2.5%) had a HFRS of >15. Patients with a HFRS >15 were more likely to
be older (median age 75 for high HFRS vs. 72 for intermediate HFRS and 68 for low HFRS)
and female (54.5% for high HFRS vs. 48.9% for intermediate HFRS and 42.4% for low HFRS)
and have a higher prevalence of hypertension and coagulopathy, as well as a lower prevalence
of smoking, previous AMI, previous PCI, previous CABG, heart failure and diabetes,

compared to patients with a HFRS <5 and HFRS 5-15 (all p<0.001) (Table 4.14).
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Table 4.14 Patient characteristics for all cardiovascular admissions according to HFRS.

Characteristics

Hospital Frailty Risk Score

Low <5

Intermediate

High >15

5-15 value
(61.7%) (35.9%) (2.4%)

g'i‘;;’]gi;gsf weighted 10,033,793 5,834,375 399,190
Age (years), median (IQR) 68 (58,78) 72 (62,82) 75 (64,84)  <0.001
Female sex, % 42.4 48.9 54.5 <0.001
Ethnicity, % <0.001
White 72.6 68.7 65.4
Black 13.8 17.2 19.2
Hispanic 8.1 8.4 8.7
Other 55 5.7 6.7
Weekend admission, % 20.6 23.3 25.0 <0.001
Primary expected payer, % <0.001
Medicare 60.2 71.8 73.4
Medicaid 10.0 9.1 9.3
Private Insurance 23.1 14.2 12.7
Self-pay 3.9 2.8 2.7
No charge 0.3 0.2 0.2
Other 2.5 2.0 1.7
I(\ggtrjézrr]\t”elgl’o;:ehold Income <0.001
0-25th 30.4 314 30.9
26th-50th 26.9 26.4 25.6
51st-75th 23.8 23.7 23.9
76th-100th 18.8 18.6 19.7
Homelessness, % 0.6 0.5 0.4 <0.001
Comorbidities, %
Atrial fibrillation 32.8 34.4 32.2 <0.001
Dyslipidaemia 55.8 55.4 54.5 <0.001
Thrombocytopenia 4.1 6.6 6.5 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 Integr_nleSdiate High>15  value
(61.7%) (35.9%) (2.4%)

Smoking 11.7 9.3 8.5 <0.001
Previous AMI 12.7 11.8 7.9 <0.001
Previous PCI 14.1 11.1 6.6 <0.001
Previous CABG 9.9 9.7 6.2 <0.001
Anaemias 155 29.2 26.5 <0.001
Congestive heart failure 44.9 52.6 33.7 <0.001
Valvular disease 6.1 6.0 3.8 <0.001
Hypertension 70.4 72.8 74.8 <0.001
Peripheral vascular disease 9.9 11.0 9.5 <0.001
Coagulopathy 54 8.9 9.6 <0.001
Diabetes Mellitus 24.1 21.3 19.1 <0.001
Liver disease 3.0 4.8 3.3 <0.001
Chronic renal failure 18.5 42.7 36.8 <0.001
Bed size of hospital, % <0.001
Small 18.9 17.9 13.7
Medium 29.5 28.7 27.0
Large 52.7 514 60.3
Hospital Region, % <0.001
Northeast 19.4 17.5 15.0
Midwest 21.6 23.1 26.0
South 41.7 41.1 40.4
West 17.0 18.3 18.6
rI;é);:lglittl;)Ir,l/cf/(iz)ach|ng status of <0.001
Rural 8.7 7.7 4.8
Urban non-teaching 22.2 20.3 15.6
Urban teaching 69.1 72.1 79.6
Length of stay, median (IQR) 3(2,4) 5 (3,8) 8 (4,14) <0.001
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Hospital Frailty Risk Score

- - p-
Characteristics Low <5 Integr_nleSdlate High>15  value
[0) 0,
(61.7%) (35.9%) (2.4%)
39,312 47,413 78,330
Total charges, median (IQR) (20,083, (25,787, (40,791, <0.001
79,673) 96,500) 162,103)
All-cause in-hospital 15 6.0 9.6 <0.001

mortality, %

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

4332 Cause of admission

The most common cause of CVD admission in the low HFRS group was ‘Other CVD’,

followed by AMI and acute ischaemic stroke. Acute ischaemic stroke was the most common

CVD admission for the intermediate and high HFRS groups, followed by ‘Other CVD’ and

AMI for the intermediate HFRS, and followed by ‘Other CVD’ and acute haemorrhagic stroke

for the high HFRS of >15 group (Table 4.15 and Figure 4.5).

Table 4.15 Prevalence of the cardiovascular admission diagnoses within each HFRS category
and associated mortality within each CVD admission group.

Hospital Frailty Risk Score

Admission diagnosis Low <5 Integrjwlzdiate High >15 Vaﬁlje
(61.7%) (35.9%) (2.4%)

Acute myocardial Prevalence 20.5 10.5 35 <0.001
I(iji?g??,ggo) :rr]‘orr‘toaslﬁ’t';a' 2.2 12.7 15.4 <0.001
Acute ischaemic Prevalence 4.9 254 60.1 <0.001
?tNrO:l;e'217’925) ::C-)?to ;I?ti;al 2.0 3.8 8.9 <0.001
Atrial Prevalence  15.7 6.5 1.7 <0.001
]E;\tl) glllzté%%gg)uer mo?f;ﬁt';a' 03 29 8.0 <0.001
Prevalence 9.6 9.2 2.1 <0.001
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Hospital Frailty Risk Score

- . . i p-
Admission diagnosis Low<s  |ntermediate High>15  value
0, 0,
(61.7%) (35.9%) (2.4%)
Heart failure In-hospital
(N =1,511,459) mortality ' 54 123 <0.001
Pulmonary Prevalence 2.8 1.6 0.6 <0.001
Embolism In-hospital
(N=375,940) mortality 1.4 8.5 10.6 <0.001
_ Prevalence 0.1 0.3 0.2 <0.001
Cardiac arrest :
(N=28,790) In-hospital 7, 74.0 55.2 <0.001
mortality
Acute Prevalence 2.0 5.1 125 <0.001
haemorrhagic In-hospital
stroke n-hospital 7 g 20.7 15.0 <0.001
(N =545,695) mortality ' ' ' '
Prevalence 44.5 41.3 19.4 <0.001
Other CVD :
(N=6,949,960) In-hospital -, 3.7 6.5 <0.001
mortality

Abbreviations: CVD — Cardiovascular disease.

Figure 4.7 Distribution of selected cardiovascular admission causes within each HFRS

category.
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= Acute Myocardia Infarction = Ischaemic Stroke
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Abbreviations: CVVD — Cardiovascular disease.

4.3.3.3  Mortality

Patients with HFRS of >15 had higher unadjusted rates of all-cause mortality compared to their
lower frailty counterparts (9.6% for high HFRS vs 6.0 for intermediate HFRS and 1.5% for
low HFRS). Increased unadjusted rates of all-cause mortality for high risk frailty patients was
also observed in patients admitted with AMI (15.4% for high HFRS vs 12.7% for intermediate
HFRS and 2.2% for low HFRS), acute ischaemic stroke (8.9% for high HFRS vs 3.8% for
intermediate HFRS and 2.0% for low HFRS), AF (8.0% for high HFRS vs 2.9% for
intermediate HFRS and 0.3% for low HFRS), HF (12.3% for high HFRS vs 5.4% for

intermediate HFRS and 1.7% for low HFRS) and PE (10.6% for high HFRS vs 8.5% for
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intermediate HFRS and 1.4% for low HFRS), but not for patients admitted with cardiac arrest
(55.2% for high HFRS vs 74.0% for intermediate HFRS group and 71.3% for low HFRS) or
acute haemorrhagic stroke (15.0% for high HFRS vs 20.7% for intermediate HFRS and 17.8%
for low HFRS) (Figure 4.8).

Figure 4.8. In-hospital mortality in different frailty risk categories and cardiovascular
admission diagnoses.
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Abbreviations: CVVD — Cardiovascular disease.

After adjustment for baseline characteristics, increasing frailty risk was associated with
increased odds of all-cause mortality. Patients with an intermediate or high HFRS admitted for
AF had the highest odds of all-cause mortality (aOR 17.69, 95% CI 16.08 to 19.45 for high
HFRS group, aOR 6.75, 95% CI 6.51 to 7.00 for intermediate HFRS group). Increased odds of
mortality were also observed for patients admitted with AMI, acute ischaemic stroke, HF, PE,
and other CVD admission diagnoses (p<0.001). Interestingly, a decreased odds of mortality in
the high HFRS group was observed in patients admitted for cardiac arrest and acute

haemorrhagic stroke only (aOR 0.46, 95% CI 0.39 to 0.55 for cardiac arrest patients with a
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high HFRS, aOR 0.86, 95% CI 0.83 to 0.88 for acute haemorrhagic stroke patients with a high

HFRS) (Table 4.16 and Figure 4.9).

Table 4.16. Adjusted odds ratios of mortality in different HFRS categories and selected
cardiovascular admission diagnoses*.

Admission Diagnosis

Hospital Frailty Risk Score

Intermediate 5-15

(35.9%)

High >15 (2.4%)

aOR [95%CI] p-value aOR [95%CI] p-value
ﬁ{f“jg%f’ggg)‘“m Infarction 4 95 14.86-5.02] <0.001 5.7 [5.39-5.96] <0.001
(A,\‘f‘it;’;sl";gggic stroke 188[1.84-1.92] <0.001 4.31[4.20-4.43] <0.001
'(A,\fr:ii";g%fgé%t)m”/f'“tter 6.75[6.51-7.00] <0.001 17"51%%55’]'08' <0.001
F\fa:rlt;‘;'l'j?g) 3.15[3.08-3.22] <0.001 7.01[6.52-7.53] <0.001
E’ﬁl@;’;g%ﬁmbmism 558 [5.34-5.82] <0.001 7.09[6.14-8.18] <0.001
f,\"l":rgé‘?g%r)re“ 1.12[1.05-1.20] <0.001 0.46 [0.39-0.55] <0.001
'(“I\‘I::;flg‘zgg‘)o”hagic Stroke 1 91[1.20-1.23] <0.001 0.86 [0.83-0.88] <0.001
Other CVD 449 [4.43-454] <0.001 8.02[7.77-8.29] <0.001

(N=6,949,960)

*Reference group is low HFRS score <5 for each CVD admission diagnosis.

Multivariable logistic regression model adjusted for: age, sex, race, weekend admission, elective admission,
primary expected payer, median household income, hospital bed size, region and teaching status,
thrombocytopenia, previous PCI, previous AMI, previous CABG, anaemia, coagulopathies, liver disease,

metastatic disease, PVD.

Abbreviations: aOR

— Adjusted odds ratio; Cl — Confidence interval; CVD — Cardiovascular disease.

Figure 4.9 Adjusted mortality rates for different frailty risk category and selected

cardiovascular admission causes*.
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*Reference group is low HFRS score <5 for each CVD admission diagnosis.

Multivariable logistic regression model adjusted for: age, sex, race, weekend admission, elective admission,
primary expected payer, median household income, hospital bed size, region and teaching status,
thrombocytopenia, previous PCI, previous AMI, previous CABG, anaemia, coagulopathies, liver disease,
metastatic disease, PVD.

Abbreviations: CVD — Cardiovascular disease.

4.3.3.4  Subgroup analyses

A total of 2,677,890 patients were admitted with AMI. 13,805 (0.5%) had a high HFRS,
610,185 (22.8%) had an intermediate HFRS and 2,053,900 (76.6%) had a low. Patients
admitted for AMI with a HFRS of >15 were more likely to be older (median age 77 for high
HFRS vs 73 for intermediate HFRS and 65 for low HFRS) and female (51.7% for high HFRS
vs 44.0% for intermediate HFRS and 35.4% for low HFRS) and less likely to be white (69.5%
for high HFRS vs 71.7% for intermediate HFRS and 74.5% for low HFRS). High risk patients
with AMI were more comorbid with conditions such as AF (30.9% for high HFRS vs 27.9%
for intermediate HFRS and 14.5% for low HFRS), anaemia (42.6% for high HFRS vs 36.8%
for intermediate HFRS and 12.5% for low HFRS), HF (68.9% for high HFRS vs 64.1% for

intermediate HFRS and 34.4% for low HFRS), chronic renal failure (56.8% for high HFRS vs
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50.4% for intermediate HFRS and 14.1% for low HFRS) and coagulopathy (14.4% for high
HFRS vs 12.0% for intermediate HFRS and 4.3% for low HFRS) compared to patients with an

intermediate or low HFRS (all p<0.001) (Table 4.17).

Table 4.17 Characteristics of patients admitted with acute myocardial infarction.

Hospital Frailty Risk Score

Characteristics Low <5 |n'i2r5rt‘fgia High>15  yalue
(76.7%) (22.8%) (0.5%)

Number of weighted discharges 2,053,900 610,185 13,805
Age (years), median (IQR) 65 (56, 75) 73 (64,82) 77 (68,84) <0.001
Female sex, % 354 44.0 51.7 <0.001
Ethnicity, % <0.001
White 74.5 71.7 69.5
Black 10.7 125 13.4
Hispanic 8.5 9.1 9.4
Other 6.3 6.7 7.7
Weekend admission, % 26.4 26.4 26.3 <0.001
Primary expected payer, % <0.001
Medicare 51.8 74.0 79.3
Medicaid 9.9 7.7 6.6
Private Insurance 29.4 135 10.2
Self-pay 54 2.5 1.7
No charge 0.5 0.2 0.2
Other 3.0 2.2 2.1
(l}//(l)edian Household Income (percentile), <0.001
0-25th 30.3 31.7 31.7
2650t 27.5 27.2 25.8
518t-75t 23.8 23.3 235
76t—100t 18.4 17.8 19.0
Homelessness, % 0.3 0.4 0.3 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vallje
(76.7%) (22.8%) (0.5%)

Comorbidities, %
Atrial fibrillation 14.5 27.9 30.9 <0.001
Dyslipidaemia 64.9 61.8 58.5 <0.001
Thrombocytopenia 3.5 9.3 11.1 <0.001
Smoking 13.9 7.8 5.1 <0.001
Previous AMI 14.7 16.7 13.7 <0.001
Previous PCI 16.6 16.5 12.0 <0.001
Previous CABG 9.2 11.6 9.0 <0.001
Anaemias 12.5 36.8 42.6 <0.001
Congestive heart failure 34.4 64.1 68.9 <0.001
Valvular disease 53 8.3 6.4 <0.001
Hypertension 66.2 56.9 58.3 <0.001
Peripheral vascular disease 7.7 13.0 13.0 <0.001
Coagulopathy 4.3 12.0 14.4 <0.001
Diabetes Mellitus 28.1 30.1 24.7 <0.001
Liver disease 2.0 5.9 6.7 <0.001
Chronic renal failure 141 50.4 56.8 <0.001
Length of stay (days), median (IQR) 2 (2,4) 5 (3,10) 10 (5,17) <0.001

Total charges (USD), median (IQR) 63,869 84,998 123,014
(36,566, (40,434, (54,836, <0.001
104,660) 172,640)  259,834)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 2,217,925 were admitted for acute ischaemic stroke. 239,720 (10.8%) had a high
HFRS, 1,482,910 (66.9%) had an intermediate HFRS and 495,295 (22.3%) had a low HFRS.
Patients admitted for acute ischaemic stroke with a high HFRS were more likely to be older
(median age 76 for high HFRS vs 72 for intermediate HFRS and 69 for low HFRS) and female

(54.8% for high HFRS vs 50.1% for intermediate HFRS and 47.0% for low HFRS) and less
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likely to be white (66.2% for high HFRS vs 68.4% for intermediate HFRS and 70.4% for low
HFRS). High HFRS patients with acute ischaemic stroke were more comorbid with conditions
such as AF (31.6% for high HFRS vs 22.4% for intermediate HFRS and 16.9% for low HFRS),
thrombocytopaenia (5.0% for high HFRS vs 3.0% for intermediate HFRS and 2.1% for low
HFRS), anaemias (20.9% for high HFRS vs 11.9% for intermediate HFRS and 7.1% for low
HFRS %), HF (26.4% for high HFRS vs 18.5% for intermediate HFRS and 13.3% for low
HFRS), chronic renal failure (31.1% for high HFRS vs 17.7% for intermediate HFRS and 8.8%
for low HFRS) and PVD (8.8% for high HFRS vs 7.5% for intermediate HFRS and 6.1% for

low HFRS) compared to patients with an intermediate or low HFRS (p<0.001) (Table 4.18).

Table 4.18 Characteristics of patients admitted with acute ischaemic stroke.

Hospital Frailty Risk Score

Characteristics Low <5 mE:rSrt‘legia High>15  yajue
(22.3%) (66.9%) (10.8%)
Number of weighted discharges 495,295 1,482,910 239,720
Age (years), median (IQR) 69 (59, 79) 72 (61,82) 76 (65,85) <0.001
Female sex, % 47.0 50.1 54.8 <0.001
Ethnicity, % <0.001
White 70.4 68.4 66.2
Black 15.3 17.4 19.3
Hispanic 8.5 8.1 8.1
Other 5.8 6.1 6.4
Weekend admission, % 24.5 26.1 26.5 <0.001
Primary expected payer, % <0.001
Medicare 58.8 66.1 74.4
Medicaid 9.1 9.2 8.8
Private Insurance 24.6 18.1 12.1
Self-pay 4.6 4.0 2.7
No charge 0.4 0.3 0.2
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vzfl[Je
(22.3%) (66.9%) (10.8%)
Other 2.5 2.2 1.8
2//(I)edian Household Income (percentile), <0.001
0-25th 29.6 31.2 31.2
2650t 26.5 26.2 25.6
51575t 24.3 23.8 23.7
76t—100t 19.5 18.8 194
Homelessness, % 0.2 0.3 0.4 <0.001
Comorbidities, % <0.001
Atrial fibrillation 16.9 22.4 31.6 <0.001
Dyslipidaemia 54.8 57.9 58.0 <0.001
Thrombocytopenia 2.1 3.0 5.0 <0.001
Smoking 8.8 10.6 9.2 <0.001
Previous AMI 6.3 7.5 7.6 <0.001
Previous PCI 6.6 7.2 6.4 <0.001
Previous CABG 6.0 6.6 6.1 <0.001
Anaemias 7.1 11.9 20.9 <0.001
Congestive heart failure 13.3 18.5 26.4 <0.001
Valvular disease 3.9 3.9 3.7 <0.001
Hypertension 72.1 73.7 73.8 <0.001
Peripheral vascular disease 6.1 7.5 8.8 <0.001
Coagulopathy 3.7 4.9 7.6 <0.001
Diabetes Mellitus 30.0 27.6 22.0 <0.001
Liver disease 1.3 1.7 2.2 <0.001
Chronic renal failure 8.8 17.7 31.1 <0.001
Length of stay (days), median (IQR) 2 (2,4) 3(2,6) 6 (4,11) <0.001
30,244 40,663 68,798

Total charges (USD), median (IQR) (29,213, (24,490, (37,398, <0.001

49,567) 71959)  134,111)
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Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 1,959,700 patients were admitted with AF. 6,970 (0.4%) had a high HFRS, 378,820
(19.3%) had an intermediate HFRS and 1,573,910 (80.3%) had a low HFRS. Patients admitted
for AF with a high HFRS were more likely to be older (median age 81 for high HFRS vs 77
for intermediate HFRS and 71 for low HFRS) and female (65.5% for high HFRS vs 56.2% for
intermediate HFRS and 47.5% for low HFRS) and less likely to be white (79.1% for high HFRS
vs 80.5% for intermediate HFRS and 82.0% for low HFRS). High risk patients with AF were
more comorbid with conditions such as thrombocytopaenia (8.5% for high HFRS vs 5.9% for
intermediate HFRS and 2.7% for low HFRS), anaemias (33.9% for high HFRS vs 25.9% for
intermediate HFRS and 10.0% for low HFRS), HF (58.5% for high HFRS vs 55.8% for
intermediate HFRS and 40.1% for low HFRS), chronic renal failure (48.9% for high HFRS vs
40.1% for intermediate HFRS and 12.4% for low HFRS), coagulopathy (10.8% for high HFRS
vs 7.9% for intermediate HFRS and 3.8% for low HFRS) and PVD (10.7% for high HFRS vs
8.9% for intermediate HFRS and 5.3% for low HFRS) compared to patients with an

intermediate and low HFRS (p<0.001) (

Table 4.19).

Table 4.19 Characteristics of patients admitted with atrial fibrillation/flutter.
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Characteristics

Hospital Frailty Risk Score

Low <5 |n:2r£f§ila High >15  y3lye
o) (0)
(80.3%) (19.3%6) (0.4%)

Number of weighted discharges

1,573,910 378,820 6,970

Age (years), median (IQR)

71(61,79) 77 (68,85) 81 (74,87) <0.001

Female sex, % 47.5 56.2 65.5 <0.001
Ethnicity, % <0.001
White 82.0 80.5 79.1

Black 8.0 10.2 10.3

Hispanic 6.0 5.6 5.2

Other 4.0 3.7 54

Weekend admission, % 19.4 22.0 24.7 <0.001
Primary expected payer, % <0.001
Medicare 65.4 81.5 88.5

Medicaid 6.4 53 3.1

Private Insurance 23.1 10.2 6.1

Self-pay 2.7 1.4 0.9

No charge 0.2 0.1 0.1

Other 2.1 1.5 1.3

(I}//(I)edian Household Income (percentile), <0.001
0-25t 26.9 29.0 30.3

26150t 27.0 27.2 26.2

51575t 25.1 24.3 25.0

76t—100t 21.0 194 18.5
Homelessness, % 0.4 0.6 0.1 <0.001
Comorbidities, %

Atrial fibrillation 88.3 88.7 89.4 <0.001
Dyslipidaemia 48.4 51.5 51.0 <0.001
Thrombocytopenia 2.7 5.9 8.5 <0.001
Smoking 6.2 5.1 3.7 <0.001
Previous AMI 7.9 10.0 7.0 <0.001

135



Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"gjfgia High >15 vallje
(80.3%) (19.3%) (0.4%)
Previous PCI 9.4 9.9 7.9 <0.001
Previous CABG 7.2 7.9 5.5 <0.001
Anaemias 10.0 25.9 33.9 <0.001
Congestive heart failure 40.1 55.8 58.5 <0.001
Valvular disease 8.0 8.7 8.6 <0.001
Hypertension 64.4 61.2 61.4 <0.001
Peripheral vascular disease 5.3 8.9 10.7 <0.001
Coagulopathy 3.8 7.9 10.8 <0.001
Diabetes Mellitus 21.7 22.2 17.6 <0.001
Liver disease 2.5 4.9 5.4 <0.001
Chronic renal failure 124 40.1 48.9 <0.001
Length of stay (days), median (IQR) 2 (14 4(2,7) 7(4,12) <0.001
22,738 34,869 57,049
Total charges (USD), median (IQR) (13,225, (20,066, (33,103, <0.001

43,350) 66,424) 106,974)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 1,511,495 patients were admitted with HF. 8,285 (0.5%) had a high HFRS, 535,650
(35.4%) had an intermediate HFRS and 967,524 (64.0%) had a low HFRS. Patients admitted
for HF with a high HFRS were more likely to be older (median age 78 for high HFRS vs 75
for intermediate HFRS and 72 for low HFRS), female (59.9% for high HFRS vs 50.4% for
intermediate HFRS and 46.6% for low HFRS). High HFRS patients with HF were more
comorbid with conditions such as AF (37.5% for high HFRS vs 35.1% for intermediate HFRS
and 29.9% for low HFRS), thrombocytopaenia (10.3% for high HFRS vs 7.1% for intermediate

HFRS and 4.2% for low HFRS), anaemias (42.6% for high HFRS vs 34.7% for intermediate
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HFRS and 20.0% for low HFRS), chronic renal failure (64.0% for high HFRS vs 56.0% for

intermediate HFRS and 26.3% for low HFRS), and coagulopathy (13.8% for high HFRS vs

9.8% for intermediate HFRS and 5.6% for low HFRS) compared to patients with an

intermediate or low HFRS (all p<0.001) (Table 4.20).

Table 4.20 Characteristics of patients admitted with heart failure.

Hospital Frailty Risk Score

Characteristics Low <5 |”:§"5rt‘fgia High>15  yajue
(64.0%) (35405  (05%)
Number of weighted discharges 967,524 535,650 8,285
Age (years), median (IQR) 72 (59,82) 75(64,85) 78(68,87) <0.001
Female sex, % 46.6 50.4 59.9 <0.001
Ethnicity, % <0.001
White 68.5 72.4 72.2
Black 18.9 16.1 16.0
Hispanic 7.7 6.9 7.0
Other 4.9 4.6 4.8
Weekend admission, % 22.8 23.4 22.7 <0.001
Primary expected payer, % <0.001
Medicare 67.4 77.3 81.1
Medicaid 12.5 8.9 6.8
Private Insurance 14.2 10.4 8.9
Self-pay 3.6 1.8 1.7
No charge 0.3 0.1 0
Other 2.1 1.6 1.5
2//(I)edian Household Income (percentile), <0.001
0-25th 34.3 32.1 29.3
2650t 27.1 26.3 21.7
51575t 22.4 23.5 22.5
76th-100t 16.2 18.1 20.4
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vallje
(64.0%) (35.4%) (0.5%)
Homelessness, % 1.0 0.6 0.2 <0.001
Comorbidities, %
Atrial fibrillation 29.9 35.1 375 <0.001
Dyslipidaemia 40.3 45.5 44.2 <0.001
Thrombocytopenia 4.2 7.1 10.3 <0.001
Smoking 4.9 2.9 1.9 <0.001
Previous AMI 12.5 14.3 10.8 <0.001
Previous PCI 11.6 12.2 8.4 <0.001
Previous CABG 12.9 13.9 10.0 <0.001
Anaemias 20.0 34.7 42.6 <0.001
Valvular disease 14.7 15.6 14.3 <0.001
Hypertension 42.4 26.4 22.3 <0.001
Peripheral vascular disease 7.8 11.6 11.7 <0.001
Coagulopathy 5.6 9.8 13.8 <0.001
Diabetes Mellitus 374 41.3 38.5 <0.001
Liver disease 4.7 6.8 8.0 <0.001
Chronic renal failure 26.3 56.0 64.0 <0.001
Length of stay (days), median (IQR) 3(2,5) 5(3,8) 9(6,16) <0.001
24,375 36,362 67,488

Total charges (USD), median (IQR) (14,278, (20,653, (35,573, <0.001

43,223)  68,004)  137,523)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 375,940 patients were admitted with PE. 2,315 (0.6%) had a high HFRS, 95,240
(25.3%) had an intermediate HFRS and 278,385 (74.1%) had a low HFRS. Patients admitted
for PE with a HFRS of >15 were more likely to be older (median age 76 for high HFRS vs 71

for intermediate HFRS and 63 for low HFRS) and female (57.5% for high HFRS vs 55.5% for
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intermediate HFRS and 50.4% for low HFRS) and less likely to be white (63.0% for high HFRS
vs 70.9% for intermediate HFRS and 71.4% for low HFRS). High risk patients with PE were
more comorbid with conditions such as AF (24.8% for high HFRS vs 20.4% for intermediate
HFRS and 10.7% for low HFRS), dyslipidaemia (46.0% for high HFRS vs 32.1% for
intermediate HFRS and 34.6% for low HFRS), thrombocytopaenia (10.8% for high HFRS vs
8.8% for intermediate HFRS and 4.5% for low HFRS), anaemias (33.7% for high HFRS vs
30.0% for intermediate HFRS and 17.3% for low HFRS), hypertension (75.2% for high HFRS
vs 73.1% for intermediate HFRS and 58.9% for low HFRS), coagulopathy (16.2% for high
HFRS vs 14.1% for intermediate HFRS and 9.5% for low HFRS) and chronic renal failure
(35.6% for high HFRS vs 27.8% for intermediate HFRS and 8.2% for low HFRS) compared

to patients with an intermediate or low HFRS (all p<0.001) (Table 4.21).

Table 4.21 Characteristics of patients admitted with pulmonary embolism.

Hospital Frailty Risk Score

Characteristics Low <5 |n:2r5rt‘fgia High>15  yajue
(74.1%) (25.3%) (0.6%0)
Number of weighted discharges 278,385 95,240 2,315
Age (years), median (IQR) 63 (50, 73) 71 (60,80) 76 (66,83) <0.001
Female sex, % 50.4 555 57.5 <0.001
Ethnicity, % <0.001
White 71.4 70.9 63.0
Black 19.0 19.6 25.9
Hispanic 6.0 6.0 7.1
Other 3.6 4.5 4.0
Weekend admission, % 23.3 24.5 22.7 <0.001
Primary expected payer, % <0.001
Medicare 47.5 68.3 77.5
Medicaid 12,5 9.9 8.4
Private Insurance 32.1 16.9 11.9
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vaI[Je
(74.1%) (25.3%) (0.6%)

Self-pay 4.7 2.6 0.9
No charge 0.4 0.2 0.2
Other 2.7 2.2 11
Ig//(l)edian Household Income (percentile), <0.001
0-25th 28.0 29.4 32.2
2650t 26.7 26.2 26.7
515t-75t 25.1 25.0 22.5
76t—100t" 20.2 19.3 18.6
Homelessness, % 0.8 0.8 0.4 <0.096
Comorbidities, %
Atrial fibrillation 10.7 20.4 24.8 <0.001
Dyslipidaemia 34.6 42.1 46.0 <0.001
Thrombocytopenia 4.5 8.8 10.8 <0.001
Smoking 16.2 10.8 6.3 <0.001
Previous AMI 4.7 6.5 5.8 <0.001
Previous PCI 4.7 5.6 3.2 <0.001
Previous CABG 2.9 3.9 3.0 <0.001
Anaemias 17.3 30.0 33.7 <0.001
Congestive heart failure 15.3 31.1 31.3 <0.001
Valvular disease 0.9 1.1 0.2 <0.001
Hypertension 58.9 73.1 75.2 <0.001
Peripheral vascular disease 4.0 6.8 7.8 <0.001
Coagulopathy 9.5 14.1 16.2 <0.001
Diabetes Mellitus 11.6 10.5 9.3 <0.001
Liver disease 35 7.4 7.3 <0.001
Chronic renal failure 8.2 27.8 35.6 <0.001
Length of stay (days), median (IQR) 3(2,4) 5(3,8) 8 (5,13) <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”'Egrgfg'a High>15  value
0, [0)
(74.1%) (25.3%) (0.6%0)
27,980 48,916, 79,458
Total charges (USD), median (IQR) (17,276, (28,155, (43,530, <0.001

48,897)  90,299)  147,753)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 28,790 patients were admitted with cardiac arrest. 715 (2.5%) had a high HFRS,
20,275 (70.4%) had an intermediate HFRS and 7,800 (27.1%) had a low HFRS. Patients
admitted for cardiac arrest with a high HFRS were more likely to be female (46.2% for high
HFRS vs 42.7% for intermediate HFRS and 42.2% for low HFRS), less likely to be white
(58.3% for high HFRS vs 61.9% for intermediate HFRS and 67.5% for low HFRS) and more
comorbid with conditions such as AF (28.7% for high HFRS vs 27.3% for intermediate HFRS
and 24.5% for low HFRS), dyslipidaemia (42.7% for high HFRS vs 33.3% for intermediate
HFRS and 24.5% for low HFRS), thrombocytopaenia (14.0% for high HFRS vs 9.7% for
intermediate HFRS and 3.8% for low HFRS), anaemias (42.7% for high HFRS vs 27.2% for
intermediate HFRS and 13.1% for low HFRS), HF (52.4% for high HFRS vs 42.1% for
intermediate HFRS and 29.2% for low HFRS), hypertension (81.1% for high HFRS vs 91.4%
for intermediate HFRS and 58.7% for low HFRS), coagulopathy (15.4% for high HFRS vs
15.9% for intermediate HFRS and 5.5% for low HFRS) and chronic renal failure (56.6% for
high HFRS vs 33.3% for intermediate HFRS and 16.0% for low HFRS) compared to patients

with an intermediate and low HFRS (all p<0.001) (

Table 4.22).
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Table 4.22 Characteristics of patients admitted with cardiac arrest.

Characteristics

Hospital Frailty Risk Score

Intermedia

(ITZC;VX(;; (t7eoig/§) "'('292(;)1)5 value
Number of weighted discharges 7,800 20,275 715
Age (years), median (IQR) 69 (57,0) 67 (56,77) 69 (59,77) <0.001
Female sex, % 42.2 42.7 46.2 0.113
Ethnicity, % <0.001
White 67.5 61.9 58.3
Black 15.8 22.0 26.6
Hispanic 10.6 9.0 10.1
Other 6.1 7.1 5.0
Weekend admission, % 24.9 29.0 23.8 <0.001
Primary expected payer, % <0.001
Medicare 57.0 60.7 69.9
Medicaid 11.3 141 154
Private Insurance 20.9 16.6 10.5
Self-pay 6.5 5.8 2.1
No charge 0.3 0.2 <0.1
Other 4.1 2.6 2.1
2//(I)edian Household Income (percentile), 0.003
0-25th 32.9 33.6 36.9
2650t 27.5 27.7 25.5
51575t 21.2 22.0 22.7
76t—100t" 18.4 16.6 14.9
Homelessness, % 0.3 0.7 <0.1 <0.001

Comorbidities, %

142



Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vallje
(27.1%) (70.4%) (2.5%)
Atrial fibrillation 24.5 27.3 28.7 <0.001
Dyslipidaemia 28.5 33.3 42.7 <0.001
Thrombocytopenia 3.8 9.7 14.0 <0.001
Smoking 14.3 15.0 11.9 0.032
Previous AMI 7.9 9.1 6.3 <0.001
Previous PCI 6.7 7.4 5.6 <0.001
Previous CABG 7.8 7.8 7.7 0.997
Anaemias 13.1 27.2 42.7 <0.001
Congestive heart failure 29.2 42.1 52.4 <0.001
Valvular disease 2.1 2.3 0.7 0.012
Hypertension 58.7 69.4 81.1 <0.001
Peripheral vascular disease 51 6.4 6.3 <0.001
Coagulopathy 55 15.9 154 <0.001
Diabetes Mellitus 15.1 10.0 9.1 <0.001
Liver disease 9.6 22.7 14.7 <0.001
Chronic renal failure 16.0 33.3 56.6 <0.001
Length of stay (days), median (IQR) 1(0,2) 2 (1,6) 7(3,15) <0.001
30,888 60,331 119,279

Total charges (USD), median (IQR) (16,489, (31,517, (50,727, <0.001

60,798)  117,913)  249,569)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 545, 695 patients were admitted with acute haemorrhagic stroke. 49,855 (9.1%) had
a high HFRS, 299,620 (54.9%) had an intermediate HFRS, and 196,220 (36.0%) had a low
HFRS. Patients admitted for acute haemorrhagic stroke with a high HFRS were more likely to

be female (48.9% for high HFRS vs 48.5% for intermediate HFRS and 47.8% for low HFRS).
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High HFRS patients with acute haemorrhagic stroke were more comorbid with conditions such

as AF (18.4% for high HFRS vs 17.9% for intermediate HFRS and 14.6% for low HFRS),

thrombocytopaenia (7.9% for high HFRS vs 6.6% for intermediate HFRS and 4.6% for low

HFRS), anaemias (25.6% for high HFRS vs 18.1% for intermediate HFRS and 9.4% for low

HFRS), hypertension (73.4% for high HFRS vs 71.0% for intermediate HFRS and 66.9% for

low HFRS), coagulopathy (14.1% for high HFRS vs 12.0% for intermediate HFRS and 8.6%

for low HFRS), PVD (5.3% for high HFRS vs 4.8% for intermediate HFRS and 3.6% for low

HFRS) and chronic renal failure (25.4% for high HFRS vs 17.7% for intermediate HFRS and

7.3% for low HFRS) compared to patients with an intermediate and low HFRS (p<0.001)

(Table 4.23).

Table 4.23 Characteristics of patients admitted with acute haemorrhagic stroke.

Characteristics

Hospital Frailty Risk Score

Intermedia

Low <5 ngh >15 value
te 5-15
0, [0)
(36.0%0) (54.9%) (9.1%)
Number of weighted discharges 196,220 299,620 49,855

Age (years), median (IQR)

68 (56,79) 69 (57,80) 68 (56,78) <0.001

Female sex, % 47.8 48.5 48.9 <0.001
Ethnicity, % <0.001
White 65.2 61.9 54.9
Black 14.6 17.8 21.9
Hispanic 11.3 10.8 12.5
Other 8.9 9.5 10.7
Weekend admission, % 25.2 26.7 26.7 <0.001
Primary expected payer, % <0.001
Medicare 54.7 60.0 56.5
Medicaid 10.5 121 15.7
Private Insurance 25.8 20.3 20.4
Self-pay 5.3 4.8 51
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Hospital Frailty Risk Score

Characteristics Low <5 '”Egrg_‘fgia High >15 vaI[Je
(36.0%) (54.9%) (9.1%)

No charge 0.4 0.3 0.3
Other 35 2.6 2.0
(I}//(I)edian Household Income (percentile), <0.001
0-25th 28.5 30.0 31.2
2650t 25.4 25.0 24.4
51575t 24.0 23.9 23.7
76t—100t 22.0 21.1 20.7
Homelessness, % 0.3 0.4 0.4 <0.001
Comorbidities, %
Atrial fibrillation 14.6 17.9 18.4 <0.001
Dyslipidaemia 35.1 39.0 37.7 <0.001
Thrombocytopenia 4.6 6.6 7.9 <0.001
Smoking 6.8 7.6 8.6 <0.001
Previous AMI 4.4 5.1 4.4 <0.001
Previous PCI 4.9 5.2 3.3 <0.001
Previous CABG 4.2 4.5 3.3 <0.001
Anaemias 9.4 18.1 25.6 <0.001
Congestive heart failure 9.2 14.2 16.3 <0.001
Valvular disease 2.3 2.6 2.1 <0.001
Hypertension 66.9 71.0 73.4 <0.001
Peripheral vascular disease 3.6 4.8 5.3 <0.001
Coagulopathy 8.6 12.0 14.1 <0.001
Diabetes Mellitus 19.6 20.2 16.3 <0.001
Liver disease 2.8 3.7 3.5 <0.001
Chronic renal failure 7.3 17.7 25.4 <0.001
Length of stay (days), median (IQR) 3(2,6) 6 (3,12) 13 (7,23) <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 'nirgfg'a High >15  yalue
0, [0)
(36.0%) (54.9%) (9.1%)
44,331 71,806 162,137
Total charges (USD), median (IQR) (22,024, (34,640, (71,932, <0.001

93452)  167,091)  342,705)

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

A total of 6,949,960 patients were admitted for ‘Other CVD’. 77,525 (1.1%) had a high HFRS,
2,411,675 (34.7%) had an intermediate HFRS, and 4,460,760 (64.2%) had a low HFRS.
Patients admitted for ‘Other CVD’ with a high HFRS were more likely to be older (median age
75 for high HFRS vs 72 for intermediate HFRS and 68 for low HFRS) and female (56.2% for
high HFRS vs 47.7% for intermediate HFRS and 41.6% for low HFRS). High HFRS patients
with ‘Other CVD’ were more comorbid with conditions such as thrombocytopaenia (8.8% for
high HFRS vs 8.1% for intermediate HFRS and 5.0% for low HFRS), anaemias (39.1% for
high HFRS vs 38.6% for intermediate HFRS and 18.9% for low HFRS) and coagulopathy
(11.1% for high HFRS vs 10.0% for intermediate HFRS and 6.2% for low HFRS), compared

to patients with an intermediate and low HFRS (all p<0.001) (Table 4.24).

Table 4.24 Characteristics of patients admitted with other cardiovascular diseases.

Hospital Frailty Risk Score

Characteristics Low <5 |n§g"5ft1fgia High>15  yalue
(64.2%) (34.7%) (1.1%)

Number of weighted discharges 4,460,760 2,411,675 77,525
Age (years), median (IQR) 68 (58, 78) 72 (62,82) 75 (66, 84)
Female sex, % 41.6 47.7 56.2 <0.001
Ethnicity, % <0.001
White 70.0 66.3 67.2
Black 15.6 19.4 18.9
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Hospital Frailty Risk Score

Characteristics Low <5 '”Eg"g_‘fgia High >15 vaI[Je
(64.2%) (30.7%) (1.1%)

Hispanic 8.7 8.8 8.3
Other 5.6 55 5.6
Weekend admission, % 17.2 20.6 19.3 <0.001
Primary expected payer, % <0.001
Medicare 61.9 73.6 77.9
Medicaid 10.6 9.6 7.9
Private Insurance 21.2 12.6 11.1
Self-pay 3.5 2.2 1.6
No charge 0.3 0.2 0.1
Other 2.5 1.9 1.4
2//(I)edian Household Income (percentile), <0.001
0-25th 31.2 31.9 29.7
26th-50th 26.7 26.3 25.8
51st-75th 23.5 23.5 24.4
76th-100th 18.6 18.2 20.0
Homelessness, % 0.6 0.7 0.3 <0.001
Comorbidities, %
Atrial fibrillation 26.3 37.4 27.8 <0.001
Dyslipidaemia 59.9 57.7 55.7 <0.001
Thrombocytopenia 5.0 8.1 8.8 <0.001
Smoking 14.4 111 7.8 <0.001
Previous AMI 15.2 141 9.8 <0.001
Previous PCI 17.0 13.2 7.9 <0.001
Previous CABG 11.7 11.3 7.4 <0.001
Anaemias 18.9 38.6 39.1 <0.001
Congestive heart failure 46.5 65.2 51.9 <0.001
Valvular disease 4.7 4.7 3.4 <0.001
Hypertension 81.3 88.6 88.2 <0.001
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Hospital Frailty Risk Score

Characteristics Low <5 '”i"gjfgia High>15  value

(64.2%) (30.7%) (1.1%)
Peripheral vascular disease 14.1 13.7 13.6 <0.001
Coagulopathy 6.2 10.0 11.1 <0.001
Diabetes Mellitus 20.6 11.2 9.4 <0.001
Liver disease 33 59 4.9 <0.001
Chronic renal failure 23.2 57.4 54.2 <0.001

Abbreviations: AMI — Acute Myocardial Infarction; CABG — Coronary Artery Bypass Graft; IQR — Interquartile
Range; PCI — Percutaneous Coronary Intervention; USD — United States Dollar.

4.3.4 Discussion

434.1 Main findings

This national analysis of CVD hospitalisations stratified by HFRS has several important main
findings. Firstly, we report the most common CVD admissions across frailty categories, with
AMI being the most common in patients with a low frailty score, and acute ischaemic stroke
being the most common in patients with an intermediate and high frailty score. Secondly, we
report important frailty-based differences in baseline characteristics across patients with
different CVD admission diagnoses. Finally, patients with an intermediate and high frailty
score had increased all-cause mortality compared with their counterparts with lower risk across
most CVD admission diagnoses, except in cardiac arrest and acute haemorrhagic stroke

categories.

4.3.4.2  Prevalence of frailty

The HFRS was nationally validated using a cohort of over 1 million UK patients, of which

37.6% had an intermediate risk of frailty and 20% had a high risk of frailty [10]. We report a
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lower proportion of patients at intermediate or high risk of frailty in this cohort of 9 million
patients hospitalised with CVD in the US. The prevalence of frailty amongst overall CVD
patients has been previously estimated between 15% and 19% [9, 16, 177], and up to as much
as 40.9% in studies utilising HFRS [101, 102]. As stated in previous chapters, the reported
prevalence of frailty varies due to its lack of standardised definition and assessment. The HFRS
follows the deficit model (combining impairments) and has been validated against the
Rockwood and Fried scores. It is an advantageous option as it is dependent on the ICD coding
system [178], however it can be quite challenging for clinicians to calculate due to lack of
automated computation [90]. This study observed that patients with increasing frailty are likely
to be older, female, from a non-white ethnic group, have longer hospital stays and total costs,

as reported extensively in previous studies [3, 10, 16, 21, 90, 102].

4.3.4.3 Frailty and cardiovascular disease admissions

Amongst patients with intermediate or high frailty risk, the most prevalent CVD admission was
acute ischaemic stroke. Stroke and its sequalae are included in the HFRS, however, other
contributors are important. For example, older age increases the risk of both stroke and frailty,
with 70% of strokes occurring after the age of 65 [55]. AF has been reported to be prevalent in
15% of the frail population, which is what was observed in this study, however, the mentioned
study observed a decreasing proportion of AF admission with increasing frailty [164]. This
could be mediated by the definition of frailty as the study used scores devised by Fried et al.
and Rockwood et al. [164]. Studies using the HFRS demonstrated most patients with AF had a
low risk of frailty, with a small percentage at high risk, similar to this study [179]. This study
shows admission for HF decreases with increasing frailty yet is still common with over 3 in 10
patients admitted with HF at intermediate or high risk of frailty. This was demonstrated in other

studies where intermediate or high risk of frailty was present in up to 20% of hospitalised HF
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patients and is associated with a longer length of stay and increased total charges [90, 103].
This could be explained by an increased number of comorbidities in the HF population, with a
high prevalence of dyslipidaemia, anaemia, and hypertension [90]. This agrees with multiple
studies that demonstrate patients with increased HFRS have higher Charlson comorbidity
score, in line with the HFRS being based on the total comorbidity burden of patients [10, 90,
102]. There are no studies describing the prevalence of PE, cardiac arrest, and acute

haemorrhagic stroke among hospitalised frail patients.

4.3.4.4  Frailty and mortality

AF was a rare cause of admission in the high-risk group. Interestingly, crude mortality rates in
patients with AF was low, however the prognostic impact of frailty in high risk patients was
greatest of all CVD admission groups, when compared to low frailty risk counterparts. The
association between AF and mortality has been reported in multiple studies, as the prevalence
of AF increases with age, comorbidity burden, and increases the risk of stroke and its associated
complications [162, 163]. Studies have suggested that patients with frailty also have a larger
left atrial volume, which is one of the main cardiac abnormalities linked to the development of
AF and systolic dysfunction [180]. Furthermore, patients with incident AF are commonly
anticoagulated, which may increase the risk of bleeding and further complications such as
haemorrhage [162]. However, studies report that AF patients with increasing frailty are less
likely to be treated with oral anticoagulants, which can lead to increased likelihood of
downstream thrombotic events and poorer outcomes [179, 180]. In addition, HF was
independently associated with higher odds of mortality with increasing frailty as seen in other
studies [90, 103]. Our findings of lower odds of mortality of increasingly frail patients admitted
with cardiac arrest and acute haemorrhagic stroke, whilst different to the other CVD admissions

of interest, could have several explanations. These conditions have substantial mortality per se
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and could be associated with concomitant conditions that are not accountable in the HFRS. For
example, cardiac arrest could be associated with different reversible conditions that influence
short-term prognosis [181, 182]. This analysis encompassed only patients that were admitted
due to cardiac arrest leading to potential selection bias as it is unknown how many patients
suffered out-of-hospital cardiac arrest and did not arrive to hospital. Therefore, it is possible
that the poor outcomes in these patient groups occur independent of frailty status [69, 183], or

that the frailest patients do not survive to admission, which may reduce any effect size.

4.3.45  Clinical implications

There are important clinical implications of this study. This study demonstrates that patients
with intermediate to high frailty risk represent a substantial portion of population admitted for
CVD and raises the importance of frailty assessment by cardiologists. A co-existence of frailty
and CVD is becoming even more important due to an aging population with higher morbidity
burden. Frail patients admitted with CVD have higher mortality rates and burden the healthcare
system, and knowledge of the trends in CVD admission is fundamental to improve the
outcomes of this clinically at-risk population. This study may support the early identification
and management of CVD in frail patients, particular in primary care, although whether this

would impact on acute admissions is unknown.

4346 Limitations

This study has several limitations inherent to the use of the NIS database. Firstly, coded data
for the NIS could be subject to selection bias due to inaccurate coding or missing data.
Secondly, detailed clinical information such as pharmacological treatment that can mediate
outcomes could not be investigated due to their lack of availability with the NIS. The impact
of differential pharmacological management in the frail population on outcomes may be an

area for further research. Thirdly, as this is an observational study, confounding bias could not
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be fully eliminated despite the broad scope of conditions covered by the NIS, and therefore
causality between frailty, CVD admission and mortality cannot be proven. Fourthly, we used
a single measure of frailty and outcomes may not be relevant in the context of other models to
assess frailty. Finally, the NIS only captures information on in-hospital events and therefore,

more detailed analysis of longitudinal outcomes could not be assessed [184].
4.3.5 Conclusion

In conclusion, the causes of CVD admission vary with frailty status with AMI being the most
common in patients with a low risk of frailty, whereas acute ischaemic stroke being most
common in patients with intermediate or high risk of frailty. Increasing frailty in patients
admitted for AMI, acute ischaemic stroke, AF, HF and PE is associated with an increased all-
cause mortality. Future, more granular studies are necessary to guide care and improve the

CVD outcomes in frail patients in an ever-aging population.
4.4 Chapter summary

This chapter summarised the two studies conducted to investigate the aims of this thesis. The
first investigated the causes and outcomes of CVD in frail patients admitted in the ED using
the NEDS. The second investigated the causes and outcomes of CVD in frail patients admitted

to hospital using the NIS.
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5. Chapter 5: General discussion

5.1 Chapter overview

This thesis aimed to investigate the association of frailty status with the prevalence, clinical
characteristics, and outcomes of patients CVD. Results of the studies included in this thesis
have been discussed in detail in prior chapters. Therefore, this chapter provides a general
overview of the key results of the thesis. Following this, the strengths and limitations, clinical

implications and areas of future research arising from this thesis is outlined.

5.2 Aims investigated

This thesis is comprised of a systematic review and 2 studies to investigate the aforementioned
aims. The first study used the NEDS, and the second study used the NIS, reporting 1) the
prevalence of frailty in CVD patients in the ED and in-patient setting, 2) the clinical
characteristics of frail patients with CVD encountered in the ED or admitted to hospital, 3) the
discharge disposition from the ED in CVD patients with frailty and 4) the crude rates and

adjusted odds of mortality from CVD in patients with frailty in the ED and hospital setting.

5.3 Main findings

5.3.1 Emergency department encounters

There were several key findings from the ED CVD cohort stratified by HFRS category. Firstly,
frailty risk as measured by the HFRS represents a significant proportion of ED encounters for

CVD, with almost 40% of patients either at intermediate or high risk of frailty. Secondly this
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study found important differences in CVD phenotypes in frail patients presenting to the ED.
Of the selected CVD, ischaemic stroke was the most common reason for encounter in the high
HFRS group, followed by haemorrhagic stroke and AMI. For the low HFRS group, cardiac
arrest was the most common reason for encounter followed by AF and AMI. Thirdly,
increasing HFRS category was associated with older age, female sex and higher prevalence of
comorbidities. Finally, this study found that increasing HFRS category was associated with
increased odds of adverse outcomes amongst most CVD, in comparison to the low HFRS
group, with increasing frailty associated with decreased ED mortality but increased in-hospital

mortality.

5.3.2 Hospital admissions

There were several key findings from the hospitalised CVD cohort stratified by HFRS
category. Firstly, frailty is present in a significant proportion of hospitalised patients with CVD,
with around 40% of patients either at intermediate or high risk of frailty. Secondly, there are
important trends in CVD phenotypes amongst frailty risk categories. Acute ischaemic stroke
was the most common in patients with an intermediate and high HFRS and AMI was the most
common in patients with a low HFRS. Thirdly, this study found patients with increasing HFRS
are more likely to be older and female, as reported in many other frailty studies. Finally,
patients with increasing frailty were had an increased odds of all-cause mortality across most
CVD, except for cardiac arrest and acute haemorrhagic stroke. The highest odds of mortality

were observed in high HFRS patients admitted with AF.

5.3.3 Comparison of findings

Although this analysis did not include a direct comparison of ED and inpatient cohorts, it is

valuable to relatively compare the findings amongst each cohort. There were several
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similarities and differences between ED encounters and hospital admissions for CVD. Firstly,
the ED group had a higher proportion of patients at high risk of frailty, with the proportion of
patients at intermediate risk of frailty higher in the hospitalised group and the proportion of
low frailty risk patients similar between both groups. Secondly, increasing frailty was
associated with similar clinical characteristics across both ED encounters and hospital
admissions such as increased age, female sex, comorbidities, total charges and length of stay.
Thirdly, acute ischaemic stroke was the most common cause of selected CVD admission for
intermediate and high risk patients in both ED and hospitalised patients. However, in low risk
patients, AF was the most common admission for the ED group whereas AMI was the most
common admission for the hospitalised group. This could be due to AF and AMI being
common in low frailty risk patients across both groups, yet AMI is more likely to lead to
hospitalisation in comparison to patients with AF. Fourthly, in the ED study, acute ischaemic
stroke, acute haemorrhagic stroke, AMI and HF had the highest proportions of patients at high
risk of frailty, which was similar to hospitalisations where acute ischaemic stroke, acute
haemorrhagic stroke and cardiac arrest had the highest proportions of high frailty risk patients.
Fifthly, acute haemorrhagic stroke and cardiac arrest were observed to have unexpected
outcomes with increasing frailty, with improved or minimally worse outcomes in both the ED
and hospital setting. This could be due to the inherent poor prognosis of both conditions, but
also due to a selection bias of cases where more robust patients survive until ED encounter and
hospitalisation. Sixthly, AF was associated with the largest effect size of worse outcomes in
both settings for highly frail patients despite a low proportion of AF patients at high risk. This
could be due AF being a condition of older age and associated with devastating comorbidities
such as acute ischaemic stroke and increased likelihood of anticoagulant use can lead to other
adverse events such as acute haemorrhagic stroke. Finally, whilst across most CVD the crude

and adjusted odds of mortality in the ED decreased with increasing frailty, hospital mortality
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increased in both settings, which could reflect identification of frailty at an early stage of ED

encounter leading to increased likelihood of admission where worse outcomes occurred.
5.4 Clinical implications

The results from these studies provide important information which adds to the growing body
of evidence about the association between CVD and frailty. This may have several important
clinical implications. Firstly, this thesis demonstrates that intermediate to high frailty risk is
present in a significant proportion of the population admitted with acute CVD. The population
is ageing and increasing in morbidity burden, therefore, the relationship between frailty and
CVD is becoming even more important. Moreover, their co-existence in an ageing population
has significant ramifications for healthcare services. Knowledge of the prevalence and tools to
stratify frailty risk is fundamental to adapt services to the needs of the frail population.
Examples of changes can include enhanced care in care homes, a tailored direct access to
healthcare for frail patients in the community and community teams to identify patients at an
earlier stage with frailty and provide proactive care [185, 186]. Secondly, this thesis
demonstrated that overall, increasing frailty is associated with increased likelihood of certain
clinical characteristics, such as age, female sex and non-white race. It is important to highlight
disparities in care and identify areas of further research to reduce these disparities. Thirdly, the
distribution of frailty differs depending on CVD phenotype. Knowledge of the trends in CVD
admission is fundamental to improve the outcomes of this clinically at-risk population.
Fourthly, frail patients with CVD generally have higher mortality rates, raising the importance
of frailty assessment by the healthcare team. Frailty assessments have a positive effect on
outcomes in a variety of clinical settings. Early identification and risk stratification of frailty is
patients with CVD can result in early provision of treatment, optimisation of risk factors,

delayed progression to frailty, potential reversal of frailty, improvement in downstream
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physical and quality of life outcomes and reduced rates of readmission and death. Key members
of the core healthcare team involved include general cardiologists, general practitioners and
nurses [187]. General practitioner and nurses could be fundamental to identifying frailty in the
community setting. Once identifying frailty, general practitioners can be involved with
providing key patient information, optimising risk factors escalating to specialist physicians
and general monitoring and clinical management of frailty in primary care, which can also
prevent progression or encourage primordial prevention in patients at risk but not yet frail
[187]. Nursing teams can provide more personalised and holistic care of frail patients to prevent
deconditioning through patient education and interventions such as exercise and rehabilitation
to prevent progression of frailty [187]. Cardiologists could be involved in the specific
management of CVD conditions in patients with frailty once it has been identified in primary
care [187]. In the secondary care setting, this role can involve individualised assessments of
patients at risk of frailty (which can also involve geriatricians), optimising of CVD specific
risk factors and encouraging CVD prevention practices in patients at risk [187]. Moreover,
evidence suggests that frail patients may benefit from prehabilitation, leading to improved
morbidity after elective surgery, with multimodal prehabilitation conferring a greater benefit
that single modal interventions such as exercise alone [188-190]. Furthermore, there is
evidence of reversibility or prevention of frailty in HF patients through the use of rehabilitation
strategies [173, 191]. However, there is sparse evidence about the benefits of rehabilitation in
frail patients with other CVD. Many trials and still in progress and evidence can still be limited
by the heterogeneity of frailty measures in use [173]. Based on the current evidence,
interventions (e.g. physical, pharmacological, nutritional, cognitive and social) for frailty could
confer a positive benefit to frail patients with other CVD, potentially leading to a halt in the
progression or even reversal of frailty and improved outcomes if admitted with complications

[173].
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5.5 Future research

This thesis identified potential areas of future research. Firstly, through the literature search
that were carried out to identify well reported areas of research and to identify novel areas to
pursue on the topic of CVD and frailty, we found few studies used the HFRS in CVD cohorts.
Most studies opted for either the CFS, FI, FP or objective measures such as walking speed and
handgrip strength. Further research into the prognostic capabilities of the HFRS on a CVD
cohort, in the form of observational studies such as the ones conducted in this thesis, would be
warranted, particularly in areas beyond the US. This would be important as many countries and
hospitals move towards routine EHR data collection in the form of registries like the Acute
myocardial infarction National Audit Project (MINAP) and British cardiovascular Intervention
Society (BCIS) cardiology specific datasets in the UK, or more general datasets such as the
Clinical Practice Research Datalink, and the NEDS and NIS used in this thesis. Secondly,
further work investigating the mechanistic links between CVD and frailty would be warranted.
It is important to understand the underlying mechanisms to target at-risk patients and optimise
management strategies in the acute setting. Currently, the literature speculates as to their
association, but specific mechanistic links between frailty and different CVD would aid
healthcare delivery for CVD patients. Thirdly, as mentioned, the studies included in this thesis
were not able to investigate the impact of pharmacological treatment. Pharmacological
treatment of CVD can mediate causes of admission and outcomes. Therefore, more granular
analysis of frailty in the CVD setting, using pharmacological data such as dosage and treatment
duration, could identify areas of improvement of care, and whether such treatment is effective
in frail patients. Currently, treatment such as anticoagulants for AF are withheld in patients
with a high falls risk, which is seen in a significant number of frail patients. However, as this
thesis has found, AF was associated with the highest odds of mortality across all the CVD of

interest. Therefore, it would be important to determine whether the benefits of anticoagulation
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outweigh the risk of bleeding in at-risk patient groups. Fourthly, our studies were unable to
follow-up patients due to the NIS only containing data on in-hospital mortality. It would be
important to investigate the longitudinal outcomes in frail patients that do survive ED or
hospital encounters for their CVD. As with pharmacological management, this information
would aid healthcare services in planning healthcare around the growing needs of the ageing
population. Finally, further sex and race disaggregated analysis of the outcomes of frail patients
admitted with CVD would be warranted to reduce disparities in care within patient populations
and demographics. Currently, there is little data investigating the reasons behind worse
outcomes in female and black patients, however there is a growing body of evidence in

cardiovascular medicine that this is the case.

5.6 Strengths and limitations
5.6.1 Databases

Both studies have strengths and limitations inherent to the use of both databases. The NEDS
and NIS have several strengths. Firstly, they are both the largest available database of ED
encounters and hospital admissions in the US [142]. Larger datasets allow more precise
estimates in comparison to smaller datasets and are particularly useful when investigating rare
diseases, or small relationships. Secondly, both datasets represent a stratified sample of the US,
including hospitals of varying characteristics. A representative, population-based sample
ensures improved external validity and generalisability of results. The breadth and depth of
variables included in both datasets is thorough, thus further contributing to improved validity
and generalisability of results. Many variables were included to describe the clinical
characteristics of frail patients in both studies, and many of those variables were included in
the adjusted analysis to improve the performance of the model used to assess the odds of

mortality [142].
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However, both databases have limitations. Firstly, as outlined in Chapter 3, there is bias
involved in these studies, inherent to each of the databases used. These biases and their
associated effects have been outlined in Chapter 3. Briefly, the first bias demonstrated in this
study can be divided into negative and unmeasured confounding. Negative confounding occurs
when a variable used in the model is bias towards the null hypothesis, and therefore the overall
effect is underestimated. This contrasts with positive confounding where there is bias towards
the null hypothesis, overestimating the overall effect. In both studies, age was adjusted for in
the logistic regression model, despite age being one of the strongest risk factors of frailty.
Therefore, this study could have underestimated the relationship between CVD and frailty,
particularly given many of the CVD of interest also have a strong association with age.
Unmeasured confounding is defined as the omission of data that is relevant to the study and
could have affected this thesis’ results. Both databases do not collect data on pharmacological
treatment, which could have been used in the logistic regression model or to further stratify
patients for a more granular analysis [149, 150]. Multiple studies have explored the effect of
medications on outcomes of cardiovascular disease and its associated outcomes and other
studies have investigated the impact of medications and polypharmacy on frail patients.
Inclusion of this data would have been useful to investigate the impact of medications and
polypharmacy and determine whether treatment of CVD in the elderly is has an impact on
frailty, or vice-versa [103]. More granular studies including this treatment should be considered
in future research in this area. Secondly the use of coded data is subject to selection bias due to
inaccurate coding or missing data, this is however, minimised by the board scope of conditions
covered by both databases [149, 150]. This was a major limitation for the ED study, as race is
not available on the NEDS and therefore could not be adjusted for in the regression analysis.
The effect of race on the management and outcomes of patients not only in CVD but across

many specialities and countries is an important topic [72, 192-194]. Thirdly, both databases
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only capture episodes of care, and therefore cannot account for multiple readmissions. It would
be beneficial to adjust for multiple admissions, readmissions for the same pathology or
investigate first-time admissions. This would have provided further insight into the effect of
frailty on future cardiovascular health and outcomes. Finally, both datasets only capture
information on the current episode, be it in the ED or in-hospital and therefore, more detailed
analysis of longitudinal outcomes cannot be assessed. Longitudinal outcomes are needed to
assess the long-term implications of hospital admissions and their associated outcomes out-of-
hospital [184]. Finally, the HFRS was developed and validated on a UK cohort. This thesis
used the HFRS with data for US hospitalisations. However, this score has been utilised and

externally validated in many non-UK countries [195-197].

5.6.2 Study design

Both studies were observational, more specifically, retrospective cohort studies. There are
several strengths and limitations to retrospective observational studies, which were briefly
described in Chapter 3. In terms of strengths, firstly, the exposure occurs before the outcome
[198]. In this case, each study was able to stratify CVVD patients by their HFRS, before they
had died. Secondly, given the broad array of variables included in the NIS, each study was able
to assess multiple exposures on the outcome of mortality, such as age, socio-economic status,
hospital characteristics and comorbidities. Finally, these studies have could assess multiple
outcomes simultaneously, to provide a broader scope of the burden of frailty in the CVD
population. In both studies, prevalence, clinical characteristics, and mortality were ascertained
and in the NEDS analysis specifically, discharge disposition enabled useful insight into the

effect of frailty.

Limitations of retrospective cohort studies come from the nature of the data. As it’s

retrospective, other useful variables (such as the aforementioned medications used) cannot be

161



gathered. Therefore, the analysis is limited by the data available. Secondly, cohort studies can
only investigate associations and not causality. This means that the a variable that seemingly
contributes to the outcome of interest may be explained by an interplay of other variables also
known as confounders [198]. Finally, diagnosis codes are generated upon discharge and
therefore, it is unknown whether diagnosis codes are referring to a pathology present prior to

admission or because of the admission, giving rise to uncertainty in associations.

5.7 Chapter summary

This chapter provided a general discussion about the studies conducted to investigate the aims
of this thesis. The studies found that frailty represents a significant proportion of the population
with CVD. Frailty is associated with increased odds of adverse outcomes in both an ED and
hospital setting. This chapter outlined the strengths and limitations, clinical implications and

potential areas of further research as a result of this thesis.

5.8 Thesis conclusion

In conclusion, this thesis investigated the relationship between CVD and frailty in the
secondary care setting using routinely collected EHR data from the US. The NEDS and NIS
were used to identify all hospitalisations for CVD, further stratifying into 7 CVD of interest:
AMI, acute ischaemic stroke, AF, HF, PE, cardiac arrest, and acute haemorrhagic stroke. These
patients were then stratified by their HFRS into 3 frailty risk categories: low, intermediate, and
high risk. These studies found that frail patients represent a significant proportion of the
population admitted with CVD. These patients were more likely to be older, female and have
more comorbidities. Patients with a high HFRS were associated with increased odds of
mortality across most CVD diagnoses of interest. These studies re-affirm that frailty incurs a

significant healthcare burden.

162



References

1. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet. 2013;381(9868):752-62.

2. World Health O. Integrated care for older people: guidelines on community-level
interventions to manage declines in intrinsic capacity. Geneva: World Health Organization;
2017 2017.

3. Ramsay SE, Arianayagam DS, Whincup PH, Lennon LT, Cryer J, Papacosta AO, et
al. Cardiovascular risk profile and frailty in a population-based study of older British men.
Heart. 2015;101(8):616-22.

4. Xue QL. The frailty syndrome: definition and natural history. Clin Geriatr Med.
2011;27(1):1-15.

5. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc. 2012;60(8):1487-
92.

6. Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, llomaki J, Zullo AR, et al. Global
Incidence of Frailty and Prefrailty Among Community-Dwelling Older Adults: A Systematic
Review and Meta-analysis. JAMA Netw Open. 2019;2(8):€198398.

7. Siriwardhana DD, Hardoon S, Rait G, Weerasinghe MC, Walters KR. Prevalence of
frailty and prefrailty among community-dwelling older adults in low-income and middle-
income countries: a systematic review and meta-analysis. BMJ Open. 2018;8(3):e018195.

8. Buckinx F, Rolland Y, Reginster JY, Ricour C, Petermans J, Bruyere O. Burden of
frailty in the elderly population: perspectives for a public health challenge. Arch Public
Health. 2015;73(1):19.

9. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty
in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):M146-
56.

10.  Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, et al. Development
and validation of a Hospital Frailty Risk Score focusing on older people in acute care settings
using electronic hospital records: an observational study. Lancet. 2018;391(10132):1775-82.
11. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell |, etal. A
global clinical measure of fitness and frailty in elderly people. CMAJ. 2005;173(5):489-95.
12. Hajek A, Bock JO, Saum KU, Matschinger H, Brenner H, Holleczek B, et al. Frailty
and healthcare costs-longitudinal results of a prospective cohort study. Age Ageing.
2018;47(2):233-41.

13.  Wilkes JG, Evans JL, Prato BS, Hess SA, MacGillivray DC, Fitzgerald TL. Frailty
Cost: Economic Impact of Frailty in the Elective Surgical Patient. J Am Coll Surg.
2019;228(6):861-70.

14. Han L, Clegg A, Doran T, Fraser L. The impact of frailty on healthcare resource use:
a longitudinal analysis using the Clinical Practice Research Datalink in England. Age Ageing.
2019;48(5):665-71.

15. Kenny AM, Boxer RS, Kleppinger A, Brindisi J, Feinn R, Burleson JA.
Dehydroepiandrosterone combined with exercise improves muscle strength and physical
function in frail older women. J Am Geriatr Soc. 2010;58(9):1707-14.

16.  Veronese N, Cereda E, Stubbs B, Solmi M, Luchini C, Manzato E, et al. Risk of
cardiovascular disease morbidity and mortality in frail and pre-frail older adults: Results from
a meta-analysis and exploratory meta-regression analysis. Ageing Res Rev. 2017;35:63-73.

163



17. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al.
Global Burden of Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the
GBD 2019 Study. J Am Coll Cardiol. 2020;76(25):2982-3021.

18. Birger M, Kaldjian AS, Roth GA, Moran AE, Dieleman JL, Bellows BK. Spending
on Cardiovascular Disease and Cardiovascular Risk Factors in the United States: 1996 to
2016. Circulation. 2021;144(4):271-82.

19. Luengo-Fernandez R, Leal J, Gray A, Petersen S, Rayner M. Cost of cardiovascular
diseases in the United Kingdom. Heart. 2006;92(10):1384-9.

20.  Chung K, Wilkinson C, Veerasamy M, Kunadian V. Frailty Scores and Their Utility
in Older Patients with Cardiovascular Disease. Interv Cardiol. 2021;16:e05.

21. Newman AB, Gottdiener JS, McBurnie MA, Hirsch CH, Kop WJ, Tracy R, et al.
Associations of subclinical cardiovascular disease with frailty. J Gerontol A Biol Sci Med
Sci. 2001;56(3):M158-66.

22.  Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H. Role of frailty
in patients with cardiovascular disease. Am J Cardiol. 2009;103(11):1616-21.

23. Francula-Zaninovic S, Nola IA. Management of Measurable Variable Cardiovascular
Disease' Risk Factors. Curr Cardiol Rev. 2018;14(3):153-63.

24, McAloon CJ, Boylan LM, Hamborg T, Stallard N, Osman F, Lim PB, et al. The
changing face of cardiovascular disease 2000-2012: An analysis of the world health
organisation global health estimates data. Int J Cardiol. 2016;224:256-64.

25.  Vasan RS, Benjamin EJ. The Future of Cardiovascular Epidemiology. Circulation.
2016;133(25):2626-33.

26. Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M, Flaxman A, et al. The
global burden of ischemic heart disease in 1990 and 2010: the Global Burden of Disease
2010 study. Circulation. 2014;129(14):1493-501.

27. Bhatnagar P, Wickramasinghe K, Wilkins E, Townsend N. Trends in the
epidemiology of cardiovascular disease in the UK. Heart. 2016;102(24):1945-52.

28. Boersma E, Mercado N, Poldermans D, Gardien M, Vos J, Simoons ML. Acute
myocardial infarction. Lancet. 2003;361(9360):847-58.

29.  Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable risk
factors, cardiovascular disease, and mortality in 155 722 individuals from 21 high-income,
middle-income, and low-income countries (PURE): a prospective cohort study. Lancet.
2020;395(10226):795-808.

30.  Dahlof B. Cardiovascular disease risk factors: epidemiology and risk assessment. Am
J Cardiol. 2010;105(1 Suppl):3A-9A.

31. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev
Nephrol. 2020;16(4):223-37.

32. Finkelstein EA, Khavjou OA, Thompson H, Trogdon JG, Pan L, Sherry B, et al.
Obesity and severe obesity forecasts through 2030. Am J Prev Med. 2012;42(6):563-70.

33. New WHO statistics highlight increases in blood pressure and diabetes, other
noncommunicable risk factors. Cent Eur J Public Health. 2012;20(2):134, 49.

34.  Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and
regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results
from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin
Pract. 2019;157:107843.

35.  Scott J. Pathophysiology and biochemistry of cardiovascular disease. Curr Opin Genet
Dev. 2004;14(3):271-9.

36. Figtree GA, Vernon ST, Hadziosmanovic N, Sundstrom J, Alfredsson J, Arnott C, et
al. Mortality in STEMI patients without standard modifiable risk factors: a sex-disaggregated
analysis of SWEDEHEART registry data. Lancet. 2021;397(10279):1085-94.

164



37. Kong G, Chin YH, Chong B, Goh RSJ, Lim OZH, Ng CH, et al. Higher mortality in
acute coronary syndrome patients without standard modifiable risk factors: Results from a
global meta-analysis of 1,285,722 patients. Int J Cardiol. 2023;371:432-40.

38. Sokhal BS, Matetic A, Paul TK, Velagapudi P, Lambrinou E, Figtree GA, et al.
Management and outcomes of patients admitted with type 2 myocardial infarction with and
without standard modifiable risk factors. International Journal of Cardiology. 2023;371:391-
6.

39.  Anderson JL, Morrow DA. Acute Myocardial Infarction. N Engl J Med.
2017;376(21):2053-64.

40.  Johansson A, Drake I, Engstrom G, Acosta S. Modifiable and Non-Modifiable Risk
Factors for Atherothrombotic Ischemic Stroke among Subjects in the Malmo Diet and Cancer
Study. Nutrients. 2021;13(6).

41.  Arnett DK, Baird AE, Barkley RA, Basson CT, Boerwinkle E, Ganesh SK, et al.
Relevance of genetics and genomics for prevention and treatment of cardiovascular disease: a
scientific statement from the American Heart Association Council on Epidemiology and
Prevention, the Stroke Council, and the Functional Genomics and Translational Biology
Interdisciplinary Working Group. Circulation. 2007;115(22):2878-901.

42.  Writing Group M, Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, et al.
Heart Disease and Stroke Statistics-2016 Update: A Report From the American Heart
Association. Circulation. 2016;133(4):e38-360.

43. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M, Brindle P.
Derivation and validation of QRISK, a new cardiovascular disease risk score for the United
Kingdom: prospective open cohort study. BMJ. 2007;335(7611):136.

44, Hasabullah M, Kahtani F, Balkhoyor T, Al-Harbi L, Kinsara AJ. A Comparison of
Four Cardiovascular Risk Assessment Instruments in Saudi Patients. Cureus.
2020;12(2):e7093.

45.  Genest J, McPherson R, Frohlich J, Anderson T, Campbell N, Carpentier A, et al.
2009 Canadian Cardiovascular Society/Canadian guidelines for the diagnosis and treatment
of dyslipidemia and prevention of cardiovascular disease in the adult - 2009
recommendations. Can J Cardiol. 2009;25(10):567-79.

46. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016
European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth
Joint Task Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10
societies and by invited experts) Developed with the special contribution of the European
Association for Cardiovascular Prevention & Rehabilitation (EACPR). Atherosclerosis.
2016;252:207-74.

47.  Goff DC, Jr., LIoyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R, et
al. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report of the
American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation. 2014;129(25 Suppl 2):S49-73.

48.  National Institute for Health and Care Excellence. Cardiovascular disease: risk
assessment and reduction, including lipid modification [updated 27 September 20163 January
2023].

49, Hippisley-Cox J, Coupland C, Brindle P. Development and validation of QRISKS risk
prediction algorithms to estimate future risk of cardiovascular disease: prospective cohort
study. BMJ. 2017;357:j2099.

50. Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction. Lancet.
2017;389(10065):197-210.

165



51. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016
ACC/AHA Guideline Focused Update on Duration of Dual Antiplatelet Therapy in Patients
With Coronary Artery Disease: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines: An Update of the 2011
ACCF/AHA/SCAI Guideline for Percutaneous Coronary Intervention, 2011 ACCF/AHA
Guideline for Coronary Artery Bypass Graft Surgery, 2012
ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the Diagnosis and Management of
Patients With Stable Ischemic Heart Disease, 2013 ACCF/AHA Guideline for the
Management of ST-Elevation Myocardial Infarction, 2014 AHA/ACC Guideline for the
Management of Patients With Non-ST-Elevation Acute Coronary Syndromes, and 2014
ACC/AHA Guideline on Perioperative Cardiovascular Evaluation and Management of
Patients Undergoing Noncardiac Surgery. Circulation. 2016;134(10):e123-55.

52. McMechan SR, Adgey AA. Age related outcome in acute myocardial infarction.
Elderly people benefit from thrombolysis and should be included in trials. BMJ.
1998;317(7169):1334-5.

53.  Collaborators GBDS. Global, regional, and national burden of stroke and its risk
factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019.
Lancet Neurol. 2021;20(10):795-820.

54, Donkor ES. Stroke in the 21(st) Century: A Snapshot of the Burden, Epidemiology,
and Quality of Life. Stroke Res Treat. 2018;2018:3238165.

55.  Kelly-Hayes M. Influence of age and health behaviors on stroke risk: lessons from
longitudinal studies. J Am Geriatr Soc. 2010;58 Suppl 2:5325-8.

56. Boehme AK, Esenwa C, Elkind MS. Stroke Risk Factors, Genetics, and Prevention.
Circ Res. 2017;120(3):472-95.

57. Musuka TD, Wilton SB, Traboulsi M, Hill MD. Diagnosis and management of acute
ischemic stroke: speed is critical. CMAJ. 2015;187(12):887-93.

58.  Staerk L, Sherer JA, Ko D, Benjamin EJ, Helm RH. Atrial Fibrillation: Epidemiology,
Pathophysiology, and Clinical Outcomes. Circ Res. 2017;120(9):1501-17.

59.  Triposkiadis F, Xanthopoulos A, Butler J. Cardiovascular Aging and Heart Failure:
JACC Review Topic of the Week. J Am Coll Cardiol. 2019;74(6):804-13.

60. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC
Guidelines for the management of atrial fibrillation developed in collaboration with EACTS.
Eur J Cardiothorac Surg. 2016;50(5):e1-e88.

61. Inamdar AA, Inamdar AC. Heart Failure: Diagnosis, Management and Utilization. J
Clin Med. 2016;5(7).

62.  Cleland JG. Improving patient outcomes in heart failure: evidence and barriers. Heart.
2000;84 Suppl 1:i8-10:discussion i50.

63.  Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card Fail Rev.
2017;3(1):7-11.

64. Turetz M, Sideris AT, Friedman OA, Triphathi N, Horowitz JM. Epidemiology,
Pathophysiology, and Natural History of Pulmonary Embolism. Semin Intervent Radiol.
2018;35(2):92-8.

65.  Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Cardiovascular risk
factors and venous thromboembolism: a meta-analysis. Circulation. 2008;117(1):93-102.
66. Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Massive pulmonary embolism.
Circulation. 2006;113(4):577-82.

67. Prandoni P, Bilora F, Marchiori A, Bernardi E, Petrobelli F, Lensing AW, et al. An
association between atherosclerosis and venous thrombosis. N Engl J Med.
2003;348(15):1435-41.

166



68. Myat A, Song KJ, Rea T. Out-of-hospital cardiac arrest: current concepts. Lancet.
2018;391(10124):970-9.

69.  Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-Hospital
Cardiac Arrest: A Review. JAMA. 2019;321(12):1200-10.

70. Unnithan AKA, J MD, Mehta P. Hemorrhagic Stroke. StatPearls. Treasure Island
(FL)2022.

71. Chen S, Zeng L, Hu Z. Progressing haemorrhagic stroke: categories, causes,
mechanisms and managements. J Neurol. 2014;261(11):2061-78.

72.  van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence,
case fatality, and functional outcome of intracerebral haemorrhage over time, according to
age, sex, and ethnic origin: a systematic review and meta-analysis. Lancet Neurol.
2010;9(2):167-76.

73. Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, cardiovascular
disease, and frailty. Nat Rev Cardiol. 2018;15(9):505-22.

74.  Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv Aging.
2014;9:433-41.

75. Cigolle CT, Ofstedal MB, Tian Z, Blaum CS. Comparing models of frailty: the Health
and Retirement Study. J Am Geriatr Soc. 2009;57(5):830-9.

76. Rockwood K, Howlett SE, MacKnight C, Beattie BL, Bergman H, Hebert R, et al.
Prevalence, attributes, and outcomes of fitness and frailty in community-dwelling older
adults: report from the Canadian study of health and aging. J Gerontol A Biol Sci Med Sci.
2004;59(12):1310-7.

77. Choi J, Ahn A, Kim S, Won CW. Global Prevalence of Physical Frailty by Fried's
Criteria in Community-Dwelling Elderly With National Population-Based Surveys. J Am
Med Dir Assoc. 2015;16(7):548-50.

78. O'Caoimh R, Sezgin D, O'Donovan MR, Molloy DW, Clegg A, Rockwood K, et al.
Prevalence of frailty in 62 countries across the world: a systematic review and meta-analysis
of population-level studies. Age Ageing. 2021;50(1):96-104.

79. Kojima G. Prevalence of frailty in end-stage renal disease: a systematic review and
meta-analysis. Int Urol Nephrol. 2017;49(11):1989-97.

80. Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik JM, Chaves P, et al.
Phenotype of frailty: characterization in the women's health and aging studies. J Gerontol A
Biol Sci Med Sci. 2006;61(3):262-6.

81. Ensrud KE, Ewing SK, Taylor BC, Fink HA, Cawthon PM, Stone KL, et al.
Comparison of 2 frailty indexes for prediction of falls, disability, fractures, and death in older
women. Arch Intern Med. 2008;168(4):382-9.

82. Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, et al. Risk factors and
protective factors associated with incident or increase of frailty among community-dwelling
older adults: A systematic review of longitudinal studies. PLoS One. 2017;12(6):e0178383.
83. Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, Fried LP. Initial manifestations of
frailty criteria and the development of frailty phenotype in the Women's Health and Aging
Study I1. J Gerontol A Biol Sci Med Sci. 2008;63(9):984-90.

84.  Weiss CO. Frailty and chronic diseases in older adults. Clin Geriatr Med.
2011;27(1):39-52.

85. Puts MT, Visser M, Twisk JW, Deeg DJ, Lips P. Endocrine and inflammatory
markers as predictors of frailty. Clin Endocrinol (Oxf). 2005;63(4):403-11.

86. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts
of disability, frailty, and comorbidity: implications for improved targeting and care. J
Gerontol A Biol Sci Med Sci. 2004;59(3):255-63.

87. Mulrow CD. Rationale for systematic reviews. BMJ. 1994;309(6954):597-9.

167



88. Clegg A, Bates C, Young J, Ryan R, Nichols L, Ann Teale E, et al. Development and
validation of an electronic frailty index using routine primary care electronic health record
data. Age and ageing. 2016;45(3):353-60.

89. Kwok CS, Lundberg G, Al-Faleh H, Sirker A, Van Spall HGC, Michos ED, et al.
Relation of Frailty to Outcomes in Patients With Acute Coronary Syndromes. Am J Cardiol.
2019;124(7):1002-11.

90. Kwok CS, Zieroth S, Van Spall HGC, Helliwell T, Clarson L, Mohamed M, et al. The
Hospital Frailty Risk Score and its association with in-hospital mortality, cost, length of stay
and discharge location in patients with heart failure short running title: Frailty and outcomes
in heart failure. Int J Cardiol. 2020;300:184-90.

91. Sharma Y, Horwood C, Hakendorf P, Shahi R, Thompson C. External Validation of
the Hospital Frailty-Risk Score in Predicting Clinical Outcomes in Older Heart-Failure
Patients in Australia. J Clin Med. 2022;11(8):2193.

92.  Gunnarsdottir GM, Helgadottir S, Einarsson SG, Hreinsson K, Whittle J, Karason S,
et al. Validation of the Hospital Frailty Risk Score in older surgical patients: A population-
based retrospective cohort study. Acta Anaesthesiol Scand. 2021;65(8):1033-42.

93. Ramos-Rincon JM, Moreno-Perez O, Pinargote-Celorio H, Leon-Ramirez JM, Andres
M, Reus S, et al. Clinical Frailty Score vs Hospital Frailty Risk Score for predicting mortality
and other adverse outcome in hospitalised patients with COVID-19: Spanish case series. Int J
Clin Pract. 2021;75(10):14599.

94, Hollinghurst J, Housley G, Watkins A, Clegg A, Gilbert T, Conroy SP. A comparison
of two national frailty scoring systems. Age Ageing. 2021;50(4):1208-14.

95. Kilkenny MF, Phan HT, Lindley RI, Kim J, Lopez D, Dalli LL, et al. Utility of the
Hospital Frailty Risk Score Derived From Administrative Data and the Association With
Stroke Outcomes. Stroke. 2021;52(9):2874-81.

96. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Systematic Reviews. 2021;10(1):89.

97. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the
quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 2010;25(9):603-5.

98. Luchini C, Veronese N, Nottegar A, Shin JI, Gentile G, Granziol U, et al. Assessing
the quality of studies in meta-research: Review/guidelines on the most important quality
assessment tools. Pharm Stat. 2021;20(1):185-95.

99. Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan SE, Ellis S, et al.
Synthesis without meta-analysis (SWiM) in systematic reviews: reporting guideline. BMJ.
2020;368:16890.

100. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
handbook for systematic reviews of interventions: John Wiley & Sons; 2019.

101. Nghiem S, Afoakwah C, Scuffham P, Byrnes J. Hospital frailty risk score and adverse
health outcomes: evidence from longitudinal record linkage cardiac data. Age Ageing.
2021;50(5):1778-84.

102. Kundi H, Wadhera RK, Strom JB, Valsdottir LR, Shen C, Kazi DS, et al. Association
of Frailty With 30-Day Outcomes for Acute Myocardial Infarction, Heart Failure, and
Pneumonia Among Elderly Adults. JAMA Cardiol. 2019;4(11):1084-91.

103. McAlister FA, Savu A, Ezekowitz JA, Armstrong PW, Kaul P. The hospital frailty
risk score in patients with heart failure is strongly associated with outcomes but less so with
pharmacotherapy. J Intern Med. 2020;287(3):322-32.

104. Sharma'Y, Horwood C, Hakendorf P, Thompson C. Trends in Frailty and Use of
Evidence-Based Pharmacotherapy for Heart Failure in Australian Hospitalised Patients: An
Observational Study. J Clin Med. 2021;10(24):5780.

168



105. Sharma Y, Horwood C, Hakendorf P, Thompson C. Benefits of Heart Failure Specific
Pharmacotherapy in Frail Hospitalised Heart Failure Patients: An Observational Study. Heart,
Lung and Circulation. 2022;31:S72.

106. Sharma'Y, Horwood C, Hakendorf P, Thompson C. Characteristics and outcomes of
patients with heart failure discharged from different speciality units in Australia: an
observational study. QIM-AN INTERNATIONAL JOURNAL OF MEDICINE.

107. Lopez D, Preen DB, Etherton-Beer C, Sanfilippo FM. Frailty, and not medicines with
anticholinergic or sedative effects, predicts adverse outcomes in octogenarians admitted for
myocardial infarction: Population-level study. Australas J Ageing. 2021;40(2):e155-e62.
108. Borovac JA, Mohamed MO, Kontopantelis E, Alkhouli M, Alraies MC, Cheng RK, et
al. Frailty Among Patients With Acute ST-Elevation Myocardial Infarction in the United
States: The Impact of the Primary Percutaneous Coronary Intervention on In-Hospital
Outcomes. The Journal of invasive cardiology. 2022;34(1):E55-E64.

109. Zhang W, Anderson CS, Kilkenny MF, Kim J, Dewey HM, Andrew NE, et al.
Hospital admissions prior to primary intracerebral haemorrhage and relevant factors
associated with survival. J Stroke Cerebrovasc Dis. 2020;29(9):105026.

110. Pinho J, Kuppers C, Nikoubashman O, Wiesmann M, Schulz JB, Reich A, et al.
Frailty is an outcome predictor in patients with acute ischemic stroke receiving endovascular
treatment. Age Ageing. 2021;50(5):1785-91.

111. Schnieder M, Bahr M, Kirsch M, Maier |, Behme D, Riedel CH, et al. Analysis of
frailty in geriatric patients as a prognostic factor in endovascular treated patients with large
vessel occlusion strokes. Journal of Clinical Medicine. 2021;10(10):2171.

112. Wang A, Ferro EG, Song Y, Xu J, Sun T, Yeh RW, et al. Frailty in patients
undergoing percutaneous left atrial appendage closure. Heart Rhythm. 2022;19(5):814-21.
113.  Yang PS, Sung JH, Jang E, Yu HT, Kim TH, Lip GYH, et al. Application of the
simple atrial fibrillation better care pathway for integrated care management in frail patients
with atrial fibrillation: A nationwide cohort study. J Arrhythm. 2020;36(4):668-77.

114. Smith RJ, Reid DA, Santamaria JD. Frailty is associated with reduced prospect of
discharge home after in-hospital cardiac arrest. Intern Med J. 2019;49(8):978-85.

115. Stewart R. Cardiovascular Disease and Frailty: What Are the Mechanistic Links? Clin
Chem. 2019;65(1):80-6.

116. Afilalo J, Alexander KP, Mack MJ, Maurer MS, Green P, Allen LA, et al. Frailty
assessment in the cardiovascular care of older adults. J Am Coll Cardiol. 2014;63(8):747-62.
117. Walston J, Buta B, Xue QL. Frailty Screening and Interventions: Considerations for
Clinical Practice. Clin Geriatr Med. 2018;34(1):25-38.

118. Sharma A, Harrington RA, McClellan MB, Turakhia MP, Eapen ZJ, Steinhubl S, et
al. Using Digital Health Technology to Better Generate Evidence and Deliver Evidence-
Based Care. J Am Coll Cardiol. 2018;71(23):2680-90.

119. Waters DL, van Kan GA, Cesari M, Vidal K, Rolland Y, Vellas B. Gender Specific
Associations between Frailty and Body Composition. J Frailty Aging. 2012;1(1):18-23.

120. Hubbard RE. Sex Differences in Frailty. Interdiscip Top Gerontol Geriatr.
2015;41:41-53.

121.  Hirsch C, Anderson ML, Newman A, Kop W, Jackson S, Gottdiener J, et al. The
association of race with frailty: the cardiovascular health study. Ann Epidemiol.
2006;16(7):545-53.

122.  Usher T, Buta B, Thorpe RJ, Huang J, Samuel LJ, Kasper JD, et al. Dissecting the
Racial/Ethnic Disparity in Frailty in a Nationally Representative Cohort Study with Respect
to Health, Income, and Measurement. J Gerontol A Biol Sci Med Sci. 2021;76(1):69-76.
123.  Murad K, Kitzman DW. Frailty and multiple comorbidities in the elderly patient with
heart failure: implications for management. Heart Fail Rev. 2012;17(4-5):581-8.

169



124. Li Z, Wijeysundera HC, Bagur R, Cheng D, Martin J, Kiaii B, et al. Performance of
administrative database frailty instruments in predicting clinical outcomes and cost for
patients undergoing transcatheter aortic valve implantation: a historical cohort study. Can J
Anaesth. 2022.

125. Mak JKL, Eriksdotter M, Annetorp M, Kuja-Halkola R, Kananen L, Bostrom AM, et
al. Two Years with COVID-19: The Electronic Frailty Index Identifies High-Risk Patients in
the Stockholm GeroCovid Study. Gerontology. 2022:1-10.

126. Kataria S, Ravindran V. Electronic health records: a critical appraisal of strengths and
limitations. J R Coll Physicians Edinb. 2020;50(3):262-8.

127. Granziera S, Cohen AT, Nante G, Manzato E, Sergi G. Thromboembolic prevention
in frail elderly patients with atrial fibrillation: a practical algorithm. Journal of the American
Medical Directors Association. 2015;16(5):358-64.

128.  Zieff G, Kerr ZY, Moore JB, Stoner L. Universal Healthcare in the United States of
America: A Healthy Debate. Medicina (Kaunas). 2020;56(11).

129. Katherine Keisler-Starkey LNB. Health Insurance Coverage in the United States:
2021 Census [Available from: www.hcup-us.ahrg.gov/nisoverview.jsp.

130. Light DW. Universal health care: lessons from the British experience. Am J Public
Health. 2003;93(1):25-30.

131. Mues KE, Liede A, Liu J, Wetmore JB, Zaha R, Bradbury BD, et al. Use of the
Medicare database in epidemiologic and health services research: a valuable source of real-
world evidence on the older and disabled populations in the US. Clin Epidemiol. 2017;9:267-
77.

132. Hoffman ED, Jr., Klees BS, Curtis CA. Overview of the Medicare and Medicaid
Programs. Health Care Financ Rev. 2000;22(1):175-93.

133. Rowland D, Lyons B. Medicare, Medicaid, and the elderly poor. Health Care Financ
Rev. 1996;18(2):61-85.

134. Evans RS. Electronic Health Records: Then, Now, and in the Future. Yearb Med
Inform. 2016;Suppl 1:548-61.

135. Menachemi N, Collum TH. Benefits and drawbacks of electronic health record
systems. Risk Manag Healthc Policy. 2011;4:47-55.

136. Hayrinen K, Saranto K, Nykanen P. Definition, structure, content, use and impacts of
electronic health records: a review of the research literature. Int J Med Inform.
2008;77(5):291-304.

137. Calman N, Hauser D, Lurio J, Wu WY, Pichardo M. Strengthening public health and
primary care collaboration through electronic health records. Am J Public Health.
2012;102(11):e13-8.

138. Menachemi N, Chukmaitov A, Saunders C, Brooks RG. Hospital quality of care: does
information technology matter? The relationship between information technology adoption
and quality of care. Health Care Manage Rev. 2008;33(1):51-9.

139. Casey JA, Schwartz BS, Stewart WF, Adler NE. Using Electronic Health Records for
Population Health Research: A Review of Methods and Applications. Annu Rev Public
Health. 2016;37:61-81.

140. Farmer R, Mathur R, Bhaskaran K, Eastwood SV, Chaturvedi N, Smeeth L. Promises
and pitfalls of electronic health record analysis. Diabetologia. 2018;61(6):1241-8.

141. Hobbs FDR, Bankhead C, Mukhtar T, Stevens S, Perera-Salazar R, Holt T, et al.
Clinical workload in UK primary care: a retrospective analysis of 100 million consultations
in England, 2007-14. Lancet. 2016;387(10035):2323-30.

142.  Agency for Healthcare Research and Quality, Rockville, MD, 2011. HCUP
Nationwide Inpatient Sample (N1S). Healthcare Cost and Utilization Project (HCUP)
[Available from: www.hcup-us.ahrg.gov/nisoverview.jsp.

170


www.hcup-us.ahrq.gov/nisoverview.jsp
www.hcup-us.ahrq.gov/nisoverview.jsp

143. Wang X, Kattan MW. Cohort Studies: Design, Analysis, and Reporting. Chest.
2020;158(1S):S72-S8.

144. Kanzaria HK, Probst MA, Hsia RY. Emergency Department Death Rates Dropped By
Nearly 50 Percent, 1997-2011. Health Aff (Millwood). 2016;35(7):1303-8.

145. Kobo O, Moledina SM, Raisi-Estabragh Z, Shanmuganathan JWD, Chieffo A, Al
Ayoubi F, et al. Emergency department cardiovascular disease encounters and associated
mortality in patients with cancer: A study of 20.6 million records from the USA. Int J
Cardiol. 2022;363:210-7.

146. Edelson JB, Edwards JJ, Katcoff H, Mondal A, Chen F, Reza N, et al. Novel Risk
Model to Predict Emergency Department Associated Mortality for Patients Supported With a
Ventricular Assist Device: The Emergency Department-Ventricular Assist Device Risk
Score. J Am Heart Assoc. 2022;11(2):e020942.

147. Khera R, Angraal S, Couch T, Welsh JW, Nallamothu BK, Girotra S, et al. Adherence
to Methodological Standards in Research Using the National Inpatient Sample. JAMA.
2017;318(20):2011-8.

148. Akobeng AK. Understanding type | and type Il errors, statistical power and sample
size. Acta Paediatr. 2016;105(6):605-9.

149.  Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment
methods. J Multidiscip Healthc. 2016;9:211-7.

150. Delgado-Rodriguez M, Llorca J. Bias. J Epidemiol Community Health.
2004;58(8):635-41.

151. Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin P, et al. Systematic
review of discharge coding accuracy. J Public Health (Oxf). 2012;34(1):138-48.

152. van Walraven C, Austin P. Administrative database research has unique
characteristics that can risk biased results. J Clin Epidemiol. 2012;65(2):126-31.

153. Hirsch JA, Nicola G, McGinty G, Liu RW, Barr RM, Chittle MD, et al. ICD-10:
History and Context. AJNR Am J Neuroradiol. 2016;37(4):596-9.

154.  World Health O. International Classification of Diseases 2022 [Available from:
https://www.who.int/standards/classifications/classification-of-diseases.

155. [Internet] NHS Core Surgical Training Portfolio Requirements 2022; [cited 2023 Jul
24]. Available from: https://medical.hee.nhs.uk/medical-training-recruitment/medical-
specialty-training/surgery/core-surgery/core-surgical-training-self-assessment-scoring-
guidance-for-candidates

156.  Stoltzfus JC. Logistic regression: a brief primer. Acad Emerg Med.
2011;18(10):1099-104.

157. Vasan RS, Enserro DM, Xanthakis V, Beiser AS, Seshadri S. Temporal Trends in the
Remaining Lifetime Risk of Cardiovascular Disease Among Middle-Aged Adults Across 6
Decades: The Framingham Study. Circulation. 2022;145(17):1324-38.

158. Newman AB, Simonsick EM, Naydeck BL, Boudreau RM, Kritchevsky SB, Nevitt
MC, et al. Association of long-distance corridor walk performance with mortality,
cardiovascular disease, mobility limitation, and disability. JAMA. 2006;295(17):2018-26.
159.  Alshibani A, Coats T, Maynou L, Lecky F, Banerjee J, Conroy S. A comparison
between the clinical frailty scale and the hospital frailty risk score to risk stratify older people
with emergency care needs. BMC Emerg Med. 2022;22(1):171.

160. Faller JW, Pereira DDN, de Souza S, Nampo FK, Orlandi FS, Matumoto S.
Instruments for the detection of frailty syndrome in older adults: A systematic review. PL0oS
One. 2019;14(4):e0216166.

161. Anderson CD, Nalls MA, Biffi A, Rost NS, Greenberg SM, Singleton AB, et al. The
effect of survival bias on case-control genetic association studies of highly lethal diseases.
Circ Cardiovasc Genet. 2011;4(2):188-96.

171


https://www.who.int/standards/classifications/classification-of-diseases
https://medical.hee.nhs.uk/medical-training-recruitment/medical-specialty-training/surgery/core-surgery/core-surgical-training-self-assessment-scoring-guidance-for-candidates
https://medical.hee.nhs.uk/medical-training-recruitment/medical-specialty-training/surgery/core-surgery/core-surgical-training-self-assessment-scoring-guidance-for-candidates
https://medical.hee.nhs.uk/medical-training-recruitment/medical-specialty-training/surgery/core-surgery/core-surgical-training-self-assessment-scoring-guidance-for-candidates

162. Guo Q, Du X, Ma CS. Atrial fibrillation and frailty. J Geriatr Cardiol.
2020;17(2):105-9.

163. Benjamin EJ, Wolf PA, D'Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact
of atrial fibrillation on the risk of death: the Framingham Heart Study. Circulation.
1998;98(10):946-52.

164. Orkaby AR, Kornej J, Lubitz SA, McManus DD, Travison TG, Sherer JA, et al.
Association Between Frailty and Atrial Fibrillation in Older Adults: The Framingham Heart
Study Offspring Cohort. J Am Heart Assoc. 2021;10(1):e018557.

165. Presta R, Brunetti E, Polidori MC, Bo M. Impact of frailty models on the prescription
of oral anticoagulants and on the incidence of stroke, bleeding, and mortality in older patients
with atrial fibrillation: a systematic review. Ageing Res Rev. 2022;82:101761.

166. Covino M, Russo A, Salini S, De Matteis G, Simeoni B, Della Polla D, et al. Frailty
Assessment in the Emergency Department for Risk Stratification of COVID-19 Patients
Aged >/=80 Years. J Am Med Dir Assoc. 2021;22(9):1845-52 el.

167. Lewis ET, Dent E, Alkhouri H, Kellett J, Williamson M, Asha S, et al. Which frailty
scale for patients admitted via Emergency Department? A cohort study. Arch Gerontol
Geriatr. 2019;80:104-14.

168. Eckart A, Hauser SI, Haubitz S, Struja T, Kutz A, Koch D, et al. Validation of the
hospital frailty risk score in a tertiary care hospital in Switzerland: results of a prospective,
observational study. BMJ Open. 2019;9(1):e026923.

169. Jorgensen R, Brabrand M. Screening of the frail patient in the emergency department:
A systematic review. Eur J Intern Med. 2017;45:71-3.

170. Elliott A, Hull L, Conroy SP. Frailty identification in the emergency department-a
systematic review focussing on feasibility. Age Ageing. 2017;46(3):509-13.

171.  Alakare J, Kemp K, Strandberg T, Castren M, Jakovljevic D, Tolonen J, et al.
Systematic geriatric assessment for older patients with frailty in the emergency department: a
randomised controlled trial. BMC Geriatr. 2021;21(1):408.

172. Rowe R, Igbal J, Murali-Krishnan R, Sultan A, Orme R, Briffa N, et al. Role of frailty
assessment in patients undergoing cardiac interventions. Open Heart. 2014;1(1):e000033.
173. ljaz N, Buta B, Xue QL, Mohess DT, Bushan A, Tran H, et al. Interventions for
Frailty Among Older Adults With Cardiovascular Disease: JACC State-of-the-Art Review. J
Am Coll Cardiol. 2022;79(5):482-503.

174.  Downing J, Rose TC, Saini P, Matata B, Mclntosh Z, Comerford T, et al. Impact of a
community-based cardiovascular disease service intervention in a highly deprived area.
Heart. 2020;106(5):374-9.

175. Sokhal BS, Mateti¢ A, Rashid M, Protheroe J, Partington R, Mallen C, et al.
Association of Frailty Status on the Causes and Outcomes of Patients Admitted With
Cardiovascular Disease. Am J Cardiol. 2023;192:7-15.

176. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. Epidemiology. 2007;18(6):800-4.
177. Damluji AA, Huang J, Bandeen-Roche K, Forman DE, Gerstenblith G, Moscucci M,
et al. Frailty Among Older Adults With Acute Myocardial Infarction and Outcomes From
Percutaneous Coronary Interventions. J Am Heart Assoc. 2019;8(17):e013686.

178. Aguayo GA, Donneau AF, Vaillant MT, Schritz A, Franco OH, Stranges S, et al.
Agreement Between 35 Published Frailty Scores in the General Population. Am J Epidemiol.
2017;186(4):420-34.

179. Orlandi M, Dover DC, Sandhu RK, Hawkins NM, Kaul P, McAlister FA. The
Introduction of Direct Oral Anticoagulants Has Not Resolved Treatment Gaps for Frail
Patients With Nonvalvular Atrial Fibrillation. Can J Cardiol. 2022;38(1):77-84.

172



180. Villani ER, Tummolo AM, Palmer K, Gravina EM, Vetrano DL, Bernabei R, et al.
Frailty and atrial fibrillation: A systematic review. Eur J Intern Med. 2018;56:33-8.

181. Matetic A, Mohamed M, Miller RJH, Kolman L, Lopez-Mattei J, Cheung WY, et al.
Impact of cancer diagnosis on causes and outcomes of 5.9 million US patients with
cardiovascular admissions. Int J Cardiol. 2021;341:76-83.

182. Evans NR, Todd OM, Minhas JS, Fearon P, Harston GW, Mant J, et al. Frailty and
cerebrovascular disease: Concepts and clinical implications for stroke medicine. Int J Stroke.
2022;17(3):251-9.

183. Xu J, Murphy SL, Kockanek KD, Arias E. Mortality in the United States, 2018.
NCHS Data Brief. 2020(355):1-8.

184. Khera R, Krumholz HM. With Great Power Comes Great Responsibility: Big Data
Research From the National Inpatient Sample. Circ Cardiovasc Qual Outcomes. 2017;10(7).
185. Roberts S, Collins P, Rattray M. Identifying and Managing Malnutrition, Frailty and
Sarcopenia in the Community: A Narrative Review. Nutrients. 2021;13(7).

186. Miettinen M, Tiihonen M, Hartikainen S, Nykanen I. Prevalence and risk factors of
frailty among home care clients. BMC Geriatr. 2017;17(1):266.

187. Richter D, Guasti L, Walker D, Lambrinou E, Lionis C, Abreu A, et al. Frailty in
cardiology: definition, assessment and clinical implications for general cardiology. A
consensus document of the Council for Cardiology Practice (CCP), Association for Acute
Cardio Vascular Care (ACVC), Association of Cardiovascular Nursing and Allied
Professions (ACNAP), European Association of Preventive Cardiology (EAPC), European
Heart Rhythm Association (EHRA), Council on Valvular Heart Diseases (VHD), Council on
Hypertension (CHT), Council of Cardio-Oncology (CCO), Working Group (WG) Aorta and
Peripheral Vascular Diseases, WG e-Cardiology, WG Thrombosis, of the European Society
of Cardiology, European Primary Care Cardiology Society (EPCCS). Eur J Prev Cardiol.
2022;29(1):216-27.

188. Hanna K, Ditillo M, Joseph B. The role of frailty and prehabilitation in surgery. Curr
Opin Crit Care. 2019;25(6):717-22.

189. Carli F, Bousquet-Dion G, Awasthi R, Elsherbini N, Liberman S, Boutros M, et al.
Effect of Multimodal Prehabilitation vs Postoperative Rehabilitation on 30-Day Postoperative
Complications for Frail Patients Undergoing Resection of Colorectal Cancer: A Randomized
Clinical Trial. JAMA Surg. 2020;155(3):233-42.

190. Puts MTE, Toubasi S, Andrew MK, Ashe MC, Ploeg J, Atkinson E, et al.
Interventions to prevent or reduce the level of frailty in community-dwelling older adults: a
scoping review of the literature and international policies. Age Ageing. 2017;46(3):383-92.
191. AIli SR, Lo P, Villanueva JE, Joshi Y, Emmanuel S, Macdonald PS. Prevention and
Reversal of Frailty in Heart Failure - A Systematic Review. Circ J. 2021;86(1):14-22.

192. Moledina SM, Kobo O, Lakhani H, Abhishek A, Parwani P, Santos VVolgman A, et al.
Mortality in ST-segment elevation myocardial infarction patients without standard modifiable
risk factors: A race disaggregated analysis. Int J Cardiol Heart Vasc. 2022;43:101135.

193. Jani C, Mouchati C, Abdallah N, Mariano M, Jani R, Salciccioli JD, et al. Trends in
prostate cancer mortality in the United States of America, by state and race, from 1999 to
2019: estimates from the centers for disease control WONDER database. Prostate Cancer
Prostatic Dis. 2022.

194.  Averbuch T, Mohamed MO, Islam S, Defilippis EM, Breathett K, Alkhouli MA, et al.
The Association Between Socioeconomic Status, Sex, Race / Ethnicity and In-Hospital
Mortality Among Patients Hospitalized for Heart Failure. J Card Fail. 2022;28(5):697-709.
195.  Turcotte LA, Heckman G, Rockwood K, Vetrano DL, Hebert P, Mclsaac DI, et al.
External validation of the hospital frailty risk score among hospitalised home care clients in
Canada: a retrospective cohort study. Age Ageing. 2023;52(2).

173



196. Sharma Y, Horwood C, Hakendorf P, Shahi R, Thompson C. External Validation of
the Hospital Frailty-Risk Score in Predicting Clinical Outcomes in Older Heart-Failure
Patients in Australia. J Clin Med. 2022;11(8).

197. Heaton J, Singh S, Nanavaty D, Okoh AK, Kesanakurthy S, Tayal R. Impact of frailty
on outcomes in acute ST-elevated myocardial infarctions undergoing percutaneous coronary
intervention. Catheter Cardiovasc Interv. 2023;101(4):773-86.

198. Euser AM, Zoccali C, Jager KJ, Dekker FW. Cohort studies: prospective versus
retrospective. Nephron Clin Pract. 2009;113(3):c214-7.

199. Marinus N, Vigorito C, Giallauria F, Haenen L, Jansegers T, Dendale P, et al. Frailty
is highly prevalent in specific cardiovascular diseases and females, but significantly worsens
prognosis in all affected patients: A systematic review. Ageing Res Rev. 2021;66:101233.
200. Sokhal BS, Matetic A, Rashid M, Protheroe J, Partington R, Mallen C, et al.
Association of Frailty Status on the Causes and Outcomes of Patients Admitted With
Cardiovascular Disease. Am J Cardiol. 2023;192:7-15.

201. (HCUP) HNEDSNHCaUP. Agency for Healthcare Research and Quality, Rockville,
MD. 2011 [Available from: https://www.hcup-us.ahrg.gov/nedsoverview.jsp.

202. Anand T, Khurrum M, Chehab M, Bible L, Asmar S, Douglas M, et al. Racial and
Ethnic Disparities in Frail Geriatric Trauma Patients. World J Surg. 2021;45(5):1330-9.
203. Keeble E, Roberts HC, Williams CD, Van Oppen J, Conroy SP. Outcomes of hospital
admissions among frail older people: a 2-year cohort study. Br J Gen Pract.
2019;69(685):e555-e60.

204. Limpawattana P, Phungoen P, Mitsungnern T, Laosuangkoon W, Tansangworn N.
Atypical presentations of older adults at the emergency department and associated factors.
Arch Gerontol Geriatr. 2016;62:97-102.

205. Martin-Sanchez FJ, Rodriguez-Adrada E, Mueller C, Vidan MT, Christ M, Frank
Peacock W, et al. The Effect of Frailty on 30-day Mortality Risk in Older Patients With
Acute Heart Failure Attended in the Emergency Department. Acad Emerg Med.
2017;24(3):298-307.

206. Vidan MT, Blaya-Novakova V, Sanchez E, Ortiz J, Serra-Rexach JA, Bueno H.
Prevalence and prognostic impact of frailty and its components in non-dependent elderly
patients with heart failure. Eur J Heart Fail. 2016;18(7):869-75.

207. Javed Z, Haisum Magsood M, Yahya T, Amin Z, Acquah I, Valero-Elizondo J, et al.
Race, Racism, and Cardiovascular Health: Applying a Social Determinants of Health
Framework to Racial/Ethnic Disparities in Cardiovascular Disease. Circ Cardiovasc Qual
Outcomes. 2022;15(1):e007917.

208. Walston J, McBurnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, et al. Frailty
and activation of the inflammation and coagulation systems with and without clinical
comorbidities: results from the Cardiovascular Health Study. Arch Intern Med.
2002;162(20):2333-41.

209. Di Napoli M, Papa F, Villa Pini Stroke Data Bank I. Inflammation, hemostatic
markers, and antithrombotic agents in relation to long-term risk of new cardiovascular events
in first-ever ischemic stroke patients. Stroke. 2002;33(7):1763-71.

210. Patterson CC, Blankenberg S, Ben-Shlomo Y, Heslop L, Bayer A, Lowe G, et al.
Which biomarkers are predictive specifically for cardiovascular or for non-cardiovascular
mortality in men? Evidence from the Caerphilly Prospective Study (CaPS). Int J Cardiol.
2015;201:113-8.

211. Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, Byers A. A program to
prevent functional decline in physically frail, elderly persons who live at home. N Engl J
Med. 2002;347(14):1068-74.

174


https://www.hcup-us.ahrq.gov/nedsoverview.jsp

Appendices

Appendix 1. Components of Hospital Frailty Risk Score with associated weighting.

Hospital Frailty Risk Score Variables Codes  Source Weighting
Dementia in Alzheimer's disease FOO ICD-10 7.1
Hemiplegia G81 ICD-10 4.4
Alzheimer's disease G30 ICD-10 4
Sequelae of cerebrovascular disease 169 ICD-10 3.7
Other symptoms and signs involving the nervous and  R29 ICD-10 3.6
musculoskeletal systems
Other disorders of urinary system (includes urinary tract  N39 ICD-10 3.2
infection and urinary incontinence)

Delirium, not induced by alcohol and other psychoactive  F05 ICD-10 3.2
substances

Unspecified fall W19 ICD-10 3.2
Superficial injury of head S00 ICD-10 3.2
Unspecified haematuria R31 ICD-10 3
Other bacterial agents as the cause of diseases classifiedto  B96 ICD-10 2.9
other chapters

Other symptoms and signs involving cognitive functions  R41 ICD-10 2.7
and awareness

Abnormalities of gait and mobility R26 ICD-10 2.6
Other cerebrovascular diseases 167 ICD-10 2.6
Convulsions, not elsewhere classified R56 ICD-10 2.6
Somnolence, stupor and coma R40 ICD-10 2.5
Complications of genitourinary prosthetic devices,  T83 ICD-10 2.4
implants and grafts

Intracranial injury S06 ICD-10 2.4
Fracture of shoulder and upper arm S42 ICD-10 2.3
Other disorders of fluid, electrolyte and acid- base balance  E87 ICD-10 2.3
Other joint disorders, not elsewhere classified M25 ICD-10 2.3
Volume depletion E86 ICD-10 2.3
Senility R54  ICD-10 2.2
Care involving use of rehabilitation procedures Z50 ICD-10 2.1
Unspecified dementia FO3 ICD-10 2.1
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Other fall on same level w18 ICD-10 2.1
Problems related to medical facilities and other health care ~ Z75 ICD-10 2
Vascular dementia FO1 ICD-10 2
Superficial injury of lower leg S80 ICD-10 2
Cellulitis LO3 ICD-10 2
Blindness and low vision H54 ICD-10 1.9
Deficiency of other B group vitamins E53 ICD-10 1.9
Problems related to social environment Z60 ICD-10 1.8
Parkinson's disease G20 ICD-10 1.8
Syncope and collapse R55 ICD-10 1.8
Fracture of rib(s), sternum and thoracic spine S22 ICD-10 1.8
Other functional intestinal disorders K59 ICD-10 1.8
Acute renal failure N17 ICD-10 1.8
Decubitus ulcer L89 ICD-10 1.7
Carrier of infectious disease Z2?2 ICD-10 1.7
Streptococcus and staphylococcus as the cause of diseases  B95 ICD-10 1.7
classified to other chapters

Ulcer of lower limb, not elsewhere classified L97 ICD-10 1.6
Other symptoms and signs involving general sensations  R44 ICD-10 1.6
and perceptions

Duodenal ulcer K26 ICD-10 1.6
Hypotension 195 ICD-10 1.6
Unspecified renal failure N19 ICD-10 1.6
Other septicaemia A4l ICD-10 1.6
Personal history of other diseases and conditions Z87 ICD-10 15
Respiratory failure, not elsewhere classified J96 ICD-10 1.5
Exposure to unspecified factor X59 ICD-10 1.5
Other arthrosis M19 ICD-10 1.5
Epilepsy G40 ICD-10 1.5
Osteoporosis without pathological fracture M81 ICD-10 1.4
Fracture of femur S72 ICD-10 1.4
Fracture of lumbar spine and pelvis S32 ICD-10 1.4
Other disorders of pancreatic internal secretion E16 ICD-10 1.4
Abnormal results of function studies R94 ICD-10 14
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Chronic renal failure N18 ICD-10 1.4
Retention of urine R33 ICD-10 1.3
Unknown and unspecified causes of morbidity R69 ICD-10 1.3
Other disorders of kidney and ureter, not elsewhere  N28 ICD-10 1.3
classified

Unspecified urinary incontinence R32 ICD-10 1.2
Other degenerative diseases of nervous system, not  G31 ICD-10 1.2
elsewhere classified

Nosocomial condition Y95 ICD-10 1.2
Other and unspecified injuries of head S09 ICD-10 1.2
Symptoms and signs involving emotional state R45 ICD-10 1.2
Transient cerebral ischaemic attacks and related G45 ICD-10 1.2
syndromes

Problems related to care-provider dependency Z74 ICD-10 1.1
Other soft tissue disorders, not elsewhere classified M79 ICD-10 1.1
Fall involving bed W06 ICD-10 1.1
Open wound of head S01 ICD-10 1.1
Other bacterial intestinal infections A04 ICD-10 1.1
Di_ar_rhoea and gastroenteritis of presumed infectious  AQ9 ICD-10 1.1
origin

Pneumonia, organism unspecified J18 ICD-10 1.1
Pneumonitis due to solids and liquids J69 ICD-10 1
Speech disturbances, not elsewhere classified R47 ICD-10 1
Vitamin D deficiency E55 ICD-10 1
Artificial opening status Z93 ICD-10 1
Gangrene, not elsewhere classified RO2 ICD-10 1
Symptoms and signs concerning food and fluid intake R63 ICD-10 0.9
Other hearing loss HI1 ICD-10 0.9
Fall on and from stairs and steps W10 ICD-10 0.9
Fall on same level from slipping, tripping and stumbling w01 ICD-10 0.9
Thyrotoxicosis [hyperthyroidism] E05 ICD-10 0.9
Scoliosis M41 ICD-10 0.9
Dysphagia R13 ICD-10 0.8
Dependence on enabling machines and devices Z99 ICD-10 0.8
Agent resistant to penicillin and related antibiotics u8o ICD-10 0.8
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Osteoporosis with pathological fracture M80 ICD-10 0.8
Other diseases of digestive system K92 ICD-10 0.8
Cerebral Infarction 163 ICD-10 0.8
Calculus of kidney and ureter N20 ICD-10 0.7
Mental and behavioural disorders due to use of alcohol F10 ICD-10 0.7
Other medical procedures as the cause of abnormal Y84 ICD-10 0.7
reaction of the patient

Abnormalities of heartbeat ROO ICD-10 0.7
Unspecified acute lower respiratory infection J22 ICD-10 0.7
Problems related to life-management difficulty Z73 ICD-10 0.6
Other abnormal findings of blood chemistry R79 ICD-10 0.6
Personal history of risk-factors, not elsewhere classified Z91 ICD-10 0.5
Open wound of forearm S51 ICD-10 0.5
Depressive episode F32 ICD-10 0.5
Spinal stenosis (secondary code only) M48 ICD-10 0.5
Disorders of mineral metabolism E83 ICD-10 0.4
Polyarthrosis M15 ICD-10 04
Other anaemias D64 ICD-10 0.4
Other local infections of skin and subcutaneous tissue LO8 ICD-10 0.4
Nausea and vomiting R11 ICD-10 0.3
Other noninfective gastroenteritis and colitis K52 ICD-10 0.3
Fever of unknown origin R50 ICD-10 0.1
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Appendix 2. Paper in submission: Systematic Review of the Association of the Hospital
Frailty Risk Score with Characteristics and Mortality in Patients with Cerebrovascular and
Cardiovascular Disease.

Introduction:

Frailty is defined as a clinical syndrome characterised by the impairment of multiple organ
systems, leading to increased vulnerability to stress and adverse outcomes such as
institutionalisation and death [4]. Given the increasing age of the population, the population at
risk of frailty is increasing [3].

Cardiovascular disease (CVD) is the largest cause of mortality and morbidity worldwide [183].
Frailty is co-existent in up to 60% of people with CVD and frailty is associated with a three-
fold increased risk of mortality from CVD [20, 199]. The underlying mechanisms relating CVD
and frailty are poorly understood, however is most likely linked to chronic inflammation,
shared risk factors and comorbidity [3, 21, 115]. Frail patients admitted to hospital experience
longer length of stays, higher total costs and increased likelihood of all-cause mortality.

There are a variety of tools available to stratify frailty in primary care and hospital settings [9-
11, 86, 88]. The Hospital Frailty Risk Score (HFRS) was developed by Gilbert et al. and
validated using an United Kingdom (UK) cohort. The HFRS quantifies frailty using a
cumulative deficit model and is entirely derived from routinely collected health record data
using 109 individually weighted International Classification of Diseases (ICD) — 10™ edition
codes. The HFRS has the benefit of being relatively less resource intensive for the assessment
of frailty in comparison to other frailty assessment tools, due to the lack of requirement for
clinical assessment. Studies using the HFRS are relatively few given its reliance on ICD codes;
however its use has been validated in a variety of countries [10, 89-91].

The aim of this systematic review was to provide an overview of the use of the HFRS in
describing the prevalence of frailty in patients with CVD, the clinical characteristics of frail

patients with CVD, and the likelihood of mortality of frail patients with CVD.
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Methods:

This systematic review was performed and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidance [96] and the
protocol pre-registered with the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42022371883) (Fig. 1). A total of 6 databases from inception until
November 2022 were comprehensively searched: MEDLINE (EBSCO), EMBASE (Ovid),
AMED (EBSCO), CINAHLPIus (EBSCO), AGELine (EBSCO) and Web of Science. The
search strategy utilised both database subject headings and text word searching in the title and
abstract using terms for “hospital frailty risk score” and “cardiovascular disease” (Appendix
1). One reviewer (BSS) performed the search.

Studies using the HFRS, investigating prevalence, clinical characteristics and/or outcomes of
patients with CVD published in the English language were included. Study designs that were
eligible for inclusion were randomised controlled trials, as well as retrospective and prospective
observational cohort studies. There was no restriction on the time or the definition of CVD.
Conference abstracts, research letters and review articles were excluded.

One reviewer (BSS) imported all references into Endnote and removed exact duplicates. The
remaining references were imported into Rayyan. One reviewer (BSS) screened all titles and
removed references that did not meet the inclusion criteria. Two reviewers (BSS and SPKM)
screened abstracts and full texts independently to ensure no studies were incorrectly excluded.
Any disagreements between the reviewers were resolved by a third reviewer (CW).

Two reviewers (BSS and SPKM) independently extracted data from full-text articles into pre-
formed tables and any disagreements between the reviewers were resolved by a third reviewer
(CW). The following data were extracted: study design, study year and country, number and
age of the participants stratified by frailty status, the prevalence and clinical characteristics of

the participants stratified by frailty status, and all-cause mortality stratified by frailty status.
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The quality of each study was assessed independently by two reviewers (BSS and SPKM) using
the Newcastle-Ottawa Quality Assessment for Cohort Study tool and any disagreements
resolved by a third reviewer (CW) [97]. The tool assessed studies using 3 domains (selection,
comparability, and outcome) each with multiple choice outcomes and a ‘star’ to represent
quality. The selection domain assessed the representativeness of the cohort, cohort selection
method, ascertainment of exposure and whether the exposure was present at the start of the
study. The comparability domain assessed the quality of adjustment for confounders. The
outcome domain assessed how the outcome was ascertained, length of follow-up, and adequacy
of follow-up. Finally a grade of ‘good quality’ (3 or 4 stars in selection domain 1 or 2 stars in
comparability domain and 2 or 3 stars in outcome domain), ‘fair quality’ (2 stars in selection
domain, 1 or 2 stars in comparability domain and 2 or 3 stars in outcome domain) and ‘poor
quality’ (0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in
outcome domain) was assigned.

Given the heterogeneity between each study, a meta-analysis was not conducted. The extracted
data was compared descriptively. The narrative synthesis was developed and reported in
accordance with the Synthesis Without Meta-analysis (SWiM) guidance and the Cochrane
Handbook [99, 100]. Results were grouped according to the type of CVD investigated in each
study.

Results:

A total of 10,341 unique references were identified, which after screening yielded 17 studies
for inclusion in the final analysis and quality appraisal (Figure 1). Of the 17 studies, all were
retrospective cohort studies with 2 using propensity-score matching. Studies were conducted
in Australia (N=9), US (N=4), Germany (N=2), Canada (N=1) and Korea (N=1). Across the
17 included studies, there was a total of 20,419,197 cases of CVD. Studies investigated heart

failure (HF) (N=7), acute myocardial infarction (AMI) (N=4), stroke (N=4), atrial fibrillation
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(AF) (N=1), cardiac arrest (N=1), and general CVD (N=1) which included primary
hypertension, HF, AF, hypotension and chronic ischaemic heart disease.

There was varied reporting of each HFRS category. All studies described the prevalence of
each HFRS category (N=17), whilst most studies described HFRS categories by age (N=10),
clinical characteristics (N=10) and adjusted odds ratio (aOR) of mortality (N=13). Some
studies classified a HFRS > 5 as frail, hence combining the intermediate and high frailty groups
(N=6) and one study had a no risk (HFRS=0) category (N=1) (Table 1). All 17 studies were
rated ‘good’ quality according to the Newcastle-Ottawa Quality Assessment for Cohort Study
tools (Figure 2 and Appendix 2).

The prevalence of low frailty risk ranged from 2.0% to 86.5%, compared to 12.4% to 68.3%
for intermediate frailty risk and 1.6% to 40.9% for the high frailty risk group. The average age
of the low HFRS group ranged from 62.2 to 83.6, compared 70.5 to 84.3 for the intermediate
HFRS group and 75.1 to 84.6 for the high HFRS group. Increasing frailty score was generally
associated with female sex and an increased prevalence of comorbidities, increased length of
stay and increased odds of all-cause mortality.

One study investigated the impact of the HFRS on general CVD in patients aged over 75 years
[19]. The prevalence of low frailty risk was 24.6%, intermediate frailty risk was 34.5% and
high frailty risk was 40.9%. The average age of the low frailty risk group was 82.4 years,
compared to 83.7 years for the intermediate frailty group and 84.1 years for the high frailty risk
group. The high HFRS group were more likely to be female (54.6%), have a Charlson
Comorbidity Index (CCI) above 2 (86.8%), and increased length of stay beyond 10 days
(23.9%). This study reported specific diagnoses of AF, HF, primary hypertension, hypotension
and chronic ischaemic heart disease. The age, prevalence and clinical characteristic of these
cohorts were not described. In this study, bivariate analysis had a significantly high relation

coefficient (0.92, p<0.01) and was reported over logistic regression as the regression results
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were determined to be biased. There were no confidence intervals reported in this study. This
study reported 30-day mortality for a combined intermediate/high frailty risk group. For the
intermediate/high frailty risk group, odds of mortality was 1.73 for general CVD compared to
the low frailty risk group. When stratified by diagnosis, the odds of 30-day all-cause mortality
using bivariate analysis was 2.15 for primary hypertension, 2.31 for HF, 2.52 for AF, 2.65 for
hypotension and 2.56 for chronic ischaemic heart disease compared to the low frailty risk
group. (Table 1) [101].

Eight studies used the HFRS in a HF cohort [90, 91, 101-106]. The prevalence of low frailty
risk ranged from 24.6% to 86.1%, intermediate frailty risk ranged from 12.4% to 47.4%, and
high frailty risk ranged from 0.1% to 13.9%. The average age of HF patients at low risk ranged
from 72.0 to 82.4, intermediate risk ranged from 76.0 to 80.5, and high frailty risk ranged from
81.0 to 82.7 years. Increasing HFRS category was mostly associated with an increased
likelihood of female sex (1 study observed decreasing prevalence), a higher prevalence of
cardiovascular and non-cardiovascular co-morbidities and CCl, and increased length of stay.
The aOR of 30-day all-cause mortality ranged from 1.52 (95%CI [1.50-1.54]) to 2.80 (95%ClI
[2.70-2.90]) in patients at intermediate risk, and 1.60 (95%CI [1.35-1.90]) to 3.50 (95%CI
[3.40-3.68]) for patients at high risk, compared to their low-risk counterparts (Table 1).

Four studies used the HFRS in an AMI cohort [89, 102, 107, 108]. The prevalence of low frailty
risk ranged from 49.3% to 86.5%, intermediate frailty risk ranged from 13.4% to 36.8%, and
high frailty risk ranged from 0.1% to 13.9%. The age of AMI patients at low risk ranged from
62.2 to 83.6 years, at intermediate risk ranged from 70.5 to 84.3 years, and high frailty risk
ranged from 80.0 to 84.6 years. Increasing HFRS category was associated with increased
likelihood of female sex, lower likelihood of being white, and a higher prevalence of
cardiovascular and non-cardiovascular co-morbidities and CCI. The aOR of mortality ranged

from 1.40 (95%CI [1.10-1.79]) to 4.02 (95%CI [3.91-4.13]) in patients at intermediate risk,
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and 1.58 [(95%CI 1.12-2.24]) to 4.63 (95%CI [4.36-4.92]) for patients at high risk, compared
to their low-risk counterparts (Table 1).

Four studies used the HFRS in the overall stroke cohort (stroke, TIA or intracerebral
haemorrhage) [95, 109-111]. Not all studies reported every outcome. The prevalence of
intermediate frailty risk ranged from 45.0% to 48.0%, and high frailty risk ranged from 22.0%
to 27.0%. The age of stroke patients at intermediate risk ranged from 76.0 to 83.8 years, and
high frailty risk ranged from 81.0 to 84.2 years. Increasing HFRS category was associated with
an increased likelihood of female sex, increased prevalence of comorbidities and increased
length of stay. Of the 2 studies that reported aOR of 30-day mortality, this ranged from 1.78
(95%CI [1.33-2.39]) to 2.08 (95%CI [1.62-2.67]) in patients at intermediate risk, and 1.34
(95%CI [1.03-1.75]) to 3.55 (95%CI [2.80-4.52]) for patients at high risk, in comparison to
their low-risk counterparts. (Table 1).

Two studies used the HFRS in an AF cohort [101, 112]. Neither study described the age
distribution or clinical characteristics in each HFRS category. One study reported non-valvular
AF patients exclusively [113]. The prevalence of intermediate frailty risk in was 14.2% and
high frailty risk was 1.6% [113]. This study did not report outcomes stratified by frailty risk
category. The study of general CVD reported an aOR of 30-day mortality of 2.52 for combined
intermediate/high frailty risk patients compared to their low frailty risk counterparts (Table 1)
[101]. There was no CI reported for this result.

One study used the HFRS in a cardiac arrest cohort [114]. This study described frailty as HFRS
> 5, combining intermediate and high risk scores under this category. The prevalence of low
frailty risk was 81.4% and intermediate or high frailty risk was 18.6%. This study did not
describe the distribution of age, prevalence and clinical characteristics of each HFRS category.
The odds of 30-day in-hospital mortality was 2.80 (95%CI [1.52-5.15]) for the

intermediate/high frailty group, compared to the low-risk group (Table 1).
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Discussion

Frailty is well-established in the literature as being a significant risk factor for increased
hospital length of stay, total costs, adverse health outcomes and mortality [4]. Despite the
abundance of literature investigating the impact of frailty on CVD outcomes, there is little data
on the utility of the HFRS, completely derived from ICD-10 codes, in CVD cohorts. This is
the first systematic review of the utility of the HFRS to investigate the prevalence of frailty in
CVD patients, clinical characteristics of frail patients with CVD, and likelihood of mortality of
frail patients with CVD. This study has several important findings. Firstly, intermediate, or
high frailty risk as defined by the HFRS is present in a substantial proportion of patients across
a range of CVD, with patients at increased frailty risk more likely to be older, female sex, non-
white race, and have a higher prevalence of co-morbidities. Secondly, the HFRS shows
significant association with mortality across most CVD. Finally, this review indicates that
frailty is an important consideration in CVD patients as such patients are a great burden to
health services by incurring a longer length of stay and higher total charges.

There are many validated tools to assess frailty, yet there is no consensus on which tool to use
[117]. As developed countries transition to digital systems, there is increasing reliance on
electronic health care records and automation of processes to ensure efficiency and
optimisation of patient care [118]. The HFRS was derived entirely from routinely collected
health record data using ICD codes and then validated on a UK cohort [10]. The HFRS has
since been used with Australian, United States, and German CVD cohorts [89, 91, 110]. The
performance of the HFRS is comparable to other digital health record frailty measures and
other well-known measures such as the Frailty Index and Clinical Frailty Scale [10, 94].
However, most studies comparing tools do not investigate patients with CVD specifically.
The reported prevalence of frailty is highly variable in the literature as it is dependent on the

frailty measure used [16]. A meta-analysis of 31,343 community-based participants estimated
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the prevalence of frailty to be around 17.9%, however, none of the included studies used the
HFRS [16]. This systematic review suggests the prevalence of frailty as defined by the HFRS
in CVD ranges between 12.4-48.0% for intermediate risk, and 0.1-40.9% for high risk. Such a
range in prevalence could be due to the specific CVD of interest or the criteria of cohort
selection. Reported prevalence values seemingly remained constant across studies
investigating the same CVD. However, studies vary in participant inclusion criteria. Most
frailty studies have a minimum age cut-off of 65 or 75 years; yet this review found some studies
also included all adult hospitalisation with no age restrictions [101]. As frailty is related to
ageing, studies adopting age restrictions would have a larger proportion of patients at risk of
frailty, rendering them less generalisable to the entire population [4, 6, 16].

The impact of frailty on outcomes varies with frailty measure, study setting and length of
follow up [90]. Frailty has been shown to increase odds of CVD by 35% [22]. In turn, CVD
increases the odds of frailty, demonstrating a bidirectional relationship [22]. The positive
correlation is observed using most frailty measures including the HFRS which performs as well
as most frailty and comorbidity tools as determined by area under receiver operating curves
[10, 92, 94]. There are multiple underlying mechanisms linking CVD and frailty. In summary,
both frailty and CVD are age-related conditions causing a pro-inflammatory state, with
increased levels of pro-inflammatory cytokines and immune markers such as interleukin 6 and
C-reactive protein [115]. Increased inflammation perpetuates a cycle of frailty, driving
sarcopenia and leading to adverse health outcomes [80]. In the context of CVD, the presence
of inflammation drives atherosclerosis and plaque instability, leading to increased likelihood
of plaque rupture and associated complications [73]. Therefore, CVD and frailty drive one
another and are major public health priorities [116].

In this systematic review, increasing HFRS category was associated with increased odds of all-

cause mortality across all CVD. This supports previous literature corroborating frailty, as
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defined by most other measures, associated with an increase in the odds of all-cause mortality
from CVD [16, 22, 115, 116]. In the pilot study where non-CVD specific cohorts were used,
receiver operating curves for the HFRS predicting 30-day mortality, long hospital stay, and 30-
day readmission was 0.60, 0.68 and 0.56 respectively with the performance of the categorised
HFRS fairly overlapping with the Frailty Phenotype and Frailty Index scales, and the
continuous HFRS demonstrating moderate agreement with Rockwood’s Frailty Index [10].
Studies using the HFRS in non-CVD specific cohorts also demonstrate an increased odds of
mortality with increasing HFRS, with some studies comparing the HFRS to other frailty
measures demonstrating comparable performance [124, 125].

This study found the increasing HFRS was mostly associated with female sex, non-white race,
and increased prevalence of comorbidities. Most measures of frailty demonstrate increased
prevalence of frailty in females, patients from non-white racial groups and patients with
multimorbidity [5, 7, 78]. There are a variety of factors implicated in this relationship. Women
are more likely to have a higher percentage body composition of fat and are more affected by
biological and socio-economic factors of frailty [119, 120]. Non-white race may be a factor in
the development of frailty, even after adjustment for age, sex and socio-economic status,
however the mechanisms behind this are poorly understood, with conflicting results between
studies [121, 122]. Many studies corroborate increasing frailty with increasing comorbidity
burden. Whilst both overlap, both have two distinct process, both related to age [123]. The
normal physiological process of ageing, and it’s interaction with diseases leads to the
development of frailty [123]. Comorbidities play a distinct role in introducing the ageing
patient to acute stressors, leading to rapid decline in functional abilities in a frail patient [123].
As the HFRS was formed as a cumulative deficit model of over 109 comorbidities ranging
from dementia to infection, patients with increased HFRS are inherently more likely to also

have more comorbidities [10].
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The clinical implications of this study may be substantial given the increasing age and frailty
of the population, the increasing prevalence of CVD, and the drive to digital systems in certain
areas of the world that facilitate electronic health record data [6, 17, 126]. The drive toward
such systems prompts the utility of automated systems to improve efficiency, increase accuracy
and identify needs of at-risk individuals based on their past medical history and risk factors
[100]. Frailty is a reversible condition and progression can be mediated by earlier identification,
assessment, and intervention by cardiologists to improve prognosis in CVD, though the
possible outcomes of intervention have not been explored [9, 30, 117]. However, medications
used to treat cardiovascular conditions may be contra-indicated in the frail elderly on the basis
of risk-benefit assessment [127].

This systematic review has several strengths. Firstly, there was a systematic approach to
identifying research articles guided by PRISMA guidelines, ensuring optimal identification of
potential articles and minimisation of bias. Each abstract and full text was screened by two
reviewers, with conflicts resolved by a third, independent reviewer. Secondly, the search
strategy was comprehensive through the inclusion of all synonyms for each search term,
verified by experts in cardiology, epidemiology and systematic reviews. This allowed for
inclusion of most papers on the topic of CVD and frailty, allowing authors to specifically screen
for the studies that included the HFRS. Thirdly, all major databases were searched. MEDLINE,
EMBASE and WOS are among the largest repositories for peer-reviewed research. This
reassures the search for articles was comprehensive.

This systematic review has several limitations. There was a large degree of heterogeneity
between the study focus, study design and reporting of studies. Most studies reported mortality
in the intermediate and high HFRS groups separately, whereas others combined both groups.
For adjusted analysis, most studies used a low HFRS category as the reference group, but there

were some studies that derived another cohort with a HFRS of 0 and used this cohort as the
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reference group. Additionally, studies used different covariates for the multivariable analyses.
Not all studies described the prevalence or clinical characteristics of each HFRS cohorts.
Furthermore, all studies in this review were from countries that have made the transition to
electronic health record keeping and hold registries. Therefore, this review cannot be
generalised to healthcare systems that cannot utilise the ICD coding system or digital systems
in general.

In conclusion, this systematic review suggests that the HFRS, formed entirely from 1CD-10
codes, identifies a high risk phenotype that is associated with mortality in patients with CVD.
Increased HFRS is associated with increased age, female sex, non-white racial groups and
increased odds of 30-day all-cause mortality amongst most admission CVD diagnoses. As the
burden of frailty and CVD increases and healthcare records transition electronically, the HFRS
proves to be an efficient and effective tool to stratify frailty risk. Early identification of frailty
risk using the HFRS may allow healthcare professionals to optimise cardiovascular risk factors
and prevent the downstream adverse outcomes of frailty. Some research suggests that the
HFRS performs comparably to other frailty measures in predicting adverse outcomes. Future
work should assess the performance of HFRS in comparison to other contemporary measures

of frailty in CVD cohorts in identifying high risk patients.
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Appendix 3. MEDLINE via EBSCO search strategy.

Search Query Results
S1 MH Cardiovascular diseases+ 2,654,667
S2 MH Cerebrovascular disorders+ 415,585
S3 MH Peripheral vascular diseases+ 57,271
S4 MH Heart disease risk factors+ 4,949
S5 MH Pulmonary embolism+ 42,580
S6 T1 CVD OR AB CVD 47,631
S7 TI (((Coronary OR Cardiovascular OR Ischaem* OR Ischem* 571,081
OR Heart OR Myocard* OR Cerebrovascular OR peripheral) N2
(Disease* OR condition* OR disorder*))) OR AB (((Coronary OR
Cardiovascular OR Ischaem* OR Ischem* OR Heart OR Myocard*
OR Cerebrovascular OR peripheral) N2 (Disease*)
S8 T1 Atherosclero* OR AB Atherosclero* 166,821
S9 T1 Arrythmia* OR AB Arrythmia* 924
S10 TI (((Atrial OR Venric*) N2 (Flutter* or Fib*))) OR AB (((Atrial 88,985
OR Venric*) N2 (Flutter* or Fib*)))
S11 T1 Arterio* OR AB Arterio* 135,877
S12 Tl (((Heart* OR cardiac* OR myocard*) N2 (failure OR 218,221
insufficien*))) OR AB (((Heart* OR cardiac* OR myocard*) N2
(failure OR insufficien*)))
S13 T1 CCF OR AB CCF 2,046
S14 T1 CHF OR AB CHF 15,455
S15 Tl (((myocard* OR heart* OR cardiac*) N2 (infarct* OR attack* 281,950
OR arrest* OR sudden))) OR AB (((myocard* OR heart* OR
cardiac*) N2 (infarct* OR attack* OR arrest* OR sudden)) )
S16 T1IHD OR AB IHD 6,532
S17 Tl (Cerebrovascular N2 (incident* OR accident*)) OR AB 7,898
(Cerebrovascular N2 (incident* OR accident™))
S18 TICVA OR AB CVA 3,301
S19 TI CVI OR AB CVI 3,386
S20 Tl (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol* OR 163,207
Thromb*))) OR AB (((Pulm* OR Venous OR Vein OR Art*) N2
(Embol* OR Thromb*)))
S21 T1 Claudica* OR AB Claudica* 11,703
S22 Tl (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR 19,914
Ischem*))) OR AB (((Peripheral OR Limb OR Vascular) N2
(Ischaem* OR Ischem¥*)))
S23 TI1 Stroke* OR AB Stroke* 295,706
S24 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR 3,149,197
S100OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR
S18 OR S19 OR S20 OR S21 OR S22 OR S23
S25 MM Frailty 6,817
S26 AB Frail* OR TI Frail* 30,965
S27 AB “HFRS” OR TI “HFRS” 1,558
S28 AB HFRS OR TI HFRS 2,594
S29 AB Gilbert* N2 Score OR TI Gilbert* N2 Score 28
S30 S25 OR S26 OR S27 OR S28 OR S29 33,796
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S31 MH Animals+ 25,862,539
S32 MH Humans 20,806,911
S33 S31 NOT S32 5,055,637
S34 S24 AND S30 5,281
S35 S34 NOT S33 5,241
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Appendix 4. EMBASE via EBSCO search strategy.

Search Query Results
S1 Cardiovascular disease.sh. 320,495
S2 Cerebrovascular disease.sh. 64,373
S3 Peripheral vascular disease.sh. 24,071
S4 Pulmonary embolism.sh. 520
S5 CVD.ab. or CVD:.ti. 71,302
S6 ((Coronary or Cardiovascular or Ischaem* or Ischem* or Heart or 781,524
Myocard* or Cerebrovascular or peripheral) adj2 (Disease* or
condiMon* or disorder*)). ab. or ((Coronary or Cardiovascular or
Ischaem* or Ischem* or Heart or Myocard* or Cerebrovascular or
peripheral) adj2 (Disease* or condiMon* or disorder®)).ti.
S7 Atherosclero*. ab. or Atherosclero* ti. 231,281
S8 Arrythmia*. ab. or Arrythmia*.ti. 2,312
S9 ((Atrial or Venric*) adj2 (Flutter* or Fib*)). ab. or ((Atrial or Venric*) 157,831
adj2 (Flutter* or Fib*)).ti.
S10 Arterio*. ab. or Arterio*.ti. 164,100
S11 ((Heart* or cardiac* or myocard*) adj2 (failure or insufficien*)). ab. 351,630
or ((Heart* or cardiac* or myocard*) adj2 (failure or insufficien*)).M.
S12 CCF.ab. or CCF-ti. 2,992
S13 CHF.ab. or CHF.ti. 29,241
S14 ((myocard* or heart* or cardiac*) adj2 (infarct* or attack™ or arrest* 407,141
or sudden)). ab. or ((myocard* or heart* or cardiac*) adj2 (infarct* or
attack™ or arrest* or sudden)).ti.
S15 IHD.ab. or IHD.i. 10,558
S16 (Cerebrovascular adj2 (incident* or accident*)). ab. or 12,383
(Cerebrovascular adj2 (incident* or accident®)).ti.
S17 CVA.ab. or CVAUi. 7,627
S18 CVLl.ab. or CVLLi. 4,862
S19 ((Pulm* or Venous or Vein or Art*) adj2 (Embol* or Thromb*)).ab. 231,466
or ((Pulm* or Venous or Vein or Art*) adj2 (Embol* or Thromb*)).ti.
S20 Claudica*. ab. or Claudica*.ti. 16,243
S21 ((Peripheral or Limb or Vascular) adj2 (Ischaem* or Ischem*)). ab.or 24,808
((Peripheral or Limb or Vascular) adj2 (Ischaem* or Ischem*)).ti.
S22 Stroke*. ab. or Stroke*. M. 470,926
S23 lor2or3ordor5or6or7or8or9orl0orllorl2orl3orldor 2,383,521
150r160r17or18or 19 or 20 or 21 or 22
S24 Frailty.sh. 22,020
S25 Frail*. ab. or Frail*.ti. 47,608
S26 HFRS.ab. or HFRS. ti. 1,815
S27 ((Gilbert* adj2 Score). ab. or Gilbert*.mp.) adj2 Score.ti. 1
S28 24 or 25 or 26 or 27 52,275
S29 23 and 28 8,271
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Appendix 5. AMED via EBSCO search strategy.

Search Query Results
S1 T1 CVD OR AB CVD 211
S2 TI (((Coronary OR Cardiovascular OR Ischaem* OR Ischem* OR Heart

OR Myocard* OR Cerebrovascular OR peripheral) N2 (Disease*

OR condition* OR disorder*))) OR AB (((Coronary OR Cardiovascular

OR Ischaem* OR Ischem* OR Heart OR Myocard* OR Cerebrovascular

OR peripheral) N2 (Disease* OR condition* OR disorder*))) 3,666
S3 T1 Atherosclero* OR AB Atherosclero* 591
S4 T1 Arrythmia* OR AB Arrythmia* 6
S5 TI (((Atrial OR Venric*) N2 (Flutter* or Fib*))) OR AB (((Atrial OR

Venric*) N2 (Flutter* or Fib*))) 114
S6 T1 Arterio* OR AB Arterio* 251
S7 Tl (((Heart* OR cardiac* OR myocard*) N2 (failure OR insufficien*)))

OR AB (((Heart* OR cardiac* OR myocard*) N2 (failure OR

insufficien*))) 995
S8 T1 CCF OR AB CCF 16
S9 T1 CHF OR AB CHF 147
S10 Tl (((myocard* OR heart* OR cardiac*) N2 (infarct* OR attack* OR

arrest* OR sudden))) OR AB (((myocard* OR heart* OR cardiac*) N2

(infarct* OR attack* OR arrest* OR sudden))) 910
S11 T1IHD OR AB IHD 21
S12 Tl (Cerebrovascular N2 (incident* OR accident*)) OR AB 268

(Cerebrovascular N2 (incident* OR accident*))
S13 TICVA OR AB CVA 167
S14 TICVI OR AB CVI 26
S15 T1 (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol* OR Thromb¥*)))

OR AB (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol* OR

Thromb¥*))) 486
S16 T1 Claudica* OR AB Claudica* 166
S17 TI (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR Ischem*)))

OR AB (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR

Ischem*))) 82
S18 TI1 Stroke* OR AB Stroke* 9,787
S19 S1 OR S2 OR S30OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 15,913

OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
S20 TI Frail* OR AB Frail* 722
S21 TI “HFRS” OR AB “HFRS” 0
S22 T1 HFRS OR AB HFRS 4
S23 TI1 Gilbert* N2 Score AB Gilbert* N2 Score 0
S24 S20 OR S21 OR S22 OR S23 726
S25 S19 AND S24 43
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Appendix 6. CINAHLPIus via EBSCO strategy.

Search Query Results
S1 MH Cardiovascular diseases+ 671,466
S2 MH Cerebrovascular disorders+ 124,887
S3 MH Peripheral vascular diseases+ 19,821
S4 MH Heart disease risk factors+ 0
S5 MH Pulmonary embolism+ 10,961
S6 T1 CVD OR AB CVD 15,614
S7 TI (((Coronary OR Cardiovascular OR Ischaem* OR Ischem* 150,417
OR Heart OR Myocard* OR Cerebrovascular OR peripheral) N2
(Disease* OR condition* OR disorder*))) OR AB (((Coronary OR
Cardiovascular OR Ischaem* OR Ischem* OR Heart OR Myocard*
OR Cerebrovascular OR peripheral) N2 (Disease*
S8 T1 Atherosclero* OR AB Atherosclero* 29,485
S9 T1 Arrythmia* OR AB Arrythmia* 177
S10 TI (((Atrial OR Venric*) N2 (Flutter* or Fib*))) OR AB (((Atrial OR 35,805
Venric*) N2 (Flutter* or Fib*)))
S11 T1 Arterio* OR AB Arterio* 15,885
S12 Tl (((Heart* OR cardiac* OR myocard*) N2 (failure OR 65,092
insufficien*))) OR AB (((Heart* OR cardiac* OR myocard*) N2
(failure OR insufficien*)))
S13 T1 CCF OR AB CCF 307
S14 T1 CHF OR AB CHF 4,164
S15 TI (((myocard* OR heart* OR cardiac*) N2 (infarct* OR attack* OR 79,430
arrest* OR sudden))) OR AB (((myocard* OR heart* OR cardiac*)
N2 (infarct* OR attack* OR arrest* OR sudden)) )
S16 T1IHD OR AB IHD 1,238
S17 Tl (Cerebrovascular N2 (incident* OR accident*)) OR AB 2,178
(Cerebrovascular N2 (incident* OR accident™))
S18 TICVA OR AB CVA 1,062
S19 TI CVI OR AB CVI 1,326
S20 Tl (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol* OR  38.936
Thromb*))) OR AB (((Pulm* OR Venous OR Vein OR Art*) N2
(Embol* OR Thromb*)))
S21 T1 Claudica* OR AB Claudica* 2,328
S22 TI (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR Ischem¥*))) 3,691
OR AB (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR
Ischem*)))
S23 TI1 Stroke* OR AB Stroke* 112,028
S24 S1OR S20R S30R S40RS50R S6 ORS7ORS80ORS90OR S10 810,510
OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
OR S19 OR S20 OR S21 OR S22 OR S23
S25 MM Frailty 0
S26 AB Frail* OR TI Frail* 17,177
S27 AB “HFRS” OR TI “HFRS” 152
S28 AB HFRS OR TI HFRS 232
S29 AB Gilbert* N2 Score OR TI Gilbert* N2 Score 10
S30 S25 OR S26 OR S27 17,379
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OR S28 OR S29

S31 MH Animals+ 104,767
S32 MH Humans 2,620,373
S33 S31 NOT S32 95,315
S34 S24 AND S30 2,121
S35 S34 NOT S33 2,113
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Appendix 7. AgeLine via EBSCO search strategy.

Search Query Results
S1 AB CVD OR TI CVD 366
S2 AB (((Coronary OR Cardiovascular OR Ischaem* OR Ischem* OR 4,109
Heart OR Myocard* OR Cerebrovascular OR peripheral) N2 (Disease*
OR condition* OR disorder*))) OR TI (((Coronary OR Cardiovascular
OR Ischaem* OR Ischem* OR Heart OR Myocard* OR Cerebrovascular
OR peripheral) N2 (Disease* OR condition* OR disorder*)) )
S3 AB Atherosclero* OR TI Atherosclero* 351
S4 AB Arrythmia* OR TI Arrythmia* 0
S5 AB (((Atrial OR Venric*) N2 (Flutter* or Fib*))) OR 398
T1 (((Atrial OR Venric*) N2 (Flutter* or Fib*)))

S6 AB Arterio* OR TI Arterio* 117
S7 AB (((Heart* OR cardiac* OR myocard*) N2 (failure OR insufficien*))) 1,351
OR TI (((Heart* OR cardiac* OR myocard*) N2 (failure OR

insufficien*)))
S8 AB CCFOR TI CCF 6
S9 AB CHF OR TI CHF 156
S10 AB (((myocard* OR heart* OR cardiac*) N2 (infarct* OR attack* OR 1,076
arrest* OR sudden))) OR TI (((myocard* OR heart* OR cardiac*) N2
(infarct* OR attack* OR arrest* OR sudden)))
S11 AB IHD OR TI IHD 26
S12 AB (Cerebrovascular N2 (incident* OR accident*)) OR TI 106
(Cerebrovascular N2 (incident* OR accident™))
S13 AB CVA ORTICVA 33
S14 AB CVIORTI CVI 17
S15 AB (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol* OR 165
Thromb*))) OR TI (((Pulm* OR Venous OR Vein OR Art*) N2 (Embol*
OR Thromb*)))
S16 AB Claudica* OR TI Claudica* 32
S17 AB (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR Ischem*))) 51
OR TI (((Peripheral OR Limb OR Vascular) N2 (Ischaem* OR
Ischem*)))
S18 AB Stroke* OR TI Stroke* 3,555
S19 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7OR S8 OR S9 OR S10 8,836
OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
S20 AB Frail* OR TI Frail* 6,047
S21 AB “HFRS” OR TI “HFRS” 11
S22 AB HFRS OR Tl HFRS 15
S23 AB Gilbert* N2 Score OR TI Gilbert* N2 Score 0
S24 S20 OR S21 OR S22 OR S23 6,051
S25 S19 AND S24 400
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Appendix 8. Web of Science search strategy.

Search Query Results
S1 (TI=(CVvD)) OR AB=(CVD) 79,963
S2 (T1= (((Coronary OR Cardiovascular OR Ischaem* OR Ischem* OR

Heart OR Myocard* OR Cerebrovascular OR peripheral) NEAR/3

(Disease* OR condition* OR disorder*)))) OR AB= (((Coronary OR

Cardiovascular OR Ischaem* OR Ischem* OR Heart OR Myocard*

OR Cerebrovascular OR peripheral) NEAR/3 (Disease* OR

condition* OR disorder*))) 559,607
S3 (TI1=(Atherosclero*)) OR AB=(Atherosclero*) 170,168
S4 (TI=(Arrythmia*)) OR AB=(Arrythmia*) 922
S5 (T1=(Arterio*)) OR AB=(Arterio*) 103,870
S6 (TI= (((Atrial OR Venric*) NEAR/3 (Flutter* or Fib*)))) OR AB=

(((Atrial OR Venric*) NEAR/3 (Flutter* or Fib*))) 101,023
S7 (TI= (((Heart* OR cardiac* OR myocard*) NEAR/3 (failure OR

insufficien*)))) OR AB= (((Heart* OR cardiac* OR myocard*)

NEAR/3 (failure OR insufficien*))) 23,5865
S8 (T1=(CCF)) OR AB=(CCF) 3,737
S9 (T1=(CHF)) OR AB=(CHF) 18,160
S10 (AB= (((myocard* OR heart* OR cardiac*) NEAR/3 (infarct* OR

attack* OR arrest* OR sudden)))) OR TI= (((myocard* OR heart* OR

cardiac*) NEAR/3 (infarct* OR attack* OR arrest* OR sudden))) 280,921
S11 (Tl1= (IHD)) OR AB= (IHD) 5,383
S12 (AB= (Cerebrovascular NEAR/3 (incident* OR accident*))) OR TI=

(Cerebrovascular NEAR/3 (incident* OR accident*)) 6,265
S13 (TI=(CVA)) OR AB=(CVA) 4,046
S14 (T1=(CVI1) OR AB=(CVI) 5,488
S15 (AB= (((Pulm* OR Venous OR Vein OR Art*) NEAR/3 (Embol* OR

Thromb*)))) OR AB= (((Pulm* OR Venous OR Vein OR Art*)

NEAR/3 (Embol* OR Thromb*))) 109,731
S16 (AB=(Claudica*)) OR AB=(Claudica*) 7,843
S17 (AB= (((Peripheral OR Limb OR Vascular) NEAR/3 (Ischaem* OR

Ischem*)))) OR AB=(((Peripheral OR Limb OR Vascular) NEAR/3

(Ischaem* OR Ischem*))) 16,687
S18 (AB=(Stroke*)) OR TI=(Stroke*) 350,533
S19 #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 OR #11 OR

#10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR#3 OR #2 OR #1 1,642,104
S20 (T1=(Frail*)) OR AB=(Frail*) 36,408
S21 (AB=(“HFRS”)) OR TI=(“HFRS”) 1,337
S22 (AB=(HFRS)) OR TI=(HFRS) 1,337
S23 (T1= (Gilbert* NEAR/3 Score)) OR AB=(Gilbert* NEAR/3 Score ) 44
S24 #23 OR #22 OR #21 OR #20 37,720
S25 #24 AND #19 3,915
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Appendix 9. Data elements of the National Emergency Department Sample relevant to the

dataset period, from HCUP.

Data Title Years
Age in years at admission 2006-2020
Admission month 2006-2020
Admission day is on a weekend 2006-2020
Elixhauser Comorbidity Measure Refined for ICD-10-CM diagnosis codes ~ 2019-2020
Version of the Elixhauser Comorbidity Measure Refined for ICD-10-CM  2019-2020
diagnosis codes
Clinical Classifications Software (CCS): services and procedures  2008-2020
classification
CPT-4/HCPCS procedures 2006-2020
Died in the ED, died in the hospital, or did not die 2006-2020
Weight to discharges in the universe 2006-2020
Disposition from ED 2006-2020
Disposition from inpatient discharge record 2006-2020
Discharge quarter 2006-2020
DRG in use on discharge date 2006-2020
DRG in use on discharge date, calculated without POA 2008-2020
DRG or MS-DRG grouper version used on discharge date 2006-2020
Clinical Classifications Software Refined (CCSR): ICD-10-CM Diagnosis ~ 2018-2020
Classification within Body System AAA
Default Clinical Classifications Software Refined (CCSR) for  2018-2020
principal/first-listed ICD-10-CM diagnosis
Version of the Clinical Classifications Software Refined (CCSR) for ICD- ~ 2018-2020
10-CM diagnosis codes
Type of ED event 2006-2020
Indicator of sex 2006-2020
Source of HCUP Record (SID or SEDD) 2006-2020
Control/ownership of hospital 2006-2020
HCUP ED hospital identifier 2006-2020
Region of hospital 2006-2020
Hospital trauma level designation 2006-2020
Teaching status of hospital 2006-2020
Hospital urban-rural designation 2006-2020
Weight to hospitals in the universe 2006-2020
ICD-10-CM Diagnosis 2015-2020
ICD-10-CM External Cause of Morbidity Code 2015-2016
Injury ICD-10-CM diagnosis reported on record 2017-2020
Mechanism of injury: cut or pierce 2018-2020
Mechanism of injury: drowning or submersion 2018-2020
Mechanism of injury: fall 2018-2020
Mechanism of injury: fire, flame, hot object, or hot substance 2018-2020
Mechanism of injury: firearm 2018-2020
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Mechanism of injury: machinery 2018-2020
Mechanism of injury: motor vehicle traffic, including the occupant of a car, 2018-2020
motorcyclist, pedal cyclist, pedestrian, other, or unspecified

Mechanism of injury: natural or environmental, including venomous and  2018-2020
nonvenomous bites and stings

Mechanism of injury: overexertion 2018-2020
Mechanism of injury: poisoning, including drugs and nondrugs 2018-2020
Mechanism of injury struck by or against 2018-2020
Mechanism of injury: suffocation 2018-2020
Intent of injury: assault 2018-2020
Intent of injury: intentional self-harm 2018-2020
Intent of injury: unintentional 2018-2020
Multiple ICD-10-CM injuries reported on record 2017-2020
Number of ICD-10-CM diagnoses on this discharge 2015-2020
Number of ICD-10-CM External Cause of Morbidity codes on this record 2015-2016
Number of procedures on the ED admission record 2015-2020
ICD-10-PCS procedure code 2015-2020
HCUP NEDS record identifier 2006-2020
Length of stay for inpatient stay 2006-2020
MDC in effect on discharge date 2006-2020
MDC in use on discharge date, calculated without POA 2009-2020
Number of universe discharges in the stratum 2006-2020
Number of universe hospitals in the stratum 2006-2020
Number of CPT/HCPCS procedures for this discharge 2006-2020
Stratum used to sample hospital 2006-2020
Expected primary payer, uniform 2006-2020
Expected secondary payer, uniform 2006-2020
Procedure Classes Refined for ICD-10-PCS procedure codes 2019-2020
Version of the Procedure Classes Refined for ICD-10-PCS procedure codes  2019-2020
Patient Location: NCHS Urban-Rural Code 2013-2020
Clinical Classifications Software Refined (CCSR): ICD-10-PCS Procedure ~ 2019-2020
Classification within Clinical Domain aaa

Version of the Clinical Classifications Software Refined (CCSR) for ICD-  2019-2020
10-PCS procedure codes

Race/ethnicity of patient 2019-2020
Number of discharges in the sample for the stratum 2006-2020
Number of hospitals in the sample for the stratum 2006-2020
Total number of ED visits from this hospital in the NEDS 2006-2020
Total charge for ED services 2006-2020
Total charge for ED and inpatient services 2006-2020
Calendar year 2006-2020
Median household income for patient's ZIP Code (based on current year) 2006-2020
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Appendix 10. Data elements of the National Inpatient Sample relevant to the dataset period,

from HCUP.
Data Title Years
Age in years at admission 1988-2020
Neonatal age (first 28 days after birth) indicator 2012-2020
Admission month 1988-2020
All Patient Refined DRG 2002-2020
All Patient Refined DRG: Risk of Mortality Subclass 2002-2020
All Patient Refined DRG: Severity of IlIness Subclass 2002-2020
Admission day is on a weekend 1998-2020
Elixhauser Comorbidity Measure Refined for ICD-10-CM diagnosis codes ~ 2019-2020
Version of the Elixhauser Comorbidity Measure Refined for ICD-10-CM  2019-2020
diagnosis codes
Died during hospitalisation 1988-2020
Weight to discharges in the universe 1998-2020
Disposition of patient, uniform coding 1998-2020
Discharge quarter 1988-2020
Discharge quarter, as received from data source 2006-2011
DRG in use on discharge date 1988-2020
DRG in use on discharge date, calculated without POA 2008-2020
DRG or MS-DRG grouper version used on discharge date 1988-2020
Disease Staging: Principal Disease Category 2002-2010
Default Clinical Classifications Software Refined (CCSR) for  2018-2020
principal/first-listed ICD-10-CM diagnosis
Version of the Clinical Classifications Software Refined (CCSR) for ICD-  2018-2020
10-CM diagnosis codes
Clinical Classifications Software Refined (CCSR): ICD-10-CM Diagnosis ~ 2018-2020
Classification within Body System AAA
Diagnosis codes ICD version indicator 2015-2017
Diagnosis validity flag: Diagnosis n 1988-1997
Elective versus non-elective admission 2002-2020
Indicator of sex 1998-2020
Control/ownership of hospital 2008-2020
HCUP indicator of emergency department record 2007-2020
Bed size of hospital 1998-2020
Control/ownership of hospital 1998-2011
Census Division of hospital (STRATA) 2012-2020
Location/teaching status of hospital 1998-2020
NIS hospital number 2012-2020
Region of hospital 1998-2020
ICD-10-CM Birth Indicator 2019-2020
ICD-10-CM Delivery Indicator 2019-2020
ICD-10-CM Diagnosis 2015 Q4,
2016-2020

ICD-10-CM External Cause of Morbidity Code

2015 Q4, 2016

Injury ICD-10-CM diagnosis reported on record 2019-2020

Multiple ICD-10-CM injuries reported on record 2019-2020

Number of ICD-10-CM diagnoses on this discharge 2015 Q4,
2016-2020
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Number of ICD-10-CM External Cause of Morbidity codes on this record

2015 Q4, 2016

Number of ICD-10-PCS procedures on this discharge 2015 Q4,
2016-2020
ICD-10-PCS Procedure 2015 Q4,
2016-2020
Service line based on ICD-10-CM/PCS codes 2019-2020
NIS record number 2012-2020
Length of stay, cleaned 1988-2020
MDC in effect on discharge date 1988-2020
MDC in use on discharge date, calculated without POA 2009-2020
Number of universe discharges in the stratum 1988-2020
Number of universe hospitals in the stratum 1988-2020
Stratum used to post-stratify hospital 1998-2020
Expected primary payer, uniform 1988-2020
Procedure Classes Refined for ICD-10-PCS procedure codes 2005-2015
Q3; 2019-
2020
Major operating room ICD-10-PCS procedure indicator 2019-2020
Version of the Procedure Classes Refined for ICD-10-PCS procedure codes ~ 2019-2020
Patient Location: NCHS Urban-Rural Code 2013-2020
Clinical Classifications Software Refined (CCSR): ICD-10-PCS Procedure ~ 2019-2020
Classification within Clinical Domain aaa
Version of the Clinical Classifications Software Refined (CCSR) for ICD-  2019-2020
10-PCS procedure codes
Number of days from admission to procedure n 1988-2020
Procedure codes ICD version indicator 2015-2017
Race/ethnicity of patient 1988-2020
Number of discharges in the sample for the stratum 1988-2020
Number of hospitals in the sample for the stratum 1988-2020
Synthetic primary surgeon number 1988-2000
Number of hospital discharges in the sample 1998-2020
Total charges, cleaned 1988-2020
Indicator of a transfer into the hospital 2008-2020
Transfer out indicator 2010-2020
Calendar year 1988-2020
Median household income for patient's ZIP Code (based on current year) 2003-2020

Abbreviations: ICD-10-CM — International Classification of Diseases-Tenth Edition-Clinical
Modification; ICD-10-PCS — International Classification of Diseases-Tenth Edition-Procedure

Coding System.
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Appendix 11. Paper in submission: A Retrospective Cohort Study about the Impact of Frailty
on Emergency Department Encounters for Cardiovascular Disease:.

Introduction

Frailty is a clinical syndrome with impairment of multiple organ systems, leading to an
increased vulnerability to stress, and is associated with an increased likelihood of adverse
outcomes across a broad range of clinical conditions [4]. The elderly population is growing,
and with it, the proportion of individuals living with frailty [3]. Frail patients have a greater
burden of cardiovascular disease (CVD) [13, 115] exhibiting a bidirectional relationship; CVD
IS associated with a three-fold increase in frailty, while frailty is independently associated with
increased mortality from CVD [16].

Different mechanisms link CVD and frailty, including chronic inflammation, common risk
factors and increased comorbidities [3, 21, 115]. Several studies have described the association
between CVD and frailty in the hospital inpatient setting [90, 102, 200]. However, there
remains little data on whether the type of CVD encounter varies by frailty status in the
Emergency Department (ED) setting. The outcomes of a patient presentation to the ED vary:
some presentations are resolved within the ED, including on-site treatment and discharge;
others are admitted for specialist inpatient hospital care; whilst others may result in death
during the encounter. Therefore, utilising data derived from inpatient hospital episodes alone
may not provide a full picture on the patterns of CVD encounters in secondary care amongst
patients with different frailty burden and their associated outcomes. It is important to gain
insight into patterns of acute CVD presentations amongst frail patients in the ED, as this would
allow ED services to meet the needs of the growing frail population.

Therefore, the aim of this study was to describe the relationship between frailty status on the
prevalence, clinical characteristics, causes, and outcomes of patients attending the ED with

CVD using a national dataset.
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Methods:

The National ED Sample (NEDS) was developed by the Healthcare Cost and Utilization
Project sponsored by the Agency for Healthcare Research and Quality[201]. The NEDS
provides accurate estimates of all hospital-owned ED encounters in the United States (US).
This includes 989 hospitals located in 40 states amounting to approximately 145 million ED
encounters. Patients demographics, outcomes, and comorbidities are all captured using
International Classification of Diseases, Tenth Revision (ICD-10) codes [201].

The Hospital Frailty Risk Score (HFRS) was developed by Gilbert et al. to assess the risk of
adverse outcomes in elderly patients using routinely collected healthcare data [10]. A cohort of
elderly patients admitted for diagnoses associated with frailty was identified using ICD-10
codes [10]. The HFRS was created using ICD-10 codes to group patients into low risk (HFRS
<5), intermediate risk (HFRS 5-15) and high risk (HFRS >15) [10]. The HFRS was validated
using a local and national cohort in the United Kingdom [10]. Each component of the HFRS
and the associated weighting is outlined in Appendix 1.

The ICD-10 codes were used to identify all adult discharge records with a principal diagnosis
of an acute CVD encounters between 2016 and 2018 (Supplementary Table 1). This sample
was filtered using ICD-10 codes into 7 selected CVD groups: acute myocardial infarction
(AMI), atrial fibrillation (AF), ischaemic stroke, heart failure (HF), pulmonary embolism (PE),
cardiac arrest and haemorrhagic stroke. The sample was then stratified according to their frailty
status measured by the HFRS into 3 groups: low risk (HFRS <5), intermediate risk (HFRS 5
to 15) and high risk (HFRS >15) as defined by Gilbert et al [10].

The outcomes of this study were first, to calculate the proportion of encounters stratified by
HFRS category (low, intermediate, and high), secondly, to examine discharge disposition
(admission, discharge, mortality), stratified by CVD diagnosis and HFRS category, and finally,

to determine the association between frailty, CVD and all-cause mortality in the ED.
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Cases were excluded due to missing data for the following variables: age, sex, elective
admission, ED mortality, primary expected payer, total ED and in-hospital charges and length
of stay (n=40,341 [0.19%]). As this is an observational study, it was appraised according to the
Strengthening The Reporting of OBservational Studies in Epidemiology (STROBE)
recommendations (Appendix 2) [176].

Continuous variables including age, length of stay and total charges were summarised using
median and interquartile ranges (IQR). Categorical variables were compared using the Chi-
squared (X?) test and summarised as percentages (%). Multivariable logistic regression was
performed to determine the adjusted odds ratios (aOR) for ED mortality. Results were
presented as aOR with 95% confidence intervals (CI) and determined significant at the level of
p<0.05. Regression was adjusted for the following variables: age, sex, weekend admission,
primary expected payer, median household income, hospital region and teaching status,
previous AMI, thrombocytopenia, dyslipidaemia, smoking, anaemias, coagulopathy, diabetes
mellitus, liver disease, malignancy, peripheral vascular disorders, chronic pulmonary disease
and chronic renal failure. All statistical analyses were weighted and performed using SPSS
version 27 (IBM Corp, Armonk, NY) [155].

This study did not require ethical approval. The NEDS is a publicly available national dataset

and does not contain any patient-identifiable information.

Results:

A total of 8,577,028 selected ED encounters for CVD, including AMI, acute ischaemic stroke,
AF, HF, PE, cardiac arrest and acute haemorrhagic stroke (Supplementary Figure 1) were
recorded between 2016 and 2018. Overall, 5,120,843 (59.7%) had a low HFRS of <5,
3,041,699 (35.5%) had an intermediate HFRS of 5-15 and 414,485 (4.8%) had a high HFRS

of >15 (Table 1).
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Patients with a high HFRS had a higher prevalence of comorbidities such as dyslipidaemia
(55.7%), thrombocytopaenia (6.1%), anaemia (25.0%), peripheral artery disease (3.5%) and
chronic renal failure (34.7%), compared to patients with a low and intermediate HFRS
(p<0.001 for all) (Table 1).

The most common cause of encounter was for AF (24.0%) followed by AMI (20.9%),
ischaemic stroke (19.4%), HF (17.3%), PE (7.3%), cardiac arrest (5.8%) and haemorrhagic
stroke (5.3%). The cohort admitted with ischaemic stroke had the highest proportion of patients
with a high HFRS (16.7%), followed by haemorrhagic stroke, AMI and HF (10.6%, 1.7% and
1.7%). The cohort admitted with ischaemic stroke had the highest proportion of patients with
an intermediate HFRS (57.5%), followed by haemorrhagic stroke (42.6%) and HF (40.5%).
The cohort admitted with cardiac arrest had the highest proportion of patients with a low HFRS
(89.1%), followed by AF (75.2%) and AMI (67.4%) (Figure 1 and Table 2).

Acute ischaemic stroke (66.9%) was the most common CVD encounter for the high HFRS
group, followed by haemorrhagic stroke (11.7%) and AMI (7.2%). Ischaemic stroke was also
the most common CVD encounter for the intermediate HFRS group (31.4%) followed by HF
(19.8%) and AMI (18.3%). The most common cause of CVD encounter in the low HFRS group
was AF (30.2%), followed by AMI (23.6%) and HF (16.8%) (Figure 2).

Patients admitted for AMI with a high HFRS were more likely to be older and female compared
to those with an intermediate or low HFRS. These patients were more comorbid with conditions
such as anaemia, thrombocytopaenia and peripheral vascular disorders compared to patients
with a low HFRS (p<0.001). Similar findings were observed amongst the ischaemic stroke,
HF, AF, and PE, cardiac arrest and haemorrhagic stroke cohorts (Supplementary Table 2-9).
Patients with a high HFRS were more likely to be admitted as an inpatient (98.3% vs. 87.9%
for intermediate HFRS and 47.2% for low HFRS), and less likely to be transferred to a short-

term hospital (0.5% vs. 3.6% for intermediate HFRS and 13.0% for low HFRS), discharged to
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home health care (0.2% vs. 0.6% for intermediate HFRS and 0.4% for low HFRS) and
discharged home (0.5% vs. 5.7% for intermediate HFRS and 28.4% for low HFRS)
(Supplementary Table 9).

Patients with a high HFRS generally had lower unadjusted rates of ED all-cause mortality
compared to their lower frailty counterparts (0.1% vs. 0.8% for intermediate HFRS group and
7.9% for low HFRS group, p<0.001). However, high HFRS was associated with increased rates
of overall mortality (ED and in-hospital combined mortality) (9.4% vs. 6.3% for intermediate
HFRS group and 8.7% for low HFRS group, p<0.001). This trend was observed across all CVD
admissions, with lower crude rates of ED all-cause mortality and increased rates of overall
mortality with increasing HFRS category (Table 2).

On adjustment for baseline covariates, the high HFRS group had an decreased odds of ED
mortality across all admission groups compared to their low frailty risk counterparts (p<0.001).
However, the high HFRS group had increased odds of overall (ED and in-hospital) all-cause
mortality across all admission groups compared to their low frailty risk counterparts (p<0.001).
When looking at the effect size, patients with high HFRS admitted for AF had the highest odds
of overall mortality (aOR 27.14 95% CI 25.03 to 29.43), compared to their low frailty risk
counterparts (Table 3 and Figure 3).

With HFRS modelled as a continuous variable, increased HFRS was associated with
significantly increased odds of hospitalisation and ED mortality across all selected CVD
admissions per 1-unit increased of the HFRS (all p<0.001) (Supplementary Table 10).
Discussion

To the best of our knowledge, this is the first national analysis to examine the prevalence,
clinical characteristics, cardiovascular phenotypes, and clinical outcomes of patients admitted
to ED with a broad range of CVD conditions based on their frailty status. We report several

important findings. Frailty is present in a significant proportion of CVD patients admitted to
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the ED, with distinct cardiovascular phenotypes according to frailty status. Of the selected
CVD diagnoses, ischaemic stroke was the most common encounter in the high HFRS group,
followed by haemorrhagic stroke and AMI. Cardiac arrest was the most common encounter for
the low HFRS group, followed by AF and AMI. Finally, higher frailty risk is associated with
lower ED mortality, but increased admission to hospital and increased overall mortality across
most CVD phenotypes [202-204].

Previous studies using frailty measures in general populations have estimated the prevalence
of frailty to be between 1% to 91%, whereas studies in CVD cohorts have estimated it to be
between 15% and 41% [16, 78]. This wide range in prevalence may relate to the heterogeneity
between frailty measures and heterogenous populations [160]. There are few studies that utilise
the HFRS and even fewer that use the HFRS in CVD cohorts, with most focusing on HF, acute
coronary syndrome (ACS) and post-procedural outcomes from percutaneous coronary
intervention or catheter ablation [89, 90, 95, 103]. One study used the HFRS in the ED cohort
of 12,237 patients [159]. Interestingly, 17.5% of these patients had a high HFRS, 47.9% had
an intermediate HFRS and 34.5% had a low HFRS. However, the study did not investigate
CVD specific encounters but rather evaluated all encounters, and only included patients aged
over 75 [159]. Elderly patients tend to be frailer, therefore the different distribution of HFRS
observed in our study may reflect that the non-age-restricted ED population admitted for CVD
is less frail.

We report variations in frailty status across the different CVD phenotypes. AF was a rare cause
of admission in the high HFRS group but interestingly was associated with the worst overall
prognosis when accounting for effect size. AF is associated with increasing age and
comorbidity burden and increases stroke risk [58, 162, 163]. Frailty is also linked to the
development of AF and it’s sequalae through changes in left atrial volume in the ageing heart

[162]. Frailty can be described as a relative contraindication to anticoagulation, depending on
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the extent of the patient’s frailty [165]. Therefore, highly frail patients are less likely to be
anticoagulated, leading to the occurrence of thrombo-embolic complications [165]. Ischaemic
stroke was the most common cause of encounter in the high and intermediate HFRS groups.
Similar to AF, stroke is considered a condition of older age, with 70% of strokes occurring
after the age of 65 [55]. There are no studies describing the prevalence of PE, cardiac arrest,
and haemorrhagic stroke stratified by the presence of frailty in the ED setting.

Interestingly, cardiac arrest and had a high proportion of patients at low or intermediate risk of
frailty. This could also be due to potential selection bias with only the most robust patients that
are frail surviving to hospital admission. Cardiac arrest was associated with decreased odds of
ED and overall mortality, which could be due to the inherent poor prognosis of the condition,
independent of frailty status [68, 69, 72].

Intermediate and high frailty risk was also highly prevalent amongst HF encounters. Previous
studies have investigated the prevalence of frailty using the HFRS and other risk scores [90,
102, 205, 206]. No studies have used the HFRS to study HF in the ED setting. In hospital
studies, the reported prevalence of intermediate and high HFRS in HF are variable [90, 102].
A HF study of a US cohort estimated the prevalence of intermediate and high HFRS to be
19.9% and 0.1% respectively which agreed with an Australian study which reported a similar
distribution and contrasts with another hospital study of Medicare beneficiaries who reported
a prevalence of 47.4% and 25.0% for intermediate and high HFRS respectively [90, 91, 102].
This further demonstrates that this ED cohort may represent a clinically different group to those
observed in hospital studies using the HFRS.

There are several important clinical implications of this study. Firstly, this study reaffirms
frailty represents a significant proportion of patients seen in ED, with over 40% of patients at
either intermediate or high risk of frailty. This outlines the importance of a frailty assessment

in the ED [169-171]. Frailty and CVD are closely related; the increasing age of the population
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and an improved survivorship of patients with acute and chronic CVD leads to the co-existence
of CVD and frailty [6, 17]. CVD and frailty share a bidirectional relationship, with frailty
associated with increased odds of CVD and vice-versa [16]. It is important to identify patients
at risk of frailty, for appropriate management to prevent adverse complications and improve
quality of life [172]. Moreover, frailty can be reversed, exemplifying the need for early
identification and optimisation of risk factors [173]. Secondly, the coexistence of frailty and
comorbidity among patients with CVD represents a challenge for healthcare services through
increased length of stay, total costs, readmissions and mortality. Knowledge of the trends and
outcomes of CVD in frail patients is important to deliver improved care for this at-risk group.
Finally, this study prompts the early recognition and management of CVD and frailty in the
community, which could have an impact on acute and unplanned encounters [174].

This study includes several limitations inherent to the NEDS database. Firstly, coded databases
are susceptible to selection bias due to missing data, miscoding, and misdiagnosis. Secondly,
given this is an observational study, confounding bias could not be eliminated despite the broad
range of conditions covered by the NEDS. Thirdly, useful clinical information that could
provide a more granular analysis such as race and pharmacological management of patients are
not available in the NEDS. Most notably, previous studies have demonstrated that race and
ethnicity are factors associated with inequality in access to care and increase risk of frailty
[121, 207]. Fourthly, this analysis was based on US data, which cannot be generalised to other
countries and health settings. Finally, detailed analysis of longitudinal outcomes could not be
assessed as the NEDS only captures ED and in-hospital outcomes only.

In conclusion, ED encounters for CVD vary by frailty status with ischaemic stroke being the
most common cause in high-risk patients, followed by haemorrhagic stroke and AMI, and
cardiac arrest is the most common encounter in low-risk patients, followed by AF and AMI.

Patient encounters for CVD in the ED have high frailty burden, which is associated with a
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worse prognosis, including the highest overall mortality in patients with high HFRS, across
most CVD phenotypes. Future studies are warranted to define the longitudinal association

between frailty and mortality in this setting.
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Appendix 12. STROBE (Strengthening The Reporting of OBservational Studies in

Epidemiology) Checklist.

Section/Topic

ltem
No

Recommendation

Title and abstract

(a) Indicate the study’s design with a commonly used term
in the title or the abstract

(b) Provide in the abstract an informative and balanced
summary of what was done and what was found

Background/rationale

Explain the scientific background and rationale for the
investigation being reported

Objectives

State specific objectives,
hypotheses

including any prespecified

Study design

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including
periods of recruitment, exposure, follow-up, and data
collection

Participants

(a) Cohort study—Give the eligibility criteria, and the
sources and methods of selection of participants. Describe
methods of follow-up

Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls.

Cross-sectional study—Give the eligibility criteria, and the
sources and methods of selection of participants

(b) Cohort study—For matched studies, give matching
criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching
criteria and the number of controls per case

Variables

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria,
if applicable

Data
sources/measurement

8*

For each variable of interest, give sources of data and details

of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group

Bias

Describe any efforts to address potential sources of bias

Study size

10

Explain how the study size was arrived at

Quantitative variables

11

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were
chosen and why

Statistical methods

12

(a) Describe all statistical methods, including those used to
control for confounding

(b) Describe any methods used to examine subgroups and
interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-
up was addressed
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Case-control study—If applicable, explain how matching of
cases and controls was addressed.

Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants

13*

(a) Report numbers of individuals at each stage of study—
eg numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing
follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data

14*

(@) Give characteristics of study participants (eg
demographic, clinical, social) and information on exposures
and potential confounders

(b) Indicate number of participants with missing data for
each variable of interest

(c) Cohort study—Summarise follow-up time (eg, average
and total amount)

Outcome data

15*

Cohort study—Report numbers of outcome events or
summary measures over time

Case-control study—Report numbers in each exposure
category, or summary measures of exposure

Cross-sectional study—Report numbers of outcome events
Or summary measures

Main results

16

(@) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision (eg, 95%
confidence interval). Make clear which confounders were
adjusted for and why they were included

(b) Report category boundaries when continuous variables
were categorized

(c) If relevant, consider translating estimates of relative risk
into absolute risk for a meaningful time period

Other analyses

17

Report other analyses done—eg analyses of subgroups and
interactions, and sensitivity analyses

Discussion

Key results

18

Summarise key results with reference to study objectives

Limitations

19

Discuss limitations of the study, taking into account sources
of potential bias or imprecision. Discuss both direction and
magnitude of any potential bias

Interpretation

20

Give a cautious overall interpretation of results considering
objectives, limitations, multiplicity of analyses, results from
similar studies, and other relevant evidence

Generalisability

Discuss the generalisability (external validity) of the study
results

Other Information

Funding

22

Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on
which the present article is based
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Appendix 13. Paper published in the American Journal of Cardiology: Association of Frailty
Status on the Causes and Outcomes of Patients Admitted with Cardiovascular Disease.

Introduction

Frailty is defined as an impairment of multiple systems resulting in an increased vulnerability
to stress, leading to an increased risk of adverse outcomes such as hospitalisations and
mortality, and is strongly associated with age [4]. With the growing numbers of the elderly
population, the proportion of individuals living with frailty in society and across healthcare
systems is increasing [3]. Similarly, the numbers of patients living with cardiovascular disease
(CVD) is increasing, particularly given an improved survivorship in patients with acute or
chronic CVD[157].

The relationship between frailty and CVD is bidirectional [20]. CVD is associated with a three-
fold increase in frailty and frailty is independently associated with an increased mortality from
CVD [21, 22]. A recent meta-analysis including 31,343 CVD patients reported that the
prevalence of frailty was 17.9% and was associated with an increased risk of heart failure
(HF)[16].

Previous studies have attempted to understand the underlying mechanisms linking older age
and adverse CVD outcomes, with common mechanisms implicated being inflammation,
concomitant risk factors and comorbidity burden [3]. However, there is little data investigating
whether CVD admissions vary by frailty status and whether frailty is associated with in-
hospital outcomes in patients admitted with acute CVD conditions. Knowledge on the specific
causes of CVD admissions and their outcomes in relation to frailty status is fundamental in
planning healthcare services around the growing needs of the population with frailty.
Therefore, the aim of this study was to describe the prevalence, clinical characteristics, and in-
hospital mortality of patients with the CVD admissions of interest based on their frailty status,
as measured by the Hospital Frailty Risk Score (HFRS).

Methods
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The National Inpatient Sample (NIS) is the largest available database of US hospitalisations
developed for the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency
for Healthcare Research and Quality (AHRQ) [142]. The NIS contains anonymised data on
diagnoses and procedures from over 7 million hospitalisations annually, representing a 20%
stratified sample of all discharges from US community hospitals, excluding rehabilitation and
long-term acute care hospitals [142].

The HFRS was developed by Gilbert et al. to establish whether elderly patients at risk of
adverse outcomes could be identified using routinely collected healthcare data [10]. Briefly, a
cohort of elderly (>74 years old) patients hospitalised with diagnoses associated with frailty
were identified [10]. The HFRS was then created by grouping the identified patients according
to their International Classification of Diseases 10" revision (ICD-10) codes into 3 groups:
low risk (HFRS <5), intermediate risk (HFRS 5-15) and high risk (HFRS >15) [10]. The score
was then validated using a local and national UK cohort [10]. Each component of the HFRS
and the associated weighting is outlined in Appendix 1.

Using ICD-10 codes (Supplementary Table 1), all adult discharge records with a principal
diagnosis of an acute CVD admission between October 2015 and December 2019 were
identified. This sample was further filtered by focusing on the 7 CVD admissions of interest:
acute myocardial infarction (AMI), atrial fibrillation/flutter (AF), ischaemic stroke, HF,
pulmonary embolism (PE), cardiac arrest and haemorrhagic stroke. The sample was further
stratified according to their frailty status measured by the HFRS into 3 groups: low risk (HFRS
<5), intermediate risk (HFRS 5 to 15) and high risk (HFRS >15) as defined by Gilbert et al
[10]. Cases were excluded due to missing data for the following variables: age, sex, elective
admission, in-hospital mortality, primary expected payer, total charges and length of stay.
These cases accounted for no more than 1.0% of the original dataset. Cases not pertaining to

one of the 7 diagnoses of interest were also excluded (Supplementary Figure 1). This
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observational study was appraised according to the Strengthening The Reporting of
OBservational Studies in Epidemiology (STROBE) recommendations (Appendix 2).
Continuous variables such as age, length of stay and total charges were summarised using
median and interquartile range (IQR). Categorical variables were compared using the Chi-
squared (X?) test and summarised as percentages (%). Multivariable logistic regression was
performed to determine the adjusted odds ratio (aOR) for all-cause mortality. Regression was
adjusted for the following variables: age, sex, race, weekend admission, primary expected
payer, median household income, bed size of hospital, region of hospital, location/teaching
status of hospital, smoking status, previous myocardial infarction, previous percutaneous
coronary intervention (PCI), previous coronary artery bypass graft (CABG), dyslipidaemia,
and Elixhauser comorbidities (anaemias, coagulopathy, diabetes mellitus, liver disease,
metastatic cancer, peripheral vascular disease and chronic renal failure). Results were presented
as adjusted odds ratios (aOR) with 95% confidence intervals (CI). Results were determined
significant at the level of p<0.05. All statistical analyses were weighted and performed using
SPSS version 27 (IBM Corp, Armonk, NY) [155].

Results

A total of 9,317,398 discharges had one of the 7 CVD diagnoses of interest (AMI, ischaemic
stroke, AF, HF, PE, and haemorrhagic stroke) (Supplementary Figure 1). Overall, 5,573,033
discharges (59.8%) had a HFRS of <5, 3,422,700 (36.7%) had a HFRS of 5-15 and 321,665
(3.5%) had a HFRS of >15 (Table 1).

Patients with a HFRS >15 were more likely to be older (median age 75 vs. 73 for HFRS 5-15
group and 68 for HFRS <5 group) and female (54.1% vs. 48.7% for HFRS 5-15 group and
43.0% for HFRS <5 group) and have a higher prevalence of hypertension, coagulopathy and

thrombocytopaenia, as well as a lower prevalence of previous AMI, previous PCI, previous
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CABG, HF and diabetes, compared to patients with a HFRS <5 and HFRS 5-15 (p<0.001 for
all) (Table 1).

The most common cause of admission was AMI (28.7%) followed by ischaemic stroke
(23.8%), AF (21.0%), HF (16.2%), haemorrhagic stroke (5.9%), PE (4.0%) and cardiac arrest
(0.4%). The cohort admitted with ischaemic stroke had the highest proportion of patients with
a HFRS >15 (10.8%), followed by haemorrhagic stroke and cardiac arrest (9.1% and 2.5%).
Similarly, cohorts admitted with cardiac arrest had the highest proportion of patients with a
HFRS 5-15 (70.4%), followed by ischaemic stroke and haemorrhagic stroke (66.9% and
54.9%). The cohort admitted with AF had the highest proportion of patients with a HFRS <5,
followed by AMI and PE (80.3% vs. 76.7% and 74.1%) (Figure 1).

The most common cause of CVD admission in the HFRS <5 cohort was AMI (36.9%),
followed by AF (28.2%) and HF (17.4%). Ischaemic stroke was the most common CVD
admission for the HFRS 5-15 (43.3%) followed by AMI (17.8%) and HF (15.6%). Similarly,
ischaemic stroke was the most common CVD admission for the HFRS of >15 (75.4%) groups
and followed by haemorrhagic stroke (15.5%) and AMI (4.3%) (Figure 2).

Patients with HFRS >15 had higher unadjusted rates of all-cause mortality compared to their
lower frailty counterparts (10.3% vs. 7.6 for HFRS 5-15 group and 2.2% for HFRS <5 group,
p<0.001). Increased unadjusted rates of all-cause mortality for high risk frailty patients was
also observed in patients admitted with AMI, ischaemic stroke, AF, HF and PE, but not for
patients admitted with cardiac arrest or haemorrhagic stroke (all p<0.001) (Table 2 and
Supplementary Figure 2).

On adjustment for baseline covariates, increasing frailty risk was associated increased odds of
all-cause mortality. Patients with a HFRS of 5-15 or HFRS >15 admitted for AF had the highest
odds of all-cause mortality (aOR 17.69, 95% CI 16.08 to 19.45 for HFRS >15 group, aOR 6.75,

95% CI 6.51 to 7.00 for HFRS 5-15 group). Increased odds of mortality were observed with
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worsening frailty status across a broad range of different CVD causes for admission. For HFRS
>15 group was associated with in an increased odds of mortality for patients admitted with
AMI, ischaemic stroke, HF, and PE admission diagnoses (p<0.001). Interestingly, a decreased
odds of mortality in the HFRS >15 group was observed in patients admitted for cardiac arrest
and haemorrhagic stroke only (aOR 0.46, 95% CI 0.39 to 0.55 for cardiac arrest patients with
a HFRS >15, aOR 0.86, 95% CI 0.83 to 0.88 for haemorrhagic stroke patients with a HFRS
>15) (Table 3 and Figure 3).

Discussion

This is the first study to examine the prevalence, clinical characteristics and in-hospital
mortality of patients admitted with a broad range of acute CV presentations on a nationwide
scale based on their frailty status. We report several important findings. Firstly, we report the
most common CVD admissions across frailty categories, with AMI being the most common in
patients with a low frailty score, and ischaemic stroke being the most common in patients with
an intermediate and high frailty score. Secondly, we report important frailty-based differences
in baseline characteristics across patients with different CVD admission diagnoses. Finally,
patients with an intermediate and high frailty score had increased all-cause mortality compared
with their counterparts with lower risk across most CVD admission diagnoses, except in
cardiac arrest and haemorrhagic stroke categories.

The association between frailty and CVD has been widely explored in the literature [3, 16, 20-
22]. Frailty has been shown to be a predictor of incident CVD [22, 158]. CVD is associated
with a three-fold increase in prevalent frailty, and frailty increases odds of CVD by 35% [22].
This relationship is believed to be due to similar underlying biological pathways [22]. Both
CVD and frailty share similar biomarkers such as interleukin 6, high levels of factor VIIl, d-
dimer, fibrinogen, and C-reactive protein [208-210]. The pathways in conjunction with low

physical activity and poor nutrition, could lead to decreased physiological reserves and
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increased susceptibility to stress, leading to frailty [177]. In addition, these factors can lead to
a pro-thrombotic state, and increased levels of inflammation, leading to increased risk of
cardiovascular events and adverse outcomes [208-210].

The HFRS was nationally validated using a cohort of over 1 million UK patients, of which
37.6% had an intermediate risk of frailty and 20% had a high risk of frailty [10]. In our cohort
of 9 million US patients hospitalised with CVD, there was a lower proportion of patients at
intermediate or high risk of frailty. The prevalence of frailty amongst overall CVD patients was
previously estimated between 15% and 19% [9, 16, 177], as well as up to 40.9% in studies
utilising HFRS [101, 102]. Variable prevalence of frailty in the literature could be partially
explained by differences in the cohorts studied, but also importantly differences in definitions
utilised and what is considered to represent frailty, with studies using definitions derived from
Rockwood et al., Fried et al. and Gill et al [9-11, 16, 211]. There is a challenge to defining
frailty as there is no standardised measurement, but HFRS represents a potentially
advantageous option due to its dependence on the widely available ICD coding system [178].
The HFRS follows the deficit model (combining impairments) and has been validated against
the Rockwood and Fried scores, however it can be quite challenging for clinicians to calculate
due to lack of automated computation [90]. Similar to other studies, we observed that patients
with increasing frailty are likely to be older, female, have longer hospital stays and total costs
[3, 10, 16, 21, 90, 102].

This study found important variations in frailty status across different CVD admissions.
Amongst patients with intermediate or high frailty risk, the most prevalent CVD admission was
acute ischaemic stroke. This is may be explained by the inclusion of the sequelae of stroke in
the HFRS, but other contributors such as older age, which increases the risk of both stroke and
frailty, with 70% of strokes occurring after the age of 65, are also important [55]. AF has been

reported to be prevalent in 15% of the frail population, although we report an interesting pattern
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of decreasing proportion of AF admission with increasing frailty [164]. Again, this could be
mediated by varying definitions of frailty as the previous study used scores devised by Fried et
al. and Rockwood et al. [164]. Studies using the HFRS demonstrated a similar distribution of
frailty status to this study among patients with AF, with most patients at low risk of frailty, and
only a small percentage at high risk of frailty [179]. This study shows admission for HF
decreases with increasing frailty yet is still common with over 3 in 10 patients admitted with
HF at intermediate or high risk of frailty. Our findings are supported by other studies that show
intermediate or high risk of frailty is present in up to 1 in 5 hospitalised HF patients and is
associated with a longer length of stay and increased total charges [90, 103]. This could be
explained by an increased number of comorbidities in the HF population, with a high
prevalence of dyslipidaemia, anaemia and hypertension [90]. This agrees with multiple studies
that demonstrate patients with increased HFRS have higher Charlson comorbidity score, in line
with the HFRS being based on the total comorbidity burden of patients [10, 90, 102]. There are
no studies describing the prevalence of PE, cardiac arrest, and haemorrhagic stroke among
hospitalised frail patients.

Interestingly, AF was a rare cause of admission in the high-risk group but was associated with
the worst prognosis in these patients. The association between AF and mortality has been
reported in multiple studies, as the prevalence of AF increases with age, comorbidity burden,
and increases the risk of stroke and its associated complications [162, 163]. Studies have
suggested that patients with frailty also have a larger left atrial volume, which is one of the
main cardiac abnormalities linked to the development of AF and systolic dysfunction [180].
Furthermore, patients with incident AF are commonly anticoagulated, which increases risk of
bleeding and further complications such as haemorrhage [162]. However, studies report that
AF patients with increasing frailty are less likely to be treated with oral anticoagulants, which

can lead to increased likelihood of downstream thrombotic events and poorer outcomes [179,
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180]. We report that HF was independently associated with higher odds of mortality with
increasing frailty, as seen in other studies [90, 103]. Our findings of cardiac arrest and
haemorrhagic stroke, whilst different to the other CVD admissions of interest, could have
several explanations. These conditions have substantial mortality per se with little modification
by HFRS. This analysis encompassed only patients that were admitted due to cardiac arrest
leading to potential selection bias, and so it is possible that many of the frail patients did not
survive to admission and only ones with the most favourable prognosis survived to admission.
It is possible that the poor outcomes in these patient groups occur independent of frailty status
[69, 183].

There are important clinical implications of this study. This study demonstrates that patients
with intermediate to high frailty risk represent a substantial portion of population admitted for
CVD and raises the importance of frailty assessment by cardiologists. A co-existence of frailty
and CVD is becoming even more important due to an aging population with higher morbidity
burden. Frail patients admitted with CVVD have higher mortality rates and burden the healthcare
system, and knowledge of the trends in CVD admission is fundamental to improve the
outcomes of this clinically at-risk population. This study may support the early identification
and management of CVD in frail patients, particular in primary care, although whether this
would impact on acute admissions is unknown.

This study has several limitations inherent to the use of the NIS database. Firstly, coded data
for the NIS could be subject to selection bias due to inaccurate coding or missing data.
Secondly, detailed clinical information such as pharmacological treatment that can mediate
outcomes could not be investigated due to their lack of availability with the NIS. The impact
of differential pharmacological management in the frail population on outcomes may be an
area for further research. Thirdly, as this is an observational study, confounding bias could not

be fully eliminated despite the broad scope of conditions covered by the NIS, and therefore
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causality between frailty, CVD admission and mortality cannot be proven. Finally, the NIS
only captures information on in-hospital events and therefore, more detailed analysis of
longitudinal outcomes could not be assessed [184].

In conclusion, the causes of CVD admission vary with frailty status with AMI being the most
common in patients with a low risk of frailty, whereas ischaemic stroke being most common
in patients with intermediate or high risk of frailty. Increasing frailty in patients admitted for
AMI, ischaemic stroke, AF, HF and PE is associated with an increased all-cause mortality.
Future, more granular studies are necessary to guide care and improve the CVD outcomes in

frail patients in an ever-aging population.
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