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Lay Abstract 

 

 

 

 

Aging is associated with increased risks of osteoporosis, fractures, frailty, physical function 

decline, and dementia, particularly for older adults in long-term care (LTC). This study explores these 

health challenges by analyzing data from three key sources: ICES, the Canadian Longitudinal Study on 

Aging (CLSA), and a scoping review of patient-important outcomes following a hip fracture in older 

adults with cognitive impairment or dementia. First, we found increasing hip fracture rates in LTC and 

among older adults living in community at time of fracture and transferred to LTC post fracture. 

Osteoporosis treatment was low among high fracture risk LTC residents. Second, we found that older 

adults with baseline musculoskeletal (MSK) conditions (osteoporosis, fractures, osteoarthritis (OA), 

rheumatoid arthritis, and back pain) were more likely to become frail and have physical function 

limitation over three years compared to those without MSK conditions. However, after adjusting for 

covariates, these associations were no longer significant. Among the individual MSK conditions, we 

found older adults with only OA and osteoporosis-related fractures to be significantly associated with 

physical functional limitations. Lastly, we found that following a hip fracture, older adults with cognitive 

impairment or dementia have poorer functional outcomes, reduced quality of life, higher hospitalization 

and mortality rates, and are significantly more likely to be institutionalized compared to older adults 

without cognitive impairment or dementia, highlighting the need for integrated care that addresses both 

physical and cognitive health.  
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Abstract  

 

 

Objectives: This study aimed to investigate the risks and impacts associated with fractures, osteoporosis, 

frailty, physical function, and dementia in older adults in community and LTC setting. The study aims to 

identify important factors influencing these health issues and identify strategies for improving management 

and outcomes. 

Methods: The research integrates data from three primary sources: Project 1 (ICES Data Repository): 

Healthcare utilization and administrative databases were linked using unique, encoded identifiers from the 

ICES Data Repository to estimate hip fractures and osteoporosis management among adults aged 66 and 

older from April 1, 2014, to March 31, 2018. Osteoporosis management was assessed through 

pharmacotherapy records. Sex-specific and age-standardized rates were compared based on pre-fracture 

residency and discharge location (e.g., LTC to LTC, community to LTC, or community to community). 

Fracture risk was determined using the Fracture Risk Scale (FRS). Project 2 (Canadian Longitudinal Study 

on Aging - CLSA): Participants aged 45 to 85 years who completed both the baseline and three-year follow-

up assessments were included. Outcomes examined include frailty (Fried Frailty Phenotype), and physical 

function limitations. MSK conditions were self-reported diagnosis by a health care professional and 

included rheumatoid arthritis (RA), osteoarthritis (OA), low-back pain, osteoporosis, and related fractures. 

Project 3: The review employed Arksey and O'Malley's framework, guided by Joanna Briggs Institute 

methodology and PRISMA-ScR guidelines. A comprehensive search strategy was implemented across 

MEDLINE, EMBASE, CINAHL, and grey literature. Independent reviewers used Covidence software for 

study selection and data extraction. A narrative synthesis was conducted to summarize findings, identify 

patterns, and highlight gaps in the literature. 

Findings: We found increasing hip fracture rates and low osteoporosis treatment in LTC settings, 

highlighting to the need for improved screening and management of osteoporosis treatment in LTC. In 

community, hip fracture rates decreased. We found that older adults with musculoskeletal (MSK) conditions 
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at baseline were more likely to experience frailty at the three-year follow-up compared to those without 

MSK conditions. However, this association was not significant in the unadjusted analysis. Individuals with 

cognitive decline experience worse outcomes following hip fractures, underscoring the need for integrated 

care addressing both physical and cognitive health. 

Conclusion: Hip fractures, frailty, physical function decline, and cognitive decline are prevalent and 

interrelated issues among older adults aged 65 and older. These findings underscore the need for improved 

screening and integrated care strategies to enhance management and prevention of these complex health 

challenges.  
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Chapter 1: 

Introduction of the thesis 
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Chapter 1- Introduction 

1.1. Background  

1.1.1. Osteoporosis and fractures: Osteoporosis is a chronic condition characterized by 

reduced bone mass and deterioration of bone tissue and is a major public health concern among 

older adults [1].  The World Health Organization (WHO) defines osteoporosis based on a bone 

mineral density (BMD) that is 2.5 or more standard deviations below the mean BMD of a young, 

healthy adult population, indicated by a T-score of -2.5 or lower [2]. BMD measurements, typically 

obtained through dual-energy X-ray absorptiometry (DXA) scans of the hip and spine, provides 

an objective diagnostic criterion for osteoporosis [3]. However, osteoporosis is a complex disease 

that involves more than just low bone density, it also encompasses changes in bone quality and 

microarchitecture that contribute to increased fracture risk, which are often referred to as 

osteoporosis-related fractures [1,4]. Fragility fractures result from minimal trauma such as a fall 

from standing height and signify the severe compromise of bone strength [5,6]. The most common 

osteoporotic fractures occur at the hip, spine, and forearm[5]. Hip fractures are considered the most 

serious type of fragility fracture as they often require surgery, can significantly reduce mobility 

(40% are unable to walk independently and 60% require assistance one year after the fracture), 

and have mortality rates as high as 20-24% in the first year post-fracture [7ï9]. After sustaining a 

hip fracture, 10-20% of community-dwelling patients require long-term care (LTC), with the rate 

of LTC admission increasing with age [10ï12].  Individuals with a history of fracture are at 

increased risk of subsequent fragility fractures, this risk is particularly elevated in the first two 

years after an initial fracture [13].  
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In Canada, osteoporosis affects approximately 20% of the population over the age of 65, with 

a higher prevalence observed in women than in men (30% vs 6% respectively) [14]. Among older 

adults residing in the community, one in three women and one in five men over the age of 65 will 

experience an osteoporotic fracture in their lifetime [3]. Women are twice as likely to sustain a hip 

fracture compared to men, however men are more likely to die from any cause following a hip 

fracture [14]. Hip fractures account for 49% of fractures in LTC [15], and are two to four-times 

higher compared to community [16,17]. Among LTC residents suffering from a hip fracture, 45% 

are estimated to die within 12 months [18] and 48% are no longer ambulatory among the survivors 

[19,20].  

1.1.2. Fracture risk models: There are several fracture-risk assessment tools that are widely 

used to estimate an individual's likelihood of sustaining fractures, each with distinct features and 

methodologies. The FRAXÈ tool[21], developed by the World Health Organization (WHO), 

incorporates clinical risk factors such as age, sex, weight, height, previous fractures, parental 

history of hip fractures, smoking, alcohol consumption, glucocorticoid use, rheumatoid arthritis, 

secondary osteoporosis, and BMD measurements, to estimate the 10-year probability of hip and 

major osteoporotic fractures. The new FRAXÈ Plus (beta version) [22] incorporates additional 

clinical risk factors, including high exposure to glucocorticoids, recency of osteoporotic fracture, 

fall history, type 2 diabetes mellitus, concurrent data on lumbar spine BMD, Trabecular Bone Score 

(TBS), and hip axis length (HAL). However, one of the limitations of TBS is its cost, which can 

be a challenge to its widespread use [23].  The Garvan Fracture Risk Calculator [24,25] 

incorporates similar clinical risk factors to the FRAXÈ tool but includes the frequency of falls to 

predict 5 and 10-year fracture risks. QFracture [26,27], developed in the UK, leverages a 

comprehensive array of risk factors, including socioeconomic status, ethnicity, medical history, 
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and lifestyle factors, without requiring BMD measurements, to predict the 10-year risk of fractures. 

The Canadian Association of Radiologists and Osteoporosis Canada (CAROC) tool [28] is simpler 

than the FRAX as it combines age, sex, history of fragility fractures, and glucocorticoid use with 

BMD measurements to categorize individuals into low, moderate, or high fracture risk.  

Although these fracture risk models are commonly used in clinical practice, they differ in 

several key aspects. FRAXÈ is the most widely adopted and internationally recognized tool for 

assessment of fracture risk, while Garvan, QFracture, and CAROC are more region-specific [29]. 

Additionally, the risk factors considered by each tool vary.  For example, while the Garvan model 

incorporates falls history, the original FRAXÈ tool does not. FRAXÈ, Garvan, and CAROC all 

require BMD measurements, whereas QFracture uniquely relies on a wide array of non-BMD 

factors for its fracture risk calculations [29].  

Older adults in LTC differ from their community-dwelling counterparts in terms of health 

status, functional capacity, and risk factors. Thus, fracture risk models developed for community-

dwelling older adults may not accurately capture the risk profile of those in LTC settings, 

highlighting the need for tailored fracture risk assessments. For example, tools like FRAXÈ and 

CAROC, primarily designed for community-dwelling older adults, may not be as suitable for LTC 

residents. These models estimate 10-year fracture risk, which are inadequate for LTC residents due 

to the shorter life expectancy in LTC (the mean life expectance of LTC resident is 2.4 years) 

[30,31]. Additionally, these models often do not account for LTC-specific risk factors such as high 

rates of dementia and falls, which are prevalent in LTC settings. Furthermore, the prevalence of 

osteoporosis and osteoporotic fractures is higher in LTC than community. LTC residents also have 

a lower likelihood of regaining previous function post-fracture and experience a higher mortality 
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rate within three months following a fracture [15ï20,32,33]. Given these LTC-specific challenges, 

fracture risk assessment tools tailored to the LTC population are needed.  

The Fracture Risk Scale (FRS) is a validated tool [31,34] developed to address the unique 

challenges faced in LTC to determine residents fracture risk. The FRS incorporates factors like 

cognitive impairment and frailty, which are not considered in FRAXÈ or CAROC and does not 

require BMD measurements to determine LTC residentôs fracture risk. The tool is specifically 

designed for identifying LTC residents at high risk for fractures within a one-year period, which is 

more relevant for the LTC setting. This tool leverages data from the Resident Assessment 

Instrument Minimum Data Set (RAI-MDS 2.0) [35], which is a standardized assessment for 

automatically collecting comprehensive socio-demographic and clinical information for LTC 

residents upon admission and quarterly thereafter. The FRS was developed using decision tree 

analysis, incorporating information from the RAI-MDS 2.0, the Discharge Abstract Database 

(DAD), and the National Ambulatory Care Reporting System (NACRS) [31]. It has undergone 

external validation across multiple Canadian provinces using large population-based datasets, 

ensuring its reliability and applicability [34,36]. Implemented in 2018, the FRS incorporates 

various risk factors including age (greater than 85 years), body mass index (BMI), mobility status 

(independent or assisted walking), wandering behavior, cognitive performance, transfer status, 

history of falls within the past 30 days, and previous fractures in the past 180 days [31]. The scale 

categorizes individuals into eight risk levels, ranging from the lowest risk (level 1) to the highest 

risk (level 8). The score is also dichotomized into low and high fracture risk. Residents with an 

FRS score of 4 or higher are at high risk, with a one-year hip fracture risk of 3.1%, while those at 

the highest risk level (score of 8) face a risk as high as 12.6%. The risk of hip fracture among LTC 

residents at low risk (FRS1-3) ranges from 0.6%-2.5%  [31]. The FRS is currently the only tool 
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specifically designed for identifying fracture risk in LTC residents in Canada. It has been endorsed 

by InterRAI International, further supporting its use in LTC environments. The Fracture Risk 

Assessment in Long-term Care (FRAiL) is a similar tool that has been developed in the US (Berry 

et al).  This tool uses regression analysis and the MDS RAI (US version) to predict fracture risk in 

nursing home residents. 

1.1.3. Treatment rate: Despite the high prevalence of osteoporosis and osteoporotic fractures, 

and the significant advances in osteoporosis treatment, many older adults at high-risk of fracture 

remain untreated. This care gap exists in community and LTC, with treatment rates being 

particularly low in LTC. Studies have shown that only 23% to 25% of LTC residents at high risk 

for fractures receive appropriate osteoporosis pharmacotherapy [37ï39]. In community-dwelling 

older adults, the osteoporosis treatment rate is low. McArthur et al (2022) found that among those 

with osteoporosis who were at high risk, 77.3% were not on osteoporosis medication, with males 

having higher rates of not taking medications compared to females (92.3% vs. 76.8%, respectively) 

[40]. Several factors contribute to this treatment gap including concerns about rare side effects of 

osteoporosis medications, challenges in managing osteoporosis treatment alongside current 

comorbidities, and limited life expectancy of LTC residents, which may influence treatment 

decisions.  

1.1.4. Addressing gaps in osteoporosis and hip fracture rates in community and LTC and 

rationale for the study  

The substantial burden of osteoporosis and related fractures, particularly hip fractures, and the 

unique challenges faced by older adults in community vs LTC settings, underscores the need for a 

comprehensive understanding of these conditions across the different care settings. Currently, there 

are limited studies exploring hip fracture rates by pre-fracture and post-hip fracture residency 
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(community vs LTC) as well as osteoporosis management and fracture risk assessment particularly 

in LTC. This thesis aims to address these knowledge gaps through longitudinal, direct comparison 

of hip fracture incidence among LTC residents and community-dwelling adults.  

By determining the burden of hip fractures across the continuum of care, this study will 

provide insights for tailoring prevention strategies and optimizing resource allocation for 

osteoporosis management across different settings. Furthermore, the exploration of fracture risk in 

LTC using the FRS tool will and examining the osteoporosis care gap as well as potential 

disparities in osteoporosis management will shed light on areas for improvement in care delivery 

and policy development in this population.  

1.2. Exploring the impact of chronic bone and joint conditions on frailty and functional 

decline  

1.2.1. Musculoskeletal conditions: Musculoskeletal (MSK) conditions encompass a wide 

range of disorders affecting bones, muscles, joints, and surrounding tissues and are another 

significant health concern among older adults [41]. MSK conditions include osteoarthritis (OA), 

rheumatoid arthritis (RA), low-back pain, and osteoporosis and osteoporotic fractures[42]. 

Additional MSK conditions are often categorized as ñother MSK conditionsò and can include gout, 

fibromyalgia, and tendinitis among other conditions, and are among the more common conditions 

According to the WHO [43], approximately 1.71 billion people worldwide are affected by 

musculoskeletal conditions, making them the leading contributor to disability globally with low 

back pain being the single leading cause of disability in 160 countries [43]. The prevalence of 

MSK disorders among Canadian men and women is high, with a point prevalence of 27.8% in 

2017 [44] and the highest prevalence reported are for low-back pain (15%) and OA (hip and knee) 

(7%) [44,45]. Approximately one in eight Canadians suffer from MSK disorders, leading to severe 
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long-term pain and disability [46]. The prevalence of MSK disorders is higher in women [47,48] 

and increases with age[49]. Arthritis, or joint inflammation, including osteoarthritis (OA), 

rheumatoid arthritis (RA), and other rheumatic diseases, is the second and third most common 

chronic condition reported by women and men, respectively. It is projected that 20% of Canadians 

will have arthritis by 2031[49]. MSK conditions significantly limit mobility and physical function 

due to chronic pain, resulting in reduced quality of life. However, despite their significant impact 

on quality of life and healthcare, research on MSK conditions has been relatively limited, partly 

due to their lower mortality rates, perception as an inevitable part of aging, complex and 

multifactorial nature, slow progression, and the tendency to focus on acute treatment rather than 

long-term prevention strategies [50]. However, the global burden of MSK conditions continues to 

increase in recent years, largely due to significant population growth and an aging population [51ï

53]. 

1.2.2. Classification and subgroups of musculoskeletal conditions  

1.2.3. Rheumatoid arthritis: Rheumatoid arthritis (RA) is a chronic autoimmune disease 

characterized by inflammation of the synovial lining of joints, leading to progressive joint 

destruction, deformity, and functional impairment [54,55]. According to the WHO, RA affects 

approximately 1% of the global population and is more prevalent in women than men (women are 

2-3 times more likely to have RA compared to men) [56,57]. The disease course is variable, often 

involving periods of exacerbation and remission, necessitating ongoing management to control 

inflammation and preserve joint function. The burden of RA extends beyond joint damage, as it 

significantly impacts the overall quality of life, leading to chronic pain, fatigue, and disability [57]. 

RA can also increase the risk of cardiovascular diseases, infections, and other comorbidities, 

thereby contributing to increased mortality rates [58].  RA is associated with substantial economic 



 9 

 

burden due to direct healthcare costs and indirect costs associated with loss of productivity and 

long-term disability [59]. 

1.2.4. Osteoarthritis: Osteoarthritis (OA), the most common form of arthritis, is a 

degenerative joint disease characterized by the breakdown of cartilage, the tissue that cushions the 

ends of bones within joints [60ï62]. It commonly affects weight-bearing joints such as the knees, 

hips, and spine, as well as the hands. OA is associated with aging, obesity, joint injury, and genetic 

predisposition, leading to pain, stiffness, and reduced mobility [63]. Its prevalence is increasing 

globally, reflecting aging populations and rising obesity rates. Globally, OA affects more than 500 

million people, with knee osteoarthritis being the most common form OA (prevalence of 365 

million), followed by the hip and the hand OA [64]. The prevalence of OA increases with age, with 

the majority of individuals over the age of 65 experiencing some form of joint degeneration [64]. 

In Canada, OA affects approximately 4 million people, or about one in seven Canadians, with the 

prevalence expected to rise as the population age[65]. However, OA is not exclusively an "old 

person's disease." More than half (52%) of Canadians who have OA are younger than 65 years 

[65]. OA is more common in women than in men. Among Canadian adults aged 20 and older, the 

prevalence of diagnosed OA is estimated to be 13.6%, with women being more commonly affected 

than men [65]. OA often leads to chronic pain, stiffness, and reduced mobility, which significantly 

impairs daily activities and quality of life. Despite its high prevalence and significant impact, OA 

has often been under-researched compared to other chronic diseases. 

1.2.5. Osteoporosis: Osteoporosis is considered an MSK condition because it directly 

affects the skeletal system, which is a crucial component of the musculoskeletal system. 

Characterized by reduced bone mass and deterioration of bone tissue, osteoporosis compromises 

the skeleton's ability to support the body and facilitate movement, key functions of the MSK 
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system [3,5,49]. Unlike many other musculoskeletal conditions, osteoporosis often remains 

asymptomatic until a fracture occurs, which is why it is sometimes referred to as a "silent disease" 

and remains an under-diagnosed disease [66].  This lack of early symptoms contributes to the 

challenge of timely diagnosis and intervention. Osteoporosis can interact with and exacerbate other 

MSK conditions, such as osteoarthritis, creating a complex interplay within the musculoskeletal 

system. Given its significant impact on bone strength, mobility, and overall musculoskeletal health, 

understanding osteoporosis in the context of MSK conditions is crucial for developing 

comprehensive strategies for prevention, early detection, and effective management of MSK 

conditions in older adults.  

1.2.6. Low-back pain: Low-back pain is a widespread musculoskeletal complaint affecting 

people of all ages, often leading to significant disability [43]. It can arise from various causes, 

including mechanical issues, injuries, degenerative changes in the spine, and underlying health 

conditions [67]. Low-back pain is often categorized as either acute, lasting less than six weeks, or 

chronic, persisting for 12 weeks or more [68]. The management of low-back pain poses challenges 

due to its multifactorial nature and the variability in patient responses to treatment modalities. 

Among the MSK conditions, low back pain is very common, affecting 30ï40% of adults [67]. In 

Canada, the prevalence of low-back pain is significant, with nearly one in five adults experiencing 

chronic low-back pain [69]. Low-back pain not only affects physical health but also has significant 

impact on mental well-being and quality of life.  

1.2.7. Frailty and functional decline among community-dwelling older adults and LTC 

residents  

1.2.8. Frailty: Frailty is a clinical syndrome characterized by a decline in physiological 

reserve and function across several body systems, leading to increased vulnerability to adverse 
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health outcomes, such as falls, hospitalizations, disability, and mortality [70,71]. It is often 

characterized by low physical activity, unintentional weight loss, muscle weakness, exhaustion, 

and slow walking speed [70]. Frail individuals are at higher risk of experiencing negative health 

events such as falls, fractures, hospital admissions, and LTC admission [70,72,73]. Frailty is also 

associated with increased healthcare utilization and costs and disability resulting in reduced quality 

of life, independence and social engagement[70]. 

Globally, the prevalence of frailty among community-dwelling older adults varies widely, 

with estimates ranging from 4% to 59%[73], depending on the population and method used to 

define frailty. For example, among community-dwelling older adults aged 65 years or older, the 

Fried physical frailty phenotype prevalence ranges from 4% to 17% [72ï74]. In Canada, 

approximately 25% of individuals over the age of 65 are considered frail and among Canadians 

aged 85 and older, nearly half are estimated to be frail [75]. The prevalence of frailty increases 

with after the age of 85, and women are twice as likely to be frail compared to men (9.6% vs 5.2% 

respectively( [73,75]. The prevalence of frailty also differs significantly between community-

dwelling older adults and those in LTC. In the community, the prevalence of frailty is reported to 

range from around 10.7% to 24%, depending on whether physical domains or broader criteria are 

used to define frailty [73,76], whereas in LTC, the pooled estimate of frailty is 52% [77].  

1.2.9. Frailty tools: Currently there is a lack of consensus on the optimal definition for 

frailty, with various tools and instruments used to measure frailty, each with its own criteria and 

focus. One of the most widely used tools is the Fried Frailty Phenotype (FP) model proposed by 

Fried et al [78]. This model is well-validated and identifies frailty based on the presence of three 

or more of the following criteria: unintentional weight loss, self-reported exhaustion, weakness 

(grip strength), slow walking speed, and low physical activity [78]. Individuals meeting three or 
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more of these criteria are classified as frail, individuals meeting one or two criteria are classified 

as pre-frail, and individuals meeting none of the criteria are classified as not frail. See Table 1.  

The Frailty Index (FI), developed by Rockwood and Mitnitski, is a comprehensive tool used 

to assess frailty by evaluating a range of health deficits across multiple domains such as diseases, 

symptoms, and functional impairments [79]. It is based on the cumulative deficit model, which 

suggests that the more health deficits an individual has, the more likely they are to be frail. The FI 

includes a broad spectrum of health-related conditions, such as chronic conditions (e.g., 

hypertension, diabetes, heart disease), symptoms (e.g., pain, fatigue, dizziness), functional 

impairments (e.g., difficulties in performing activities of daily living), cognitive decline, sensory 

impairments, psychosocial factors, nutritional status, and medication use[79]. Each of these 

deficits is assessed, and the FI score is calculated as the ratio of the number of deficits present to 

the total number of potential deficits assessed (Table1). Higher FI scores indicate greater frailty, 

with specific cut-offs defining non-frail, pre-frail, and frail states. Compared to the Fried Frailty 

Phenotype which focuses on physical frailty markers, the FI model takes a more holistic approach 

to assess frailty as it encompasses a wider range of health aspects. However, the Fried Frailty 

Phenotype is simpler and quicker to administer, which can be beneficial in clinical settings. 

The Clinical Frailty Scale (CFS) is a tool that assess frailty by categorizing individuals based 

on clinical judgment into nine levels, ranging from very fit (level 1) to terminally ill (level 9) [80]. 

The tool provides a pictorial representation of frailty status, making it accessible and 

straightforward to use in clinical settings. Each level on the scale is characterized by descriptors 

that capture the degree of frailty, incorporating factors such as physical function, mobility, 

cognition, comorbidities, and overall health status. The CFS is particularly valuable for its ease of 

application and quick assessment, allowing healthcare professionals to easily determine an 
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individual's frailty status during clinical settings[81]. Unlike the FP, which focuses on specific 

physical criteria such as grip strength and walking speed, or the FI, which evaluates a broad range 

of health deficits, the CFS relies more on overall clinical judgment and observation, which may be 

subject to inter-observer variation[81]. However, it has been validated in geriatric medicine 

settings, enhancing its reliability and applicability in these environments  [82,83].   

The FRAIL scale is another tool used to screen for frailty, focusing on five key domains: 

fatigue, resistance, ambulation, illnesses, and loss of weight[84]. This tool is primarily suitable for 

use in primary care settings due to its ease of administration and rapid assessment capabilities. 

Each domain is evaluated through specific questions that identifies the presence and severity of 

frailty-related symptoms and conditions. For example, fatigue is assessed by asking the individual 

about their level of fatigue and exhaustion. A common question might be, "How often in the last 

month have you felt that everything you did was an effort?"[84]. Individuals are scored based on 

their responses, with one point assigned for each domain where a frailty-related issue is identified. 

The total score ranges from 0 to 5, with higher scores indicating a greater level of frailty and zero 

points indicating non-frail, one to two points indicating pre-frail, and three to five points indicating 

frail[84].  

1.2.10. Physical function: Physical function refers to the ability to perform basic and 

instrumental activities of daily living (ADLs and IADLs) [85,86]. Decline or deficient in physical 

function is associated with negative health outcomes including long-term disability[87,88], 

increased morbidity and mortality [89,90], and reduced overall quality of life among older 

adults[91,92]. Physical function can be measured using self-reported or performance-based 

objective tests. Performance-based measures, such as the 4-meter gait speed test, timed up and go 

(TUG) test, chair-rise test, single-leg stance test, and grip strength test, are closely associated with 
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ADL disability compared to self-reported measures of physical function[93]. For instance, the 4-

meter gait speed test is frequently used because it reliably predicts mobility impairment and overall 

physical function in older adults. Slower gait speeds, as described below, are associated with 

increased risk of ADL disability, hospitalization and morality[94].  

Gait speed: Gait speed is commonly used to measure functional mobility and performance 

of activities of daily living among older adults[95]. Reduced gait function has been shown to be 

associated with deteriorating physical health, hospitalization, cognitive impairment, increased risk 

of falls, and mortality [96,97]. The 4-meter walk test is one of the most commonly used method to 

assess walking speed over a short distance in clinical settings[94,98,99]. It has been shown to have 

high testïretest reliability and validity in measuring walking speed [100]. The 4-meter walk test is 

easy to administer and requires participants to walk a distance of four meters at their usual walking 

pace, while the time taken is recorded using a stopwatch[94]. The resulting gait speed is calculated 

in meters per second (m/s). A gait speed of less than 0.8 m/s is often indicative of mobility 

impairment and is associated with an increased risk of adverse health outcomes, including 

disability, hospitalization, and mortality[94]. Additionally, gait speed is a component of the Short 

Physical Performance Battery (SPPB), which also includes chair stands and balance tests. The 

SPPB is a widely used tool that combines these measures to assess overall physical performance 

and predict disability, nursing home admission, and mortality risk in older adults [101,102].   

TUG test: The Timed Up and Go (TUG) test is a widely validated and commonly used 

functional mobility and balance test. It has also been shown to predict fall risk [103]. During the 

test, participants start from a seated position, stand up without using the chair's armrests, walk a 

distance of 3 meters, turn around, walk back to the chair, and sit down[103]. Completing the test 

within 8 to 12 seconds is considered normal, while a time exceeding 12 seconds suggests an 
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elevated risk of falls [104,105]. The TUG test assesses functional mobility and is sensitive to 

changes in balance and gait speed, which are critical for performing daily activities safely and 

independently [106,107].  

Chair rise test: The chair-rise test assesses lower body strength and endurance, which are 

essential for performing daily activities such as standing up from a seated position and climbing 

stairs[108]. Participants sit in a chair with their arms crossed over their chest and are instructed to 

stand up and sit down as quickly as possible five times without using their arms for support. The 

time taken to complete this task is recorded. Times longer than 15 seconds typically indicate lower 

body weakness and a greater risk of physical function limitations[109]. The chair-rise test 

evaluates lower limb strength and the ability to perform activities requiring muscle power. 

Difficulty or slower performance in this test is associated with limitations in activities like climbing 

stairs or getting out of a chair, impacting independence in daily life. 

Single leg stance test: The single-leg stance test is a validated and well-established measure 

used to assess balance and postural stability which are vital for maintaining functional 

independence and preventing falls among older adults[110,111]. Participants are asked to stand on 

one leg for as long as possible while keeping their arms by their sides and eyes open. The duration 

for which they can maintain this position is recorded. Poor performance on the single-leg stance 

test is often defined as less than 5 seconds for older adults and is associated with an increased risk 

of falls, decreased mobility, and reduced independence in activities of daily living[112]. Being able 

to stand for less than 10 seconds on one leg is associated with higher risk of hip fracture[113].   

Grip strength: The grip strength test is a is a robust predictor of overall muscle strength and 

physical function. This test involves measuring the maximum isometric strength of the hand and 

forearm muscles using a handgrip dynamometer.[114ï116] Participants are instructed to squeeze 
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the dynamometer with maximum effort, typically using their dominant hand, and the highest value 

from multiple attempts is recorded[115]. Grip strength has been strongly correlated with various 

health outcomes, including physical function, mobility, and mortality[114]. In older adults, lower 

grip strength is commonly associated with increased risk of disability, reduced ability to perform 

daily activities, and higher likelihood of falls. Cut-offs for functional limitation generally vary by 

sex and age; however, a commonly used threshold is less than 20 kg for women and less than 30 

kg for men[117]. Values below these cut-offs are indicative of significant muscle weakness and an 

elevated risk of functional impairment. 

1.2.11. Association Between Frailty, Physical Function and musculoskeletal conditions 

and gaps in the literature 

Frailty and physical function are closely linked to musculoskeletal health. MSK conditions 

such as OA, RA, low-back pain, and osteoporosis substantially impact an individual's ability to 

carry out activities of daily living and contribute to the onset of frailty [44,46,118,119]. These 

disorders are associated with chronic pain, stiffness, and reduced mobility, which are critical 

factors in the decline of physical function[41]. For example, studies have demonstrated that 

individuals with OA and RA exhibit lower muscle strength, slower gait speeds, and impaired 

balance, all of which are indicators of frailty[58,59]. These deficits can also result in significant 

physical function limitations, making it difficult for individuals to perform daily activities such as 

walking, climbing stairs, and rising from a chair, thus reducing their overall independence and 

quality of life. Similarly, osteoporosis is strongly associated with frailty, as it leads to reduced bone 

strength and increased risk of fractures [120]. This vulnerability contributes to physical function 

limitations, including difficulties with mobility and increased dependency on others for basic 

activities of daily living. Osteoporotic fractures, particularly hip fractures, can lead to prolonged 
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immobility, further exacerbating frailty and diminishing physical function. The Canadian 

Multicentre Osteoporosis Study (CaMos) further underscores this relationship, demonstrating that 

a Frailty Index can predict 10-year fracture risk, emphasizing the role of frailty as a critical factor 

in fracture risk assessment [121].  

Despite the clear associations between frailty, physical function, and MSK conditions, there 

are notable gaps in the literature. While numerous studies have explored the relationship between 

individual MSK conditions and functional decline or frailty [118,119,122,123], there are limited 

studies examining the cumulative impact of multiple MSK disorders on frailty and physical 

function. Additionally, there is limited longitudinal data exploring the progression of frailty and 

physical function limitation among older adults with MSK over time. OA, RA, chronic back pain, 

fragility fractures, and osteoporosis each contribute uniquely to the deterioration of physical 

function and the development of frailty in older adults. However, to the best of our knowledge, no 

single study has systematically compared the relative impact of these conditions on frailty and 

physical function. Such a comprehensive analysis would provide invaluable insights into the 

differential effects of various MSK conditions on functional outcomes and frailty progression 

among older adults. This knowledge gap hinders the development of tailored interventions for 

older adults with multiple MSK comorbidities. This thesis address this limitation by conducting a 

longitudinal study that assess frailty and physical function diverse MSK conditions. Understanding 

these complex relationships will contribute to the prediction, prevention, and management of 

frailty and functional decline in the context of MSK health, ultimately improving quality of life 

and reducing healthcare burden in aging populations. 

1.3. Dementia and cognitive impairment and the association with hip fractures among 

older adults  
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1.3.1. Dementia: Dementia is a clinical syndrome characterized by a progressive decline in 

cognitive function, that significantly impairs daily functioning [124]. It encompasses a range of 

symptoms affecting memory, thinking, behavior, and the ability to complete everyday activities. 

Diagnosis of dementia typically involves a comprehensive evaluation including medical history 

and physical examination, cognitive assessments (e.g., Mini-Mental State Examination [125], 

Montreal Cognitive Assessment [126]), and neuroimaging[124]. Dementia is an umbrella term for 

various conditions that affect cognitive function. The most common type of dementia among older 

adults is Alzheimer's disease (60%), followed by vascular dementia (15%), Lewy body dementia 

(10%), mixed dementia (10%), and frontotemporal dementia (2%) [127].  Globally, the prevalence 

of dementia among older adults is estimated to be around 5%[128]. In Canada, approximately 8% 

of community-dwelling older adults [129] and 45% of LTC residents [130] are affected by 

dementia. Dementia is more common in women than in men, with the gap increasing with age. 

From the age of 80 onward, the prevalence is approximately 1.3 times higher in women compared 

to men, (20.8% vs 15.6% respectively)[131]. The impact of dementia on older adults is 

multifaceted, leading to significant cognitive decline that affects memory, reasoning, and 

communication. It also causes functional impairments, behavioral changes such as wandering and 

mood fluctuations, social isolation due to communication difficulties and stigma, and increased 

dependency requiring caregiver support and higher rates of hospitalizations [128]. Dementia also 

imposes a substantial economic burden on healthcare systems and families. The global cost of 

dementia was estimated at $1.3 trillion in 2019 and is projected to rise to $2.8 trillion by 2030 

[132]. 

1.3.2. Hip fractures and dementia: Individuals with dementia are at increased risk of 

experiencing hip fractures due to various factors including impaired cognition leading to falls, 
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decreased bone strength, and compromised mobility[133ï135]. Studies have consistently shown 

that dementia substantially increases the risk of hip fractures, with estimates indicating a two to 

threefold higher risk compared to those without dementia. In fact, 40% of patients with a hip 

fracture have a prior diagnosis of dementia[134,135]. Cognitive decline is also associated with 

increased fracture risk. Significant cognitive decline (Ó3 points on the MMSE) over a 5-year period 

has been associated with an 68% increased risk of fracture ((age-adjusted HR 1.68; 95% CI, 1.16ï

2.43) over the next 10 year[136]. Mortality rates following a hip fracture are also high. Among 

LTC residents with a hip fracture, approximately 35-55% of LTC residents die within 6 months 

and 62% die within 2 years [137,138].  

1.3.3. Falls and dementia: Older adults with dementia have a substantially higher risk of 

falls compared to cognitively intact older adults[139]. The risk of falling is estimated to be 2-8-

fold higher among older adults with dementia compared to those without dementia[140,141]. 

Cognitive impairment affects balance, gait, and spatial awareness, contributing to this increased 

risk[141]. The consequences of falls in people with dementia are often more severe, including 

higher rates of fractures, hospitalization, and mortality[133,140]. Among community-dwelling 

older adults with dementia, falls can lead to a loss of independence and premature 

institutionalization[142]. In LTC falls remain a persistent challenge as the impact of falls extends 

beyond physical injuries, often resulting in morbidity and mortality among LTC residents with 

dementia [139]. Additionally, dementia is a common and independent risk factor for falls in LTC.  

1.3.4. Bone loss and dementia: Numerous studies have demonstrated the longitudinal 

association of bone loss and cognitive decline[136,143ï146]. Individuals with dementia often 

exhibit accelerated bone loss, increasing their risk of osteoporosis and subsequent fractures. The 

mechanisms underlying this relationship are multifaceted, involving shared risk factors such as 
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age, vitamin D deficiency, sedentary lifestyle, smoking, and ApoE4 genotype[144,145,147]. While 

the causal relationship between bone health and dementia remains uncertain, low BMD is a critical 

predictor of fractures, significantly contributing to morbidity in dementia and potentially leading 

to loss of independence. Prospective cohort studies suggest that bone loss precedes dementia and 

is associated with an increased risk of developing the condition. Lower BMD is linked to higher 

risks of all-cause dementia (hazard ratio [HR] 1.12, 95% CI 1.02ï1.23) and Alzheimerôs Disease 

(HR 1.14, 95% CI 1.02ï1.28) [143]. After 10 years of follow-up, those with low BMD and low 

Trabecular Bone Score (TBS) had a higher likelihood of developing dementia. Other studies have 

demonstrated that a 1% decline in BMD is associated with a 2.8% decline in MMSE scores in 

women, indicating the impact of bone health on cognitive function or suggesting common 

mechanisms underlying both conditions.[148]. 

1.3.5. Identifying cognitive impairment and dementia in older adults 

Effective screening tools are essential for the early detection and management of cognitive 

impairment and dementia in older adults. Various tools are used in clinical practice to assess 

cognitive function and diagnose dementia. These tools evaluate multiple cognitive domains, 

including memory, attention, language, and executive function[149]. Commonly used instruments 

include the Mini-Mental State Examination (MMSE), the Montreal Cognitive Assessment 

(MoCA), and the Clinical Dementia Rating (CDR) scale [149]. The MMSE provides a brief 

evaluation of cognitive function, assessing areas such as orientation, memory, and attention 

[150,151]. However, it can be influenced by age, education, and cultural background and is limited 

in assessing executive functions [151]. The MoCA offers a more comprehensive assessment, 

particularly useful for detecting mild cognitive impairment, with a focus on executive functions, 

language, and visuospatial skills [126,152]. The MoCA requires more time and specialized training 
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to complete compared to the MMSE. The CDR, on the other hand, provides a global assessment 

of dementia severity by evaluating cognitive and functional domains [153]. The Mini-Cog 

combines a clock drawing test with a memory recall task for a brief evaluation of memory and 

executive function, though additional testing may be needed for a comprehensive assessment 

[154]. In LTC, The Brief Interview for Mental Status (BIMS), part of the US- Minimum Data Set 

(MDS) offers a standardized, quick, and efficient assessment of key cognitive functions [155]. 

However, its focus on memory and orientation, along with its limited sensitivity, means it may not 

fully capture all aspects of cognitive impairment, potentially missing subtle deficits and being 

influenced by cultural and educational biases. 

Diagnosing dementia requires comprehensive clinical evaluation, beginning with a detailed 

medical history, often with input from family or caregivers, to assess cognitive and functional 

abilities [156]. Cognitive examination is also conducted, and neuropsychological testing if 

necessary. Structural brain imaging, such as CT or MRI, cab help identify different types of 

dementia. In current research studies, dementia is commonly identified using ICD-10 codes from 

administrative health databases or hospital records [157ï159]. While these codes can categorize 

patients based on diagnostic criteria, they may introduce inaccuracies due to coding errors or 

variations in diagnostic practices across different healthcare settings [159]. Alternatively, 

screening procedures often involve neurocognitive tests such as the MMSE or the MoCA, which 

provide initial indications of cognitive impairment [156]. For a more detailed evaluation, structural 

imaging techniques like MRIs and PET scans are used to identify brain patterns associated with 

various types of dementia [156]. Additionally, cerebrospinal fluid (CSF) tests can help detect 

biomarkers related to neurodegenerative diseases. However, these screening procedures have 

several limitations. Neurocognitive tests can be influenced by factors such as age, education, and 
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cultural background, potentially affecting their accuracy [151,160,161]. MRIs and PET scans, 

while valuable for assessing brain structure and function, are expensive, time-consuming, and 

require specialized equipment and expertise [162,163]. CSF tests, although useful for detecting 

specific biomarkers, are invasive and may not be feasible for routine screening among older 

adults[164]. Consequently, reliance on ICD-10 codes and screening tools can both miss nuances 

in diagnosis and lead to challenges in accurately identifying and managing dementia. 

1.3.6. Gaps in the literature about the association between hip fractures and dementia 

among older adults.  

Although it is well-established that individuals with dementia are at higher risk for falls and 

subsequent hip fractures, the outcomes and management strategies for these individuals following 

a hip fracture remain poorly defined. Current studies often lack consistency in how dementia and 

cognitive impairment are assessed and reported, leading to challenges in comparing findings across 

studies. Furthermore, there is limited research on how dementia impacts patient-important 

outcomes following a hip fracture, resulting in gaps in evidence that hinder the development of 

effective treatment strategies. Given these gaps, a comprehensive scoping review is essential to 

map the existing literature, identify patterns, and highlight areas requiring further investigation. 

Longitudinal studies evaluating the progression of cognitive decline and hip fractures over 

extended periods are limited. Such studies are essential for establishing robust temporal 

relationships and potential causal mechanisms between these conditions. While some studies have 

shown a strong associations between cognitive decline and the risk of hip fracture in women 

compared to men [136], the literature is limited by the small sample size of men included in such 

studies, leading to insufficient evaluation of hip fracture and dementia in the male population. 

Although the biological pathways linking osteoporosis and dementia, such as the role of genetic 
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factors and inflammation has been extensively evaluated [133,145,147], the link between hip 

fractures and dementia still requires further evaluation to determine how cognitive decline impacts 

patient-important outcomes following a hip fracture. This is essential for understanding the full 

spectrum of challenges faced by older adults with cognitive impairment and informing the 

development of targeted interventions that can improve recovery, enhance quality of life, and 

optimize long-term care strategies. 

Additionally, there is limited comparative studies exploring the progression and outcomes 

of hip fractures and dementia among older adults in community and LTC settings. This gap limits 

the understanding of how different care settings may influence the relationship between these 

conditions among older adults. LTC residents are typically older, more frail, have more 

comorbidities and require complex healthcare needs compared to their community-dwelling 

counterparts [165]. Recognizing and addressing these distinctions is crucial for tailoring effective 

prevention and management strategies across diverse care settings. Therefore, this thesis will 

address these gaps by synthesizing the current literature on hip fractures and dementia in 

community-dwelling older adults and LTC residents.   

1.4. Methodological considerations  

Understanding the intricate relationships between osteoporosis, hip fractures, frailty, 

physical function, and dementia requires rigorous methodological approaches. This section delves 

into the key methodological considerations pertinent to longitudinal studies on aging, with a 

particular focus on ICES health administrative data, the Canadian Longitudinal Study on Aging 

(CLSA), and the challenges inherent in conducting scoping reviews in aging, particularly on hip 

fractures and cognitive impairment or dementia.  The ICES data repository was chosen for its 

comprehensive access to Ontario's health administrative data, which allows for large population-
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based outcomes and quality of care assessments. The CLSA provides valuable longitudinal data 

on aging that allows for exploration of aging-related health outcomes in a Canadian context. 

1.4.1. Methodology in the ICES data repository study  

ICES (formerly the Institute for Clinical Evaluative Sciences) data repository is a 

comprehensive collection of health-related data from the publicly funded healthcare system in 

Ontario Canada, that serves as a valuable resource for population-based health research [166]. 

ICES is an independent, non-profit research institute supported by an annual grant from the Ontario 

Ministry of Health (MOH) and the Ministry of Long-Term Care (MLTC). ICES operates as an 

authorized entity under Ontarioôs privacy legislation. This authorization allows ICES to gather and 

utilize healthcare data for health system analysis, evaluation, and decision-making purposes. 

Access to these data is strictly controlled by policies and procedures approved by the Information 

and Privacy Commissioner of Ontario. ICES houses and manages one of the world's largest and 

most diverse arrays of health-related data. The repository includes a wide range of administrative 

health data, clinical registries, and population health surveys, covering nearly all Ontario residents. 

The methodology employed by ICES involves the secure collection, storage, and linkage of 

various health datasets. These health administrative datasets are anonymized and de-identified to 

protect individual privacy. The data is linked using encrypted patient-specific identifiers (ICES-

specific key number (IKN)) and includes health services records for as many as 13 million 

residents living in Ontario [166].  

This study utilized ICES data on hip fracture rates and osteoporosis treatment in both 

community and long-term care settings from 2014 to 2018 

1.4.2. Primary outcome from the ICES study: hip fracture rate and osteoporosis 

treatment in LTC  
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This thesis uses health admirative data from the ICES data repository to measure two primary 

outcomes: annual hip fracture rate and osteoporosis treatment rates in Ontario, Canada from 2014 

to 2018. Hip fractures were identified using the Public Health Agency of Canada (PHAC) 

algorithm across multiple data bases including the National Ambulatory Care Reporting System 

(NACRS), Discharge Abstract Database (DAD), Same Day Surgery (SDS), National 

Rehabilitation Reporting System (NRS), Ontario Health Insurance Plan Claims Database (OHIP), 

and Continuing Care Reporting System (CCRS)[167]. This methodology allows for a more 

complete capture of hip fracture events across different healthcare settings. The PHAC algorithm 

relies on administrative health data, which are routinely collected for billing and healthcare 

management purposes [167]. These data include diagnostic codes (ICD codes) recorded in hospital 

discharge summaries, emergency department visits, and outpatient encounters. The use of 

standardized ICD-10 codes (S72.0, S72.1, S72.2) ensures consistency in fracture identification and 

facilitates comparability with other studies using similar coding systems.  

The study utilized the Ontario Drug Benefit (ODB) database to identify osteoporosis 

medication prescriptions for LTC residents. Specific osteoporosis medications were identified 

using Drug Identification Numbers (DINs) as outlined by the PHAC. DINs are unique eight-digit 

codes assigned by Health Canada to all drug products approved for use in Canada[14]. They 

provide a precise method for identifying individual drug products and facilitate easy linkage 

between different health databases. DINs also offer a standardized and comprehensive method 

that covers all prescription medications across Canada, ensuring consistency in medication 

identification across different healthcare settings and databases. 

The co-primary outcome in this study is the rate of osteoporosis treatment among LTC 

residents at high fracture risk. Fracture risk was determined using the FRS tool. The. FRS is 
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specifically developed and validated for use in LTC and includes risk factors specific to LTC 

setting. However, the FRS assess fall status in the past 180 days and prior fracture in past 180 days 

which may not capture long-term risk patterns among LTC residents. Studies have shown that a 

history of fall over a longer period, such as 12 to 24 months, is a predictor of subsequent falls and 

fractures [142,168]. Thus, a broader timeframe can provide a more comprehensive view of an 

individual's fall risk and better inform long-term fracture risk assessment in the LTC population. 

1.4.3. Methodology in the Canadian Longitudinal Study on Aging (CLSA) 

The Canadian Longitudinal Study on Aging (CLSA) is a population-based, national study 

developed to examine the aging process and determinants of healthy aging among Canadians. 

Launched in 2010, the CLSA follows approximately 50,000 men and women aged 45-85 at 

baseline for at least 20 years[169]. The study encompasses two cohorts: the Tracking Cohort and 

the Comprehensive Cohort. The Tracking Cohort, consisting of 21,241 participants, gathers data 

through telephone interviews, covering a wide range of health, social, and economic factors[170]. 

The Comprehensive Cohort includes 30,097 participants who undergo in-depth data collection 

through in-home interviews and site visits across Canada, where physical assessments, biological 

samples, and detailed questionnaires are collected[170]. Participants in the Comprehensive Cohort 

were recruited from a geographically limited area within 25-50 km of one of the 11 data collection 

sites situated in seven provinces across Canada. To be eligible, participants had to be aged between 

45 and 85 at baseline, capable of providing informed consent, and fluent in either English or 

French. Exclusion criteria included residents of the Canadian territories and certain remote regions, 

full-time members of the Canadian Armed Forces, individuals residing on Federal First Nations 

reserves and other First Nations settlements, and institutionalized individuals, including those in 

long-term care facilities. The CLSA's extensive dataset, which includes information on physical, 
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psychological, social, and environmental aspects of aging, provides a rich resource for 

investigating the complex interplay of factors influencing the health and well-being of older adults. 

For this thesis, baseline Comprehensive Cohort dataset (collected 2012ï2015; n=30,097 

participants) and three-year follow-up (2021-2022; n=27,765) were used.  

1.4.4. Primary outcome from the CLSA study: Frailty and physical function limitation  

The co-primary primary outcome for the CLSA study was frailty, assessed using the Fried 

Frailty Phenotype. This well-validated tool evaluates frailty across five criteria: weight loss, 

exhaustion, low physical activity, slowness, and weakness[78]. Participants were categorized as 

frail (Ó3 criteria), pre-frail (1 or 2 criteria), or not frail (none of the frailty criteria) based on cut-

offs described by Fried et al [78], The Fried Frailty Phenotype is a widely recognized tool that 

evaluates multiple dimensions of frailty, providing a comprehensive view of an individual's health 

status. It provides a standardized method for evaluating frailty and allows for comparability across 

different studies and populations. However, the Fried Frailty Phenotype primarily assesses 

physical aspects of frailty, potentially overlooking cognitive and social components and assess 

frailty criteria as present or absent, which may not capture the progression of frailty on the 

continuum.  

In the CLSA, the reliance on self-reported data for some frailty criteria introduces potential 

biases. Although self-reported measures are convenient and cost-effective for longitudinal studies, 

such as the CLSA, they are subjected to recall bias and misclassification bias [171]. For example, 

recall bias may occur when participants inaccurately report their physical activity levels or 

unintentional weight loss over the past year, potentially underestimating or overestimating these 

frailty criteria. Furthermore, frail participants may be more likely to drop out or miss follow-up 

assessments, potentially leading to underestimates of the true incidence of frailty and progression. 
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Physical function limitation was assessed using a comprehensive set of performance-based 

tests, as proposed by Mayhew et al [172]. This approach evaluates five key criteria: the 4-m walk 

test, timed up and go, single leg stance test, chair rise test, and grip strength test. The methodology 

employs age- and sex-specific quintiles to account for variations across different demographic 

groups of physical performance among participants. Low physical function was defined as 

performance in the lowest quintile for gait speed, single leg stance test, and grip strength, or in the 

highest quintile for timed up and go and chair rise test (where the highest quintile indicates poorest 

performance). Participants were classified as having a physical function limitation if they 

demonstrated low performance in at least one of these measurements. 

This method of measuring physical function limitations captures a broad spectrum of 

physical capabilities including mobility, balance, strength, and endurance to provide a standardized 

and objective assessment of participants functional status. The use of age- and sex-specific 

quintiles helps to contextualize performance within relevant demographic groups to ensure that 

variations across different demographics are accounted for, providing a more accurate 

representation of physical performance across participants[172]. Moreover, previous research has 

demonstrated that these performance-based measures are independently associated with ADL and 

IADL disabilities in older adults[172]. However, the binary classification (limitation present or 

absent) based on performance in any one test may not fully capture the stages of functional decline. 

Participants with severe mobility impairments may be unable to complete some of these tests, 

potentially leading to underestimation of physical function limitations in the most affected 

individuals. Additionally, while performance-based tests offer objective measures, they may be 

influenced by factors such as participant motivation, fatigue, or unfamiliarity with the testing 

environment.  



 29 

 

1.4.5. Methodology in the scoping review on osteoporosis and dementia 

To explore the complex relationship between hip fracture and dementia among older adults, 

a scoping review methodology was selected. Scoping reviews aim to map the key concepts, types 

of evidence, and gaps in research [173,174]. They address broader research questions, include a 

wide range of study designs and methodologies, and are useful for identifying research gaps and 

informing future research studies. Compared to systematic reviews, scoping reviews can be 

conducted relatively quickly and are particularly helpful in emerging fields where the body of 

evidence may be limited or diverse, such as research studies on osteoporosis and dementia [174]. 

This thesis follows the framework proposed by Arksey and O'Malley (2005)[175], with 

additional guidance from the Joanna Briggs Institute methodology and adherence to the PRISMA-

ScR and PRISMA-P reporting guidelines [176]. The scoping review will synthesize a large body 

of literature, incorporate diverse study designs, and provide a comprehensive overview of the 

current state of knowledge. It also allows for the identification of research gaps and areas for future 

investigation. However, scoping reviews do not include a formal quality assessment of included 

studies, which may limit the ability to draw definitive conclusions[174]. Additionally, the broad 

nature of scoping reviews may lead to challenges in data synthesis and interpretation. 

1.5. Overview of thesis and rationale of the thesis  

The overall objective of this thesis is to comprehensively examine the complex 

interrelationships between chronic conditions that affect the bones and joints, fracture risk, and 

cognition among older adults in community vs LTC settings. This research address gaps in our 

understanding of how these conditions intersect and impact health outcomes among older adults 

across different settings (LTC vs community).  
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With an aging population, chronic conditions such as osteoporosis, dementia, frailty, and 

physical function limitations are becoming increasingly prevalent, presenting a significant burden 

on healthcare systems. Understanding their interplay is crucial for developing effective prevention 

and management strategies. Older adults in LTC settings often have more complex health needs 

and higher rates of comorbidities compared to their community-dwelling counterparts, requiring a 

comparative approach to determine the unique challenges and needs of each population. 

This thesis employs a multi-faceted methodological approach, combining population-based 

administrative data, longitudinal cohort studies, and systematic literature synthesis through a 

scoping review. This diverse methodological approach allows for a comprehensive examination of 

the long-term impact of chronic conditions among older adults, while also demonstrating the 

application and integration of various research methods in addressing complex health questions. 

The use of these methodologies not only provides a thorough investigation of the research 

questions but also highlights the strengths and limitations of different research approaches in 

studying aging populations across various care settings. 

Therefore, thesis topic 1 utilizes the ICES Data Repository to examine hip fracture rates and 

osteoporosis management in both community and LTC settings. Thesis topic 2 analyzes data from 

the Canadian Longitudinal Study on Aging (CLSA) to assess frailty and physical function among 

adults with chronic conditions that affect the bones and joints. Thesis topic 3 examines the 

association on of osteoporosis and dementia among older adults in both community and LTC.  

1.6. Overview of thesis papers  

This thesis consists of three manuscripts that collectively examine the epidemiology, 

management, and outcomes of chronic health conditions among older adults in community and 
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LTC utilizing diverse health research methodologies including observational cohort studies and 

scoping review methodology. 

The first manuscript titled ñHip fracture rate and osteoporosis treatment in Ontario: a 

population-based retrospective cohort studyò is a population-based study examines hip fracture 

rate and osteoporosis management among long-term care (LTC) residents > 65 years of age 

compared to community-dwelling older adults at the time of fracture and admitted to LTC after 

fracture, in Ontario, Canada. It was published in the journal of Archives of Osteoporosis in July 

2024.  

The second manuscript titled ñFrailty and mobility limitations in older Canadians with 

musculoskeletal diseases: A population-based cohort study from the Canadian Longitudinal Study 

on Aging (CLSA)ò is a longitudinal secondary analysis of the CLSA using the baseline and follow-

up data to examine predictors of frailty and physical function limitation among older adults with 

chronic conditions that affect the bones and joints including RA, osteoarthritis OA, low-back pain, 

osteoporosis, and related fractures. It was submitted to the Journal of BMJ Open in June 2024.  

The third manuscript titled ñScoping review exploring the impact of hip fracture in older 

adults with cognitive declineò is a scoping review that maps the existing literature on osteoporosis 

and dementia among older adults in community and LTC, and explores the multifaceted 

differences in fracture incidence, functional outcomes, mortality, and cognitive outcomes, as well 

as the risk factors and impact of hip fractures on the likelihood of LTC admission.  
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Table 1. Comparison of common frailty assessment tools  

 

Frailty Tool  Criteria  Specific Measurements Cut-offs 

Frailty 

Phenotype 

(FP) 

Unintentional 

Weight Loss 

Self-reported weight loss Ó 10 lbs or Ó 5% of body 

weight in the past year 

Self-Reported 

Exhaustion 

Center for Epidemiologic 

Studies Depression 

(CES-D ) questionnaire  

1) "I felt that everything I did 

was an effort." 

2) "I could not get going."  

Response options: Rarely or 

none of the time (less than 1 

day),  Some or a little of the 

time (1-2 days),  Occasionally 

or a moderate amount of the 

time (3-4 days), Most or all of 

the time (5-7 days) 

Weakness (Grip 

Strength) 

Hand dynamometer Men: 

BMI Ò 24: Ò 29 kg 

BMI 24.1ï26: Ò 30 kg 

BMI 26.1ï28: Ò 30 kg 

BMI > 28: Ò 32 kg 

Women: 

BMI Ò 23: Ò 17 kg 

BMI 23.1ï26: Ò 17.3 kg 

BMI 26.1ï29: Ò 18 kg 

BMI > 29: Ò 21 kg 

Slow Walking 

Speed 

Time to walk 15 ft OR 

time to complete Timed 

Up and Go Test (TUG)  

Men: 

Height Ò 173 cm: Ó 7 seconds 

Height > 173 cm: Ó 6 seconds 

Women: 

Height Ò 159 cm: Ó 7 seconds 

Height > 159 cm: Ó 6 seconds 

OR  

TUG time Ó19 seconds 

Low Physical 

Activity  

Minnesota Leisure Time 

Activity questionnaire 

Frequency of mildly energetic, 

moderately energetic, and very 

energetic physical activity. 

Response options: Hardly 

ever/never for very energetic 

and moderately energetic 

activity 

Frailty 

Index (FI) 

Cumulative 

Deficits 

Comprehensive 

assessment of health 

deficits across domains.  

Higher scores indicate greater 

frailty 

FI Domains and cut-offs  

 Diseases Chronic conditions such 

as hypertension, 

Presence of one or more 

chronic conditions 
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diabetes, heart disease, 

stroke, COPD, cancer, 

arthritis, etc. 

Symptoms Common symptoms like 

pain, fatigue, dizziness, 

vision or hearing 

problems, shortness of 

breath, and memory 

issues 

Presence of one or more 

chronic conditions 

Functional 

Impairments 

Difficulties in 

performing ADLs and 

IADLs 

Difficulty or inability to 

perform one or more 

ADLs/IADLs 

Cognitive Decline Cognitive tests like the 

Mini-Mental State 

Examination (MMSE) or 

Montreal Cognitive 

Assessment (MoCA) 

Scores below established 

thresholds indicating cognitive 

impairment (e.g., MMSE score 

< 24) 

Sensory 

Impairments 

Vision and hearing 

impairments 

Presence of significant vision 

or hearing loss 

Psychosocial 

Factors 

Questionnaires like the 

Geriatric Depression 

Scale (GDS) or the 

Hospital Anxiety and 

Depression Scale 

(HADS) 

Scores above established 

thresholds indicating 

psychosocial issues (e.g., GDS 

score > 10) 

Nutritional Status Body mass index (BMI), 

weight loss history, and 

nutritional assessments 

Unintentional weight loss of 

>5% in the past year or BMI < 

18.5 

Medication Use Number of medications 

taken regularly 

Use of five or more 

medications 

FI Scoring Ratio of the number of 

deficits present to the 

total number of potential 

deficits assessed 

Non-frail: FI score < 0.08; Pre-

frail: FI score 0.08-0.25; Frail: 

FI score > 0.25 

Clinical 

Frailty 

Scale (CFS) 

Overall clinical 

judgment based 

on health and 

function 

Physical function, 

mobility, cognition, 

comorbidities, overall 

health status 

Ranges from very fit (1) to 

terminally ill (9) 

CFS domains and cut-offs  

 Physical Function Observational assessment of mobility and activities of 

daily living (ADLs) 

Mobility Qualitative assessment of walking ability, climbing stairs, 

use of mobility aids 

Cognition Mini-Mental State Examination (MMSE), Montreal 

Cognitive Assessment (MoCA), clinical assessment 
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Comorbidities  Review of medical history, documentation of chronic 

conditions, current treatments 

Quantitative assessment of number and severity of 

comorbid conditions 

Overall Health 

Status 

Clinical evaluation, including vital signs, laboratory tests, 

healthcare provider assessments 

CFS levels  CFS categorizes individuals into nine levels: 

Level 1: Very fit, robust health, no evident frailty. 

Level 2: Well, no significant frailty. 

Level 3: Managing well, some medical problems, no 

obvious frailty. 

Level 4: Vulnerable, mild frailty. 

Level 5: Mild frailty, needs help with some activities. 

Level 6: Moderate frailty, needs help with most activities. 

Level 7: Severe frailty, completely dependent on others. 

Level 8: Very severe frailty, approaching the end of life. 

Level 9: Terminally ill, end-stage disease. 

FRAIL 

Scale 

Fatigue Self-reported Yes/No 

Resistance Climbing stairs Yes/No 

Ambulation Walking one block Yes/No 

Illnesses Number of illnesses Ó 5 illnesses 

Loss of Weight Self-reported Ó 5% weight loss 

Edmonton 

Frail Scale 

Cognition Clock drawing test Specific scoring criteria 

General Health 

Status 

Self-reported Yes/No 

Functional 

Independence 

Basic and instrumental 

activities of daily living 

Specific scoring criteria 

Social Support Self-reported Yes/No 

Medication Use Number of medications Specific scoring criteria 

Nutrition Weight loss Yes/No 

Mood Depression scale Specific scoring criteria 

Continence Incontinence Yes/No 

Functional 

Performance 

Timed Up and Go test Specific scoring criteria 
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Chapter 2: Research Design and Methodological Approach 

2.1. Joinpoint regression in ICES population-based study   

This thesis uses Joinpoint Regression Program Version 5.0.2 to examine trends in hip 

fracture and osteoporosis treatment rates in Ontario, Canada [1]. This statistical method allows for 

the identification of significant changes in trend data over time, pinpointing years where rates of 

hip fracture rates and osteoporosis treatment may have shifted. Joinpoint regression models are 

fitted to the annual rates, enabling the detection of statistically significant "joinpoints" where the 

linear trend changes in magnitude or direction. The analysis begins with a model assuming no 

joinpoints and progressively evaluates the statistical significance of adding additional joinpoints 

to improve model fit. The methodology utilized a grid search method for model fitting, combined 

with a permutation test to determine the optimal number of joinpoints. This process involved 4,499 

randomly permuted datasets and incorporated the Bonferroni correction to account for multiple 

testing[1]. To enhance the model's accuracy, heteroscedastic random error was applied, providing 

standard errors for each data point. The Annual Percent Change (APC) and its 95% confidence 

interval are calculated using log transformation. The APC quantifies the yearly rate of change on 

a logarithmic scale, offering a scale-invariant measure that facilitates comparisons across different 

populations or subgroups. Additionally, the Average Annual Percent Change (AAPC) was 

computed to summarize the overall trend across the entire study period. This approach provides a 

broad view of how osteoporosis and hip fracture trends have evolved over the study period, 

accounting for potential policy changes, treatment advancements, or demographic shifts that may 

have influenced these rates.  

This thesis analyzes hip fracture and osteoporosis treatment trends in LTC and community 

settings using various rate calculations. First, crude rates were calculated to provide an initial 
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overview of the raw incidence of hip fractures and osteoporosis treatment across each population. 

Then, age-standardized rates were calculated to account for differences in population size and age 

distribution and allow for the comparison of hip fracture and treatment rate among different groups 

over time. Rates were stratified by sex and age groups to explore risk patterns across 

demographics. This approach allows for comparison of fracture and treatment rates between LTC 

and community populations.  

2.2. Missing data in large cohort studies and the CLSA 

Missing data is a common challenge in longitudinal studies such as the CLSA, primarily due 

to the longitudinal nature of the research designs[2]. Participants may miss follow-up visits or be 

lost to follow-up (attrition).  This can introduce bias if the characteristics of the participants who 

drop out differ systematically from those who remain in the study. The concerns of missing data 

are multifaceted: it can effectively reduce the study sample size, thus reducing the statistical power 

and the ability to detect a true effect[2]. Missing data may result in biased parameter estimates, 

particularly if the data are not missing completely at random as the missing data may be related to 

either observed or unobserved variables resulting in biased estimates, or if certain subgroups are 

more likely to have missing data, the remaining complete cases may not be representative of the 

entire population, also leading to biased estimates[3]. Overall, missing data can introduce bias and 

limit the generalizability of study findings. There is a particularly high risk for missing data in 

studies of older adults, as this population is more susceptible to various factors that can impact 

consistent participation[4]. These factors include physical decline that may limit mobility or ability 

to attend study visits, cognitive challenges that could affect comprehension or recall, the 

development or progression of comorbidities, and increased mortality rates[4]. Additionally, older 

adults may face social and environmental changes, such as relocation to care facilities or loss of 
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independence, which can further complicate their ongoing involvement in long-term research 

studies.  

While there are many methods for handling missing data, the selection of an appropriate 

method for handling missing data is dependent on both the magnitude and mechanism of 

missingness. Typically, missing data below 5% may be considered negligible[5]. However, it 

remains assess if participants with incomplete data differ systematically from those with complete 

records, or if key variables are missing to prevent biased estimated [6]. Determining the most 

suitable method for addressing missing data requires the examination of the underlying mechanism 

of missingness. These mechanisms are typically categorized as Missing Completely at Random 

(MCAR), where missingness is unrelated to any observed or unobserved factors; Missing at 

Random (MAR), where missingness can be explained by observed data; or Missing Not at Random 

(MNAR), where unobserved factors influence the absence of data [7]. Although identifying the 

mechanism of missingness is important, there are no methods that appropriately determine 

mechanism of missingness, and multiple mechanisms may coexist within a research study[3]. 

Thus, sensitivity analyses is recommended to assess the robustness of results under varying 

assumptions, particularly when there is strong evidence suggesting non-ignorable missingness 

(MNAR)[2].  

Multiple imputation (MI) is as a widely adopted approach for addressing missing data in 

clinical research studies [8]. This method involves generating several complete datasets by 

replacing missing values with plausible estimates derived from their posterior predictive 

distribution, given the observed data [9]. Each imputed dataset is then analyzed using standard 

statistical methods (such as logistic regression), and the results are combined using Rubinôs rule 

[6] to produce final estimates and standard errors. MI assumes data is MAR [9]. Under this 
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assumption, MI can yield unbiased parameter estimates. The validity of MI analysis is dependent 

on the appropriateness of the model used to estimate missing values (i.e. imputation model). There 

are two primary approaches for implementing MI in longitudinal studies: Joint Modeling (JM) and 

Fully Conditional Specification (FCS) [10ï12]. JM assumes that incomplete variables follow a 

multivariate normal distribution and uses a Bayesian framework to model the joint distribution of 

all variables with missing data [10]. In contrast, FCS, also known as sequential regression or 

Multiple Imputation using Chained Equations (MICE), imputes missing values using univariate 

conditional distributions for each incomplete variable by specifying an imputation model for each 

incomplete variable and creating imputations iteratively[11,12]. Both approaches can 

accommodate the complex structure of longitudinal data, including time-dependent covariates and 

between-subject heterogeneity.  

To address missing data in this thesis, multiple imputation using predictive mean matching 

was used.  Predictive mean matching predicts the missing values using a regression model and 

then selects observed values with similar predicted values to impute for the missing data, thus 

preserving the distribution and relationships within the dataset [13]. Ten imputed datasets were 

generated, a number generally considered sufficient to capture the uncertainty in the imputation 

process [13]. Analyses were conducted on each imputed dataset, and the results were pooled using 

Rubin's rules [6] to produce final estimates that incorporate both within- and between-imputation 

variability. 

2.3. Application of sampling weights in the CLSA  

In longitudinal studies, sampling weights account for complex sampling designs (e.g. 

stratified or cluster sampling) to ensure that oversampled groups are not overrepresented in 

analyses, maintain representativeness of the original target population, improve the precision of 
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population estimates, and facilitate the generalization of findings to the broader target 

population[14]. Sampling weights in longitudinal studies like the CLSA are used to adjust for 

complex sampling designs and ensure the sample remains representative of the target population 

over time. The CLSA uses a complex sampling design to recruit participants, requiring the use of 

weighting sampling to account for the study's design and to produce accurate population 

estimates[15,16]. Two primary types of weights are used in the CLSA: inflation weights and 

analytical weights. Inflation weights, also known as population weights, are used to adjust the 

sample to represent the target population [17].  They "inflate" the sample size to match the 

population size, accounting for unequal sample selection probabilities[17]. In the context of the 

CLSA, inflation weights are used to ensure the sample accurately represents the Canadian aging 

population. Analytical weights are used for estimating associations between variables in statistical 

analyses[17]. These weights are used in regression analyses, as they help to produce unbiased 

estimates of coefficients and their standard errors, taking into account the complex survey design. 

For descriptive statistics and prevalence estimates, inflation weights are typically used [17]. For 

analytical procedures such as regression analyses, analytical weights are more appropriate [17]. 

The proper application of these weights ensures accurate and generalizable research findings.  
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Chapter 3 

Thesis paper 1: Hip fracture rate and osteoporosis treatment in Ontario: a population-based 

retrospective cohort study 

Introduction to chapter 3 

Chapter 3 presents the findings of Thesis Paper 1, focusing on the rates of hip fractures and 

osteoporosis treatments among older adults. The study stratified these rates by the place of 

residence prior to the fracture and utilized the Fracture Risk Scale (FRS) for assessing osteoporosis 

treatment rates. The data were sourced from the ICES Data Repository. Analysis included age-

standardized rates and subgroup analyses by sex and age group. Additionally, the study examined 

treatment rates in long-term care, stratified by the size of the LTC home. Trends over time were 

analyzed using Joinpoint Regression. 
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