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Abstract 

Background 

In Canada, approximately 3.9 million cases of osteoarthritis (OA) were reported in individuals 

aged 20 years or more, which highlights OA as a type of joint disease characterized by degeneration that 

significantly impacts a considerable portion of the population. According to estimates, the prevalence of 

OA in Canada will rise to 25% of the total population and nearly 30% of the workforce by 2040. However, 

certain groups may be at a higher risk for developing this condition, including farmers who engage in 

repetitive manual tasks and experience prolonged periods of kneeling, standing, or heavy lifting. The 

physical demands of farming can lead to increased strain on the joints, making farmers more susceptible 

to developing OA. Despite the farmers are a critical component of the Canadian economy, and their 

physical health is essential to maintaining productivity and economic growth, insufficient research has 

been conducted on OA among this particular high-risk group in Canada. 

Objectives 

This study aimed to estimate the risk of developing OA in individuals who are 20 years of age or 

older and reside on farms in Alberta and compared to non-farm rural and urban cohorts. Other objectives 

for this study include estimating the age-sex-specific incidence rate of OA, the lifetime risk of developing 

OA, and the non-injury mortality rate over 21 years. 

Method 

A historical cohort study was implemented, using a large sample (n = 430,293) of three cohorts: 

the farm, non-farm rural, and urban cases from Alberta administrative databases for the fiscal years 2000-

2001 through 2020-2021. Case ascertainment for OA was defined by an algorithm that consisted of one 

hospital admission, two physician visits within a two-year interval, or two ambulatory care visits within two 

years. Using person-years (PYs) of follow-up as the denominator, crude incidence, age-sex-specific 

incidence, lifetime risk, and mortality rates of OA were estimated. To account for the effect of residency 

on the development of OA, Cox proportional hazard model was applied. 
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Results 

The results of this study identified 26,957 cases of OA in the farm cohort over 1,706,256 PYs of 

follow-up, with an overall incidence rate of 14.72 (95% CI: 14.51, 14.93) per 1000 PYs during the 21 

years. The crude incidence rate of OA in the farm cohort was 10.58 (95% CI: 9.79, 11.36) per 1000 PYs 

in 2021. The risk of developing OA was determined 6% (95% CI: 4, 8) and 9% (95% CI: 7, 12) greater for 

farm and non-farm rural populations than for the urban cohort, respectively, after adjusting for age and 

sex. Farm residents were observed to have a higher mortality-adjusted lifetime risk of developing OA 

(27.7%) than their non-farm rural and urban counterparts. Non-injury mortality among farm residents with 

OA was found to be 13.16 (95% CI: 12.87, 13.45) per 1000 PYs. 

Conclusion 

This study contributes significant findings on the incidence and impact of OA among farmers in 

Alberta. Our findings indicate that individuals residing in rural areas, including farmers, are at a higher risk 

of developing OA compared to the urban group. The higher mortality-adjusted lifetime risk of developing 

OA among farm residents highlights the necessity of specific interventions aimed at reducing the impact 

of this condition in rural communities. Further research is required to identify specific occupational and 

lifestyle risk factors associated with OA among farmers and to develop effective strategies for prevention 

and management. 
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Chapter 1. Introduction 

1.1 Overview 

Osteoarthritis (OA) is one of the most prevalent types of arthritis, causing significant pain and a 

detrimental impact on daily physical functions and quality of life, especially among the elderly[18,37–39]. 

According to the Global Burden of Disease Collaborative Network, an estimated 528 million (6.3%) 

people had OA in 2019, and the rate for disability-adjusted life years (DALYs) was 228 per 100,000 

worldwide[3]. As high-income countries are facing the challenge of an aging population and growing 

obesity, OA prevalence is increasing among these nations[3–5,25]. In Canada, approximately 3.9 million 

(13.6%) people aged 20 years and above lived with diagnosed OA in 2017[6]. According to the report of 

the Arthritis Alliance of Canada, 25% of Canada’s population and almost 30% of the workforce are 

estimated to have OA by 2040[7]. There are several possible risk factors for OA including age, sex, injury, 

and obesity[40–42]. Occupation with a heavy physical workload is another important risk factor that has 

been linked to OA[10,43]. Occupations that involve heavy physical workloads, including kneeling, 

squatting, and heavy lifting of over 25 kg, can increase the risk of developing knee OA by as much as five 

times[10]. 

Farm workers are one of the occupational groups that may be susceptible to OA due to the 

physical demands of their work[44]. Farming is a heterogenous occupation, with different types such as 

dairy, swine confinement, cattle, and crop rising, and great differences between ultramodern high 

technology and traditional farming[45]. Farmers are often self-employed and payment is related to output 

which in turn requires long hours, seven days a week. Within Alberta, farming consists of crops, livestock, 

and mixed farming. Crop farming has significant seasonal changes in workload, while the workload of 

livestock farming is generally more consistent throughout the year, with some seasonal variations during 

breeding or birthing seasons. Farming involves long-standing exposure to high levels of physical 

workload starting at a young age and continuing after regular retirement age[46]. Farm-related activities 

include greater strength, digging, lifting, and shoveling, compared with other types of manual labor[44,47]. 

As a result, farmers are at a higher risk of OA due to their heavy physical workload.  
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Osteoarthritis causes a significant amount of pain and disability for patients, leading to a lower 

quality of life and high economic costs[8]. Because of the occupational demands of farming, focusing on 

OA and its risk factors among farmers and gaining an understanding of the pattern of OA incidence using 

health administrative data is important from a public health perspective. This can help in identifying the 

high-risk groups and associated risk factors, which can aid in developing targeted prevention and 

intervention strategies to decrease the burden of the disease. 

1.2 Statement of the Problem 

The 2021 Census of Agriculture data highlights the continued importance of the agriculture sector 

in the Canadian economy and society. Canada has a total of 189,874 farms, with 262,455 farm operators, 

and 242,052 paid workers[48]. Within Canada, Alberta has the second-highest number of farmers, with 

118,785 individuals in the farm population[16]. Farming is widely recognized as one of the most physically 

demanding occupations, often involving a heavy physical workload that requires significant muscular 

effort and frequently combines manual labor and heavy lifting[47,49]. Advancements in farming 

technology have significantly increased the level of mechanization involved in agricultural production, 

resulting in a decrease in the amount of energy expended in farming. As a result, the nature of farm work 

is changing, with an increasing reliance on technology to improve productivity and reduce physical 

demands on workers[50]. The mechanization of farming, particularly on grain-producing farms, has led to 

decreased physical activity and energy expenditure among workers, potentially contributing to the risk of 

obesity[51–53]. This is concerning as obesity is a recognized risk factor for OA[54–56], highlighting the 

need for preventative measures and interventions in farming communities. 

Injury is another risk factor for OA. Although mechanization and other technological advances 

have decreased the amount of physical labor, manual labor tasks are still common in the farm production 

process. Many agricultural tasks are frequently performed in unsafe environments, which can result in 

injuries[12,57–59]. The use of modern agricultural machinery and equipment has led to newer injuries 

among farmers[60]. Moreover, aged farm workers along with the lack of workforce replacements have 

become a severe issue, placing a greater load on those who are still employed[61]. Fatigue, poorly made 

tools, challenging terrain, and poor general health all increase the risk of injury[12,60,62,63]. 
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To our knowledge, no study has investigated the epidemiology of OA among the farm population 

of Alberta, although the prevalence of OA has been examined in Saskatchewan[13]. Improving our 

comprehension of the epidemiology of OA and its risk factors among farmers can inform policymakers 

and healthcare providers to enhance the health of people with OA and reduce the burden of OA through 

improved access to healthcare services, and public health programs. 

1.3 Aim and Objectives 

This thesis compares the incidence and mortality rates of OA in the Alberta farming cohort to non-

farm rural and urban cohorts. Using administrative health data obtained from Alberta Health (AH) for the 

21 years from the fiscal years 2000-2001 through 2020-2021, this study aims to estimate the incidence 

and mortality rate of OA among farm resident populations aged 20 years and older. 

The specific objectives are:  

1. To compare the incidence rate and hazard ratio of OA in farm residents in Alberta with the 

non-farm rural and urban cohorts. 

2. To compare the mortality-adjusted lifetime risk of developing OA in farm residents in Alberta 

with the non-farm rural and urban cohorts. 

3. To compare the non-injury mortality rate of OA in farm residents in Alberta with the non-farm 

rural and urban cohorts. 

1.4 Significance 

Although the relationship between occupation and OA has been the subject of some studies[64–

67], very few have explored the occupational risk factors of OA among farmers[68]. Farming is one of the 

most common occupations involving a heavy physical workload alongside construction, firefighting, and 

coal mining[14]. Individuals with OA have a lower quality of life compared to the general population, with a 

reduction of 10 to 25 percent[1], and this contributes to an economic burden of CAD $405 billion in direct 

and indirect costs in Canada in 2020[7]. Farmers are at higher risk for developing OA due to 

occupational-related joint stress and growing obesity. There is a lack of evidence regarding OA 
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occurrence in the farm population. It is, therefore, necessary to understand the incidence, all-cause 

mortality, and risk of developing OA among this high-risk group to develop an optimal management plan 

for the disease. 

Different clinical studies have utilized different OA case definitions (self-reported, physician-

diagnosed, radiographic, or symptomatic)[69–71]. To determine the population-level incidence of OA 

using administrative health data is necessary. Although a few studies used administrative health records 

to estimate incidence[72,73], they studied the population for a shorter period of time, which led to the 

overestimation of the rates[72,74]. When examining the temporal trends of chronic conditions such as 

OA, health data spanning 21 years will provide a more comprehensive understanding of how the disease 

has evolved over time, compared to data from a shorter period. To our knowledge, no studies have 

estimated the risk of developing OA among the Alberta farm population as compared to the non-farm 

rural and urban populations.  

In summary, make a valuable contribution to the existing literature by providing more accurate 

assessments of the descriptive epidemiology of the disease and long-term trends of OA among the 

Albertan farm population as a cohort with a high workload using a large administrative database. This 

study aims to identify the potential risks of developing OA among farm residents in comparison to non-

farm rural and urban cohorts. The results will also estimate the incidence and lifetime risk of developing 

OA and compare the mortality rates of OA cases with non-OA individuals in the farm cohort. This 

research could guide future studies investigating high-risk occupations for developing OA. 
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Chapter 2. Literature Review 

2.1 Introduction 

Osteoarthritis is a prevalent chronic condition that leads to long-term disability and has substantial 

clinical and economic impacts[19,41,74–76]. Despite OA being capable of impacting all joints in the body, 

it often impacts joints that bear a significant amount of weight or pressure like hips and knees, as well as 

hands, feet, and the spine[77,78]. Primary symptoms include pain, functional impairment, and 

stiffness[79]. The incidence of OA was 8.7 per 1,000 individuals in 2016-2017 and it is anticipated to 

increase in Canada due to the growing prevalence of obesity and an aging population[5,80]. The burden 

of OA is expected to become even more significant with an economic burden[7]. Osteoarthritis 

significantly impairs people's quality of life, restricts their work capacity, and leads to substantial medical 

expenses[81]. Given the significant impact of OA on individuals and society, there is a pressing need to 

understand the current state of knowledge regarding this condition. This chapter will provide a 

comprehensive review of the epidemiology, risk factors, diagnosis, and treatment options for OA. 

2.2 Osteoarthritis 

As a long-term chronic disease, OA is characterized by increasing cartilage degeneration, 

concurrent adaptive osteogenesis, and loss of joint function (Figure 2-1)[40,82,83]. Cartilage is the rigid, 

elastic tissue that covers bone joints and facilitates easy bone movement. Degradation or wear of 

cartilage can result in bones rubbing against each other, giving rise to sensations of tenderness, pain, 

and stiffness[78]. Osteoarthritis can impact almost any joint, but it is more commonly observed in the 

hands, feet, hips, knees, and spine[84]. Recent evidence suggests that OA is not caused by the natural 

aging process or degenerative changes alone, but rather by the body's inability to properly repair joint 

tissues that have been damaged due to improper joint loading, injury, or obesity[77,78,85]. Following the 

initial molecular disruption of abnormal joint tissue metabolism, OA can lead to physiological and 

anatomical abnormalities such as cartilage degeneration, bone remodeling, osteophyte formation, joint 

inflammation, and decreased joint function[83]. 
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Figure 2-1 Normal versus osteoarthritic knee joint adapted from Hunter and Felson[82] 

2.3 Pathology of Osteoarthritis 

The pathogenesis of OA is characterized by a metabolic dynamic process that involves both the 

breakdown and synthesis of tissues responsible for the development of the disease. The metabolic 

dynamic process of OA involves both vascular and non-vascular pathology. Bones, being highly vascular 

structures, rely on their vasculature for growth, healing, and metabolic processes[86]. Consequently, 

vascular pathology may contribute to the development of OA. One possible cause of vascular pathology 

in OA is the intermittent reduction in blood flow through the tiny capillaries in the subchondral bone at the 

extremities of long bones, which can result in a corresponding decrease in interstitial fluid flow in the 

subchondral bone[87]. Venous blockage can restrict blood flow which can result in subchondral ischemia. 

Subchondral ischemia can have several effects, including impaired nutrient and gas metabolism in the 

articular cartilage, which can contribute to degenerative alterations in the cartilage[88]. Another cause is 

osteocyte apoptosis, which would lead to osteoclastic resorption of the subchondral. This process can 

temporarily decrease the support provided by the bone to the surrounding cartilage[89,90].  
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Non-vascular pathology is also involved in the metabolic dynamic process of OA, which is 

characterized by the formation of new tissue in synovial joints with increased metabolic activity at multiple 

joint sites. This suggests the possibility of a regenerative process that follows joint degeneration. This 

slow repair process may be effective in many cases, resulting in a painless joint despite its structural 

abnormality. However, if the damage to the joint is extensive or if the repair process is inadequate, the 

joint may continue to remodel in an attempt to keep up with the damage. This remodeling process can 

eventually result in the failure of the joint, leading to symptoms such as pain and functional impairment. 

The smooth surface of the joint is normally covered by articular hyaline cartilage, which is responsible for 

providing the joint with its biomechanical properties[91]. Cartilage undergoes many transformations during 

OA. Initial disruption of the type II collagen framework results in an increase in cartilage volume, 

accompanied by an increase in water content and swelling of the proteoglycans[91]. As the disease 

progresses, small cracks or fibrillations develop within the cartilage, leading to ongoing protein 

degradation and ultimately loss of cartilage tissue[91]. In the deeper layers of the cartilage, the calcified 

area becomes thicker, and blood vessels and nerves penetrate the tidemark between the calcified and 

non-calcified cartilage, leading to neovascularization and neo-innervation of the cartilage[91]. Despite 

these changes, the aneural nature of articular cartilage means that pain does not typically occur until the 

innervated tissue is affected[92]. The stimulation of periosteal and synovial mesenchymal stem cells 

leads to the generation of fibrocartilage, which then undergoes endochondral ossification to form bone at 

the junction between cartilage and bone[93]. The formation of bony growths on the edges of joints, known 

as osteophytes, is a common feature of OA. Osteoarthritis causes several changes that can be observed 

directly within the subchondral bone, although the exact cause is unknown[91]. Bone marrow lesions 

(BMLs), cysts, and subchondral sclerosis are morphological changes in the subchondral bone[91]. 

Recent research has shown that OA involves low-grade inflammation of the synovial membrane 

(synovitis)[93]. It is generally accepted that OA is inflammatory, as shown by the presence of synovitis, 

effusion, and stiffness[94]. Others think the main cause of OA is inflammation[94,95]. According to one 

theory, local inflammation that results in synovitis and activates mechanoreceptors locally produces post-

traumatic OA[95]. Similarly, OA is thought to be caused by low-grade systemic inflammation in metabolic 

syndrome, by a secretory inflammatory phenotype in old age, and by innate immunity in crystal OA[95]. 



` 

8 
 

The role of mechanical factors in the development of OA has received increased attention in 

recent times, with a focus on the concept of a vicious cycle[96]. Meniscal tears, congenital dysplasia, 

malalignment, and chronic excessive loading are only a few examples of the various traumas that can 

cause abnormal mechanical loading[96]. The affected cartilage is destroyed, and the underlying bone 

may undergo remodeling, resulting in an increase in abnormal loading[96]. As a result, cartilage 

fragments could trigger a secondary inflammatory reaction in the synovium, which would manifest as 

synovitis and excessive fluid secretion[96]. This idea is mostly supported by research that has discovered 

links between OA risk factors, such as obesity, injury, and occupational overuse, and aberrant 

mechanical forces in the joint[96]. 

2.4 Clinical Symptoms and Signs 

The main manifestations of OA are stiffness, joint pain, and reduced range of motion. Typically, 

middle-aged or elderly individuals only experience symptoms in one or a few joints. Osteoarthritis can 

also cause sequelae such as muscle weakness and impaired balance in affected patients[97]. Apart from 

the primary symptoms, patients with OA may also express concerns about joint deformity, locking, and 

swelling, without experiencing systemic symptoms such as fever or crepitus. Patients may also 

experience discomfort related to advancing age, and if pain persists, they may experience psychological 

distress related to pain[98]. 

2.4.1 Pain 

The International Association for the Study of Pain defines pain as an unpleasant sensory and 

emotional encounter that is linked to real or potential tissue damage or is characterized in terms of such 

damage[99]. Pain is a multifaceted and individualized occurrence that is affected by biological, 

psychological, and societal elements, and is perceived diversely among individuals[100]. Typically, pain 

serves a protective function. However, when it persists beyond its warning function, as in chronic pain, it 

is considered maladaptive. Distinct from many other pain-related conditions, where the damage usually 

heals or improves, OA is a chronic condition that cannot be completely cured. As a result of its chronic 

nature, OA is often associated with persistent pain. Several factors can contribute to the pain experienced 

by individuals with OA, including both central (nervous system) and peripheral (local joint tissue) 



` 

9 
 

influences. Pain in OA is typically related to joint usage, worsens towards the end of the day, and is 

alleviated by rest[101]. 

Several qualitative research studies have explored the pain experience of individuals with OA. 

Hawker et al. conducted a study and identified two distinct types of pain experienced by individuals with 

hip and knee OA: one that was intermittent but highly intense, and another that was characterized by 

continuous, mild pain[101].  

Although cartilage is not innervated, there are nociceptors in other structures of the joint, 

including the synovium, capsule, subchondral bone, and periosteum, indicating that pain in OA cannot 

originate from the cartilage[102]. Roughly a third of people with knee OA describe their symptoms as 

tingling, numbness, burning, or pins and needles, representing another variation in the quality of pain 

associated with OA[103]. Although there is no evidence of nerve damage in OA, the presence of different 

types of pain suggests that neuropathic pain might contribute to OA pain. In OA, ascending signals can 

be modified at the spinal cord and brain level due to biomechanical damage, soluble inflammatory 

mediators such as prostaglandins and cytokines, and peripheral nociceptor sensory nerves[102]. 

According to O'Neill and Felson, central sensitization refers to the mechanism by which activated neurons 

become hypersensitive to subsequent stimuli that bind to the neuron's receptor fields[104]. As a result of 

the increased sensitivity of the pain centers caused by persistent input and other sources of pain, even 

low-strength nociceptive impulses from the OA joint can cause greater pain to be perceived. 

Osteoarthritis cohort studies and trials use various techniques to assess pain, including the visual 

analog scale (VAS), numerical rating scale (NRS), the pain subscale of the Western Ontario and 

McMaster Universities Arthritis Index (WOMAC)[105], Knee injury and Osteoarthritis Outcome 

Score (KOOS)[106], Outcome Measures in Rheumatology-Osteoarthritis Research Society International 

(OMERACT-OARSI), Hip disability and Osteoarthritis Outcome Score (HOOS)[107], Intermittent and 

Constant OA Pain (ICOAP), and the Australian/Canadian Osteoarthritis Hand Index (AUSCAN)[108]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/western-ontario-and-mcmaster-universities-osteoarthritis-index
https://www.sciencedirect.com/topics/medicine-and-dentistry/western-ontario-and-mcmaster-universities-osteoarthritis-index
https://www.sciencedirect.com/topics/medicine-and-dentistry/knee-injury-and-osteoarthritis-outcome-score
https://www.sciencedirect.com/topics/medicine-and-dentistry/knee-injury-and-osteoarthritis-outcome-score
https://www.sciencedirect.com/topics/medicine-and-dentistry/hip-disability-and-osteoarthritis-outcome-score
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2.4.2 Stiffness 

Osteoarthritis is responsible for joint stiffness and reduced function[109]. Unlike inflammatory 

arthritis, stiffness caused by OA has a short duration (less than 30 minutes), often referred to as "gelling," 

which is a brief stiffness felt after a period of inactivity[110]. 

While bone density and stiffness are frequently used synonymously and apparent density is 

correlated with bone stiffness, it is clear that they represent separate concepts, even though one may 

indicate the other[111]. Calcified cartilage is one of the contributing factors to OA, as alterations to this 

type of cartilage can lead to joint stiffness. It is widely believed that calcified cartilage falls in between the 

stiffness of the thick and stiff bone located below it, and the less stiff and more flexible cartilage located 

above it[111]. 

Trabecular microfractures are also thought to contribute to stiffness in OA. Fractures in the 

trabeculae, along with the subsequent healing with callus formation, are believed to be responsible for 

subchondral bone stiffening in OA. Upon healing, the callus may undergo more extensive mineralization 

than regular bone. This callus formation may increase the bone volume, thereby increasing joint stiffness. 

Therefore, it is suggested that the interaction between these factors could lead to an increase in 

subchondral bone density and stiffness in OA[111]. 

2.4.3 Functional Impairment 

Arthritis is ranked as the second primary reason for job disability, surpassed only by 

cardiovascular disease (CVD)[112], and it significantly affects the individual's capacity to perform job-

related tasks and daily activities. Individuals with OA experience more significant limitations in their ability 

to participate in both work-related and everyday activities compared to those without OA. Approximately 

25% of individuals with OA worldwide cannot perform their major daily activities, and 80% of them 

experience limitations in their mobility[113,114]. 

For adults with knee OA, approximately 11% of personal care tasks and 14% of daily tasks 

require assistance[115]. Osteoarthritis can result in disability ranging from mild to severe, with some 

experiencing intermittent pain and minor difficulties performing daily activities, while others experience 
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chronic pain and loss of function to the extent that affected individuals may have difficulty walking or living 

independently. Arthritis pain is a significant obstacle to continuing physical exercise, which can be 

associated with the onset of frailty in older adults and can have a negative impact on mental health[116–

118]. 

The most prevalent occupational non-fatal injuries and illnesses for farm workers, particularly 

those who engage in labor-intensive activities, have consistently been proven to be musculoskeletal 

disorders[119,120]. Musculoskeletal diseases have significant consequences for the farming community, 

leading to long-term disability and loss of income. This can be attributed to the unique postures and 

positions involved in farming, which often require long workdays with limited breaks for rest. Aging is 

another contributing factor to disability among farmers. Engaging in strenuous physical activity at a young 

age has been suggested as another contributing factor that has received some support in other 

studies[121]. Sprince et al. suggested that farmers who have medically diagnosed arthritis have higher 

odds of sustaining animal-related injuries in the future (OR: 3.0; 95% CI: 1.7, 5.2). They explained that 

reduced movement in the lower or upper extremities could negatively affect a farmer's ability to handle or 

avoid large animals[122]. The award of disability pension was higher for farmers with hip OA compared to 

those with physically less demanding activities in Sweden (OR: 13.8; 95% CI: 4.0, 48.1)[123]. 

2.5 Diagnosis 

The identification of OA through clinical diagnosis is reliant on the manifestation of symptoms, 

and the primary objective of any intervention is to prevent or alleviate these symptoms. Typically, patients 

seek medical attention due to the emergence of these symptoms, rather than participating in screening or 

research initiatives. However, using symptoms to diagnose OA poses a challenge, as they may only 

present in the advanced stages of the condition, which may be irreparable. This phase can occur 

following a period of subclinical structural changes. As a result, detecting OA early, when intervention is 

more likely to be effective, may not provide significant benefits in terms of disease modification. Moreover, 

there are additional limitations to this approach, such as the significant variation in symptoms over time, 

and their susceptibility to concurrent pathology and modulation by pain pathways[98]. 
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Radiographic abnormalities in a joint may not always manifest as symptoms[124,125], which is 

why in epidemiological research, instances of OA are identified using a combination of self-reported 

symptoms, radiographic examination, and imaging. However, there is variation in the techniques 

commonly used to identify cases of OA. Below are some quick explanations about symptomatic and 

radiographic OA diagnosis. 

2.5.1 Symptomatic Diagnosis 

The prevalent indication of OA is the gradual emergence of pain in the synovial joints that may 

exacerbate during vigorous activity and alleviate during rest[126]. Joint inflammation and morning 

stiffness that persists for at least 15 minutes are also frequently indicative of OA[127]. In rare cases, 

severe OA can lead to joint deformity and ligament laxity[128]. The American College of Rheumatology 

(ACR) Criteria is the most commonly used approach for diagnosing symptomatic OA. 

The ACR criteria have been created for the hand[129], knee[130] and hip[131]. The existence of 

subjective OA is reliant on how the patient perceives the presence of the disease. Individuals with OA 

who experience pain may not show any changes in radiographic exam, whereas individuals with 

noticeable radiographic abnormalities can experience no symptoms. The correlation between the severity 

of radiographic abnormalities and symptoms in individuals with OA is not very strong[132]. 

The diagnosis of hand OA involves the consideration of various factors, including the 

enlargement of hard tissue in two or more joints. These joints typically include the first carpometacarpal 

joint in both hands, the second and third proximal interphalangeal joints, and the second or third distal 

interphalangeal joints. The assessment involves the hypertrophy of hard tissue in two or more distal 

interphalangeal joints and the deformity of at least one joint indicated in the initial criteria. However, less 

than three swollen metacarpophalangeal (MCP) joints are observed in this diagnosis[129].  

The ACR has developed clinical criteria for the classification of knee OA. To fulfill these criteria, 

patients are required to display any three of the following characteristics, in addition to knee pain: age 

over 50, morning stiffness that dissipates within 30 minutes at most, crepitus during movement, bony 

tenderness, enlarged bones, and absence of detectable warmth[130]. In the diagnosis of hip OA, patients 
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are required to have hip pain and exhibit a minimum of two of the following features: radiographic joint 

space narrowing (JSN), radiographic femoral or acetabular osteophytes, and erythrocyte sedimentation 

rate (ESR) less than 20 mm/hour. These criteria have been established by the ACR to provide healthcare 

providers with guidelines to effectively diagnose hip OA in patients[131]. 

2.5.2 Radiographic Diagnosis 

2.5.2.1 Radiographic K-L Grade 

Despite the emergence of more sophisticated imaging techniques, radiographs remain the most 

convenient tool for evaluating joints affected by OA. Radiography has been traditionally utilized to 

examine bony changes in OA. This method provides a clear view of early disease developments. As the 

condition progresses, radiography is utilized to assess joint space width (JSW), which indirectly indicates 

the condition of the hyaline and fibrocartilage[133]. 

Several radiographic grading systems have been proposed for OA, but the Empire Rheumatism 

Council approach, initially defined by Kellgren and Lawrence over 30 years ago, has been widely adopted 

in most epidemiological studies[134,135]. 

The Empire Rheumatism Council approach rates OA at different joint sites using a radiological 

atlas, assigning each location to one of five grades (0-4). The increasing severity of OA is determined by 

the sequential appearance of osteophytes, joint space loss, sclerosis, and cysts. A KL grade of 0 

indicates the absence of radiographic signs of OA, and a KL grade of 1 indicates the presence of 

osteophytic lipping and doubtful (JSN)[134]. Radiographic OA is assigned a KL grade of 2, indicating the 

presence of evident osteophytes and possible JSN on an anteroposterior weight-bearing radiograph[134]. 

Further disease progression is described by KL grade 3, which is defined by multiple osteophytes, definite 

JSN, sclerosis, and possible bony deformity. KL grade 4 indicates the most advanced disease stage, 

characterized by large osteophytes, marked JSN, severe sclerosis, and distinct bony deformity[134]. 

However, the KL grading method for radiographic OA may have two significant limitations[136]. 

Firstly, the descriptions of radiographic signs have been inconsistent, resulting in studies using different 

criteria. Secondly, the method may overemphasize the presence of osteophytes. To address these 
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concerns, recent studies have examined the repeatability and clinical correlates of the individual 

radiographic features of this grading system. JSN, osteophytes, and the overall KL grade all demonstrate 

good within-observer consistency for the knee and hand, with the osteophytes, score exhibiting the 

strongest correlation with knee pain[137,138]. Hip joint space constriction is the most reliable and strongly 

associated with hip pain according to research[139]. With the availability of recent standardized 

radiograph atlases, it is now feasible to consistently rate these specific characteristics and extend the 

findings of various studies[109] 

Although radiography is useful in evaluating JSW, a study conducted by Amin et al. in 2005 

showed that a significant proportion of individuals experiencing symptoms have cartilage loss as detected 

by magnetic resonance imaging (MRI), despite the absence of JSN or evidence of disease progression 

on radiography. The study found that radiography had a specificity of 91% but only a sensitivity of 23% for 

detecting cartilage loss[140]. Given its ability to provide contrast and improve the evaluation of 

subchondral bone integrity and lesions, MRI is a valuable imaging modality for bone assessment. 

2.5.2.2 Imaging 

Due to the complexity of OA, which involves joint degeneration, a thorough evaluation of the intra-

articular structures of the entire joint is critical for a better understanding of the disease's etiology and 

progression. In recent years, imaging techniques have significantly improved the diagnosis and 

management of OA by providing a comprehensive view of the soft tissues. Among these imaging 

modalities, MRI has become increasingly popular as a means of detecting joint deterioration. 

Observing changes in the subchondral bone composition is crucial in understanding the 

development of OA, and MRI is an effective tool for detecting these changes. MRI can identify 

subchondral bone changes earlier than radiographs. Several signs of disease progression include 

subchondral bone attrition, subchondral cyst-like lesions, and BMLs. BMLs are lesions associated with 

degeneration, which are characterized by the accumulation of fluid in the bone marrow, necrosis of bone 

marrow tissue, fibrosis, and anomalies in the trabecular bone structure[141,142]. They are often found in 

conjunction with nearby cartilage degradation[143,144], and the latest research have found have linked 

BMLs to advancing cartilage deterioration[145–147]. 
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An MRI cartilage scoring technique typically involves a semi-quantitative grading system on a 

scale of 0 to 4. A score of 0 indicates normal cartilage, while a score of 1 indicates an abnormal signal 

with intact cartilage morphology. A score of 2 indicates a loss of at least 50% of the thickness of the 

articular cartilage surface, and a score of 3 indicates a significant loss of cartilage depth, ranging from half 

to almost the entire thickness of the cartilage layer. A score of 4 indicates a complete absence of cartilage 

in the affected area, along with an abnormality in the signal of the bone tissue just beneath the 

cartilage[148,149]. Cases with MRI cartilage with a value of 2 or more are categorized as having OA. 

2.6 Management and Treatment 

At present, there is no known cure for OA. The current treatment strategies for OA, are to 

alleviate symptoms, particularly reduce pain, physical disability, and handicap, and improve the function 

of affected joints. Surgical procedures are often an option for OA patients who fail to respond to 

conservative treatments[82,150]. Painkillers and dietary supplements are considered pharmacologic 

treatments, while weight loss programs and exercise are non-pharmacologic treatments. Arthroplasty is a 

therapeutic option for end-stage OA[151–154]. Guidelines recommend a care plan that focuses on 

individualized management and patient involvement and includes essential non-pharmacological and 

complementary pharmaceutical modalities[151,155]. 

2.6.1 Non-pharmacological Treatment 

Keeping a healthy body weight, regularly engaging in physical activity, and protecting joints from 

harm and misuse can help to lower the chance of developing OA or delay its development[84]. While 

there is no cure for OA, non-pharmacological approaches, including self-management training, exercise, 

weight loss if overweight or obese, and walking aids, are commonly suggested and considered the first 

line of treatment[84,156–158]. 

Information regarding the treatment options, the disease, pathophysiology, etiology, and 

diagnostic imaging are just a few of the topics that experts and patients have agreed upon as being 

crucial to patients' education[159]. The implementation of self-care management can be a useful strategy 

in the management of OA to alleviate depression, anxiety, and physical pain. 
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Over the past decade, exercise therapy is particularly effective in reducing pain and improving 

joint mobility[160,161]. Despite the misconception that physical activity can harm the joints, regular and 

appropriate exercise, including both aerobic and local strengthening exercises, is essential for the 

effective management of OA[93]. To improve their overall fitness, and muscle strength, and preserve joint 

mobility, individuals with OA are advised to continue with neuro-muscular training, strengthening, and 

aerobic exercise within safe limits[162]. However, implementing this therapy on a wide scale and 

improving long-term adherence can be challenging. 

Reducing exposure to mechanical risk factors that can be modified, such as obesity, is another 

important therapeutic strategy. Clinical trials such as the Arthritis, Diet, and Activity Promotion, and 

Intensive Diet and Exercise for Arthritis have demonstrated that combining dietary weight control with 

exercise produces Improved outcomes about pain relief and increased functionality than either 

intervention alone[163,164]. The use of walking aids, splints, local heat or cold applications, and 

environmental modifications (such as higher toilet seats and walk-in showers instead of baths) are other 

ways to reduce joint stress and prevent further damage. 

2.6.2 Pharmacological 

The present pharmacological approach to managing OA primarily prioritizes mitigating its 

symptoms, especially joint stiffness and pain, given the absence of any known cure for the condition. 

Table 2-1 shows the most frequent drug used in OA treatment. 

Table 2-1 Categories of medication for osteoarthritis (OA) treatment 

Acetaminophen NSAIDs Opioid Analgesics SNRIs Injection 

Acetaminophen 

Celecoxib, Diclofenac, 

Ibuprofen, Meloxicam, 

Naproxen, other 

NSAIDs 

Codeine, Tramadol, 

Oxycodone, 

Morphine, 

Hydromorphone, 

Fentanyle  

Duloxetine 

Intra-articular 

Corticosteroids & 

Intra-articular 

Hyaluronic Acid 
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Acetaminophen is frequently utilized as a pharmacological treatment for OA, particularly among 

analgesics[152,165]. In terms of efficacy, acetaminophen and non-steroidal anti-inflammatory drugs 

(NSAIDs) are very similar for mild to moderate symptoms. However, healthcare professionals need to 

take into account patients' reactions to paracetamol and the potential for greater toxicity when taking 

regular or higher doses within the recommended analgesic dosage range[166]. 

To manage severe symptoms of OA, NSAIDs may be more effective[40,165]. Oral NSAIDs offer 

analgesic, antipyretic, and anti-inflammatory effects and are efficacious in treating OA when administered 

at a safe dosage[167]. However, safety is a critical consideration in determining the appropriate 

preparation and dosage for specific patients, especially concerning gastrointestinal and cardiovascular 

events. A 2018 meta-analysis indicated that topical NSAIDs, along with other first-line treatments, were 

beneficial for pain management in OA when compared to a placebo, with (adjusted) mean effect sizes of 

0.30 for pain relief and 0.35 for improving function[168]. Current studies and reports in the general 

population have not indicated any significant adverse effects of topical NSAIDs, such as gastrointestinal 

or renal events[168]. 

Opioids are often employed to alleviate pain caused by OA. A meta-analysis demonstrated that 

while tramadol or tramadol in combination with paracetamol can decrease symptoms and enhance 

function in individuals with OA, the benefits are modest[169]. However, healthcare professionals 

recommend that opioids should only be considered as a last resort if the patient does not respond to 

acetaminophen or NSAID therapy, or if they cannot tolerate these medications due to adverse effects to 

avoid their overuse[152]. A 2014 meta-analysis demonstrated that the modest average benefits of non-

tramadol opioids are accompanied by significantly increased risks of side effects, particularly concerning 

pain outcomes (mean effect size for pain relief 0.28)[170]. While most recommendations regarding the 

use of opioids were unclear until 2014[157,158], recent research has indicated that prescribing these 

drugs to patients with OA is generally discouraged due to the limited benefits compared to the negative 

effects, risk of addiction, and overdose[171–174].  

Duloxetine is a serotonin and norepinephrine reuptake inhibitor that possesses antidepressant, 

central pain inhibitory, and anxiolytic effects and is recommended for treating refractory pain[158,175]. 
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Two significant trials conducted in China and Japan in 2017 demonstrated that duloxetine can relieve 

pain and improve function[176,177]. Further studies are required to determine whether this treatment 

approach is especially effective in individuals with neuropathic or central pain involvement. 

A meta-analysis of 27 trials showed that intra-articular corticosteroids can enhance pain 

reduction, and they are recommended for consideration in individuals with pain that is unresponsive to 

other standard analgesics[178]. However, due to the heterogeneity of the evidence, the use of hyaluronic 

acid in OA is still a topic of debate[179]. Individuals with hip and knee OA who have not responded to oral 

or topical analgesics are recommended to receive intra-articular corticosteroids[157]. A meta-analysis of 

individual patient data (IPD) revealed that individuals with more severe pain responded significantly better 

to intra-articular corticosteroid injections than those with less severe pain when compared to placebo. 

Furthermore, although not statistically significant, the data suggested that individuals with evidence of 

joint inflammation responded better to treatment than those without such indicators when compared to 

placebo[180]. A 2017 randomized trial has raised questions about the efficacy of intra-articular 

corticosteroid therapy in knee OA after finding that individuals who received 3-monthly intra-articular 

injections of corticosteroids had slightly greater loss of cartilage volume over two years when compared to 

those who received a placebo[181]. However, it is not yet known whether these small differences have 

any impact on clinical outcomes over the long term. 

2.6.3 Surgery 

Surgery is sometimes needed for severe cases of OA to replace damaged joints, but it is not a 

complete cure as there may still be limitations after the surgery. During the initial phases of OA, medical 

practitioners may contemplate joint-conserving techniques such as osteotomy or arthroscopy based on 

the patient's primary diagnosis[182]. Joint replacement is divided into total joint arthroplasty (TJA) and 

hemiarthroplasty (HA). In contrast to TJA, HA only replaces half part of the joint and is a less technically 

demanding procedure for the surgeon. The benefits of HA include reduced surgical trauma, less blood 

loss, and lower economic costs. However, it has a higher incidence of postoperative pain and can lead to 

further wear of the untreated acetabular cartilage. Hence, the decision to choose TJA or HA for particular 

patients is still a topic of debate[183,184]. In 2019-2020, over 63,000 hip replacements and 75,000 knee 
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replacements were performed in Canada. There was a 2.4% increase in hip replacements and a 0.4% 

decrease in knee replacements compared to the previous year in Canada. Of the patients, 57.9% were 

female, and 43% of females receiving hip replacements were over 75 years old, while the corresponding 

percentage for males in the same age category was 30%. In the case of primary hip replacement, OA 

accounted for the most common diagnosis at a rate of 72.5%, while for primary knee replacement, OA 

was the most common diagnosis, accounting for 99.4%[185]. Approximately 10% of individuals who 

undergo hip or knee replacement surgery continue to experience discomfort in the replaced joint, 

according to research findings[186]. Joint replacement surgery can lead to long-term adverse effects such 

as infection, stiffness, functional loss resulting from scar tissue and other complications, and prosthesis-

related problems[187]. 

2.7 Epidemiology of Osteoarthritis 

The incidence of OA cannot be estimated accurately due to difficulties in defining the condition. 

The radiographic alterations indicate a gradual deterioration without a known starting point, and the 

symptoms of OA are not specific. There is limited research on the incidence of OA utilizing 

comprehensive datasets. However, a study conducted in Spain, which analyzed data from more than 

three million individuals, documented incidence rates of clinically diagnosed OA at 6.5, 2.1, and 2.4 per 

1000 person-years (PYs) for knee, hip, and hand, respectively[80]. According to data obtained from 

healthcare databases at the provincial level in Canada, it is estimated that the occurrence rate of OA in 

men and women in 2003-2004 falls within the range of 6.3-12.2 and 9.3-17.4 cases per 1000 PYs, 

respectively[19]. The number of new cases of OA diagnosed among Canadians who are 20 years of age 

or older in 2016-2017 was 219,000, which corresponds to an annual incidence rate of 8.7 per 1,000 

individuals[6]. 

The occurrence and distribution of OA can differ among countries due to a variety of factors, such 

as demographics, lifestyle, environment, genetics, and healthcare systems. Age is a crucial factor as the 

incidence of OA rises with advancing age[38,40,188]. As a result, countries with older populations may 

have higher incidence rates. Certain demographic factors, such as sex, ethnicity, and BMI, can also affect 

the incidence of OA. Lifestyle factors such as obesity and physical activity can also affect OA incidence 
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rates[5]. Furthermore, environmental factors such as climate and pollution may also play a role[45], and 

genetic factors can contribute to an individual's predisposition to OA[189–192]. Finally, differences in 

healthcare systems between countries can also affect the diagnosis and treatment of OA, which in turn 

can affect incidence rates[193]. However, these factors are complex, and further research is necessary to 

gain a comprehensive understanding of differences in OA incidence between countries. 

The available research is not extensive on the incidence patterns of OA, and such studies have 

been done only in a limited number of countries. A study conducted in the United Kingdom (UK) 

examined the occurrence of diagnosed OA among individuals aged 45 years or above during the period 

from 1997 to 2013. The study found that the incidence rate of clinical OA, adjusted for age and sex, rose 

from 29.2 to 40.5 per 1000 PYs between 1992 and 2013[194] A study conducted in Sweden revealed that 

the age-standardized hospitalization rates associated with hip and knee OA increased from 1998 to 

2014[195]. In Canada, there was an increase in crude incidence rates of OA from 2000 to 2008. The 

incidence rate increased from 11.8 to 14.2 per 1000 PYs in men and from 15.7 to 18.5 PYs in women[73]. 

The prevalence of OA may fluctuate depending on several factors such as the method used to 

identify cases, the specific joint sites that are assessed, and the characteristics of the population under 

research[196]. International reports on OA prevalence suggest that an increasing number of people are 

being diagnosed with OA[79]. On a global scale, it is estimated that more than 7% of the world's 

population, which corresponds to approximately 528 million individuals, has OA[3]. The prevalence of OA 

is notably greater in countries with advanced market economies and aging populations, such as the 

United States, where it is estimated that 14% of the population has OA[3,197]. While there has been a 

48% increase in the global prevalence of OA between 1990 and 2019, there are still variations in the OA 

prevalence rates across diverse geographical areas[3,115]. 

It is anticipated that the prevalence of OA will continue to increase due to various factors, 

including an aging population and an arise in obesity rates. In Canada, it is predicted that by 2040, 

approximately one in four Canadians will be affected by obesity, which could potentially contribute to a 

higher prevalence of OA in the future[7,72,74,198]. In Sweden, the prevalence of radiographic knee OA 

was 25.4% and the prevalence of symptomatic knee OA was 15.4% among individuals aged 56 to 84 
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years[199]. In England, 50% of 26,000 individuals who were at least 50 years old, reported having OA in 

at least one of their four joints (hand, hip, foot, knee)[200]. Fransen et al. reported that rural groups in 

China, Bangladesh, and India had higher rates of knee pain compared to urban areas. However, in 

Pakistan, urban affluent people were found to be more likely to experience knee pain than urban poor 

people. This is likely due to the higher prevalence of obesity among wealthier citizens in Pakistan[201]. 

Table 2-2 describes the prevalence of OA reported in different studies. 
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Table 2-2 Summary of studies on the prevalence of osteoarthritis (OA)  

Study Country Age 
Source of 

Database 

Method of 

Diagnosis 

OA Prevalence 

(%) 
Limitations 

 Kim et al., 

2014[202] 
USA >=50 

Cohort 

Database 
Radiographic Hip: 19.6 

- Unique race (Caucasian) 

- Long limb films 

Plotnikoff et 

al., 2015[69] 
Canada >=18 

Community 

Survey 

Self-

Reported 

Overall: 14.8 

Hip: 8.5 

Knee: 10.5 

- Self-report measures 

without physician 

verification  

Quintana et al, 

2008[203] 
Spain 

60-

89 
Questionnaire Symptomatic 

Hip 

Male: 6.7 

Female: 8 

- Missing data 

- Accessibility problems for 

the oldest group 

Australian 

Bureau of 

Statistics., 

2015[204] 

Australia >=18 
Community 

Survey 

Self-

Reported 
20.4 - Response bias 

Kang et al., 

2009[205] 
China >=50 

Community 

Survey 

Radiographic 

Knee 

Male: 10.3 

Female: 29.6 
- Non-representative  

- Exclusion of patella-

femoral joint 
Symptomatic 

Knee 

Male: 6.9 

Female: 14.2 

Picavet et al., 

2003[206] 
Netherland >=25 Questionnaire 

Self-

Reported 

Hip 

Male: 3.9 

Female: 9.6 - Poor validity due to self-

report Knee 

Male: 10.1 

Female: 13.6 

Kingsbury et 

al., 2014[207] 

UK, 

France, 

Germany, 

Spain, and 

Italy 

>=65 
Community 

Survey 

Self-

Reported 

Hip: 30.1 

Knee: 54.7 

Hand: 34.7 

- Poor validity of self-report 

- Few comorbid conditions 

and risk factors considered 

- Medication classes not 

reliably determined 

Birtwhistle et 

al., 2015[198] 
Canada >=30 

Canadian 

Primary Care 

Database 

Administrativ

e Data 

Male: 12.4 
- Misclassification errors 

both in the diagnosis of 

OA and medication 

prescription 
Female: 15.6 
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Calculating the incidence and prevalence rates of OA is important for assessing its burden on the 

population. However, there are several limitations to these measures. Osteoarthritis can be difficult to 

diagnose, leading to underdiagnosis and underreporting. The absence of standardized criteria for 

diagnosing OA and the varying criteria employed in different studies pose challenges in comparing rates 

across studies. The incidence and prevalence of OA may differ depending on various factors, including 

age, sex, race, and occupation, and incomplete data or changes in diagnostic and reporting protocols can 

further complicate comparisons over time. Different study designs can also lead to different incidence and 

prevalence rates. While these measures are valuable, it is important to take into account their limitations 

when interpreting the findings of research on the incidence and prevalence of OA. 

2.8 Burden of Osteoarthritis 

Osteoarthritis is considered the most common type of arthritis, affecting an estimated 240 million 

individuals worldwide. Global estimates indicate that OA symptoms affect 9.6% of men and 18.0% of 

women aged 60 years or older[114]. OA accounts for 2.2% of all years lived with disability (YLDs) 

worldwide, with 18.9 million YLDs attributed to this condition in 2019. This ranks OA as the 15th most 

prevalent cause of YLDs[3]. In Canada, OA affects approximately 1 in 8 people, which is equivalent to 

13% of the population. It is a significant social issue as it causes pain and disabilities for those affected by 

the condition[2,198]. The high prevalence of OA in Canada has a considerable impact on the affected 

individuals, the healthcare system, and the socioeconomic costs associated with the condition[80,193]. 

According to the measure of Disability-Adjusted Life Years (DALYs), hip and knee OA was 

ranked as the 38th most severe condition globally. This highlights the significant impact that OA has on 

the Global Burden of Disease (GBD)[208]. The burden of OA at other sites, such as the hands and feet, 

which can affect dexterity, strength, and mobility, is not reflected in the GBD data as it only includes hip 

and knee OA. Therefore, the actual burden of OA is likely to be significantly higher, with both the 

prevalence and related disability being underestimated. 

The economic impact of OA is substantial and can be classified into two categories: direct and 

indirect costs. Direct costs linked to OA include different expenditures associated with the diagnosis, 

treatment, and management of the condition. These expenses typically include payments for medical 
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visits, pharmaceutical therapies, hospital facilities for both care and surgery, and the management of any 

side effects that may arise due to OA therapy. People with OA typically require more physician visits and 

hospitalizations than those without the condition, which contributes to the high direct costs associated 

with OA[209]. Studies have estimated that the annual cost per person with OA is two to three times 

greater compared to those without the condition[1]. 

Indirect costs of OA primarily stem from lost work time and unpaid informal caregiving, with 

approximately 40% of indirect expenses related to the latter. In the United States, the cost of absenteeism 

due to OA was estimated to be USD $10.3 billion[210]. Individuals with OA also experience a lower 

quality of life, ranging from 10% to 25% poorer than the general population[1], resulting in an economic 

burden of CAD $405 billion (including both direct and indirect costs) in Canada in 2011[7]. 

There have been various studies on the economic burden of OA in different countries. According 

to Chen et al., the economic burden of OA is significant and increasing[211]. In 2005, Xie et al. found that 

the highest direct expenditures per patient per year were in Hong Kong at USD $9,147, followed by the 

United States at USD $4,792, Canada at USD $2,878, Italy at USD $1,271, and France at USD 

$345[212]. The lowest indirect costs were found in Hong Kong at USD $864, whereas the greatest 

indirect costs were USD $9,847 per patient per year in Canada. It is important to note that direct and 

indirect costs can differ due to variations in the characteristics of the population and cost calculation 

methods. 

Joint replacement is the most expensive treatment for OA, and the cost of knee and hip 

replacements was estimated to be £850 million in 2010 in the UK[211]. The increasing number of total hip 

and knee replacements suggests that the situation regarding OA may be worsening[213]. In conclusion, 

the increasing prevalence and burden of OA require a shift towards personalized patient care that 

considers individual needs. This can be achieved through a combination of medical and biopsychosocial 

approaches[214]. 

An increasing number of studies have focused on investigating the presence of comorbidities 

among individuals with OA, as this can have implications for regular clinical practice, healthcare 

utilization, and costs[215,216]. Comorbidities were found to have a greater impact on physical impairment 
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in individuals who are 50 years old or older with OA compared to individuals without OA, with the effect of 

comorbidities being more significant than what would be expected from OA alone or each comorbidity 

individually[217]. Understanding the incidence of comorbidities among individuals with OA leads to 

important inquiries for the most effective management and treatment of OA to reduce pain and physical 

incapacity, enhance the quality of life, and lessen the impact of OA. Comorbidities can make it 

challenging to provide appropriate management recommendations and patient-centered care and can 

also have implications for healthcare programs. Therefore, understanding how OA affects other chronic 

conditions and total mortality is crucial, given the growing burden of OA. The following sections provide a 

review of the effect of OA on mortality and comorbidities. 

2.9 Osteoarthritis and Mortality  

Hochberg[218] conducted a review of the literature on mortality among individuals with OA. It 

showed a higher risk of mortality among individuals with OA than among individuals without OA[219–

224]. In the study of a farm cohort in Sweden, Thelin et al identified that the farm cohort has an all-cause 

death hazard ratio (HR) of 0.51 (95% CI: 0.37, 0.71) with the urban group as the reference, while for non-

farm rural, the HR is 0.8 (95% CI: 0.70, 0.94)[31]. Moreover, Cleveland et al. conducted a separate 

investigation and disclosed that the adjusted HR for mortality from any cause in individuals who had 

symptomatic knee OA was 1.15 (95% CI: 1.03, 1.27)[225].  

The causes of death in people with OA depend on some confounding variables and are less likely 

to be linked to OA itself. Rather than focusing on the causal relationship, it is important to understand the 

overall risk of mortality in individuals with OA to better understand the burden and potential dangers 

associated with the condition. Some studies examining mortality among individuals with OA suggest that 

they have an increased risk of mortality from various causes, such as CVD, diabetes, dementia, and 

cancer, compared to individuals without OA. One such study, conducted by Nüesch et al., used a cohort 

design and the General Practitioners Database from the southwest of England to examine both disease-

specific and all-cause mortality in individuals with knee or hip OA[226]. The results showed that following 

a 14-year median observation period, the mortality rate for CVD was 1.71 times higher than the expected 

rate in the general population(95% CI: 1.49, 1.98).  
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2.10 Etiology of Osteoarthritis  

Osteoarthritis is the result of complex changes in joint cells caused by degenerative processes 

that occur over time. While the exact cause of OA is still unknown, research has identified several factors 

that can contribute to its development and progression. Among these factors, aging is considered the 

most critical factor leading to OA. Occupation is recognized as another potential risk factor for OA, 

particularly for individuals with jobs that require repetitive joint movements, heavy lifting, and prolonged 

standing or kneeling. Other risk factors include obesity, genetics, joint injuries, poor diet, improper joint 

alignment, muscular weakness, and participation in sports that place direct stress on the 

joints[38,115,227,228]. Although OA is frequently described as a degenerative condition, synovial 

inflammation also contributes to its early onset[229]. Below are brief descriptions of the causes and risk 

factors that contribute to the development of OA. 

2.10.1 Age 

A major risk factor for OA in all joints is age[38,40,188]. However, the exact mechanisms behind 

the increased OA prevalence and incidence with advancing age are poorly understood. Multiple factors, 

including reduced joint tissue responsiveness to biomechanical stress, biological changes such as cellular 

senescence resulting from age-related sarcopenia, dysregulated nutrient sensing, mitochondrial 

dysfunction, and increased bone turnover, are likely contributing to the progression of OA[230,231]. 

Studies demonstrate a positive correlation between aging and the incidence of knee and hip 

OA[232,233]. By studying hip OA among 4 age groups including 45-54, 55-64, 65-74, and 75+ years old, 

the Johnston County Osteoarthritis Group found that the prevalence of radiographic hip OA was 21.2% 

(95% CI: 19.0, 23.6), 23.0% (95% CI: 21.1, 25.1), 31.1% (95% CI: 28.9, 33.4) and 42.9% (95% CI: 39.2, 

46.7), respectively[234]. 

2.10.2 Sex 

Sex is a significant demographic risk factor for OA, and women are more prone to the condition 

and experience more severe symptoms than men[41]. Research has demonstrated that women are more 

susceptible to developing symptomatic OA in their hands, knees, and hips than men[235–237]. There is 

no definitive evidence to indicate that women experience more negative effects of OA than men. Studies 
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have explored the possibility of hormonal factors contributing to the development of OA, particularly in 

women during menopause, due to the observed rise in OA incidence among this population. Moreover, 

studies that have observed the effects of estrogen on OA, whether endogenous or exogenous, have been 

contradictory[124,238,239]. A literature review that Hanna et al. conducted, found that estrogen 

replacement therapy did not affect the incidence of OA in postmenopausal women[240]. Another study 

with older postmenopausal women with heart disease indicated that in terms of the prevalence of knee 

pain or related disability, the differences observed were not statistically significant between those who 

received estrogen combined with progestin therapy and those receiving placebo[241] 

2.10.3 Race 

According to research, significant disparities exist in the occurrence of osteoarthritis across 

diverse racial and ethnic categories[242]. Studies utilizing large databases have been carried out 

extensively to explore variations in OA incidence among diverse racial and ethnic categories. The 

National Health and Nutrition Examination Survey III (NHANES-III) data analysis found that African 

Americans had a greater incidence of radiographic knee OA (OR: 1.65; 95% CI: 1.17, 2.37), as well as 

higher symptomatic knee OA (OR: 1.52; 95% CI: 1.06, 2.19) as compared to Caucasians, whereas the 

prevalence in White and Mexican American individuals was comparable[243]. The study conducted in 

Johnston County found that the prevalence of radiographic knee OA was higher in Black individuals 

compared to White individuals, with 32% of Black individuals affected compared to 27% of White 

individuals. Similarly, Black individuals had a higher prevalence of symptomatic knee OA, with 19% 

affected compared to 16% of White individuals[237]. In a more recent investigation, Kopec et al. used the 

Johnston County Osteoarthritis Project database and findings showed that African Americans had a 

higher risk of experiencing progressive knee OA compared to White Americans. However, they had a 

lower risk of developing incident hip OA[244]. Zhang et al. compared White participants from the 

Framingham study with Chinese participants from Beijing. The overall prevalence of radiographic knee 

OA across Chinese men and White men was similar, whereas Chinese women had higher radiographic 

knee OA (prevalence ratio: 1.5; 95% CI:1.3, 1.6) and symptomatic knee OA (prevalence ratio: 1.4; 95% 

CI:1.2, 1.7) as compared to White women[245]. In conclusion, the research indicates that African 
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Americans exhibit inferior outcomes with osteoarthritis when compared to their white counterparts. 

Nevertheless, it is recommended that future studies prioritize investigating the occurrence of osteoarthritis 

in various racial and ethnic groups[246]. 

2.10.4 Occupation 

Occupation may play a significant role in the development of OA, although further investigation is 

necessary to fully understand its impact. The relationship between occupation and OA has been the 

subject of several significant research[64–67]. A systematic review was carried out by Wang et al. about 

occupational risk factors for knee OA and identified several jobs, including farming, building, mining, 

carpentry, floor layering, metalworking, service work, housework, and craftsman, that were related to this 

condition[64]. According to the study's evidence, physically demanding occupations, such as agriculture 

and construction, are linked to a higher risk of knee OA due to prolonged standing, heavy lifting, kneeling, 

and squatting. Specifically, the study found statistically significant evidence of increased odds (1.64; 95% 

CI: 1.33, 2.01) of knee OA among agricultural workers, with male farmers having higher odds than female 

farmers. Another study conducted in Britain showed that workers aged 55 years and above who were 

exposed to a combination of kneeling, squatting, heavy lifting (more than 25 kg), and stair climbing had 

over a five-fold increased risk of developing knee OA. In contrast, those who reported regular knee flexion 

without lifting were only at 2.5 times greater risk[10]. 

In Canada, farming is still a physically demanding job despite mechanization. Farmers are 

required to perform more physically demanding tasks, such as lifting, digging, shoveling, and carrying 

heavy loads, compared to other types of manual labor[13,44,47]. Farm workers are a group of workers 

who are susceptible to developing OA due to the physically demanding nature of their work, as noted in 

previous studies[247]. Farming is a diverse occupation, with various types such as dairy, swine 

confinement, cattle, and crop rising, and there are significant differences between ultramodern high 

technology and traditional farming[45]. Farmers typically work long hours, often seven days a week, and 

some types of farming, such as crop rising, can experience significant seasonal changes in workload. 

Farming involves prolonged exposure to high levels of physical activity, often starting at a young age and 
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continuing well beyond the regular retirement age[12]. This extended duration of high physical workload 

and standing can increase the risk of developing OA among farmers[46]. 

A study conducted by Voaklander et al. used probabilistic linkage between two government 

registries in Alberta, Canada to identify older farmers (66 years and older) and farm-related injuries for 

three years. The study found that farmers with injuries had 1.57 times higher odds of developing OA 

compared to those without injuries[248]. 

In a cross-sectional study of 2,473 adult residents on 1,216 farms in Saskatchewan, the 

prevalence of arthritis diagnosed by a physician based on self-reported data was analyzed. The study 

found that the prevalence of chronic arthritis diagnoses was reported by 13% of the participants, with 10% 

having osteoarthritis. As OA becomes more prevalent with age, it is not surprising that the farmers with 

arthritis in this study were older, with a mean age of 63.7 years compared to those without arthritis with a 

mean age of 52.9 years. Among the population with arthritis, 36% reported regular use of NSAIDs, while 

only 7% of those without arthritis reported the same. The findings of this study, moreover, indicated that 

musculoskeletal symptoms can lead to farmers taking time off work and filing for workers' compensation, 

which can have economic consequences. This can result in decreased productivity, even if workers do 

not take time off, because farmers with arthritis were less likely to engage in certain physical tasks such 

as combine operations and shoveling/pitchfork chores. In the context of farmers working long hours, 

musculoskeletal symptoms can have a substantial economic impact[13]. 

A study analyzed data from the Saskatchewan Farm Injury Cohort Study to investigate the 

prevalence and impact of MSDs on individual farms. The study examined demographic and health-related 

variables, farm-related injuries, and economic conditions of MSDs. The study involved 2595 farmers and 

investigated the links between MSDs and the amount of time spent doing farm work. The study found that 

85.6% of the participants reported experiencing musculoskeletal pain in at least one body part in the past 

year[249]. In another study, Franklin et al. compared 8 occupational categories based on the ISCO-88 

classification. According to this study, male farmers, who usually have a high physical workload, differed 

significantly from other work classes, with an increased likelihood for both total knee replacement (TKR) 

and total hip replacement (THR) for OA[15]. The result of a study in Sweden showed that OA was higher 
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among farmers compared with urban controls (HR: 2.1; 95% CI: 1.4, 3.2) than non-farming rural 

compared with urban controls (HR: 1.1; 95% CI: 0.9, 1.4)[45]. A study of 299 ranchers and farmers from 9 

counties in Montana, who provided information about their demographics, joint symptoms, arthritis 

history, financial status, work capacity, and reliance on others to complete their work, reported that 87.6% 

experienced joint pain, 47.8% reported having arthritis, and 22.4% reported having osteoarthritis. 

Hand OA has been found to be related to occupations that involve extensive manual labor, 

although no studies have shown any evidence to suggest that the right hand (usually dominant) is more 

susceptible to it[235]. Research has shown that repeated motions, lifting heavy objects, working quickly, 

and the perceived lack of enough rest breaks are all connected with the development of OA in the 

hand[250,251]. A research study carried out in Saskatchewan revealed that farmers suffering from 

arthritis had increased risks of experiencing disabling aches, pain, and discomfort in one or both of their 

hands (RR: 2.65; 95% CI: 1.59, 4.41)[13]. The physical demands of farming, including repetitive use of 

the hands, gripping and holding heavy tools, and manual labor, can lead to degeneration of the joints 

typically the carpometacarpal joint in the hands, and increase the risk of developing hand OA. Exposure 

to vibration from operating machinery, such as tractors, can also contribute to the development of hand 

OA in farmers[121]. 

Hip OA has often linked with physically demanding work or manual activities that involve heavy 

loads on the hip joint[252,253]. A study evaluating occupational OA involving 84 miners and 87 other 

workers was conducted[254]. Of the three workers who had hip OA, all were miners. Farmers and other 

agricultural workers, laborers, firemen, food processing employees, female mail carriers, and female 

cleaners are some occupational groups that are more at risk for hip OA[49]. The physically demanding 

nature of farming, which involves repetitive movements, weight-bearing, and exposure to vibrations from 

machinery, puts farmers at a greater risk of developing hip OA[247]. The study conducted by Thelin et al. 

estimated the risk of hip OA in farmers by comparing the farmers radiologically diagnosed with hip OA 

with those who were matched for age, sex, and place of residence[121]. The pelvis and hip joint 

radiographs were reassessed within two years. The study found that farmers had an increased risk of hip 

OA with increasing years of farming, compared to controls. The OR for hip OA in farmers was 2.81 (95% 
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CI: 1.31, 6.03) for 11-20 years of farming, and 7.35 (95% CI: 2.87, 18.82) for 21-30 years of farming. 

These results indicate a notable correlation between years of farming and the risk of hip OA. 

The research outcomes indicate a correlation between knee OA and rigorous physical activity, 

such as the demanding tasks involved in farming[10,255]. A study comprising 518 participants diagnosed 

with knee OA and an equivalent number of controls matched for age and sex discovered that certain job-

related tasks were linked to an elevated probability of developing knee OA. After adjusting for BMI, knee 

injury history, and the presence of Heberden's nodes, the study found that prolonged kneeling or 

squatting had an OR of 1.9 (95% CI: 1.3, 2.8), walking over 2 miles per day had an OR of 1.9 (95% CI: 

1.4, 2.8), and regularly lifting weights of at least 25 kg had an OR of 1.7 (95% CI: 1.2, 2.6). The study 

found that the risk of developing knee OA was higher in individuals who reported prolonged kneeling or 

squatting in their occupation and also reported occupational lifting. This risk was further multiplied in 

individuals who were obese. For individuals with a BMI of over 30 kg/m2 whose work involved kneeling or 

squatting for an extended period, the OR was 14.7 (95% CI: 7.2, 30.2), compared to those with a BMI 

less than 25 kg/m2 who were not exposed to occupational kneeling or squatting[256]. 

A study investigated the relationship between knee OA and occupation in 778 subjects with X-

ray-verified OA and 695 matched controls[257]. Women who worked in farming for 11-30 years had 2.1 

times higher odds of developing knee OA (95% CI: 1.1, 3.9) compared to women with other physically 

demanding occupations. In a population-based case-referent study by Sandmark et al., 625 men and 

women who underwent prosthetic surgery for primary tibiofemoral OA and 548 referents were studied[11]. 

According to the findings, male and female farmers had respectively 3.2 (95% CI: 2, 5.2) and 2.4 (95% 

CI: 1.4, 4.1) times higher odds of developing knee OA compared to a randomly selected control group 

from the central population register in Sweden. 

2.10.5 Obesity 

Since 1975, there has been a threefold increase in the worldwide prevalence of obesity[258]. It 

has been projected that by 2025, almost half (47%) of men and over a third (36%) of women aged 

between 21 and 60 years in the UK will be classified as obese (BMI > 30 kg/m2)[259]. In Canada, the 

prevalence of obesity is anticipated to be 326 cases per 1000 individuals in the year 2023-2024, resulting 
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in a total of approximately 8.54 million individuals with obesity. The burden of obesity is projected to be 

higher in males, with an estimated 347 cases per 1000, compared to females with an estimated 305 

cases per 1000[260]. The excess weight associated with obesity results in increased joint loading, which 

can lead to harmful effects on weight-bearing joints. The increase in weight can create a burden on the 

cartilage present in the joints which exceeds its natural capability, resulting in degenerative 

alterations[42,261]. 

Obesity has been identified as the most significant adjustable risk factor for knee OA, and both 

cross-sectional and longitudinal research has consistently shown a relationship between obesity, often 

measured by BMI, and the prevalence and incidence of knee OA[42,261]. The likelihood of needing TKA 

appears to increase with a higher BMI[262], however, there is not a necessarily linear relationship 

between BMI and OA. One study reported that overweight men had an OR of 1.7 (95% CI: 1.0, 2.6) for 

requiring TKA, while obese men had an OR of 5.3 (95% CI: 2.8, 10.1) for surgical intervention. A similar 

trend was seen with women in that overweight women had an OR of 1.6 (95% CI: 1.1, 2.2) and obese 

women had an OR of 4 (95% CI: 2.6, 6.1) for requiring TKA[263]. A study that investigated the 

association between BMI and knee and hip replacement surgery discovered highly noteworthy results. 

The study reported that among males, the highest OR was observed for those with a BMI ranging from 

37.50 to 39.99 kg/m2, with an OR of 9.37 (95% CI: 2.64, 33.31) for total hip replacement and an OR of 

16.40 (95% CI: 5.19, 51.86) for total knee replacement. For females, the highest OR was observed for 

those with a BMI of 40 kg/m2 or higher, with an OR of 4.47 (95% CI: 2.13, 9.37) for total hip replacement 

and an OR of 19.05 (95% CI: 9.79, 37.08) for total knee replacement[264]. 

2.10.6 Medical Factors 

Osteoarthritis is a condition that displays heterogeneity with clear differences between its 

phenotypes. Due to the improved availability of advanced technologies to detect specific features of OA, 

there is an increasing capacity to differentiate between the potential phenotypes of OA. Phenotypes of 

OA can be categorized as subtypes that share distinct mechanisms of pain and pathobiology, and their 

consequences in terms of structure and function. Patients may be classified as belonging to one or more 

phenotypes simultaneously[265]. In 2014, Karsdal et al. published a review article that put forward five 
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possible phenotypes of osteoarthritis. These phenotypes included genetic, auto-inflammation, hormonal, 

metabolic, and mechanotransduction subtypes[266]. 

According to studies, OA development is significantly influenced by genetics[189–192]. Studies 

have identified over 20 different gene polymorphisms that are associated with OA[267,268]. A twin study 

has revealed a correlation between genetic factors and the risk of developing radiographic hand and knee 

OA, particularly in women. The research indicates that the heritability of OA ranged from 39% to 

65%[269]. Compared to knee OA, hand and hip OA are more likely to have a genetic predisposition[269]. 

It is crucial to take into account the potential likelihood of familial clustering of OA due to shared living 

conditions and lifestyles, which may impact the development of the condition. However, a deeper 

understanding of the genetic factors involved in OA can help to distinguish familial clustering from a 

genetic predisposition. This information can be utilized to recognize individuals who have an increased 

susceptibility to developing OA, better understand the underlying mechanisms that lead to OA, and 

potentially identify targets for treatment.  

The inflammatory phenotype of OA refers to a subtype of OA in which inflammation is believed to 

play a more significant role in the pathogenesis of the disease. The inflammatory phenotype of OA is 

characterized by increased levels of inflammatory mediators such as cytokines, chemokines, and 

prostaglandins within the joint. These mediators can cause cartilage breakdown and bone erosion by 

activating catabolic enzymes and inhibiting anabolic enzymes within the joint. The inflammatory 

phenotype of OA is often associated with synovitis, which is inflammation of the synovial membrane that 

lines the joint. Synovitis can contribute to pain and stiffness in the joint by increasing the production of 

synovial fluid, which can cause joint swelling and inflammation. People with the inflammatory phenotype 

of OA may experience more severe joint pain, stiffness, and functional impairment compared to those 

without this subtype[265,270,271]. 

The hormonal dysregulation phenotype of OA refers to a subtype of OA in which hormones, 

particularly estrogen, have a significant impact on the progression of the disease. Estrogen, in particular, 

has been shown to have a protective effect on cartilage, bone, and synovial tissues. Decreased levels of 

estrogen, such as those that occur after menopause or as a result of surgical removal of the ovaries, 
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have been linked to a higher susceptibility to developing OA. The hormonal dysregulation phenotype of 

OA may also involve other hormonal changes, such as alterations in the hypothalamic-pituitary-adrenal 

(HPA) axis, which regulates the body's response to stress. Dysregulation of the HPA axis has been linked 

to changes in inflammation and pain perception, which may contribute to the progression of OA[270,272]. 

The metabolic phenotype of OA is characterized by the role that metabolic dysregulation plays in 

its development and progression. Specifically, factors such as obesity and insulin resistance are believed 

to contribute significantly to the pathogenesis of this type of OA. Obesity can lead to the production of 

inflammatory cytokines, which can contribute to the development of OA by causing cartilage breakdown 

and promoting synovial inflammation. Insulin resistance, which occurs when the body's cells become less 

responsive to insulin, can also contribute to the development of OA by promoting the accumulation of fat 

in the joint, increasing inflammation, and reducing the ability of chondrocytes (cartilage cells) to produce 

healthy cartilage. Other metabolic factors, such as dyslipidemia and high blood pressure, may also 

contribute to the metabolic phenotype of OA by promoting inflammation and other deleterious effects on 

the joint tissues[270,273].  

The mechanotransduction phenotype of OA is characterized by the significant contribution of 

mechanical stress on joint tissues to the onset and advancement of the disease. In this subtype, 

mechanical loading or overloading of the joint tissues leads to an altered response of the cells in the joint, 

which can contribute to the breakdown of cartilage and other joint tissues. Mechanotransduction refers to 

the process by which cells convert mechanical signals, such as those from pressure or tension, into 

biochemical signals that influence cellular behavior. In the mechanotransduction phenotype of OA, altered 

mechanotransduction signaling within joint cells can lead to the production of catabolic enzymes that 

break down cartilage and other joint tissues. Factors that can contribute to the mechanotransduction 

phenotype of OA include abnormal joint mechanics, such as malalignment or instability, as well as 

repetitive or excessive loading of the joint due to activities like sports or heavy labor. People with this 

subtype of OA may experience joint pain and stiffness that is aggravated by mechanical stress or 

activity[274]. 
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2.10.7 Lifestyle-Related Factors 

Participating in physical exercise and sports is widely recognized as a significant risk factor for 

the development of OA. One part of a healthy lifestyle is leisure-time physical activities such as walking, 

playing, and running. However, reviews have reported conflicting evidence about physical activity and 

OA, mainly due to inconsistencies in the measurement of physical activity[275,276]. Recreational physical 

activity has little impact on the development of radiographic knee OA, according to several longitudinal 

investigations[277,278]. A recent meta-analysis of 20 reviews and 12 original studies has indicated that 

common types of physical activity, such as walking, running, and select recreational sports, do not 

contribute to the advancement of knee OA with visible changes in the joint structure. This finding supports 

the safe recommendation of these activities for patients who have or are at risk of developing knee 

OA[279]. However, the effects of joint injury from strenuous exercise can be a contributing factor to the 

development of OA in the future. Several investigations have discovered a higher likelihood of hip and 

knee OA in athletes who participate in high-level and advanced exercise[162]. A systematic review that 

included 46 studies found that 31 studies reported an elevated risk of osteoarthritis, with 19 studies 

indicating a heightened risk in professional athletes. Regardless of the type of sport, an elevated risk of 

OA has been observed following sports participation (RR 1.37; 95% CI: 1.14 to 1.64; 21 studies)[275]. 

Nutrients can be considered another risk factor for developing OA. According to some 

epidemiological evidence, a lack of various dietary components, including vitamins C, D, E, and K, could 

increase the risk of OA, but other studies suggest the opposite. Vitamin D is the most thoroughly 

researched nutrient regarding OA, and research has shown that inadequate vitamin D intake may result 

in cartilage metabolism problems, increasing the risk of OA[280]. A longitudinal study found a correlation 

between vitamin D consumption and a reduced occurrence and advancement of OA. The study observed 

that individuals with low lumbar spine BMD at the start of the study had an increased incidence of knee 

radiographic OA as their vitamin D intake and serum levels decreased (pvalue< 0.03). The group with the 

highest dietary vitamin D intake had a lower incidence of progressive radiographic OA at 5.1% compared 

to 12.6% in the lowest intake group[281]. A 2008 randomized trial study demonstrated that there was no 

observed advantage in terms of radiographic hand OA associated with vitamin K intake. The 
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randomization of vitamin K supplementation did not lead to any significant alterations in the prevalence of 

radiographic hand OA, joint space narrowing, or osteophytes. The odds ratios and CI for these outcomes 

were 1.03 (95% CI: 0.80, 1.34), 1.04 (95% CI: 0.68, 1.57), and 0.95 (95% CI: 0.64, 1.40), 

respectively[282], whereas in other studies consuming vitamin K is associated with a reduced risk of 

developing knee OA[283]. Although the occurrence of knee OA can be lowered by vitamin C 

consumption, there was no correlation with the progression of the disease[284]. On the other hand, the 

Framingham OA cohort research found that the intake of vitamins C and E played a crucial part in 

mitigating the chances of cartilage deterioration and the advancement of the disease in people with OA. 

The risk of OA progression decreased by three times in individuals who consumed vitamin C, with 

adjusted odds ratios of 0.3 (95% CI: 0.14, 0.8) and 0.3 (95% CI: 0.1, 0.6), respectively. There was an 

observed decrease in the likelihood of OA advancement associated with vitamin E intake (OR: 0.7; 95% 

CI: 0.3, 1.6)[285].  

Smoking can also be considered another potential risk factor for developing OA. On the 

connection between smoking and OA, there have been conflicting reports. In certain research, smoking 

has been linked to a preventive effect against OA, but in other studies, smoking has been linked to a 

higher risk of both cartilage degradation and knee pain. A meta-analysis of 48 studies with more than 

500,000 participants, showed that smoking may have a protective effect in the development of OA (OR: 

0.87; 95% CI: 0.80, 0.94), particularly in case-control studies conducted in hospitals. However, the link 

becomes weaker in the cohort and cross-sectional research, particularly those conducted in community-

based environments, implying that the connection is a false negative[232,286]. 

2.10.8 Sports Injuries and Physical Activity 

Direct articular cartilage injury, ligament rupture, or meniscal damage are all examples of joint 

injuries. The connection between joint injury and OA has been extensively investigated for the knee joint 

in particular. Patients who have undergone knee repairs or have deficient anterior cruciate ligament (ACL) 

have reported altered levels of OA biomarkers in their synovial fluid[287]. The results of a systematic 

review indicated that in one research individuals who self-reported knee injuries had a relative risk (RR) of 

approximately four times higher for developing knee OA[232]. Another study reported a 15% higher 
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lifetime risk of symptomatic knee OA in individuals with a history of knee injuries[30]. Gelber et.al. found 

that joint injuries significantly raised the chance of developing later knee and hip OA. The RR for knee OA 

was 5.01 (95% CI: 2.80, 8.97), and for hip OA, it was 6.01 (95% CI: 1.40, 25.86)[288]. Apart from evident 

injuries, repetitive microtrauma can also damage joint tissues over time. 

According to the Lane et al. study, there is a greater likelihood of hip OA developing in older 

White women with acetabular dysplasia or a decrease in the center-edge angle. The OR for this 

association was found to be 3.3 (95% CI: 1.1, 10.1) and 2.8 (95% CI: 1.0, 7.9). This suggests that local 

anatomic anomalies may be more closely linked to hip OA than knee OA[289]. The Johnston County 

Osteoarthritis Project found that among men, there was a significant association between the morphology 

of the femoral head and the incidence of hip OA[237]. The Nottingham musculoskeletal research team 

identified a relationship between hip OA and the pistol-grip deformity of the hip[290]. This finding is 

noteworthy as it may explain the early onset of OA in a young patient who has no other apparent risk 

factors for the condition. 

The strength of muscles has a crucial role in safeguarding the joint. Muscles with greater strength 

provide stability and protect weight-bearing joints from excessive loading, which in turn reduces the 

likelihood of damage to cartilage and joint structures. A prevalent trait among people with OA is muscle 

weakness. While muscle weakening and atrophy can occur due to OA resulting from disuse caused by 

pain avoidance, it remains uncertain whether this is a risk factor for developing OA. A study indicated that 

weakness in the quadriceps is Linked to a higher likelihood of developing knee osteoarthritis 

characterized by structural changes[291]. However, findings on the connection between muscle strength 

and knee OA are inconsistent across studies. A different study reported conflicting results, where low 

muscle strength was linked to the onset of symptomatic knee OA in women but not to the occurrence of 

radiographic OA[292]. 

Joint alignment is another essential factor to consider in relation to joint health. Dynamic 

alignment, which refers to changes in the knee during walking, can be relevant in comprehending the 

specific load effects experienced by the joint. Despite the importance of joint alignment, epidemiological 

studies often rely on static alignment assessed through radiographs of the entire extremity or anterior-
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posterior knee, which has some limitations. There is conflicting information about the association between 

misalignment and the occurrence of knee OA. Some studies have confirmed an association between 

misalignment and the incidence of knee OA[293,294], while the Framingham study found no effect of 

malalignment on the incidence of knee OA[295]. 

2.11 Osteoarthritis and Comorbidities 

Research has recently focused on characterizing comorbidities among OA cases due to their 

potential impact on medical care, healthcare utilization, clinical guidelines, and costs[215,216]. This is 

because the presence of comorbidities can increase the burden of treatment for both patients and 

healthcare providers. Multiple international publications have recorded the co-occurrence of medical 

conditions in individuals with OA, utilizing diverse study designs and varying sample sizes[296,297]. 

According meta-analyses, it is indicated that the presence of one or more persistent illnesses, like CVD or 

diabetes, might forecast rapid deterioration or more rapid aggravation of pain[298]. In adults aged 50 or 

older in England who have OA, the existence of other medical conditions has been found to amplify 

physical disability beyond the effects of OA alone or each comorbidity in isolation[217]. This suggests that 

comorbidities have a greater impact on physical disability in individuals with OA than what would be 

expected based on their individual effects. Research conducted in Alberta, Canada has revealed that 

hypertension, chronic obstructive pulmonary disease (COPD), and depression are the prevalent medical 

conditions that coexist with OA. Roughly 50% of individuals with OA were found to have at least one of 

these three comorbidities[299]. 

To effectively treat and manage OA, it is crucial to acknowledge the frequency of coexisting 

medical conditions in individuals with OA. One approach to assess the burden of coexisting medical 

conditions in patients is through the utilization of the Charlson comorbidity index (CCI). Appendix A 

provides further information on the CCI. 

2.12 Research Methodology 

The methodology used in a research study is critical to the validity and generalizability of its 

findings. One important aspect of the methodology is case ascertainment, which involves identifying and 
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selecting cases that meet specific inclusion criteria for the study. Accurate case ascertainment is essential 

to ensure that the study sample is representative of the population being studied and that the findings can 

be generalized to other populations. To achieve accurate case ascertainment, various methods can be 

employed, such as medical record review, registry-based ascertainment, self-reporting, direct 

observation, or surveys and questionnaires. 

Self-reporting of OA by study participants is commonly used for identifying OA cases in 

epidemiologic studies[300]. Numerous studies have utilized self-reported physician-diagnosed OA from 

population surveys as a method to estimate the incidence and impact of OA. Grotle et al. is an example of 

such a study that relied on self-reported physician diagnoses to determine the prevalence and burden of 

OA in Norway[301]. In another study, the prevalence of OA and its correlation with CVD were assessed 

by Ong et al through the utilization of self-report data from the US NHANES[302]. Badley et al. utilized 

data from the Canadian population survey, specifically self-reported health professional-diagnosed 

arthritis, to investigate the distinctions between individuals with arthritis who are unaware of their type and 

those who report having OA or inflammatory and autoimmune types of arthritis (IAA)[303]. Another study 

estimated the frequency of OA using the Canadian Community Health Survey (CCHS)[304]. 

Self-reporting of OA has both advantages and disadvantages. Self-reporting is a simple and cost-

effective approach. However, it can lead to misclassification, where patients may not be able to 

accurately recognize the specific type of rheumatic condition they are experiencing[305,306]. 

Health administrative data is another methodology employed in OA epidemiology studies. Health 

administrative data refers to health information that healthcare organizations, insurers, and governments 

collect for enrollment, reimbursement, and payment. These databases may include data from various 

healthcare settings such as hospitals, physician visits, and health insurance claims. Health administrative 

data use ICD codes to record information about diseases and health conditions. These codes are used to 

facilitate billing and reimbursement for healthcare services, as well as to generate data for research and 

public health purposes. However, it is important to note that ICD codes have some limitations. ICD codes 

may not capture the full extent of a patient's health condition, as some conditions may be underreported 

or not well-defined by the existing codes. Coding errors or inconsistencies can occur, which can affect the 
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accuracy and reliability of the data. Finally, the use of ICD codes can result in a lack of specificity, as 

some codes may encompass a wide range of conditions with varying levels of severity or complexity[307]. 

Despite these limitations, ICD codes remain an important tool for recording and tracking health-related 

information, and ongoing efforts to refine and improve the coding system are underway. Appendix B 

provides further information on the health administrative data method.  

Table 2-3 presents a comprehensive overview of the research methods utilized in studies 

focusing on musculoskeletal disorders among farmers.  
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Table 2-3 research methods used in studies focusing on musculoskeletal disorders among farmers 

Study Country Method findings 

Taylor-Gjevre et al., 

2015[13] 
Canada Self-report 

Decreased participation in a number of 

physical farm-related activities in farmers 

reporting arthritic diagnoses compared 

with those who did not (OA prevalence: 

10%). 

Rosecrance et al., 

2006[308] 
USA Self-report 

Farmers experienced low back pain at a 

much higher rate than the general working 

population (back pain prevalence: 36.4%). 

Hawker et al., 

2006[309] 
Canada Administrative Data 

20.0% of framers with arthritis were willing 

to consider TJA. 

Holmberg et al., 

2004[257] 
Sweden Self-report 

Women who had worked for 11–30 years 

in farming tended to have an increased 

risk of knee OA (OR: 2.1; 95% CI: 1.0, 

4.5). 

Johansson et al., 

2018[46] 
Sweden 

Swedish Patient 

Register (administrati

ve data) 

The risk of hip arthroplasty for OA was 

approximately doubled (105% increase) in 

male farmers compared to other 

occupations, and 40% higher in female 

farmers (HR for female: 1.44; HR for 

male: 2.04). 

Heaton et al., 

2012[310] 
USA Self-report 

Arthritis/rheumatism was associated with 

the occurrence of farm injury (OR: 1.99; 

95% CI: 1.57, 2.52). 

McMillan et al., 

2015[249] 
Canada Self-report 

The prevalence of musculoskeletal 

diseases was significantly related to time 

spent performing biomechanically 

demanding tasks such as heavy lifting and 

working with arms overhead (OR: 1.51; 

95% CI: 1.13, 2.03). 
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2.13 Case Ascertainment  

Case ascertainment is the process of identifying and confirming cases of a particular health 

condition or disease within a study population. This process involves the use of various methods such as 

medical record reviews, self-reported data, diagnostic tests, or administrative health data to identify 

individuals with the condition of interest.  

Medical administrative databases are commonly used in population-based studies to identify OA 

cases in a broad area over a long period and include physician visits and hospital admission records of 

the individuals. As a result, administrative databases have become a promising resource for monitoring 

chronic conditions like OA. The use of administrative databases in health research for identifying cases of 

OA has become more prevalent in recent times. The identification of OA cases is done through the use of 

several definitions that rely on the International Classification of Disease 9th and 10th revisions 

codes[74,311]. For instance, Prieto-Alhambra et al. used administrative primary healthcare records to 

estimate the incidence of hip, knee, and hand OA, and determine its risk factors[80]. Using administrative 

health data, Kopec et al. estimated the incidence, prevalence, and trends of OA in Canada[19,74]. 

Marshall et al. used the Alberta administrative databases to identify OA cases based on a case definition 

of one hospitalization or two physician or two ambulatory care visits within a two-year period[72]. Prior 

research has confirmed that administrative data are reliable for identifying cases of OA when compared to 

self-reported surveys and electronic medical records. The sensitivity and specificity of different case 

definitions have been estimated in Canada[312]. 

Using administrative health data for case ascertainment in OA research offers several 

advantages, such as the ability to identify cases across multiple healthcare settings and access to large 

sample sizes. However, it is crucial to consider the limitations of administrative health data when 

interpreting results. These limitations include the possibility of incomplete or inaccurate data, leading to 

the misclassification of cases. Therefore, it is important to carefully evaluate the quality of the 

administrative health data and employ appropriate statistical methods to mitigate potential bias in the 

results.  
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Chapter 3. The Risk of Developing Osteoarthritis in 

Albertan Farm, Non-farm Rural, and Non-farm Urban 

Residents: A 21-year Retrospective Study 

 

The format of this chapter adheres to the guidelines outlined by the Rural and Remote Health Journal.  



` 

44 
 

Original Research 

The Risk of Developing Osteoarthritis in Albertan Farm, Non-farm Rural, and Non-farm Urban 

Residents: A 21-year Retrospective Study 

 

AUTHORS 

Elaheh Rahmanzadeh Koucheh, MSc Student, School of Public Health, University of Alberta 

Email Address: erahmanz@ualberta.ca 

Donald C. Voaklander, Ph.D., Professor, School of Public Health, University of Alberta 

Email Address: dcv1@ualberta.ca 

C. Allyson Jones*, Ph.D., Professor, Faculty of Rehabilitation Medicine - Physical Therapy, University of 

Alberta 

Email Address: cajones@ualberta.ca 

  



` 

45 
 

Abstract 

Introduction: Due to the physically demanding nature of farming, farm residents are particularly 

susceptible to developing osteoarthritis (OA). However, current studies on the epidemiology of OA in 

Albertan farm residents are limited. The aim of this study was to determine the risk of developing OA 

among Albertan farm residents compared to those living in rural and urban areas. 

Methods: A retrospective cohort study was performed using Alberta health administrative databases to 

determine the risk of developing OA among Albertan farm residents in comparison to the rural and urban 

residents. The study period was from the fiscal years 2000-2001 through 2020-2021 and included 3 

cohorts: 143,431 farm residents, 143,431 non-farm rural residents, and 143,431 non-farm urban 

residents. The study identified OA cases among individuals 20 years or older using the diagnostic code 

for any hospital admission, two physician visits within two years, or two ambulatory care visits within two 

years. The study assessed the incidence rates, lifetime risk, and mortality rates. The Cox proportional 

hazard model was also used to examine the impact of residency status on developing OA. 

Results: 26,957 OA cases were identified among 1,706,256 person-years (PYs) in the farm population. 

Over the 21 years, farm residents had an overall incidence rate of 15.8 (95% CI: 15.61, 15.99) per 1000 

PYs. After adjusting for age and sex, farm, and non-farm rural population were respectively at a 6% (95% 

CI: 4%, 8%) and 9% (95% CI: 7%, 12%) greater risk of developing OA as compared to the urban cohort. 

The non-injury mortality rate among farm residents with OA was 13.16 (95% CI: 12.87, 13.45) per 1000 

PYs which was lower than the mortality rate among both urban (14.49; 95% CI: 14.14, 14.84) and rural 

(17.96; 95% CI: 17.55, 18.38) residents. 

Conclusions: Albertan farm and non-farm rural residents have an increased risk of developing OA as 

compared to the urban population. The findings also highlight that farm residents with OA had the lowest 

mortality rate among persons diagnosed with OA.  

Keyword:  

aging; agriculture; farm injury; health utilization; mortality; osteoarthritis 
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Introduction 

Osteoarthritis (OA) is a chronic musculoskeletal disease that causes pain, limiting function, 

mobility, and quality of life[1,2]. As high-income countries are facing the challenge of an aging population 

and growing obesity, OA prevalence is becoming a more significant problem[3–5]. In Canada, an 

estimated 3.9 million individuals aged 20 or older had a diagnosed case of OA in 2017, which represents 

13.6% of the population[6]. It has been estimated that the prevalence of OA in Canada will rise to 25% of 

the total population and nearly 30% of the workforce by 2040[7]. The economic cost of OA to individuals, 

the healthcare system, and society is significant, as it results in lost days of work[8,9]. 

One of the significant risk factors for OA is heavy physical workload[10,11]. The occupation of 

farming in rural areas involves long-standing exposure to heavy physical workloads beginning at an early 

age and extending beyond the typical age of retirement[12]. The findings of a research study conducted 

in Saskatchewan revealed that 13% of the surveyed farm population had been diagnosed with arthritis by 

a physician. Among these individuals, a majority of 10% indicated that they were aware of having 

osteoarthritis as their arthritic condition[13]. Furthermore, a study conducted in Sweden revealed that 

farmers are at a greater risk of developing OA compared to their urban counterparts[14]. In another study 

conducted by Franklin et al., eight occupational categories were compared using the ISCO-88 

(International Standard Classification of Occupations 1988) classification. It was discovered that male 

farmers, who typically have a high physical workload, differed significantly from other work classes, with 

an increased likelihood for both total hip and knee replacement for OA[15]. 

Alberta, a province with the second-largest number of farmers in Canada, has a farm population 

of 118,785 individuals[16]. The incidence of OA in this occupational group provides important information 

to health policymakers as this condition can have significant clinical and economic implications[1,8]. 

Despite the significant risk of developing OA among farm residents, limited studies have exclusively 

investigated this particular high-risk group. To the best of our knowledge, only one investigation has 

reported on the prevalence of OA among rural residents in Alberta. Marshal et al. reported that the OA 

prevalence rate was significantly higher among individuals residing in rural areas when compared to 

those residing in urban areas, although it did not focus on the farm population[17]. 
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Given OA currently has no known treatment, and that the susceptibility to developing OA is 

significantly affected by extrinsic risk factors including injury, and repetitive and excessive joint 

loading[18], the risk of developing OA may increase in certain occupations. The objective of this study 

was to estimate the OA incidence rate according to age and sex among Albertan farm residents 20 years 

and above using provincial administrative health records. For a more extensive comprehension of OA 

among farm population, we aimed to explore the temporal trends in OA between 2000-2001 and 2020-

2021, the lifetime risk of developing OA, the non-injury mortality rate, and the hazards of developing OA 

among the farm residents as compared to non-farm rural and urban cohorts. 

Methods 

Study Design 

This was a historical study conducted at the population level that used administrative datasets to 

identify OA cases over 21 years. The study population was divided into three groups: farm residents, who 

were considered as cases, and non-farm rural and urban residents, who were controls. The annual and 

overall incidence rates for all three cohorts were estimated from fiscal years 2000-2001 through 2020-

2021, with three years removed to account for prevalent cases. The study also estimated the cumulative 

incidence rate and non-injury mortality rate for each cohort. To investigate the impact of residency status 

on the risk of developing OA, Cox proportional hazard regression analysis was employed. 

Data Sources 

Data was obtained from five health administrative databases that are provided by Alberta Health 

(AH) for fiscal years 1997-1998 through 2020-2021 to identify OA cases who accessed medical services 

funded by the provincial health coverage. Alberta has a healthcare system in that all individuals have 

access to physician consultations, hospital treatment, and medical care through universal coverage. Data 

was obtained from the Alberta Vital Statistics, Alberta Health Care Insurance Plan (AHCIP) population 

registry, Physician Claims Database (claims), Discharge Abstract Database (DAD), and National 

Ambulatory Care Reporting System (NACRS). 
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 AHCIP: All insured people's demographic information is recorded in the AHCIP population 

registry by the end of each fiscal year (March 31st). A nine-digit personal health number (PHN) is 

assigned to each Albertan who is enrolled in the AHCIP. This number is used to link individual healthcare 

encounter details of Albertan citizens and is maintained in Alberta health administrative systems. This 

dataset includes all eligible medical benefits recipients during the fiscal year. Members of the Royal 

Canadian Mounted Police, members of the Armed Forces, convicts in federal prisons, and Albertans who 

have not enrolled in the AHCIP are excluded.  

DAD: This database is the hospital admissions which includes the demographic information of 

the individuals receiving treatment, date of admission and discharge, diagnosis codes, intervention codes, 

and hospitalized time. We collected information for all individuals receiving treatment based on OA 

International Classification of Diseases (ICD) codes among the 25 diagnostic fields within the DAD. 

Claims: This database contains all fee-for-service billing records that physicians submit for 

remuneration. Physician billing statements include three diagnostic fields, and data was collected for all 

patients with ICD codes associated with OA across these diagnostic fields. 

NACRS: This database includes outpatient medical and/or surgical services information provided 

by clinics, day surgery, and emergency room settings that receive public funds. Unlike the DAD database, 

which allows a maximum of 25 diagnostic codes, ambulatory care records are limited to 10 diagnostic 

codes. We collected data for every patient with ICD codes relating to OA across these 10 diagnostic code 

fields. 

Alberta Vital Statistics: To determine the mortality status of individuals in the study population, 

the Alberta Vital Statistics data is linked to billing data via scrambled PHN. This data source provided 

access to the primary cause of death (ICD Code) and date of death as recorded on death certificates. 

Study Population 

The study sample comprised 430,293 individuals, consisting of farm residents from Alberta and 

non-farm rural and urban residents who were randomly selected. AH created a farm family cohort based 

on the population registry in the fiscal year 1997-1998. Through probabilistic matching with Alberta 
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Agriculture and Rural Development and the Farm Fuel Tax subsidy, 143,431 farm family members of all 

ages with PHNs were identified. The non-farm rural cohort was generated with a random sample of 

143,431 rural residents who were not in the farm cohort and have the number “0” as the second digit of 

their postal codes. The urban cohort was a random sample of 143,431 urban residents who were not in 

the farm cohort or the non-farm rural cohort and did not have “0” assigned to their postal code. We used a 

study-specific identifier that protects individuals' identities while allowing for unique individuals to be linked 

across five databases. As a closed population, no new subjects were added after the initial selection. The 

study population included all three cohort members who were 20 years of age and above during the fiscal 

years 2000-2001 through 2020-2021. Subjects left the study due to death, migration, or reaching 110 

years of age; however, individuals younger than 20 years old were retained and were then included in the 

study population when they reached the age of 20. Prevalent cases of OA prior to April 1st, 2000 were 

also excluded. After applying the general inclusion and exclusion criteria, 379,784 individuals were 

followed up from April 1st, 2000 to March 31st, 2021 (Appendix Figure 1). 

Case Ascertainment 

Previous research has demonstrated that the OA incidence rates differ based on the approach 

employed for identifying cases. To ensure consistency, we used a validated OA case definition that has 

been previously employed in studies utilizing administrative data[19–21]. This case definition algorithm 

included at least one of the subsequent criteria: one OA-related hospitalization, two OA-related physician 

visits within two years, or two OA-related ambulatory care visits within two years. 

Statistical Analysis 

To conduct the statistical analysis, age was categorized into six groups (20-39, 40-49,50-59, 60-

69, 70-79, and ≥ 80 years), and sex was categorized as male and female. Socioeconomic status was also 

calculated based on the Income Support Flag in the AHCIP population registry file. The mean comorbidity 

index was calculated for OA cases diagnosed during the observational period using the updated Romano 

comorbidity index that was developed for health administrative data[22–24], for 2 years prior and 5 years 

after the diagnostic date of OA, separately. The total score represents the probability of hospitalization 

and mortality. 
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This study estimated the OA incidence rate for each of the three cohorts, by dividing the number of new 

OA cases for each age/sex group by the total person-years (PYs) at risk during the study period. PYs at 

risk were calculated by censoring individuals who died, moved, reached 110 years of age, received the 

first diagnosis of OA, had their last data collection, or had a change in residency status, whichever 

occurred first. To prevent overestimation of the incidence rate, data from the fiscal years 1997-1998, 

1998-1999, and 1999-2000 were used for control purposes. To eliminate prevalent cases, any previous 

history of OA diagnosis before April 1st, 2000 was excluded. Age-specific rates were determined based 

on the age of the person when they became active and were stratified by sex. The risk of developing OA 

among farm residents relative to each of the non-farm rural and urban cohorts was estimated using the 

crude incidence rate ratio (IRR). The details of calculating incidence for different individuals are 

summarized in Appendix Figure 2 and Appendix Table 1.  

This study used the Kaplan Meier (KM) method to calculate the cumulative incidence of OA 

considering censored data. To provide an estimated lifetime risk of OA, adjustment was made for 

mortality as a competing risk. The study estimated the impact of OA on the non-injury mortality rate 

among each cohort by calculating the ratio of overall non-injury death incident cases to the PYs of people 

at risk of death, separately for OA cases and non-OA cases. The "Death Code" data from the Alberta Vital 

Statistics file was used to exclude mortality cases that were related to injuries. The KM curve was plotted 

to evaluate the differences in the survival analysis of cases with OA and those without OA in different 

cohorts. 

The Cox proportional hazards model was used to estimate the hazard ratio (HR) for OA, adjusting for 

age, sex, and socioeconomic status (SES) based on residency status over time. The proportionality 

assumption for each comorbidity was tested by examining log-log KM curves. The Cox model consisted 

of both time-varying covariates (TVCs) and time-invariable factors. Covariates that remained unchanged 

over time or changed at the same rate for all participants were sex (male or female), age-at-activation 

(20-39, 40-49, 50-59, 60-69, 70-79, +80), and residency status (farm, rural, and urban). TVCs that could 

change over time included SES (categorical). SES was calculated by dividing the number of years an 

individual received income support from the Alberta Government by the total years the individual was 
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active in the study. Three categories for SES were generated: 0 (individuals who never received income 

support), 1 (individuals who received income support for less than half the time they were active in the 

study), and 2 (individuals who received income support for half or more than half the time they were 

active in the study). All statistical analyses were conducted using SAS® version 9.4 (SAS Institute Inc., 

Cary, NC). 

Ethics Approval 

The Health Research Ethics Board (HREB) of the University of Alberta granted ethics approval 

for this study (Pro00121377). No personal identifying information was provided to the investigators. 

Results  

Over the period from April 1st, 2000, to March 31st, 2021, a total of 379,784 individuals were 

tracked, with 41.25% of them being monitored for the entire duration of the study. Among these 

individuals, those who were non-farm rural residents had the lowest percentage of staying active for the 

entire study, with only 34.14% (Appendix Table 2). The study started with 288,291 eligible participants on 

April 1st, 2000, after excluding individuals under the age of 20. Among them, 51.6% (n = 148,826) were 

male, and the farm cohort had the highest proportion of males at 54.6% (n = 53,194). The mean age of 

the population was 45.1 years with a standard deviation (SD) of 16.3, and the farm residents had the 

highest mean age (46.7; SD: 15.9). The majority of the study population was classified as high SES 

(98%; n = 297,366). Table 3-1 summarizes the initial characteristics of the three cohorts based on their 

residency status. 

 At the end of the follow-up, 63.3% of individuals with OA had no comorbidities two years before 

their OA diagnosis. Among the farm cohort, the mean of the updated Romano comorbidity index for two 

years before the diagnosis of OA was 0.73 (SD: 1.48) which increased to 1.82 (SD: 2.58) in the five years 

following the diagnosis of OA. 

The total PYs of follow-up for OA from April 1st, 2000, to March 31st, 2021, was 4,614,207. After 

eliminating prevalent cases in three years of health records (from April 1st, 1997, to March 31st, 2000), 

67,387 individuals met the incident case criteria. Figure 3-1 shows a Venn diagram presenting the 
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distribution of incident cases of OA according to the source of diagnosis. Physician claim records 

identified the most cases, with a case identification of 93.6%. Of those cases identified, 58.2% had health 

records related to OA exclusively in physician claims. 

The overall crude incidence rate was 14.6 (95% confidence interval (CI): 14.49, 14.71) per 1000 

PYs across all three cohorts. Farm residents had the highest incidence rate (15.8; 95% CI: 15.61, 15.99 

per 1000 PYs), followed by the rural cohort (14.72; 95% CI: 14.51, 14.93 per 1000 PYs) and the urban 

cohort (13.25; 95% CI: 13.07, 13.42 per 1000 PYs; Table 3-2). 

The overall incidence rate was substantially higher in females (16.54; 95% CI: 16.37, 16.71 per 

1000 PYs) than in males (12.87; 95% CI: 12.72, 13.01 per 1000 PYs), indicating that females had 29 

percent higher OA incidence compared with males. The incidence rate in the farm cohort among males 

(14.27; 95% CI: 14.04, 14.51 per 1000 PYs) and females (17.69; 95% CI: 17.39, 17.99 per 1000 PYs) 

was higher than the incidence rates in the rural and urban cohorts (Table 3-2). In all three cohorts, 

incidence rates were higher among females, regardless of age group. Among the three cohorts, the 

incidence rate of OA increased linearly with age (Appendix Figure 3). The IRR between farm and urban 

cohorts was 1.19 (95% CI: 1.17, 1.21) which was higher than the IRR between rural and urban cohorts 

(1.11; 95% CI: 1.09, 1.13). Generally, the farm-to-urban IRR was higher than the rural-to-urban IRR in 

both sexes (Appendix Table 3). The magnitude of the farm-to-urban IRR was higher for males than 

females (Figure 3-2). 

OA Incidence Trends 

The crude incidence rate of OA in total cohorts fluctuated from year to year ranging from 19.1 per 

1000 PYs (95% CI: 18.59, 19.62) to 10.03 per 1000 PYs (95% CI: 9.56, 10.5); however, a sharp decline 

of crude incidence rates was seen at the fiscal year 2020-2021 for all three cohorts (Figure 3-2). The 

detailed annual incidence rate of OA from the fiscal year 2000-2001 to 2020-2021 is provided in Appendix 

Table 4. The sex-specific patterns in annual OA incidence rates were generally similar to the crude 

incidence rates between 2000-2001 and 2020–2021 (Figure 3-3; Appendix Figure 5 and Appendix Table 

5). Throughout the study duration, in all three cohorts, females consistently had higher incidence rates 

compared to males. 
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Mortality 

After adjusting for mortality, the lifetime risk of developing OA among farm residents was 27.7% 

or 5.5 in 20 chances, 25.6% or 5.1 in 20 chances for rural cohorts, and 24% or 4.8 in 20 chances for the 

urban cohort (Appendix Figure 4). Generally, individuals with OA had higher non-injury mortality rates 

compared to those without OA. Among OA cases, rural residents had the highest non-injury mortality rate 

(17.96 per 1000 PYs; 95% CI: 17.55, 18.38), while the lowest rate was observed among farm residents 

(13.16 per 1000 PYs; 95% CI: 12.87, 13.45). Among non-OA individuals, rural residents had the highest 

non-injury mortality rate (7.83 per 1000 PYs; 95% CI: 7.66, 7.99), followed by the non-OA farm group 

(6.66 per 1000 PYs; 95% CI: 6.52, 6.79) and the non-OA urban group (6.16 per 1000 PYs; 95% CI: 6.03, 

6.29). Overall, males had higher non-injury mortality rates than females, both among individuals with OA 

and non-OA individuals (Figure 3-4; Appendix Table 6 and Appendix Table 9). 

Rural OA cases had the lowest survival rate during the 21-year study period (67.02%; 95% CI: 

66.38, 67.65; Figure 3-5), followed by urban and farm OA groups, 72.54% (95% CI: 71.96, 73.11) and 

74.38% (95% CI: 73.88, 74.88), respectively (Appendix Table 7). 

Farm residents had the highest unadjusted hazards of developing OA (unadjusted HR: 1.2; 95% 

CI: 1.17, 1.22). After adjusting for age and sex, the farm and rural residents respectively had a 6% and 

9% higher risk of developing OA as compared to the urban cohort (Table 3-3). Females across all three 

cohorts had a 29% higher risk of developing OA (age and residency status adjusted HR: 1.29; 95% CI: 

1.27, 1.31), and the risk of developing OA increased with advancing age.  

Discussion 

Farm residents are at a greater risk of developing OA compared to urban residents. Although 

more males comprised the farming cohort, females had a high risk of developing OA. These findings are 

aligned with the existing literature. A previous study conducted in Saskatchewan examined the 

prevalence of physician-diagnosed arthritis among 2,473 individuals residing on 1,216 farms. The study 

found that 13% of the respondents reported chronic arthritic diagnoses, with 10% having OA. Among 

those who had OA, it was observed that 52.6% were female[13]. A study in Sweden found that the hazard 
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of developing OA was 2.1 times (95% CI: 1.4, 3.2) greater among male farmers than the urban cohort. 

This could be due to the difference in the study population as the Swedish study only included males 

between 40-60 years of age, while we investigated both males and females aged from 20 to 110. It is 

anticipated that males would have a greater risk of developing OA due to their higher physical workload 

compared to females. The findings of our study confirm that male farm residents experienced a 29% 

higher risk of OA development, while female farm residents had a 14% greater risk of developing OA, in 

comparison with their urban counterparts. The farm cohort in the Swedish study consisted of people who 

owned or rented a farm and spent at least 25hr per week in farming, while in our study the farm 

population included all farm family members based on the probabilistic match of Alberta Agriculture and 

Rural Development with the Farm Fuel Tax subsidy. Another possible reason for this difference could be 

attributed to the types of farming practiced in these regions. Their geographic and climatic differences 

lead to different types of agriculture, with Sweden focusing on sustainable and efficient methods of crop 

production, and Alberta's emphasis on large-scale livestock farming and grain production. These varying 

farming practices may result in differences in physical workload, occupational exposures, and work 

conditions, which could impact the development of OA[14]. 

A study in Quebec investigated the risk of OA development among employed adults aged 25-64 

by adjusting for age, smoking, and body mass index (BMI). The results showed that males with manual 

occupations had a 40% higher risk of primary OA development in comparison with non-manual workers 

(OR: 1.4; 95% CI:1.1, 1.8)[25]. These results confirm that farmers, as manual workers, are more 

susceptible to developing OA. However, differences in study populations, participant age distribution, and 

methods used to ascertain OA cases may have contributed to some of the observed variations in the 

results between our study and the Quebec study on male manual workers. 

Our results indicate that non-farm rural residents are at higher risk of developing OA compared to 

urban residents. A significant portion of non-farm rural residents is farm laborers who reside in rural areas 

close to the farms they work on. The nature of their work involves physically demanding tasks, such as 

planting, harvesting, and taking care of livestock and crops. These activities can be labor-intensive, 

particularly during the busiest seasons, and may require manual labor for long periods. In addition, farm 
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owners may assign some of the physical work to the farm laborers and spend more time on administrative 

and managerial duties.  

Residing in rural regions in Canada can influence the identification of medical conditions as a 

consequence of constrained accessibility to healthcare services[26,27], lack of specialist care[28], and 

transportation barriers[28,29]. As a result, the hazards of developing OA among farm and non-farm rural 

residents might be underestimated as compared to the urban cohort.  

In a study of 3,068 individuals residing in rural regions of North Carolina, Murphy et al. reported a 

mortality-adjusted lifetime risk of 40% for men and 47% for women with OA[30]. This is higher than the 

results of our study possibly because our study focused on a younger cohort of individuals aged 20 years 

and above, while the other study included participants aged 45 years and older. Furthermore, a key 

difference between the two studies could be the approach used to diagnose OA. Our study employed 

various sources such as physician claims, ambulatory care database, and hospitalization, while Murphy 

et al relied on the interview method at both baselines and follow-up to identify OA cases.  

Farm residents had the lowest non-injury mortality rates among both OA and non-OA individuals, 

which is consistent with a farming cohort study conducted in Sweden. The Swedish study estimated that 

the farm cohort had lower mortality rates compared to an urban group[31]. However, the magnitude is 

different, which may be attributed to various factors that can influence mortality rates, such as study 

population, available diagnosis and treatment, and specific reporting methods, which can vary from study 

to study. Mortality can significantly influence the burden of disease when assessing chronic diseases. 

Comparing OA cases with non-OA individuals shows that in all three residential groups, OA cases have a 

higher mortality rate given people with OA have a higher comorbidity index, more functional limitation 

mobility, and higher disability-adjusted life years (DALYs)[3,32–34]. 

There are some limitations to this study that need to be recognized. Individuals who had OA 

symptoms but did not have access to healthcare services may result in underestimated OA rates. Since 

the diagnostic algorithm is irrespective of the physician's specialization, the accuracy of the diagnosis is 

questionable. To improve the precision of OA diagnosis, it is recommended that a specialist, such as a 
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rheumatologist, orthopedic surgeon, occupational medicine physician, or physical medicine and 

rehabilitation specialist, conduct the diagnosis[35]. A further limitation of the study is the inclusion of all 

farm residents and their families in the farm group, which means that family members who have little 

involvement in farm work are also part of the study's farm cohort. Besides, the occupation and workload 

in rural and urban cohort did not investigate. To decrease the possibility of this selection bias, we 

removed anyone who moved due to the possibility of a different workload. Moreover, we lacked data on 

other potential risk factors such as BMI, smoking status, working hours, occupation, sports activities, and 

family history of OA, which may have influenced the results. 

This study, however, has several notable strengths that should be considered. A significant 

strength of the present research was the large study population from a province with a large farming 

sector. The study included all farm residents from the Alberta Agriculture and Rural Development Register 

who matched with the Farm Fuel Tax subsidy in 1998. By including all Albertan farm residents who met 

the criteria, the study aimed to reduce selection bias and enhance the precision and reliability of the 

estimates. Another strength was the use of three administrative databases - physician claims, ambulatory 

care, and hospitalization records - to identify cases of OA. This method provides more accurate 

identification of OA cases than self-reported studies, which are prone to recall bias[36]. The use of both 

ICD-9 and ICD-10 codes in the administrative databases enhanced the precision of the identification 

process. 

Conclusion 

The incidence of OA increases with age and females are more susceptible to this condition. The 

risk of developing OA among rural residents, including both farm and non-farm populations, is higher 

compared to the urban population who more often have sedentary occupations. Although the differences 

in incidence rates are not statistically significant, it is worth noting that farmers continue working beyond 

retirement age and are exposed to occupational-related joint stress. It is imperative to increase 

awareness of the burden of OA among rural populations who may also have limited access to healthcare 

services. Health policymakers should consider these differences when designing programs for OA 

prevention, health promotion, and improving access to healthcare services in rural communities. 
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Table 3-1 Baseline characteristics of the study population on April 1st, 2000 

Characteristics 

Total Cohort Farm Non-farm Rural  Non-farm Urban  

n=288291 n=97370 n=91543 n=99378 

n (%) n (%) n (%) n (%) 

Sex 
Male 148826 (51.62) 53194 (54.63) 46218 (50.49) 49414 (49.72) 

Female 139465 (48.38) 44176 (45.37) 45325 (49.51) 49964 (50.28) 

Age 

mean (SD) 45.1 (16.3) 46.7 (15.9) 44.6 (16.8) 44.0 (16.0) 

20-39 116534 (40.42) 33536 (34.44) 39434 (43.08) 43564 (43.84) 

40-49 67828 (23.53) 22461 (23.07) 21303 (23.27) 24064 (24.21) 

50-59 47182 (16.37) 19052 (19.57) 13239 (14.46) 14891 (14.98) 

60-69 30290 (10.51) 13945 (14.32) 8227 (8.99) 8118 (8.17) 

70-79 18501 (6.42) 6686 (6.87) 6009 (6.56) 5806 (5.84) 

80+ 7956 (2.76) 1690 (1.74) 3331 (3.64) 2935 (2.95) 

SES 
Low SES 5658 (1.96) 903 (0.93) 2116 (2.31) 2639 (2.66) 

High SES 282633 (98.04) 96467 (99.07) 89427 (97.69) 96739 (97.34) 
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Figure 3-1 Case ascertainment from three Alberta Health (AH) data sources for osteoarthritis (OA) in Alberta, Canada 
from fiscal years 1997-1998 through 2020-2021 including Physician Claims, Hospitalization Records, and Ambulatory 

Care Visits 
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 Figure 3-2 Annual incidence rate among farm, rural, and urban cohorts from the fiscal years 2000-2001 

through 2020-2021  
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Figure 3-3 Sex-specific trends of annual incidence rate for males at the top and females at the bottom 
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Figure 3-4 Non-injury mortality rate per 1000 person-years among osteoarthritis (OA) cases and non-OA cases in the 
farm, rural, and urban cohorts 
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Figure 3-5 Kaplan-Meier curve for non-injury mortality rate in the farm, rural, and urban cohorts among: A) individuals 
with osteoarthritis (OA); B) individuals without OA 
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Table 3-3 Unadjusted and adjusted hazard ratio (HR) for developing osteoarthritis (OA) based on the residency 
status 

 

 

 

 

 

 

 

 

 

 

  

Category Level Hazard Ratio (HR) 95% CI 

Unadjusted 
Residency 

Status 
Unadjusted 

Farm 1.2 1.17, 1.22 

Rural Non-
farm 

1.12 1.1, 1.14 

Urban Non-
farm 

Referent Referent 

Adjusted 

Residency 
Status 

Adjusted¹ 

Farm 1.06 1.04, 1.08 

Rural Non-
farm 

1.09 1.07, 1.12 

Urban Non-
farm 

Referent Referent 

Sex 
Female 1.29 1.27, 1.31 

Male Referent Reference 

Age at 
Activation 

Time 

20-39 Referent Referent 

40-49 3.38 3.3, 3.46 

50-59 5.48 5.35, 5.61 

60-69 8.08 7.88, 8.29 

70-79 11.86 11.52, 12.2 

80< 16.58 15.9, 17.3 

¹ The residency status is adjusted for age and sex. However, SES is not reflected in 

the table as it was not statistically significant and did not survive the final modeling 
process. 
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Chapter 4. Discussion and Conclusion 

This study provides a unique contribution to the existing literature as it estimates the incidence of 

OA among farm residents in Alberta using administrative health data. The crude and age-sex-specific 

overall incidence rates for OA were calculated among farm, non-farm rural, and urban residents for the 

fiscal years 2000-2001 to 2020-2021. The estimates of the overall OA incidence and the annual OA 

incidence rate in 2020-2021 were 14.6 per 1000 person-years (95% CI: 14.49, 14.71) and 10.03 per 1000 

person-years (95% CI: 9.56, 10.5), respectively. The incidence of OA is not equally distributed across 

different residency statuses. Farm residents exhibited the highest incidence rate, which is not 

unexpected, given their typical exposure to heavy workloads and higher risk of injury. There has been no 

prior research that has examined the incidence of OA among farm residents in Alberta. While a study 

conducted by Marshall et al did explore OA prevalence rates across the rural-urban continuum, they did 

not report on the incidence of OA[17]. The study found that the crude OA prevalence rate was higher in 

rural areas (150.1 per 1000 population) than in urban areas (98.9 per 1000 population), suggesting that 

rural residents may be at a greater risk of developing OA. This finding is consistent with our results 

regarding the incidence rates of OA among rural and urban residents. However, Marshall et al did not 

specifically investigate the incidence of OA among farm residents. A study in Saskatchewan examined 

the prevalence of physician-diagnosed arthritis among 2,473 adult residents who lived on 1,216 farms. 

According to the study, 13% of the participants had chronic arthritis diagnoses, with 10% being diagnosed 

with OA[13]. 

The trend analysis of OA incidence rates between 2000-2001 and 2020-2021 revealed a 

fluctuating pattern. The highest OA incidence rates were observed at the start of the study period (2000-

2001 fiscal year) for all three cohorts. However, this rate was found to be overestimated due to the limited 

three-year run-in period (fiscal years 1997-1998 through 1999-2000). The utilization of different numbers 

of run-in years to exclude prevalent cases can impact the OA incidence rate in an administrative 

database. To control for overestimation, a longer run-in period was recommended[74]. As we have data 

spanning 24 years, a 3-year run-in period was chosen for the trend analysis to obtain an incidence rate at 

the beginning of the study. Extending the run-in period for eliminating prevalent cases has led to more 
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accurate incidence rates compared to those obtained with a shorter run-in period. After 2020, there was a 

sharp drop in the annual incidence rate for all three cohorts, possibly due to the impact of the COVID-19 

pandemic. The pandemic resulted in the diversion of many healthcare resources and staff to treat people 

with COVID-19, leading to a shortage of supplies and significantly reduced access to medical care[313]. 

This reduced access to health services, and the fear of contracting COVID-19 potentially contributed to 

the observed decrease in OA incidence rates.  

The results of this study show that there are sex-specific variations in OA incidence rates and 

females consistently had a higher incidence rate of OA compared to males in the same group. This 

finding is supported by previous studies[18,41,234,235]. Both male and female farm residents exhibited 

higher OA incidence rates than their rural and urban counterparts. However, the sex-specific IRRs 

demonstrated that males had higher IRRs than females for both farm-to-urban and rural-to-urban, which 

were 11% and 10% higher than their counterparts, respectively. This higher rate may be related to the 

lower OA incidence rate in the urban and rural cohorts. This difference is possibly due to the fact that 

males in farming jobs are more exposed to physical workloads, which is a recognized risk factor for 

OA[14]. These findings highlight the potential impact of occupational risk factors on the development of 

OA and the sex-specific differences among different populations with the incidence of OA.  

Mortality is an important factor to consider when assessing the burden of chronic diseases, such 

as OA. In this study, the rural population had a higher non-injury mortality rate (17.96 per 1000 PYs; 95% 

CI: 17.55, 18.38) compared to both farm and urban cohorts, regardless of OA status. Mortality rates 

reported in the OA cohorts were higher than those without OA regardless of the residency status. The 

higher mortality rate among OA cohorts may be related to several factors, including a higher comorbidity 

index, greater functional limitations, and general disability as reflected by greater DALY scores[3,32–34].  

The unadjusted HR revealed that farm residents have the highest risk of developing OA, yet, after 

adjusting for age and sex, the hazard of developing OA among farm residents compared to urban 

residents decreased from 1.2 (95% CI: 1.17, 1.22) to 1.06 (95% CI: 1.04, 1.08). The hazard of developing 

OA among the rural cohort is estimated to be greater as compared to the farm cohort. This might be due 

to several reasons. Firstly, the rural cohort may have included some individuals with physically 
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demanding occupations, such as farming, construction, or resource extraction[314]. Secondly, there is 

variation in age distribution within the farm and rural cohorts. Maybe, another possibility for the difference. 

Before adjusting for age, farm residents have a higher age distribution within the 50-69 age group, which 

is considered a high-risk age group for developing OA during the study [40]. An analysis of the years of 

active participation in the study revealed that only 34.14% of the rural population remained in the study for 

the entire 21-year period, while 46.85% of farm residents were active in the study for the entire duration. 

This difference in active participation rates could be attributed to factors such as higher mortality or 

immigration among rural residents. Consequently, rural residents had a lower chance of reaching the 

high-risk age groups for developing OA. 

This study had some limitations that should be considered when interpreting the results. One 

limitation of our study is due to the nature of using administrative data to calculate the incidence rate.  

This may have resulted in an overestimation of the incidence rate, especially in the first years and overall 

incidence rate. Caution is needed when interpreting the incidence rate results. 

There are certain limitations to this study that are intrinsic to the use of administrative databases 

including the possibility of diagnostic errors occurring when using administrative data. This can be due to 

factors such as individuals not seeking medical attention for their OA, incorrect diagnosis, and inaccurate 

assignment of diagnostic codes, which can lead to false negatives[74]. Conversely, a false positive is a 

possibility due to an inaccurate preliminary diagnosis[21]. To minimize these potential inaccuracies, we 

utilized a standardized algorithm for defining OA that is commonly accepted for research utilizing 

administrative databases. Despite these efforts, the accuracy of the OA diagnosis and coding in our 

database is unclear[74]. It is reasonable to assume that any potential inaccuracies in diagnosis and 

coding would have remained relatively random among the three cohorts and stable over the observation 

period, and would not have significantly skewed the patterns observed in our results. 

Another limitation of our study is the potential underestimation of the number of OA cases due to 

the exclusion of certain groups from the population registry. Specifically, individuals such as members of 

the Armed Forces and the Royal Canadian Mounted Police, federal penitentiary inmates, and Albertans 
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who have opted out of the AHCIP were removed from our study population. As a result, this is a very 

small portion of the overall population. 

Lastly, the study cohorts were assembled based on their status at the beginning of this study. The 

farm residents and their families have been included in the farm cohort, regardless of their level of 

involvement in farming activities. This approach has the potential to introduce selection bias, as family 

members may not be involved in farm activity, and rural residents who may be involved in farming 

activities were not differentiated due to the lack of data for their occupation[314]. To mitigate this, we 

considered individuals who may have moved due to changes in workload, but there is still a possibility 

that some individuals may have been misclassified with an incorrect occupation status, which could 

contribute to selection bias. Known significant risk factors such as obesity and injury were not reported in 

the datasets used in the study may limit the accuracy of the estimated hazard of developing OA 

[248,263]. 

This study, however, has several notable strengths that should be considered. One notable 

strength of this study is the comprehensive and representative nature of the study population. Since data 

were obtained from a large and comprehensive population, the estimates of the incidence are 

representative of the rural and urban residents in a Canadian province. The sex and age strata in a 

specific cohort provide more understanding of how the pattern of OA changes over the course of a 

lifetime. 

The longitudinal nature of this study is another notable strength, as it allowed for the examination 

of trends and changes in OA incidence over 21 years which provided sufficient time for the development 

of OA[315]. The duration of the follow-up and the large sample permitted a robust and stable estimate of 

the incidence with high precision. Overall, the use of case ascertainment used by others[19–21], and the 

period of observation are critical strengths of this study, which enhances the reliability and validity of our 

findings. To identify more cases, we employed a more comprehensive case definition, requiring at least 

two visits to a health professional within two years or at least two ambulatory care visits within two years, 

or one hospital separation. This approach allowed for the use of more resources to capture a wider range 

of cases. 
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In conclusion, the study shows that there is a higher risk of developing OA among women, older 

adults, and males living in rural areas, especially those in farm communities. As a result, healthcare 

professionals who work in rural areas need to be aware of this increased risk and should screen these 

high-risk groups for OA. Additionally, future research is needed to identify specific risk factors associated 

with farming and rural life that contribute to the development of OA. This information can be used to 

develop targeted prevention and management approaches to reduce the burden of OA in these 

populations. 

4.1 Clinical Implications 

The findings of this study have significant implications for both clinical practice and health policy. 

The first important clinical message pertains to the burden of OA in primary care. OA is a prominent 

contributor to disability in middle-aged and elderly individuals, and it places a considerable burden on the 

public healthcare system[193]. Given that farm and non-farm rural groups often experience heavy 

physical workloads from a young age and continue to be exposed to such workloads even after regular 

retirement age[46], the burden of OA is likely to be higher than that experienced by urban residents. As 

Canadians living in farm and rural areas have less access to care due to geographical 

barriers[26,29,316], policymakers and healthcare providers should make extensive efforts to enhance the 

health of people with OA and reduce the burden of OA by improving diagnosis, management, and public 

health programs. 

Policymakers and medical experts must recognize the unique needs of farm residents and 

develop targeted interventions that address both occupational safety and health concerns. These 

interventions may need to take into account the family-based nature of farming and the limited number of 

paid workers. By implementing effective strategies to promote the health and safety of farm residents, 

policymakers and healthcare professionals can help to reduce the burden of OA in this population. 

Although not typically considered fatal, people with OA are at a higher risk of other comorbid 

conditions, and this study identified an elevated risk of mortality among individuals with OA. This finding 

suggests that screening people with OA for early diagnosis of linked comorbidities and associated risk 

factors should be considered, and the presence of known comorbidities should be taken into account in 



` 

75 
 

the management plan for people with OA. These findings have important implications for healthcare 

professionals in developing targeted interventions to manage risk factors for OA such as obesity. Given 

the unique challenges faced by rural and farm residents, such as limited access to healthcare and limited 

mobility, management plans for rural and farm residents with OA should focus on improving access to 

care, promoting healthy lifestyle changes, and providing education about the importance of early 

diagnosis and management of comorbidities. This may include developing community-based programs, 

providing telehealth services, and partnering with local resources to support rural and farm residents with 

OA in managing their health. 

4.2 Future Research 

The results of our analysis indicate that further research is necessary to obtain national estimates 

for the incidence of OA in the farm and rural population, using data from all provinces. Additionally, future 

studies should particularly focus on identifying OA cases among individuals who are not under health 

coverage, particularly immigrant farmers who may have limited access to healthcare or may not report OA 

symptoms to their physicians[317]. Clinical or population-based surveys could be conducted to capture 

milder cases or individuals who do not have access to the healthcare system. 

The use of administrative databases can be crucial for the surveillance of OA. This data can be 

used to describe the epidemiology of the diseases and to identify the high-risk groups at the population 

level. Conducting validation studies to evaluate the precision of administrative diagnoses prior to 

employing administrative data is noteworthy. MRI and X-rays can both be used as the validation study. 

It would be useful to investigate different types of farming and the average weekly working hours 

for each participant. By considering the occupation of individuals in the rural and urban cohorts and 

categorizing it based on physical workload, more accurate comparisons between different residency 

groups can be made. Furthermore, while we estimated unspecific OA among Albertan farm residents, 

examining joint-specific OA in detail could aid in developing effective care packages for this at-risk 

population.  



` 

76 
 

Bibliography 

1.  Tarride JE, Haq M, O’Reilly DJ, Bowen JM, Xie F, Dolovich L, et al. The excess burden of 

osteoarthritis in the province of Ontario, Canada. Arthritis and Rheumatism. 2012; 64(4): 1153–1161.  

2.  Leite AA, Costa AJG, Lima B de AM de, Padilha AVL, Albuquerque EC de, Marques CDL. 

Comorbidities in patients with osteoarthritis: frequency and impact on pain and physical function. Revista 

Brasileira de Reumatologia. 2011; 51(2): 118–123.  

3.  Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019 (GBD 

2019) results. Osteoarthritis-level 3 cause. Seattle, United States [Internet]. Institute for Health Metrics 

and Evaluation (IHME). 2020. https://www.healthdata.org/results/gbd_summaries/2019/osteoarthritis-

level-3-cause  

4.  Brooks PM. Impact of osteoarthritis on individuals and society: How much disability? Social 

consequences and health economic implications. Current Opinion in Rheumatology. 2002; 14(5): 573–

577.  

5.  De Angelis G, Chen Y. Obesity among women may increase the risk of arthritis: observations 

from the Canadian community health survey, 2007-2008. Rheumatology International. 2013; 33(9): 2249–

2253.  

6.  Public Health Agency of Canada. Osteoarthritis in Canada. [Internet]. 2020. 

https://www.canada.ca/en/public-health/services/publications/diseases-conditions/osteoarthritis.html  

7.  Bombardier C, Hawker G, Mosher D. The impact of arthritis in Canada: today and over the next 

30 years [Internet]. 2011. 

https://www.arthritisalliance.ca/images/PDF/eng/Initiatives/20111022_2200_impact_of_arthritis.pdf  

8.  Leifer VP, Katz JN, Losina E. The burden of OA-health services and economics. Osteoarthritis 

and Cartilage. 2022; 30(1): 10–16.  



` 

77 
 

9.  Yousefi M, Assari Arani A, Sahabi B, Kazemnejad A, Fazaeli S. Household health costs: direct, 

indirect and intangible. Iranian Journal of Public Health. 2014; 43(2): 202–209.  

10.  Cooper C, McAlindon T, Coggon D, Egger P, Dieppe P. Occupational activity and osteoarthritis of 

the knee. Annals of the Rheumatic Diseases. 1994; 53(2): 90–93.  

11.  Sandmark H, Hogstedt C, Vingård E. Primary osteoarthrosis of the knee in men and women as a 

result of lifelong physical load from work. Scandinavian Journal of Work, Environment and Health. 2000; 

26(1): 20–25.  

12.  Voaklander DC, Umbarger-Mackey ML, Wilson ML. Health, medication use, and agricultural 

injury: a review. American Journal of Industrial Medicine. 2009; 52(11): 876–889.  

13.  Taylor-Gjevre RM, Trask C, King N, Koehncke N. Prevalence and occupational impact of arthritis 

in Saskatchewan farmers. Journal of Agromedicine. 2015; 20(2): 205–216.  

14.  Thelin A, Holmberg S. Hip osteoarthritis in a rural male population: a prospective population-

based register study. American Journal of Industrial Medicine. 2007; 50(8): 604–607.  

15.  Franklin J, Ingvarsson T, Englund M, Lohmander S. Association between occupation and knee 

and hip replacement due to osteoarthritis: a case-control study. Arthritis Research and Therapy. 2010; 

12(3).  

16.  Statistics Canada. The socioeconomic portrait of Canada’s evolving farm population [Internet]. 

2016. https://www150.statcan.gc.ca/n1/daily-quotidien/181127/dq181127b-eng.htm  

17.  Marshall DA, Liu X, Shahid R, Bertazzon S, Seidel JE, Patel AB, et al. Geographic variation in 

osteoarthritis prevalence in Alberta: a spatial analysis approach. Applied Geography. 2019; 103: 112–

121.  

18.  Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden of osteoarthritis. 

British Medical Bulletin. 2013; 105: 185–199.  



` 

78 
 

19.  Kopec JA, Rahman MM, Sayre EC, Cibere J, Flanagan WM, Aghajanian J, et al. Trends in 

physician-diagnosed osteoarthritis incidence in an administrative database in British Columbia, Canada, 

1996-1997 through 2003-2004. Arthritis Care and Research. 2008; 59(7): 929–934.  

20.  Widdifield J, Labrecque J, Lix L, Paterson JM, Bernatsky S, Tu K, et al. Systematic review and 

critical appraisal of validation studies to identify rheumatic diseases in health administrative databases. 

Arthritis Care and Research. 2013; 65(9): 1490–1503.  

21.  Lix L, Yogendran M, Burchill C, Metge C, Mckeen N, Moore D, et al. Defining and validating 

chronic diseases: an administrative data approach [Internet]. Winnipeg: Manitoba Centre for Health 

Policy; 2006. http://mchp-appserv.cpe.umanitoba.ca/reference/chronic.disease.pdf  

22.  Charlson M, Pompei P, Ales K, MacKenzie CR. A new method of classifying prognostic in 

longitudinal studies: development and validation. Journal Of Chronic Diseases. 1987; 40(5): 373–383.  

23.  Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity index for use with ICD-9-CM 

administrative data: differing perspectives. Journal of Clinical Epidemiology. 1993; 46(10): 1075–1079.  

24.  Aviña-zubieta JA, Abrahamowicz M, De vera MA, Choi HK, Sayre EC, Rahman MM, et al. 

Immediate and past cumulative effects of oral glucocorticoids on the risk of acute myocardial infarction in 

rheumatoid arthritis: a population-based study. Rheumatology (United Kingdom). 2013; 52(1): 68–75.  

25.  Rossignol M. Primary osteoarthritis and occupation in the Quebec national health and social 

survey. Occupational and Environmental Medicine. 2004; 61(9): 729–735.  

26.  Canadian Medical Association. Ensuring equitable access to care: Strategies for governments, 

health system planners, and the medical profession [Internet]. Ottawa Ontario: Canadian Medical 

Association. Ottawa Ontario; 2013. https://policybase.cma.ca/en/permalink/policy11062  

27.  Marrone S. Understanding barriers to health care: a review of disparities in health care services 

among indigenous populations. International Journal of Circumpolar Health. 2007; 66(3): 188–198.  

28.  Pong RW. Geographic distribution of physicians in Canada. desLibris; 2005.  



` 

79 
 

29.  Starke R, Spenceley S, Caffaro M, Sansregret MB, Garbutt A, Dupres MK, et al. Rural health 

services review final report [Internet]. Alberta Health; 2015. https://open.alberta.ca/dataset/18615231-

d9c2-47c7-83d2-06f24c099742/resource/df60d240-7b02-4f42-8e62-6364b2ad4ba4/download/2015-rural-

health-services-review.pdf  

30.  Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, Koch G, et al. Lifetime risk of 

symptomatic knee osteoarthritis. Arthritis Rheumatology. 2008; 59(9): 1207–1213.  

31.  Thelin N, Holmberg S, Nettelbladt P, Thelin A. Mortality and morbidity among farmers, 

nonfarming rural men, and urban referents: a prospective population-based study. International Journal of 

Occupational and Environmental Health. 2009; 15(1): 21–28.  

32.  Swain S, Sarmanova A, Coupland C, Doherty M, Zhang W. Comorbidities in osteoarthritis: a 

systematic review and meta‐analysis of observational studies. Arthritis Care & Research. 2020; 72(7): 

991–1000.  

33.  Van Dijk GM, Veenhof C, Schellevis F, Hulsmans H, Bakker JPJ, Arwert H, et al. Comorbidity, 

limitations in activities and pain in patients with osteoarthritis of the hip or knee. BMC Musculoskeletal 

Disorders. 2008; 9: 95.  

34.  McDonough CM, Jette AM. The contribution of osteoarthritis to functional limitations and 

disability. Clinics in Geriatric Medicine. 2010; 26(3): 387–399.  

35.  Roos JR LL, Nicol JP, Cageorge SM. Using administrative data for longitudinal research: 

Comparisons with primary data collection. Journal of Chronic Diseases. 1987; 40(1): 41–49.  

36.  Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment methods. 

Journal of Multidisciplinary Healthcare. 2016; 9: 211–217.  

37.  Szoeke CEI, Cicuttini FM, Guthrie JR, Clark MS, Dennerstein L. Factors affecting the prevalence 

of osteoarthritis in healthy middle-aged women: data from the longitudinal Melbourne Women’s Midlife 

Health Project. Bone. 2006; 39(5): 1149–1155.  



` 

80 
 

38.  Felson DT, Zhang Y. An update on the epidemiology of knee and hip osteoarthritis with a view to 

prevention. Arthritis and Rheumatism. 1998; 41(8): 1343–1355.  

39.  Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini EH, et al. Estimates of the 

prevalence of arthritis and selected musculoskeletal disorders in the United States. Arthritis & 

Rheumatism. 1998; 41(5): 778–799.  

40.  Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al. Osteoarthritis: 

new insights. Part 1: the disease and its risk factors. Annals of Internal Medicine. 2000; 133(8): 635–646.  

41.  Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-analysis of sex 

differences prevalence, incidence and severity of osteoarthritis. Osteoarthritis and Cartilage. 2005; 13(9): 

769–781.  

42.  Teichtahl AJ, Wang Y, Wluka AE, Cicuttini FM. Obesity and knee osteoarthritis: new insights 

provided by body composition studies. Obesity. 2008; 16(2): 232–240.  

43.  Yucesoy B, Charles LE, Baker B, Burchfiel CM. Occupational and genetic risk factors for 

osteoarthritis: a review. Work. 2015; 50(2): 261–273.  

44.  Walker-Bone K, Palmer KT. Musculoskeletal disorders in farmers and farm workers. Occupational 

Medicine. 2002; 52(8): 441–450.  

45.  Thelin A, Vingard E, Holmberg S. Osteoarthritis of the hip joint and farm work. American Journal 

of Industrial Medicine. 2004; 45(2): 202–209.  

46.  Johansson H, Hongslo Vala C, Odén A, Lorentzon M, McCloskey E, Kanis JA, et al. Low risk for 

hip fracture and high risk for hip arthroplasty due to osteoarthritis among Swedish farmers. Osteoporosis 

International. 2018; 29(3): 741–749.  

47.  Khan MI, Bath B, Boden C, Adebayo O, Trask C. The association between awkward working 

posture and low back disorders in farmers: a systematic review. Journal of Agromedicine. 2019; 24(1): 

74–89. https://doi.org/10.1080/1059924X.2018.1538918  



` 

81 
 

48.  Statistics Canada. Canada’s 2021 Census of Agriculture : A closer look at farming across the 

regions [Internet]. Ottawa; 2022. https://www150.statcan.gc.ca/n1/daily-quotidien/220615/dq220615a-

eng.htm  

49.  Andersen S, Thygesen LC, Davidsen M, Helweg-Larsen K. Cumulative years in occupation and 

the risk of hip or knee osteoarthritis in men and women: a register-based follow-up study. Occupational 

and Environmental Medicine. 2012; 69(5): 325–330.  

50.  Dimitri C, Effland A, Conklin N. The 20th century transformation of U.S. agriculture and farm 

policy [Internet]. 2005. 

http://proxyiub.uits.iu.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=edswao&AN

=edswao.389725811&site=eds-live&scope=site  

51.  Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, Rodarte RQ, et al. Trends 

over 5 decades in U.S. occupation-related physical activity and their associations with obesity. Public 

Library of Science. 2011; 6(5): 1–7.  

52.  Lanningham-Foster L, Nysse LJ, Levine JA. Labor saved, calories lost: the energetic impact of 

domestic labor-saving devices. Obesity Research. 2003; 11(10): 1178–1181.  

53.  Brumby S, Chandrasekara A, McCoombe S, Kremer P, Lewandowski P. Farming fit? Dispelling 

the Australian agrarian myth. BioMed Central Research Notes. 2011; 4: 89.  

54.  Felson D.T. Epidemiology of hip and knee osteoarthritis. Epidemiologic Reviews. 1998; 10: 1–28.  

55.  Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ. Weight loss reduces the risk for 

symptomatic knee osteoarthritis in women. Annals of Internal Medicine. 1992; 116(7): 535–539.  

56.  Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee osteoarthritis. 

The Framingham Study. Annals of Internal Medicine. 1988; 109(1): 18–24.  

57.  Bhattarai D, Singh SB, Baral D, Sah RB, Budhathoki SS, Pokharel PK. Work-related injuries 

among farmers: a cross-sectional study from rural Nepal. Journal of Occupational Medicine and 

Toxicology. 2016; 11(1): 1–7. http://dx.doi.org/10.1186/s12995-016-0137-2  



` 

82 
 

58.  Rogers E, Wiatrowski WJ. Injuries, illnesses, and fatalities among older workers. Monthly Labor 

Review. 2005; 128(10): 24–30.  

59.  Voaklander DC, Hartling L, Pickett W, Dimich-Ward H, Brison RJ. Work-related mortality among 

older farmers in Canada. Canadian Family Physician. 1999; 45: 2903–2910.  

60.  Pickett W, Hartling L, Dimich-Ward H, Guernsey JR, Hagel L, Voaklander DC, et al. Surveillance 

of hospitalized farm injuries in Canada. Injury Prevention. 2001; 7(2): 123–128.  

61.  Voaklander D, Day L, Dosman J, Hagel L, Pickett W. Older farmers and machinery exposure-

cause for concern? American Journal of Industrial Medicine. 2012; 55(11): 1044–1050.  

62.  Pickett W, Day AG, Hagel L, Sun X, Day L, Marlenga B, et al. Socioeconomic status and injury in 

a cohort of Saskatchewan farmers. Journal of Rural Health. 2011 Jun; 27(3): 245–254.  

63.  International Labour Organization. Agriculture: a hazardous work [Internet]. 

https://www.ilo.org/safework/areasofwork/hazardous-work/WCMS_110188/lang--en/index.html  

64.  Wang X, Perry TA, Arden N, Chen L, Parsons CM, Cooper C, et al. Occupational risk in knee 

osteoarthritis: a systematic review and meta‐analysis of observational studies. Arthritis Care & Research. 

2020 Sep; 72(9): 1213–1223.  

65.  Canetti EFD, Schram B, Orr RM, Knapik J, Pope R. Risk factors for development of lower limb 

osteoarthritis in physically demanding occupations: A systematic review and meta-analysis. Applied 

Ergonomics. 2020; 86. https://www.sciencedirect.com/science/article/pii/S0003687020300600  

66.  Perry TA, Wang X, Gates L, Parsons CM, Sanchez-Santos MT, Garriga C, et al. Occupation and 

risk of knee osteoarthritis and knee replacement: A longitudinal, multiple-cohort study. Seminars in 

Arthritis and Rheumatism. 2020; 50(5): 1006–1014.  

67.  Parsons CM, Gates LS, Perry T, Nevitt M, Felson D, Sanchez-Santos MT, et al. Predominant 

lifetime occupation and associations with painful and structural knee osteoarthritis: An international 

participant-level cohort collaboration. Osteoarthritis and Cartilage Open. 2020; 2(4): 100085.  



` 

83 
 

68.  Palmer KT. Occupational activities and osteoarthritis of the knee. British Medical Bulletin. 2012; 

102: 147–170.  

69.  Plotnikoff R, Karunamuni N, Lytvyak E, Penfold C, Schopflocher D, Imayama I, et al. 

Osteoarthritis prevalence and modifiable factors: a population study. BMC Public Health. 2015; 15: 1195.  

70.  Dagenais S, Garbedian S, Wai EK. Systematic review of the prevalence of radiographic primary 

hip osteoarthritis. Clinical Orthopaedics and Related Research. 2009; 467: 623–637.  

71.  Macdonald K V, Sanmartin C, Langlois K, Marshall DA. Symptom onset, diagnosis and 

management of osteoarthritis. Statistics Canada, Catalogue no. 2014; 25(9): 10–17.  

72.  Marshall DA, Vanderby S, Barnabe C, Macdonald K V, Maxwell C, Mosher D, et al. Estimating 

the burden of osteoarthritis to plan for the future. Arthritis Care & Research. 2015; 67(10): 1379–1386.  

73.  Rahman MM, Cibere J, Goldsmith CH, Anis AH, Kopec JA. Osteoarthritis incidence and trends in 

administrative health records from British Columbia, Canada. The Journal of Rheumatology. 2014; 41(6): 

1147–1154.  

74.  Kopec JA, Rahman MM, Berthelot JM, Petit CLE, Aghajanian J, Sayre EC, et al. Descriptive 

epidemiology of osteoarthritis in British Columbia, Canada. The Journal of Rheumatology. 2007; 34(2): 

386–393.  

75.  Kopec JA, Sayre EC, Flanagan WM, Fines P, Cibere J, Rahman MM, et al. Development of a 

population-based microsimulation model of osteoarthritis in Canada. Osteoarthritis and Cartilage. 2010; 

18(3): 303–311.  

76.  Finlayson G, Ekuma O, Burland E, Forget E. The additional cost of chronic disease in Manitoba 

[Internet]. Winnipeg, MB; 2010. http://mchp-appserv.cpe.umanitoba.ca/reference/Chronic_Cost.pdf  

77.  Kean W, Kean R, Buchanan W. Osteoarthritis: symptoms, signs and source of pain. 

Inflammopharmacology. 2004; 12(1): 3–31.  

78.  Hunter DJ. Osteoarthritis. Best Practice and Research Clinical Rheumatology. 2011; 25(6): 801–

814.  



` 

84 
 

79.  Haq I, Murphy E, Dacre J. Osteoarthritis. Postgraduate Medical Journal. 2003; 79(933): 377–383.  

80.  Prieto-Alhambra D, Judge A, Javaid MK, Cooper C, Diez-Perez A, Arden NK. Incidence and risk 

factors for clinically diagnosed knee, hip and hand osteoarthritis: Influences of age, gender and 

osteoarthritis affecting other joints. Annals of the Rheumatic Diseases. 2014; 73(9): 1659–1664.  

81.  Brand C, Buchbinder R, Wluka A, Ruth D, McKenzie S, Jones K, et al. Guideline for the non-

surgical management of hip and knee osteoarthritis [Internet]. 2009. 

https://www.racgp.org.au/download/documents/Guidelines/Musculoskeletal/racgp_oa_guideline.pdf  

82.  Hunter DJ, Felson DT. Osteoarthritis. British Medical Journal. 2006; 332(7542): 639–642.  

83.  Martel-Pelletier J. Pathophysiology of osteoarthritis. Osteoarthritis and Cartilage. 2004; 12: 31–

33.  

84.  Public Health Agency of Canada. Life with arthritis in Canada: a personal and public health 

challenge [Internet]. 2010. https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-

mc/arthritis-arthrite/lwaic-vaaac-10/pdf/arthritis-2010-eng.pdf  

85.  Eyre DR. Collagens and cartilage matrix homeostasis. Clinical Orthopaedics and Related 

Research. 2004; 427: 118–122.  

86.  Brandi ML, Collin-Osdoby P. Vascular biology and the skeleton. Journal of Bone and Mineral 

Research. 2006; 21(2): 183–192.  

87.  Findlay DM. Vascular pathology and osteoarthritis. Rheumatology. 2007; 46(12): 1763–1768.  

88.  Imhof H, Breitenseher M, Kainberger F, Trattnig S. Degenerative joint disease: cartilage or 

vascular disease? Skeletal Radiology. 1997; 26(7): 398–403.  

89.  Sanchez C, Deberg MA, Piccardi N, Msika P, Reginster JL, Henrotin YE. Subchondral bone 

osteoblasts induce phenotypic changes in human osteoarthritic chondrocytes. Osteoarthritis and 

Cartilage. 2005; 13(11): 988–997.  



` 

85 
 

90.  Malinin T, Ouellette EA. Articular cartilage nutrition is mediated by subchondral bone: a long-term 

autograft study in baboons. Osteoarthritis and Cartilage. 2000; 8(6): 483–491.  

91.  M. C. Hochberg, Silman AJ, Smolen JS, Weinblatt ME, Weisman MH. Rheumatology 6th edn.  

92.  Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance for clinical 

practice. The Lancet. 2011; 377(9783): 2115–2126.  

93.  Doherty M, Hunter DJ, Bijlsma H, Arden N, Dalbeth N, editors. Oxford textbook of osteoarthritis 

and crystal arthropathy [Internet]. Oxford University Press; 2016. 

https://doi.org/10.1093/med/9780199668847.001.0001  

94.  Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R, Lindstrom TM, et al. Low-grade 

inflammation as a key mediator of the pathogenesis of osteoarthritis. Nature Reviews Rheumatology. 

2016; 12(10): 580–592.  

95.  Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!). 

Osteoarthritis and Cartilage. 2013; 21(1): 16–21.  

96.  Felson DT. Osteoarthritis as a disease of mechanics. Osteoarthritis and Cartilage. 2013; 21(1): 

10–15. http://dx.doi.org/10.1016/j.joca.2012.09.012  

97.  Hurley Michael V., Scott DL, Rees J, Newham DJ. Sensorimotor changes and functional 

performance in patients with knee osteoarthritis. Annals of the Rheumatic Diseases. 1997; 56(11): 641–

648.  

98.  Malfait AM, Schnitzer TJ. Towards a mechanism-based approach to pain management in 

osteoarthritis. Nature Reviews Rheumatology. 2013; 9(11): 654–664.  

99.  Classification of chronic pain. Descriptions of chronic pain syndromes and definitions of pain 

terms. Prepared by the International Association for the Study of Pain, subcommittee on taxonomy. Pain 

Supplement. 1986; 3: S1–S226.  

100.  Simon LS. Relieving pain in America: a blueprint for transforming prevention, care, education, 

and research. Journal of Pain & Palliative Care Pharmacotherapy. 2012; 26(2): 197–198.  



` 

86 
 

101.  Hawker GA, Stewart L, French MR, Cibere J, Jordan JM, March L, et al. Understanding the pain 

experience in hip and knee osteoarthritis - an OARSI/OMERACT initiative. Osteoarthritis and Cartilage. 

2008; 16(4): 415–422.  

102.  Lluch E, Torres R, Nijs J, Oosterwijck J Van. Evidence for central sensitization in patients with 

osteoarthritis pain: a systematic literature review. European Journal of Pain. 2014; 18(10): 1367–1375.  

103.  Hochman JR, French MR, Bermingham SL, Hawker GA. The nerve of osteoarthritis pain. Arthritis 

Care and Research. 2010; 62(7): 1019–1023.  

104.  O’Neill TW, Felson DT. Mechanisms of osteoarthritis (OA) pain. Current Osteoporosis Reports. 

2018; 16(5): 611–616.  

105.  Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a 

health status instrument for measuring clinically important patient relevant outcomes to antirheumatic 

drug therapy in patients with osteoarthritis of the hip or knee. The Journal of Rheumatology. 1988; 15(12): 

1833–1840.  

106.  Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score (KOOS): from joint 

injury to osteoarthritis. Health and Quality of Life Outcomes. 2003; 1: 64.  

107.  Klassbo M, Larsson E, Mannevik E. Hip disability and osteoarthritis outcome score. Scandinavian 

Journal of Rheumatology. 2003; 32(1): 46–51.  

108.  Bellamy N, Campbell J, Haraoui B, Gerecz-Simon E, Buchbinder R, Hobby K, et al. Clinimetric 

properties of the AUSCAN Osteoarthritis Hand Index: an evaluation of reliability, validity and 

responsiveness. Osteoarthritis and Cartilage. 2002; 10(11): 863–869.  

109.  Altman RD, Hochberg M, Murphy WAJ, Wolfe F, Lequesne M. Atlas of individual radiographic 

features in osteoarthritis. Osteoarthritis and Cartilage. 1995; 3 Suppl A: 3–70.  

110.  Hunter DJ, McDougall JJ, Keefe FJ. The symptoms of osteoarthritis and the genesis of pain. 

Rheumatic Disease Clinics of North America. 2008; 34(3): 623–643.  



` 

87 
 

111.  Holly L Stewart, Christopher E Kawcak. The importance of subchondral bone in the progression 

of osteoarthritis. The Journal of Rheumatology Supplement. 2004; 70(2): 77–80.  

112.  Kirkhorn S, Greenlee RT, Reeser JC. The epidemiology of agriculture-related osteoarthritis and 

its impact on occupational disability. Wisconsin Medical Journal. 2003; 102(7): 38–44.  

113.  WHO. Musculoskeletal health [Internet]. https://www.who.int/news-room/fact-

sheets/detail/musculoskeletal-conditions  

114.  March L, Cross M, Lo C, Arden NK, Gates L, Leyland KM, et al. Osteoarthritis: A serious disease: 

Submitted to the U.S. Food and Drug Administration [Internet]. 2016. 

https://oarsi.org/sites/oarsi/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_1.pdf  

115.  Neogi T. The epidemiology and impact of pain in osteoarthritis. Osteoarthritis and Cartilage. 

2013; 21(9): 1145–1153.  

116.  Bolen J, Hootman J, Helmick C, Murphy L, Langmaid G, Caspersen C. Arthritis as a potential 

barrier to physical activity among adults with diabetes--United States, 2005 and 2007. Morbidity and 

Mortality Weekly Report. 2008; 57(18): 486–489.  

117.  Briggs AM, Cross MJ, Hoy DG, Sànchez-Riera L, Blyth FM, Woolf AD, et al. Musculoskeletal 

health conditions represent a global threat to healthy aging: a report for the 2015 World Health 

Organization world report on ageing and health. Gerontologist. 2016; 56(52): S243–S255.  

118.  Centers for Disease Control and Prevention (CDC). Arthritis as a potential barrier to physical 

activity among adults with obesity — United States, 2007 and 2009 adults. Morbidity and Mortality Weekly 

Report. 2011; 60(19): 614–618. http://www.ncbi.nlm.nih.gov/pubmed/21597456  

119.  Fathallah F, Meyers J, Chapman L, Karsh B, Marras W, Karwowski W. Ergonomic industrial 

interventions: agriculture. Occupational Ergonomics Handbook. Taylor and Francis CRC Press; 2006.  

120.  Villarejo D, McCurdy SA. The California agricultural workers health survey. Journal of Agricultural 

Safety and Health. 2008; 14(2): 135–146.  



` 

88 
 

121.  Thelin A, Jansson B, Jacobsson B, Ström H. Coxarthrosis and farm work: a case-referent study. 

American Journal of Industrial Medicine. 1997; 32(5): 497–501.  

122.  Sprince NL, Park H, Zwerling C, Lynch CF, Whitten PS, Thu K, et al. Risk factors for animal-

related injury among Iowa large-livestock farmers: a case-control study nested in the Agricultural Health 

Study. The Journal of Rural Health. 2003; 19(2): 165–173.  

123.  Eva V, Lars A, Evy F, Christer H. Disability pensions due to musculoskeletal disorders among 

men in heavy occupations: a case-control study. Scandinavian journal of social medicine. 1992 Mar; 

20(1): 31–36.  

124.  Neogi T, Felson D, Niu J, Nevitt M, Lewis CE, Aliabadi P, et al. Association between radiographic 

features of knee osteoarthritis and pain: results from two cohort studies. British medical journal. 2009; 

339: b2844.  

125.  Bedson J, Croft PR. The discordance between clinical and radiographic knee osteoarthritis: a 

systematic search and summary of the literature. BioMed Central Musculoskeletal Disorders. 2008; 9: 

116.  

126.  Australian Institute of Health and Welfare. Arthritis and osteoporosis in Australia 2008 [Internet]. 

Canberra: AIHW. 2008. https://www.aihw.gov.au/reports/chronic-musculoskeletal-conditions/arthritis-

osteoporosis-australia-2008/contents/table-of-contents  

127.  Arthritis Alliance of Canada. Joint action on arthritis: a framework to improve arthritis prevention 

and care in Canada. [Internet]. 2012. 

https://www.arthritisalliance.ca/images/PDF/eng/Initiatives/201209171000_framework_EN_588.pdf  

128.  Bagchi D, Moriyama H, Raychaudhuri SP. Arthritis: pathophysiology, prevention, and 

therapeutics [Internet]. CRC Press; 2019. https://books.google.ca/books?id=TM_jxgEACAAJ  

129.  Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein K, Brandt K, et al. The American College 

of Rheumatology criteria for the classification and reporting of osteoarthritis of the hand. Arthritis & 

Rheumatism. 1990; 33(11): 1601–1610.  



` 

89 
 

130.  Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development of criteria for the 

classification and reporting of osteoarthritis: Classification of osteoarthritis of the knee. Arthritis & 

Rheumatism. 1986; 29(8): 1039–1049.  

131.  Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. The American College of 

Rheumatology criteria for the classification and reporting of osteoarthritis of the hip. Arthritis & 

Rheumatism. 1991; 34(5): 505–514.  

132.  Hannan MT, Felson DT, Pincus T. Analysis of the discordance between radiographic changes 

and knee pain in osteoarthritis of the knee. The Journal of Rheumatology. 2000; 27(6): 1513–1517.  

133.  Glyn-Jones S, Palmer AJR, Agricola R, Price AJ, Vincent TL, Weinans H, et al. Osteoarthritis. 

The Lancet. 2015; 386(9991): 376–387.  

134.  Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Annals of the Rheumatic 

Diseases. 1957; 16(4): 494–502.  

135.  Bauer DC, Hunter DJ, Abramson SB, Attur M, Corr M, Felson D, et al. Classification of 

osteoarthritis biomarkers: a proposed approach. Osteoarthritis and Cartilage. 2006; 14(8): 723–727.  

136.  Spector TD, Cooper C. Radiographic assessment of osteoarthritis in population studies: whither 

Kellgren and Lawrence? Osteoarthritis and Cartilage. 1993; 1(4): 203–206.  

137.  Spector TD, Hart DJ, Byrne J, Harris PA, Dacre JE, Doyle D V. Definition of osteoarthritis of the 

knee for epidemiological studies. Annals of the Rheumatic Diseases. 1993; 52(11): 790–794.  

138.  Kallman DA, Wigley FM, Scott WW, Hochberg MC, Tobin JD. New radiographic grading scales 

for osteoarthritis of the hand. Reliability for determining prevalence and progression. Arthritis & 

Rheumatism. 1989; 32(12): 1584–1591.  

139.  Croft P, Cooper C, Wickham C, Coggon D. Defining osteoarthritis of the hip for epidemiologic 

studies. American Journal of Epidemiology. 1990; 132(3): 514–522.  



` 

90 
 

140.  Amin S, LaValley MP, Guermazi A, Grigoryan M, Hunter DJ, Clancy M, et al. The relationship 

between cartilage loss on magnetic resonance imaging and radiographic progression in men and women 

with knee osteoarthritis. Arthritis and Rheumatism. 2005; 52(10): 3152–3159.  

141.  Taljanovic MS, Graham AR, Benjamin JB, Gmitro AF, Krupinski EA, Schwartz SA, et al. Bone 

marrow edema pattern in advanced hip osteoarthritis: quantitative assessment with magnetic resonance 

imaging and correlation with clinical examination, radiographic findings, and histopathology. Skeletal 

Radiology. 2008; 37(5): 423–431.  

142.  Zanetti M, Bruder E, Romero J, Hodler J. Bone marrow edema pattern in osteoarthritic knees: 

correlation between MR imaging and histologic findings. Radiology. 2000; 215(3): 835–840.  

143.  Baranyay FJ, Wang Y, Wluka AE, English DR, Giles GG, Sullivan RO, et al. Association of bone 

marrow lesions with knee structures and risk factors for bone marrow lesions in the knees of clinically 

healthy, community-based adults. Seminars in Arthritis and Rheumatism. 2007; 37(2): 112–118.  

144.  Guymer E, Baranyay F, Wluka AE, Hanna F, Bell RJ, Davis SR, et al. A study of the prevalence 

and associations of subchondral bone marrow lesions in the knees of healthy, middle-aged women. 

Osteoarthritis and Cartilage. 2007; 15(12): 1437–1442.  

145.  Felson DT, McLaughlin S, Goggins J, Lavalley MP, Gale E, Totterman S, et al. Bone marrow 

edema and its relation to progression of knee osteoarthritis. Annals of Internal Medicine. 2003; 139(5): 

330–337.  

146.  Roemer F, Guermazi A, Javaid M, Al E. Change in MRI-detected subchondral bone marrow 

lesions is associated with cartilage loss: the MOST Study. A longitudinal multicentre study of knee 

osteoarthritis. Bone. 2009; 68(9): 1461–1465.  

147.  Hunter DJ, Zhang Y, Niu J, Goggins J, Amin S, LaValley MP, et al. Increase in bone marrow 

lesions associated with cartilage loss: a longitudinal magnetic resonance imaging study of knee 

osteoarthritis. Arthritis and Rheumatism. 2006; 54(5): 1529–1535.  



` 

91 
 

148.  Disler DG, Mccauley TR, Kelman C, Fuchs MD, Ratner LM, Wirth CR, et al. Fat-suppressed 

three-dimensional spoiled gradient-echo MR imaging of hyaline cartilage defects in the knee: comparison 

with standard MR imaging and arthroscopy. American Journal of Roentgenology. 1996; 167(1): 127–132.  

149.  Cibere J, Zhang H, Garnero P, Poole AR, Lobanok T, Saxne T, et al. Association of biomarkers 

with pre-radiographically defined and radiographically defined knee osteoarthritis in a population-based 

study. Arthritis and Rheumatism. 2009; 60(5): 1372–1380.  

150.  Walker-bone K, Javaid K, Arden N, Cooper C, Walker-bone K, Arden N, et al. Regular review: 

medical management of osteoarthritis. British Medical Journal. 2000; 321: 936–940.  

151.  Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI 

recommendations for the management of hip and knee osteoarthritis, Part II: OARSI evidence-based, 

expert consensus guidelines. Osteoarthritis and Cartilage. 2008; 16(2): 137–162.  

152.  Zhang W, Nuki G, Moskowitz RW, Abramson S, Altman RD, Arden NK, et al. OARSI 

recommendations for the management of hip and knee osteoarthritis: part III: Changes in evidence 

following systematic cumulative update of research published through January 2009. Osteoarthritis and 

Cartilage. 2010; 18(4): 476–499.  

153.  Sinusas K. Osteoarthritis: diagnosis and treatment. American Family Physician. 2012; 85(1): 49–

56.  

154.  National Collaborating Centre for Chronic Conditions. Osteoarthritis: national clinical guidelines 

for care and management in adults [Internet]. Consultant. London: Royal College of Physicians; 2008. 

https://www.ncbi.nlm.nih.gov/books/NBK48984/  

155.  Doherty M. Risk factors for progression of knee osteoarthritis. The Lancet. 2001; 358: 775–776.  

156.  Dunlop DD, Song J, Semanik PA, Chang RW, Sharma L, Bathon JM, et al. Objective physical 

activity measurement in the osteoarthritis initiative: Are guidelines being met? Arthritis Rheumatology. 

2011; 63(11): 3372–3382.  



` 

92 
 

157.  Nelson AE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review of 

recommendations and guidelines for the management of osteoarthritis: The chronic osteoarthritis 

management initiative of the U.S. bone and joint initiative. Seminars in Arthritis and Rheumatism. 2014; 

43(6): 701–712.  

158.  Block JA. OA guidelines: improving care or merely codifying practice? Nature Reviews 

Rheumatology. 2014; 10(6): 324–326.  

159.  French SD, Bennell KL, Nicolson PJA, Hodges PW, Dobson FL, Hinman RS. What do people 

with knee or hip osteoarthritis need to know? An international consensus list of essential statements for 

osteoarthritis. Arthritis Care and Research. 2015; 67(6): 809–816.  

160.  Fransen M, McConnell S, Harmer AR, Van Der Esch M, Simic M, Bennell KL. Exercise for 

osteoarthritis of the knee: a Cochrane systematic review. British Journal of Sports Medicine. 2015; 

49(24): 1554–1557.  

161.  Howe TE. Exercise for osteoarthritis of the hip and knee. Annual Review of Gerontology and 

Geriatrics. 2016; 36(1): 155–168.  

162.  Hunter DJ, Eckstein F. Exercise and osteoarthritis. Journal of Anatomy. 2009; 214(2): 197–207.  

163.  Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ, Sevick MA, et al. Exercise and 

dietary weight loss in overweight and obese older adults with knee osteoarthritis: the Arthritis, Diet, and 

Activity Promotion Trial. Arthritis and Rheumatism. 2004; 50(5): 1501–1510.  

164.  Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, Devita P, et al. Effects of intensive diet 

and exercise on knee joint loads, inflammation, and clinical outcomes among overweight and obese 

adults with knee osteoarthritis: the IDEA randomized clinical trial. Journal of the American Medical 

Association. 2013; 310(12): 1263–1273.  

165.  Zhang W, Jones A, Doherty M. Does paracetamol (acetaminophen) reduce the pain of 

osteoarthritis? A meta-analysis of randomised controlled trials. Annals of the Rheumatic Diseases. 2004; 

63(8): 901–907.  



` 

93 
 

166.  Roberts E, Nunes VD, Buckner S, Latchem S, Constanti M, Miller P, et al. Paracetamol: not as 

safe as we thought? A systematic literature review of observational studies. Annals of the Rheumatic 

Diseases. 2016; 75(3): 552–559.  

167.  da Costa BR, Reichenbach S, Keller N, Nartey L, Wandel S, Jüni P, et al. Effectiveness of non-

steroidal anti-inflammatory drugs for the treatment of pain in knee and hip osteoarthritis: a network meta-

analysis. The Lancet. 2017; 390(10090): e21–e33.  

168.  Zeng C, Wei J, Persson MSM, Sarmanova A, Doherty M, Xie D, et al. Relative efficacy and safety 

of topical non-steroidal anti-inflammatory drugs for osteoarthritis: a systematic review and network meta-

analysis of randomised controlled trials and observational studies. British Journal of Sports Medicine. 

2018; 52(10): 642–650.  

169.  Cepeda MS, Camargo F, Zea C, Valencia L. Tramadol for osteoarthritis: a systematic review and 

metaanalysis. The Journal of Rheumatology. 2007; 34(3): 543–555.  

170.  da Costa BR, Nüesch E, Kasteler R, Husni E, Welch V, Rutjes AWS, et al. Oral or transdermal 

opioids for osteoarthritis of the knee or hip. Cochrane Database of Systematic Reviews. 2014;(9): 

CD003115.  

171.  Deveza LA, Hunter DJ, Van Spil WE. Too much opioid, too much harm. Osteoarthritis and 

Cartilage. 2018; 26(3): 293–295.  

172.  Ackerman IN, Zomer E, Gilmartin-Thomas JFM, Liew D. Forecasting the future burden of opioids 

for osteoarthritis. Osteoarthritis and Cartilage. 2018; 26(3): 350–355. 

https://doi.org/10.1016/j.joca.2017.11.001  

173.  Inacio MCS, Cashman K, Pratt NL, Gillam MH, Caughey G, Graves SE, et al. Prevalence and 

changes in analgesic medication utilisation 1 year prior to total joint replacement in an older cohort of 

patients. Osteoarthritis and Cartilage. 2018; 26(3): 356–362.  



` 

94 
 

174.  Jevsevar D, Donnelly P, Ga B, Ds C. Viscosupplementation for osteoarthritis of the knee: a 

systematic review of the evidence. Journal of Bone & Joint Surgery American Volume. 2015; 97(24): 

2047–2060.  

175.  Wang ZY, Shi SY, Li SJ, Chen F, Chen H, Lin HZ, et al. Efficacy and safety of duloxetine on 

osteoarthritis knee pain: a meta-analysis of randomized controlled trials. Pain Medicine (United States). 

2015; 16(7): 1373–1385.  

176.  Wang G, Bi L, Li X, Li Z, Zhao D, Chen J, et al. Efficacy and safety of duloxetine in Chinese 

patients with chronic pain due to osteoarthritis: a randomized, double-blind, placebo-controlled study. 

Osteoarthritis and Cartilage. 2017; 25(6): 832–838.  

177.  Uchio Y, Enomoto H, Ishida M, Tsuji T, Ochiai T, Konno S. Safety and efficacy of duloxetine in 

Japanese patients with chronic knee pain due to osteoarthritis: an open-label, long-term, Phase III 

extension study. Journal of Pain Research. 2018; 11: 1391–1403.  

178.  Jüni P, Nartey L, Reichenbach S, Sterchi R, Dieppe PA, Egger PM. Risk of cardiovascular events 

and rofecoxib: cumulative meta-analysis. Lancet. 2004; 364(9450): 2021–2029.  

179.  Fernández López JC, Ruano-Ravina A. Efficacy and safety of intraarticular hyaluronic acid in the 

treatment of hip osteoarthritis: a systematic review. Osteoarthritis and Cartilage. 2006; 14(12): 1306–

1311.  

180.  van Middelkoop M, Arden NK, Atchia I, Birrell F, Chao J, Rezende MU, et al. The OA Trial Bank: 

meta-analysis of individual patient data from knee and hip osteoarthritis trials show that patients with 

severe pain exhibit greater benefit from intra-articular glucocorticoids. Osteoarthritis and Cartilage. 2016; 

24(7): 1143–1152.  

181.  McAlindon TE, LaValley MP, Harvey WF, Price LL, Driban JB, Zhang M, et al. Effect of intra-

articular triamcinolone vs saline on knee cartilage volume and pain in patients with knee osteoarthritis: a 

randomized clinical trial. Journal of the American Medical Association. 2017; 317(19): 1967–1975.  



` 

95 
 

182.  Katz JN, Earp BE, Gomoll AH. Surgical management of osteoarthritis. Arthritis Care and 

Research. 2010; 62(9): 1220–1228.  

183.  Parker MJ, Pervez H. Surgical approaches for inserting hemiarthroplasty of the hip. Cochrane 

Database of Systematic Reviews. 2002; 2010(1).  

184.  The Health Investigators. Total Hip Arthroplasty or Hemiarthroplasty for Hip Fracture. New 

England Journal of Medicine. 2019; 381(23): 2199–2208.  

185.  Canadian Institute for Health Information. Canadian joint replacement registry: 2019–2020 full 

annual report [Internet]. Ottawa, ON; 2021. https://www.cihi.ca/sites/default/files/document/cjrr-full-annual-

report-2019-2020-en.pdf  

186.  Gwilym SE, Pollard TCB, Carr AJ. Understanding pain in osteoarthritis. The Journal of Bone and 

Joint Surgery - Series B. 2008; 90(3): 280–287.  

187.  Canadian Institute for Health Information. Hip and knee replacements in Canada, 2016-2017 

[Internet]. Canadian Institute for Health Information. 2018. 98 p. https://secure.cihi.ca/free_products/cjrr-

annual-report-2018-en.pdf  

188.  Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al. Estimates of the 

prevalence of arthritis and other rheumatic conditions in the United States, Part II. Arthritis Rheum. 2008; 

58(1): 26–35.  

189.  Loughlin J. Osteoarthritis year 2010 in review: genetics. Osteoarthritis and Cartilage. 2011; 19(4): 

342–345. http://dx.doi.org/10.1016/j.joca.2011.01.020  

190.  Valdes AM, Spector TD. The contribution of genes to osteoarthritis. Rheumatic Disease Clinics of 

North America. 2008; 34(3): 581–603.  

191.  Valdes AM, Spector TD. The genetic epidemiology of osteoarthritis. Current Opinion in 

Rheumatology. 2010; 22(2): 139–143.  

192.  van Meurs JBJ, Uitterlinden AG. Osteoarthritis year 2012 in review: genetics and genomics. 

Osteoarthritis and Cartilage. 2012; 20(12): 1470–1476.  



` 

96 
 

193.  Hunter DJ, Schofield D, Callander E. The individual and socioeconomic impact of osteoarthritis. 

Nature Reviews Rheumatology. 2014; 10(7): 437–441.  

194.  Yu D, Jordan KP, Bedson J, Englund M, Blyth F, Turkiewicz A, et al. Population trends in the 

incidence and initial management of osteoarthritis: Age-period-cohort analysis of the Clinical Practice 

Research Datalink, 1992-2013. Rheumatology (United Kingdom). 2017; 56(11): 1902–1917.  

195.  Kiadaliri AA, Rinaldi G, Lohmander LS, Petersson IF, Englund M. Temporal trend and regional 

disparity in osteoarthritis hospitalisations in Sweden 1998–2015. Scandinavian Journal of Public Health. 

2019; 47(1): 53–60.  

196.  Abhishek A, Doherty M. Diagnosis and clinical presentation of osteoarthritis. Rheumatic Disease 

Clinics of North America. 2013; 39(1): 45–66.  

197.  Osteoarthritis Action Alliance. A national public health agenda for osteoarthritis: 2020 update 

[Internet]. Atlanta, GA; 2020. https://www.cdc.gov/arthritis/docs/oaagenda2020.pdf  

198.  Birtwhistle R, Morkem R, Peat G, Williamson T, Green ME, Khan S, et al. Prevalence and 

management of osteoarthritis in primary care: an epidemiologic cohort study from the Canadian Primary 

Care Sentinel Surveillance Network. Canadian Medical Association Journal. 2015; 3(3): E270–E275.  

199.  Turkiewicz A, De Verdier MG, Engström G, Nilsson PM, Mellström C, Stefan Lohmander L, et al. 

Prevalence of knee pain and knee OA in southern Sweden and the proportion that seeks medical care. 

Rheumatology (Oxford, England). 2014; 54(5): 827–838.  

200.  Thomas E, Peat G, Croft P. Defining and mapping the person with osteoarthritis for population 

studies and public health. Rheumatology (Oxford, England). 2014; 53(2): 338–345.  

201.  Fransen M, Bridgett L, March L, Hoy D, Penserga E BP. The epidemiology of osteoarthritis in 

Asia. International Journal of Rheumatic Diseases. 2011; 14(2): 113–121.  

202.  Kim C, Linsenmeyer KD, Vlad S, Guermazi A, Clancy MM, Jingbo N, et al. Prevalence of 

radiographic and symptomatic hip osteoarthritis in an urban United States community: the Framingham 

osteoarthritis study. Arthritis & Rheumatology. 2014; 49(18): 1841–1850.  



` 

97 
 

203.  Quintana JM, Arostegui I, Escobar A, Azkarate J, Goenaga JI, Lafuente I. Prevalence of knee 

and hip osteoarthritis and the appropriateness of joint replacement in an older population. Archives of 

Internal Medicine. 2008; 168(14): 1576–1584.  

204.  Australian Bureau of Statistics. National Health Survey: first results [Internet]. Canberra: ABS. 

2015. https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4364.0.55.001Main+Features12014-

15?OpenDocument=  

205.  Kang X, Fransen M, Zhang Y, Li H, Ke Y, Lu M, et al. The high prevalence of knee osteoarthritis 

in a rural Chinese population: the Wuchuan osteoarthritis study. Arthritis Care and Research. 2009; 61(5): 

641–647.  

206.  Picavet HSJ, Hazes JMW. Prevalence of self reported musculoskeletal diseases is high. Annals 

of the Rheumatic Diseases. 2003; 62: 644–650.  

207.  Kingsbury SR, Gross HJ, Isherwood G, Conaghan PG. Osteoarthritis in Europe: impact on health 

status, work productivity and use of pharmacotherapies in five European countries. Rheumatology 

(Oxford, England). 2014; 53(5): 937–947.  

208.  Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability 

(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis for the Global 

Burden of Disease Study 2010. The Lancet. 2012; 380(9859): 2163–2196.  

209.  Dibonaventura MD, Gupta S, McDonald M, Sadosky A. Evaluating the health and economic 

impact of osteoarthritis pain in the workforce: results from the National Health and Wellness Survey. 

BioMed Central Musculoskeletal Disorders. 2011; 12(1): 83.  

210.  Kotlarz H, Gunnarsson CL, Fang H, Rizzo JA. Osteoarthritis and absenteeism costs: evidence 

from US National Survey Data. Journal of Occupational and Environmental Medicine. 2010; 52(3): 263–

268.  

211.  Chen A, Gupte C, Akhtar K, Smith P, Cobb J. The global economic cost of osteoarthritis: how the 

UK compares. Arthritis. 2012; 2012: 698709.  



` 

98 
 

212.  Xie F, Thumboo J, Li SC. True difference or something else? Problems in cost of osteoarthritis 

studies. Seminars in Arthritis and Rheumatism. 2007; 37(2): 127–132.  

213.  Culliford DJ, Maskell J, Beard DJ, Murray DW, Price AJ, Arden NK. Temporal trends in hip and 

knee replacement in the United Kingdom: 1991 to 2006. Journal of Bone and Joint Surgery - Series B. 

2010; 92(1): 130–135.  

214.  Hunter DJ, Bowden JL. Therapy: Are you managing osteoarthritis appropriately? Nature Reviews 

Rheumatology. 2017; 13(12): 703–704.  

215.  Rosemann T, Joos S, Szecsenyi J, Laux G, Wensing M. Health service utilization patterns of 

primary care patients with osteoarthritis. BioMed Central Health Services Research. 2007; 7: 169.  

216.  Kim KW, Han JW, Cho HJ, Chang CB, Park JH, Lee JJ, et al. Association between comorbid 

depression and osteoarthritis symptom severity in patients with knee osteoarthritis. Journal of Bone and 

Joint Surgery. 2011; 93(6): 556–563.  

217.  Kadam UT, Jordan K. Clinical comorbidity in patients with osteoarthritis: a case-control study of 

general practice consulters in England and Wales. Annals of Rheumatic Disease. 2004; 63(4): 408–414.  

218.  Hochberg MC. Mortality in osteoarthritis. Clinical and experimental rheumatology. 2008; 26(5 

Suppl 51): S120-124.  

219.  Haara MM, Manninen P, Kröger H, Arokoski JPA, Kärkkäinen A, Knekt P, et al. Osteoarthritis of 

finger joints in Finns aged 30 or over: prevalence, determinants, and association with mortality. Annals of 

the Rheumatic Diseases. 2003; 62(2): 151–158.  

220.  Kumar N, Marshall NJ, Hammal DM, Pearce MS, Parker L, Furniss SS, et al. Causes of death in 

patients with rheumatoid arthritis: comparison with siblings and matched osteoarthritis controls. The 

Journal of Rheumatology. 2007; 34(8): 1695–1698.  

221.  Robertsson O, Stefánsdóttir A, Lidgren L, Ranstam J. Increased long-term mortality in patients 

less than 55 years old who have undergone knee replacement for osteoarthritis: results from the Swedish 

Knee Arthroplasty Register. The Journal of Bone and Joint Surgery British. 2007; 89(5): 599–603.  



` 

99 
 

222.  Watson DJ, Rhodes T, Guess HA. All-cause mortality and vascular events among patients with 

rheumatoid arthritis, osteoarthritis, or no arthritis in the UK General Practice Research Database. The 

Journal of Rheumatology. 2003 Jun; 30(6): 1196–1202.  

223.  Monson RR, Hall AP. Mortality among arthritics. Journal of Chronic Diseases. 1976; 29(7): 459–

467.  

224.  Cerhan JR, Wallace RB, El-Khoury GY, Moore TE, Long CR. Decreased survival with increasing 

prevalence of full-body, radiographically defined osteoarthritis in women. American Journal of 

Epidemiology. 1995 Feb; 141(3): 225–234.  

225.  Cleveland RJ, Alvarez C, Schwartz TA, Losina E, Renner JB, Jordan JM, et al. The impact of 

painful knee osteoarthritis on mortality: a community-based cohort study with over 24 years of follow-up. 

Osteoarthritis and Cartilage. 2019; 27(4): 593–602.  

226.  Nüesch E, Dieppe P, Reichenbach S, Williams S, Iff S, Jüni P. All cause and disease specific 

mortality in patients with knee or hip osteoarthritis: population based cohort study. British Medical Journal. 

2011; 342(7798): 638.  

227.  Suri P, Morgenroth DC, Hunter DJ. Epidemiology of osteoarthritis and associated comorbidities. 

Physical Medicine and Rehabilitation. 2012; 4(5 SUPPL.): S10–S19. 

http://dx.doi.org/10.1016/j.pmrj.2012.01.007  

228.  Chaganti RK, Lane NE. Risk factors for incident osteoarthritis of the hip and knee. Current 

Reviews in Musculoskeletal Medicine. 2011; 4(3): 99–104.  

229.  Sellam J, Berenbaum F. The role of synovitis in pathophysiology and clinical symptoms of 

osteoarthritis. Nature Reviews Rheumatology. 2010; 6(11): 625–635.  

230.  Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Practice and Research: Clinical 

Rheumatology. 2014; 28(1): 5–15.  

231.  Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis of osteoarthritis. Nature 

Reviews Rheumatology. 2016; 12(7): 412–420.  



` 

100 
 

232.  Blagojevic M, Jinks C, Jeffery A, Jordan KP. Risk factors for onset of osteoarthritis of the knee in 

older adults: a systematic review and meta-analysis. Osteoarthritis and Cartilage. 2010; 18(1): 24–33. 

http://dx.doi.org/10.1016/j.joca.2009.08.010  

233.  Lievense AM, Bierma-Zeinstra SMA, Verhagen AP, Verhaar JAN, Koes BW. Prognostic factors of 

progress of hip osteoarthritis: a systematic review. Arthritis Care and Research. 2002; 47(5): 556–562.  

234.  Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of hip 

symptoms and radiographic and symptomatic hip osteoarthritis in African-Americans and Caucasians: 

The Johnston County Osteoarthritis Project. Journal of Rheumatology. 2009; 36(4): 809–815.  

235.  Haugen IK, Englund M, Aliabadi P, Niu J, Clancy M, Tore K, et al. Prevalence, incidence and 

progression of hand osteoarthritis in the general population: the Framingham Osteoarthritis Study. Annals 

of the Rheumatic Diseases. 2011; 70(9): 1581–1586.  

236.  Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of knee 

symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and Caucasians: 

the Johnston County Osteoarthritis Project. Journal of Rheumatology. 2007; 34(1): 172–180.  

237.  Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of knee 

symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and Caucasians: 

The Johnston County osteoarthritis project. Journal of Rheumatology. 2007; 34(1): 172–180.  

238.  Wluka AE, Cicuttini FM, Spector TD. Menopause, oestrogens and arthritis. Maturitas. 2000; 

35(3): 183–199.  

239.  Hannan MT, Felson DT, Anderson JJ, Naimark A, Kannel WB. Estrogen use and radiographic 

osteoarthritis of the knee in women. The Framingham Osteoarthritis Study. Arthritis and Rheumatism. 

1990; 33(4): 525–532.  

240.  Hanna FS, Wluka AE, Bell RJ, Davis SR, Cicuttini FM. Osteoarthritis and the postmenopausal 

woman: epidemiological, magnetic resonance imaging, and radiological findings. Seminars in Arthritis and 

Rheumatism. 2004; 34(3): 631–636.  



` 

101 
 

241.  Nevitt MC, Felson DT, Williams EN, Grady D. The effect of estrogen plus progestin on knee 

symptoms and related disability in postmenopausal women: the heart and estrogen/progestin 

replacement study, a randomized, double-blind, placebo-controlled trial. Arthritis and Rheumatism. 2001; 

44(4): 811–818.  

242.  Dominick K, Baker T. Racial and ethnic differences in osteoarthritis: prevalence, outcomes, and 

medical care. Ethnicity and Disease. 2004; 14(4): 558–566.  

243.  Dillon CF, Rasch EK, Gu Q, Hirsch R. Prevalence of knee osteoarthritis in the United States: 

arthritis data from the Third National Health and Nutrition Examination Survey 1991-94. Journal of 

Rheumatology. 2006; 33(11): 2271–2279.  

244.  Kopec JA, Sayre EC, Schwartz TA, Renner JB, Helmick CG, Badley EM et al. Occurrence of 

radiographic osteoarthritis of the knee and hip among African Americans and whites: a population-based 

prospective cohort study. Arthritis Care Research. 2013; 65(6): 928–935.  

245.  Zhang Y, Xu L, Nevitt MC, Niu J, Goggins JP, Aliabadi P, et al. Lower prevalence of hand 

osteoarthritis among Chinese subjects in Beijing compared with white subjects in the United States: The 

Beijing osteoarthritis study. Arthritis and Rheumatism. 2003; 48(4): 1034–1040.  

246.  Callahan LF, Cleveland RJ, Allen KD, Golightly YM. Racial/ethnic, socioeconomic and geographic 

disparities in the epidemiology of knee and hip osteoarthritis. Rheumatic Diseases Clinics North America. 

2021; 47(1): 1–20.  

247.  Jensen LK. Hip osteoarthritis: influence of work with heavy lifting, climbing stairs or ladders, or 

combining kneeling/squatting with heavy lifting. Occupational and Environmental Medicine. 2008; 65(1): 

6–19.  

248.  Voaklander DC, Kelly KD, Rowe BH, Schopflocher DP, Svenson L, Yiannakoulias N, et al. Pain, 

medication, and injury in older farmers. American Journal of Industrial Medicine. 2006; 49(5): 374–382.  



` 

102 
 

249.  McMillan M, Trask C, Dosman J, Hagel L, Pickett W, for the Saskatchewan Farm Injury Cohort 

Study Team. Prevalence of musculoskeletal disorders among Saskatchewan farmers. Journal of 

Agromedicine. 2015; 20(3): 292–301.  

250.  Rossignol M, Leclerc A, Allaert FA, Rozenberg S, Valat JP, Avouac B, et al. Primary osteoarthritis 

of hip, knee, and hand in relation to occupational exposure. Occupational and Environmental Medicine. 

2005; 62(11): 772–777.  

251.  Fontana L, Neel S, Claise JM, Ughetto S, Catilina P. Osteoarthritis of the thumb carpometacarpal 

joint in women and occupational risk factors: a case-control study. The Journal of Hand Surgery. 2007 

Apr; 32(4): 459–465.  

252.  Juhakoski R, Heliövaara M, Impivaara O, Kröger H, Knekt P, Lauren H, et al. Risk factors for the 

development of hip osteoarthritis: a population-based prospective study. Rheumatology. 2009; 48(1): 83–

87.  

253.  Videman T, Nurminen M, Troup JD. 1990 Volvo Award in clinical sciences. Lumbar spinal 

pathology in cadaveric material in relation to history of back pain, occupation, and physical loading. 

Spine. 1990 Aug; 15(8): 728–740.  

254.  Kellgren JH, Lawrence JS. Rheumatism in miners. II. X-ray study. British journal of industrial 

medicine. 1952 Jul; 9(3): 197–207.  

255.  McAlindon TE, Wilson PWF, Aliabadi P, Weissman B, Felson DT. Level of physical activity and 

the risk of radiographic and symptomatic knee osteoarthritis in the elderly: The Framingham study. 

American Journal of Medicine. 1999; 106(2): 151–157.  

256.  Coggon D, Croft P, Kellingray S, Barrett D, McLaren M, Cooper C. Occupational physical 

activities and osteoarthritis of the knee. Arthritis and Rheumatism. 2000; 43(7): 1443–1449.  

257.  Holmberg S, Thelin A, Thelin N. Is there an increased risk of knee osteoarthritis among farmers? 

A population-based case-control study. International Archives of Occupational and Environmental Health. 

2004; 77(5): 345–350.  



` 

103 
 

258.  WHO. Obesity and overweight [Internet]. 2021. https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight  

259.  Ong T, Sahota O, Tan W, Marshall L. A United Kingdom perspective on the relationship between 

body mass index (BMI) and bone health: A cross sectional analysis of data from the Nottingham Fracture 

Liaison Service. Bone. 2014; 59: 207–210.  

260.  O’Neill M, Kornas K, Rosella L. The future burden of obesity in Canada: a modelling study. 

Canadian Journal of Public Health. 2019 Dec; 110(6): 768–778.  

261.  Teichtahl A, Wluka A, Tanamas S, Wang Y, Strauss B, Proietto J, et al. Weight change and 

change in tibial cartilage volume and symptoms in obese adults. Annals of the Rheumatic Diseases. 

2015; 74(6): 1024–1029. http://dx.doi.org/10.1016/j.joca.2014.02.660  

262.  Apold H, Meyer HE, Nordsletten L, Furnes O, Baste V, Flugsrud GB. Weight gain and the risk of 

knee replacement due to primary osteoarthritis: a population based, prospective cohort study of 225,908 

individuals. Osteoarthritis and Cartilage. 2014; 22(5): 652–658. 

http://dx.doi.org/10.1016/j.joca.2014.03.002  

263.  Franklin J, Ingvarsson T, Englund M, Lohmander LS. Sex differences in the association between 

body mass index and total hip or knee joint replacement resulting from osteoarthritis. Annals of the 

Rheumatic Diseases. 2009; 68(4): 536–540.  

264.  Wendelboe AM, Hegmann KT, Biggs JJ, Cox CM, Portmann AJ, Gildea JH, et al. Relationships 

between body mass indices and surgical replacements of knee and hip joints. American Journal of 

Preventive Medicine. 2003; 25(4): 290–295.  

265.  Van Spil WE, Kubassova O, Boesen M, Bay-Jensen AC, Mobasheri A. Osteoarthritis phenotypes 

and novel therapeutic targets. Biochemical Pharmacology. 2019; 165: 41–48. 

https://doi.org/10.1016/j.bcp.2019.02.037  



` 

104 
 

266.  Karsdal MA, Christiansen C, Ladel C, Henriksen K, Kraus VB, Bay-Jensen AC. Osteoarthritis - a 

case for personalized health care? Osteoarthritis and Cartilage. 2014; 22(1): 7–16. 

http://dx.doi.org/10.1016/j.joca.2013.10.018  

267.  Bravatà V, Minafra L, Forte GI, Cammarata FP, Saporito M, Boniforti F, et al. DVWA gene 

polymorphisms and osteoarthritis. BioMed Central Research Notes. 2015; 8: 1–9.  

268.  Ren K, Ruan Y, Tang J, Jiang X, Sun H, Nong L, et al. Association of ADAM12 gene 

polymorphisms with knee osteoarthritis susceptibility. Oncotarget. 2017; 8(44): 77710–77721.  

269.  Spector TD, Cicuttini F, Baker J, Loughlin J, Hart D. Genetic influences on osteoarthritis in 

women: a twin study. British Medical Journal. 1996; 312(7036): 940–943.  

270.  Deveza LA, Nelson AE, Loeser RF, North R, Hospital S, Hill C, et al. Phenotypes of osteoarthritis 

- current state and future implications. Clinical and Experimental Rheumatology. 2019; 37(5): 64–72.  

271.  Mobasheri A, Saarakkala S, Finnilä M, Karsdal MA, Bay-Jensen AC, van Spil WE. Recent 

advances in understanding the phenotypes of osteoarthritis. F1000Research. 2019; 8: 1–11.  

272.  Tanamas SK, Wijethilake P, Wluka AE, Davies-Tuck ML, Urquhart DM, Wang Y, et al. Sex 

hormones and structural changes in osteoarthritis: a systematic review. Maturitas. 2011; 69(2): 141–156. 

http://dx.doi.org/10.1016/j.maturitas.2011.03.019  

273.  Mobasheri A, Rayman MP, Gualillo O, Sellam J, Van Der Kraan P, Fearon U. The role of 

metabolism in the pathogenesis of osteoarthritis. Nature Reviews Rheumatology. 2017; 13(5): 302–311. 

http://dx.doi.org/10.1038/nrrheum.2017.50  

274.  Selig M, Lauer JC, Hart ML, Rolauffs B. Mechanotransduction and stiffness-sensing: mechanisms 

and opportunities to control multiple molecular aspects of cell phenotype as a design cornerstone of cell-

instructive biomaterials for articular cartilage repair. International Journal of Molecular Sciences. 2020; 

21(15): 1–42.  



` 

105 
 

275.  Tran G, Smith TO, Grice A, Kingsbury SR, Mccrory P, Conaghan PG. Does sports participation 

(including level of performance and previous injury) increase risk of osteoarthritis? a systematic review 

and meta-analysis. British Journal of Sports Medicine J. 2016; 50(23): 1459–1466.  

276.  Timmins KA, Leech RD, Batt ME, Edwards KL. Running and knee osteoarthritis: a systematic 

review and meta-analysis. The American Journal of Sports Medicine. 2016; 45(6): 1447–1457.  

277.  Felson DT, Niu J, Clancy M, Sack B, Aliabadi P. Effect of recreational physical activities on the 

development of knee osteoarthritis in older adults of different weights: the Framingham Study. Arthritis 

Care & Research. 2007; 57(1): 6–12.  

278.  Hart DJ, Doyle D V, Spector TD. Incidence and risk factors for radiographic knee osteoarthritis in 

middle‐aged women: the Chingford Study. Arthritis & Rheumatism. 1999; 42(1): 17–24.  

279.  Voinier D, White DK. Walking, running, and recreational sports for knee osteoarthritis: an 

overview of the evidence. European Journal of Rheumatology. 2022 Aug;  

280.  Garfinkel RJ, Dilisio MF, Agrawal DK. Vitamin D and its effects on articular cartilage and 

osteoarthritis. Orthopaedic Journal of Sports Medicine. 2017; 5(6): 2325967117711376.  

281.  Bergink AP, Uitterlinden AG, Van Leeuwen JPTM, Buurman CJ, Hofman A, Verhaar JAN, et al. 

Vitamin D status, bone mineral density, and the development of radiographic osteoarthritis of the knee: 

The Rotterdam study. Journal of Clinical Rheumatology. 2009; 15(5): 230–237.  

282.  Neogi T, Felson DT, Sarno R, Booth SL. Vitamin K in hand osteoarthritis: results from a 

randomised clinical trial. Annals of the Rheumatic Diseases. 2008; 67(11): 1570–1573.  

283.  Oka H, Akune T, Muraki S, En-yo Y, Yoshida M, Saika A, et al. Association of low dietary vitamin 

K intake with radiographic knee osteoarthritis in the Japanese elderly population: dietary survey in a 

population-based cohort of the ROAD study. Journal of Orthopaedic Science. 2009 Nov; 14(6): 687–692. 

https://linkinghub.elsevier.com/retrieve/pii/S0949265815320406  

284.  Peregoy J, Wilder FV. The effects of vitamin C supplementation on incident and progressive knee 

osteoarthritis: a longitudinal study. Public Health Nutrition. 2011; 14(4): 709–715.  



` 

106 
 

285.  McAlindon TE, Jacques P, Zhang Y, Hannan MT, Aliabadi P, Weissman B, et al. Do antioxidant 

micronutrients protect against the development and progression of knee osteoarthritis? Arthritis & 

Rheumatism. 1996; 39(4): 648–656.  

286.  Hui M, Doherty M, Zhang W. Does smoking protect against osteoarthritis? Meta-analysis of 

observational studies. Annals of the Rheumatic Diseases. 2011; 70(7): 1231–1237.  

287.  Riccardo C, Fabio C, Pietro R. Knee osteoarthritis after reconstruction of isolated anterior cruciate 

ligament injuries: a systematic literature review. Joints. 2017; 5(1): 39–43.  

288.  Gelber AC, Hochberg MC, Mead LA, Wang N yuh, Wigley FM. Joint injury in young adults and 

risk for subsequent knee and hip osteoarthritis. Annals of Internal Medicine. 2000; 133(5): 321–328.  

289.  Lane NE, Lin P, Christiansen L, Gore LR, Williams EN, Hochberg MC, et al. Association of mild 

acetabular dysplasia with an increased risk of incident hip osteoarthritis in elderly white women: the study 

of osteoporotic fractures. Arthritis& Rheumatism. 2000; 43(2): 400–404.  

290.  Doherty M, Courtney P, Doherty S, Jenkins W, Maciewicz RA, Muir K, et al. Nonspherical femoral 

head shape (pistol grip deformity), neck shaft angle, and risk of hip osteoarthritis: a case-control study. 

Arthritis & Rheumatism. 2008; 58(10): 3172–3182.  

291.  Slemenda C, Heilman DK, Brandt KD, Katz BP, Mazzuca SA, Braunstein EM, et al. Reduced 

quadriceps strength relative to body weight: a risk factor for knee osteoarthritis in women? Arthritis & 

Rheumatism. 1998; 41(11): 1951–1959.  

292.  Segal NA, Torner JC, Felson D, Niu J, Sharma L, Lewis CE, et al. Effect of thigh strength on 

incident radiographic and symptomatic knee osteoarthritis in a longitudinal cohort. Arthritis Care & 

Research. 2009; 61(9): 1210–1217.  

293.  Sharma L, Song J, Dunlop D, Felson D, Lewis CE, Segal N, et al. Varus and valgus alignment 

and incident and progressive knee osteoarthritis. Annals of Rheumatic Disease. 2010; 69(11): 1940–

1945.  



` 

107 
 

294.  Tanamas S, Hanna FS, Cicuttini FM, Wluka AE, Berry P, Urquhart DM, et al. Does knee 

malalignment increase the risk of development and progression of knee osteoarthritis? A systematic 

review. Arthritis Care & Research. 2009; 61(4): 459–467.  

295.  Hunter DJ, Niu J, Felson DT, Harvey WF, Gross KD, Mccree P, et al. Knee alignment does not 

predict incident osteoarthritis: the Framingham Osteoarthritis Study. Arthritis & Rheumatism. 2007; 56(4): 

1212–1218.  

296.  Guillemin F, Rat AC, Roux CH, Fautrel B, Mazieres B, Chevalier X, et al. The KHOALA cohort of 

knee and hip osteoarthritis in France. Joint Bone Spine. 2012; 79(6): 597–603.  

297.  Marks R, Allegrante JP. Comorbid disease profiles of adults with end-stage hip osteoarthritis. 

Medical Science Monitor. 2002 Apr; 8(4): CR305–CR309.  

298.  Calders P, Van Ginckel A. Presence of comorbidities and prognosis of clinical symptoms in knee 

and/or hip osteoarthritis: a systematic review and meta-analysis. Seminars in Arthritis and Rheumatism. 

2018; 47(6): 805–813. https://doi.org/10.1016/j.semarthrit.2017.10.016  

299.  Marshall DA, Liu X, Barnabe C, Yee K, Faris PD, Barber C, et al. Existing comorbidities in people 

with osteoarthritis: a retrospective analysis of a population-based cohort in Alberta, Canada. British 

Medical Journal. 2019; 9(11): e033334.  

300.  Busija L, Bridgett L, Williams SRM, Osborne RH, Buchbinder R, March L, et al. Osteoarthritis. 

Best Practice and Research: Clinical Rheumatology. 2010; 24(6): 757–768.  

301.  Grotle M, Hagen KB, Natvig B, Dahl FA, Kvien TK. Prevalence and burden of osteoarthritis: 

results from a population survey in Norway. The Journal of Rheumatology. 2008; 35(4): 677–684.  

302.  Ong KL, Wu BJ, Cheung BMY, Barter PJ, Rye KA. Arthritis: its prevalence, risk factors, and 

association with cardiovascular diseases in the United States, 1999 to 2008. Annals of Epidemiology. 

2013; 23(2): 80–86.  



` 

108 
 

303.  Badley EM, Wilfong JM, Chan CH, Canizares M, Perruccio Anthony V. I don’t know what type of 

arthritis I have: a population-based comparison of people with arthritis who knew their specific type and 

those who didn’t. PLoS ONE. 2022; 17(6): e0270029. http://dx.doi.org/10.1371/journal.pone.0270029  

304.  Wilkins K. Incident arthritis in relation to excess weight. Health Reports. 2004; 15(1): 39–49.  

305.  Osberg TM. Self‐report reconsidered: a further look at its advantages as an assessment 

technique. Journal of Counseling & Development. 1989; 68(1): 111–113.  

306.  McDonald JD. Measuring personality constructs: the advantages and disadvantages of self-

reports, informant reports and behavioural assessments. Enquire. 2008; 1(1): 75–94.  

307.  O’Malley KJ, Cook KF, Price MD, Wildes KR, Hurdle JF, Ashton CM. Measuring diagnoses: ICD 

code accuracy. Health Services Research. 2005; 40(5p2): 1620–1639.  

308.  Rosecrance J, Rodgers G, Merlino L. Low back pain and musculoskeletal symptoms among 

Kansas farmers. American Journal of Industrial Medicine. 2006; 49(7): 547–556.  

309.  Hawker GA, Guan J, Croxford R, Coyte PC, Glazier RH, Harvey BJ, et al. A prospective 

population-based study of the predictors of undergoing total joint arthroplasty. Arthritis and Rheumatism. 

2006; 54(10): 3212–3220.  

310.  Heaton K, Azuero A, Phillips J, Pickens H, Reed D. The effects of arthritis, mobility, and farm task 

on injury among older farmers. Nursing (Auckl). 2012; 10(2): 9–16.  

311.  Harrold LR, Yood RA, Andrade SE, Reed JI, Cernieux J, Straus W, et al. Evaluating the 

predictive value of osteoarthritis diagnoses in an administrative database. Arthritis and Rheumatism. 2000 

Aug; 43(8): 1881–1885.  

312.  Lix LM, Yogendran MS, Shaw SY, Burchill C, Metge C, Bond R. Population-based data sources 

for chronic disease surveillance. Chronic Diseases in Canada. 2008; 29(1): 31–38.  

313.  WHO. Maintaining essential health services: operational guidance for the COVID-19 context 

[Internet]. Vol. 1, World Health Organization. 2020. 

https://apps.who.int/iris/rest/bitstreams/1279080/retrieve  



` 

109 
 

314.  Ha J, Wong J, Khodja M. A profile of businesses in rural Canada, 2020 [Internet]. 

https://www150.statcan.gc.ca/n1/en/pub/21-006-x/21-006-x2023001-eng.pdf?st=YYTPOmtA  

315.  Guralnik JM, Kritchevsky SB. Translating research to promote healthy aging: the complementary 

role of longitudinal studies and clinical trials. Journal of the American Geriatrics Society. 2010; 58(SUPPL. 

2): S337–S342.  

316.  Pong RW. Geographic distribution of physicians in Canada [Internet]. Ottawa (ON): Canadian 

Institute for Health Information. 2005. https://policycommons.net/artifacts/1217386/geographic-

distribution-of-physicians-in-canada/1770484/  

317.  Pandey M, Kamrul R, Michaels CR, McCarron M. Identifying barriers to healthcare access for 

new immigrants: a qualitative study in Regina, Saskatchewan, Canada. Journal of Immigrant and Minority 

Health. 2022; 24(1): 188–198.  

318.  Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM 

administrative databases. Journal of Clinical Epidemiology. 1992; 45(6): 613–619.  

319.  Halfon P, Eggli Y, Van Melle G, Chevalier J, Wasserfallen JB, Burnand B. Measuring potentially 

avoidable hospital readmissions. Journal of Clinical Epidemiology. 2002; 55(6): 573–587.  

320.  Quan H, Sundararajan V, Halfon P, Fong A. Coding algorithms for defining comorbidities in ICD-

9-CM and ICD-10 administrative data. Medical Care. 2005; 43(11): 1130–1139.  

321.  Li B, Evans D, Faris P, Dean S, Quan H. Risk adjustment performance of Charlson and 

Elixhauser comorbidities in ICD-9 and ICD-10 administrative databases. BioMed Central Health Services 

Research. 2008; 8: 12.  

322.  Jacobs, P., Yim R. Using Canadian administrative databases to derive economic data for health 

technology assessment [Internet]. Ottawa: Canadian Agency for Drugs and Technologies in Health; 2009. 

https://www.cadth.ca/sites/default/files/pdf/H0483_Canadian_Admin_Databases_mg_e.pdf  

323.  Iglehart JK. Revisiting the Canadian health care system. The New England Journal of Medicine. 

2000; 342(26): 2007–2012.  



` 

110 
 

324.  Romano PS. Can administrative data be used to compare the quality of health care? Medical 

Care Review. 1993; 50(4): 451–477.  

325.  Improving Health Care Data in Ontario. ICES investigative report. [Internet]. Sciences-New York. 

Toronto: Institute for Clinical Evaluative Sciences; 2005. https://www.ices.on.ca/flip-publication/improving-

health-care-data/files/assets/basic-html/page1.html  

  

 



` 

111 
 

Appendices 

Appendix A - Charlson Comorbidity Index 

The CCI is a tool that uses the International Classification of Diseases (ICD) diagnosis codes 

from administrative data, such as hospital abstract data, to classify a patient's comorbidities. It comprises 

19 comorbidity categories, each assigned a weight ranging from 1 to 6 based on the associated risk of 

mortality or resource utilization. The patient's total comorbidity score is calculated by adding up the 

weights of all comorbidity categories present, with a score of zero indicating no comorbidities identified. A 

higher score indicates an increased probability that the anticipated result will involve elevated usage of 

resources or mortality. It should be noted that the index used in research studies has evolved over time. 

Appendix Table A-1 shows the list of some of the significant historical changes in the CCI. 

Appendix Table A-1 Historical perspectives of the Charlson comorbidity index (CCI) 

Study Year Results 

Charlson et 

al.,[22] 
1987 

19 categories of comorbidity were identified, and weights were developed for 

each category based on the adjusted relative risk of one-year mortality. 

Deyo et al.,[318] 1992 

Corresponding ICD, 9, CM diagnosis, and procedure codes for each category 

of the CCI were assigned. Moreover, 19 categories decreased to 17 categories 

by combining "leukemia" and "lymphomas" in the "any malignancy" category. 

Romano et 

al.,[23] 
1993 

The list of ICD codes developed by Deyo was compared with Dartmouth, 

Manitoba codes 

Halfon et 

al.,[319] 
2002 

The ICD, 9, CM diagnosis codes from the Deyo adaptation of the CCI were 

translated into ICD, 10, codes 

Quan et al.,[320] 2005 

A multistep process to develop ICD, 10 coding algorithms to define Charlson 

and Elixhauser comorbidities in administrative data was conducted and Deyo's 

coding algorithm was enhanced. 

Li et al.,[321] 2008 
The performance of the CCI and the Elixhauser Comorbidity Index using ICD, 

10 coding systems were assessed and no differences were found. 
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Appendix B - Health Administrative Data 

A health administrative database is a desirable data source for population, based research, and 

surveillance. These extensive administrative health databases are increasingly being used to inform 

clinical practice, epidemiological research, and health policy decisions. Studying treatment of disease, 

actual disease patterns, disease treatments, differences in access and care quality, costs of care[322], 

and the efficacy of care are some fields that administrative health data used.  

Alberta Health Administrative Data 

One of the main aims of the health system of Canada is to provide universal coverage for 

inpatient and outpatient services without copayments or other patient charges via provincial health 

insurance. Even though there are health administrative statistics for every Canadian, the provinces are 

responsible for the country's health care system. Apart from federally financed hospitals, where the 

Canadian Institute for Health Information (CIHI) is in charge of managing the collection of hospitalization 

data and the distribution of data back to the provinces, therefore each province is the data custodian of its 

administrative data[323]. 

Alberta's Health Information Act (HIA) permits the disclosure of personally identifiable health 

information with or without the consent of an individual. An exclusive encrypted PHN will be used to link 

individual healthcare encounter details of Alberta citizens enrolled under the AHCIP and maintained in 

Alberta health administrative systems. For this study, six administrative datasets will be used for the 

analyses of individual encounters with the Alberta health care system. 

Strengths and Limitations of the Health Administrative Data 

The health administrative data is one of the largest primary care datasets which includes 

information on Physician claims, prescriptions, hospitalization, outpatient care, and demographic data. 

The database's main strengths are covering the entire population and containing longitudinal data, 

allowing researchers to study disease associations and outcomes. Moreover, the databases are relatively 

inexpensive to access and analyze and available in all provinces and territories. Even though 
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administrative statistics is a reliable source of population, based data, the databases were created for 

administrative rather than secondary research reasons[324]. 

The completeness of the data on every patient with missing values for various lifestyle 

characteristics is one of the main drawbacks of administrative data. Information on socioeconomic data, 

such as occupation and employment, is generally limited. The absence of lifestyle influences is significant 

from the point of view of epidemiological studies. Also, it’s possible that information that is not relevant to 

hospital or physician compensation will not be given or documented correctly. Due to the lack of 

incentives for physicians to accurately code diagnoses, the accuracy of physicians' diagnosis coding can 

be a problem[325].  
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Appendix C – Tables and Figures 

 

 

 

 

 Appendix Figure 1 The data reduction fellow chart after applying the inclusion and exclusion criteria. 
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Appendix Figure 2 Selection of the study population for incidence: circle (inactive), triangle (active), diamond 

(diagnosis date), and square (loss to follow up because of death, move, or other reasons) 

  



` 

116 
 

 

 

 

 

 

Appendix Table 1 Selection criteria for incidence based on the dates in the datasets. 

  

 

 

 

 

 

  

Case 
Inclusion in 
Numerator 

Inclusion in 
Denominator 

Incidence 
(2001-2002) 

1 No Yes Yes 

2 No No No 

3 No No No 

4 No No No 

5 No Yes Yes 

6 Yes Yes Yes 
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Appendix Table 2 Frequency of the population active in the study categorized on a 5-year scale 

Years in Study 
Total 
n (%) 

Farm 
n (%) 

Rural 
n (%) 

Urban 
n (%) 

 
1- 5 82282 (21.67) 22042 (16.63) 35197 (29.29) 25043 (19.7)  

6- 10 53094 (13.98) 19374 (14.62) 19345 (16.1) 14375 (11.31)  

11- 15 47121 (12.41) 15043 (11.35) 13428 (11.18) 18650 (14.67)  

16- 20 38066 (10.02) 13982 (10.55) 11167 (9.29) 12917 (10.16)  

The Whole Study 159221 (41.92) 62082 (46.85) 41023 (34.14) 56116 (44.15)  
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Appendix Figure 3 The age-specific overall osteoarthritis (OA) incidence from fiscal years 2000-2001 through 2020-
2021 for farm, rural, and urban cohorts 
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Appendix Table 3 The overall rural-to-urban and farm-to-urban Osteoarthritis (OA) Incidence Rate Ratio (IRR) from 
2001 to 2021 

IRR (95 % CI) 

Age 
Farm to Urban Rural to Urban 

Male  Female Total Male Female Total 

All 1.29 (1.26-1.32) 1.14 (1.11-1.17) 1.19 (1.17-1.21) 1.17 (1.14-1.2) 1.07 (1.04-1.1) 1.11 (1.09-1.13) 

20-39 0.94 (0.88-1) 0.92 (0.86-0.98) 0.92 (0.88-0.96) 1.15 (1.08-1.23) 1.11 (1.05-1.18) 1.13 (1.08-1.18) 

40-49 1.1 (1.04-1.16) 1.06 (1.01-1.11) 1.07 (1.03-1.11) 1.11 (1.05-1.18) 1.01 (0.96-1.06) 1.05 (1.01-1.09) 

50-59 1.19 (1.13-1.26) 1.04 (0.99-1.09) 1.1 (1.06-1.14) 1.15 (1.08-1.22) 1.01 (0.95-1.07) 1.07 (1.03-1.12) 

60-69 1.2 (1.13-1.28) 1.03 (0.97-1.09) 1.08 (1.04-1.13) 1.13 (1.05-1.22) 1.04 (0.97-1.11) 1.07 (1.02-1.12) 

70-79 1.07 (0.99-1.16) 1.03 (0.96-1.11) 1.01 (0.96-1.06) 1.12 (1.03-1.22) 1.04 (0.97-1.12) 1.07 (1.01-1.13) 

80< 1.1 (0.94-1.29) 1.19 (1.04-1.36) 1.09 (0.99-1.2) 1.04 (0.89-1.21) 1.16 (1.04-1.29) 1.1 (1.01-1.2) 

IRR: Incidence Rate Ratio, CI: Confidence Interval 
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Appendix Table 5 Sex-specific annual incidence rate ratio (IRR) from fiscal years 2000-2001 through 2020-2021  

IRR [95 % CI] 

Year 

Farm to Urban Rural to Urban 

Male  Female Total Male Female Total 

2001 1.33 [1.2, 1.47] 1.21 [1.11, 1.32] 1.24 [1.16, 1.33] 1.32 [1.19, 1.47] 1.2 [1.1, 1.31] 1.25 [1.17, 1.34] 

2002 1.5 [1.35, 1.67] 1.09 [0.99, 1.2] 1.25 [1.16, 1.34] 1.36 [1.21, 1.53] 1.21 [1.1, 1.33] 1.26 [1.17, 1.36] 

2003 1.38 [1.23, 1.55] 1.14 [1.03, 1.26] 1.23 [1.14, 1.33] 1.35 [1.19, 1.53] 1.17 [1.05, 1.3] 1.24 [1.15, 1.34] 

2004 1.39 [1.24, 1.55] 1.23 [1.11, 1.36] 1.29 [1.2, 1.39] 1.22 [1.08, 1.38] 1.23 [1.11, 1.37] 1.22 [1.13, 1.32] 

2005 1.38 [1.23, 1.55] 1.27 [1.15, 1.4] 1.29 [1.19, 1.39] 1.34 [1.18, 1.52] 1.19 [1.07, 1.32] 1.24 [1.14, 1.35] 

2006 1.29 [1.14, 1.46] 1.19 [1.07, 1.32] 1.21 [1.12, 1.31] 1.32 [1.16, 1.5] 1.1 [0.98, 1.23] 1.19 [1.09, 1.3] 

2007 1.56 [1.38, 1.77] 1.3 [1.16, 1.46] 1.39 [1.28, 1.51] 1.26 [1.09, 1.45] 1.09 [0.96, 1.23] 1.16 [1.06, 1.27] 

2008 1.37 [1.21, 1.55] 1.28 [1.14, 1.44] 1.31 [1.2, 1.43] 1.19 [1.04, 1.37] 1.15 [1.02, 1.3] 1.16 [1.06, 1.27] 

2009 1.26 [1.12, 1.42] 1.25 [1.11, 1.41] 1.25 [1.15, 1.36] 0.99 [0.86, 1.14] 1.15 [1.01, 1.31] 1.07 [0.97, 1.18] 

2010 1.36 [1.2, 1.55] 1.21 [1.07, 1.36] 1.26 [1.16, 1.37] 1.2 [1.04, 1.38] 1.04 [0.91, 1.19] 1.11 [1.01, 1.22] 

2011 1.25 [1.1, 1.42] 1.13 [1, 1.28] 1.17 [1.07, 1.28] 1.15 [1, 1.33] 1.04 [0.91, 1.19] 1.08 [0.98, 1.19] 

2012 1.29 [1.14, 1.47] 1.19 [1.06, 1.34] 1.22 [1.12, 1.33] 1.07 [0.93, 1.24] 1.09 [0.96, 1.24] 1.08 [0.98, 1.19] 

2013 1.46 [1.28, 1.67] 1.06 [0.94, 1.2] 1.21 [1.11, 1.32] 1.25 [1.08, 1.45] 0.93 [0.81, 1.06] 1.05 [0.95, 1.16] 

2014 1.27 [1.12, 1.44] 1.1 [0.98, 1.24] 1.16 [1.06, 1.26] 1.14 [0.99, 1.31] 0.95 [0.83, 1.08] 1.03 [0.94, 1.13] 

2015 1.26 [1.11, 1.42] 1.03 [0.92, 1.16] 1.12 [1.03, 1.22] 0.99 [0.86, 1.14] 0.93 [0.82, 1.06] 0.95 [0.86, 1.04] 

2016 1.17 [1.04, 1.32] 1.12 [1, 1.25] 1.13 [1.04, 1.23] 1.02 [0.89, 1.17] 0.9 [0.79, 1.02] 0.95 [0.86, 1.04] 

2017 1.23 [1.09, 1.39] 1.03 [0.92, 1.16] 1.11 [1.02, 1.21] 1.16 [1.01, 1.33] 0.96 [0.85, 1.09] 1.05 [0.96, 1.15] 

2018 1 [0.89, 1.13] 0.9 [0.8, 1.01] 0.94 [0.86, 1.02] 0.93 [0.81, 1.07] 0.8 [0.7, 0.91] 0.86 [0.78, 0.94] 

2019 1.04 [0.92, 1.18] 1.09 [0.97, 1.22] 1.05 [0.96, 1.14] 1.09 [0.95, 1.25] 0.93 [0.82, 1.06] 1 [0.91, 1.1] 

2020 1.1 [0.96, 1.25] 1.13 [1, 1.28] 1.1 [1.01, 1.2] 0.99 [0.85, 1.15] 0.91 [0.79, 1.05] 0.95 [0.86, 1.05] 

2021 1.14 [0.97, 1.34] 1.13 [0.97, 1.32] 1.12 [1, 1.25] 1.11 [0.93, 1.33] 1.03 [0.87, 1.22] 1.06 [0.94, 1.2] 

Total 1.29 [1.26, 1.32] 1.14 [1.11, 1.17] 1.07 [1.05, 1.09] 1.17 [1.14, 1.2] 1.07 [1.04, 1.1] 1.11 [1.09, 1.13] 
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Appendix Figure 4 A) Kaplan-Meier cumulative incidence of osteoarthritis (OA) B) mortality-adjusted lifetime risk of 
developing OA for farm, rural, and urban cohorts 
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 Appendix Table 6 The crude and sex-specific non-injury mortality rate per 1000 person-years (PYs) among 
osteoarthritis (OA) cases and non-OA cases in the farm, rural, and urban cohorts 

   

Non-Injury Mortality Rate per 1000 PYs (95% CI) 

Group 
With OA Without OA 

Total Male Female Total Male Female 

Farm 13.16 (12.87, 13.45) 15.61 (15.15, 16.06) 10.81 (10.44, 11.19) 6.66 (6.52, 6.79) 7.94 (7.75, 8.13) 5.01 (4.84, 5.19) 

Non-
farm 
Rural  

17.96 (17.55, 18.38) 18.59 (17.96, 19.23) 17.46 (16.91, 18.01) 7.83 (7.66, 7.99) 8.81 (8.57, 9.05) 6.75 (6.53, 6.97) 

Non-
farm 

Urban  

14.49 (14.14, 14.84) 14.71 (14.16, 15.26) 14.33 (13.88, 14.79) 6.16 (6.03, 6.29) 6.65 (6.46, 6.83) 5.64 (5.46, 5.82) 
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Appendix Table 7 The survival rate of the farm, rural, and urban cohorts among individuals with osteoarthritis (OA) 
and without OA 

cohort Having OA Survival Distribution Function Estimate 95% CI 

Farm No 0.86 0.857, 0.862 

Farm Yes 0.744 0.739, 0.749 

Non- farm Rural No 0.841 0.837, 0.844 

Non-farm Rural Yes 0.67 0.664, 0.676 

Non-farm Urban No 0.873 0.87, 0.875 

Non-farm Urban Yes 0.725 0.719, 0.731 
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Appendix Table 8 Baseline characteristics of the study population based on the residency status before removing 
osteoarthritis (OA) prevalent cases. 

Cohort Characteristics Total With OA n (%)  Without OA n (%)  
 

Total 

Total 303563 15272 (5.03) 288291 (94.97)  

Sex 
Male 155378 (51.18) 6552 (4.22) 148826 (95.78)  

Female 148185 (48.82) 8720 (5.88) 139465 (94.12)  

Age 

Mean (SD) 46.14 (16.75) 65.35 (14.15) 45.13 (16.25)  

20-39 117220 (38.61) 686 (0.59) 116534 (99.41)  

40-49 69364 (22.85) 1536 (2.21) 67828 (97.79)  

50-59 50028 (16.48) 2846 (5.69) 47182 (94.31)  

60-69 34022 (11.21) 3732 (10.97) 30290 (89.03)  

70-79 22490 (7.41) 3989 (17.74) 18501 (82.26)  

80+ 10439 (3.44) 2483 (23.79) 7956 (76.21)  

SES 
Low SES 6197 (2.04) 539 (8.7) 5658 (91.3)  

High SES 297366 (97.96) 14733 (4.95) 282633 (95.05)  

Farm 

Total 102724 5354 (5.21) 97370 (94.79)  

Sex 
Male 55852 (54.37) 2658 (4.76) 53194 (95.24)  

Female 46872 (45.63) 2696 (5.75) 44176 (94.25)  

Age 

Mean (SD) 47.68 (16.19) 64.72 (12.15) 46.74 (15.86)  

20-39 33692 (32.8) 156 (0.46) 33536 (99.54)  

40-49 22895 (22.29) 434 (1.9) 22461 (98.1)  

50-59 20178 (19.64) 1126 (5.58) 19052 (94.42)  

60-69 15589 (15.18) 1644 (10.55) 13945 (89.45)  

70-79 8115 (7.9) 1429 (17.61) 6686 (82.39)  

80+ 2255 (2.2) 565 (25.06) 1690 (74.94)  

SES 
Low SES 965 (0.94) 62 (6.42) 903 (93.58)  

High SES 101759 (99.06) 5292 (5.2) 96467 (94.8)  

Rural 

Total 97280 5737 (5.9) 91543 (94.1)  

Sex 
Male 48536 (49.89) 2318 (4.78) 46218 (95.22)  

Female 48744 (50.11) 3419 (7.01) 45325 (92.99)  

Age 

Mean (SD) 45.86 (17.4) 65.61 (15.32) 44.62 (16.76)  

20-39 39764 (40.88) 330 (0.83) 39434 (99.17)  

40-49 21950 (22.56) 647 (2.95) 21303 (97.05)  

50-59 14216 (14.61) 977 (6.87) 13239 (93.13)  

60-69 9430 (9.69) 1203 (12.76) 8227 (87.24)  

70-79 7448 (7.66) 1439 (19.32) 6009 (80.68)  

80+ 4472 (4.6) 1141 (25.51) 3331 (74.49)  

SES 
Low SES 2379 (2.45) 263 (11.06) 2116 (88.94)  

High SES 94901 (97.55) 5474 (5.77) 89427 (94.23)  

Urban 

Total 103559 4181 (4.04) 99378 (95.96) 

Sex 
Male 50990 (49.24) 1576 (3.09) 49414 (96.91)  

Female 52569 (50.76) 2605 (4.96) 49964 (95.04)  

Age 

Mean (SD) 44.89 (16.54) 65.79 (14.82) 44.01 (16.02)  

20-39 43764 (42.26) 200 (0.46) 43564 (99.54)  

40-49 24519 (23.68) 455 (1.86) 24064 (98.14)  

50-59 15634 (15.1) 743 (4.75) 14891 (95.25)  

60-69 9003 (8.69) 885 (9.83) 8118 (90.17)  

70-79 6927 (6.69) 1121 (16.18) 5806 (83.82)  

80+ 3712 (3.58) 777 (20.93) 2935 (79.07)  

SES 
Low SES 2853 (2.75) 214 (7.5) 2639 (92.5)  

High SES 100706 (97.25) 3967 (3.94) 96739 (96.06)  
 
 
 
  

SD: Standard Deviation, SES: socioeconomic status 
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Appendix Figure 5 Sex-specific trends of annual incidence rate for each group separately 
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Appendix Table 9 The crude and sex-specific all-cause mortality rate per 1000 person-years (PYs) among 
osteoarthritis (OA) cases and non-OA cases in the farm, rural, and urban cohorts 

 

Mortality Rate per 1000 PYs (95% CI) 

Group 
With OA Without OA 

Total Male Female Total Male Female 

Farm 13.51 (13.21, 13.81) 16.09 (15.63, 16.55) 11.03 (10.65, 11.4) 7.02 (6.89, 7.16) 8.45 (8.25, 8.64) 5.2 (5.02, 5.37) 

Non-
farm 
Rural  

18.61 (18.19, 19.03) 19.37 (18.73, 20.01) 17.99 (17.44, 18.55) 8.43 (8.26, 8.6) 9.6 (9.35, 9.85) 7.14 (6.91, 7.36) 

Non-
farm 

Urban  

14.96 (14.6, 15.32) 15.29 (14.73, 15.85) 14.73 (14.27, 15.19) 6.6 (6.47, 6.74) 7.27 (7.07, 7.46) 5.9 (5.72, 6.08) 


