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ABSTRACT

Introduction:

Frailty is characterized by vulnerability to declining health and increased risk for adverse health
outcomes. Measuring frailty would be beneficial for developing interventions and assessing
healthcare resource needs. No standardized measurement tool for frailty has been established.
The objective of this thesis was to evaluate the frailty of participants in the Canadian Longitudinal
Study on Aging (CLSA).

Methods:

A Frailty Index (FI) was constructed for CLSA participants based on the cumulative deficit theory
of frailty. Exploratory factor analysis was conducted to study the underlying constructs of frailty
and identify key factors. A hypothesized measurement model for frailty was specified. The model
was modified and tested using structural equation modelling (SEM) to improve goodness-of-fit. A
new frailty measurement tool was created and the construct validity of the new tool and the
Frailty Index were evaluated.

Results:

A Fl was calculated for 20,874 CLSA participants (Mean 0.14 SD 0.07). The maximum Fl value was
0.68. A model containing all hypothesized variables had good fit of the data, and all variables
contributed significantly. A simplified model also showed good fit and included four domains:
upper-body strength, lower-body strength, dexterity, and depressive symptoms. These results
persisted in an independent dataset. A Simplified Frailty (SF) score was created based on this
simplified model. The FI and SF scores showed significant agreement and associations with
sociodemographic variables were as predicted.

Conclusions:

A Fl was simple to construct in the CLSA, having good fit of the data and construct validity. These
results are consistent with previous research on the cumulative deficit theory of frailty. A
simplified frailty model revealed key domains of frailty and resulted in a potentially useful short
screening tool. The Fl is recommended as a valid and reproducible approach for measuring frailty
in the CLSA and similar population datasets.
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CHAPTER 1: INTRODUCTION

1.1 Background and Rationale

In Canada, people are living longer, and the population as a whole is aging.»? With a growing
population of older adults, understanding the changing healthcare needs of this population is
important. Older adults aged 80+ have disproportionately high healthcare needs, making up 2%
of the population but using up 20% of non-obstetrical hospital days, but not every older adult has
a multitude of health problems.? In order to assess the healthcare needs of this population, it is
necessary to evaluate vulnerability to declining health and adverse outcomes among people of
the same age. This is commonly understood as frailty.? Frailty is defined as a “clinically
recognizable state of increased vulnerability” across multiple physiologic systems resulting from
age.? Frailty compromises one’s ability to perform daily activities, take care of oneself, and deal
with the stresses of day-to-day life*and is characterized by a state of heightened risk for adverse
health outcomes, including mortality and institutionalization,?® and functional decline that is

related to but distinct from aging, disability, and multimorbidity.’

Currently there is no consensus regarding the etiology of frailty or how it should be detected in
an aging persons.*>®11 Frailty is likely to result from the interplay of several factors and involve
multiple systems. While age alone is a good predictor of the adverse health outcomes described
above, studying frailty provides a better understanding of the heterogeneity of risk in populations
who may be of a similar age. The ability to identify frail individuals could be helpful for
researchers, clinicians, and health policy makers in a variety of ways.!! Identifying populations

who are frail will be helpful in planning healthcare resource needs to ensure adequate care can
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be provided. With an improved understanding of frailty, preventative interventions can be
developed to keep community-dwelling older adults healthy and in their own homes longer. With
Canada’s aging population, an improved understanding and management of frailty has the

potential to make a significant impact on the healthcare system.

There are a number of competing approaches for measuring frailty, but attempts to
operationalize frailty most commonly fall into one of two main theories:?>'? The Fried phenotype
of frailty model* and the cumulative deficit model proposed by Rockwood and Mitnitski.** The
popular phenotype of frailty describes the degree of frailty as the presence of five criteria:
exhaustion, weight loss, diminished activity level, slow walking speed, and weak grip strength.*
The cumulative deficit model assesses the presence and severity of a list of health deficits,
typically 30-70 items long.'® The severity of frailty in this model is measured by the proportion of
items on the list in which the person has deficits. Both the phenotype and cumulative deficit

models have been shown to predict higher risks of adverse health outcomes.*

Several systematic reviews have been conducted with the purpose of identifying and comparing
original frailty assessment tools.>**2° Through a summary of these reviews, 58 original tools were
identified, each identifying frailty using distinct criteria. The creation of so many tools shows
continued uncertainty about the essential components and definition of frailty. The number and
types of items included in the instruments vary widely, showing that the essential components of
frailty, its mechanisms and determinants, are not well understood.'??%22 There is no consensus
regarding the etiology of frailty or a standardized criterion reference (or gold standard) for how it

should be detected in aging persons.*”#1! The published approaches report the ability to predict
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higher risks of adverse health outcomes for those identified as frail compared to those classified
as non-frail.}* However, the differing methods for operationalizing frailty result in inconsistent
prevalence rates of frailty among studies.?® Substantial differences in feasibility and prognostic

ability for all-cause mortality are present when multiple scales are used on a common dataset.’

Despite the extensive research on operational definitions of frailty, a greater understanding of
the relationships between the proposed characteristics of frailty and measurable health outcomes
associated with frailty is needed.?*?> As part of this research, a conceptual framework for frailty
will be used that includes biological, psychological, and social factors, organized into clearly-
defined domains based on the International Classification of Functioning, Disability, and Health.2®
The use of this conceptual framework may help to make this and future frailty research more
translatable and help move frailty researchers towards the eventual emergence of a successful
consensus definition of frailty. An operational definition of frailty is necessary for its detection
and measurement in the context of a large population dataset. An acceptable operational
definition for frailty in the CLSA should foster collaboration, prevent duplication of effort, and
enable synthesis of frailty research to drive forward the understanding of this syndrome to

improve the care of those affected by frailty, and enhance support by their caregivers.

The Canadian Longitudinal Study on Aging (CLSA) is an excellent resource for the study of frailty,
as it collects detailed data at multiple time points on a variety of determinants of health, including
health conditions, physical and cognitive functioning, and environmental and social factors?’. The
CLSA includes a representative sample of Canadians from across the country. Previous research
on frailty has often been restricted to populations 265 years. The detailed data collected in the

CLSA provides an opportunity to study frailty in adults of a wider range of ages (45-85) than is
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typically studied, which may provide new insights into the development and progression of frailty
and pre-frailty, (the state of risk for becoming frail), in younger adults as well as study its
epidemiology. The use of CLSA data to create a continuous frailty score will allow the use of this
rich resource to explore potential predisposing and precipitating factors and determine the

trajectory of frailty during the longitudinal component of the CLSA study.
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1.2 Study Objectives and Hypotheses

The objective of this thesis is to evaluate the frailty of participants in the CLSA. This will be done
by selecting variables within the CLSA database that have been shown in the literature to
contribute to frailty, and using these variables to create a frailty score. This will enable the study
of the underlying construct of frailty and identify factors included in the score that load on this
construct. This project will lead to the inclusion of a frailty score into the CLSA as a new derived
variable. This measurement of frailty can then be used by other researchers studying aging
Canadians and emerging theories of frailty. The results of this study will assist other researchers
to identify frail patients in similar large population datasets. This analysis is based on the tracking
cohort of the CLSA. After this thesis is completed, the frailty score will be calculated for members
of the comprehensive cohort, and compared with physical measures of frailty, such as gait speed,

and biological markers of aging, which are available in the comprehensive but not tracking cohort.

The secondary objective is to evaluate the validity of the derived frailty score in the CLSA. This will
be achieved first by exploring the latent constructs in the health indicators collected in the CLSA
through exploratory factor analysis. Then, a measurement model will be developed based on the
accumulated deficit theory of frailty and tested through structural equation modelling. Finally,
the Frailty Index will be compared with a variety of physical and sociodemographic factors
including: sex, age, education, number of chronic conditions, social participation, falls, and extent
of care that individuals are receiving to determine if the correlations are valid as hypothesized.
Since frailty cannot be measured directly, the frailty score resulting from this analysis must be
tested against hypothesized associations with surrogate outcomes for frailty to evaluate its

construct validity. If the relationships are as predicted, this study will provide convergent validity
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evidence of our measure of frailty. This work will be beneficial for future work using the CLSA
database to study emerging theories of frailty, as well as assisting other researchers to identify

frail patients in similar large population datasets.

We hypothesize that frail and non-frail persons should be distinguishable in sociodemographic
(e.g., sex, age, education), clinical (e.g., injuries, falls), and social characteristics (e.g., participation
rates, extent of care received). Prior work on Canadian Community Health Survey, a database
similar to the CLSA, indicates that frailty scores are higher in women and increase with age. Frail
individuals are generally less autonomous and requiring and receiving more care. We predict that
this will manifest in more frequent injuries and falls reported in those identified as frail. As a
marker of frailty we plan to examine the amount of care received, including formal care, informal
care, and the use of assistive devices. The amount and type of both paid and unpaid care received
is reported in the CLSA, so this analysis will not be limited to those who can afford care. In addition,
self-rated physical and mental health, and self-rated healthy aging are all predicted to be worse
in frail participants. The most important criterion for a measure of frailty is the ability to predict
adverse health outcomes, including mortality, development of new-onset or worsening disability,
and nursing home admission. Although these outcomes cannot be tested in this dataset, the
frailty score could be evaluated in future prospective studies by its ability to predict adverse health

outcomes in CLSA participants.
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1.3 Thesis Overview
This thesis will be presented in six chapters, the first of which is this introduction, which outlines

the rationale for the study and research objectives.

Chapter two, Models and Theories of Frailty, provides a review of key theories of frailty that are

used to guide this thesis.

Chapter three, Systematic Reviews on Frailty Measurement, presents a detailed review of the
systematic reviews of primary studies developing measurements for frailty that were identified in

a comprehensive literature review.

Chapter four, Statistical Methods, first presents the data source, the CLSA, including the sample
collection method, variables of interest, outcomes assessed, and ethical considerations. The
remainder of chapter four describes the development of the models used for factor analysis and

Structural Equation Modelling (SEM).

Chapter five, Results, describes the dataset and the findings of the analyses conducted.

Chapter six, Discussion and Conclusions, details our interpretation of the results, a detailed
discussion of the findings, the limitations of the study, and our recommendations moving forward

in the research of frailty.
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CHAPTER 2: MODELS AND THEORIES OF FRAILTY

This chapter reviews current frameworks for the concept of frailty, with emphasis on the two
most prominent models currently in use: the phenotype of frailty developed by Fried* and the
cumulative deficit model, or Frailty Index, developed by Rockwood and Mitnitski'3. While the
research examining the measurement of frailty is extensive, there is a lack of consensus regarding
the conceptualization of frailty or its underlying mechanisms and determinants 222, Researchers
have suggested that a theoretical framework for frailty should include biological, psychological,
and social factors to be useful?*?8, Included in this chapter is a theoretical model of the
organization of factors that make up frailty into clearly-defined domains based on the
International Classification of Functioning (ICF) 2°. Using this established conceptual framework
will help make this work translatable to that of other frailty researchers. We will consider the
strengths and limitations of these models, as well as their potential for use in identifying frailty in

CLSA participants.

2.1 Review of Key Theories of Frailty

Although the terms are sometimes used interchangeably to identify physically vulnerable older
adults requiring enhanced care, frailty is related to, but separate from, disability and
multimorbidity’. Multimorbidity is included in the set of risk factors theorized to contribute to
frailty, while disability is often considered an outcome of frailty®. The measurement and clinical
management of frailty is a distinct challenge. Two key models dominate the literature on frailty
measurement: the phenotype of frailty model # and the cumulative deficit model 3. Both the
phenotype and cumulative deficit models have both been shown to predict higher risks of adverse

health outcomes 4%,
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The phenotype of frailty model describes specific biological processes that together make up
frailty. In this model, frailty is defined with following five criteria: self-reported exhaustion,
unintentional weight loss, diminished activity level, slow walking speed, and weak grip strength.*
Individuals are characterized as frail, pre-frail, or robust based on the number of criteria present;
three or more defines frailty. Pre-frailty, or a state of at risk for becoming frail, is defined as one
or two of the criteria for frailty. Pre-frailty describes individuals who are mildly frail and likely to
become more frail, although this is not inevitable. It may be useful to identify pre-frail individuals,
as they may be good candidates for preventative interventions to mitigate increasing frailty. This
model forms the basis of much of the frailty literature. There are over 5000 citations of the original
article and several measurement instruments for frailty developed building on this model.373*
There has also been a great deal of research establishing the predictive validity of the phenotype
of frailty model in relation to cognitive functioning 3°> and adverse health outcomes, including

mortality.*3®

The cumulative deficit model assesses the presence and severity of items on a list of health
deficits, typically 30-70 items long, and was initially developed to measure frailty with information
that was typically collected in a comprehensive geriatric assessment.’® Contrasting with the
phenotypic model, in this model the severity of frailty (the Frailty Index) is measured by the
proportion of items on the list in which the person has a deficit, and all deficits are weighted
equally. Research has suggested that as long as the health deficits meet certain criteria, they can
be selected at random, and still yield a valid measurement of an individual’s frailty.?” To meet
these criteria, deficits included should represent a variety of organ systems and areas of health,

including psychological, social, and environmental factors; deficits that are accumulated with age
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should be included while those not sensitive to age should be avoided; no specific deficit is critical
for the model and researchers can adapt the scale to fit the patient population they are studying
and the data available. The Frailty Index provides a continuous variable showing where the person
stands on a fit-to-frail spectrum. This conceptual model has also been extensively tested in
validation studies and inspired several instruments designed to measure frailty through the

accumulation of deficits.3**

The main criticism of the phenotype model is that it may not account for all the relevant factors
that contribute to frailty and may lack sensitivity, misclassifying some frail individuals as non-frail,
simply because the factors contributing to their frailty are not included in the model. The
cumulative deficit model incorporates many factors, but is limited in that it does not account for
their relative importance or severity. When measuring frailty using the cumulative deficit model,
each factor is considered independent in the Frailty Index, but many health deficits are likely to
be interrelated. The inclusion of many factors may obscure frailty or pre-frailty in individuals

affected by one or few key health attributes.

Both models are correlated with each other in their identification of frailty and prediction of
adverse health outcomes,*? with the cumulative deficit model proving at least equal if not superior
to the phenotype of frailty for this purpose.®® A direct comparison of the two models shows that
a Frailty Index value of 0.25 or greater roughly corresponds to frailty in the phenotype model®2.
Individuals have been shown to move between states of frailty on both scales, with one third of
all transitions from states of greater to less frailty.*® This suggests that frailty is a dynamic process

that might be either prevented or even remediated. Identification of those who are at risk of

becoming frail or increasing in their severity of frailty may be useful in the future in determining

10
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the need for interventions and predicting the burden on healthcare services. This study will
compare different methods in order to make the first step towards measuring the frailty of adults

in the CLSA database.

2.2 Model for Frailty and International Classification of Functioning, Disability and Health (ICF)

The previous chapter discussed the lack of a criterion reference for measuring frailty. One
contributor to this ongoing problem is the continued lack of consensus among frailty researchers
on a conceptual model or operational definition for frailty.2228444> This study will use an
operational definition for frailty that promotes understanding of the dynamic relationship

between physical factors, changes in function, social, environmental, and psychological factors.*

Because of the lack of consensus in definitions of frailty, we plan to use the conceptual framework
developed in the International Classification of Functioning, Disability and Health (ICF) to define
frailty as a health state. The ICF is a conceptual basis for the definition and measurement of
disability and health developed by the World Health Organization (WHO).?° ICF has been shown
to be an appropriate framework for an operational definition of frailty.?24¢4” The ICF will inform
the development and discussion of the model for frailty used in this thesis. The standardized
language used in the ICF makes this work transparent to other researchers, facilitating the
comparison of data from this study to data from the work of other researchers studying frailty,

data from clinical settings, and population-based data.

The ICF conceptualizes a person’s level of functioning as a dynamic interaction among the
following areas: body structure and functions (anatomy and physiology), activity limitations

(execution of tasks), participation (involvement in life situations), and environmental factors

11
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which affect these experiences (facilitators and barriers). Each component of functioning and

disability is made up of several domains, outlined in Table 2-1 below.?®

12
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Table 2-1: ICF components and domains/chapters

Body Function:

Mental functions

Sensory functions and pain
Voice and speech functions

Functions of the cardiovascular,
haematological, immunological, and
respiratory systems

Functions of the digestive, metabolic, and
endocrine systems

Genitourinary and reproductive functions

Neuromuscular and movement-related
functions

Functions of the skin and related structures

Activities and Participation:

Learning and applying knowledge

General tasks and demands
Communication

Mobility

Self-care

Domestic life

Interpersonal interactions and relationships
Major life areas

Community, social, and civic life

Body Structure:

Structure of the nervous system

The eye, ear, and related structures
Structures involved in voice and speech

Structures of the cardiovascular,
haematological, immunological, and
respiratory systems

Structures related to the digestive, metabolic,
and endocrine systems

Structures related to the genitourinary and
reproductive systems

Structures related to movement

Skin and related structures

Environmental Factors:

Products and technology

Natural environment and human-made

changes to environment
Support and relationships
Attitudes

Services, systems, and policies

Source: WHO 2001%°

13
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The ICF model defines each of its components as interrelated, a concept that also applies to frailty.
For example, one domain of frailty, such as declining social participation, may be indicative of
declining function in other domains such as activities of daily living or mobility, which may in turn
cause a more severe decline in social participation. The strong relationship among multiple

domains is part of what makes the ICF model a good fit to operationalize frailty in this context.

We will examine frailty in detail, organizing the data collected in the CLSA into the domains
relevant to frailty. We will be measuring participants’ self-reported “performance” or what
participants report they can do in their current environment. Ideally, we would have data on
“capacity”, or the performance of participants in a standardized environment collected through
clinical assessment. The gap between performance and capacity would inform researchers on
potential environmental factors affecting frailty, but is beyond the scope of this study. The model
for frailty developed in this study may be incomplete, since we are restricted to data available in
the CLSA tracking cohort, but an empirical cross-sectional study of this magnitude is an important
starting point for describing frailty using the ICF core set for frailty. The core set of categories from
the ICF describes functioning in clinical practice by providing lists of categories that are relevant
for specific health conditions and healthcare contexts.*® Core sets have been developed for other
areas of health research, including geriatrics, but a core set specific to frailty would be a useful
step forward for research in this area.*” While the ICF provides guidance for measuring these
domains, we will have data collected using the tools developed by the CLSA, and using the ICF to
organize these results and create a conceptual model. We hypothesize that items within domains
should be correlated more than items across domains. This hypothesis will useful when

conducting SEM to assess the fit of this model and evaluating its construct validity.
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The sections of questionnaire items in the CLSA, called modules, related to frailty are grouped
according their corresponding ICF domains in Table 2-2. These groupings of modules were used
to inform the base structural equation model for this analysis. Wherever possible, the ICF was
used to guide the organization of modules into the most relevant domain?. A consensus was
reached for the groupings of modules after review by experts in the fields of population health,

geriatrics, and physiotherapy.
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Table 2-2. Levels of the ICF and their measurement in the CLSA

Level of the ICF

Measurement in CLSA

Description

Health conditions

Number of chronic conditions

Impairments to body structure
and function

Self-rated health Multi'njorbidity and chronic
Self-rated mental health conditions

BMI

Continence Physical impairments

Sensory impairment

Depression

Satisfaction with life Psychological impairments
Anxiety

Mood disorders

Cognition Cognition impairments

Activity limitations

Functional status

Problems with simple tasks
related to strength, mobility, or
dexterity

ADL
IADL

Decreased self-care

Participation restrictions

Social participation

Lack of participation in life roles

Environmental or contextual
factors

Social support — availability

Problems with services or
support systems

Modified from Fairhall et al*’
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2.3 Surrogate Outcomes for Frailty

As this thesis is based on cross-sectional analysis, we are unable to assess prospective outcomes
such as mortality, hospitalization and long-term care admission. In lieu of these more concrete
outcomes, we have assembled a set of sociodemographic characteristics associated with frailty
identified by review of the reported literature and consultation with experts in the area. Age,
education, income, injuries, and falls are all expected to differ between populations who are
robust and those who are frail. If these factors vary as expected between those indicated as frail
and non-frail by the instruments for measuring frailty developed in this analysis, it would provide

evidence for their construct validity.

In addition to sociodemographic variables, “care received” will be used as a surrogate outcome
for health service use that is associated with frailty. Care receiving is an attractive option as a
surrogate for frailty, since it is necessary to have a variable that reflects frailty, but is not
considered a contributor. The relationship between frailty and care received in the form of
healthcare utilization has previously been established, with frail individuals requiring more
services than non-frail individuals.*>*°>2 The care needed for older community-dwelling adults
includes a broad range of services including personal care, nursing care, and informal care such
as home visits or meal delivery. Previous studies on frailty and the need for home care have shown
links between frailty and use of home care services.>*™> This evidence suggests that individuals

who are frail are likely to need more care than those who are non-frail or mildly frail.

Care received is measured in great detail in the CLSA in the form of self-reported paid and unpaid
care received by participants. We have also included self-reported use of assistive devices. We

plan to use these data to evaluate the amount of care received as a function of the frailty score in
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order to evaluate our measure. Testing the hypothesized relationship between care received and
the instruments for measuring frailty developed in this study will be done to evaluate the

construct validity of the instruments.

The results of this analysis should be interpreted cautiously, as factors that are related to the
physical domain of frailty are likely to affect care receiving more than factors in the psychological
or social domains, since frail elderly with severe physical deficits are in more apparent need of
care than those with psychological or social impairments, who may still be able to care for
themselves on a day-to-day basis (add a citation). However, the physical, psychological, and social
domains of frailty have all been separately linked to indicators of healthcare utilization, including
hospitalization, personal care, nursing care, and informal care.>® We hypothesize that that all

measured domains of frailty will be related to the level of care received by CLSA participants.
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CHAPTER 3: SYSTEMATIC REVIEWS ON FRAILTY MEASUREMENT

This chapter presents the methodology and findings of an overview of the published systematic
reviews on original measurement tools for evaluating frailty in adults using self-reported data.
The objective of this overview was to identify health indicators for frailty that are measured in the
CLSA Tracking cohort. Our frailty analysis will then be based upon items identified in this literature

overview, and applied to the modules in the CLSA Tracking cohort.

3.1 Methodology

Several high-quality systematic reviews were identified which compared original frailty
measurement tools. A review published by Sternberg et al (2011)* was found to be the first high-
quality systematic review available that fit our research objectives. Included in the review are
original studies developing measurement tools for frailty, which are compiled and compared
based on their quality and content. The review summarizes identifying factors of frailty, clinical
operational definitions, and tools for identifying the presence and severity of frailty. Rather than
duplicating this work, we used it as a framework for this overview of current research on frailty
measurement. We aimed to find all subsequent published reviews to ensure that our summary is
comprehensive. Ovid MEDLINE, Embase, and Cochrane Database of Systematic Reviews were
searched for systematic reviews of studies reporting original tools for measuring frailty. The
medical subject heading “Frail Elderly” was used as the primary search term to identify relevant
reviews, as it is broad enough to cover the literature related to the concept of frailty. This term
was combined with a number of other related keywords and headings to focus the search and

" “”

minimize the extraneous literature captured. These includes MeSH headings “aging”, “aged”,

”  u ”n u ”n u

“vulnerable populations”, “longevity,” “health status,” “geriatrics,” “risk assessment,” “risk
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n u

factors,” “health status indicators,” “disability evaluation,” “forecasting,” “patient care planning,”
“biomarkers,” “health surveys,” or “diagnosis,” as well as the keywords “operationalization,”
“successful ag?ing,” or “healthy ag?ing”. The search was limited to “review articles” in Medline
and articles containing the keyword “systematic review” in Embase to restrict the search results
to published systematic reviews. The detailed search strategy is shown in Appendix A. Database
searches covered the period of January 2010 to January 2015, subsequently updated to June
2016. The search was supplemented by consultation with experts in frailty measurement, as well
as hand-searching of the references of identified reviews to minimize the risk of missing relevant

reviews. We determined that a new systematic review was not necessary, as the reviews

identified adequately summarized frailty measurement studies during the period of interest.

This literature overview focused on the domains of frailty measured by each tool, to select items
in the CLSA that have the potential to measure frailty. Domains describe the area of functioning
or health that that is included in each tool. Eligibility criteria included peer-reviewed, systematic
reviews of primary studies that included original frailty measurement tools using self-reported
data from community-dwelling adults. Due to time and funding constraints, the overview was
restricted to English language publications. After duplicates were removed, full text copies of
potentially eligible reviews were obtained. Reviews were excluded if they focused on
institutionalized populations, used measurements of frailty unobtainable by self-report, or
measured health statuses other than frailty, such as disability. Reviews that used a narrow
definition of frailty were also excluded. For example, reviews based only on the Fried phenotype
of frailty, were excluded, as the (five) frailty domains are already known. The screening and

selection process for the literature overview is presented as a flow diagram in Figure 3-1. The first
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author, DK, screened each of the reviews and determined eligibility. The quality of the included
systematic reviews was assessed using the AMSTAR checklist, the first tool validated as a means

to assess the methodological quality of systematic reviews®®>’,

3.2 Findings

Overall, 286 reviews were identified by the search strategy, and 5 were found to meet the
inclusion criteria. The characteristics of these reviews are reported in Table 3-1, which includes
the criteria for inclusion in each review, the number of original frailty measurement tools
included, the characteristics of those tools that were reported, and the quality of each systematic

review.
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Figure 3-1: Literature Review Flow Diagram

286

Identified By Search Strategy

8
Duplicates

278

Title and Abstract Screening

253
Not a systematic review of original frailty
measurement tools

25

Full Text Screening

20
Excluded:

Did not include original tools (7)

Not specific to frailty measurement (6)
Restricted to pre-defined frailty criteria (3)
Not a systematic review (2)

No community-dwelling participants (1)
No self-reported tools (1)

5

Systematic Reviews Included

McMaster — Health Research Methodology

22



M. Sc. Thesis — D.M. Kanters

McMaster — Health Research Methodology

Table 3-1: Characteristics of included systematic reviews

First Inclusion Criteria Number  Characteristics of g’:l/lasl:;AR
author of Tools included tools Score;é
(Year) Years Language  Population Frailty Measurement Tool  Included  reported (1-11)*
Quality,
Published . Recruitment period,
Community- .
January . . Offered clinically-relevant Follow-up length,
Sternberg Englishor  dwelling )
15 1997- outcomes, 22 Sample size, 8
(2011) French adults aged . . . .
December Described original tool Frailty domains
65 or older
2009 assessed,
Outcomes assessed
Setting,
Sample size, Age,
Bouillon Published  English, Participants Measurement of frailty, Frailty domains
(2013)12 1948-May French,or aged 50years Psychometric evaluation 27 assessed, 4
2011 Spanish and older of frailty instrument Criteria for frailty
status,
Reliability and validity
Setting,
Study population
Published . . Sample size,
. . Frailty screening method, Age, Sex,
Hamaker before None Patients with . . . .
18 Lo comprehensive geriatric 7 Frailty domains 7
(2012) December specified cancer
2011 assessment (CGA) assessed,
Criteria for frailty
status
Inclusion criteria,
Number of items,
Development/ Mode of
Non- psychometric evaluation administration,
f i | L
Published hospitalized ot a screening t?o' anguase,
. . . More than one item, Administration
Pialoux before No patients with ) .
19 I Comparison to CGA, 10 duration, 7
(2012) June restriction  at least one . o -
. Tested in non-hospitalized Reference geriatric
2011, frailty .
. population, assessment,
characteristic . . . .
Psychometric properties Frailty domains
reported assessed,
Psychometric
properties
Published Development/ Frailty domains
. before psychometric evaluation assessed,
de Vries No . . . .
2 February _— No restriction of a screening tool, 20 Scoring of instrument, 5
(2011) restriction .. . .
2010 Explicit and operational Psychometric

definition of tool

properties

*Two of the 11 AMSTAR items were not-applicable for this set of reviews as the results of the included primary studies were not
pooled, making the 9/11 the highest achievable score.
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These systematic reviews identified 57 original tools, many of which were included in more than
one review. Specific items included in the tools varied widely, and in all tools taken together a
total of 21 different domains were used to measure frailty. No domain was measured by all tools
and no tool measured all domains. This literature overview supports the contention that there is
no consensus on the definition of frailty or its measurement. There are likely a number of
interrelated systems contributing to frailty, as represented in the breadth of domains included.
Table 3-2 summarizes the frequency of various frailty domains assessed in the 57 tools and the
relevant modules in the CLSA that measure these domains. The most common domains were
physical functioning, which was measured in 40 of the 57 tools, and mobility and/or falls,
measured in 37 tools. Each of the domains was assessed in a variety of ways in different tools. For
example, items that measured grip strength, reaching, lifting objects, or chair stands were
considered measure the physical function domain, while items measuring gait speed, difficulty
walking, difficulty moving around the house, or falls were included in the mobility domain. Items
in the depressive symptoms domain included feeling depressed, sadness, satisfaction with life and
energy level (e.g. feel tired or have trouble get going). The cognition domain included measures
of memory problems or executive functioning, as well as diagnosed dementia or cognitive
impairment. The mood domain included reported or diagnosed mood disorders or anxiety.
Nutrition was sometimes included in a common domain with weight loss or BMI, while other tools
reported them as distinct. Social support included items on the extent of social support available
(e.g. availability of others to provide help or conversation) social participation, and the desire for

more social interaction.
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Items for this analysis were selected from the CLSA dataset to correspond with domains identified
through the literature search, in consultation with experts in geriatric medicine, physiotherapy,
population health and frailty measurement. These items from the CLSA are summarized in Table

3-2 and discussed in greater detail in the analytical methods section in the next chapter.

Not all domains to evaluate frailty are included in the CLSA Tracking cohort dataset. Physical
activity, health-related quality of life, nutrition, and medication data were not available in CLSA
Tracking. Health service use is more often considered an outcome of frailty, and is strongly
associated with disability. CLSA Tracking evaluates health service usage by the amount and type
of care received, both formal (paid) and informal (unpaid) care, as well as the use of assistive
devices for mobility. Sociodemographic variables of age, gender, and education were not included
as potential components of frailty. These items were instead used to describe the population and

to assess the construct validity of the frailty measurements developed in this study.
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Table 3-2: Frailty domains included in original tools

Domain

Physical functioning
Mobility
Cognitive functioning

Activities of daily living (ADL/IADL)

Depressive symptoms
Weight loss/BMI

Sensory impairment (vision, hearing)

Self-rated health

Comorbidities or health conditions
Nutrition

Social support
Physical activity

Mood or anxiety disorders

Health service use

Medication/polypharmacy

Age

Continence

Subjective/general assessment
Education

Sex
Quality of life

Tools including

each domain
N (%)
40 69%
37 64%
27 47%
22 38%
21 36%
18 31%
17 29%
16 28%
16 28%
16 28%
14 24%
13 22%
12 21%
11 19%
10 17%
9 16%
8 14%
3 5%
2 3%
1 2%
1 2%

Corresponding
items in CLSA

Functional status (8 of 14 items)
Functional status (6 of 14 items)
Falls causing injury (frequency)
Cognition (4 items)

ADL (7 items)

OARS scale (7 items)

CES-D 10 scale (10 items)

SWLS scale (5 items)

BMI (1 item)

Self-rated vision (1 item)
Self-rated hearing (1 item)
Self-rated health (1 item)
Self-rated mental health (1 item)
Health conditions (27 items)

None

Social support availability (20 items)
Social participation (frequency, type)
None

Self-reported mood disorder (1 item)
Self-reported anxiety (1 item)
Informal care received (frequency,
type)

Formal care received (frequency,
type)

Assistive device use (type)

None

Age (years)

Urinary incontinence (1 item)
Bowel incontinence (1 item)

None

Highest level of education

Sex

None
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CHAPTER 4: STATISTICAL METHODS

This chapter presents a summary of the dataset used, as well as the methodology and analytical
methods used to investigate the construct of frailty and its measurement in the Canadian

Longitudinal Study on Aging (CLSA).

4.1 Data Source

The Canadian Longitudinal Study on Aging

The CLSA tracking cohort is the source of data for these analyses. Many studies on aging have
been short-term and have focused on specific aspects of aging or disease. The CLSA helps address
the need for large-scale population-based studies to examine the cumulative effect of many
different factors on the health of Canada’s aging population. CLSA examines the process of aging
from mid-life to old age, enabling study of the development of frailty during its early stages. The
wide extent of physical and psychological health indicators, social life circumstances, and disease
outcomes collected for a large population makes the CLSA a resource well-suited for the study of

the interrelationships among factors that affect frailty and healthy aging.?’

4.2 Population and Recruitment

Population

The CLSA consists of a national stratified random sample of 50,000 Canadians aged 45-85 years at

the time of recruitment?’

. This wide age range enables the study of factors in mid-life that may be
associated with frailty later in life. This sample was selected to be representative of the Canadian
population for provincial estimates of health determinants, health status, and health system

utilization?’.
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The CLSA population includes adults between the ages of 45 and 85 years at recruitment, who are
able to complete the interview in English or French. Community-dwelling adults in households or
transitional housing such as senor’s residences with minimal care are included. Those in long-term
care were excluded at baseline, while participants who become institutionalized during the study
will continue to be followed. Also excluded were Canadian residents of the three territories, full-
time members of the Canadian Armed Forces, and persons living on federal First Nations reserves
or other First Nations settlements for logistical reasons and to ensure a sample representative of
the population of Canadian adults as a whole. The presence of cognitive impairment at baseline
is a criterion for exclusion, as this can compromise the capacity to give informed consent, and
may affect the reliability and validity of interview responses.?’ These eligibility criteria were

adapted from the Canadian Community Health Survey (CCHS).>®

From the 50,000 CLSA participants, approximately 20,000 make up the CLSA Tracking cohort, a
representative sample of Canadians designed for provincial-level estimates of health
determinants and health system utilization.?” The remaining 30,000 participants will be asked to
provide more in-depth information through physical assessments and collection of biological
specimens (blood and urine).? This analysis will use the responses from the CLSA tracking cohort,

the only CLSA dataset currently available.

Recruitment

The first sampling frame for the CLSA was the Canadian Community Health Survey (CCHS).
Contact information was obtained to approach participants for recruitment for the tracking

t'58

cohor CLSA collaborated with Statistics Canada on the sampling strategy to assemble a

representative sample of Canadians in the target age range.>® Statistics Canada approached
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participants in the CCHS and when consent was provided, they forwarded contact information to
CLSA researchers.?” , after which all further contact and follow-up became the responsibility of
the CLSA research team. The consenting CCHS participants were sent an introductory letter

containing information about the study and a study consent form.

The telephone interview consists of a 60-minute interview using Computer Assisted Telephone
Interview (CATI) software, which assists trained interviewers to ask questions over the telephone.
The interviewers enter responses directly into the system, improving transcription quality and
security.?” Interviewers at the CATI sites contacted potential participants by telephone within two
weeks of the information package being sent. The CLSA interviewer explained the study in detail,
answered questions, guided participants through the consent process, and if verbal consent was
provided.,?” they undertook the baseline interview. To participate in the Tracking cohort, a person
had to complete the 60-minute interview and provide written consent to the CLSA National
Coordinating Site. To reach the intended sample of 20,000 participants, additional Tracking
participants were recruited through two additional sampling frames: Provincial Healthcare
Registration Databases and random digit dialing.® A similar recruitment process was conducted

for all sampling frames.

Ethical Considerations

All participants recruited through CCHS provided written consent to allow their contact
information to be released and to be contacted by CLSA staff for recruitment in the study.>® All
CLSA participants have provided written informed consent. Extensive preparation has insured that
province-specific regulations for the use of provincial healthcare registration databases has been

met>®.
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4.3 Measurement of Health Indicators

To minimize bias in the selection of variables for the analysis, a literature review of studies on the
identification and measurement of frailty was conducted to identify all available variables
associated with frailty. The final list of variables was selected through consultation with a team of
experts, including geriatricians, physiotherapists, epidemiologists, population health researchers,

and experts in the study of frailty.

The CLSA Tracking cohort includes measures selected by expert working groups. Measures were
identified through literature reviews and chosen for their appropriateness, relevance to the
population studied, availability and French and English, psychometric properties, and feasibility
for telephone interviews?’. The variables used for this analysis were selected from the data

available in the CLSA specifically for their relevance to frailty.

4.3.1 Indicators of Frailty
The following health indicators available in the CLSA are hypothesized to associate with frailty.

These will be used to develop the Frailty Index and be included in the EFA and SEM analyses.

Health Status Measures

The assessment of general health includes one five-point item on each of the following: self-rated
general health, mental health, and healthy aging. Single-item scales have been shown to be
reliable in the assessment of self-rated health.®° To measure sensory impairment, participants
were asked to rate their eyesight and hearing while using aids (corrective lenses, hearing aids,
etc.), each on a five-point scale. Participants’ best estimate of their own height in centimetres and
weight in kilograms were also reported. From these measures, body mass index (BMI) was

calculated as mass divided by square of body height and classified based on the international
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standards set by the WHO.5! Participants were categorized using their BMI as no risk (normal
weight), mild risk (overweight), moderate risk (obese class 1), or high risk (underweight or obese
class 2 and above). In aging populations, there is increased risk of mortality for those with low

BMI, so this category was classified as high risk along with those classified as severely obese.®?

Chronic Conditions

The chronic conditions assessed in the tracking cohort were selected for inclusion in the CLSA
based on: relevance to adult populations, ability to be studied in a sample of this size, being
understudied in existing population-based studies, and feasibility to ascertain without physical
examination.?’ Participants were asked about the presence or absence of chronic health
conditions items with the phrasing, “has a doctor ever told you that you have...”. Chronic
conditions assessed include arthritis (rheumatoid and osteoarthritis of the knee, hip, and hand),
hypertension, cataracts, back problems, diabetes, cancer, mood disorders, migraine headaches,
hyper- and hypothyroidism, asthma, heart disease, osteoporosis, bowel disorder, intestinal or
stomach ulcers, anxiety disorder, peripheral vascular disease or poor circulation, emphysema,
chronic bronchitis, chronic obstructive pulmonary disease, heart attack or myocardial infarction,
angina, glaucoma, macular degeneration, mini-stroke or transient ischemic attack, kidney disease
or failure, memory problems, stroke or cerebrovascular accident, epilepsy, Parkinsonism or
Parkinson’s disease, dementia, and Alzheimer’s disease. Multiple sclerosis was excluded, as this
disease was not thought to become more prevalent with age and would therefore not be
indicative of frailty. Self-reported conditions diagnosed by a clinician have shown good test-retest

reliability in population-based health surveys.5
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Functional Status

Physical functioning is assessed using a set of fourteen 5-point items taken from the Framingham
Disability Study, Established Populations for Epidemiologic Studies of the Elderly study, as well as
the Nagi and Rosow-Breslau Scales.®* %" Age-adjusted kappa statistic ranged from 0.41-0.95 for
the included self-report items items.%®%° Validity and reliability assessments of these instruments
have shown good validity, test-retest reliability, responsiveness to change, and correlation with

6872 and with lean and fat mass.”® These items were grouped into three

performance measures
domains of physical functioning, based on the results of an exploratory factor analysis showing
the constructs measured by the 14 functional status items, as well as our interpretation of the
domains these items best measured. The lower body strength domain included the following
items: difficulty walking 2-3 blocks, walking up and down stairs, standing for a long period,
stooping, crouching, or kneeling, standing up after sitting, and sitting for a long period. The upper
body strength domain included items on: difficulty making bed, pushing or pulling large objects,
lifting ten pounds, taking a force or impact in the arms or hands, and washing one’s back. The

dexterity domain included items on difficulty using a knife, handling small objects, and extending

arms above shoulders.

Activities of Daily Living

Basic Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) are measured
using a modified version of the Older Americans Resources and Services (OARS) Multidimensional
Assessment Questionnaire.”* The total score is the number of the 13 daily activities that
participants indicate they can do without help. The first six items pertain to basic or personal care

such as eating and dressing, while the remaining seven evaluate higher level activities including

32



M. Sc. Thesis — D.M. Kanters McMaster — Health Research Methodology

travelling, housework, shopping, and preparing meals. The use of these scales to evaluate self-
care for the study healthy aging and frailty is widespread. The scales demonstrate high
correlations with physical therapist measures of self-care capacity. Good validity was shown with
intraclass correlation coefficients ranging from 0.66 on physical health to 0.87 on self-care

capacity.”

Cognition

Two domains of cognition are assessed in the CLSA Tracking cohort, memory and executive
function. Memory is assessed using the Rey Auditory Verbal Learning Test (RAVLT),”® a 15-item
word learning test that assesses learning and retention. The RAVLT is measured twice, once after
the list is given, and once after the subsequent cognitive tests. The RAVLT has been shown to be
reliable’”” and sensitive to the detection of early cognitive decline,”® with an intraclass correlation
coefficient of 0.71 for immediate and 0.76 for delayed recall tests showing good test-retest
reliability.” Executive function is measured using the mental alternation test (MAT)® and animal
naming test of verbal fluency. The MAT is a two-part test that first requires participants to count
aloud from 1-20 and say the alphabet as quickly as they can. If they cannot do this, the test cannot
be performed. If the participant proves capable of these tasks, they complete the second part
where they are asked to alternate between numbers and letters (1-A, 2-B, 3-C, ...) as quickly as
possible for 30 seconds. Scores are based on the number of correct responses. The MAT is
sensitive and specific for the detection of cognitive impairment as measured by the Mini-Mental
State Examination in older adults” (Pearson correlation 0.84, sensitivity 0.91, specificity 1.00).8?
Verbal fluency is measured by asking participants to name as many animals as possible in 60

seconds. Animal naming has shown to be sensitive to cognitive decline and can discern normal
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aging from early-stage dementia.?® Category fluency tasks, including animal naming, have shown
to be good at identifying participants with Alzheimer’s disease®* and strong predictors of incident
Alzheimer’s disease in longitudinal studies (sensitivity 1.00, specificity 0.93).88¢ Scores from each
of these tests were standardized to have a mean of 50 and standard deviation of 10, with no
gender differences and unrelated to age or education, based on the validation of these cognitive

function tests in the Canadian Community Health Survey.®’

Depression

Depressive symptoms are measured using the Center for Epidemiologic Studies Short Depression
Scale (CES-D 10).28 This scale consists of ten 4-point items on feelings of depression, loneliness,
hopefulness for the future, and restless sleep. The maximum score is 30, and a cut-off score of 10
or above indicates depression. This scale is among the best-known instruments for measuring
depressive symptoms and has been used extensively in large population-based studies. The short
form version shows close agreement with the full version® and comparable reliability, with a

Cronbach’s alpha of 0.80 compared to the 0.86 in the full version.®

Satisfaction with Life

The Satisfaction with Life Scale (SWLS) is included to measure positive mood state or life
satisfaction, an important measure for self-assessment of health and well-being.>® The SWLS
consists of five 7-point items and evaluates several domains including social relationships, work
or other role performance, and personal satisfaction with self, religious life, learning, and leisure.

91,92

This scale is widely used and has shown good psychometric properties””* with strong correlations

with other measures of life satisfaction and Cronbach’s alpha reliability of 0.83%.
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Social Support

Social Support is measured using the 19-item MOS Social Support Survey,®® which is divided into
the subscales that measure affection, emotional and informational support, social interaction,
and tangible social support. The four separate social support subscales are scored by the
difference between the observed and minimum possible scores, divided by the difference
between the maximum and minimum possible scores. The scale was developed to measure social
support for chronically ill community-dwelling adults, but is considered applicable to all adults.®*

The reliability of the scale and its validity for population-based studies have been studied and

shown to be acceptable, with all Cronbach’s alpha values greater than 0.91.%*

Social Participation

CLSA Tracking includes eight 5-point items on the frequency of participation in a variety of social
activities, including family or friend-based, faith community, sport or recreational, social club-
based, educational, volunteer, and cultural. These items were developed as part of the CCHS-
Healthy Aging.*® Participants’ responses were recorded on two axes:(?) the frequency of any type
of community activity-related participation (never, yearly, monthly, weekly, daily) and their desire

to participate more in social activities.

4.3.2 Construct Validation Variables
The following health indicators will be used to assess the construct validity of the frailty scores in
this analysis. The direction of the frailty score correlation with each variable will be predicted a

priori based on our theory of how a measure of frailty should perform.

Sociodemographic measures
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Sociodemographic variables were self-reported for all participants, including age, province, sex,
ethnicity, marital status, household income, and highest level of education achieved. Single
marital status, low household income, low education, and older age are hypothesized to associate
with increasing frailty. These variables will be compared to other available population datasets to

ensure the population selected is representative of Canadian adults.

Care Receiving

The care receiving module collects information on both informal and formal care. Informal care
describes performance of tasks by family, friends, or neighbors due to a health condition or
limitation of the participant. Formal care describes the performance of these tasks by healthcare
professionals, including nurses and personal support workers. This section also includes the use
of assistive devices such as canes, wheelchairs, or personal alarms. These items were adapted
from the General Social Survey (GSS)®®. The number of weeks of care, as well as the average hours
per week of care from formal and informal caregivers are recorded. We hypothesize that

increasing frailty will associate positively with higher levels of care received.

Injury and Falls

Two items are included to screen for injuries in the past 12 months. If an injury is reported, the
type, cause, location, and body part injured are assessed, as well as whether the injury resulted
in fracture. If a fall is listed as the cause, a second battery of questions focusing on fall-related
injuries and their consequences is also administered. This injury and falls module has been used
numerous times as part of the CCHS and has undergone extensive validation. The number of
injuries sustained from falls in the past 12 months will be included. Increasing injuries and falls

are hypothesized to associate with higher levels of frailty.
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Data Limitations

A limitation of secondary data analysis is the limited number of variables present in the dataset
that has already been collected. Several key health indicators are absent from this dataset,
including medications, nutrition, functional performance, muscle mass, and waist and hip
circumference. However, these variables and others will be available in the CLSA Comprehensive
dataset. This study of the CLSA Tracking cohort will provide an improved understanding of the
health and frailty of aging Canadians and will act as important groundwork for future analyses of

the Comprehensive data.

4.4 Statistical Methods
A Frailty Index will be constructed following the cumulative deficits model and evaluated for
construct validity. Exploratory Factor Analysis and Structural Equation Modeling will be used to

explore the relationships between these health indicators and the underlying construct of frailty.

4.4.1 Data Preparation and Descriptive Summary

The CLSA Tracking cohort population dataset exceeds the recommended sample size for the
analyses performed, so that it can be split using simple random sampling, into two datasets: one
for model development and one for validation. The subsamples will be tested using independent
t-tests with Bonferroni correction (to minimize type 1 error) for continuous variables and chi-
squared tests for categorical variables to ensure the two subsamples can be compared as two

random samples of the same population.

Descriptive statistics for the variables will be calculated for the full sample and both subsamples.
Complete case analysis with deletion of participants with missing data will be used for the

exploratory and confirmatory factor analyses.
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4.4.2 Frailty Index

A Frailty Index will be constructed from the variables present in the dataset, based on the
recommendations of Searle et al (2008).%® In this model, frailty is thought to be the result of the
accumulation of health deficits as a person ages. With this model, a list of 30+ health deficits are
chosen with the items weighted equally. All of the health deficits listed above will be transformed
from 0 (no deficit) to 1 (most severe deficit) and included in the index. For example, a 4-point
scale where 0 is the most severe option, such as “how often do you feel depressed” (all of the
time, occasionally, some of the time, rarely or never) would transform to (1,0.66,0.33,0). The
frailty of an individual is the proportion of deficits present divided by the total number considered.
Frailty indices were not calculated for participants with more than 5% missing data. No specific
deficit is necessary for a person to be considered frail, so this model is flexible for use in population
datasets such as the CLSA. The Frailty Index is designed as a continuous variable and will be
evaluated as such. A cut-off value of 0.25 has been shown to be suitable for the purposes of

estimating the proportion of frail and non-frail participants.*?

4.4.3 Exploratory Factor Analysis

Exploratory factor analysis (EFA) is a statistical method used to estimate factors, or latent
variables, from a correlation matrix of measured variables that account for the maximum variance
in the set of observed data. This method was chosen because it is commonly used to measure
latent constructs behind inter-related variables and is relatively simple to conduct and interpret,

facilitating the reproducibility of this research.

The assumption of EFA is that any variable may be associated with any factor, there is no a priori

prediction for how the variables are related to the underlying factors®’.
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The aim of this analysis is to evaluate frailty as an underlying construct that can be measured only
by examining the relationship and covariance among observable health indicators. As a result,
factor analysis is chosen as a method of analysis over principle component analysis, which does
not account for the underlying structure of latent variables.®® A matrix of polychoric correlations
between ordinal variables and Tetrachoric correlations between dichotomous variables was used
for the analysis, as these methods are more suited to exploratory and confirmatory factor analysis
of categorical data than Pearson correlations.'® The principal axes method of factor estimation
will be used to extract factors. The Cattel scree test of graphed eigenvalues will be used to
determine the number of factors retained by examining the graph to find the factors that explain
the large amounts of the total variance.’®® Orthogonal varimax rotation will be used as a method
for factor rotation to aid in factor interpretability, since we anticipate some correlation among
frailty factors and this method is more appropriate when the factors are correlated.®® When
interpreting variable factor loadings, 0.30 will be considered the minimum cut-off to be
considered part of a factor.*® Research on appropriate sample size for factor analysis is conflicting,
although a sample size greater than 150 is considered appropriate for an analysis of 10 variables
or more, with very large samples making the analysis more generalizable or replicable.%10?
Subject to item ratio of 10:1 is commonly used for determining a priori sample size required for

factor analysis.*® A population of 20,000 participants in CLSA Tracking far exceeds the necessary

sample for this analysis.

4.4.4 Structural Equation Modelling
Structural equation modelling (SEM) is a method to evaluate a hypothesized measurement model

explaining the relationships between the measured variables and underlying constructs of frailty.
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This model is developed using both our theory of frailty, published literature on frailty, and the

ICF?, as discussed in chapter 2. The specified model is shown in Figure 5-2A.

SEM with maximum likelihood estimation will be used to test the fit of the model with the
observed covariance structure of the observed health indicator variables.”” Each latent variable
will be considered exogenous and allowed to covary with every other latent variable.”” To simplify
the analysis, each indicator is assumed to measure only one construct. We hypothesize that each
indicator will have high standardized loadings on that factor compared to others, suggesting
convergent validity, and correlations between factors are not excessively high, showing
discriminant validity.®” Goodness-of-fit will be evaluated using the Comparative Fit Index (CFl),
Bentler Non-Normed Fit Index (NNFI), Root Mean Squared Error of Approximation (RMSEA), and
Akaike Information Criterion (AIC). CFl ranges from a 0-1, with larger values indicating better
model fit. A CFl value greater than 0.90 is considered acceptable model fit.1° NNFI values greater
than 0.95 indicate good fit, whereas values less than 0.90 suggests that changes to the model are
necessary.’® RMSEA pertains to the residual in the model and has values ranging from 0-1 with
smaller values indicating better model fit. A RMSEA value of 0.06 or less is considered acceptable
model fit.2% The AIC statistic is used for comparing candidate statistical models, and provides a
comparison independent of model complexity.'® Lower AIC values indicate better model fit.
Modifications to the model will be made in a step-wise, exploratory process by removing poor-
performing indicators until an acceptable model is reached. The model with the best face validity,
or most consistent with the theory of frailty, and best fit of the data will be selected from the
candidate models generated in the analysis. In SEM, it is necessary for there to be more than one

variable in each factor, due to the modelling of error, so factors with only one remaining variable
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were dropped or combined with other factors during model development.®” The final model will
be used to create a frailty score by equally weighting variables within each factor, then weighting
each factor equally, based on recommendation of Streiner, Norman, and Cairney.'% This score
will be compared with the Frailty Index developed in the analysis describe below. The results from
each will be reported and the best-performing measurement will be examined further for

potential inclusion in the CLSA.

4.4.5 Model Validation

The frailty score created in this study must be able to measure frailty in a way that is clinically
relevant and which demonstrates good validity and reliability. The sample size is sufficiently large
that a randomly-split half of the data can be used to develop the frailty measurement models.
The validation sample will be used to test the models by repeating the EFA and SEM analyses in
this dataset and comparing the model fit. The score generated from the SEM analysis model will
be compared to the Frailty Index by examining distribution (including skewness, kurtosis, floor
and ceiling effects), correlation with one another, agreement on classification of participants as
frail and non-frail, and correlation with relevant health indicators. Participants for whom the two

scales disagree will be explored.

Since there is no way to measure frailty directly, the construct validity of the measures will be
tested against hypothesized associations with sociodemographic and physical health variables.
These hypotheses are based on the researchers’ current theory of frailty, informed by the
literature, as well as their research and clinical experience. We expect that frailty scores will be
higher in women than in men, and will increase with age. Frail individuals will be less autonomous,

requiring more formal and informal care and more likely to use assistive devices than the non-
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frail. Frail persons are predicted to have more frequent falls and more severe injuries from falling.
Highest level of education achieved and household income are both predicted to be lower in those
identified as frail. If these hypotheses are met, the study will provide evidence for both the theory

of frailty and the method of frailty measurement used.%
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CHAPTER 5: RESULTS

This chapter presents a descriptive summary of the sample of CLSA participants in section 5.1. A
summary of the Frailty Index in this population is shown in 5.2. The latent constructs emerging
from the data in the exploratory factor analysis are presented in 5.3. The fit of the hypothesized
measurement model for frailty in this dataset is evaluated through structural equation modelling
in 5.4. The modifications to this model are described and the indices of model fit for the two
subsamples are also presented in this section. The creation of a frailty score from the best
performing measurement model is detailed in 5.5 and the construct validity of this score is

compared to the Frailty Index in 5.6.

5.1 Sample Characteristics

Summary descriptive statistics of both the demographic factors and variables included in the
frailty measurement models are displayed for the total sample and the subsamples included in
the calibration and validation samples in Tables 1A and 1B. The calibration and validation
subsamples had no significant difference in the distribution of sex, age, formal care received,
assistive device use, or falls (Table 5-1A) and for age (treated as a continuous variable) and
number of serious injuries (Table 5-1B). Significant differences were found between the
calibration and validation samples in the income, education, and formal home care variables.
Upon further examination, the absolute differences between the subsamples were very small and
the very large sample size raises the likelihood of type 1 error for these tests. For the purpose of

this analysis, the subsamples were considered to be similar for all factors.

43



M. Sc. Thesis — D.M. Kanters McMaster — Health Research Methodology

5.2 Frailty Index

The Frailty Index was calculated using the 90 available indicators of frailty chosen from review of
frailty measures and consultation with experts. Each variable was transformed to a decimal from
0 (no deficit) to 1 (highest deficit). A descriptive summary of these variables in the total
population and in the calibration and validation subsamples are shown in Tables 5-2A and 5-2B.
Table 5-2A includes the Frailty Index values assigned for each level of the categorical variables.
For continuous variables in Table 5-2B, the Frailty Index value is calculated as the value divided by
the maximum value for that category. In the total sample, 20874 (98%) participants had missing
data for four or fewer variables and had a Frailty Index calculated and were thus included in the
Frailty Index analysis. The Frailty Index had a mean of 0.14, standard deviation of 0.07. The
distribution had a skewness of 1.55 and kurtosis of 3.8. The minimum Frailty Index for the full
sample was 0.003, while the maximum was 0.68. Based on a cut-off of 0.25 for frailty, 1440
(6.92%) participants would be classified as frail. There were no floor or ceiling effects for the
Frailty Index, as no participant had the lowest or highest possible score. The Frailty Index summary

statistics are shown in Table 5-3.

5.3 Exploratory Factor Analysis

The polychoric bivariate correlations between the 90 observed variables in the calibration sample
included in the exploratory factor analysis are shown in Table 5-S (supplementary file). The
correlation between epilepsy and macular degeneration could not be calculated, as no person in
the sample indicated having both. The correlations were generally low, with the highest
correlations found between items in the same scales, including the SWLS (0.50-0.74), CES-D 10

scale (0.14-0.74), OARS scale for ADL and IADL (0.11-0.91), and MOS social support subscales
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(0.69-0.83). Items within the same scale tended to load on the same factor, which will be
discussed further. The minimum eigenvalue criterion was met by 16 factors. The Cattell scree plot
(Figure 5-1) showed that 3 factors should be retained, with the first two explaining the majority
of the variance in the sample. These three factors accounted for 33%, 17%, and 7% of the variance

of the observations, for a total of 56% variance explained.

The factor loadings of the 3 retained factors after varimax rotation are shown in Table 5-4. The
minimum cut-off was 0.30 for a variable to be considered a defining part of a factor. Factor 1
included very high (0.623-0.974) loadings from items in the functional status, OARS scale, and self-
rated health, as well as moderate loadings for some chronic conditions, including urinary (0.611)
and bowel incontinence (0.598), peripheral vascular disease (0.600), stroke (0.595), epilepsy
(0.574), osteoporosis (0.560), memory problems (0.537), arthritis (0.487), back pain (0.389),
diabetes (0.369), cataracts (0.349), Alzheimer’s (0.336), and emphysema/bronchitis/COPD
(0.319). Two items from the CES-D 10 depression scale loaded on factor 1: frequency “feel
everything is an effort” (0.423) and frequency “have trouble get going” (0.326). Finally, the self-

rated vision item also had a small loading on factor 1 (0.302).

Factor 2 included high loadings from the satisfaction with life scale (0.859-0.905). Some
depression items also had high loadings on factor 2, including frequency feel happy (0.706),
frequency feel hopeful for the future (0.723), frequency feel lonely (0.547), and frequency feel
depressed (0.512). Self-rated mental health loaded on factor 2 (0.587), as did social support
availability (0.380-0.480) and social participation items (0.350, 0.407). Minor loadings were found
for anxiety (0.308) and some depression items, frequency “feel fearful” or “ tearful” (0.315),

frequency “feel everything is an effort” (0.300), and frequency “have trouble get going” (0.346).
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Factor 3 had high loadings from depression items that did not load strongly on either of the
previous factors. Frequency “fearful or tearful” (0.830), frequency “feel bothered” (0.819),
frequency “have trouble concentrating” (0.803), “frequency feel depressed” (0.775), frequency
“everything is an effort” (0.713), frequency “have trouble get going” (0.710) had high loadings.
Moderate loadings were found for frequency “feel restless” (0.583), frequency “feel lonely”
(0.555), frequency “feel happy” (0.501), and frequency feel “hopeful for the future” (0.347). Other
mental health items also had moderate loadings, including mood disorder (0.510), anxiety (0.471),

and self-rated mental health (0.469).

5.4 Structural Equation Modelling

In total, 2193 of 21241 participants (10%) in CLSA Tracking were excluded from the analysis due
to missing data in at least one variable. The proportion of missing data for any one variable was
low <5% and each was treated as missing at random. The highest proportion of missing data was
found for the cognitive function tests, where 814 (3.8%) participants had no data available. When
explored further, the data were most often reported as missing due to technical problems rather
than participant refusal. When compared to those included, participants excluded due to missing
data were found to have a higher mean age (67.0£11.1 vs. 62.5+£10.5, p<0.0001) and greater mean
number of chronic conditions reported (4.1+2.7 vs. 3.443.4, p<0.0001). This presents a limitation
to this analysis, as the excluded participants may represent a more vulnerable population than

the participants included.

After removing missing data, 9561 of 10621 (90%) participants in the calibration sample were
included in the SEM analyses. Figure 5-2A and Table 5-5 show the parameter estimates for the

hypothesized base measurement model using the calibration sample, including factor loadings,
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squared multiple correlations, and factor covariances. All parameters were statistically significant
contributors to the model (p<0.001), no parameter could be dropped based on the Wald tests.
High covariances were found between health conditions and impairments to body structure and
function (0.788), participation restrictions and impairments to body structure and function

(1.026), and environmental factors and participation restrictions (0.796).

Modifications to the model were made in an exploratory fashion, one at a time. The modified
model structure is shown in Figure 5-2B and the parameter estimates for the modified model are
shown in Table 5-6. BMI classification and continence were moved from health conditions to the
impairments to body structure and function domain, while self-rated mental health was moved
to the health conditions domain. When two observed variables covary to a greater extent than
would be expected by the model specification, an error covariance term was added to the model.
These variables may contain similar items, measured in a similar fashion, or be closely related.
Error covariance terms were added between self-rated health and self-rated mental health, BMI
classification and lower body strength, continence and ADL, upper body strength and dexterity,
and ADL and IADL. The modifications improved the model fit of the data. The strongest
associations were found between the upper-body strength (=0.816) and lower-body strength
(B=0.827) scores and the activity limitations domain, and between the social support availability
MOS Subscale scores and the environmental factors domain (B=0.760-0.905). The depression
(B=0.729) and satisfaction with life (3=0.712) scores also had strong loadings on the impairments

to body structure and function factors.

While all parameters in the model were statistically significant, the large sample size raises the

chance of type 1 error for the Wald tests. The worst-performing parameters from the modified
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model were removed in an exploratory fashion to achieve the best possible model fit. The best fit
was found by a simplified model including only one factor. The structure of the model is shown in
Figure 5-3 and the parameter estimates are detailed in Table 7. The strongest association with the
frailty factor was found for the lower body strength (B=0.843) and upper body strength ($=0.787)
scores. The fit statistics for the hypothesized base model, the modified model and the simplified
model are shown in Table 8. Both the modified and simplified models had very good fit of the
data. The simplified model had the best fit of the data, with very low RMSEA (0.015) and AIC

(21.00), and CFl and NNFI values close to 1.

5.4.1 Cross-Validation

Each of the three measurement models used in the SEM analyses (base, modified, and simplified)
were assessed using for goodness-of-fit in the validation sample. Complete cases were available
for 9487 of 10620 (89%) participants in the validation sample to evaluate model fit. All of the
goodness-of-fit indices assessed had similar values in the validation sample compared to the
calibration sample. Both the modified model and simplified model had very good fit of the data.
This suggests that the results obtained in the SEM analyses are unlikely to be due to chance. The

fit statistics for the validation sample are reported in Table 8.

5.5 The Simplified Frailty Score

The close fit of the simplified model to the data prompted further investigation. A Simplified
Frailty Score (SF) was constructed from the observations included in the model: CES-D 10 items
measuring depression, and physical functioning items on upper body strength, lower body
strength, and dexterity. Items within each of the four domains were weighted equally to create a

subscale score. The subscale scores were then averaged to produce a SF score from 0 (robust) to
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1 (maximum frailty possible). Complete data for the above items was available for 21105 (99%)
participants, and a SF score was calculated for each. The mean SF score was 0.09 with a standard
deviation of 0.10. The distribution was heavily skewed (2.53) and had high kurtosis (8.60). The
minimum SF value was 0, and the maximum 0.96 for this population. There was a small floor effect
seen for the SF score, as 6.7% of the population had the lowest possible score. Using a cut-off of
0.25 to classify participants as frail, the prevalence of frailty using the SF was 1303 (6.3%). The SF

summary statistics are shown compared to the Frailty Index in Table 5-3.
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5.6 Construct Validation

Both the Frailty Index and Simplified Frailty Scores were compared to population demographic
variables thought to be related to frailty. These relationships were measured using Pearson
correlation coefficients and are shown in Table 9. All correlations were statistically significant at
the p<0.0001 level. All correlations were in the direction hypothesized for a measure of frailty.
Both the Fl and SF scores had positive correlations with age, fall status, injuries, and home care,
and were negatively associated with income, education, and male gender. The measures were
highly correlated with one another, with a Pearson correlation of 0.84 (p<0.001). The Fl was more
strongly associated with age, income, education, and fall status, while the SF was more strongly
associated with formal home care. The distributions of scores by age category are shown in Figure
5-4. The Fl has fewer outliers, and is more responsive to age than the SF. Using a cut-off value of
0.25, both score classified approximately 7% of the participants as frail. The two measures had
moderate to high agreement beyond chance on frailty classification, with a Kappa of 0.67 (95%Cl:
0.55-0.69), a statistically significant result at the p<0.0001 level. Of the 20800 participants for

whom both scores could be calculated, the two agreed on 19949 (96%).

The 851 (4%) cases where the two scores disagreed in their classification of frailty status were
examined, and the groups are compared in Table 5-10. Those classified as frail by the FI but not
by the SF score (FI20.25, SF<0.25) had more chronic conditions (8.4 vs. 4.5) and were more likely
to have sustained a serious injury (22% vs. 18%) or injury from falling (12% vs. 8%) than those
identified as frail by the SF but not the FI. The SF>0.25, FI<0.25 group had a lower mean age (64.8
years vs. 66.3) and were more likely to need formal home care (41% vs. 33%) than the FI>0.25,

SF<0.25 group.
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5.7 Summary

This project explored the underlying factor structure of 90 indicators of frailty available in the
CLSA using exploratory factor analysis. The hypothesized measurement model organizing these
factors based on the ICF framework was tested using structural equation modelling with
maximum likelihood estimation. A model containing all available indicators showed good fit of
the data and was theoretically meaningful. Many factors in a variety of health domains
contributed to a measurement of frailty, a result consistent with the accumulated deficit model
for measuring frailty. A simplified model also had good fit of the data, measuring only physical
functioning and depressive symptoms. These results persisted when evaluated using an
independent sample of the same population. A score was constructed from the simplified model
and shown to be comparable to the Frailty Index. Both the Frailty Index and Simplified Frailty

Scores showed good construct validity.

51



M. Sc. Thesis — D.M. Kanters

Table 5-1A: Descriptive Summary of Population Demographic Variables, Categorical
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Variable Total Sample Calibration Sample Validation Sample
N % N % N %

Age

45-54 5832 24.46 2870 27.02 2962 27.89

55-64 6563 30.90 3336 31.41 3227 30.39

65-74 4634 21.82 2326 21.90 2308 21.73

>75 4212 19.83 2089 19.67 2123 19.99
Sex - Male 10405 48.99 5181 48.78 5224 49.19
Total Household Income*

Less than $20 000 1347 6.78 686 6.92 661 6.64

$20 000-$50 000 5851 29.44 2875 28.99 2976 29.90

$50 000-$100 000 7218 36.32 3553 35.82 3665 36.82

$100 000-$150 000 3215 16.18 1699 17.13 1516 15.23

$150 000 or more 2240 11.27 1105 11.14 1135 11.40
Education*

Less than secondary school 1986 9.35 997 9.39 989 9.31

graduation

Secondary school graduation no 2882 13.57 1453 13.68 1429 13.46

post-secondary education

Some post-secondary education 1623 7.64 790 7.44 833 7.84

Post-secondary degree/diploma 14667 69.05 7348 69.18 7319 68.92
Formal Home Care Services 1201 5.66 582 5.49 619 5.83
Informal Home Care Services* 2782 13.11 1444 13.62 1338 12.61
Assistive Devices 2729 12.86 1353 12.76 1376 12.96
Falls

No falls reported 20184 95.03 10095 95.05 10089 95.02

No serious injury due to a fall or

injury not receiving medical 367 1.73 185 1.74 182 1.71

attention

Injury receiving medical 541 2.55 263 2.48 278 2.62

attention without hospitalization

Injury receiving medical 147 0.69 78 0.73 69 0.65

attention and hospitalization

*Indicates significant difference on chi-squared test

Table 5-1B: Descriptive Summary of Population Demographic Variables, Continuous

Variable

Entire Sample

Calibration Sample

Validation Sample

N Mean (SD) N Mean (SD) N Mean (SD)
Age (years) 21241 63.02 (10.67) 10621 63.07(10.67) 10620 62.96 (10.69)
Serious injuries reported 21217 0.17 (0.64) 10609 0.17 (0.57) 10608 0.18 (0.70)

No significant differences were found between continuous variables
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Table 5-2A: Descriptive Summary of Analysis Variables, Categorical

Variable Entire Sample Calibration Sample Validation Sample
(Frailty Index Value) N % N % N %
Self-rated Health
Excellent (0.00) 3977 18.74 2072 19.53 1905 17.96
Very good (0.25) 8123 38.28 4023 3791 4100 38.65
Good (0.50) 6263 29.51 3105 29.26 3158 29.77
Fair (0.75) 2231 10.51 1115 10.51 1116 10.52
Poor (1.00) 626 2.95 297 2.80 329 3.10
Self-rated Mental Health
Excellent (0.00) 6358 29.96 3216 30.31 3142 29.61
Very good (0.25) 8225 38.76 4120 38.83 4105 38.68
Good (0.50) 5514 25.98 2694 25.39 2820 26.57
Fair (0.75) 981 4.62 500 4.71 481 4.53
Poor (1.00) 145 0.68 80 0.75 65 0.61
Eyesight Rating
Excellent (0.00) 4532 21.36 2324 21.90 2208 20.81
Very good (0.25) 7836 36.92 3887 36.64 3949 37.21
Good (0.50) 6952 32.76 3467 32.68 3485 32.84
Fair (0.75) 1532 7.22 739 6.97 793 7.47
Poor (1.00) 370 1.74 193 1.82 177 1.67
Hearing Rating
Excellent (0.00) 4976 23.45 2517 23.72 2459 23.17
Very good (0.25) 6656 31.36 3268 30.80 3388 31.93
Good (0.50) 6929 32.65 3480 32.80 3449 32.50
Fair (0.75) 2238 10.55 1135 10.70 1103 10.39
Poor (1.00) 423 1.99 211 1.99 212 2.00
SWLS scale: Satisfied with life
Strongly agree (1.00) 10464 49.37 5254 49.58 5210 49.16
Agree (0.83) 6191 29.21 3076 29.03 3115 29.40
Slightly agree (0.67) 1622 7.65 783 7.39 839 7.92
Neither agree nor disagree (0.50) 851 4.02 424 4.00 427 4.03
Slightly disagree (0.33) 909 4.29 457 4.31 452 4.27
Disagree (0.17) 654 3.09 334 3.15 320 3.02
Strongly disagree (0.00) 503 2.37 269 2.54 234 2.21
SWLS scale: Life close to ideal
Strongly agree (1.00) 8357 39.53 4202 39.78 4155 39.29
Agree (0.83) 6138 29.04 3016 28.55 3122 29.52
Slightly agree (0.67) 1698 8.03 820 7.76 878 8.30
Neither agree nor disagree (0.50) 1764 8.34 922 8.73 842 7.96
Slightly disagree (0.33) 1425 6.74 697 6.60 728 6.88
Disagree (0.17) 1016 4.81 526 4.98 490 4.63
Strongly disagree (0.00) 741 3.51 381 3.61 360 3.40

SWLS scale: Have important things
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Strongly agree (1.00) 10527 49.78 5214 49.30 5313 50.26
Agree (0.83) 6375 30.15 3203 30.28 3172 30.01
Slightly agree (0.67) 1926 9.11 977 9.24 949 8.98
Neither agree nor disagree (0.50) 719 3.40 381 3.60 338 3.20
Slightly disagree (0.33) 737 3.49 367 3.47 370 3.50
Disagree (0.17) 522 2.47 256 2.42 266 2.52
Strongly disagree (0.00) 341 1.61 179 1.69 162 1.53

SWLS scale: Would change almost

nothing
Strongly agree (1.00) 6902 32.70 3505 33.22 3397 32.17
Agree (0.83) 5310 25.15 2644 25.06 2666 25.25
Slightly agree (0.67) 2188 10.36 1060 10.05 1128 10.68
Neither agree nor disagree (0.50) 955 452 487 4.62 468 4.43
Slightly disagree (0.33) 2243 10.63 1135 10.76 1108 10.49
Disagree (0.17) 1871 8.86 892 8.45 979 9.27
Strongly disagree (0.00) 1641 7.77 827 7.84 814 7.71

SWLS scale: Life conditions excellent
Strongly agree (1.00) 8635 40.78 4355 41.14 4280 40.42
Agree (0.83) 5561 26.26 2808 26.53 2753 26.00
Slightly agree (0.67) 1898 8.96 946 8.94 952 8.99
Neither agree nor disagree (0.50) 1569 7.41 781 7.38 788 7.44
Slightly disagree (0.33) 1677 7.92 808 7.63 869 8.21
Disagree (0.17) 1118 5.28 520 4.91 598 5.65
Strongly disagree (0.00) 717 3.39 368 3.48 349 3.30

CES-D 10 scale: Frequency feel fearful

or tearful
Rarely or none of the time (0.00) 16189 76.38 8057 76.02 8132 76.74
Some or a little of the time (0.33) 3091 14.58 1544 14.57 1547 14.60
Occasionally (0.66) 1516 7.15 786 7.42 730 6.89
All of the time (1.00) 399 1.88 211 1.99 188 1.77

CES-D 10 scale: Frequency feel happy
All of the time (0.00) 14097 66.64 7067 66.83 7030 66.45
Occasionally (0.33) 4756 22.48 2314 21.88 2442 23.08
Some or a little of the time (0.66) 1817 8.59 960 9.08 857 8.10
Rarely or none of the time (1.00) 484 2.29 234 2.21 250 2.36

CES-D 10 scale: Frequency feel could
not get going

Rarely or none of the time (0.00) 14526 68.52 7247 68.36 7279 68.68
Some or a little of the time (0.33) 3733 17.61 1875 17.69 1858 17.53
Occasionally (0.66) 2225 10.50 1110 10.47 1115 10.52
All of the time (1.00) 716 3.38 369 3.48 347 3.27

CES-D 10 scale: Frequency trouble

concentrating
Rarely or none of the time (0.00) 12858 60.74 6455 60.96 6403 60.52
Some or a little of the time (0.33) 4077 19.26 2028 19.15 2049 19.37
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Occasionally (0.66) 3207 15.15 1585 14.97 1622 15.33
All of the time (1.00) 1027 4.85 521 4.92 506 4,78
CES-D 10 scale: Frequency feel
depressed
Rarely or none of the time (0.00) 16733 78.89 8365 78.89 8368 78.88
Some or a little of the time (0.33) 2587 12.20 1270 11.98 1317 12.42
Occasionally (0.66) 1437 6.77 738 6.96 699 6.59
All of the time (1.00) 454 2.14 230 2.17 224 2.11

CES-D 10 scale: Frequency feel
everything is an effort

Rarely or none of the time (0.00) 14175 66.90 7092 66.93 7083 66.86
Some or a little of the time (0.33) 3842 18.13 1931 18.22 1911 18.04
Occasionally (0.66) 2161 10.20 1072 10.12 1089 10.28
All of the time (1.00) 1011 4.77 501 4.73 510 4.81
CES-D 10 scale: Frequency sleep is
restless
Rarely or none of the time (0.00) 8258 38.97 4137 39.05 4121 38.90
Some or a little of the time (0.33) 5706 26.93 2851 26.91 2855 26.95
Occasionally (0.66) 4038 19.06 2042 19.28 1996 18.84
All of the time (1.00) 3187 15.04 1564 14.76 1623 15.32
CES-D 10 scale: Frequency easily
bothered
Rarely or none of the time (0.00) 13577 64.10 6744 63.70 6833 64.50
Some or a little of the time (0.33) 4124 19.47 2081 19.66 2043 19.28
Occasionally (0.66) 2791 13.18 1396 13.19 1395 13.17
All of the time (1.00) 689 3.25 366 3.46 323 3.05

CES-D 10 scale: Frequency feel
hopeful about the future

All of the time (0.00) 13062 62.51 6554 62.69 6508 62.33
Occasionally (0.33) 4112 19.68 2045 19.56 2067 19.80
Some or a little of the time (0.66) 2340 11.20 1158 11.08 1182 11.32
Rarely or none of the time (1.00) 1383 6.62 698 6.68 685 6.56
CES-D 10 scale: Frequency feel lonely
Rarely or none of the time (0.00) 16389 77.28 8150 76.88 8239 77.68
Some or a little of the time (0.33) 2450 11.55 1215 11.46 1235 11.64
Occasionally (0.66) 1686 7.95 894 8.43 792 7.47
All of the time (1.00) 683 3.22 342 3.23 341 3.21
Difficulty walking up and down stairs
No difficulty (0.00) 18735 88.26 9397 88.52 9338 88.00
A little difficult (0.25) 962 4.53 454 4.28 508 4.79
Somewhat difficult (0.50) 820 3.86 413 3.89 407 3.84
Very difficult (0.75) 525 2.47 262 2.47 263 2.48
Unable to do (1.00) 185 0.87 90 0.85 95 0.90
Difficulty walking 2-3 blocks
No difficulty (0.00) 18894 89.11 9481 89.40 9413 88.83
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A little difficult (0.25) 540 2.55 249 2.35 201 2.75
Somewhat difficult (0.50) 695 3.28 329 3.10 366 3.45
Very difficult (0.75) 657 3.10 330 3.11 327 3.09
Unable to do (1.00) 416 1.96 216 2.04 200 1.89

Difficulty taking force or impact in
arms or hands

No difficulty (0.00) 18325 86.76 9125 86.37 9200 87.15
A little difficult (0.25) 943 4.46 505 4.78 438 4.15
Somewhat difficult (0.50) 926 4.38 456 4.32 470 4.45
Very difficult (0.75) 541 2.56 279 2.64 262 2.48
Unable to do (1.00) 387 1.83 200 1.89 187 1.77
Difficulty stooping, crouching, or
kneeling
No difficulty (0.00) 14574 68.67 7239 68.21 7335 69.13
A little difficult (0.25) 2745 12.93 1395 13.14 1350 12.72
Somewhat difficult (0.50) 1972 9.29 989 9.32 983 9.26
Very difficult (0.75) 1352 6.37 694 6.54 658 6.20
Unable to do (1.00) 581 2.74 296 2.79 285 2.69
Difficulty pulling/ pushing large
objects
No difficulty (0.00) 18929 89.29 9461 89.27 9468 89.30
A little difficult (0.25) 658 3.10 324 3.06 334 3.15
Somewhat difficult (0.50) 715 3.37 355 3.35 360 3.40
Very difficult (0.75) 477 2.25 241 2.27 236 2.23
Unable to do (1.00) 421 1.99 217 2.05 204 1.92
Difficulty handling small objects
No difficulty (0.00) 19742 92.96 9865 92.92 9877 93.01
A little difficult (0.25) 787 3.71 379 3.57 408 3.84
Somewhat difficult (0.50) 489 2.30 246 2.32 243 2.29
Very difficult (0.75) 195 0.92 112 1.05 83 0.78
Unable to do (1.00) 23 0.11 15 0.14 8 0.08
Difficulty making bed
No difficulty (0.00) 20144 94.95 10062 94.85 10082 95.04
A little difficult (0.25) 358 1.69 190 1.79 168 1.58
Somewhat difficult (0.50) 398 1.88 193 1.82 205 1.93
Very difficult (0.75) 212 1.00 103 0.97 109 1.03
Unable to do (1.00) 104 0.49 60 0.57 44 0.41
Difficulty standing up after sitting
No difficulty (0.00) 16627 78.32 8337 78.56 8290 78.08
A little difficult (0.25) 2852 13.43 1413 13.32 1439 13.55
Somewhat difficult (0.50) 1291 6.08 644 6.07 647 6.09
Very difficult (0.75) 409 1.93 194 1.83 215 2.03
Unable to do (1.00) 50 0.24 24 0.23 26 0.24
Difficulty washing back
No difficulty (0.00) 19296 90.93 9675 91.17 9621 90.70
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A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
Difficulty lifting 10 pounds
No difficulty (0.00)
A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
Difficulty standing for a long period
No difficulty (0.00)
A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
Difficulty sitting for a long period
No difficulty (0.00)
A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
Difficulty extending arms above
shoulders
No difficulty (0.00)
A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
Difficulty using a knife
No difficulty (0.00)
A little difficult (0.25)
Somewhat difficult (0.50)
Very difficult (0.75)
Unable to do (1.00)
OARS scale: Able to travel (0)

OARS scale: Able to do housework (0)
OARS scale: Able to use telephone (0)
OARS scale: Able to handle money (0)

OARS scale: Able to go shopping (0)

OARS scale: Able to prepare meals (0)
OARS scale: Able to take medicine (0)

OARS scale: Able to dress (0)

OARS scale: Able to get out of bed (0)

OARS scale: Able to feed (0)

768
553
396
207

19594
505
513
350
264

17998
1063
1131

822
201

18955
1041
827
348
54

18758
1075
800
507
89

20725
220
198
71
21
20958
19899
21148
21135
20758
21020
21142
21006
21080
21210
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3.62
2.61
1.87
0.98

9231
2.38
2.42
1.65
1.24

84.84
5.01
5.33
3.87
0.95

89.31
4.90
3.90
1.64
0.25

88.36
5.06
3.77
2.39
0.42

97.60
1.04
0.93
0.33
0.10

98.76

93.96

99.58

99.56

97.86

99.08

99.63

98.98

99.27

99.89

357
263
213
104

9774
254
278
176
129

9043
517
550
409

85

9473
549
407
154

28

9378
550
393
249

45

10352
115
98
39
15
10478
9955
10571
10569
10385
10518
10568
10500
10542
10542

3.36
2.48
2.01
0.98

92.11
2.39
2.62
1.66
1.22

85.28
4.88
5.19
3.86
0.80

89.28
5.17
3.84
1.45
0.26

88.35
5.18
3.70
2.35
0.42

97.49
1.08
0.92
0.37
0.14

98.78

93.95

99.54

99.58

97.89

99.12

99.59

98.94

99.27

99.27

411
290
183
103

9820
251
235
174
135

8955
546
581
413
116

9482
492
420
194

26

9380
525
407
258

44

10373
105
100

32

10480
9944

10577
10566
10373
10502
10574
10506
10538
10603
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3.87
2.73
1.73
0.97

92.51
2.36
2.21
1.64
1.27

84.39
5.15
5.48
3.89
1.09

89.33
4.64
3.96
1.83
0.24

88.37
4.95
3.83
2.43
0.41

97.71
0.99
0.94
0.30
0.06

98.73

93.96

99.62

99.54

97.82

99.04

99.66

99.01

99.27
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OARS scale: Able to take care of

appearance (0)

OARS scale: Able to walk (0) 20852 98.24 10434 98.31 10418 98.17
OARS scale: Able to take bath (0) 20944 98.64 10459 98.52 10485 98.77
OARS scale: Trouble getting to

bathroom in time

21180 99.74 10596 99.77 10584 99.70

No trouble (0.00) 18733 88.37 9343 88.18 9390 88.55
Less than once a week (0.33) 1607 7.58 823 7.77 784 7.39
Once or twice a week (0.67) 455 2.15 220 2.08 235 2.22
Three times a week or more (1.00) 404 1.91 209 1.97 195 1.84

Frequency of Community-Related
Activity Participation

Once a day (0.00) 3276 15.58 1645 15.64 1631 15.52
Once a week (0.25) 14048 66.80 7008 66.63 7040 66.98
Once a month (0.50) 2946 14.01 1482 14.09 1464 13.93
Once a year (0.75) 617 2.93 308 2.93 309 2.94
Never (1.00) 142 0.68 75 0.71 67 0.64

Desire to participate in more

. 8259 38.93 4188 39.51 4071 38.36

activities (1)

BMI Classification
Normal (0.00) 7546 35.70 3807 36.03 3739 35.37
Overweight (0.33) 8233 38.95 4105 38.85 4128 39.05
Obese class 1 (0.67) 3517 16.64 1753 16.59 1764 16.69
Obese class 2+ or underweight 1839 .70 900 8.52 939 3.88
(1.00)

Chronic Conditions (1)
Arthritis 8212 38.91 4105 38.89 4107 38.93
Asthma 2347 11.06 1168 11.01 1179 11.12
Stroke or CVA 390 1.84 200 1.89 190 1.79
Memory problem 449 2.11 229 2.16 220 2.07
Bowel disorder 1838 8.67 915 8.63 923 8.70
Glaucoma 959 4.52 465 4.39 494 4.66
Allergies 7853 37.07 3912 36.94 3941 37.21
Osteoporosis 2009 9.48 980 9.25 1029 9.71
High blood pressure 8104 38.20 4020 37.89 4084 38.51
Diabetes 3553 16.74 1769 16.67 1784 16.81
Heart attack 1317 6.21 644 6.07 673 6.35
Mini-stroke or TIA 749 3.54 365 3.45 384 3.63
Parkinson’s Disease 78 0.37 39 0.37 39 0.37
Cataracts 5281 24.89 2631 24.81 2650 24.98
Back problems 5204 24.53 2582 24.34 2622 24.72
Heart disease 2191 10.34 1090 10.28 1101 10.39
Migraine headaches 2916 13.75 1461 13.78 1455 13.72
Intestinal or stomach ulcers 1637 7.72 828 7.80 809 7.63
Over-active thyroid gland 466 2.21 254 2.41 212 2.01
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Emphysema, bronchitis, COPD
Angina

Peripheral vascular disease
Dementia or Alzheimer’s
Epilepsy

Urinary incontinence
Macular degeneration
Under-active thyroid gland
Kidney disease

Bowel incontinence
Cancer

Mood disorder

Anxiety disorder

1436
1149
1519
43
166
1873
875
2446
593
492
3265
3106
1560
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6.77
5.41
7.17
0.20
0.78
8.83
4.13
11.61
2.80
2.32
15.38
14.64
7.35

730
566
772
21
86
934
435
1235
300
254
1623
1587
767

6.88
5.33
7.29
0.20
0.81
8.80
4.10
11.73
2.83
2.39
15.29
14.95
7.23

706
583
747
22
80
939
440
1211
293
238
1642
1519
793

6.65
5.50
7.05
0.21
0.75
8.85
4.15
11.49
2.76
2.24
15.48
14.32
7.48
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Table 5-2B: Descriptive Summary of Analysis Variables, Continuous

Entire Sample Calibration Sample Validation Sample

Variable N Mean (SD) N Mean (SD) N Mean (SD)
Mental Alternation Test
(Me;?* ternation Tes 18836 10.00(3.00) 9405  9.99(3.01) 9431  10.01(2.99)
Rey Auditory Verbal Learning o950, 1000(3.00) 9783  9.99(3.01) 9801  10.01(2.99)
Test (First Recall)*
Rey Auditory Verbal Learning
Teet (Delayed Recall] 19474  10.00(3.00) 9728 10.00(3.02) 9746  10.00 (2.98)
Animal Fluency Test (AFT)* 20444  10.00(3.00) 10216 9.98(3.02) 10228  10.02 (2.98)
MOS Subscale: Affection 21241 11.09(8.42) 10620 11.13(8.61) 10621  11.06 (8.22)
MOS Subscale: Emotionaland 15,1 5543(1427) 10620 28.43(14.32) 10621 28.43 (14.23)
Informational Support
MOS Subscale: Positive Social 1,11 1417(1028) 10620 14.14(10.09) 10621 14.20 (10.46)
Interaction
gﬁopzjr”tbsca'e: TangibleSocial 51541 1511(13.52) 10620 15.19 (13.64) 10621 15.02 (13.39)

*Cognitive functioning variables were standardized to mean of 10 and standard deviation of 3

Table 5-3: Simple Statistics for Frailty Measures

Measure Frailty Index Simplified Frailty Scale
N 20874 21105
Mean (SD) 0.14 (0.07) 0.09 (0.10)
Skewness 1.55 2.53
Kurtosis 3.81 8.60
Range 0.67 0.96
Minimum 0.003 0.000
Maximum 0.677 0.956
% Minimum score 0 6.7
% Maximum score 0 0
N Missing (%) 367 (1.73) 136 (0.64)

Frailty prevalence
at 20.25 cut-off (%)

1440 (6.9%)

1303 (6.3%)
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Figure 5-1: Exploratory Factor Analysis, Cattel Scree Plot
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Table 5-4: Exploratory Factor Analysis, Rotated Factor Pattern

Factorl  Factor2  Factor3
Difficulty making bed 0.974 0.021 0.079
OARS scale: Able to get out of bed 0.964 0.078 0.046
OARS scale: Able to take bath 0.964 -0.006 -0.002
OARS scale: Able to do housework 0.960 0.007 0.052
OARS scale: Able to go shopping 0.958 0.044 0.049
OARS scale: Able to walk 0.957 0.029 0.030
OARS scale: Able to prepare meals 0.956 -0.005 0.022
Difficulty washing back 0.955 0.032 0.068
OARS scale: Able to dress 0.943 -0.034 -0.002
OARS scale: Able to travel 0.940 0.021 0.008
Difficulty pulling/ pushing large objects 0.933 0.035 0.109
Difficulty using a knife 0.933 0.042 0.049
Difficulty standing for a long period 0.930 0.022 0.076
Difficulty walking 2-3 blocks 0.928 0.015 0.052
Difficulty lifting 10 pounds 0.925 0.054 0.145
Difficulty walking up and down stairs 0.922 0.030 0.075
Difficulty standing up after sitting 0.914 -0.011 0.094
5;f:?g:lty taking force or impact in arms or 0.911 0.031 0.082
OARS scale: Able to take medicine 0.903 -0.052 -0.045
SpApReSai;ilfe: Able to take care of 0.892 0.088 0.060
Difficulty extending arms above shoulders 0.888 -0.009 0.058
Difficulty handling small objects 0.882 -0.052 0.018
OARS scale: Able to handle money 0.861 0.049 0.096
Difficulty stooping, crouching, or kneeling 0.851 -0.004 0.059
iC:ﬁ?:}zcale: Trouble getting to bathroom 0.776 -0.045 0.074
OARS scale: Able to use telephone 0.767 -0.105 -0.067
Parkinson’s Disease 0.745 -0.073 -0.042
Self-rated Health 0.718 0.252 0.109
Difficulty sitting for a long period 0.697 0.097 0.268
OARS scale: Able to feed 0.623 0.143 0.116
Peripheral vascular disease 0.600 -0.108 -0.069
Stroke or CVA 0.595 -0.126 -0.112
Epilepsy 0.574 -0.001 0.026
Osteoporosis 0.560 -0.159 -0.024
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Memory problem 0.537 0.173 0.221
Arthritis 0.487 -0.147 0.030
SWLS scale: Satisfied with life 0.078 0.905 0.292
SWLS scale: Life close to ideal 0.078 0.898 0.245
SWLS scale: Life conditions excellent 0.235 0.885 0.256
SWLS scale: Have important things 0.039 0.870 0.170

SWLS scale: Would change almost nothing -0.086 0.859 0.191
CES-D 10 scale: Frequency feel hopeful
about the future

CES-D 10 scale: Frequency feel happy -0.128 0.706 0.501
Self-rated Mental Health 0.091 0.587 0.469
Frequency of Community-Related Activity
Participation

CES-D 10 scale: Frequency feel fearful or
tearful

CES-D 10 scale: Frequency easily bothered 0.095 0.284 0.819
CES-D 10 scale: Frequency trouble
concentrating

CES-D 10 scale: Frequency feel depressed 0.032 0.512 0.775
CES-D 10 scale: Frequency feel everything

-0.060 0.723 0.347

0.280 0.350 -0.067

0.021 0.315 0.830

0.085 0.213 0.803

0.428 0.300 0.720

is an effort

gleif—glzii(;scale: Frequency feel could not 0.326 0.346 0.710
CES-D 10 scale: Frequency sleep is restless 0.252 0.131 0.583
CES-D 10 scale: Frequency feel lonely 0.024 0.547 0.555
Mood disorder 0.033 0.402 0.510
Anxiety disorder 0.089 0.308 0.471
Macular degeneration 0.170 -0.161 -0.075
Mini-stroke or TIA 0.117 -0.101 0.001
Glaucoma -0.084 -0.148 -0.062
Angina 0.185 -0.098 -0.090
Kidney disease 0.156 -0.119 -0.171
Heart attack 0.184 -0.072 -0.127
Dementia or Alzheimer’s 0.336 0.064 -0.086
Cataracts 0.349 -0.338 -0.211

MOS Subscale: Emotional and

Informational Support -0.087 0.419 0.101

MOS Subscale: Tangible Social Support -0.180 0.380 0.135
MOS Subscale: Positive Social Interaction -0.044 0.469 0.146
MOS Subscale: Affection -0.085 0.480 0.118
Heart disease 0.264 -0.166 -0.170
High blood pressure 0.241 -0.221 -0.158
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Diabetes 0.369 -0.136 -0.125
Desire to participate in more activities 0.045 0.407 0.223
Asthma 0.089 -0.112 -0.028
Allergies 0.018 -0.107 0.026
Emphysema, bronchitis, COPD 0.319 0.021 -0.008
Migraine headaches 0.079 -0.054 0.239
Bowel disorder 0.175 0.078 0.156
Back problems 0.389 0.042 0.109
Intestinal or stomach ulcers 0.283 -0.030 -0.001
Rey Auditory Verbal Learning Test

(DZIaye y Re‘éa”) & 0.063 0041  -0.054
Esza,?ll;dltory Verbal Learning Test (First 0.131 -0.079 0.088
Under-active thyroid gland 0.069 -0.082 0.029
BMI Classification 0.292 -0.006 -0.018
Urinary incontinence 0.611 -0.094 -0.009
Bowel incontinence 0.598 -0.001 0.030
Mental Alternation Test (MAT) 0.096 -0.029 -0.040
Animal Fluency Test (AFT) 0.197 -0.084 -0.058
Hearing Rating 0.020 0.013 -0.076
Eyesight Rating 0.302 0.107 0.048
Cancer 0.158 -0.226 -0.207
Over-active thyroid gland -0.044 -0.066 -0.033
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Figure 5-2A Hypothesized Base Measurement Model
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Figure 5-2B Modified Frailty Model
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Table 5-5: Maximum Likelihood Parameter Estimates for Hypothesized Base Model

McMaster — Health Research Methodology

Squared
Parameter Factor Loadings Correlations
Estimate Standard
error

Chronic conditions «— Health conditions 0.525 0.011 0.276
Self-rated mental health «— Health conditions 0.616 0.011 0.380
Self-rated health «— Health conditions 0.751 0.010 0.563

~ Impairmentstobody ) 1o 0.011 0.034
BMI classification structure and function

. Impairments to body 0.227 0.011 0.052
Continence structure and function

. Impairments to body 0.300 0.011 0.09
Sensory impairment structure and function

. Impairments to body 0.697 0.010 0.485
Depression structure and function

. 'mpairmentstobody ) 4g 0.011 0.152
Mood disorders structure and function
Satisfaction with life  !mpairments to body 0.700 0.010 0.490
scale structure and function

. Impairments to body 0.160 0.011 0.026
Cognition structure and function
Lower body strength «— Activity limitations 0.782 0.009 0.611
Upper body strength « Activity limitations 0.837 0.009 0.701
Dexterity «— Activity limitations 0.645 0.010 0.416
OARS scale: IADL « Activity limitations 0.684 0.010 0.468
OARS scale: ADL « Activity limitations 0.637 0.010 0.405
Social participation - - Part|F|pat|on 0.258 0.023 0.066
frequency restrictions
Soc!al participation - - Partllep.at|on 0.232 0.021 0.054
desire for more restrictions
MOS subscale: affection <« Environmental factors 0.803 0.009 0.645
MOS subscale:
emotional and «— Environmental factors 0.853 0.008 0.727
informational support
MO.S s'ubscalef positive «— Environmental factors 0.904 0.008 0.818
social interaction
MOS subscale: tangible <« Environmental factors 0.761 0.009 0.579

social support
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Factor Covariances

. Standard
Estimate
error
Impairments to body - 0.788 0.010
. <> Health conditions
structure and function
Activity limitations Health conditions 0.599 0.010
Activity limitations Impairments to body 0,493 0.011
structure and function
Participation restrictions Health conditions 0.634 0.059
Participation restrictions Impairments to bod.y 1.026 0.084
structure and function
Participation restrictions Activity limitations 0.458 0.047
Environmental factors Health conditions 0.314 0.012
Environmental factors Impairments to ony 0.574 0.010
structure and function
Environmental factors Activity limitations 0.188 0.011
Participation 0.796 0.067

Environmental factors

restrictions

68



M. Sc. Thesis — D.M. Kanters

McMaster — Health Research Methodology

Table 5-6: Maximum Likelihood Parameter Estimates for Modified Model

Squared
Parameter Factor Loadings Correlations
Estimate Standard
error
Chronic conditions & Health conditions 0.627 0.011 0.394
Impairments to body
0.576 0.010 A4

Self-rated mental health € structure and function 0.483
Self-rated health & Health conditions 0.695 0.011 0.338

& Health conditions 0.252 0.012 0.064
BMI classification

. & Health conditions 0.303 0.012 0.091

Continence

< Impairments to ony 0.286 0011 0.812
Sensory impairment structure and function

< Impairments to ony 0.729 0.010 0.531
Depression structure and function

< Impairments to boc?y 0.411 0011 0.169
Mood disorders structure and function
Satisfaction with life < Impairments to bOC!V 0.712 0.010 0.507
scale structure and function

< Impairments to ony 0.153 0011 0.024
Cognition structure and function
Lower body strength € Activity limitations 0.827 0.009 0.681
Upper body strength & Activity limitations 0.816 0.009 0.666
Dexterity & Activity limitations 0.592 0.010 0.351
OARS scale: IADL & Activity limitations 0.644 0.010 0.415
OARS scale: ADL & Activity limitations 0.588 0.010 0.348
Social participation - < Part|F|pat|on 0.259 0.023 0.067
frequency restrictions
Soc!al participation - < Part|F|pat|on 0.231 0.021 0.054
desire for more restrictions
MOS subscale: affection € Environmental factors 0.802 0.009 0.644
MOS subscale:
emotional and & Environmental factors 0.852 0.008 0.727
informational support
MO.S s_ubscalef positive & Environmental factors 0.905 0.008 0.819
social interaction
MOS subscale: tangible & Environmental factors 0.760 0.009 0.578

social support
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Factor Covariances

structure and function

Activity limitations 0.197 0.011
Participation
restrictions

Environmental factors

Estimate Standard
error
Impairments to boc?y &> Health conditions 0.621 0.011
structure and function
Activity limitations &> Health conditions 0.734 0.009
Activity limitations ¢ 'mpairmentstobody 4 4qq 0.011
structure and function
Participation restrictions €3 Health conditions 0.547 0.055
Participation restrictions €3 Impairments to ony 0.961 0.079
structure and function
Participation restrictions €3 Activity limitations 0.465 0.048
Environmental factors & Health conditions 0.265 0.013
Environmental factors ¢ 'mPairmentstobody g 5 0.009
<«
&

Environmental factors 0.796 0.067

Error Covariances

Estimate Standard

error
OARS scale: IADL € OARS scale: ADL 0.194 0.008
Continence € OARS scale: ADL 0.159 0.008
Self-rated health & Self-rated mental 0.218 0.008

health

Lower body strength € BMiI classification 0.111 0.007
Upper body strength € Dexterity 0.105 0.007
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Figure 5-3: Simplified Frailty Model
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Table 5-7: Maximum Likelihood Parameter Estimates for Simplified Model

Squared
Parameter Factor Loadings Correlations
Estimate Standard
error
Depression < Frailty 0.378 0.011 0.143
Lower body strength & Frailty 0.843 0.014 0.711
Upper body strength €« Frailty 0.787 0.013 0.619
Dexterity < Frailty 0.550 0.013 0.302
Error Covariances
. Standard
Estimate
error
Upper body strength &> Dexterity 0.155 0.013
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Table 5-8: Comparison of Frailty Measurement Models, Goodness-of-fit Indices

Chi- Degrees
Model of CFI NNFI RMSEA AlC
square
freedom
Calibration Base. _ 6865.25 179 0.900 0.882 0.063 6969.25
sample Modified 2959.41 174 0.958 0.950 0.041 3073.40
Simplified 2.99 1 0.999 0.999 0.015 20.00
Validation Base. _ 6504.19 179 0.902 0.885 0.061 6608.19
sample Modified 2764.88 174 0.960 0.952 0.040 2878.88
Simplified 10.53 1 0.999 0.999 0.032 28.53
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Table 5-9: Frailty Scale Correlations with Demographic Variables

Injury  Serious

Age Sex (M) Income Education o
from Fall Injuries

Informal Formal
Home care Home Care

Frailty Index  0.170 -0.119  -0.339 -0.174 0.122 0.122

Simplified

. 0.097 -0.118  -0.259 -0.155 0.107 0.123
Frailty

0.324 0.300

0.329 0.315

73



M. Sc. Thesis — D.M. Kanters McMaster — Health Research Methodology

Figure 5-4: Distribution of Frailty Index and Simplified Frailty Score by Age Category
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Table 5-10: Comparison of Participants where Frailty Index and Simplified Frailty Score Disagree

on Frailty Classification

Frailty Index 20.25, Frailty Index <0.25,
Simplified Frailty <0.25 Simplified Frailty >0.25
N=494 N=357
N (%) N (%)
Age (category)
45-54 102 (21) 73 (20)
55-64 128 (26) 122 (34)
65-74 106 (21) 74 (21)
>75 158 (32) 88 (25)
Sex - Male 210 (42) 155 (43)
Informal Care 95 (19) 58 (16)
Formal Care 151 (31) 146 (41)
Injuries 107 (22) 63 (18)
Falls 61 (12) 27 (8)
Assistive Devices 173 (35) 160 (45)
Mean (SD) Mean SD)
Age (years) 66.3 (11.2) 64.8 (10.6)
Chronic Conditions 8.4 (2.7) 45 (2.2)
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CHAPTER 7: DISCUSSION & CONCLUSIONS

This chapter includes the findings from the analyses conducted in this thesis project. The
contribution of this project to current research on frailty, its limitations, and potential for future

research will be discussed.

7.1 Discussion of Results

This thesis provides evidence for use of the cumulative deficit model for assessing frailty in
participants in a large, population-based database. A Frailty Index can incorporate items that
measure a number of physiological systems. The results from this analysis provide evidence to the
theory that frailty involves multiple systems,® rather than just physical function, and the
adaptability of the cumulative deficit model makes it better-suited to measure frailty than a

measurement model that is restricted to certain domains.

7.1.1 Frailty Index

A Frailty Index score could be calculated for 98% of the population in the database, and the score
had a good distribution with minimal skew and no floor or ceiling effects. The distribution of the
Frailty Index in this population, including the maximum of 0.67, was consistent with results from
the English Longitudinal Study on Ageing, a recent study that also used a Frailty Index to measure
a similar population.1® Further validation is needed to determine how closely the Frailty Index
score reflects the true distribution of frailty in this population. The direction of correlations
between the Frailty Index and sociodemographic variables, injuries, falls, and home care received,
were consistent with those that would be expected for a measurement of frailty, providing
evidence that frailty is the construct being measured by this instrument. The structural equation

modelling results showed that a variety of health systems contributed to the frailty measurement
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model, and included physical, psychological, social, and environmental factors. This is consistent
with previous research, which suggests that deficits representing a variety of health systems
should be included when developing a Frailty Index,*® and provides evidence for the content

validity of this instrument.

A Frailty Index was simple to construct from the health indicators available in the CLSA, using the
method outlined by Searle et al for constructing a Frailty Index.®® The selection of health deficits
for inclusion in a Frailty Index can be done more or less at random,*” which makes this procedure
adaptable to any health database measuring older adults that collects enough information for an
index to be constructed. A derived variable could easily be calculated and incorporated into the
CLSA database or other similar population databases. A Frailty Index is currently underutilized in
population-based studies compared to other methods of assessing frailty.? The continued
development and validation of the Frailty Index for the CLSA and other similar population
databases will facilitate the comparison of populations and promote better understanding of the

determinants and outcomes of frailty.

7.1.2 Exploratory Factor Analysis

The exploratory analysis showed three latent constructs for the observed variables included in
the model that may play an important role in defining frailty. The first and most important factor
was labelled Physical Frailty and had very strong factor loadings from items in the three functional
status scales (upper body strength, lower body strength, and dexterity) and basic and
instrumental activities of daily living. Self-rated health and some chronic conditions had moderate
loadings on this factor as well, including conditions that would be associated with lower physical

functioning, such as osteoporosis, arthritis, and Parkinson’s disease. Weak loadings were also
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found on this primary factor from the two items from the CES-D 10 depression scale that are
included in the Fried phenotype of frailty scale: “frequency have trouble get going”, and frequency
everything is an effort. This Physical Frailty domain explained the most variation in the
observations included in the analysis, supporting current research stating that strength, mobility,
and ability to care for oneself are the most important contributors to frailty.”1%% The Fried
phenotype of frailty model that measures primarily the Physical Frailty domain is commonly used
in population-based studies.’> However, variables that did not load strongly on this factor were
still significant contributors to the factor model. The second and third factors identified, Life
Satisfaction and Depressive Symptoms, suggest there is a strong psychological component to
frailty. Life Satisfaction includes strong loadings from the Satisfaction with Life Scale, and related
CES-D 10 depression items, including happiness, hopefulness for the future, and less feelings of
depression or loneliness. Participants’ perception of their mental health and social support also
loaded on the Life Satisfaction factor. This combination of items suggests that a person’s frailty is
in part determined by their perception of their own health and quality of life. If they are happy,
socially involved, and satisfied with their life as it is, participants may be less likely to be frail. The
Depressive Symptoms factor had significant loadings from each item on the CES-D 10 scale, and
the strongest loadings were from items on feeling fearful, depressed, or easily bothered, and
having trouble concentrating. These results are consistent with recent research suggesting that
psychological vulnerability may be an important component of frailty.!’” While physical
functioning and self-care are the most important domains, items on life satisfaction and

depression should not be overlooked when studying frailty.
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7.1.3 Structural Equation Modelling

At the outset of the SEM analysis, the items were hypothesized to load on five latent constructs
based on the domains of the framework of the International Classification of Functioning,
Disability and Health (ICF).%® Items from every ICF health domain were included in the model,
based on the theory that every health domain would contribute to frailty. This model had
acceptable fit of the data, but was improved by some small modifications. BMI and continence
items had relatively low contributions to the Impairments to Body Structure and Function domain,
and improved the model when moved to the Health Conditions domain, which included the other
chronic conditions measured in the CLSA, and self-rated health. Self-rated mental health, initially
included in the same domain as self-rated health and chronic conditions, was moved to
Impairments to Body Structure and Function due to the association of this item with depression,
anxiety, and life satisfaction. The addition of error covariance terms also improved the model
substantially. Each of the covariance terms was between items that covary more than would be
explained by the model. ADL and IADL are measured at the same time on the same scale, and
contain similar item. The same reasons apply to upper-body strength and dexterity items, and
self-rated health and self-rated mental health items. ADL and continence are related, as the ADL
scale includes an item on continence. Finally, lower-body strength is expected to be related to
BMI, as those with normal BMI are expected to be more active and mobile than those with
abnormal BMI. The most prominent finding from the SEM results was the number and variety of
items that made a contribution to the model. Every single item that was hypothesized to relate
to frailty was a significant contributor and could not be removed based on the Wald tests. In the
accumulated deficit model for measuring frailty, a list of health deficits from a variety of health

systems and areas of function will be a reasonable measurement of frailty, so long as sufficient
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health deficits (30-70) are included.'®* The modified model showed that a variety of health deficits,
including physical, psychological, and social factors, all contributed to the measurement model,
and had good fit of the data, supporting the accumulated deficit theory of frailty measurement.
Each health deficit accumulated contributes to frailty in this model, so the more potential deficits
included in the frailty measurement, the more accurate the measurement instrument will be. This
makes the accumulated deficit model for measuring frailty appropriate for any setting where a

sufficient number of health deficits can be collected, especially large population databases.

All things being equal, models that contain more parameters will generally have a better fit of the
data.l® For example, if every possible observable health attribute was included in a measurement
model, we would anticipate that model to have a close to perfect fit of the data, as any variation
between included participants would be explained. Based on this information, the improvement
of the model fit upon removal of some variables was contrary to expectations. The most
parsimonious model examined, the simplified frailty model, had the better fit of the data
compared to the expanded model. This model included only the three physical functioning
domains measured in the CLSA and depressive symptoms, loading on a single factor. Strong
associations between subjective well-being and functional status variables were also found in the
exploratory factor analysis, and these results are consistent with recent research on associations

between latent constructs of frailty.1091°

7.1.4 Simplified Frailty Score
Iltems measuring physical functioning and depressive symptoms in the CLSA were the strongest
contributors to both the EFA and SEM analyses of all of the variables measured. Based on these

findings, we sought to examine if these items alone could be used to create a simplified frailty
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scale. The score was constructed weighting each domain equally. This was done in order to avoid
unintentional weighting due to the different number of items available for each domain.%
Simplifying frailty measurement to fewer items may present some limitations. The Simplified
Frailty Score had only 24 items, many of which had a very low endorsement rate. This lead to skew
and floor effects, as most participants had a very low SF score. As a result, the SF score may be
limited in its ability to detect pre-frailty, as participants who have very mild frailty may endorse
very few or no items. When compared to the Frailty Index, the SF score had similar correlations
with age, education, income, fall status, injuries, home care, and the Fl and SF scores were
significantly correlated with one another. The relationships between frailty scales and
sociodemographic and healthcare utilization variables were as predicted. Frailty was associated
with increasing age, female gender, less education, and more healthcare utilization. These
correlations are consistent with those found in previous research on the association between
socio-demographic factors associated with frailty.!'112 These findings suggest that both scores
are measuring the construct of frailty. We sought to examine the subpopulations of participants
that each scale would identify as frail if a cut-off were used. If both scales are measurements of
frailty, we would expect them to identify the same participants as frail. The two scores agreed on

the majority of participants, but the kappa value of 0.67 suggested the agreement was less than

would be appropriate for two scores that should measure same construct.

7.2 Contribution to Frailty Research
This thesis has calculated and evaluated two methods for measuring the level of frailty of
participants included in the CLSA Tracking database. A Frailty Index was shown to be easy to

calculate in population-based datasets and is the preferable of the two alternatives studied. The
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distribution of the Frailty Index suggested good sensitivity to changing levels of frailty, as well as
the ability to discern differing levels of frailty among individuals. The wide use of Frailty Indices
helps make frailty research from population databases that incorporate this score more
generalizable. The Frailty Index was showed good construct validity, each domain included was
shown to make a significant contribution to the measurement model, which showed close fit of
the data. The score correlated as hypothesized with sociodemographic and healthcare variables.
The Simplified Frailty Score focused only on the domains from the structural equation model that
best fit the data. These domains (upper body strength, lower body strength, dexterity, and
depressive symptoms) also had the highest factor loadings in the exploratory factor analysis. The
results suggested that these may be the most important contributors to frailty of those measured.
The Simplified Frailty Score was found to be a reasonable approximation of the Frailty Index. The
SF had many fewer variables, and may be useful as a frailty screening tool in contexts where data
collection is limited, such as in studies where the burden on the patient is a problem. Further
research is required to properly ascertain the reliability and construct validity of this

measurement model using prospective data.

7.2.1 Recommendations for Frailty Indices

A Frailty Index would be simple to incorporate into the CLSA database as a derived variable
available to any researchers requesting use of the dataset. The variables included are common
health indicators that would be available in other population databases. It would be
straightforward to construct a Frailty Index using the same methodology outlined in this report,
as recommended by Searle et al (2008),%® for any large database collecting a variety of health

indicators. The SEM analysis results suggest that a Frailty Index should include items loading on
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each of the domains included in the complete model: health conditions, body structure and
function, activity limitations, participation restrictions, and environmental factors. Items on
physical functioning, depressive symptoms, and life satisfaction were shown to be of particular

importance in measuring frailty.

7.3 Limitations

The use of secondary data was ideal for this thesis, as it provided fast and cost-effective access to
data for a population that would otherwise be well-beyond the scope of a student project.
However, the dataset does present limitations to this analysis. Since the analysis was restricted
to data that had already been collected, some hypothesized indicators of frailty were not assessed
in this dataset, such as medication, nutrition, and physical activity levels. The subpopulations
excluded (i.e. residents of the territories, full-time members of the Canadian Armed Forces, those
who do not speak English or French) are likely to be small with little effect on the results. A cross-
sectional dataset is restrictive, causing difficulty discerning predictors from outcomes. Some of
the factors included in the model may be variables that are affected by a participant’s frailty status
but do not contribute to frailty. Additional validation is necessary for the measurements of frailty
studied in this analysis, using longitudinal outcomes such as hospitalization, nursing home
admission, and mortality. If a higher Frailty Index is shown to increase the risk for these outcomes,

this would provide evidence that the score is a valid measurement to a participant’s true frailty.

In the SEM analysis, there were a number of participants excluded due to missing data for one or
more variables. While the proportion of data missing for any one variable was low (<5%), the
participants excluded were significantly different from the population that was included in the

analysis. Those excluded were older and had more chronic conditions, suggesting that this may
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be a more vulnerable population. This presents a challenge for frailty assessment in large
databases. Frailty has shown to be a complex condition involving multiple health domains, and as
such will require a number of variables collected through self-report. If some vulnerable older
adults have trouble completing these instruments, then assessments of frailty that include self-
report items may be more likely miss frail adults in this population. For this reason, the number
and percentage of participants for whom frailty could not be assessed should be reported for any
population where frailty is measured. Although the participants excluded were not shown to be
missing at random, missing data were not imputed, as the proportion with missing data was small

and imputation was unlikely to affect the results.

SEM analysis is limited in secondary datasets, as the model specification is restricted to variables
that are included in the dataset, which can lead to data affecting the theory and model.¥” The
limitation of secondary data to this analysis is mitigated by two key factors. Firstly, the CLSA
database was designed to be comprehensive, and to collect a wide array of health indicators for
the study of healthy aging. This dataset is well-suited to study a complex condition affecting older
adults that involves multiple health domains, such as frailty. Secondly, potential indicators for
frailty were studied in the current literature, and this was used to guide the selection of health

indicators from the CLSA for inclusion in this study.

Frailty and disability are distinct concepts, but difficult to distinguish from one another, as many
of the same domains are included in both.” In the SEM analysis, a simplified model for measuring
frailty had the best fit of the data, which included one latent construct and four observed
variables: three functional status subscales measuring upper body strength, lower body strength

and dexterity, as well as the CES-D 10 depression scale. These results suggest that the functional
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limitations and depressive symptoms may be the most important contributors to frailty that were
assessed in this study. Alternatively, it could be interpreted that this latent construct is measuring
disability associated with frailty. Participants who have a disability would be expected to score
poorly on the functional status items, and functional disability has previously shown strong
association with depression.'*3 Further validation on the simplified frailty scale using longitudinal
data is necessary to ascertain the constructs it is measuring. These studies should include a
separate measure of disability in order to further elucidate the measurement of these two related
concepts. This is necessary, since the measurement instruments studied, especially the SF, and
others focusing on physical functioning may be measuring disability as much as they are
measuring frailty. Based on these results we would expect the Frailty Index and the simplified
frailty scale to predict worsening outcomes such as hospital admission, institutionalization and

mortality in a longitudinal study.

7.5 Conclusions

A number of different measurement models have been used to operationalize frailty, resulting in
inconsistent reports of frailty prevalence.?® The proportion of Canadians over the age of 65 is
growing. For the first time ever, there are more persons aged 65 years or older in Canada than
children under 15, nearly one in six Canadians (16.1%) are at least 65 years old.! This presents
challenges to understanding the population of older adults who are frail, in both the assessment
of need for healthcare resources and the design of interventions. This thesis presents a Frailty
Index as a theoretically-meaningful model for frailty measurement that showed good validity in a
large population-based sample of community-dwelling adults. This is an important precursor to

future research that can further validate the frailty indices studied, develop standards for frailty
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assessment, and ultimately promote better understanding of frailty. This thesis makes a valuable

and necessary contribution to the study of frailty measurement.
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APPENDIX A: LITERATURE SEARCH STRATEGY
Database: Ovid MEDLINE <1996 to June 2016>

Search Strategy:

# Medical Subject Headings [Subcategories] and Keywords (mp) Results
1 Frail Elderly/ 7328
2 Aged/ph, px, sn [Physiology, Psychology, Statistics & Numerical Data] 4608
3 Aging/pa, ph, px [Pathology, Physiology, Psychology] 65756
4 Vulnerable Populations/cl, px, sn [Classification, Psychology, Statistics & Numerical Data] 1639
5 healthy ag?ing.mp. 2618
6 Longevity/ or Health Status/ or successful ag?ing.mp. 71448
7 Geriatrics/is, mt [Instrumentation, Methods] 818
8 Risk Assessment/ 195794
9 Risk Factors/ 560452
10 Health Status Indicators/ 18452
11 Disability Evaluation/ 28422
12 Forecasting/ 53858
13 Patient Care Planning/ 17482
14 Biomarkers/ 183497
15 Health Surveys/ 43429
16 Diagnosis/ 2532
17 Operationalization.mp. 713
18 2or3ord4or5or6or7or8or9orl0orllorl2orl13orl4orl5ori16orl7 1111488
19 1land 18 2815
20 limit 19 to (yr="2010 - 2016") 1431
21 limit 20 to English language 1286
22 limit 21 to "review articles" 215
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Database: EMBASE <1996 to June 2016>

Search Strategy:
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# Medical Subject Headings [Subcategories] and Keywords (mp) Results
1 Frail Elderly/ 7086
2 Aged/ 1812656
3 Aging/ 162533
4 Vulnerable Populations/cl, px, sn [Classification, Psychology, Statistics & Numerical 9255
Data]

5 healthy ag?ing.mp. 4082
6 Longevity/ or Health Status/ or successful ag?ing.mp. 108061
7 Geriatrics/is, mt [Instrumentation, Methods] 18341
8 Risk Assessment/ 369762
9 Risk Factors/ 379195
10 Health Status Indicators/ 1016
11 Disability Evaluation/ 57397
12 Forecasting/ 26701
13 Patient Care Planning/ 14288
14 Biomarkers/ 131006
15 Health Surveys/ 132685
16 Diagnosis/ 378025
17 Operationalization.mp. 971
18 2or3ord4or5or6or7or8or9orl0orllorl2ori13oril4ori5orl16orl7 3159351
19 1and 18 5977
20 limit 19 to yr="2010 - 2016" 3794
21 limit 20 to English language 3390
22 "systematic review"/ 109864
23 20 and 21 64

Database: Cochrane Database of Systematic Reviews

Search Strategy:
# Medical Subject Headings [Subcategories] and Keywords (mp) Results
1 Frail Elderly/ 7
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