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English Abstract

Background: As heart failure (HF) incidence increases with aging, geriatric conditions must be
taken into account in the evaluation of frailty in HF patients. Cognitive impairment (CI) is one of
the most common co-occurring conditions among older adults with HF however, the place of
cognitive impairment in a definition of frailty has been widely debated. Currently, there is no
consensus on which screening tool is most appropriate to assess for cognitive impairment in HF
patients and there is a lack of understanding on how cognition impacts adverse health outcomes in

this population.

Objectives: The aim of this study was to determine the prevalence of cognitive impairment among
community-dwelling older adults with HF and to investigate role cognition plays in predicting

adverse health outcomes in HF patients.

Methods: This study is a cross-sectional sub-study of the FRAILTY-HF study, a prospective,
multicentre, observational cohort study initiated at four heart failure clinics (Jewish General
Hospital, Royal Victoria Hospital, St-Mary’s Hospital and Cité-de-la-Sant¢). Older adults >60
years with a clinical diagnosis of HF were enrolled and underwent a comprehensive frailty
assessment. Minor neurocognitive disorder (minor NCD) was classified as a Mini-Cog score <3/5.
A total score of <8/12 on the Short Physical Performance Battery (SPPB) was required for a
diagnosis of physical frailty. Incident disability was defined as institutionalization or >2 new
deficits in basic and instrumental activities of daily living (ADL and IADL), as captured by the
Older American Resources and Services (OARS) tool, a multidimensional questionnaire that
permits assessment of an individuals’ functioning. Worsening disability was defined as a positive

change in disability score at 3 months from baseline. Linear regression was used to determine if



cognitive impairment is predictive of worsening disability. Multivariable logistic regression
modeling was used to determine the impact of cognitive impairment and physical frailty on all-

cause mortality or hospitalization, adjusting for covariates.

Results: The final cohort consisted of 222 patients with a mean age of 77.5 + 8.1 years and was
35% female. The prevalence of minor NCD was 32%, in which individuals with minor NCD
exhibited worsening disability at 3 months. Cognitive impairment was not associated with death
or readmissions at 3 months however, physical frailty score was highly predictive of death and

hospitalization at 3 months.

Conclusion: The Mini-Cog proves to be a useful screening tool in identifying HF patients with
minor NCD and an abnormal Mini-Cog score is predictive of worsening disability at 3 months.
The Mini-Cog can serve as a brief and effective method for clinicians to screen for the specific
cognitive profile seen in HF patients and can help to identify patients at higher risk of adverse

health outcomes.



French Abstract

Introduction: A mesure que I’incidence de I’insuffisance cardiaque (IC) augmente avec le
vieillissement, les conditions gériatriques doivent étre prises en compte dans 1’évaluation de la
fragilité chez les patients atteints d’IC. Le déclin cognitif est I’une des affections concomitantes
les plus courantes chez les personnes agées atteintes d’IC, mais la place de déclin cognitif dans la
définition de la fragilité fait 1’objet d’un large débat. A I’heure actuelle, il n’y a pas de consensus
sur I’outil de dépistage le plus appropri¢ pour évaluer le déclin cognitif chez les patients atteints
d’IC, et I’on comprend mal 1I’impact de la cognition sur les effets négatifs pour la santé de cette

population.

Objectifs: La présente étude a pour but de déterminer la prévalence de déclin cognitif chez les
personnes agées souffrant d’IC qui vivent en collectivité et de cerner le réle de la cognition dans

la prédiction des effets négatifs sur la santé des patients atteints d’insuffisance cardiaque.

Méthodes: Cette étude est une sous-étude transversale de 1’étude FRAILTY-HF, une étude de
cohorte prospective, multicentrique et observationnelle lancée dans quatre cliniques d’insuffisance
cardiaque (Hopital Général Juif, Hopital Royal Victoria, Hopital St-Mary’s et la Cité-de-la-
Sant¢). Nous avons inscrit des adultes agés de plus de 60 ans ayant recu un diagnostic clinique
d’IC et les avons soumis a une évaluation exhaustive de la fragilité. Le déclin cognitif s’est vue
attribuer une note Mini-Cog <3/5. Il fallait une note totale de <8/12 sur la Batterie de Performance
Physique Courte (SPPB) pour obtenir un diagnostic de fragilit¢ physique. L’aggravation
de I’incapacité a été définie comme institutionnalisation ou >2 nouveaux déficits dans les activités

de base et instrumentales de la vie quotidienne, tel que capturé par 1’outil “Older American



Resources and Services” (OARS), un questionnaire multidimensionnel qui permet d’évaluer le
fonctionnement d’un individu. Nous avons utilisé une régression linéaire pour déterminer si la DC
est prédictive de l’aggravation de I’incapacité. Une modélisation de régression logistique
multivariable a été effectuée pour définir I’'impact de déclin cognitif et la fragilité¢ physique sur la

mortalité ou I’hospitalisation, toutes causes confondues, en tenant compte des covariables.

Résultats: La cohorte finale était composée de 222 patients agés en moyenne de 77.5 = 8.1 ans,
dont 35% ¢étaient des femmes. La prévalence de déclin cognitif était de 32%, les personnes atteintes
de déclin cognitif présentant une incapacité qui s’aggravait au bout de 3 mois. Le déclin cognitif
n’était pas associée aux réadmissions a 3 mois, mais le score de fragilit¢ physique était

considérablement prédictif de I’hospitalisation a 3 mois.

Conclusion: La Mini-Cog s’avere un outil de dépistage utile pour identifier les patients ayant un
déclin cognitif et une Mini-Cog faible peut prédire I’aggravation de I’incapacité a 3 mois. Les
cliniciens peuvent s’en servir comme méthode bréve et efficace de dépistage du profil cognitif
spécifique observé chez les patients atteints d’insuffisance cardiaque et peut aider a identifier les

patients présentant un risque plus élevé d’effets négatifs pour la santé.
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CHAPTER 1: THESIS INTRODUCTION

The global aging population heralds an increase in age-related illnesses such as frailty and
cognitive decline which pose a serious challenge to the healthcare, economic and social systems.
As heart failure incidence increases with aging, geriatric conditions must be taken into account in
the evaluation of HF patients. Frail older adults experience decline in reserve and function in one
or more domains (physical, cognitive, social) and are more vulnerable to poor outcomes such as
increased risk of hospitalization, institutionalization and death'. Studies show that cognitive
impairment (CI) is one of the most common co-occurring conditions among older adults people
with HF, with prevalence ranging from 25% to 75%?2. As such, a better understanding of the
relationship between frailty and cognitive impairment will be needed to move forward if we are to
effectively manage and prevent these conditions.

The place of cognitive impairment in a definition of frailty has been widely debated.
Cognitive impairment is the decline of intellectual functions such as thinking, remembering,
reasoning and planning?. It is common among older people but the effects range from minor forms
of forgetfulness to severe and debilitating major neurocognitive disorder (major NCD). Minor
neurocognitive disorder (minor NCD) is a term used to define a state of cognitive decline that is
not accompanied by any significant functional disability>. It has a high rate of progression to all
types of major NCD in which severe cognitive impairment is accompanied by increasing physical
decline, eventually leading to full physical dependency.

The growing body of scientific evidence on the association between the physical frailty
syndrome and cognitive impairment has led to the emergence of the term “cognitive frailty”.

Researchers highlight the importance of assessing both physical and cognitive function in older
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adults for the planning of timely interventions and state that the inclusion of cognitive measures in
the assessment of frailty can improve the predictive validity of the phenotype regarding adverse

health outcomes in this population®.

The purpose of this thesis was to conduct a literature review on the current understanding
of cognitive impairment in HF and to investigate the link between physical frailty and cognition.
Additionally, the objective was to perform a prospective cohort study and present the manuscript
titled “Cognitive impairment in older adults with heart failure: prevalence and impact on
outcomes”’, which explores the prevalence of minor NCD in HF patients and its impact on adverse
health outcomes. Lastly, the thesis conclusion summarizes the main findings of the study, the

clinical relevance and future implications related to the field of cognition in HF.
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CHAPTER 2: LITERATURE REVIEW

Defining heart failure

Heart failure is a complex clinical syndrome in which abnormal heart function impairs the
heart’s ability to pump enough blood to meet the body’s metabolic needs. In addition to its major
economic burden, heart disease remains one of the leading causes of deaths worldwide and more
than 600 000 Canadians are currently diagnosed with HFS. Due to a reduction in cardiac output
and inefficient venous return, the weakened heart cannot deliver oxygen and nutrient-rich blood
to the body’s cells, which is essential for normal functioning. This results in symptoms such as
fatigue, shortness of breath (dyspnea), lower extremity edema, coughing and palpitations.
Everyday activities such as walking, climbing stairs or carrying grocery bags can become difficult.
The New York Heart Association (NYHA) functional classification is commonly used to describe
the severity of HF symptoms, classifying patients into 4 groups based on their functional
limitations (Table 1)’. HF is classified based on ejection fraction (EF) which is the percentage of
blood ejected with each heartbeat. Heart failure with reduced ejection fraction (HFrEF) defines
HF with an EF of <40% while HF with preserved ejection fraction (HFpEF) defines HF with an

EF of >50%?.
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Class

Symptoms

I (mild) No limitation of physical activity. Ordinary physical activity does not cause
symptoms (angina, breathlessness, palpitation or fatigue). Extra-ordinary activity
may results in symptoms.

II (mild) Slight limitation of physical activity. Patients are comfortable at rest. Ordinary

activity may results in symptoms.

III (moderate)

Marked limitation of physical activity without symptoms. Although patients are
comfortable at rest, less than ordinary activity will lead to symptoms.

IV (severe)

Inability to carry out any physical activity without symptoms. Symptoms are
present at rest.

Table 1: NYHA Classification’

Frailty Overview

Definitions of frailty

Frailty is defined as an aging-related syndrome, characterized by decreasing physiological

reserve and predisposition to increased vulnerability to adverse health outcomes. Most of the

available definitions have privileged the physical dimension of the frailty syndrome, mostly

relying on signs and symptoms like weight loss, muscle weakness, slow gait speed and sedentary

behavior. Fried’s model describes a wasting syndrome, with weight loss and negative energy

balance as important elements and does not include cognitive function in its definition’, the Short

Physical Performance Battery (SPPB) objectively assesses physical function using three categories:

gait speed, balance, and lower body strength!?, whereas Rockwood’s model allows poor cognition

to be included as one of the possible deficits'!.

Moreover, to date despite the ongoing research into frailty there has been no definitive

consensus regarding the definition of frailty. There are currently two major concepts of frailty:
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e Deficit-driven frailty: the more clinical deficits accumulated the more likely the patient is
to be frail. This was operationalized by Rockwood et al as the Frailty Index (FI)!2.
e Phenotypic frailty: Fried et al operationalized frailty as a biological syndrome where

declines in specific physiological systems are assumed to be part of the etiology of frailty®.

Frailty in heart failure

Frailty is particularly important for older adults with HF since these patients experience
multisystem dysfunction including high comorbidity burden, hormonal dysregulation, accelerated
muscle loss and systemic inflammation!®. There is significant overlap in the underlying
pathological mechanisms of heart failure and frailty. Frailty has been associated with chronic
inflammation and increased inflammatory cytokines, such as C-reactive protein, tumor necrosis

factor—alpha (TNFa), interleukin-6 (IL-6) and fibrinogen'#!5.

Symptoms of heart failure, such as dyspnea, fatigue, and muscle loss, mirror components
that occur with frailty. Patients with HF are therefore being predisposed to a state of heightened

vulnerability and functional decline. In fact, the highest rates of frailty have been reported in HF

16,17

patients'®'’. Recent guidelines by the American Heart Association (AHA) and the Canadian

Cardiovascular Society (CCS) have outlined the need to assess patients with HF for frailty in order

to optimize their management'®!,

Cognitive impairment in heart failure

Epidemiology

Cognitive impairment occurs frequently in patients with heart failure, and the presence of

cognitive impairment in persons with HF has been shown to heighten risk for adverse clinical
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outcomes, disability, poor quality of life and mortality?>?!. Most HF patients suffer from minor
neurocognitive disorder (minor NCD), which is a measurable deficit with memory or another core
cognitive domain. Up to 60% of people with heart failure have been reported to have minor NCD?2,
Patients with minor NCD have cognitive deficits that are more pronounced than those seen in
normal aging, but lack other symptoms of major neurocognitive disorder, such as impaired
judgment or reasoning. Minor NCD often will not impede a patient’s ability to carry out the
activities of daily living (ADLs) independently, but patients may have difficulty in performing
some instrumental activities of daily living (IADLs), such as remembering medications,
scheduling provider appointments. Overall, patients with HF seem to be worse cognitively

compared to healthy controls.

Heart failure adversely affects multiple domains of cognition. The most common domains
affected by HF are memory and executive function?. Deficits in initial learning as well as delayed
information recall were reported in the literature and memory was demonstrated to slowly decline
in HF patients®*?>. Most of the studies on the relationship between memory tasks and HF reveal
deficits both on immediate and delayed recall, while semantic memory is less compromised?. As
well, measurements of executive functioning (problem solving, planning and reasoning) were
impaired in most of the studies reviewed, and have a strong impact on a patient’s everyday life?.
Furthermore, in a study by Callegari et al, 26% of patients with HF had impairment in one
cognitive domain and 30% had impairment in four or more domains?¢. People with HF have more
than a four-fold risk for CI compared to people without HF after controlling for other factors such

as age, gender, and comorbidities?’.
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Predictors of cognitive impairment in HF

Different predictors have been associated with CI in patients with HF (Figure 1). Various
studies support a correlation between functional status and cognitive decline in HF. Performance
in timed walk tests?® and NYHA functional class?® have been correlated with CI in HF. Low
cardiac output and cardiac index in cardiac patients are associated with minor and major NCD3%3!,
Festa et al associated low ejection fraction with memory impairment, in which recall memory was
most impaired*2. Hypotension and low cardiac output can cause hypoperfusion of the cerebral
circulation, which may be detrimental to cognition. In the GIFA study, hypotension was more
commonly seen in patients hospitalized with HF with CI when compared to HF without CI (46%
vs. 27%)*. As well, B-type natriuretic peptide (BNP) levels seem to influence general cognitive
decline as well as major NCD. In a cohort study by Kerola et al, BNP was the only variable that
significantly predicted cognitive decline and was associated with new diagnosis of major NCD

over a five year period.

In addition, Alosco et al showed obesity in HF associated with cognitive decline. An
interaction between hypoperfusion and obesity was noted for its adverse effects on executive
function and attention®. In the Heart ABC study, higher BMI was associated with poorer attention
span and executive function in male HF subjects*®. Alosco et al also associated COPD with reduced
cognition and poor physical fitness in HF?’. In their analysis, COPD was significantly associated

with deficits in attention and executive function domains.

Furthermore, both anemia and renal failure occur with the progression of HF and may play
a role in cognitive decline. In Pulignano et al’s prospective study, anemia and renal disease were

independently associated with CI in elderly HF subject®.
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Lastly, atrial fibrillation is the most common arrhythmia seen in older adults and is
associated with HF??. In HF subjects, it is associated with memory impairment, minor NCD and
hippocampal atrophy*’. Reduced cerebral blood flow and increased cerebral white matter ischemic
changes may be a mechanism by which atrial fibrillation causes cognitive decline. Left atrial
enlargement with HF has been associated with atrial fibrillation, low cardiac output and cerebral

white matter ischemic changes*!.

BMI COPD
BNP Hypotension
Anemia and
LVEF renal
function
Cognitive
Functional impairment Atrial
decline in heart fibrillation
failure

Figure 1: Potential predictors of cognitive impairment in heart failure

Concept of cognitive frailty

Given that the operational definition of frailty is still uncertain, it is even more difficult to
establish a precise definition for cognitive frailty. While physical frailty has been acknowledged
to be an important geriatric syndrome, cognitive frailty is still a novel concept. The importance of
addressing the construct of cognitive frailty has been recognized. In the past, cognitive frailty has
been used to refer to cognitive impairment related to advanced age or cognitive disturbances

occurring simultaneously with other comorbidities*?.
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The term cognitive frailty was first used in a cohort study of older adults on the
performance on a clock-drawing test and its associations with risk factors for Alzheimer’s disease**.
This term was subsequently proposed in a study reviewing pre-dementia syndrome vascular risk
factors**. Since then, research has shown that both cognitive and physical factors are predictors of
mortality®>. In 2013, a consensus on the definition of cognitive frailty was reached by an
international consensus group (the International Academy on Nutrition and Aging and the
International Association of Gerontology and Geriatrics)*. The panel defined cognitive frailty as
“a syndrome in older adults with evidence of both physical frailty and cognitive impairment
without a clinical diagnosis of Alzheimer disease or another dementia™. As a consequence,
secondary prevention targeting frailty could be an effective way of slowing down cognitive decline.
This definition also suggests physical frailty and cognition to be associated. However, the causal
links between physical frailty and neurocognitive disorder as common pathophysiological
mechanisms remain unclear. Cognitive frailty was suggested to be a fundamental determinant of
the individual’s vulnerability and resilience to stressors*. Nevertheless, in the clinical setting there

is still much uncertainty regarding the definition, validity and relevance of cognitive frailty.

Parallels between physical frailty and cognitive frailty

Frailty is a multidimensional syndrome. It is important to consider cognition as a mediator
in the development and progression of frailty. Neurocognitive disorder has a synergistic effect on
physical frailty. Both physical frailty and cognitive frailty can co-exist in an individual. There are
shared factors causing both physical frailty and cognitive frailty. Factors leading to physical frailty
may cause cognitive frailty, and vice-versa. Both minor and major NCD have been found to be

more prevalent in frail individuals compared to those who are pre-frail or robust*’*%. Both physical

18



frailty and neurocognitive disorder act in a cycle of decline leading to further physical and
cognitive decline and decreased quality of 1ife*®*°. Age is a common risk factor for the
development of both cognitive impairment and frailty. Additionally, mechanisms such as chronic
inflammation, nutrition, presence of vascular diseases, depression and endocrinological disorders

have been found to be implicated in both frailty and cognitive impairment >°-1-32,

Moreover, cardiovascular disease has been found to be associated with both frailty and
cognitive impairment. Cardiovascular disease is independently associated with both baseline and
incident frailty at 3 years>*->*. This might be due to an increased risk of sarcopenia, an age-related
decline in skeletal muscle mass and muscle function, which is intrinsically related to the
development of frailty. Furthermore, a relationship might exist between sarcopenia and cognitive
decline, wherein the prognosis of neurodegenerative diseases are worsened by sarcopenia®.
Cardiovascular disease is associated with the development of cognitive decline and major NCD as

it is an underlying risk factor for stroke and cerebrovascular disease™®.

Screening instruments used in heart failure

Cognitive impairment has been identified as an important clinical issue in numerous
recently conducted studies, though no consensus has been achieved so far regarding optimal
diagnostics and treatment tools in patients suffering from both HF and CI. There is a definite
limitation on this issue in the literature as investigators have used several different tools and the
assessment of cognition has not been standardised in cardiology practice. HF patients are not
routinely screened for CI, and a suitable and standard measurement instrument for assessing CI in
HF has not been established. Table 2 summarizes the most commonly used screening methods

used in the literature.
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Mini-Mental State Examination (MMSE)

The MMSE is the most frequently used screening measure in the HF population, but does
not appear to be adequate in terms of detecting the type of CI seen in HF. The MMSE was
originally developed as a screening tool for major NCD, and has proven to have poor sensitivity
in detecting minor NCD?’. While the MMSE covers a wide range of domains, it does not have the
capacity to test executive function, and has been shown to have high sensitivity and specificity in
HF only when impairment is severe®®. Most studies using the MMSE used a score of <24 to
indicate CI, however a few studies have used higher cut-off points (<26-28) to identify more
patients with impairment>-6%!, Furthermore, this could cause patients with normal cognition to
be inappropriately labeled as impaired, and does not allow for consistent comparisons across

studies using the same screening instrument.

Montreal Cognitive Assessment (MoCA)

The MoCA is an instrument that was specifically designed to identify minor NCD and
covers eight cognitive domains. The MoCA has been used to test the impact of minor NCD in HF
patients. When the MoCA was used to screen for cognitive deficits in an older outpatient HF
population, 70% of patients scored <26, the cut-off score indicative of neurocognitive disorder.
This high prevalence could be attributed to the increased sensitivity of the MoCA to detect minor
NCD in HF patients®?. Athilingam et al compared the MoCA to the MMSE for their ability to
detect minor NCD in HF patients in a community setting. The MoCA identified 54% of
participants with minor NCD (using cut-off score <26) compared to only 2.2% identified by the
MMSE (using cut-off score <24)®. The results provide additional evidence that the MMSE is not

sensitive enough to identify subtle neurocognitive disorder in HF. Even though the MoCA is a
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more sensitive and comprehensive assessment, it takes the longest time and may contribute to

participant burden.

Clock Drawing Test (CDT)

The CDT mainly screens for impairments in visuospatial and executive function domains®’.
The patient is asked to draw a circle, and then put the numbers on as if it were a clock face. Then
the patient is asked to draw the hands of the clock to represent a specific time. Riegel et al
compared the CDT to three other approaches to determine which was the most useful in identifying
minor NCD?’. Patients were considered impaired if they scored <2. The authors reported that the
screening instruments varied in effectiveness and noted that the CDT indicated cognitive
impairment in 50% of the patients, while the MMSE only identified 2.4% of the cohort as
impaired®’. The CDT was considered the most useful; however the authors warn that it should not
be used as a standalone screening measure in HF as it does not detect issues with memory or verbal

learning.

Short Portable Mental Status Questionnaire (SPMSQ)

This instrument is used to evaluate the prevalence of CI in older adults and include tests of
orientation, memory and recall. The patient is asked to state the date, day of the week, place,
address, birth date, current and prior presidents, and mother’s maiden name, in addition to a serial
subtraction task®. The SPMSQ has been used in few HF studies as part of different comprehensive
geriatric assessments. The scoring and interpretation of cognitive impairment vary across these
studies. One study dichotomized scores as zero errors (no impairment) and one or more errors (any

impairment)®. Two other studies used the instrument to derive an index along with other
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instruments, and scoring approaches were not reporte . The SPMSQ is appealing because of

its brevity but its validity has not yet been demonstrated.
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Table 2:

Comparison of screening instruments used in HF

Screening tool Cognitive Average | Number | Range of Scoring Sensitivity/Specificity Evaluation for HF
domain time of items scores
measured (min)
e Attention 8 30 0-30 <24 indicative of CI 87%/82% with cut Does not include
Mini Mental o Language Varies across point 24 executive function
Exam e Orientation populations (often 98%/89% with cut Does not detect minor
(MMSE)*"” e Short term adjusted for older point 25 NCD
memory adults, as low as 20) Lengthy screening
e Visuospatial measure
e Attention 10 30 0-30 25-17 minor NCD 90%/87% Longest time to screen
Montreal e Executive <16 possible major
Cognitive function NCD
Assessment e Language
(MoCA)” e Orientation
e Memory
e Visuospatial
e Attention 2 1 0-3 <2 indicates CI 59%/70% Does not include short-
Clock Drawing | ¢ Executive Scoring options vary term memory
Test (CDT)""" function Has not been often used in
e Semantic HF patients
Memory Limited success in
e Visuospatial detecting minor NCD
e Attention 3 10 0-10 0-1 = intact 74%/91% Has not been validated
Short Portable | ¢ Orientation 2 = borderline Does not include short-
Mental Status e Semantic impairment term memory
Questionnaire memory 3 = moderate or executive function
(SPMSQ)™” >4 = severe Has not been often used in
0=noCI,>1=CI HF patients
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Clinical implications of cognitive impairment in HF patients

In summary, cognitive impairment is a common problem among individuals with HF. A
typical frailty assessment is heavily focused on physical parameters without consideration of
cognitive dysfunction. Cognitive function should also be assessed routinely in persons with heart
failure and incorporating geriatric measures in heart failure management would allow for more

treatment strategies aimed at improving physical function, cognitive outcomes, and quality of life.

The neuropsychological batteries used most often in HF are long and impractical for clinic
use. When selecting a screening instrument to use in the HF population, clinicians may need to
prioritize the importance of a comprehensive tool that considers the cognitive profile specific to
HF. As the population ages and the incidence of HF rises, the high morbidity and mortality
associated with frailty and cognitive impairment will only increase. Information gained from
simple, inexpensive physical performance measures, when used in combination with cognitive
screening, may enhance the ability to evaluate change that signal onset of frailty and cognitive

impairment and subsequently manage these conditions to improve adverse health outcomes.
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ENGLISH ABSTRACT

Background: As heart failure (HF) incidence increases with aging, geriatric conditions must be
taken into account in the evaluation of frailty in HF patients. Cognitive impairment (CI) is one of
the most common co-occurring conditions among older adults with HF however, the place of
cognitive impairment in a definition of frailty has been widely debated. Currently, there is no
consensus on which screening tool is most appropriate to assess for cognitive impairment in HF
patients and there is a lack of understanding on how cognition impacts adverse health outcomes in

this population.

Objectives: The aim of this study was to determine the prevalence of cognitive impairment among
community-dwelling older adults with HF and to investigate role cognition plays in predicting

adverse health outcomes in HF patients.

Methods: This study is a cross-sectional sub-study of the FRAILTY-HF study, a prospective,
multicentre, observational cohort study initiated at four heart failure clinics (Jewish General
Hospital, Royal Victoria Hospital, St-Mary’s Hospital and Cité-de-la-Sant¢). Older adults >60
years with a clinical diagnosis of HF were enrolled and underwent a comprehensive frailty
assessment. Minor neurocognitive disorder (minor NCD) was classified as a Mini-Cog score <3/5.
A total score of <8/12 on the Short Physical Performance Battery (SPPB) was required for a
diagnosis of physical frailty. Incident disability was defined as institutionalization or >2 new
deficits in basic and instrumental activities of daily living (ADL and IADL), as captured by the
Older American Resources and Services (OARS) tool, a multidimensional questionnaire that
permits assessment of an individuals’ functioning. Worsening disability was defined as a positive

change in disability score at 3 months from baseline. Linear regression was used to determine if
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cognitive impairment is predictive of worsening disability. Multivariable logistic regression
modeling was used to determine the impact of cognitive impairment and physical frailty on all-

cause mortality or hospitalization, adjusting for covariates.

Results: The final cohort consisted of 222 patients with a mean age of 77.5 + 8.1 years and was
35% female. The prevalence of minor NCD was 32%, in which individuals with minor NCD
exhibited worsening disability at 3 months. Cognitive impairment was not associated with death
or readmissions at 3 months however, physical frailty score was highly predictive of death and

hospitalization at 3 months.

Conclusion: The Mini-Cog proves to be a useful screening tool in identifying HF patients with
minor NCD and an abnormal Mini-Cog score is predictive of worsening disability at 3 months.
The Mini-Cog can serve as a brief and effective method for clinicians to screen for the specific
cognitive profile seen in HF patients and can help to identify patients at higher risk of adverse

health outcomes.
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INTRODUCTION

Heart Failure (HF) is a major health problem, affecting 1%-2% of the adult population
worldwide with a rising prevalence of 6%-10% in individuals over 65 years old'. Older adults with
HF often present with complex comorbidities and clinical features that may further complicate the
course of the disease'. Frailty, defined as a decrease physiologic reserve and resistance to stressors,
is a very common condition in older adults with HF. It is recognized that frailty is associated with
poorer prognosis in terms of hospitalizations, mortality and quality of life?.. As HF incidence
increases with aging, geriatric conditions must be taken into account in the evaluation of frailty in
HF patients. Cognitive impairment is one of the most common co-occurring conditions among
older adults with HF, with prevalence ranging from 25% to 75%?>*. A systematic review showed
diminished performance in memory, executive function and global cognition when comparing HF
patients to healthy subjects®. The place of cognitive impairment in a definition of frailty has been
widely debated. Cognitive impairment is the decline of intellectual functions such as thinking,
remembering, reasoning and planning®. Most HF patients suffer from minor NCD, which is
considered a transitional period between normal ageing and the development of moderate
cognitive impairment, with memory and executive function being the most commonly impaired
domains®.

There are important gaps in our understanding of the association between physical frailty
and cognition. Intact memory and executive function are necessary to recognise worsening
symptoms, adhere to medication regimens and lifestyle modifications, and even minor cognitive
deficits may interfere with adherence to self-care practices, disability and quality of life. The
recognition of cognitive impairment in HF patients has important implications given the complex

requirements for optimal heart failure disease management and can have a meaningful influence
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on adverse health outcomes. Furthermore, it is critical to determine which measures can reliably
assess cognitive impairment in HF patients. This study aims to determine the prevalence of minor
neurocognitive disorder in HF and to investigate the impact of cognitive impairment in predicting

adverse health outcomes in HF patients.

METHODS
Study Design

This study is a cross-sectional sub-study of the Frailty-HF Study, a prospective multicentre,
observational cohort study, that was conducted at four HF clinics at the following institutions:
Jewish General Hospital (JGH), Royal Victoria Hospital (RVH) and Cité-de-la-Santé and St-
Mary’s Hospital. Patients were recruited from April 2019 to July 2021. Older adults >60 years
with a clinical diagnosis of HF were enrolled and underwent a comprehensive frailty assessment.
Minor NCD was classified as a Mini-Cog score <3/5. A total score of <8/12 on the Short Physical
Performance Battery (SPPB) was required for a diagnosis of physical frailty. Ethics approval was

obtained from the Jewish General Hospital’s institutional review board.

Participants

The study sample included: (1) community dwelling outpatients, (2) aged 60 years or older,
(3) diagnosed with HF with preserved or reduced ejection fraction for at least the past 3 months,

(4) who have agreed to participate and signed an informed consent form.

Our study sample excluded: (1) patients with a recent hospital admission within the past 3

months, (2) acutely decompensated HF status at the time of their visit, (3) received intravenous
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diuretics or inotropes within the past 3 months, (4) moribund health status with life expectancy
less than 3 month, (5) underwent or scheduled to undergo a major surgical or percutaneous
procedure within the past or upcoming 3 months, (6) implantation of a cardiac resynchronization
device within the past 3 months, (7) history of heart transplant or currently on the transplant list,

(8) major neurocognitive disorder (Alzheimer’s or dementia), (9) non English or French speaking.

Assessment of Cognitive Function

Cognition was evaluated using the Mini-Cog, which is a composite of a 3-item recall test
and a clock-drawing test’. We conducted the test by asking patients to repeat three unrelated words,
the patient was then asked to complete the clock-drawing test, and finally the patient was asked to
recall the three words. The Mini-Cog was scored on a 5-point scale (1 point for each word correctly
recalled and 2 points for a correct clock drawing), and a score of <3 was considered abnormal and
suggestive of minor NCD (Appendix A). The patients were also asked four orientation questions
specific to the day of the week, the month, the name of the hospital they were in and the floor they

were on (Appendix B).

Assessment of Physical Frailty

The Short Physical Performance Battery (SPPB) objectively assess physical function and
encompasses slowness, weakness, and balance in its test battery®. This is measured by a series of
3 timed physical performance tests (gait speed, chair rises, tandem balance). The total score
indicates the patient’s degree of disability, where a higher score indicates fewer disabilities

(Appendix C). A total score <8/12 was required for a diagnosis of physical frailty.
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Outcomes

The primary outcome was change in disability. The Older American Resources and
Services (OARS) tool is a multidimensional functional assessment questionnaire that permits
assessment of an individuals’ functioning on 5 domains: social, economic, mental health and self-
care capacity (Appendix D). Incident disability was defined as institutionalization or >2 new
deficits in basic and instrumental activities of daily living (ADL and IADL), as captured by the
OARS tool. Worsening disability was defined as a positive change in disability score at 3 months

from baseline.

Secondary outcomes included the combined endpoints of all-cause mortality and
hospitalization within 3 months, determined by medical records or by contact with patients or a

family member over the telephone.

Data Collection

Analysis of existing data and collection of prospective longitudinal data. Data collection
included questionnaires administered by interview, physical performance tests, review of clinically
acquired biochemical and imaging tests and chart review conducted by research trainees.
Outcomes were assessed at 3 months with a telephone call, where a brief follow up questionnaire
was administered to assess whether they experienced a change in health status or physical
functioning. Vital status was assessed by electronic medical records or by contact with the patient

or family members.
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Statistical Analysis

Characteristics of the study cohort were reported as percentages for dichotomous variables
or as means + standard deviations for continuous variables. A p-value of <0.05 was considered
statistically significant. Linear regression was used to determine if minor NCD is predictive of
worsening disability. Multivariable logistic regression modeling was conducted to investigate the
impact of minor NCD and physical frailty on secondary outcomes of all-cause mortality and
hospitalization, adjusting for covariates. REDCap electronic data capture tools were used to

manage study data and statistical analyses were completed using the STATA software package.

RESULTS

Baseline Characteristics

The final cohort consisted of 222 patients who completed both the cognitive and frailty
assessments during the baseline assessment (Figure 1). Overall, the cohort had a mean age of 77.5
+ 8.1 years and was 35% female. The cohort had a mean LVEF of 37.4+15.3, 46% were of
ischemic etiology and 37% had HFpEF. Common cardiovascular risk factors were distributed as
follows: 72% had hypertension, 61% had dyslipidemia, 42% had coronary artery disease and 58%
had atrial fibrillation. The median MAGGIC (Meta-Analysis Global Group in Chronic Heart
Failure) risk score, which indicates severity of HF and predicts mortality in patients who are

admitted to hospital due to HF?, was 24.6+6.

The median Mini-Cog score among the study population was 3.3£1.5. Overall, the
prevalence of minor NCD was 32%. Patients with minor NCD were more likely to be older, were

less tolerant to exercise as measured by 6MWT, were more likely to be physically frail as measured
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by the SPPB, were more likely to have upper extremity weakness shown by lower grip strength,
and had significantly more disability in both ADL and IADL. HF severity also increased in those
with abnormal Mini-Cog score, as defined by the MAGGIC risk score. Among the patients with
minor NCD, 65% were physically frail whereas among those without cognitive impairment, 44%

of patients were physically frail. The baseline characteristics are further detailed in Table 1.

When stratifying the Mini-Cog score by age, patients aged of 70-79 years and 80-89 years
had the highest prevalence of cognitive impairment compared to the rest of the cohort (n=24 and
n=29, respectively) (Figure 2). Furthermore, after breaking down the cognitive parameters
measured, 59% of patients were not able to recall all three words for the word recall task and 31%
of patients had an abnormal clock draw (Figure 3A). In terms of orientation questions, most
patients were able to answer properly whereas orientation to floor was the most frequently

incorrectly answered question, followed by orientation to month (Figure 3B).

Primary Outcome

Linear regression was used to determine if minor NCD is associated with worsening
disability in HF patients. Notably, patients with abnormal Mini-Cog score were more likely to
experience the primary outcome of disability. As shown in Table 2, patients with minor NCD were
associated with a higher degree of disability at baseline compared to cognitively intact patients
(11£3.7 vs. 12.6£2.2, p<0.001). Poor Mini-Cog score was also associated with worsening
disability at 3 months (11.1£3.6 vs. 12.3£2.6, p=0.01). This analysis revealed an independent
association between minor NCD and limitation in both ADL and IADL, where a decrease in 1
point on the OARS was significantly predictive of worsening disability at baseline and at 3 months

in those with abnormal Mini-Cog score.
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Secondary Outcomes

Multivariable logistic regression was used to explore the impact of cognitive impairment
and physical frailty on the combined endpoints of all-cause mortality and hospitalizations in HF
patients (Table 3). Abnormal Mini-Cog score was not associated with death or hospital
readmissions at 3 months (OR=0.891, p=0.428). However, physical frailty (measured by the SPPB)
was highly predictive of hospitalization at 3 months (OR=0.842, p=0.012). Age (OR=0.889,
p=0.002) and HF severity as measured by the MAGGIC risk score (OR=1.199, p<0.000) were also

significant predictors of these short-term outcomes.

DISCUSSION

This study aimed to determine the prevalence of cognitive impairment among HF patients
and the impact of cognitive dysfunction on adverse health outcomes. The findings indicate minor
NCD was present in 32% of patients and that screening for minor NCD using the Mini-Cog
identifies HF patients with disabilities, and at increased risk of worsening disability within 3
months. From these results, it may be assumed that cognitive impairment affects the patient’s
functional capacity and ability to perform everyday activities and therefore limits his/her autonomy.
This conclusion was confirmed by the results of several studies in the literature. Among older
patients with HF, cognitive dysfunction has been associated with a sixfold increase in the
probability of dependence for the activities of daily living and CI has been independently
associated with increased functional disability!®. Formiga et al demonstrated a functional decline
in 64% of HF patients and cognitive impairment proved to be a strong risk factor for incident

disability in this population'!.
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A number of neuropsychological tests for the assessment of cognitive functioning are
available, yet most of them are time-consuming and are difficult to administer in everyday clinical
practice. The Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment
(MoCA), are the most widely used screening tools in the literature. Though the MMSE and the
MoCA are useful tests for screening patients with cognitive impairment, they could be insufficient
in identifying subtle cognitive deficits, are lengthy to administer, and may not be adequate to
identify minor NCD in HF patients'?. In this study, the Mini-Cog proved to be a simple and brief
cognitive screening tool that identifies a significant amount of HF patients with minor NCD.
Previous investigators concluded that the Mini-Cog is a valid tool to detect clinically significant
cognitive impairment and is useful in addressing the cognitive domains of memory and executive
function'#, which are the most commonly impaired domains in HF. If this tool was predictive of
our primary outcome, then performing a quick Mini-Cog assessment could help clinicians in the
discussion of risk management and in preventing the decline in functionality for this group of

patients.

Although we did not find an association between an abnormal Mini-Cog score and our
secondary outcomes, establishing that physical frailty is predictive of death and hospital
readmissions is valuable in itself. We can conclude that the primary determinant of mortality and
hospitalizations in HF patients seems to be physical frailty rather than cognitive dysfunction.
Furthermore, the addition of cognitive screening to the assessment of physical frailty may improve
the detection of patients who are at a higher risk of adverse health outcomes. This conclusion is
consistent with the recent description of “cognitive frailty”, in which a person is both physically
frail and cognitively impaired in the absence of major NCD (Alzheimer’s or dementia)'>.

Consistent with this concept, a study of 6,030 community-dwelling adults aged >65 found that the
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addition of a cognitive assessment to Fried’s physical frailty phenotype improved the predictive
validity for incident disability and hospitalization'¢, Similarly, Sunita et al found that incorporating
a cognitive measure to the assessment of frailty improved the detection of HF patients at high risk
of early death and that cognitive impairment strengthened the adverse effect of frailty on overall
survival in this population'’. In a population of older adults hospitalized for HF, cognitive
impairment was common (47%) and associated with 6-month mortality or readmission!®. These
findings highlight the importance of further investigating the outcomes of this study to determine

the long-term effects of cognitive impairment in HF patients.

There are several limitations to our study. First, the follow-up period was 3 months. This
is a short time range in terms of determining clinically relevant adverse outcomes. Second, the
cohort consisted of 222 patients, from which 179 patients completed the 3-month follow-up and
were included in the short-term analysis. The relatively small cohort for this analysis may limit
generalizability of results. Lastly, cognitive status was only measured at baseline. Given that
cognition is a dynamic state, it would be important to consider longitudinal changes in cognition
over time. It is also important to note that the Mini-Cog has not been validated in the HF population.
Future research should incorporate the Mini-Cog in routine cardiology assessments in order to
validate this screening tool in HF. The FRAILTY-HF study should continue to build a robust
cohort with 1-year follow-up to assess for long-term outcomes. Outcomes should be further
investigated to see if cognition continues to change the rate of disability accumulations that we
have observed at 3 months and to determine if cognitive impairment is associated with death or

hospitalizations over a longer time period.
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CONCLUSION

The Mini-Cog proves to be a useful screening tool in identifying HF patients with minor
NCD and abnormal Mini-Cog score is predictive of short-term deficits in disability. The results
demonstrate that HF patients with minor NCD had lower scores on the OARS questionnaire,
suggesting increased disability in this population and short-term risk of worsening disability. In
HF patients, the challenges for clinicians will be not only the treatment of cardiac disease itself but
also the identification and the management of associated conditions such as cognitive impairment.
The Mini-Cog can serve as a rapid preliminary screening method for clinicians to identify minor
cognitive deficits in HF. Even though cognition did not significantly predict mortality or hospital
readmissions in HF, we know that physical frailty is an important aspect to intervene on to improve
these outcomes. This further emphasizes the need to incorporate a multimodal approach to routine
frailty assessments in this population. The knowledge gained from this study will allow us to
recommend a reliable cognitive screening tool to identify minor NCD in HF. Future guidelines
should consider a cognitive aspect in frailty assessments to improve risk stratification strategies
for more vulnerable patients and to prompt a more comprehensive approach to disease-specific

management.

Clinical Perspective

Heart failure guidelines recommend screening for cognitive impairment but do not identify
how providers should screen or what tool is best to incorporate. As we continue to investigate the
characteristics of cognitive impairment specific to HF, there is an opportunity to build on this
research. The Mini-Cog is a simple 3-minute screening tool, that can be easily administered by

many levels of providers. Although it has not been well studies in HF patients, our findings suggest
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that the Mini-Cog can identify minor NCD in a significant number of patients with HF and can be
used as a risk assessment tool to identify a subgroup with less favorable outcomes. This sets the

stage for future research aimed at interventions to improve those outcomes.
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FIGURE AND TABLES

Figure 1: Flow diagram

234 patients recruited from April
2019 to July 2021

12 patients with missing values on
relevant covariates and/or cognitive &
frailty tests

222 patients included in the final
cohort

Figure 2: Prevalence of cognitive impairment according to age

Age (years)

0 10 20

m Abnormal Mini-Cog

60

m Normal Mini-Cog

70

Legend: The blue bars represent the proportion of patients without cognitive impairment, as

measured by the Mini-Cog. The red bars represent the proportion of patients with cognitive

impairment.
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Figure 3: Results of cognitive parameters tested in all subjects

3A. Mini-Cog

Word Recall

B Normal M Abnormal

Clock Draw

B Normal M Abnormal

Legend: The blue sections represents the percentage of patients who were able to recall the 3 words
correctly and complete the clock draw without error. The red sections represent the percentage of

patients who did not complete the word recall and clock draw correctly.
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3B. Orientation Questions

Orientation to Day

m Normal mAbnormal

3%

Orientation to Hospital

B Normal M Abnormal

2%

Orientation to Month

m Normal mAbnormal

5%

Orientation to Floor

B Normal M Abnormal

Legend: The blue sections represents the percentage of patients who answered each question

correctly. The red section represents the percentage of patients who answered each question

incorrectly.
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Table 1: Baseline characteristics by Mini-Cog score

All patients | Normal Abnormal P-value
(n=222) Mini-Cog Mini-Cog
(n=151) (n=71)

Demographics
Age (years) 77.5+8.1 76.2+7.8 80.1 £8.2 <0.001*
Female 77 (35%) 51 (34%) 26 (37%) 0.68
Height (m) 1.7£0.1 1.7£0.1 1.7£0.1 0.68
Weight (m) 78.9+19.4 80.2 + 20 76.2 +17.9 0.16
BMI (kg/m?) 27.7+6.1 28+5.9 27+ 6.6 0.27
Obese BMI >30 66 (30%) 47 (31%) 19 (27%) 0.51
Comorbidities
LVEF (%) 374+153 36.9+14.8 |383+16.5 0.54
Charlson Comorbidity Index 59+1.7 59+19 6+1.3 0.79
Coronary artery disease 93 (42%) 66 (44%) 27 (38%) 0.42
Peripheral artery disease 12 (5%) 8 (5%) 4 (6%) 0.92
COPD 28 (13%) 16 (11%) 16 (11%) 0.19
Diabetes 95 (43%) 63 (42%) 32 (45%) 0.64
Hypertension 159 (72%) 107 (71%) | 52 (73%) 0.71
Dyslipidemia 136 (61%) 94 (62%) 42 (59%) 0.66
HF-related Parameters
MAGGIC risk score (/46) 246+ 6 23.8+6.2 262+5.4 0.004*
HFpEF 83 (37%) 54 (36%) 29 (41%) 0.47
Ischemic etiology 102 (46%) 77 (51%) 25 (35%) 0.03*
Atrial fibrillation 129 (58%) 85 (56%) 44 (62%) 0.42
Long standing diagnosis 103 (70%) 74 (73%) 29 (63%) 0.24
(<18 months)
Recently hospitalized 35 (20%) 22 (18%) 13 (24%) 0.33

(<3 months)

Frailty/Geriatric Parameters
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Fried frailty scale 1.9+1.3 1.7+1.3 23+1.3 0.002*
Clinical frailty scale (/9) 3615 33+13 43+1.5 <0.001*
SPPB score (/12) 7.7+3.4 82+3.1 6.5+3.6 <0.001*
SPPB score >8 113 (51%) 67 (44%) 46 (65%) 0.005*
Gait speed (m/s) 0.8+0.4 0.9+0.3 0.7£0.4 <0.001*
Max grip strength (kg) 25.6 +£10.8 272+ 11 22.3+9.7 0.001*
Chair rise time (>15s) 144 (65%) 89 (59%) 55 (77%) 0.007*
6MWT (m) 268.3 £139.1 | 288 + 140.3 | 220.1 £ 124.8 0.003*
Essential frailty toolset score (/5) 1.7+ 1.3 1.3+1.1 27+1.1 <0.001*
Disability score (/14) 121+29 126 +£2.2 11+3.7 <0.001*
Mini-Cog Score (/5) 33+£1.5 42+0.8 1.5+£0.7 <0.001*

*Significant p-value <0.05

Abbreviations: BMI, Body Mass Index; LVEF, Left Ventricular Ejection Fraction; COPD, Chronic
Obstructive Pulmonary Disease; MAGGIC, Meta-Analysis Global Group in Chronic Heart Failure;
HFpEF, Heart Failure with Preserved Ejection Fraction; SPPB, Short Physical Performance

Battery; 6MWT, 6 Minute Walk Test.

Table 2: Association between Mini-Cog score and disability at baseline and at 3 months

Baseline P-value 3 months P-value
Normal Abnormal Normal Abnormal
Mini-Cog  Mini-Cog Mini-Cog  Mini-Cog

Disability (/14) | 12.6+£2.2 | 11+3.7 <0.001* 123+26 |11.1+3.6 |0.01*

ADL (/7) 6.5+1.1 58+2 0.002* 6.4+1.3 6+2 0.11

TIADL (/7) 6.1+13 52+19 |<0.001* 59+1.5 51+19 0.004*

*Significant p-value <0.05

Abbreviations: ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living.
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Table 3: Multivariable logistic regression for mortality and hospitalization at 3 months

OR P-value 95% Confidence Interval
Age 0.889 0.002* 0.825 0.957
Female 1.282 0.588 0.523 3.143
MAGGIC score 1.199 0.000* 1.096 1.313
SPPB score 0.842 0.012* 0.736 0.963
Mini-Cog score 0.891 0.428 0.669 1.186

*Significant p-value <0.05

Abbreviations: OR, Odds Ratio; SPPB, Short Physical Performance Battery.
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APPENDICES

Appendix A: Mini-Cog Scoring’

Word Recall: 0-3 points

1 point for each word spontaneously recalled without cueing (3 words
total).

Clock Draw: 0 or 2 points

Normal clock= 2 points. A normal clock has all numbers placed in
the correct sequence and correct position with no missing or duplicate
numbers. Hands are pointing to 11 and 2 (11:10). Hand length not
scored. Inability or refusal to draw a clock (abnormal) = 0 points

Total Score: 0-5 points

Total score= word recall score + clock draw score.
A cut point of <3 on the Mini-Cog is indicative of abnormal
cognition.

Appendix B: Orientation Questions

Orientation to day “What day is it today?”

Orientation to month “What month is it?”

Orientation to hospital | “Which hospital are we in?”

Orientation to floor “What floor are we on?”
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Appendix C: Short Physical Performance Battery*°

1. Balance tests
K K <10s (0 pt)
Side-by-side stand | T - Golo d-meter
feet together side-by-side for 10 s gait speed test
l 10s (1 pt)
' Semi-tandem stand <10s(+0pt) Go to 4-meter
- y RPN [E—— -
' heel of one loo;t:gernfr:;tfédse of big toe of the | gait speed test
9
10s (+1 pt)
' Tandem stand
feet aligned heel to toe for 10 s
I 10 s (+ 2pt)
9 3-9.99 s (+1 pt)
<3s (+0pt)
2. Gait speed test 1<482s 4pt
4.82-6.20 s 3 pt
Measures the time required to walk 4 metres i 6.21-8.70s 2pt
at a normal pace (use best of 2 times) S >8.7s 1pt
- Unable Opt
‘ = im 2m 3m 4m
3. Chair stand test

Pre-test able
Participants fold their arms across their chest SN -« Stop (0 pt)
and try to stand up once from a chair
~
I able 4
) \ <11.19s 4 pt
5 repeats {~?) 11.20-1369s  3pt
Measures the time required to perform five rises ~ 13.70-16.69 s 2pt
from a chair to an upright position as fast as \ >16.7 s 1pt
possible without the use of the arms { >60 s or unable O pt
| -

Appendix D: OARS Multidimensional Functional Assessment Questionnaire

Without help With some Completely
help unable
10.1  Canyou use the telephone? (without help includes looking up a # and dialing) 2 1 0
10.2  Canyou get to places out of walking distance? (drive car, take bus or taxi) 2 1 0
10.3  Can you go shopping for groceries or clothes? 2 1 0
10.4 Canyou prepare your own meals? 2 1 0
10.5 Can you do your housework? 2 1 0
10.6  Can you take your own medicine? 2 1 0
10.7  Canyou handle your own money? (write checks, pay bills) 2 1 0
10.8 Canyou eat? 2 1 0
10.9 Canyoudress and undress yourself? 2 1 0
10.10 Can you take care of your own appearance? (comb your hair, shave) 2 1 0
10.11 Canyou walk? 2 1 0
10.12 Can you get in and out of bed? 2 1 0
10.13 Can you take a bath or shower? 2 1 0
10.14 Do you ever have trouble getting to the bathroom on time? 2 1 0
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CHAPTER 4: THESIS CONCLUSION

Heart failure is a highly prevalent condition associated with significant deficits in
associated geriatric domains. To strengthen the care of this highly vulnerable population, there is
imminent need to better appreciate their condition beyond their disease symptoms. The literature
presents major knowledge gaps in regard to intervening on the effects of major geriatric deficits
such as frailty and cognitive impairment. These conditions are highly relevant due to their added

risk of adverse health outcomes such as mortality, rehospitalization and worsening functionality.

The literature review on cognitive impairment outlined the current understanding of
cognitive impairment in HF patients and explored the relationship between physical frailty and
cognition. Although frailty assessments are used in cardiology practice, a cognitive aspect is rarely
included in routine assessments. Furthermore, there is no validated tool to assess for cognitive
impairment in HF. None of the screening instruments reviewed were designed specifically for HF
patients. In fact, most of these screening instruments are not specific to the nature and pattern of
the impairment seen in HF, or are not able to detect minor NCD. This study sought to fill this
knowledge gap by assessing the prognostic value and feasibility of the Mini-Cog as a tool to screen

for minor NCD in HF.

According to the findings from the manuscript, minor NCD is highly prevalent in older
adults with HF. The results demonstrate that approximately one third of older adults with HF had
cognitive dysfunction. Although minor NCD was not a significant risk factor for mortality or
hospital readmission at 3 months, it was a significant risk factor for worsening disability.

Furthermore, physical frailty proved to be an important predictor in terms of our secondary
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outcomes. According to our results, the Mini-Cog proves to be a promising tool for identifying
cognitive deficits in HF.

It is important to discuss the limitations associated with this study. The cohort for this
analysis consisted of 222 patients overall, in which 179 participants were included analyses at 3
months. This relatively small sample size and short time range reduces the external validity of the
study by decreasing generalizability of the results. However, this study shows a clear trend
suggesting that minor NCD indicates worsening disability over 3 months and this may play an
important role in HF prognosis. However, it is important to take into account that the FRAILTY-
HF study is a multi-centre prospective cohort study that recruits HF patients at academic hospitals
and community-based clinics. Despite lower sample size, the nature of the study increases its
internal validity by reducing confounding.

Going forward, the endpoints need to be explored further at 1-year to assess long-term
outcomes and to determine if cognitive impairment continues to change the rate of disability
accumulations that were observed at 3 months, and to determine if cognition plays a significant
role in mortality and hospital readmissions. Furthermore, the best method for cognitive screening
in HF needs to be further clarified. To our knowledge, the Mini-Cog has rarely been used as a
cognitive assessment tool in the HF population. The Mini-Cog is a promising predictor of adverse
events, is feasible in a clinical setting and assesses the cognitive domains relevant to patients with
HF. Future research should focus on validation and integration of the Mini-Cog into routine

cardiology practice.
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