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ABSTRACT 

Background: The occurrence of knee osteoarthritis (OA) poses a significant problem for 

individuals' physical function. Strength training impacts physical function through 

improvements at the muscular level, where activities of daily living may feel easier to 

accomplish and may also positively impact perceptions of ability and physical symptoms. 

Therefore, this study aims to explore whether a strength training intervention leads to 

changes in self-efficacy and whether changes in self-efficacy mediate the effects of 

strength training on physical function.  

Methods: The Strength Training for Arthritis Trial (START) included 377 community- 

dwelling adults (≥ 50 years) with a body mass index ranging from 20 to 45, knee pain, 

and radiographic knee OA, who self-reported disability due to knee OA. Measures of 

Adherence Self-Efficacy, 6-minute Walk Distance, Western Ontario and McMaster 

Universities OA Index for physical function, and the SF-36 Physical Component Score 

were collected before randomization and again at an 18-month follow-up in adults who 

were assigned to 1 of 3 treatment conditions: high-intensity strength training, low-

intensity strength training, or attention control.  

Results: Among 377 randomized participants (mean age, 65 years; 151 women [40%]), 

320 (85%) completed the trial. The intervention had a significant positive effect on self-

efficacy across all outcomes (ꞵ = 0.24-0.26, p < 0.001). Self-efficacy significantly 

mediated treatment effects on strength training and physical function across all measures 

(SF-36 PCS, WOMAC Function, and 6MWD; p < .05). 

Conclusions: Results supported that a strength training intervention led to improvements 

in self-efficacy and that self-efficacy mediated the relationship between strength training 
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and physical function. Strength training programs designed to influence aspects of 

physical function should consider methods to improve self-efficacy and assist individuals 

with managing physical symptoms. This study was supported by grants 1R01AR059105-

01 from the National Institute of Arthritis and Musculoskeletal and Skin Diseases and 

P30 AG21332 from the National Institute on Aging.
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INTRODUCTION 

Osteoarthritis is the most common type of arthritis, affecting millions of 

individuals globally (Neogi, 2013), and is the leading cause of disability worldwide due 

to the chronic and progressive nature of the disease (Osteoarthritis Action Alliance, 

2019). Osteoarthritis prevalence increases as the population ages and is more prevalent in 

females than males (Felson et al., 2000). Approximately 528 million people have 

osteoarthritis worldwide (Long et al., 2022). About 73 percent of those individuals are 

over the age of 55, with 60% of them being female. The prevalence of OA has increased 

by over 113% from 1990 to 2019, with the highest number of prevalent cases observed in 

China (132.81 million), India (62.36 million), and the US (51.87 million) (Long et al., 

2022).   

OA is a prevalent condition across the United States, affecting people from all 

backgrounds. Social factors may play a causal role in cultivating illness and disability but 

can also promote disease prevention and health maintenance. The World Health 

Organization (WHO) defines social determinants of health (SDOH) as “the conditions in 

which people are born, grow, work, live, and age, and the set of forces and systems 

shaping the conditions of daily life” (CDC, 2024). When one or multiple of these 

conditions pose a challenge, the conditions can become risk factors for poor health 

outcomes (Whitman et al., 2022). Results of a study by Vennu et al. (2020) revealed that 

social factors (such as being aged ≥ 65 years, men, non-Caucasian; unmarried, widowed, 

or separated; less educated, being unemployed, having less than 50,000-dollar annual 

income, being overweight or obese, being a current or former smoker, and consuming 

alcohol) were associated with chronic conditions, including arthritis.  
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According to the Osteoarthritis Research Society International (OARSI; 

Standardization of Osteoarthritis Definitions, 2015), the definition of OA encompasses 

the involvement of movable joints characterized by cell stress and extracellular matrix 

degradation which is started by micro- and macro-injury that activates dysfunctional 

repair responses. These responses include pro-inflammatory pathways of natural 

immunity. This condition can involve molecular, anatomic, and or physiological changes 

which can be characterized by cartilage degradation, bone remodeling, the formation of 

osteophytes, inflammation of the joint, and the loss of normal joint function.  

  OA most commonly affects the hands, knees, hips, and back (CDC, 2024), with 

the knee being the most common OA site, accounting for over 60% of the prevalent cases 

in 2019 (Long et al., 2022). Over time, OA can cause changes in bone, cartilage, and 

other joint tissues that can result in disability or make it challenging for someone to 

complete their daily tasks. There is a layer of smooth, rubbery tissues at the end of bones 

called cartilage to protect the bones as they move. This protective layer reduces friction 

where the bones meet, allowing the joints to move more easily. When the cartilage gets 

damaged, it can wear away, causing the bones to rub together, leading to pain and 

inflammation (Cleveland Clinic, 2021).  

Impact of Knee OA: Economic, Function, and Public Health 

Economic 

Recognizing the risk factors for knee OA highlights the significant costs and 

burdens associated with the condition. According to OARSI and Yelin et al. (2007), in 

2003, the total costs attributable to arthritis and rheumatic conditions in the United States 

was approximately 128 billion dollars, with direct costs (medical expenditures) totaling 
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$80.8 billion and indirect costs (lost earnings) totaling $47 billion. This group also 

discussed a study from 2009 in the United States, where estimated costs due to hospital 

expenditures from total knee joint replacement surgeries totaled $28.5 billion. The 

OARSI reported that when patients with OA were compared to age and gender-matched 

peers, the patients with OA had much higher out-of-pocket health-related expenditures, 

with the direct costs of OA per patient estimated at an average of $2,600 per year.  

Function 

Guccione et al. (1994) investigated the effects of medical conditions on functional 

limitations in older adults, specifically looking at several functional activities of daily 

living (ADLs) such as stair climbing, carrying groceries, home chores, and cooking. The 

authors compared the risks of physical disability associated with all comorbid conditions, 

controlling for age, sex, and presence of all other comorbid conditions, using data from 

the Framingham Study Cohort. The authors used two clinical definitions for knee 

osteoarthritis: at least grade two radiographic changes according to the Kellgren and 

Lawrence criteria with pain in or around the knee lasting at least a month in the year 

before examination, or at least grade three radiographic changes (JSN plus osteophytes) 

with infrequent pain. They were looking at ten prevalent medical conditions, including 

knee OA. The authors found that knee OA contributes to functional limitations and that 

the proportions of disability in the elderly attributable to knee osteoarthritis were greater 

than those attributable to other conditions. Clynes et al. (2019) also found that OA 

diagnoses were associated with difficulties in mobility, the ability to self-care, and 

performing usual activities.  
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Public Health 

Furthermore, the high prevalence of knee OA makes it a major public health 

burden globally. Physical disability from knee OA involves the interaction of severity of 

the disease process, pain, comorbid medical conditions, loss of physical capacity (muscle 

strength, aerobic work capacity, and joint function), psychological, social, and 

environmental factors (Ettinger & Afable, 1994), where the degree of disability is related 

to the severity of the condition and pain. OA’s impact on these physical capacities may 

lead to the avoidance of activities, further resulting in the disuse of muscles, exacerbating 

muscle weakness, increasing pain, and limiting physical function (Ettinger & Afable, 

1994), ultimately impairing quality of life (Clynes et al., 2019). Physical function refers 

to the ability to perform basic and instrumental ADLs (Garber et al., 2010). As 

individuals experience declines in physical functioning, there may be increased difficulty 

performing these ADLs, which may lead to avoiding or limiting these activities.  

Diagnosis and Symptoms of Knee Osteoarthritis 

Knee osteoarthritis can be diagnosed as radiographic or symptomatic. 

Radiographic knee OA can be determined by an X-ray or magnetic resonance imaging 

(MRI) and is frequently graded in severity using the Kellgren and Lawrence (K-L) 

system. The K-L system is a method of classifying the severity of osteoarthritis using five 

grades, where a score of two or higher represents osteoarthritis (Kellgren & Lawrence, 

1957). This system ranges from grade zero (none), which is a definite absence of x-ray 

changes, to grade one (doubtful), having doubtful joint space narrowing (JSN; the 

distance between the bones in a joint decreases) and a possible overgrowth of the bone 

around the joint. Grade two (minimal) shows definite osteophytes (bone spurs) and 



5 
 

possible JSN. Grade three (moderate) shows multiple osteophytes, definite JSN, some 

sclerosis (the bone beneath the cartilage becomes thick and dense), and possible 

deformity on the bone ends. Grade four (severe) shows large osteophytes, noticeable 

JSN, severe sclerosis, and definite deformity of the bone ends. Breaking down the stages 

of knee OA can help individuals manage the progression of their condition over time.  

Symptomatic knee OA is defined as radiographic OA in the knee with symptoms 

occurring in the same knee. OA symptoms include pain, joint stiffness (less than or equal 

to thirty minutes), swelling in and around the joint, and changes in the range of motion of 

the affected joint (Branch, 2017). A primary symptom of this disabling condition includes 

pain (Neogi, 2013) and may influence a person’s ability to engage in normal activities of 

daily living. Pain is subjective and ranges in intensity, quality, and duration, and has 

multiple pathophysiologic mechanisms and meanings (Raja et al., 2020) and can be 

defined as an unpleasant sensory and emotional experience associated with actual or 

potential tissue damage (Gebhart, 2000).  

The causes of pain in OA are multifactorial due to both intra-articular and extra-

articular risk factors. Hawker et al. (2008) examined the pain experience in OA and 

explore pain-related distress and changes over time. These researchers found that more 

intense but less frequent pain, particularly when unpredictable, had a larger impact on 

quality of life than background aching pain. The study participants described the more 

intense and unpredictable pain as having negative effects on their mood and their ability 

to participate in social and recreational activities with confidence. Additionally, many 

study participants described how they had reduced participation in typical activities to 

avoid triggering pain. While the experiences of pain and other physical symptoms is 
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complete, numerous risk factors have been identified to aid in the understanding of pain, 

function and knee OA.  

Risk Factors of Knee Osteoarthritis 

There are systemic (genetics, diet, hormones, and bone density) and 

biomechanical (muscle weakness, joint laxity, repeated forces to the joint, and obesity) 

risk factors that are important to consider, and modifying them may help prevent or delay 

the onset of osteoarthritis-related pain and disability (Felson et al, 2000). An article by 

Segal & Glass (2011) highlighted the role of the quadriceps acting with other lower limb 

muscles and ligaments to provide stability to the knee joint. Their results suggested that 

greater quadriceps muscle strength was associated with a lower risk for incident 

symptomatic knee OA, and additionally, a lower risk of progression of JSN and cartilage 

loss in women.  

With a growing population of overweight and obese individuals in the United 

States (Fryar & Afful, 2021), it is important to consider the effects weight gain has on the 

joints. Increased body weight leads to increased force placed on the weight-bearing joints 

such as the knee, spine, hip, and ankle (Lementowski & Zelicof, 2008). Over time, 

overloading of the knee joint could cause cartilage breakdown, where a one-pound 

increase in body weight increases the force placed across the knee during a single-leg 

stance by two to three pounds (Felson et al., 2000), which might explain the increased 

risk for knee OA among overweight or obese individuals. Data from NHANES showed 

that individuals with obesity (Body Mass Index (BMI) ≥ 30 kg/m2) were 55% more likely 

to develop any kind of arthritis compared to non-obese individuals (Baah & Kohlmeier, 

2024).  
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Physical Function 

The International Classification of Functioning, Disability, and Health (ICF) acts 

as a framework to describe and organize information on functioning and disability 

(WHO, 2001). This framework conceptualizes an individual’s level of functioning as an 

interaction between their health conditions, environmental factors, and personal factors. 

Functioning, according to the ICF, acts as an umbrella term for body function, body 

structures, activities, and participation. According to Garber et al. (2010) physical 

functioning includes the ability to perform ADLs, where the ability of individuals to 

reside in their community independently largely depends on their level of physical 

function. Where the ability to perform tasks in daily life involves the integration of 

multiple physiological systems, including the neuromotor and musculoskeletal systems 

which can be altered by the presence of a disease, ultimately leading to changes in 

physical function. When assessing physical function, both performance-based and 

subjective measures can be used to evaluate an individual’s ability to carry out their 

ADLs. Performance-based measures help quantify the participants capacity to perform 

certain tasks while subjective measures help gather information regarding the participants 

perception of their functioning and how it impacts their life (Ward, 2007).  

As previously stated, osteoarthritis is one of the leading causes of disability 

worldwide. Individuals with knee OA often experience joint damage and symptoms that 

interfere with their ability to complete everyday tasks and engage in routine activities, 

which in turn can worsen their condition. Research has highlighted the fact that 

osteoarthritis poses a significant public health impact due to its prevalence and impact on 

pain and is often associated with functional impairment and disability (Luong et al., 

2012; Botha-Scheepers et al., 2006).   
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Guccione et al. (1994) aimed to identify associations between medical conditions 

in the elderly and limitations in functional tasks to compare the risks of disability across 

medical conditions; and to determine the proportion of disability attributable to each 

condition. Members from the Framingham Heart Study were included to explore the 

degree to which the association of knee OA with physical disability changes with 

different definitions of OA, asymptomatic or symptomatic. In a sample of 1060 women 

and 709 men, knee OA was among the most prevalent of the included diseases and was 

found to contribute to limitations in at least four of seven functional activities (such as 

stair climbing, walking a mile, heavy home chores, housekeeping, cooking, grocery 

shopping, carrying bundles).  

Properly assessing an individual's physical function through performance-based 

measures and or self-reported questionnaires can help determine the burden of the disease 

placed on the individual (White & Master, 2016). Commonly used physical function tests 

in research include the six-minute walk test (6MWT) and self-reported questionnaires 

such as the WOMAC, the Knee Injury and Osteoarthritis Outcome Score (KOOS), and 

the Patient Reported Outcomes Measurement Information System (PROMIS) (White & 

Master, 2016).   

The 6MWT measures functional exercise capacity. Messier et al. (2013) 

conducted a randomized clinical trial (RCT), the Intensive Diet and Exercise for Arthritis 

(IDEA) trial. They found that the exercise group, who completed aerobic and strength 

training, could walk over 20 meters further than the diet-only group. However, those in 

the combined diet and exercise group had better clinical outcomes (pain, mobility, and 

function) and improved walking speed and distance during the 6MWT.    
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The WOMAC is a self-administered, disease-specific, health status instrument 

that measures pain, stiffness, and physical function (Bellamy et al., 1988). Using the 

WOMAC scale, patients who perceived their chronic OA diagnosis as having a large 

impact on their functioning had a higher risk of reporting more activity limitations 

compared to those who viewed their diagnosis as having a smaller functional impact 

(Botha-Scheepers et al., 2006).  

The short form-36 (SF-36) is the most widely used and validated measure of 

health-related quality of life and is used to yield two broad summary scores: physical and 

mental component scores. Yokota et al. (2023) aimed to identify which physical function 

measures were associated with health-related quality of life in adults with knee OA. The 

physical function measures included grip strength, one-leg standing time, sit-to-stand-5, 

times up and go, and maximum walking speed. The researchers found that the OA group 

had significantly shorter one-leg standing time (p < 0.01), significantly slower maximum 

walking speed (p < 0.01), and took significantly longer to complete the sit-to-stand-5 (p < 

0.01) and timed up and go test (p < 0.01). The OA group with lower physical function 

performance also had significantly lower SF-36 scores than the control group for the 

physical component summary (PCS; p < 0.01).  

A cross-sectional study by Wang et al. (2024) aimed to observe the predictors of 

self-reported and performance-based physical function in patients with knee OA and 

found that pain intensity and knee flexor muscle strength were the main predictors of 

self-reported physical function and both knee extensor and flexor muscle strength were 

the primary determinants of performance-based measurements.  
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Individuals with knee OA often experience joint damage and symptoms that 

interfere with their ability to complete everyday tasks and engage in routine activities, 

which in turn can worsen their condition. A cross-sectional study by Obara et al. (2023) 

compared the QoL of individuals with knee OA versus age-matched asymptomatic 

individuals to determine the impact of OA on the affected population. The results showed 

that individuals with knee OA had worse perceived QoL than the asymptomatic 

individuals across all domains of the 36-item Short-Form Health Survey. The lowest-

scoring domains were physical functioning and functional limitations. Additionally, the 

researchers found that quality of life was influenced by BMI, age, sex, and the grade of 

osteoarthritis. An assessment by Kawano et al. (2015) concluded that individuals with 

osteoarthritis have a lower perception of their QoL in the categories of functional 

capacity, limitation, and pain. They also found a strong association between low levels of 

education and low perception of QoL. Various training options have been shown to have 

positive, therapeutic effects on knee OA (Zeng et al., 2021), but some may carry more 

beneficial effects than others.  

Management of Knee Osteoarthritis       

Arthritis is a chronic condition requiring patients to learn the most effective way 

to manage and cope daily. While knee osteoarthritis has no cure, multiple treatment 

methods exist to manage symptoms. Management of OA from providers can include 

physical therapy to strengthen muscles that surround the affected joint, the use of over-

the-counter pain relievers or prescribed medications, the use of a supportive device such 

as a crutch, cane, brace, or Kinesio taping, or if other treatments do not work effectively, 

a joint replacement surgery (CDC, 2024; Kolasinski et al., 2020).       
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Managing osteoarthritis symptoms should include the implementation of exercise 

as it is a strongly recommended strategy for all OA patients, where physician 

recommendations should focus on their patients' preferences, accessibility, and 

affordability, which may be potentially important barriers to participation (Kolasinski et 

al., 2020). However, a detrimental coping strategy for individuals with knee OA is 

avoiding physical activity to prevent pain.  

Physical inactivity is a contributing factor to many chronic conditions that affect 

individuals globally and is associated with increasing health costs (Thompson et al., 

2020); while other determinants of health also influence health outcomes, individual 

lifestyle and behavior are among the most important factors to consider. Baah & 

Kohlmeier, (2024) reported that individuals who did not engage in moderate work 

activity (which was indicated by individuals reporting they were involved in at least a 

moderate-intensity activity that caused small increases in breathing or heart rate for at 

least ten minutes continuously) had 24% increased odds of developing arthritis compared 

to those who did. Physical inactivity among arthritic adults is associated with health 

consequences, including pain, functional limitations, loss of independence in ADLs, and 

a decreased quality of life (Penninx et al., 2001). Managing hip and knee OA through 

regular physical activity has been positively associated with long-term improvements in 

physical function and health-related quality of life (Lopes et al., 2023). Implementing 

various types of exercise (planned or structured physical activity) into daily life improves 

physical and mental health. 

Thompson et al. (2020; page 512) shared that “exercise is a 'medicine' that can 

prevent and treat chronic disease; those who 'take it' live longer and with a higher quality 
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of life.” The ACSM physical activity guidelines recommend that adults aged 18-65 years 

should participate in moderate-intensity aerobic physical activity for at least thirty 

minutes, five days per week or vigorous-intensity aerobic physical activity for at least 

twenty minutes on three days per week and that adults should participate in activities to 

maintain or increase muscular strength for at least two days per week. Aerobic activity 

involves the body’s large muscles moving rhythmically for a sustained period, with 

walking, running, biking, and swimming being examples (Physical Activity Guidelines 

for Americans, 2nd Edition, 2018). Muscle-strengthening activities include 

resistance/strength training, which can be defined as a form of physical activity that is 

designed to improve muscular fitness by exercising a muscle or muscle group against an 

external resistance (Fiataraone Singh, Maria et al., 2019; Physical Activity Guidelines for 

Americans, 2nd Edition, 2018). Because physical functioning is basic to maintaining 

independence in adults with chronic conditions, it is important to investigate whether 

exercise interventions are related to improvements in ADLs. Data from Penninx et al. 

(2001) suggested that an aerobic and strength training program may significantly reduce 

the 18-month incidence of ADL disability in older adults with knee OA. When compared 

to the attention control group, the relative risk of incident ADL disability in the exercise 

group was 0.57 (95% confidence interval, 0.38-0.85; p = .006). Indicating that 

participating in exercise programs may be an effective strategy for reducing the risk of 

ADL disability and may help an individual maintain independence. 

The Arthritis, Diet, and Activity Promotion Trial (ADAPT) revealed that those 

receiving a combined dietary weight loss and exercise intervention experienced more 

weight loss, had greater improvements in self-reported physical function (p < 0.05) and 
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pain (p < 0.05) symptoms, and had greater performance measures of mobility (six-minute 

walk test (6MWD), p < 0.05) in adults with knee osteoarthritis compared with those 

receiving dietary weight loss alone, exercise alone, or healthy lifestyle education 

(Messier et al., 2004). Messier et al. (2022) conducted another clinical trial to determine 

if a weight loss and exercise program in community settings across North Carolina would 

improve knee pain in patients with osteoarthritis and overweight or obesity. They found 

that the combined diet and exercise (aerobic and strength training) intervention had a 

small but statistically significant difference in knee pain (p = 0.02), a significantly better 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) function 

score (p < 0.001), and a further 6MWD (p < 0.001), over eighteen months compared to a 

control group with no diet or exercise intervention. In support of those findings, weight 

loss was found to be protective for those with knee OA. Messier et al.'s (2005) clinical 

trial with diet and exercise found that for every pound of weight lost, there was a four-

pound reduction in knee-joint load per step. Further, Messier et al.'s (2013) study 

revealed that participants who lost ten percent or more of their body weight had improved 

function and reduced pain compared to those who did not. 

A systematic review explored various modes of exercise training and their impact 

on knee OA. The researchers (Zeng et al., 2021) concluded that aerobic training is the 

most widely used exercise therapy and can help alleviate pain and improve physical 

function. In comparison, strength training, which targets muscle weakness, is another 

effective exercise therapy. Quadriceps muscle weakness has been associated with knee 

pain and impaired function (O’Reilly et al., 1998; Muraki et al., 2015). The quadriceps 

act as the stabilizer of the knee joint and are important for walking, standing, and 
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climbing stairs. Weakness in this muscle group may directly cause impaired function and 

be a reason someone would experience pain, with reason to believe that strengthening the 

quadriceps through strength training would mitigate pain and improve physical function.  

Strength Training Interventions 

Strength training in particular is a valuable intervention for aging adults or adults 

with chronic conditions (Physical Activity Guidelines for Americans, 2nd Edition, 2018; 

Fiataraone Singh et al., 2019); benefits include but are not limited to increased muscle 

strength, endurance, and power, improved communication between brain and muscle, 

increased bone, muscle and connective tissue growth and durability, and improved blood 

glucose regulation. Resistance training provides many benefits patients with mild to 

moderate OA, including physical symptom relief, less disability, improved functional 

capacity, improved overall health, and restored muscle strength (Zeng et al., 2021; 

Vincent & Vincent, 2012). A systematic review and meta-analysis analyzed the 

effectiveness of resistance exercise in the treatment of knee OA on pain, stiffness, and 

physical function. Data from 17 RCTs were included and results suggested that resistance 

training relieved pain (standard mean difference [SMD]: -0.43; 95% confidence interval 

[CI]: -0.57 to -0.29; p < 0.001), alleviated stiffness (SMD: -0.53; 95% CI: -0.56 to -0.05; 

p = 0.02), and improved physical function (SMD: -0.53; 95% CI: -0.70 to -0.37; p < 

0.001) in people with knee OA (Li et al., 2016); specifically, if there was a high-intensity 

resistance training focus and included exercises for the glutes, quadriceps, and 

hamstrings. Vincent & Vincent (2012) suggest that the improvement in physical function 

may come from restoring muscle strength and joint mechanics and may additionally 
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normalize muscle activation patterns and joint biomechanics, which can lead to 

reductions in joint pain and cartilage degradation.  

Fransen and colleagues (2015) reviewed a total of 54 studies that examined the 

effects of exercise for individuals with knee OA. Evidence from 44 trials indicated that 

exercise reduced pain (SMD: -0.49, 95% CI: -0.39 to -0.59) immediately after treatment 

and participants who completed an exercise program rated their pain 12 points lower 

following their program compared to those who did not exercise on a zero to one hundred 

self-reported pain scale (95% CI: 10 to 15 points). Additionally, exercise improved 

physical function (SMD: -0.52, 95% CI: -0.39 to -0.64) after treatment, with physical 

function improved by 10 points (95% CI: 8 to 13 points) on a zero-to-one-hundred-point 

scale. This review also included results that found those who participated in quadricep 

strengthening had a 15-point increase in self-reported physical function (SMD: 0.74). 

Vincent and Vincent (2012) conducted a meta-analysis to provide potential mechanisms 

behind why physical functioning can improve with strength training, and reported that the 

implementation of resistance training led to physiological and physical changes 

(increased muscle strength, improvements in articular surface loading, and rebalanced leg 

muscle activation patterns) which in turn provided knee OA symptom relief (including 

pain), leading to increases in physical ability, confidence, and self-efficacy. 

Improvements in these factors can all contribute to an individual with knee OA 

maintaining their independence. 
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Knee OA’s Impact: A Summary 

In summary, knee osteoarthritis is a highly prevalent and disabling condition 

primarily affecting older adults, leading to pain, physical function limitations, and 

disability. Resistance training interventions can increase muscle strength, rebalance leg 

muscle activation patterns, and improve articular surface loading, all of which can 

provide knee OA symptom relief, leading to an improvement in physical function, 

increased confidence, and increased self-efficacy (Vincent & Vincent, 2012); with 

psychological well-being as another benefit of initiating a resistance training program.   

 While studies consistently show that strength training improves physical function 

in individuals with knee OA, it’s crucial to understand the underlying factors that may 

explain why these improvements occur. A strong conceptual framework would guide this 

explanation. One promising theoretical construct for understanding this relationship is 

self-efficacy, the core of the social cognitive theory (SCT). 

CONCEPTUAL THEORY 

SCT provides the framework for understanding and modifying behavior. SCT 

identifies factors that direct the learning of capabilities that can affect physical and 

emotional well-being, including the self-regulation of healthy habits (Bandura, 1998). 

Bandura (1986) proposes that human behavior is a product of personal factors, 

environmental influences, and behavioral patterns, where people are neither driven by 

inner forces nor controlled by external stimuli. SCT includes the idea that there is a 

continuous interaction between personal factors (such as thoughts and beliefs), 

environmental factors, and behavior, where each element is influenced by the other. 

Furthermore, SCT assumes that people are capable of self-regulation and personal 
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agency. As such, self-perceptions of personal agency are critical in the control of human 

behavior. Self-efficacy, a situation specific perception of control, is a critical personal 

factor within the social cognitive theory that plays a role in behavior change. 

Self-Efficacy  

Self-efficacy refers to a person’s confidence in their ability to perform a specific 

task or achieve a goal (Bandura, 1997). These beliefs determine how people behave, 

think, and feel, and play a role in the self-regulation of motivation. Bandura states that 

people can exercise influence over what they do based on their understanding of what is 

within their power and beliefs about their capabilities. For example, individuals with an 

efficacious mindset will behave differently from those with an inefficacious one, where 

someone with an efficacious mindset would actively seek out challenges and work 

through difficulties, someone with an inefficacious mindset might avoid challenges or 

give up easily.  

There are four sources of information on which self-efficacy expectations are 

based: mastery experience, vicarious experience, verbal persuasion, and the interpretation 

of physiological and emotional states (Bandura, 1977). Mastery experiences serve as the 

most effective way of increasing self-efficacy. Successes and failures while performing a 

task or engaging in a behavior influence future attempts at performing the task again, 

where successes will build up self-efficacy and failures will lower it. Bandura states that 

people who experience easy successes come to expect quick results and are more easily 

discouraged by failures, but difficulties provide people with the opportunities to learn 

how to turn failures into successes with consistent efforts.  
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Vicarious experience, also referred to as social modeling, is another effective tool 

to promote a stronger sense of personal self-efficacy. This can be defined as “seeing or 

visualizing people similar to oneself performing successfully typically raises efficacy 

beliefs in observers that they themselves possess the capabilities to master comparable 

activities” (Bandura, 1977, p. 87). Vicarious experiences have the potential to alter 

efficacy beliefs where seeing people like oneself typically raises efficacy beliefs in 

observers that they also possess the ability to master a comparable activity, and the more 

similarities there are between the people, the more persuasive the models' successes and 

failures will be (Bandura, 1977). 

Verbal persuasion is an effective way to increase a person’s confidence in their 

ability to complete a task. It involves convincing an individual to complete a task by 

encouraging them and reinforcing them that they are capable (Bandura, 1998). The 

impact verbal persuasion has on self-efficacy may vary depending on the perceived 

credibility of who is persuading the individual and their reputation, trustworthiness, 

expertise, and assuredness. Additionally, those who are verbally persuaded that they 

possess the ability to master a task are likely to sustain a greater effort and be consistent 

in their efforts compared to those with self-doubt.  

The interpretation of physiological and emotional states means that a person will 

rely on the state of their physiological sensations and feelings by judging their anxiety as 

an indicator of their ability to perform a task (Bandura, 1977), where positive physical 

sensations and emotions will increase self-efficacy, and negative ones will decrease it. 

Bandura states that somatic self-efficacy indicators are primarily relevant in domains 

including physical accomplishments, health functioning, and coping with stressors. 
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Affective or emotional states can include mood. Moods can act as a source of affective 

information for judging self-efficacy because they can play a role in the quality of 

functioning.  

The 2019 American College of Rheumatology/Arthritis Foundation Guideline for 

the Management of Osteoarthritis was put together to summarize the evidence supporting 

the benefits and harms of the available educational, behavioral, psychosocial, physical, 

mind-body, and pharmacologic therapies for OA. The authors of this review (Kolasinski 

et al., 2020) discuss the importance of taking the personal beliefs and preferences of the 

patient, as well as the patient's medical status, into consideration when developing a 

treatment plan. The inclusion of self-efficacy and self-management practices using a 

multidisciplinary group-based approach with sessions focusing on skill building, 

education about the disease, medication effects and side effects, joint protection 

measures, fitness, and exercise goals and approaches is strongly recommended for 

patients with OA. The authors reported that exercise programs are more effective if 

supervised rather than when performed by the individual at home and tend to be more 

effective when combined with self-efficacy and self-management interventions or weight 

loss programs. An effective tool to assess the beliefs a person has in their ability to 

exercise at various intensities and frequencies can be assessed through a self-reported 

self-efficacy questionnaire.  

An example from Rejeski (1996) involved asking participants to rate their self-

efficacy for functional tasks (stair climbing and lifting/carrying) on a confidence ladder 

with ten steps ranging from zero (completely uncertain) to ten (completely certain), the 

level of certainty that they could complete each task two times to ten times without 



20 
 

stopping. Results showed that pre-task self-efficacy beliefs had influenced task 

performance, and that higher self-efficacy was associated with faster task completion, 

lower perceived difficulty, and greater confidence in their physical ability (all p-values < 

.001).  

Efficacy beliefs can affect people’s thought patterns that can either enhance or 

undermine their performance (Bandura, 1997), where the stronger a person’s efficacy 

beliefs are before beginning an exercise program, the greater the physiological benefits 

that are derived from it. Managing OA through exercise has the potential to enhance both 

physical and mental well-being. Baghbani et al. (2023) conducted a systematic review 

and meta-analysis to establish the impact of exercise interventions on perceived self-

efficacy among adult populations. Their data demonstrated that exercise did significantly 

improve perceived self-efficacy (SMD: 0.536, 95% CI: 0.119 to 0.952; p = 0.012) when 

compared to a control condition.  

Focht and colleagues (2005) explored the influence of the ADAPT intervention 

on changes in mobility-related self-efficacy beliefs. This group was specifically 

interested in whether changes in self-efficacy beliefs and pain were independent 

predictors of change in performance measures of function. Analyses from this 

investigation showed that exercise alone and the combined diet and exercise groups 

significantly increased their walking self-efficacy. These results suggest that exercise 

alone can increase self-efficacy for walking (p = 0.00031), but dietary weight loss must 

be combined with exercise to influence efficacy beliefs for the more challenging mobility 

task of stair climbing (p = 0.0249). The findings from this study add to evidence that 
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demonstrates how a sense of control and physical symptoms, such as pain, are crucial for 

understanding and intervening in the process of physical dysfunction.  

Another important example includes the Intensive Diet, Exercise, and Activity 

(IDEA) trial. This was an 18-month, single-blind RCT including 454 overweight/obese 

individuals (Messier at al., 2013; Mihalko et al., 2018). A social cognitive framework 

was used for each of the three groups: diet-induced weight loss (D), exercise (E; 

consisting of aerobic and resistance training), or a combination of both (D+E) to 

maximize self-efficacy beliefs in the process of behavior change. The objectives of the 

study were to examine the associations among self-efficacy and physical activity, 

function, and pain at baseline, to examine changes in self-efficacy over the 18-month 

intervention. Significantly (p < .005) higher self-efficacy for gait, walking duration, and 

balance were found in the D+E group following the intervention when compared with the 

D- or E-only groups. Specifically, the exercise only group had significant increases in 

self-efficacy as measured by a gait efficacy scale (p < .03) and walking efficacy for 

duration scale (p < .001) following the 18-month intervention. These findings support the 

idea that engaging in a structured exercise intervention improves individuals’ self-

efficacy, especially when combined with other health interventions. 

Self-efficacy as a Mediator  

A mediator is a variable that helps explain how or why two variables are related, 

or in other words, is a variable on the causal pathway that helps explain the relationship 

between the independent and dependent variables (MacKinnon et al., 2008). A simple 

mediation model, as described by MacKinnon, involves an independent variable (X), a 

mediating variable (M), and a dependent variable (Y). Mediation then represents the 
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addition of a third variable (M) to the X → Y relation so that the causal sequence can be 

labeled as X causes the mediator, M, and M causes Y (X → M → Y).  

McAuley et al. (2011) published a review looking at the relationship between 

physical activity and functional performance in older adults, specifically focusing on self-

efficacy’s potential role as a mediator for this relationship. McAuley states that it is first 

important to acknowledge the consistent relationship between physical activity and self-

efficacy before making inferences regarding self-efficacy’s potential mediating effect on 

health outcomes. Self-efficacy is hypothesized to be reciprocally related to physical 

activity behavior; older adults with a higher sense of exercise self-efficacy are more 

likely to engage in physical activity. This reciprocal relationship can be understood by 

considering the more active that a person becomes, the more confident in their physical 

ability they might feel, which would then encourage them to participate in more physical 

activity. In turn, successful exercise experiences are effective in building a stronger sense 

of self-efficacy.  

Additionally, McAuley et al. (2011) highlight that evidence exists to suggest that 

efficacy expectations are associated with physical function performance. One example by 

Rejeski and colleagues (1998) includes an 18-month, RCT examining the effects of 

aerobic and resistance training exercise programs on self-efficacy beliefs and pain in 

older adults with knee OA. They examined whether self-efficacy and knee pain mediated 

the effects of the treatments on stair climb time and health perceptions. Participants were 

randomized into either an aerobic, resistance, or health education control group. The 

treatment was found to have a significant effect on the baseline-adjusted 18-month stair 

climb time and self-efficacy scores. They used a linear model to test the effects of knee 
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pain and self-efficacy on baseline-adjusted 18-month stair climb time and a model to test 

the effect of the treatment on 18-month stair climb time after controlling for baseline 

knee pain and self-efficacy. After controlling for baseline knee pain and self-efficacy, 

adjusted 18-month scores for both knee pain (p < 0.01) and self-efficacy (p < 0.001) were 

significant, independent predictors of the baseline adjusted 18-month stair climb time. 

When the variables were controlled, the intervention no longer accounted for significant 

variance in stair climb time. That is, self-efficacy and knee pain mediated the effects that 

the exercise training programs had on stair climb time.  

ADAPT (Messier et al., 2004) was an 18-month RCT that was designed to 

determine whether long-term exercise and dietary weight loss were more effective 

separately or in combination, compared to usual care, in improving physical function, 

pain, and mobility in older overweight and obese adults with knee OA. In addition to 

Focht and colleagues (2005) exploring the influence of the ADAPT intervention on 

changes in mobility-related self-efficacy beliefs, the researchers were also interested in 

whether self-efficacy would mediate the effect of the interventions on performance-based 

measures of function. Self-efficacy was found to partially mediate the influence of the 

interventions on stair climb performance for the combined exercise and dietary weight 

loss group only. Both examples support the idea that self-efficacy plays a role in 

explaining functional performance.  

Another study by Maly et al. (2007) examined whether self-efficacy mediated the 

effect of age, psychosocial factors, impairment (such as pain or stiffness), and mechanical 

factors (such as strength or obesity) on walking performance measured through the 

6MWT. They found that the effects of strength were partially mediated by self-efficacy 



24 
 

and concluded that mechanical factors like strength may better represent a person’s 

capabilities and interact with other variables to influence physical measures in adults with 

knee OA. These researchers shared that their results are consistent with SCT in that 

physical capabilities are likely not as influential on performance as an individual's 

perception of their capabilities. 

Summary, Purpose, and Hypotheses 

Research has demonstrated the benefits of strength training for improving 

physical function in individuals with knee osteoarthritis, but the mechanisms that drive 

these outcomes remain unknown. A strong conceptual framework is needed for 

understanding the relationship, as it can help to clarify the underlying mechanisms. 

Specifically, the role of self-efficacy as a potential mediator has not yet been fully 

explored. While previous researchers have explored associations between exercise, self-

efficacy, and physical function in knee OA, few have tested the mediating role of self-

efficacy using a structured model with defined paths to help provide evidence for a causal 

pathway. This is important as various studies have discussed self-efficacy in the context 

of OA and exercise but fewer specifically test whether self-efficacy is the reason why 

strength training leads to better physical function outcomes.  

Many previous studies looking at self-efficacy in individuals with OA combine 

aerobic and strength training interventions or include other interventions (such as dietary 

weight loss), making unclear what strength training alone can contribute to self-efficacy 

and physical function changes. Therefore, the purpose of this study was to test if a 

strength training intervention leads to changes in self-efficacy and whether self-efficacy 
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mediates the impact of a strength training intervention on improvements in physical 

function outcomes. Through investigating these gaps, we’ll hypothesize that:  

1. A strength training intervention will lead to increases in self-efficacy, such that HI 

and LI participants will have more positive changes than control participants.   

2. The intervention will be related to changes in physical functioning, such that HI 

and LI participants will experience more positive changes in physical functioning 

than control participants.  

3. Changes in self-efficacy will be positively related to changes in physical 

functioning.  

4. The impact on physical function outcomes through strength training will be 

explained through the effects of self-efficacy, meaning that changes in self-

efficacy will mediate the impact of strength training on physical function. 
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METHODS 

 This study will analyze data from START (Strength Training for Arthritis Trial; 

(Messier et al., 2021)), an 18-month RCT examining the effects of high-intensity (HI) 

and low-intensity (LI) strength training on knee OA. The purpose of the overall study 

was to determine whether HI strength training would reduce knee pain and knee joint 

compressive forces more than LI strength training and attention control in patients with 

knee OA. The secondary aim was to compare the intervention effects on additional 

clinical measures of disease severity, such as function and mobility. For this study, the 

impact of strength training on physical function will be examined by combining the HI 

and LI strength training interventions.  

 

START Primary Outcomes 

START primary outcome measures included WOMAC pain (0 best – 20 worst) 

and knee joint compressive forces (defined as the maximal tibiofemoral contact force 

exerted on the long axis of the tibia while walking). At the 18-month follow-up, there 

was no statistically significant difference between groups in mean WOMAC pain. The HI 

group had a score of 5.1 compared to the control group with a score of 4.9 (adjusted 

difference, 0.2; 95% CI, -0.6 to 1.1; p = .61) and 4.4 in the LI group (adjusted difference, 

0.7; 95% CI, -0.1 to 1.6; p = .08). Additionally, the mean maximum knee joint 

compressive force was not statistically significantly different between the HI and the 

other two groups: HI compared to the control group, 2453 N vs 2512 N (adjusted 

difference, -58; 95% CI, -282 to 165 N; p = .61) and HI compared to LI, 2453 N vs 2475 

N (adjusted difference, -21 N; 95% CI, -235 to 193; p = .85). Primary outcomes at 18 

months can be found in Table 1. Knee extensor (quadriceps), knee flexor, and hip 
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abductor strength were measured using the Humac NORM isokinetic dynamometer. 

Mean knee extensor strength was statistically significantly greater in the HI group (98.5 

Newton meter [Nm]) than in the control group (88.5 Nm) at 18 months (adjusted 

difference, 10.0 Nm; 95% CI: 3.8 to 16.2; p = 0.002) but was not statistically 

significantly different than the LI group (93.2 Nm; adjusted difference, 5.3 Nm; 95% CI: 

-0.8 to 11.4; p = 0.09). The mean hip abductor strength for the HI group was 74.6 Nm vs 

69.5 Nm in the control group (adjusted difference, 5.0 Nm; 95% CI: 0.7 to 9.3; p = 0.02) 

but was not statistically significantly different from the LI group (adjusted difference, 0.0 

Nm; 95% CI: -4.3 to 4.2; p = 0.99). Lastly, the mean knee flexor strength at 18 months 

was statistically significantly greater in both strength training groups compared with the 

control group. The mean HI group measured 51.5 Nm compared with 43.8 Nm in the 

control group (adjusted difference, 7.6 Nm; 95% CI: 3.6 to 11.7; P < .001). The LI group 

measured 52.6 Nm, and compared with the control group had an adjusted difference of 

8.7 Nm (95% CI: 4.7 to 12.7; P < .001). However, knee flexor strength was not 

statistically significantly different between the HI and LI group (adjusted difference, −1.1 

Nm; 95% CI: −5.1 to 2.9; P = .59). 
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Intensity Mean difference P value

High Low Control (95% CI)

7.0 (2.7) 7.4 (2.6) 7.2 (2.7)

4.9 (3.2) 4.5 (3.4) 4.8 (2.9)

-2.0 (-2.6 to -1.4) -2.8 (-3.5 to -2.2) -2.3 (-2.9 to -1.6)

108 104 99

0.3 (-0.6 to 1.2) 0.56

0.8 (-0.1 to 1.7) 0.07

-0.6 (-1.5 to 0.3) 0.22

5.1 (4.5 to 5.7) 4.4 (3.8 to 4.9) 4.9 (4.3 to 5.5)

91 86 84

0.2 (-0.6 to 1.1) 0.61

0.7 (-0.1 to 1.6) 0.08

-0.5 (-1.4 to 0.3) 0.22

2326 (727) 2335 (782) 2261 (691)

2448 (783) 2498 (813) 2456 (844)

89 (-59 to 237) 116 (-6.2 to 238) 162 (10 to 314)

65 64 63

-73 (-271 to 124) 0.47

High intensity vs low intensity -27 (-223 to -170) 0.79

-46 (-245 to 152) 0.65

2453 N (2296 to 2611)2475 (2325 to 2625)2512 (2352 to 2672)

50 55 48

0.2 (-0.6 to 1.1) 0.61

0.7 (-0.1 to 1.6) 0.85

-0.5 (-1.4 to 0.3) 0.74

Table 1. Primary Outcomes at 18-Month Follow-up in a Study of the Effect of High-Intensity Strength Training on Knee Pain and Knee Joint 

Compressive Forces Among Patients With Knee Osteoarthritis

18-mo follow-up, unadjusted mean (SD)

18-mo absolute change (95% CI) 

18-mo adjusted means (95% CI)

18-mo follow-up, unadjusted mean (SD)

Primary Outcomes

WOMAC pain (0-20)

Baseline mean (SD)

No.

High intensity vs control

High intensity vs low intensity

Low intensity vs control 

No.

High intensity vs control

Low intensity vs control 

Outcome

High intensity vs control

Low intensity vs control 

No.

High intensity vs control

High intensity vs low intensity

High intensity vs low intensity

Low intensity vs control 

Knee joint compressive force, N

Baseline mean (SD)

No. 

18-mo absolute change (95% CI)

18-mo adjusted means (95% CI)

 

 

Recruitment 

Participants in START included ambulatory, community-dwelling adults aged 

fifty years or older with self-reported disability due to their knee OA. Inclusion criteria 

included: mild to moderate radiographic medial tibiofemoral osteoarthritis (K-L score, 

two or three) in at least one knee associated with radiographic skyline views that 

demonstrated patellofemoral arthritis (none to moderate severity); neutral (-2º valgus to 

2º varus), or varus (< 10º varus) mechanically aligned knee; BMI (calculated as weight in 

kilograms divided by height in meters squared) ranging from twenty to forty-five kg/m2; 

and no participation in formal strength training more than thirty minutes per week in the 

past six months. All participants could continue their medications, including nonsteroidal 

anti-inflammatory drugs (NSAIDs). Participants were excluded from START if they had 
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severe patellofemoral osteoarthritis (joint space width, three using the Osteoarthritis 

Research Society International atlas from skyline x-ray views); lateral more than medial 

tibiofemoral osteoarthritis; or less than twenty on the Montreal Cognitive Assessment.  

Participants were randomly assigned to groups through a computer-generated permuted 

block randomization scheme with randomly selected-sized blocks of three, six, nine, or 

twelve stratified by sex and baseline BMI. The informed consent can be found in 

Appendix A.  

Intervention Groups 

372 ambulatory, community-dwelling adults with knee OA were included, with 

124 randomized into each group (HI, LI, or attention control). The participants in both 

the HI and LI strength training groups performed six lower-body and four upper-body 

exercises (e.g. leg press, hip abduction, hid adduction, leg curl, leg extension, seated calf 

extension, compound row, chest press, lower back, and abdomen) for sixty minutes (five-

minute warm-up, forty-minute strength training, and fifteen-minute cool down) for three 

days per week over eighteen months. Following the first four sessions with participants 

learning proper technique, the maximum amount a participant could lift in a single 

repetition was measured (one repetition maximum (1RM)) to determine their starting 

resistance. Both strength training groups progressively increased intensity over eight 

weeks, followed by a taper week to re-establish their 1RM. The LI strength training 

group performed each exercise at 30-40% of their 1RM, and the HI strength training 

group performed each exercise at 75-90% of their 1RM.  

The attention control group served as the control group, providing attention, 

social interaction, and health education. Participants attended 60-minute workshops 
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biweekly for the first six months and then one time per month for the remaining twelve 

months. This arm aimed to control for attention from study staff and general levels of 

participant time; to encourage recruitment, adherence, and benefit; and not to influence 

the primary outcomes directly. Interactive presentations covering topics such as foot care, 

nutrition, managing medication, and sleep practices were covered over 18 months. 

Participants were asked to complete homework, review topics, and engage in small group 

discussions to increase their involvement in this study arm. Lastly, workshops ended with 

seated upper body stretching to enhance adherence and increase perceived benefit 

without directly affecting the knees. 

Techniques to Improve Adherence  

Behavioral studies that range over multiple months require significant 

commitment. START’s study design evolved from SCT, group dynamics, and the study 

teams' extensive experience in RCTs.  

Interventionists were trained in behavioral techniques developed in the SCT 

framework, including frequent contact during the intervention, positive feedback, 

incentives to reach attendance and performance goals, establishing commitment to the 

project, promoting a sense of community, and targeted mechanisms for behavioral 

adherence, including self-efficacy and self-regulatory skills. This approach helps tailor 

the intervention to each participant’s needs by identifying a problem, finding a solution, 

and testing it for a specific period until the problem is resolved. Table 2 represents some 

of the strategies used within the intervention to increase self-efficacy overtime.  
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Measures  

The following measures were taken at baseline, six, twelve, and eighteen months. 

Data collection was made by staff who were blinded to the group assignment.  

Demographics: Age, sex, race and ethnicity, education level, and annual 

household income level were self-reported.  

Function: Physical function was assessed using an objective, 6MWT, and 

subjective, self-report measures, the WOMAC, and the SF-36 PCS.  

Subjective Measures: 

The WOMAC is a self-reported questionnaire that can be used to assess pain, 

stiffness, and physical function in patients with knee OA (Bellamy et al., 1988). The 

purpose of the WOMAC physical function scale is for participants to indicate on a scale 

the degree of difficulty they experienced while participating in activities within the past 
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forty-eight hours due to their knee OA. The activities include descending and ascending 

stairs, rising from sitting, standing, bending to the floor, walking on a flat surface, getting 

in/out of the car, going shopping, putting on socks, rising from bed, taking off socks, 

lying in bed, getting in/out the bath, sitting, getting on/off toilet, heavy domestic duties, 

and light domestic duties and are scored on a zero to four scale where zero = none, one = 

slight, two = moderate, three = very, and four = extreme. The WOMAC physical function 

scale includes a seventeen-item subscale that is totaled to generate a summary score 

ranging from zero to sixty-eight, with a higher score indicating poorer function. 

The SF-36 is the most widely used and validated measure of health-related quality 

of life and is used to yield two broad summary scores: physical and mental health. The 

purpose of the SF-36 is to assess the functional health and well-being from the 

individual’s perspective (Cornish, 2021). For our purposes, the physical subscale was 

used. Participants were asked a series of questions related to how they view their health 

and if or how their health might limit physical activities. For example, participants were 

asked to indicate on a scale of 1 (yes, limited a lot) to 3 (no, not limited at all) how their 

health limits them in activities, including vigorous activities, moderate activities, lifting 

or carrying groceries, or climbing several flights of stairs, where a higher score indicates 

better function. The measures for physical function can be found in Appendix B. 

Objective Measure:  

The purpose of the 6MWT was to determine how many meters the participants 

were able to walk in six minutes. As previously mentioned, the 6MWT is an easy-to-

administer tool to measure an individual’s functional exercise capacity (Matos Casano & 

Anjum, 2024). For this task, the participants should walk around the track as quickly as 
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they can to complete as many laps as they can in six minutes, pacing themselves so that 

they can walk the entire six minutes. The number of laps and distance walked were 

recorded.  

Self-Efficacy: Self-efficacy was assessed through a self-reported measure for Adherence 

Self-Efficacy. The purpose of this questionnaire was to assess the participants' beliefs in 

their ability (confidence) to continue exercising at a moderate intensity for various 

durations. This questionnaire included eight items rating one’s ability to exercise over a 

specific length of time. For example, participants were asked to indicate how confident 

they were in their abilities to continue exercising three times per week at a moderate 

intensity, for 15-30 minutes without quitting, for the next week through eight weeks. 

Responses could be on a scale from zero percent (not at all confident) to one hundred 

percent (completely confident), in increments of ten. The self-efficacy scale score ranges 

from zero to one hundred, with a higher score indicating higher self-efficacy. To score, 

all eight items were added together and then divided by eight. The Adherence Self-

efficacy measure can be found in Appendix B.  

Statistical Analysis 

Participants were analyzed according to the intention-to-treat principle. Means 

and standard deviations were used to compute descriptive statistics of baseline measures. 

The variables of interest include age and sex; dependent variables of 6MWD, WOMAC, 

SF-36 PCS; and an independent variable of exercise self-efficacy. Linear models were 

used to test whether self-efficacy mediates the effect of strength training on physical 

function outcomes.  
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The analytic plan addresses two key research questions: First, does the 

intervention lead to changes in self-efficacy? Second, does a change in self-efficacy 

mediate the effect of the intervention on changes in physical function as measured by the 

SF-36 PCS, 6MWD, and WOMAC Function? Change is defined as the 18-month 

outcome value minus the baseline value. The high and low-intensity strength training 

groups were combined in the present analysis because there were no statistically 

significant differences between the HI, LI, and control groups. Additionally, for the 

purpose of exploring if there are significant effects when considering all participants as a 

single intervention group and can increase statistical power to help detect differences 

between the combined intervention and the control. The path diagram in Figure 1 

represents the mediation model.  

 

Figure 1. Path diagram for a model showing self-efficacy mediating the intervention on 

outcomes of interest.  

 

 

This study used standard notation and denoted the effects (standardized regression 

coefficient) of the intervention on self-efficacy as a, the effect of self-efficacy changes on 

outcome changes as b, and the direct effect of the intervention on outcome changes as c’. 

The indirect effect can be computed under a classical single-mediator (self-efficacy) 
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model as a ✕  b. The total effect, denoted by c, is the sum of the direct and indirect 

effects, i.e., c = c’ + a ✕  b. To establish an intervention effect in the present mediation 

analysis, the intervention must significantly affect the mediator (a), the mediator must 

significantly affect the outcome (b) and calculate, the product of the a and b coefficients 

as that represents the extent to which the intervention influences the outcome through the 

mediating variable. Lastly, demonstrating a lack of the direct effect (c’) of the 

intervention on the outcome should not be significant, meaning that the intervention’s 

influence is explained by its effect on the mediator.  

 We separately assessed the mediation model for each of the three outcome 

variables: SF-36 PCS, WOMAC Function, and 6-minute walk. The covariates included 

the baseline value of the outcome variable, demographic variables (age, gender, 

race/ethnicity), and socioeconomic factors (education and income). These covariates 

were included in all regression paths and were consistently used for all outcomes. 
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RESULTS 

Study Cohort 

Table 3 shows the characteristics of randomized participants by group. Of the 377 

participants randomized (mean age, 65 years; 40% women), 320 (85%) attended the 18-

month visit (HI, 109; LI, 108; control, 103). At 18 months, 308 participants contributed 

data for the outcome of WOMAC Function, 250 participants contributed data for the 

6MWD, and 275 participants contributed data for the SF-36 PCS. 

 

Table 3. Demographic and Clinical Characteristics of the Study Participants at Baseline 
Basline Characteristics  No. (%)   

High + Low-Intensity Control

No. 253 124

Age, mean (SD), y 65.5 (8.5) 64 (7)

Weight, mean (SD), kg 89 (18.5) 89 (16)

Height, mean (SD), m 1.6 (0.1) 1.6 (0.1)

BMI, mean (SD) 31 (6) 32 (5)

Sex

Female 103 (41) 48 (39)

Male 150 (59) 76 (61)

Race

White 202 (80) 94 (76)

Black 44 (17.5) 26 (21)

Asian 2 (1) 1 (1)

> 1 Race 5 (2) 3 (2)

Annual Household Income, $

No. 247 121

< 20,000 19 (7.5) 7 (6)

20,000-49,999 67 (12.5) 27 (11)

50,000-99,999 103 (21) 53 (22)

≥ 100,000 58 (23.5) 34 (28)

Education

No. 248 122

< High School 2 (2) 1 (1)

High School 26 (10.5) 5 (4)

Vocational School 21 (8.5) 9 (7)

Some College/Community College 60 (24) 33 (27)

≥ College 139 (18.5) 74 (20.3)

WOMAC

Function (range 0-68) 26.0 (10.5) 25.0 (10.3)

SF-36

Physical 41.7 (5.1) 42.2 (5.3)

Self-Efficacy Adherence 90.6 (13.9) 90.5 (15.5)

6MWD, mean (SD), m 472.5 (90.5) 490 (92)  
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 At baseline, the average WOMAC function score was 26.05 for HI and LI and 

25.0 for the control group. Higher scores indicate worse functional limitations. At 18 

months, the average WOMAC score for HI and LI was 16.35 and 16.4 for the control 

group. On average, participants walked 472.5 meters in the HI and LI groups and 490 

meters in the control group at baseline. At 18 months, the average distance walked for the 

HI and LI groups was 511 meters and 515 meters for the control group. At baseline, the 

average SF-36 PCS score for the HI and LI group was 41.7 and 42.4 for the control 

group. At 18 months, the HI and LI group PCS score was 43.15, and the control group 

was 43.8. Lastly, for self-efficacy at baseline, the average score for the HI and LI group 

was 90.6 and 90.6 for the control group. At 18 months, the HI and LI group average 

scores were 90.6 and 80.1 for the control group; path a (β = 0.24-0.26; p < .001) 

represents the between-group differences for self-efficacy. Descriptive statistics can be 

found in Table 4. 

Table 4. Mean (95% C1) Adjusted (baseline value, gender, BMI) Outcomes at Baseline 

(0), and 18-month Follow-up by Group.  

 Control Low Intensity High Intensity P 

value 

at18 

months 

0 18 0 18 0 18 

6-minute walk 

(m) 

490 512 479 504 466 507 0.76 

95% CI  497,526  491,518  494,521  

N 114  116  115  

WOMAC 

Function 

25.0 16.3 26.6 14.8 25.5 17.7 0.06 

95% CI  14.5,18.1  13.1,16.6  16.0,19.4  

N 124  126  127  

SF-36 PCS 42.2 43.8 41.4 43.8 42.0 42.5 0.10 

95% CI  42.8,44.8  42.8,44.7  41.5,43.3  

N 122  121  120  

Self-Efficacy 90.5 80.1 91.1 91.0 90.2 90.2 <0.001 

95% CI  76.5,83.6  87.5,94.5  86.8,93.6  

N 123  123  123  
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Effects of a Strength Training Intervention on Self-Efficacy 

  All three outcomes (SF-36 PCS, WOMAC Function, and 6MWD) had significant 

a paths (β = 0.251, 0.245, 0.257; p < .001), indicating that the independent variable 

(strength training) significantly predicts the mediator (self-efficacy). 

This can be seen in Figure 2.  

 
 

Figure 2. Path diagram for model showing the interventions impact on self-efficacy. 

 

Mediation Effects  

 Significant mediation effects were observed for the outcomes of SF-36 PCS, 

WOMAC Function, and 6MWD, suggesting that the strength training intervention 

improves physical function through its effect on self-efficacy. 

 

SF-36 PCS 

Self-efficacy mediated SF-36 PCS: a = 0.251 and b = 0.218, both of which were 

significant (p < 0.001). Both the total effect (c = -0.021) and direct effect (c’ = -0.076) 

were not significant (p = 0.687; p = 0.152). The indirect effect (β = 0.055; p < 0.01) was 

significant, suggesting that PCS was mediated by self-efficacy (see Figure 3).  
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Figure 3. Path diagram for model showing self-efficacy’s mediating impact between the 

intervention and SF-36 PCS. 

 

WOMAC Function 

 Self-efficacy mediated WOMAC Function: a = 0.245 and b = -0.230, both of 

which were significant (p < 0.001). Both the total effect (c = -0.026) and direct effect (c’ 

= 0.031) were not significant (p = 0.611; p = .544). The indirect effect (β = -0.056; p < 

0.01) was significant, suggesting that WOMAC Function was mediated by self-efficacy 

(see Figure 4).  

 

Figure 4. Path diagram for model showing self-efficacy’s mediating impact between the 

intervention and WOMAC Function. 
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6MWD 

Lastly, self-efficacy mediated 6MWD:  a = 0.257 (p < 0.001) and b = 0.200 (p < 

0.01), both of which were significant. Both the total effect (c = -0.003) and direct effect 

(c’ = -0.055) were not significant (p = 0.957; p = .375). The indirect effect (β = 0.051; p < 

.05) was significant, suggesting that 6MWD was mediated by self-efficacy (see Figure 5).  

 

Figure 5. Path diagram for model showing self-efficacy’s mediating impact between the 

intervention and 6MWD. 

 

There were significant indirect effects (a b) found in each model, and no 

significant direct effects were observed, meaning that the intervention effects listed were 

considered mediated by self-efficacy. The mediation table showing these effects can be 

found in Table 5. 
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Table 5. Mediation Analysis Results with Path Coefficients 

Outcome a path p-value b path p-value c’ path 

(direct 

effect) 

p-value c path 

(total 

effect) 

p-value Indirect 

effect 

p-value 

SF-36 PCS β = 0.251 

(0.051) 

< .001 β = 0.218 

(0.058) 

< .001 β = -0.076 

(0.053) 

.152 β = -0.021 

(0.052) 

.687 β = 0.055 

(0.019) 

< .01 

WOMAC 

Function 

β = 0.245 

(0.051) 

< .001 β = -0.230 

(0.058) 

< .001 β = 0.031 

(0.051) 

.544 β = -0.026 

0.050) 

.611 β = -0.056 

(0.019) 

< .01 

6MWD β = 0.257 

(0.053) 

< .001 β = 0.200 

(0.073) 

< .01 β = -0.055 

(0.062) 

.375 β = -0.003 

(0.060) 

.957 β = 0.051 

(0.022) 

< .05 

 

Note: Standard Errors in parentheses. P-values show for each path coefficient. The a path 

represents the effect of the intervention on self-efficacy. The b path represents the effect 

of self-efficacy on the physical function outcome. The c path represents the total effect of 

the intervention on the physical function outcomes, while c’ represent the direct effect 

controlling for the mediator (self-efficacy. Lastly the indirect effect is represented by path 

a x path b.  
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DISCUSSION 
 

The purpose of this study was to examine the effect of a strength training 

intervention on self-efficacy and to examine self-efficacy as a mediator for the 

relationship between a strength training intervention and self-reported and performance-

based physical function outcomes in adults with knee osteoarthritis. Data from this 

investigation demonstrate that the strength training intervention positively influenced 

self-efficacy, which in turn mediated improvements in physical function. These findings 

highlight the importance of self-efficacy for improving physical function from a strength 

training program. Results showed that the intervention had a significant effect on self-

efficacy between groups, indicating that when compared to the attention control group, 

those individuals receiving the intervention showed higher self-efficacy.  

 

Hypothesis One 

  The hypothesis that a combined high- and low-intensity strength training 

intervention would lead to changes in self-efficacy was supported. Results showed that 

the intervention had a significant effect on self-efficacy. These findings align with prior 

research examining the effects of exercise training on self-efficacy. A meta-analysis by 

Baghbani et al. (2023) supports this conclusion, revealing that exercise training programs 

(aerobic, strength, or combined) significantly improve perceived self-efficacy and found 

evidence that the self-efficacy improvements due to participating in exercise training 

could be beneficial for populations with knee osteoarthritis. Similarly, Lawford et al. 

(2023) found that a strengthening and physical activity program led to improvements in 

self-efficacy when compared to a control program.    
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 Additional support for this relationship comes from the Intensive Diet, Exercise, 

and Activity (IDEA) trial, which examined the associations among self-efficacy and 

physical activity, function, and pain at baseline, to examine changes in self-efficacy over 

the 18-month interventions (Mihalko et al., 2018). Participants were placed into one of 

three groups: diet-induced weight loss (D), exercise (E), or a combination of both (D+E). 

The exercise sessions consisted of aerobic and resistance training. Significantly (p < 

.005) higher self-efficacy for gait, walking duration, and balance were found in the D+E 

group following the intervention when compared with the D- or E-only groups. 

Specifically, the exercise only group had significant increases in self-efficacy as 

measured by a gait efficacy scale (p < .03) and walking efficacy for duration scale (p < 

.001) following the 18-month intervention. These findings support the idea that engaging 

in a structured exercise intervention improves individuals’ self-efficacy, especially when 

combined with other health interventions.  

 

Hypothesis Two: Mediation Effects 

Our results also support the hypothesis that changes in self-efficacy would act as a 

mediator for the relationship between a strength training intervention and physical 

function outcomes in adults with knee osteoarthritis.  

While the intervention did not directly improve physical function, the mediation 

analysis revealed that improvements in self-efficacy were associated with better physical 

function outcomes. Specifically, self-efficacy mediated the relationships between strength 

training and improvements in 6MWD, WOMAC Function, and SF-36 PCS scores, 

meaning that the intervention did not directly improve physical function outcomes in the 
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absence of self-efficacy. These findings suggest that increased confidence in one’s ability 

to adhere to a strength training intervention is a key mechanism through which 

improvements in physical function are achieved. 

Although it may seem counterintuitive to suggest mediation in the absence of a 

direct effect. MacKinnon et al. (2009) stated that there are cases where significant 

mediation exists even when a direct relationship between the independent variable 

(strength training) and the dependent variable (physical function) is not observed.  

MacKinnon et al., (2000) referred to the concept of suppression to describe “a 

variable which increases the predictive validity of another variable (or set of variables) by 

its inclusion in a regression equation.” In other words, including a third variable (self-

efficacy) helped reveal a relationship that was hidden without it. Results revealed that the 

directions of the direct and indirect effects were opposite, which suggests a suppressor 

effect, where the beneficial impact of the intervention on physical function through 

increased self-efficacy may be hidden by the negative and non-significant direct effect. A 

negative direct effect would indicate an inverse relationship, meaning that as an 

independent variable increases, the dependent variable tends to decrease. In simple terms, 

improvements in physical function were seen when self-efficacy increased, but the 

relationship was not detectable when considering the direct effect of the intervention 

alone. This further highlights the importance of considering psychological measures such 

as self-efficacy.  

Although few studies have looked specifically at self-efficacy as a mediator in 

strength training interventions and physical function outcomes, existing research aligns 

with the current findings. For example, Rejeski et al. (1998) conducted an 18-month RCT 
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where 357 older adults with knee OA were randomized into one of three groups: 

resistance exercise, aerobic exercise, or attention control. They aimed to determine 

whether self-efficacy mediates the effects of the treatments on stair climb time. Their 

results were consistent with our findings, demonstrating that both resistance and aerobic 

exercise have the potential to enhance performance-related self-efficacy beliefs. The 

authors discuss how the mediational role played by self-efficacy in explaining the effects 

of aerobic and resistance exercise on stair-climb time (an objective index of disability) 

suggests that the health benefits of exercise therapy are linked to perception. Their study 

was similar to the present study in that there was a large sample size participating in a 

long-term exercise training program. However, their study had an additional mode of 

aerobic training compared to only resistance training in the present study.  

Similarly, the ADAPT trial (Messier et al., 2004) examined the effects of exercise 

and dietary weight loss interventions on mobility-related self-efficacy. Focht et al. (2005) 

conducted a follow-up analysis and examined whether self-efficacy and pain mediated 

the beneficial effects of the interventions on performance measures such as the 6MWD. 

Their results had comparable results to the present study, with improvements in self-

efficacy and functional measures such as stair climb time and 6-minute walk performance 

when compared to the healthy lifestyle control intervention. Results examining change in 

6-minute walk performance demonstrated that baseline self-efficacy was a significant 

predictor of change in baseline-adjusted 6MWD (p < .0001). Results of the model 

examining change in stair climb performance demonstrated that baseline stair climb self-

efficacy (p = .0053) and change in stair climb self-efficacy (p < .0001) were significant 

predictors of baseline-adjusted change in stair climb time. These findings demonstrated 
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that self-efficacy was an independent predictor of change in walking and stair climb 

performance. Their results supported self-efficacy as a partial mediator in the relationship 

between the interventions and change in stair climb performance, but not for the 6-minute 

walk.  

Further supporting these findings, the Intensive Diet, Exercise, and Activity 

(IDEA) trial examined whether changes in self-efficacy mediated the relationship 

between treatment effects and clinical outcomes at 18 months (Mihalko et al., 2018). 

Results revealed that self-efficacy significantly (p < .05) mediated the effects of diet and 

exercise on the primary clinical outcomes of physical activity, function, and pain. Change 

in walking self-efficacy significantly mediated (p < .05) the relationship between D+E 

versus E (and D+E versus D) and 6MWT, gait speed, WOMAC function, and WOMAC 

pain. Change in balance efficacy also significantly mediated (p < .05) the relationship 

between D+E versus E (and D+E versus D) and WOMAC function, and between D+E 

versus E and WOMAC pain. Lastly, gait self-efficacy only mediated WOMAC function 

for D+E versus E (p < .05). While this study included a dietary weight loss component in 

some groups, its findings align with the present study, demonstrating the role of self-

efficacy as a mediator for functional improvements.  

Looking at changes in subjective measures of physical function (as measured by 

the WOMAC), Lawford et al. (2023) conducted a secondary analysis of RCTs evaluating 

the mediators of two telehealth-delivered exercise programs on pain and physical 

function in patients with knee OA. They found that increased arthritis self-efficacy 

mediated the effects of exercise and diet and exercise, on improvements in pain and 

physical function. For WOMAC function scores, self-efficacy accounted for 1.66 units of 
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a 4.99-unit reduction total in the exercise group. While their focus was on telehealth-

based programs with a shorter duration (six months versus eighteen months in the present 

study), their findings aligned with the findings of the present study and further support 

the role of self-efficacy in driving improvements in physical function from exercise 

interventions.  

 

Future Directions and Implications 

Knee osteoarthritis is a leading cause of disability for individuals worldwide, 

where the impact on physical capacities may lead to the avoidance of activities, and 

eventually lead to limited physical function. Results from the present study support the 

idea that self-efficacy plays a key role in mediating the effects of strength training on 

physical function for adults with knee osteoarthritis, suggesting that interventions should 

include strategies to enhance self-efficacy.  

Interventions moving forward would benefit from targeting the four sources of 

self-efficacy (mastery experiences, modeling, verbal persuasion, and the interpretation of 

physiological and emotional states (Bandura, 1977). Incorporating techniques such as 

verbal encouragement, goal setting, or progress feedback might help to optimize study 

outcomes such as physical function by reinforcing participants’ confidence in their 

physical abilities. 

In addition to research studies, community-based exercise programs and senior 

centers should consider incorporating the previously mentioned self-efficacy-enhancing 

techniques to support long-term engagement. Additionally, including a variety of people 

from different ethnic and minority groups, those experiencing health disparities, or 
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socioeconomically disadvantaged populations is important in research as all people 

experience chronic conditions differently and can all benefit from possible advances.  

The findings in the present study found self-efficacy to be a causal link between 

strength training and physical function throughout the 18-month study duration. Future 

research should investigate the role of self-efficacy in this relationship beyond the 

intervention period to examine how long self-efficacy improvements persist and whether 

they help participants maintain physical function improvements over time.  

In the future, the exploration of additional psychosocial mediators such as fear of 

movement, pain, or social support might provide insight into how strength training 

influences physical function in adults with knee osteoarthritis. Further research exploring 

additional mediators can help tailor interventions towards special considerations of the 

population being studied.  

 

Strengths and Limitations  

The strengths of this study include the use of a large sample (n = 377) and long-

term duration (18 months) in a community facility that was equipped with resistance 

training machines. Additionally, the use of both subjective (WOMAC Function and SF-

36) and objective (6MWD) physical function measures provides a more comprehensive 

understanding of an individual’s capabilities. Both subjective measures are widely used 

and validated questionnaires that assess health-related components such as function in 

adults with chronic conditions. The six-minute walk is also a validated and widely used 

test that measures functional exercise capacity for various populations, including those 

with chronic conditions.  
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A few limitations should also be considered. First, the study sample was 

comprised mostly of male, white, obese individuals who had completed more than a high 

school education, which limits the generalizability of the findings. The range of eligible 

frontal plane knee angles was -2º valgus to 10º varus, making these results more 

generalizable to those with alignments within this range. While objective measures of 

physical function used alongside subjective measures may be a strength, the use of self-

reported physical function measures introduces the possibility of bias, where someone 

may over- or underreport how they perceive their functional ability. An osteoarthritis-

specific self-efficacy measure, such as the Arthritis Self-Efficacy Scale should be 

considered as it is used to self-report the measure of beliefs reflecting confidence in one’s 

capacity to function despite pain or other arthritis symptoms compared to the Adherence 

Self-Efficacy scale used in the present study. Additionally, the lack of a no-treatment 

control group is another limitation. START’s control group had improvements in 

multiple measures which can make it challenging to interpret the results of the study and 

make it difficult to determine if observed changes are due to the intervention itself or 

other factors.  

 

Conclusion  

In conclusion, these findings suggest that a combined high- and low-intensity 

strength training intervention improves self-efficacy, and that self-efficacy is a causal 

mechanism through which strength training leads to improvements in self-reported and 

performance-based measures of physical function for adults with knee osteoarthritis. 

While the present study focused on self-efficacy’s role as a mediator, prior findings from 
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START (Messier et al., 2018) indicate that muscle strength (specifically the knee 

extensors/quadriceps) also significantly improved in both strength training groups. This 

suggests that more than one pathway, including physiological and psychological factors 

may contribute to functional improvements, which was also supported by Vincent and 

Vincent (2012). The incorporation of behavioral strategies to enhance self-efficacy in 

exercise interventions should be a priority moving forward. An additional focus on social 

determinants and health outcomes, such as physical function, in individuals with knee 

OA can help provide a deeper understanding of how people from all social gradients are 

affected by this chronic condition. 
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Appendix A. Informed Consent 
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Appendix B.  Adherence Self-Efficacy 
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Appendix C. Six-Minute Walk (6MW) 
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Appendix D. Short-Form 36 

 
 

 

 



68 
 



69 
 

 
 

 

 

 

 



70 
 

 

 

 

 

 

 



71 
 

 
 

 

 

 

 

 

 

 



72 
 

Appendix E. Western Ontario and McMaster Universities (WOMAC)  
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