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Abstract
Introduction: Globally, populations are ageing, which has increased the urgency of supporting
health in older adults. Two key measures used to examine health in older populations are subjective
health, a measure of global health, and physical function, a measure of functional ability and
disability. Subjective health is a predictor of physical function; however, it is not clear whether
this relationship remains significant in older women.
Aims: The purpose of this study was to determine the association between subjective health and
subsequent physical function in older women and whether that association changes with time and
measure of subjective health.
Methods: This study used data from the Nun Study, a cohort study of 678 religious sisters aged
75+ at baseline. Data on up to 12 approximately annual assessments included measures of
subjective health (self-rated health and function) and physical function (basic and instrumental
activities of daily living). Using baseline self-rated health and function as independent exposures
and subsequent basic and instrumental activities of daily living as independent outcomes,
generalized estimating equations conditional upon survival were developed to address the aims of
this study.
Results: Self-rated health was a significant predictor of independence in instrumental but not basic
activities of daily living. In contrast, self-rated function was a significant predictor for both basic
and instrumental activities of daily living. Overall, self-rated function was a stronger predictor of
physical function than self-rated health.

All relationships showed a positive dose-response between subjective health and physical
function. Further, the relationships between self-rated health and physical function, and between

self-rated health and instrumental activities of daily living were not modified by time. However,
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the relationship between self-rated function and basic activities of daily living was modified by
time, such that the relationship became stronger at assessments further from baseline.

Conclusion: Subjective health, specifically self-rated function, is a promising measure that could
be used to identify older women at risk for decline in physical function for over a decade from
baseline. Thus, subjective health could be used to inform treatment plans to prevent functional

decline and to predict trajectories of health needs for older women.
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Chapter One: Introduction and Overview

Just as the whole is made up of the sum of its parts, so populations are described and
characterized by the individuals therein. Birth rates, death rates and causes of death of individuals
within a population can be used to categorize that population into the stages of the epidemiological
transition, which reflects patterns of disease and disability (Olshansky & Ault, 1986; Omran,
1971). As populations shift from the stage of pestilence and disease to the stage of delayed
degeneration, infant and child mortality decreases while life expectancy and standards of living
increase (Olshansky & Ault, 1986; Omran, 1971). However, ageing populations are at greater risks
of chronic conditions and degenerative diseases, leading to a rise in morbidity alongside higher
life expectancies (Omran, 1971; United Nations, 2015). Increased and complicated comorbidities
during later life provide unique challenges and considerations for older populations.

Populations are ageing in Canada and worldwide. Globally, there is a higher prevalence of
individuals over the age of 65 than ever before (United Nations, 2015). Within the ageing
population, the fastest growing cohort is the oldest old (those over the age of 80) (United Nations,
2015). Canada mirrors this trend as 15% of Canadians are currently older than 65 years of age
compared to 5% in 1971. Further, this shift is expected to continue until a quarter of Canadians
will be older than 65 by 2030 (Government of Canada, 2014). The rapid increase in population
age has shifted health priorities.

Increases in life expectancy lead to populations with more years of disease and disability
in later life (Lang et al., 2018; Westendorp, 2006). As a result, there has been an increased
recognition of health priorities to compress morbidity, which will result in more years of life with
“good health” (Robine & Michel, 2004). Thus, it is imperative to determine methods to support

the health and well-being of older adults.



In supporting the health and well-being of older adults, some groups have studied healthy
ageing as a separate process from ageing with disease and disability. Although healthy ageing has
many definitions, it is commonly measured through objective measures of health, such as the
ability to perform physical tasks, and subjective measures of health, such as self-rated health
(SRH) (Bowling & Dieppe, 2005). However, some studies have shown that for older adults,
functional ability is more important than disease (Galenkamp et al., 2013; Straatmann et al., 2020),
which suggests that to support older adults an emphasis should be placed on physical function.

Physical function and subjective health are two health measures that are commonly
assessed in older adults. Physical function relates to an individual’s physical capability to perform
daily activities (Cosco et al., 2014; Depp & Jeste, 2006; Kim & Park, 2017), and is commonly
measured through activities of daily living (ADLs), which are classified as basic (bADLs) or
instrumental (1IADLs). Subjective health is an individual’s perception of personal health and is
used by physicians to gain insight into an individual’s overall health (Cosco et al., 2014; Depp &
Jeste, 2006; Kim & Park, 2017). Further, evidence suggests that subjective health can predict both
current and future levels of physical function (Femia et al., 1997; Fujiwara et al., 2008; Greiner et
al., 1996; Hirosaki et al., 2017; Idland et al., 2014; Idler et al., 2000; Kaplan et al., 1993; Kempen
et al., 2006; Sang Hyuck Kim et al., 2017; Lee, 2000; Tomioka et al., 2017). Therefore, subjective
health, a readily available measure of health that is inexpensive and non-invasive, may be useful
in predicting future physical function, and thus, an individual's future ability to perform daily
functions and maintain independence.

The purpose of this study was to examine subjective health as a predictor of physical
function in older women and to determine whether that association changed with time and with

measures of subjective health. These associations were examined using data from the Nun Study,
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a longitudinal study of 678 members of the School Sisters of Notre Dame in the United States. The
Nun Study collected later-life data through 12 approximately annual assessments including age
and measures of subjective health, physical function and cognition (Greiner et al., 1996, 1999).
Baseline subjective health (SRH and self-rated function [SRF]) was examined as a predictor of
subsequent physical function (bADLs and iADLs) across all follow-up assessment periods using
partly conditional generalized estimating equations (GEEs), which are conditional on survival. To
determine whether this association changed with time, interactions between baseline subjective
health and assessment timepoints were examined. Finally, comparisons were made between
different measures of baseline subjective health and their association with physical function.

The current research seeks to extend knowledge on the association between subjective
health and physical function. This is important as subjective health is a simple measure of health,
while performance-based physical function is more complex to assess. Further, as more individuals
are living longer, there is a greater need to predict physical function, which decreases with age.
Thus, if subjective health predicts physical function in older women, subjective health could be
used to inform treatment plans that focus on preventing decline in physical function and to predict

trajectories of health needs in older women.



Chapter Two: Literature Review
2.1 Health and Well-Being in Older Adults

To support health and well-being in older adults it is essential to understand what health
and well-being means in late adulthood. This requires knowledge of both ageing and health
concepts. Ageing is frequently defined as the accumulation of small changes in physical function
and cognition across the lifespan of individuals (Carnes et al., 2008). Changes associated with
ageing are characterized as being cumulative, universal, intrinsic, progressive and deleterious
(Carnes et al., 2008; Strehler, 1959). Juxtaposed with ageing is health, defined by WHO as ““a state
of complete physical, mental and social well-being and not merely the absence of disease and
infirmity” (WHO, 1946, p. 1). Through the combination of these two concepts, healthy ageing
emerges: simply put, the process of ageing while maintaining a state of health.
2.1.1 Healthy Ageing

Healthy ageing is defined in numerous ways (Bowling & Iliffe, 2006; Depp & Jeste, 2006;
Larson, 1997; Perales et al., 2014) and has several names, including successful ageing, ageing
well, effective ageing and productive ageing. The earliest definition of healthy ageing that
resembles the current understanding was developed in the 1960s by Havighurst, who stated that
the prevailing definition of healthy ageing should be operationalizable and attainable (Havighurst,
1961; Martin et al., 2015). These considerations remain important for current definitions of healthy
ageing, which are classified as biomedical, psychosocial or both (Bowling & Dieppe, 2005).
Biomedical approaches are easily operationalized, defining healthy ageing through objective
measures of physical and cognitive function. Psychosocial approaches rely on an individual’s
perspective of their well-being, social engagement and personal growth and result in a high

proportion of individuals who could be classified as having aged healthily (Bowling & Dieppe,
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2005). Therefore, to define healthy ageing in a manner that is both operationalizable and attainable,
a combined biomedical and psychosocial approach may be needed.

Two of the more common definitions of healthy ageing have been defined by Rowe and
Kahn (1997) and by Baltes and Baltes (Baltes & Smith, 2003; Freund & Baltes, 1998). Rowe and
Kahn (1997) defined healthy ageing as having low probability of disease and disability, having
high levels of physical and cognitive function, and being actively engaged in life. Their definition
distinguishes between healthy ageing, non-pathological ageing (high functional ability despite
increased probability of disease and disability) and pathological ageing (Rowe & Kahn, 1997).
While easily applied, there are relatively few (<35%) older adults that meet the requirements of
this definition (Martinson & Berridge, 2015; Strawbridge et al., 2002), which suggests the need
for a different approach to healthy ageing. Baltes and Baltes approach healthy ageing through a
process known as selective optimization with compensation (Baltes & Smith, 2003; Freund &
Baltes, 1998), which comprises three sections: selection (an individual must determine goals given
limited resources), optimization (the process of allocating resources to the selected goals) and
compensation (modifying behaviour as a result of loss in function to accomplish the desired
outcome) (Freund & Baltes, 1998). A concern of Baltes and Baltes’s approach to healthy ageing
is that it is a reactive approach to decline in health and well-being instead of a proactive approach
to support healthy ageing (Ouwehand et al., 2007). These two common definitions showcase the
advantages and disadvantages of using purely a biomedical or psychosocial approach to healthy
ageing.

To date, there are more than 85 unique definitions of healthy ageing that comprise different
measures (Cosco et al., 2014; Depp & Jeste, 2006; Kim & Park, 2017). Common components of

healthy ageing are lack of disease and disability, physical function, cognitive function, and active
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engagement in life (Cosco et al., 2014; Depp & Jeste, 2006; Kim & Park, 2017). Additional
components of healthy ageing identified in these reviews and other studies include life satisfaction,
well-being, and subjective health (Cosco et al., 2014; Depp et al., 2007; Depp & Jeste, 2006; Kim
& Park, 2017). Despite the lack of consensus on the definition of healthy ageing, it remains clear
that healthy ageing is a multidimensional construct (Cosco et al., 2014). In order to comply with
WHO’s definition of healthy ageing, “the process of developing and maintaining the functional
ability that enables well-being in older age” (Beard et al., 2016, p. 7), multiple domains of health,
including both objective and subjective measures, need to be included.

2.1.2 Disease and Disability

As seen in the various definitions and components of healthy ageing, there appears to be a
balance required between considering objective measures of health and subjective measures of life
enjoyment. Thus, it is important to note how objective measures of health change with age and
which measures play a larger role in life satisfaction in older adults.

Both disease and disability increase with age (Lang et al., 2018; Oztiirk et al., 2011;
Westendorp, 2006), while life satisfaction and quality of life tend to decrease with age (Oztiirk et
al., 2011). Further, as the number of chronic conditions and diseases rise in adults, the level of
physical function decreases, which is especially important in older women who tend to have higher
levels of chronic conditions and disease compared to older men (Oztiirk et al., 2011). In younger
populations, perceptions of health and well-being are commonly associated with chronic
conditions and diseases, but with age there appears to be a shift in perceptions of health and well-
being toward a closer link to functional ability (Galenkamp et al., 2013; Straatmann et al., 2020).
This change appears to happen in later life, with younger old adults (<78 years) placing more

importance on number of chronic conditions while older adults (>78 years) place more importance
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on functional abilities and limitations (Straatmann et al., 2020). Further, there appears to be a
greater association of quality of life with functional ability than with diseases in older women,
although this trend is less evident in men (Oztiirk et al., 2011). This suggests that it may be more
important to emphasize functional ability than disease and illness in older adults, particularly older
women, when supporting and promoting health and well-being during the ageing process.
2.2 Physical Function

Functional ability is a key component in enabling health and well-being in older adults.
One aspect of functional ability is physical function, the maintenance of which impacts an
individual’s quality of life. Specifically, decline in physical function in older adults has been
associated with increased risk of depression, and decreased levels of life satisfaction and social
engagement (Asakawa et al., 2000; Enkvist et al., 2013). Further, levels of physical function
impact the amount and type of care needed by an individual. Older adults with greater physical
function capacity are more likely to live independently than in assisted living or long-term care
facilities (Karlsson et al., 2008; Laukkanen et al., 2001). Finally, low levels of physical function
are associated with increased risk of mortality (Ganguli et al., 2002; Suh, 2006). Therefore, it is
important to predict maintenance and decline of physical function in older adults, as physical
function is related to quality of life, health care needs and mortality.
2.2.1 Definition and Measures of Physical Function

Physical function measures the physical ability of an individual to perform tasks
throughout the day. As an assessment of ability and physical performance, physical function can
be measured in a variety of ways. Common measures of physical function include measures of
physical performance, such as hand-grip strength, as well as the ability to perform ADLs, such as

bADLs and iADLs (Depp & Jeste, 2006). bADLs are a measure of self-care, such as toileting or
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dressing, while iADLs are a measure of the ability to perform day-to-day tasks, such as using a
telephone or cooking (Lawton & Brody, 1969). The ability to perform these activities provides
individuals with the means to perform necessary tasks and those for enjoyment and pleasure, and
thus is a good measure of functional abilities and limitations. As physical function has a variety of
definitions, physical function here will encompass any combination of bADLs, iADLs and
physical performance, unless otherwise specified.

Physical function, which can be measured in a variety of ways, can also be assessed through
different methods. The ability to perform these activities can be self-reported, caregiver-reported
or performance-based; however, self-reported and caregiver-reported measures of physical
function do not always correlate with performance-based measurements (Baldwin et al., 2017;
Cress et al., 1995; Figueredo & Jacob-Filho, 2018; Hoeymans et al., 1997; Zanetti et al., 1995).
Specifically, self-report less accurately represents physical performance with increasing age
(Baldwin et al., 2017; Figueredo & Jacob-Filho, 2018) and declining cognition (Cress et al., 1995;
Hoeymans et al., 1997). While self-report of physical function is associated with disability status
in older adults (Mayhew et al., 2020), both self-report and caregiver report of physical function
overestimate functional ability (Figueredo & Jacob-Filho, 2018). Further, individuals who
experience cognitive decline are not always able to properly assess their functional ability and may
provide a self-report which does not correlate with their observable physical function (Cress et al.,
1995). Therefore, while physical function may be easy to assess through self- or proxy-report, in
older adults or individuals with cognitive decline observable physical function is a more reliable

method to ascertain functional abilities and limitations.



2.2.2 Impact of Age, Sex and Other Covariates on Physical Function

Physical function is dynamic and is influenced by several non-modifiable factors. Physical
function declines and disability increases with age (Alcock et al., 2015). Decline in physical
function occurs throughout middle age (Brown et al., 2017) and continues through old age, with
the majority of adults over the age of 90 experiencing difficulties in ADLs and those over the age
of 100 experiencing dependency in ADLs (Berlau et al., 2009). Further, while levels of
independence in bADLs and iADLs appear to be similar in middle-aged adults, there is a higher
level of dependence in iADLs than bADLs in older adults (Brown et al., 2017). Finally, women
have more disabilities and comorbidities for a longer duration than men, due to lower mortality
rates in women than men (La Croix et al., 1997; Merrill et al., 1997; Schon et al., 2011). Therefore,
older women are a specific population at greater risk for dependence and low levels of physical
function.

In addition to age and sex, physical function is impacted by modifiable factors, such as
cognition. Cognition, the mental ability to learn, recall information and process logic, can be
measured within specific domains or globally. Global cognition, commonly measured using the
Mini-mental State Examination (MMSE) (Folstein et al., 1975), is a strong predictor of both
physical function and mortality (Johnson et al., 2007). Specifically, cognitive impairment is
associated with worse physical function (Auyeung et al., 2008; Tabira et al., 2020). This impact is
seen in earlier stages of cognitive impairment, where levels of both bADLs and iADLs decrease;
however, as cognition declines from mild cognitive impairment to dementia, independence in
1ADLs is lost earlier than bADLs due to the higher cognitive demand of iADLs (Tabira et al.,

2020).



Although decline in physical function is expected with age, there are certain lifestyles and
activities that can help to reduce or prevent that decline. For example, high levels of physical
activity and low levels of smoking reduce the risk of decline in physical function in older age
(Berkman et al., 1993; Fillenbaum et al., 2010). Additionally, high levels of education and income
are known to protect against decline in physical function (Berkman et al., 1993; Fillenbaum et al.,
2010). Finally, an individual’s perspective on the ageing process impacts physical function, where
older adults who express positive age stereotypes are more likely to recover from disability (Levy
et al., 2012) and experience higher levels of functional ability (Levy et al., 2002) than older adults
who express negative age stereotypes.

2.3 Subjective Health

Subjective health is a common component of healthy ageing that measures global health
(Banerjee et al., 2010; Perez-Zepeda et al., 2016) and provides a snapshot of multiple domains of
health, including physical function, cognition and social activity (Finkel et al., 2020; Lisko et al.,
2020; Mavaddat et al., 2011; Straatmann et al., 2020). Subjective health is an individual’s
perspective on their health and may provide insight into their health that cannot always be
objectively measured. The importance of subjective health is exemplified by the predictive nature
of subjective health on many objective measure of health, but specifically on mortality in older
adults regardless of physical function, cognition, sex, gender, education and a number of other
factors (Falk et al., 2017; Greiner et al., 1999; Idler et al., 1990; Ishizaki et al., 2006; Sajjad et al.,
2017; Walker et al., 2004). Further, subjective health has been shown to be a significant predictor
of mortality over follow-up periods ranging up to 12 years (Falk et al., 2017; Greiner et al., 1999;
Idler et al., 1990; Ishizaki et al., 2006; Sajjad et al., 2017; Walker et al., 2004). Thus, subjective

health is an important measure that appears to accurately reflect the overall health of individuals.
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2.3.1 Definition and Measures of Subjective Health

Subjective health is measured in numerous ways. A common measure of subjective health
is global SRH, “How would you rate your overall health: excellent, very good, good, fair or poor?”
(Choi, 2002; Sargent-Cox et al., 2008; Vuorisalmi et al., 2006). Other variations of subjective
health include assessing different domains of health such as ability to care for oneself or level of
activity (Bernard et al., 1997; Finkel et al., 2020; Greiner et al., 1999). These different measures
of subjective health are often used interchangeably despite reflecting distinct aspects of one’s
health (Bernard et al., 1997; Finkel et al., 2020; Greiner et al., 1999). Global SRF, “How would
you rate your ability to take care of yourself: excellent, very good, good, fair or poor?”, is similar
to global SRH such that global SRF also predicts both subsequent physical function and mortality
(Bernard et al., 1997; Greiner et al., 1996, 1999), and may be a stronger predictor of mortality
(Bernard et al., 1997) and physical function (Greiner et al., 1996) than global SRH. Subjective
health, whether assessing global health or a specific domain of health, is a tool that may be used
to measure the overall health and well-being of individuals.

Subjective health can be measured using different frames of reference in addition to
different domains. Three common frames of reference for subjective health are general subjective
health, comparative to previous health (self-comparative subjective health), or comparative to
peers (peer-comparative subjective health) (Choi, 2002; Finkel et al., 2020; Mora et al., 2013;
Sargent-Cox et al., 2008; VanderZee et al., 1995; Vuorisalmi et al., 2006). Levels of self-
comparative subjective health are lower (Sargent-Cox et al., 2008) and levels of peer-comparative
subjective health are higher than general subjective health (Finkel et al., 2020; Sargent-Cox et al.,
2008; VanderZee et al., 1995; Vuorisalmi et al., 2006). The difference seen with self-comparative

subjective health is linked to loss of function and ability with time (Sargent-Cox et al., 2008), while
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that seen with peer-comparative subjective health appears to be caused by older adults viewing
their health and functional status as better than other adults their own age and may not accurately
represent their health status respective to their peers (Finkel et al., 2020; Sargent-Cox et al., 2008;
VanderZee et al., 1995; Vuorisalmi et al., 2006). Physical function is more strongly associated
with general subjective health than peer-comparative subjective health (Vuorisalmi et al., 2006).
Further, general subjective health is a more significant predictor of mortality than peer-
comparative subjective health (Mora et al., 2013). Therefore, is it necessary to be aware of the
frame of reference used in subjective health measures.
2.3.2 Impact of Age, Sex and Other Covariates on Subjective Health

Subjective health is impacted by both non-modifiable and modifiable factors. In general,
subjective health decreases with age (Finkel et al., 2020; Pinquart, 2001). Generally, subjective
health is linked to chronic conditions and diseases; however, this varies by age. Specifically, in
older populations subjective health is more closely linked to functional abilities and limitations,
and psychological factors such as depression (Finkel et al., 2020; Lisko et al., 2020; Straatmann et
al., 2020). Further, older adults have generally lower standards of good subjective health compared
to younger adults, which may reflect declines in overall health (Lisko et al., 2020). Interestingly,
despite older adults having lower standards of good subjective health, they appear to perceive their
health better than their peers, as comparative subjective health increases with age (Finkel et al.,
2020).

In addition to age, subjective health also differs in men and women. Women generally have
lower levels of subjective health than men (Banerjee et al., 2010; Finkel et al., 2020) and place
more value on chronic conditions, while men place a higher emphasis on fatal illnesses (Finkel et

al., 2020). Despite these differences, the rate of decline of subjective health between men and
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women with age does not differ (Finkel et al., 2020). From the effects of age and sex, it is essential
that both demographic variables be taken into consideration when examining subjective health.

In addition to age and sex, subjective health is dependent on individual characteristics, such
as cognition and race. Individuals with normal cognition, mild cognitive impairment and dementia
assess subjective health differently, which may modify the associations between subjective health
and other measures of health (Lisko et al., 2020; Waldorff et al., 2010). Therefore, when possible,
cognitive function should be examined when assessing subjective health. Further, subjective health
appears to be modified by race and culture, as individuals from diverse cultures interpret health
differently or conform to cultural pressures regarding health attitudes (Ailinger, 1989; Banerjee et
al., 2010; Boyington et al., 2008; Menec et al., 2007). Additionally, individuals with depression,
lower income, worse physical function, increased number of chronic conditions and lower social
participation have worse subjective health (Banerjee et al., 2010; Chalise et al., 2007; Dong et al.,
2017; Ishizaki et al., 2009; Millan-Calenti et al., 2012; Mulsant et al., 1997).

Finally, self-reported measures such as subjective health may be prone to bias. Specifically,
individuals may be less likely to rate their health as poor. This was seen in the study by Ailinger
(1989), where their sample of Hispanic men were unlikely to report poor SRH, even when their
objective measures of health were poor. Further, bias may also be a concern for specific measures
of subjective health, such as peer-comparative subjective health, where individuals tend to view
their health as better than peers their own age (Spitzer & Weber, 2019). Therefore, when using
measures of subjective health, one should be aware of not only the impact of using specific types

of subjective health measures, but also the potential for bias in reporting of subjective health.
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2.4 Subjective Health as a Predictor of Physical Function

Physical function and subjective health are two key components of health that are cross-
sectionally and longitudinally associated. Physical function is a measure of an individual’s
physical ability to perform day-to-day tasks, while subjective health provides a personal
perspective on an individual’s health and function. Subjective health is a unique simple marker
that may correlate to current and predict future physical function and consequently one’s ability to
carry out daily activities.
2.4.1 Historical Perspective

In the late 1970s, subjective health had been linked to mortality in older adults (Bernard et
al., 1997; Maddox & Douglass, 1973). In an effort to understand the relationship between
subjective health and mortality, several groups began to examine the construct of subjective health,
including whether subjective health was dependent on physical function or whether physical
function was predicted by subjective health, thereby explaining the link to mortality (Bernard et
al., 1997; Greiner et al., 1996; Idler & Kasl, 1995). This led to a new field of research with more
groups studying the impact of subjective health on concurrent and subsequent physical function in
older adults (Ailinger, 1989; Femia et al., 1997; Gama et al., 2000; Idler et al., 2000; Kaplan et al.,
1993; Lee, 2000). The focus appears to have shifted from general older adults to the association of
subjective health on subsequent physical function in specific populations of older adults, such as
stroke survivors (Boyington et al., 2008). However, with ageing populations, there has been a
resurgence of examining subjective health as a predictor of subsequent physical function in the
general older adult population, particularly in Japan and South Korea (Fong & Kok, 2020;

Fujiwara et al., 2008; Hirosaki et al., 2017; Sang Hyuck Kim et al., 2017; Tomioka et al., 2017).
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Additionally, a few recent studies examine this association in the oldest old populations in Europe
and North America (Idland et al., 2014; Kempen et al., 2006; Storeng et al., 2018).
2.4.2 Cross-Sectional Studies of Subjective Health and Physical Function

Four studies have cross-sectionally examined the relationship between subjective health
and physical function in older adults (Ailinger, 1989; Gama et al., 2000; Nogueira et al., 2010;
Sebastiao, 2016). Although each study examined different measures of physical function, there
was a general trend that poor subjective health was associated with worse physical function, after
adjusting for age, sex, education and cognition (Gama et al., 2000; Nogueira et al., 2010; Sebastiao,
2016). Two of these studies showed that subjective health was significantly associated with
individual bADLs and iADLs (Gama et al., 2000; Sebastiao, 2016). Further, subjective health
appears to be significantly associated with a combined bADLs and iADLs score (Nogueira et al.,
2010). Although Ailienger et al. (1989) did not find significant correlations between subjective
health and physical function, the other three cross-sectional studies support an association between
subjective health and physical function.

The relationship between subjective health and physical function appears to be modified
by race. Specifically, subjective health does not predict physical function in Black and Hispanic
Americans, a finding that may reflect cultural differences in concepts of health (Ailinger, 1989;
Boyington et al., 2008). When rating subjective health, Black Americans appear to place more
emphasis on health conditions while White Americans place more emphasis on level of daily
functioning (Boyington et al., 2008). This cultural difference in how individuals view subjective
health may explain differences in the association between subjective health and physical function

between different cultures and races. As culture appears to impact the association between
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subjective health and physical function it is important to further understand in which populations
this relationship is significant.
2.4.3 Longitudinal Studies of Subjective Health and Physical Function

As the cross-sectional studies cannot establish directionality, longitudinal studies provide
stronger evidence of subjective health as a predictor of physical function. These studies span
follow-up periods from 1 to 11 years and show that in older adults there is a relationship between
subjective health and future physical function, even after adjusting for covariates such as education
(Femia et al., 1997; Fujiwara et al., 2008; Greiner et al., 1999; Hirosaki et al., 2017; Idland et al.,
2014; Idler et al., 2000; Idler & Kasl, 1995; Kaplan et al., 1993; Kempen et al., 2006; Sang Hyuck
Kimetal., 2017; Lee, 2000; Storeng et al., 2018; Tomioka et al., 2017). Excellent subjective health
has been shown to predict improvement in physical function while poor subjective health predicts
decline in physical function (Fujiwara et al., 2008; Kempen et al., 2006). However, studies with
small sample sizes and potentially limited statistical power did not find this relationship to be
significant at four years (Femia et al., 1997; Idland et al., 2014) and significance was lost after
adjusting for covariates at six and ten years (Idler et al., 2000; Kaplan et al., 1993). Overall, these
longitudinal studies provide strong evidence that subjective health is a predictor of future physical
function in older adults.

It is unclear whether the association between subjective health and subsequent physical
function remains significant in the oldest of adults. Two studies that have examined adults over
the age of 75 found that subjective health does predict change in physical function in this age group
(Femia et al., 1997; Greiner et al., 1996). However, two other studies found that poor subjective

health was not a predictor of decline in physical function in adults older than 75 (Tomioka et al.,
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2017) and 87 years of age (Idland et al., 2014). Therefore, further research is needed to determine
in which age groups subjective health is a predictor of subsequent physical function.

Additionally, the impact of sex/gender on the association between subjective health and
physical function is inconsistent. It is worth noting that literature has not been consistent in the use
of the concepts of sex or gender in reports of these associations, which may contribute to the lack
of consistency in results. Studies have reported that subjective health is a significant predictor of
physical function only in men (Idler et al., 2000), only in women (Lee, 2000) or that the association
is significant in both men and women (Hirosaki et al., 2017; Lee, 2000; Tomioka et al., 2017).
Thus, it is important to further study the impact of subjective health as a predictor of physical
function in men and women separately.

In addition to age and sex there are other covariates that may impact the association
between subjective health and physical function. Specifically, the impact of depression on
subjective health as a predictor of subsequent physical function is not well understood. Tomioka
et al. (2017) suggested that depression may weaken the relationship between subjective health and
change in physical function, while others found that depression did not reduce the significance of
subjective health as a predictor of physical function (Hirosaki et al., 2017; Sang Hyuck Kim et al.,
2017). Despite the inconsistencies in the association between subjective health and physical
function in older adults with depression, there appears to generally be a significant association
between subjective health and change in physical function in older adults.

Finally, it is also important to consider the impact of time and the measures of subjective
health and physical function. Because of a lack of common methods between studies it is not
feasible to directly compare whether the length of follow-up period impacted the association

between subjective health and physical function. However, two studies examined subjective health
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as a predictor of subsequent physical function at multiple follow-up timepoints (Femia et al., 1997;
Idler & Kasl, 1995). Femia et al. (1997) found that with time the significance of subjective health
as a predictor of physical function was lost, while Idler et al. (1995) found significant associations
with increasing effect sizes on subjective health as a predictor of physical function from one to six
years of follow-up. The difference between these findings could be caused by differences in sample
sizes: the study by Femia et al. (1997) had a small samples size (n=95) compared to the study by
Idler et al. (1995) (n=1477).

Further, the impact of the association between subjective health and physical function may
depend on the measures used to assess subjective health and physical function. SRF has been
shown to be a stronger predictor of decline in physical function than SRH in older adults (Greiner
et al., 1996; Lee, 2000). However, when stratifying by sex, SRF appears to be a stronger predictor
of physical function in women, while SRH appears to be a stronger predictor of physical function
in men (Lee, 2000). Finally, the strength of subjective health as a predictor of physical function
does not appear to differ greatly whether the outcome is measured through bADLs or iADLs,
although subjective health appears to be a slightly stronger predictor of bADLSs than iADLs (Fong
& Kok, 2020; Sang Hyuck Kim et al., 2017; Storeng et al., 2018).

2.5 Summary

Subjective health is a simple measure that may assess current physical function as well as
predict future physical function. This association between subjective health and physical function
is important as subjective health is a quick, inexpensive and non-invasive measure of health, while
data on performance-based measures of physical function are more time-consuming and complex
to collect. Further, it is useful to predict physical function, as levels of physical function in older

adults relate both to quality of life and amount of required care. Therefore, understanding the
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association between subjective health and physical function is important in supporting older adults

to age well.
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Chapter Three: Study Rationale and Research Questions

Subjective health as a predictor of physical function is an important relationship to explore
for several reasons. Primarily, physical function is a measure of health that has implications for
life satisfaction, quality of life and levels of required care and assistance (Asakawa et al., 2000;
Enkvist et al., 2013; Karlsson et al., 2008; Laukkanen et al., 2001). As such, predicting physical
function is important to determine future quality of life and levels of care. Subjective health is a
tool that is simple to assess and that could be used to measure and predict physical function.
Evidence is unclear as to whether subjective health remains a significant predictor of physical
function in older women. Although one study has shown that in women over the age of 75, poor
subjective health predicted decline of independence in bADLs in a one-year follow-up period
(Greiner et al., 1996), a second study showed that good subjective health did not predict
independence in bADLs over a four-year follow-up period in a group of women with a mean age
of 88 (Idland et al., 2014). Given that populations are ageing (Government of Canada, 2014; United
Nations, 2015) and older adults have declining levels of physical function (Lang et al., 2018;
Westendorp, 2006), specifically, in women compared to men (Wheaton & Crimmins, 2016), it is
important to understand the association between subjective health and physical function in older
women.

Previous research regarding subjective health and physical function has not made full use
of longitudinal analysis. Longitudinal research has examined single follow-up assessments and has
not typically explored the association between subjective health and physical function across
multiple follow-up assessments. Studies that have examined more than two timepoints have
developed individual models of subjective health as a predictor of physical function for each

follow-up period using only the surviving population (Femia et al., 1997; Idler & Kasl, 1995). This
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method of analyzing longitudinal data does not fully utilize repeated measures or the correlation
between these measures. To address the lack of longitudinal analyses that examine subjective
health as a predictor of physical function, the proposed study will examine this relationship through
partly conditional GEEs.

Finally, many measures of subjective health have been examined as predictors of physical
function, but differences between measures of subjective health are not commonly investigated.
Subjective health can be assessed through many different questions and surveys, and these
different measures of subjective health may reflect different domains of health (Choi, 2002;
Greiner et al., 1999; Mora et al., 2013; Sargent-Cox et al., 2008; Vuorisalmi et al., 2006) and be
unique predictors of physical function (Greiner et al., 1996; Lee, 2000). To add to this area of
research, the present study will explore both SRH and SRF as predictors of physical function.
Research Questions

1. Is subjective health a predictor of subsequent physical function in older women?

2. Does the association between subjective health and subsequent physical function

change with time in older women?

3. Does the association between subjective health and subsequent physical function differ

between measures of subjective health, specifically SRH and SRF, in older women?
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Chapter Four: Methodology
4.1 Ethics

The Nun Study originally received ethics approval from the University of Kentucky in
1990. Consent for participation was obtained at time of enrollment in 1991 and renewed in 2006.
The current study has received ethics approval from the University of Waterloo (ORE #41939).
To maintain confidentiality, data sets for this study are stored on a password-protected server at
the University of Waterloo and researchers who are granted access to these data are required to
sign a confidentiality agreement.
4.2 Literature Search Strategy

To review evidence of subjective health as a predictor of physical function in older adults,
a systematic literature search was originally conducted in PubMed and CINAHL in July 2020 and
updated in November 2020. A flow chart of this search can be seen in Figure 1. The search
concepts included terms related to population (older adults), exposure (subjective health) and
outcome (physical function). The full search strategy can be found in Appendix A. The search was
limited to human-based peer-reviewed articles written in English or French. The initial search
resulted in 5159 articles from PubMed and 2552 articles from CINAHL. There were 6996 unique
articles after removing duplicates. An additional 121 articles were found in November 2020, with
86 articles from PubMed and 43 articles from CINAHL (8 duplicates).

Several exclusion criteria were applied during screening. Articles were excluded if the
population did not include older adults, the population was specific to a disease or health condition,
the exposure was not subjective health, subjective health was reported by a caregiver, or the

outcome was not physical function. Forty-four articles remained for a full manuscript review. After
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this search, 18 articles were identified as having examined self-reported subjective health as a

predictor of physical function in older adults. These articles are summarized in Appendix B.

Articles identified through databases:
PubMed (n=5215)
CINAHL (n=2595)

A 4

Duplicates removed (n=723)

\ 4

Title and abstract screening (n=7087)

\ 4

Manuscripts excluded (n=7043)

A 4

Full text screening (n=44)

A 4

Manuscripts excluded (n=26)

A 4

Manuscripts summarized in literature review
(n=18)

Figure 1: Flow chart of systematic literature search
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4.3 Data Source

This study used secondary data from the Nun Study, a longitudinal study of the religious
congregation of the School Sisters of Notre Dame in the United States. Sisters were 75 years or
older when invited to join the study. Of all eligible sisters, 678 were enrolled in the study from
1991 to 1993, resulting in a participation rate of 66% (Greiner et al., 1996). Participants and non-
participants did not differ significantly in age, race or mortality rate (Greiner et al., 1999).

The Nun Study collected information across lifespans of participants that can be used to
provide insight into changes in older women’s health, such as physical function, while controlling
for earlier life variables, such as education. Early-life and midlife data were collected through
archival convent data and include place of birth, autobiographical sketches written at the time of
joining the congregation, level of education and occupation (Greiner et al., 1999; Patzwald &
Wildt, 2004). Later-life data were collected during 12 approximately annual assessments through
a battery of tests that included performance-based measures of bADLs and iADLs, and cognitive
screening tools such as the MMSE (Greiner et al., 1996). Following death, neuropathological
assessments identified Alzheimer and other types of pathologies (Greiner et al., 1999).

4.4 Study Population

As the association being addressed is whether subjective health is predictive of subsequent
physical function, Nun Study participants were excluded if they did not have at least one follow-
up physical function assessment (n=103). Further, participants were excluded from the sample if
they were missing baseline measures (n=51) of age, MMSE, education, occupation and place of
birth. A flow chart of excluded participants is shown in Figure 2. The measures used in this study
span the lifetime of the participants. They are described in detail in Section 4.5; however, a brief

timeline of these measures is depicted in Figure 3.
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Of the 678 individuals who participated in the Nun Study, 549 were included in the analysis
(Figure 2). Excluded participants were significantly older, had worse subjective health, worse
physical function, worse baseline MMSE scores and were less educated than participants included
in the analytic sample. Details regarding the excluded participants can be found in Appendix C.

In addition to participants who were excluded from the analytic sample, 38 participants
withdrew from the study after completing at least one follow-up assessment and 6 participants
were intermittently missing follow-up assessments. A description of the number of participants
who were included in the analysis for each time point can be found in Table 1. Participants who
withdrew or had intermittently missing measures did not differ in baseline SRH, SRF, MMSE and
bADL scores from those who did not withdraw and did not have any missing data. However, those
who were missing data were on average slightly younger at baseline and had higher baseline iADL
scores. A logistic regression was conducted to determine whether individuals who were missing
follow-up assessments or withdrew were missing at random. The logistic regression models
showed that age, time of withdrawal and occupation were significant predictors of whether
participants were missing information or withdrew. A more detailed exploration of missing follow-

up assessments and withdrawal within the analytic sample can be found in Appendix D.
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Eligible for the study

n=1027
Agreed to participate
n=678
Missing follow-up measures (103)
e Withdrew after timepoint 1
(n=14)
> ¢ Did not survive to follow-up
assessment timepoints (n=88)
Excluded from analysis ¢ Did not complete follow-up
n=129 assessments (n=1)

Missing baseline measures (51)
e DbADLs (n=2)

iADLs (n=2)

SRH (n=46)

SRF (n=48)

Occupation (n=2)

A4

A4

Included in analysis
n =549

Figure 2: Flow chart of analytic sample (n=529)

Figure 2 displays the flow chart of the Nun Study population from eligibility to analytic sample.
Note: 25 participants were missing both follow-up and baseline measures.

Abbreviations: bADLs, basic activities of daily living; iADLs, instrumental activities of daily living;
SRF, self-rated function; SRH, self-rated health
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Table 1: Description of participant dropout and mortality in the analytic sample (n=549)

Timepoint Included in Missing Withdrew Deceased
Analysis Outcome Previous/Total Previous/Total
TI 549 0
T1-12 0/0 0/0
72 548 1
72-T3 8/8 62/62
73 479 0
73-T4 13/21 77/139
T4 386 3
74-T5 2/23 56/195
75 329 2
75-T6 528 45/240
76 280 1
T76-T7 2/30 57/297
77 221 1
T7-T8 5/35 34/331
78 183 0
78-T9 1/36 29/360
79 153 0
79-T10 1/37 30/390
Ti0 122 0
T10-T11 0/37 27/417
Til 95 0
T11-T12 1/38 19/436
Ti2 75 0

For each timepoint the sample size included in the analysis is shown.

The missing data column represents the number of the participants who survived to that timepoint but
who were missing bADL and iADL scores.

The withdrew column represents the number of participants who withdrew between the two specified
timepoints. This column also shows the total number of participants who withdrew since baseline
(timepoint 1).

The deceased column represents the number of participants who died between the specified timepoints.
This column also shows the total number of participants who died since baseline (timepoint 1).

Abbreviations: T, timepoint.
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4.5 Measures
4.5.1 Physical Function

Physical function was measured at each assessment with five performance-based bADLs
(standing, dressing, walking, eating and toileting) and five performance-based iADLs (reading,
ability to use the phone, telling time, taking medication and handling money) (Tyas et al., 2007).
bADLs and iADLs were scored out of five, where a score of ¢ means participants were able to
independently perform ¢ activities. Independence in each activity was based on observation from
research personnel on whether participants did not require assistance from either another person
or a piece of equipment, such as a walker (Greiner et al., 1996), with the exception of toileting
which was assessed through self-report or nurse’s report (Tyas et al., 2007).
4.5.2 Subjective Health

Two measures of baseline subjective health were explored: SRH and SRF. SRH was
measured by asking “Compared to sisters your age, would you say your health is excellent, very
good, good, fair or poor?” (Greiner et al., 1996, 1999). SRF was measured by asking "Compared
to sisters your age, would you say your ability to take care of yourself is excellent, very good,
good, fair or poor?” (Greiner et al., 1996, 1999).
4.5.3 Covariates

Five baseline covariates were included in the analyses: age, MMSE, education, occupation
and place of birth. Age at baseline assessment was calculated from date of birth. Global cognition
at baseline was screened during the annual assessment using the MMSE, which has a score ranging
from 0 to 30 (Greiner et al., 1996). The level of education for each participant was recorded using
archival convent data (Patzwald & Wildt, 2004). Levels of education were recorded as less than

high school, high school, Bachelor’s degree, and Master’s degree or higher. Occupation for each
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participant was recorded as teacher, domestic worker or nurse’s aid/other. Finally, place of birth
for each participant was recorded from archival convent data (Butler & Snowdon, 1996; Patzwald
& Wildt, 2004), and dichotomized as to whether participants were born in the United States or not.
4.6 Analytic Methods

All analyses for this study were conducted in SAS Studio Enterprise Edition 3.6 (SAS
Institute Inc., Cary, North Carolina).

4.6.1 Descriptive Analysis

Univariate and bivariate analyses were conducted for the exposure, outcome and covariates
to provide a description of the sample and the relationship of subjective health and covariates with
physical function. Distributions for the exposure, outcome and covariates were determined, using
counts and percentages for dichotomous and categorical measures, and means and standard
deviations for continuous measures. Spearman Rho correlations and Kruskal-Wallis tests were
used to determine associations of subjective health and covariates with physical function across
all assessments. Finally, Spearman Rho correlations were determined between measures of
subjective health and physical function.

To provide a visualization of the outcome variable over time, trajectories of physical
function were plotted. Individual trajectories of bADL and iADL scores for 19 random participants
were plotted across all time points to visualize the heterogeneity of the sample. The average
trajectories of bADLs and iADLs across all time points stratified by levels of SRH and SRF were
also plotted.

4.6.2 Multivariable Analysis
Partly conditional GEEs that are conditional on survival were used to address the research

questions. As the study participants were older adults, there is high attrition due to mortality.

30



Therefore, all models used a dynamic population, wherein the outcome at time ¢ is conditional on
participants’ survival at time ¢ (Kurland et al., 2009). Independent correlation structures are used
with GEEs that are conditional on survival (Diggle et al., 2013; Kurland & Heagerty, 2005). GEEs,
a form of regression, use robust standard errors to construct confidence intervals and test
hypotheses (Diggle et al., 2013), such that the estimates and confidence intervals and thus the
interpretation of the results are not changed by misclassified working correlation structures.

To address research question one, partly conditional GEEs were developed without
interactions between subjective health and timepoint assessments. To address research question
two, partly conditional GEEs were developed with interactions between subjective health and
timepoint assessments. To address research question three, GEE models for SRH and SRF were
compared with each other. For each group of models based on subjective health and physical
function measures, three sets of models were developed. First, the base models were developed to
determine the association between subjective health at baseline and physical function at each
annual assessment while adjusting for baseline age. Second, the full models were developed, which
included all remaining baseline covariates: educational attainment, MMSE, occupation and
whether participants were born in the United States. Third, the reduced models were streamlined
to only include subjective health and significant covariates. In the reduced models, the included
covariates remained the same across all configurations of subjective health and physical function.

Figure 4 provides an overview of the 24 models that were developed.
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Figure 4: Flow chart of GEE development and configurations

Abbreviations: bADLs, basic activities of daily living; iADLSs, instrumental activities of daily living;
SRF, self-rated function; SRH, self-rated health
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Chapter Five: Results
5.1 Descriptive Analysis of the Analytic Sample

Table 2 provides an overview of the characteristics of the analytic sample (n=549). The
surviving population at earlier timepoints had lower baseline SRH, SRF and MMSE scores than
the surviving population at later timepoints. Additionally, the average baseline age of the surviving
population at earlier timepoints (Timepoint 1: 82.7 +/- 5.4 years) was older than that of the
surviving population at later timepoints (Timepoint 12: 79.6 +/- 3.0 years).

The bivariate associations between physical function at timepoints 1 to 12 with baseline
subjective health and covariates are presented in Table 3 for bADLs and Table 4 for iADLs.
Baseline measures of SRH, SRF, MMSE and education were positively associated, and age at
baseline negatively associated, with number of independent bADLs and iADLs. Occupation was
significantly associated with iADLs, wherein teachers tended to have greater independence in
1ADLs compared to domestic workers. A full description of these associations is found in Table 3
(bADLs) and Table 4 (iADLs).

The associations between measures of subjective health (SRH and SRF) and between
measures of ph