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Abstract 

 

Introduction: Approximately 14 million people in the United States have symptomatic 

Knee Osteoarthritis. Although adherence to an exercise program has been shown to 

improve clinically meaningful outcomes, adherence to exercise in older adults with knee 

OA is relatively low. There is little research on predictors of adherence in this population.  

Purpose: The purpose of this study was to examine which variables were the strongest 

predictors of adherence over 18-months to the high and low strength training exercise 

interventions of the Strength Training for Arthritis Trial (START). 

Methods: START was a single-center, 18-month randomized controlled trial for older 

adults with Knee OA. Participants were randomized to one of three interventions: low 

intensity strength training, high intensity strength training, or an attention-based control 

group. Adherence was defined as the number of sessions attended divided by the number 

of sessions prescribed. Baseline associations between continuous predictors and 

adherence were tested using Pearson correlations, while t-tests were used for categorical 

predictors. A stepwise variable selection was used to identify a parsimonious subset of 

predictors.  

Results: There were 217 older adults (LO 65.3 ± 7.6 years, HI 66.3 ± 8.7 years) 

included in these analyses. Male gender, living with at least one other person, unilateral 

OA presence, being retired or disabled from work, older in age, and on a greater number 

of medications and supplements were significantly associated with attending more 

exercise sessions. Occupation status, negative affect, bilateral OA presence, PAT-D 

IADLs, and living alone were deemed significant predictors in the first model and 

confirmed by a second model. 



 vii 
 

Conclusions: Adherence to exercise in patients with knee OA needs to be examined 

across a broad range of factors. The factors identified in this thesis can aid in developing 

effective adherence promoting strategies. 
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Introduction 

 
What is Knee Osteoarthritis? 
 
 Knee Osteoarthritis is a debilitating disease characterized by joint deterioration 

and inflammation (Heidari, 2011).  Osteoarthritis is the most prevalent form of joint 

arthritis as well as one of the most common disabilities in older adults (Alkhawajah and 

Alshami, 2019). The Kellgren and Lawrence radiographic classification scale is the gold 

standard for identifying the severity of knee OA. The KL scale ranges from 0 (no arthritis 

presence) to 4 (indicating bone-on-bone) (Kellgren & Lawrence, 1957). Knee pain does 

not always correlate with the severity of knee OA. For that reason, radiographic evidence 

alone should not be used when identifying the presence of OA and therefore, knee OA 

can be classified as either symptomatic or asymptomatic. Symptomatic knee OA is 

defined as having pain and stiffness in the affected knee on most days of the month 

(Deshpande et al., 2016).  

Prevalence 

 Approximately 14 million people in the United States have symptomatic knee 

OA, making it one of the most common physical disabilities. 13% of women and 10% of 

men greater than 60 years old in the United States have symptomatic knee OA. 2 million 

people with knee OA are less than 45 years and 6 million are between 45 and 64 years. 

Individuals greater than 65 years are more likely to have advanced OA (Deshpande et al., 

2016). The prevalence of knee OA is increasing due to an aging population as well as 

higher rates of obesity. 

 

 



 2 
 

Risk Factors 

Age is one of the strongest risk factors due to the exposure of various factors that 

occur with aging, such as cartilage thinning, weak muscles, and poor proprioception 

(Zhang & Jordan, 2010). Women are more likely to develop OA and are more likely to 

have severe OA than men. 3 million knee OA patients are a part of a racial minority 

group, and African Americans are more likely to have more severe osteophytes compared 

to Caucasians. Without sufficient Vitamin D, bones can become thin and brittle. Older 

adults in the Framingham study who were categorized in the lowest tertile for Vitamin D 

consumption were 3 times more at risk for OA compared to those in higher tertiles 

(McAlindon et al., 1996).  

Obesity is another one of the strongest risk factors and 69% of knee replacements 

have been attributed to obesity (Heidari, 2011). Framingham study participants 

demonstrated that a five-kilogram weight loss had a 50% reduction of risk in developing 

symptomatic knee OA (Felson, et al., 1992). Additionally, severe knee injuries such as a 

trans-articular fracture, meniscus tear, or ACL injury can strongly increase OA risk. Knee 

alignment is another risk factor and a key determinant of load distribution. Any shift from 

the neutral alignment affects that distribution. Finally, joint laxity and limb length 

inequality increase risk for OA (Zhang & Jordan, 2010). 

Symptoms 

 It is estimated that ~7% of the United States population older than 25 years has 

symptomatic knee OA and over half of all symptomatic patients have advanced disease 

(Deshpande et al., 2016). According to Zhang et al., “typical symptoms of knee OA are 

usage-related pain, often worse towards the end of the day, morning or inactivity 
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stiffness, and impaired function.” The Western Ontario and McMaster (WOMAC) index 

is a valid and reliable measure of patient-reported outcomes (Bellamy et al., 2011). 

Scores range from 0 (none) to 4 (extreme), and the total pain score falls between 0 and 

20. Other symptoms of knee OA include but are not limited to, crepitus, restricted 

movement, bony enlargement, and inflammation. Joint pain and stiffness can make daily 

tasks difficult and decrease quality of life. 80% of knee OA patients experience 

movement restrictions and 25% of those patients have limitations that compromise the 

performance of daily living activities (Alcalde et al., 2017). 

Treatment 

Although there is no known cure for OA, management aims to control pain while 

improving function and quality of life (Alkhawajah and Alshami, 2019). There are 

different approaches to treating knee OA, these include medications, surgeries, injections, 

and lifestyle changes. Acetaminophen (Tylenol) and Nonsteroidal anti-inflammatory 

drugs (NSAIDS, such as Advil) help relieve some mild to moderate pain and reduce 

inflammation (Deveza, 2019). Cortisone injections are another method of pain relief. 

Knee replacement surgery is performed to relieve pain and people usually undergo this 

procedure because they have problems walking, climbing stairs, and getting in and out of 

chairs (Martin, 2020). Since obesity impacts the risk, progression, and severity of OA, 

weight loss helps improve clinical outcomes. Research has shown that each pound of 

weight lost results in a 4-fold load reduction at the knee joint (Messier et al., 2005). 

Patients who lose 10% of their initial body weight have significantly improved function 

(Messier et al., 2013). Exercise aids this process by increasing muscular strength and 
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endurance while also burning calories. Exercise paired with weight loss is an effective 

form of non-invasive treatment for knee OA patients. 

Exercise Interventions 

 The American College of Sports Medicine (ACSM) recommends that adults 

perform at least 150 minutes per week of moderate aerobic activity or 75 minutes of 

vigorous aerobic activity and engage in at least 2 days per week of muscle strengthening 

activities using the major muscle groups (Haskell et al., 2007). Exercise is recommended 

as treatment by the Osteoarthritis Research Society International (OARSI). Exercise can 

improve strength, function, weight management (paired with diet), and improve quality 

of life in knee OA patients (Alcalde et al., 2017). Aerobic exercise is defined as exercise 

that requires the body’s large muscles to move in a rhythmic manner for a sustained 

period of time. Examples of this include walking, jogging or running, cycling, and 

swimming. Muscle-strengthening exercise requires the body’s muscles to work against an 

applied force for a determined number of sets and repetitions. Muscle-strengthening 

exercise involves free weights, weight machines, elastic bands, or body weight exercises 

(Physical Activity Guidelines, 2018).  

Aerobic Exercise Interventions 

 Talbot et al. randomized symptomatic knee OA participants into either a 12-week 

arthritis education group or an exercise plus education group. The arthritis education 

program consisted of one-hour sessions on coping with arthritis and the use of exercise as 

self-management. The exercise plus education group received this same program but 

were also given a pedometer. The number of daily steps was modified to each 

individual’s step count at baseline and increased 10% each week. Activity logs were used 
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to record the daily step count to monitor progress. Adherence to wearing the pedometer 

and daily use of exercise logs was 76%. Step goal completion was 48% and education 

class adherence was 71%. Participants in the exercise plus education group significantly 

improved their 100-Foot Timed Walk-Turn-Walk time compared to the control group; 

however, pain and other functional scores were not significantly different (Talbot et al., 

2003). 

 Martin and colleagues conducted a 6-month study to determine the effects of a 

walking program on pain and physical function in knee OA patients. 48 participants were 

assigned to a walking program and health education class. The health education classes 

were weekly, one-hour sessions that presented information on nutrition and healthy 

eating. Participants engaged in 45-minute walking sessions, three times a week (one at 

the facility and the other two performed at home). Each participant’s training intensity 

was determined using 50-60% of their heart rate reserve. The adherence rate for the in-

person sessions was 85%, however data was not collected for the two at-home sessions. 

Overall, there were significant improvements in 6-Minute Walk Distance but pain score 

improvement was only seen in those classified as obese at baseline (Martin et al., 2001). 

Strength Training Interventions 

Mikesky and colleagues conducted a study in which 221 adults participated in a 

30-month exercise intervention. Subjects engaged in weight training twice a week at the 

facility and once per week at home for the first three months. Training intensity was 

determined by using a submaximal test to allow for maximum resistance for 8-10 

repetitions. Over the following months of the study, the participants began to gradually 

transition to fully exercising at home. Adherence to training sessions were recorded using 
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a computerized check-in system. If participants missed workouts, a staff member would 

identify and attempt to resolve barriers to adherence. Adherence to strength training at the 

facility was 59% and home-based self-report adherence was 56%. Lower body resistance 

training in this study showed a slower progression of knee OA by reducing the mean rate 

of joint space narrowing by 26% while also demonstrating a slower rate of muscle loss 

over 30 months compared to the control (Mikesky et al., 2006).    

Baker et al. randomized 46 adults (>55 years of age) into either a home-based 

progressive strength training program or into a nutrition education program for four 

months. Subjects in the strength training group participated in a program consisting of 

lower body resistance training three times per week. Intensity was determined by ratings 

of perceived exertion; participants were encouraged to increase their resistance as long as 

proper form was achieved. The attention control group received seven in home visits 

during the study where interventionists provided healthy eating information and helped 

the subjects set goals. Adherence to the intervention and the education program were 

84% and 65%, respectively. Participants in the home-based strength training program 

improved knee extension strength by 71% in the leg identified as the most painful 

compared to just a 3% improvement in the control group (Baker et al., 2001). 

Aerobic Training versus Strength Training 

 Ettinger et al. randomized 439 older adults (aged 60 years or older) with knee OA 

to an aerobic exercise program, a resistance training program, or a health education 

program (attention control). Aerobic exercise intensity was determined by 50-70% of 

each subject’s heart rate reserve. Strength training intensity was determined by beginning 

with the lowest possible resistance and then increased in a stepwise fashion as long as the 
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participant could successfully complete 2 sets of 10 repetitions. Participants kept an 

exercise log and recorded the number of prescribed sessions completed. Overall 

adherence rates for each group were 68% for the aerobic exercise group, 70% for the 

resistance training group, and 95% for the health education group.   Participants in both 

exercise intervention groups reported a modest reduction in pain and a modest 

improvement in physical function compared to the control (Ettinger et al., 1997). 

Combined Strength Training and Aerobic Exercise 

Messier and colleagues randomized 316 obese older adults who had radiographic 

evidence of knee OA into an attention control, diet only, exercise only, or diet combined 

with exercise group in the Arthritis, Diet, and Activity Promotion Trial (ADAPT). The 

exercise program consisted of aerobic training and resistance training.  Adherence was 

calculated by dividing the number of sessions the participants attended by the number of 

prescribed sessions multiplied by 100. Adherence rates for ADAPT were: 73% for the 

control, 72% for the diet group, 60% for the exercise group, and 64% for the diet plus 

exercise group.  The diet plus exercise group demonstrated a 30.3% decrease in pain 

scores throughout the 18-month intervention. The diet and diet plus exercise groups lost 

significantly more weight compared to the attention control group (p≤0.05). However, the 

diet plus exercise group made significant improvements (p≤0.05) in knee pain scores 

relative to the attention control group. Pain decreased 30.3% in the diet plus exercise 

group during the intervention (Messier et al., 2004). Exercise combined with weight loss 

led to better outcomes in this study.  

Van Gool and colleagues then used the data from ADAPT to determine if high 

exercise adherence was correlated with improved physical function. Van Gool evaluated 



 8 
 

adherence by dividing the number of sessions the participants attended by the number of 

prescribed sessions multiplied by 100. Exercise adherence was 53.7 ± 29.4% overall. 

Higher adherence to exercise in this trial was significantly correlated with improved 

physical function and a positive change in BMI.  The authors conclude that promoting 

adherence is clinically relevant when prescribing exercise to OA patients (van Gool et al., 

2005). 

The Role of Adherence 

Although exercise interventions in older adults with knee osteoarthritis appear to 

be an effective way to improve clinically meaningful outcomes, the success of any 

lifestyle change is dependent upon the subject’s willingness to initiate and maintain the 

required behavior (Shumaker, 2000). According to Mirotznik, 50% of participants that 

enroll in an exercise program drop-out within the first 6-months (Mirotznik, Feldman, & 

Stein, 1995).  

Previously, the word “compliance” has been used in exercise trials instead of 

adherence, however this term is too simplistic. Compliance is defined as “to act in 

conformity with” and the maintenance of behavior change is dynamic and involves input 

from the individual. The term “adherence” appropriately refers to the tenacity needed to 

stick to an exercise program (Aronson, 2007). Due to its importance and complex nature, 

there is a need for a consistent definition, as well as a theoretical framework in order to 

understand adherence and its predictors in older adults with knee OA. 

The World Health Organization defines adherence as “the extent to which a 

person’s behavior corresponds with agreed recommendations from a health-care 

provider” (Sabaté, 2003). Adherence is a construct that is dependent upon the patient’s 
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understanding of their illness and in their ability to control their disease by utilizing the 

treatment (Ahmed & Aslani., 2014). Although many health disciplines agree adherence is 

important, there remains a lack of consistent terminology used to describe adherence and 

its related concepts (Bissonnette, 2008). 

One example of a study that incorporated an intervention to increase adherence 

was performed by Duncan and Pozehl. Duncan and Pozehl randomized heart failure 

patients into either an exercise only group or an exercise-with-adherence group. The 24-

week intervention consisted of both groups exercising at the facility three times per week. 

Participants in the exercise-with-adherence group met with an interventionist every three 

weeks. These visits consisted of goal setting, adherence evaluation, and positive 

reinforcement. If a participant did not meet their goals, problem solving occurred. 

Exercise adherence was defined as number of sessions completed. There was not a 

significant difference in adherence between the two groups during Phase 1, 62.3 sessions 

completed for the exercise-with-adherence group and 59.6 for the exercise-only group. 

However, during Phase 2, the exercise-with-adherence group completed more sessions 

than the exercise-only group, 59.3 and 41.2 respectively. The subjects in the exercise-

with-adherence group improved their 6 Minute Walk Distance and VO2 Max but it was 

not significantly different compared to the exercise-only group (Duncan & Pozehl, 2012). 

Although the authors state that the adherence intervention was influenced by the work of 

Bandura, how the components of the intervention were built upon the tenets of this 

theoretical framework was not clear. 
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Exercise Adherence: A Theoretical Perspective 

 Adherence is a complex phenomenon involving interactions among the 

individual, the environment, and the community (Mihalko et al., 2004). Exercise 

adherence in a research trial is commonly operationally defined as the number of exercise 

sessions attended divided by the number of sessions prescribed in a research intervention. 

However, there is a need for a consistent theoretical framework to both understand and 

promote adherence. 

 Social cognitive theory (SCT) is a framework that involves the influence of 

individual experiences, the actions of others, and environmental factors on individual 

health behavior. Behavior change and maintenance are reliant on outcome expectations 

from engaging in the behavior. Trials that use the SCT framework promote self-efficacy 

and goal setting to improve adherence rates. Self-efficacy refers to an individual’s belief 

in their capabilities to perform necessary actions to meet certain demands. Mastery 

experiences, modeling, verbal persuasion, and interpretation of psychophysiological 

states all influence self-efficacy.  The stronger an individual’s perceived capabilities, the 

higher the goals people set for themselves and the more likely they are to commit to those 

goals, thus resulting in behavior change (Bandura, 1989). Motivation to engage in a 

behavior is impacted by interaction between the person and the environment, including 

demographic and psychosocial factors. It is important to identify these factors in order to 

promote behavior change and adherence in clinical trials. Figure 1 provides an illustration 

of Social Cognitive Theory.  
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Figure 1. Social Cognitive Theory 

 

 

 Adherence to exercise has been directly related to social cognitive outcomes 

among sedentary, middle-aged adults who in a walking program over the course of 20-

weeks. Participants attended these 1-hour exercise sessions, three days per week. At the 

end of the intervention, participants completed questionnaires related to overcoming 

barriers to exercise and maintenance of exercise over time. Those who had higher self-

efficacy attended more exercise sessions than those who did not. Within this trial, self-

efficacy and mastery experiences were shown to be directly related to exercise behavior. 

The authors concluded that exercise interventions should be structured to maximize 

social cognitive outcomes since increased self-efficacy resulted in mastering challenges 

and overcoming barriers, ultimately increasing adherence rates (McAuley, 1992). 

Consistent participation in prescribed exercise is believed to result in better 

outcomes, however adherence to exercise in the OA population is relatively low (Pisters 

et al., 2010). Adherence to exercise involves a myriad of factors, including both internal 

and external. Petursdottir and colleagues interviewed knee OA patients in order to 

determine what they perceive as barriers to exercise. The most prevalent factors 
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identified were pain, joint stiffness, and motivation (Petursdottir et al., 2010). This study 

highlights the need for understanding factors that impact adherence to exercise 

interventions specifically in older adults with knee OA. 

 Along with barriers, certain factors can either positively or negatively predict 

adherence. Adherence is impacted by demographical variables, health-related variables, 

and psychosocial variables. These demographical factors include age, gender, race, 

education level, and social economic status (SES). Health-related variables such as BMI, 

physical function, physical activity, and pain also influence adherence. And psychosocial 

variables such as self-efficacy and health-related quality of life are important predictors 

of adherence as well. These factors are in line with social cognitive theory and serve as a 

strong theoretical framework for designing and implementing more effective lifestyle 

interventions involving older adults with knee OA.  

Predictors of Adherence to Exercise 

Demographics 

 Previous studies have shown that demographic characteristics impact exercise 

adherence. In a web-based physical activity intervention, younger age predicted a higher 

usage rate among participants (Bossen et al., 2013). However, over the course of a 72-

week exercise intervention involving sedentary females, older age predicted a higher 

adherence rate compared to younger age participants (Jacobsen et al., 2003). In a study 

examining long-term exercise adherence, investigators found that low education levels 

were associated with poor adherence (Saida et al., 2017). Lower SES status has also been 

shown to predict poor adherence to exercise interventions (Belza et al., 2002; Tuakli-

Wosornu et al., 2016).  
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Regarding the impact of gender and race on adherence, several studies have found 

that being male made one more likely to finish the program (Bautista-Castaño et al., 

2004; Mikesky et al., 2006). In a 9-month resistance training program, Rejeski and 

colleagues were unable to clearly determine which racial groups were more or less likely 

to adhere to the intervention (Rejeski et al., 1997). Overall, there are conflicting findings 

in the literature regarding demographic predictors of adherence, and there is a need for 

research in patients with knee OA.  

Health-related variables 

 Health-related variables, such as BMI, physical function, and physical activity 

have been shown to influence adherence rates in the literature. Body mass index is 

defined as body weight divided by height squared (kg/m2) and is used to indicate 

overweight and obesity. A BMI of 25 kg/m2 to 29 kg/m2 is considered overweight and a 

BMI of greater than or equal to 30 kg/m2 is considered obese (Deurenberg, Yap, & van 

Staveren, 1998). A higher BMI at baseline has been shown to negatively predict 

adherence to an exercise program (Dorn, Imamura, & Trevisan, 2001; Jacobsen et al., 

2003). In one of the few studies in OA, Rosemann and colleagues aimed to identify 

factors associated with physical activity participation. The authors found that poor 

physical function was the strongest predictor of poor adherence (Rosemann et al., 2006). 

In another exercise intervention involving OA patients by Schoo et al., subjects who were 

physically active at baseline were 14 times more likely to adhere to the exercise program 

in their study (Schoo et al., 2005).  

 Pain has also been shown to be an important predictor of adherence to exercise in 

several studies. Loew and colleagues examined factors that could affect adherence in 
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older adults with knee OA and found that fear of exercise exacerbating knee pain was one 

of the most important factors (Loew et al., 2016). This fear of movement is associated 

with increased pain and physical inactivity. Physical inactivity is relevant to knee OA 

patients since exercise is a key component to OA management (Gunn et al., 2017). A 

meta-analysis of 20 studies examined barriers to adherence in patients with 

musculoskeletal disorders (including knee osteoarthritis). This analysis found that greater 

pain at baseline predicted poor exercise adherence. A worsening of pain during exercise 

predicted poor adherence while an improvement of pain over the course of an 

intervention positively predicted improved exercise behavior 18 months later (Jack, 

McLean, & Gardiner., 2010). 

Psychosocial variables 

 Self-efficacy is believed to be task specific and influences the types of activities 

an individual chooses to engage in, how much effort they are willing to expend in an 

activity, and how they will handle barriers or failures (McAuley, Lox, Duncan, 1993).  

Poor self-efficacy influences an individual’s ability to overcome obstacles such as 

initiating, maintaining, or recovering from relapse in exercise (Falko et al., 2005). High 

exercise self-efficacy at baseline positively predicted adherence to a home-based exercise 

program in a one-year intervention (Strenstrom et al., 1997).  In OA subjects, poor 

exercise self-efficacy predicted poor adherence to the program (Shaw et al., 1994). It is 

important to implement strategies to address low self-efficacy, such as goal setting or 

positive reinforcement, to improve adherence rates.  

 Health-related quality of life (HRQL) can be defined as “how well a person 

functions in their life and his or her perceived well-being in physical, mental, and social 
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domains of health” (Karimi & Brazier, 2016). HRQL is important because there is a need 

to measure outcomes beyond morbidity and biological function. The 36-item Short Form 

Survey (SF-36) is a widely used questionnaire that measures physical functioning, role 

limitations, social functioning, pain, mental health, and vitality. The impact of HRQL on 

exercise adherence in the literature is well studied. In a one-year exercise intervention for 

women diagnosed with breast cancer, the authors found that a higher quality of life score 

at baseline resulted in greater adherence in the control group and the exercise group 

(Courneya et al., 2012).  

 Perceived social support is another factor that is significantly associated with 

exercise behavior. Social support may come from friends, family, healthcare providers, or 

exercise trainers. Social support can take many different forms; providing transportation 

for an older adult to an exercise facility, sharing information about exercise classes or 

programs, calling a friend to see how their exercise routine is progressing, or providing 

encouragement and reinforcement (Berkman, 1995). Resnick and colleagues found that 

social support positively predicted exercise adherence in older adults. Those who had 

greater perceived social support exercised more frequently, especially those who had 

higher support from friends/coparticipants. The authors stated that this may be due to 

friends/coparticipants being more directly involved and older adults not having as many 

living family members (Resnick et al., 2002). 

Mode and Intensity of Exercise 

Exercise mode can impact adherence rates. Picorelli and colleagues allocated 231 

older women (> 65 years old) to either an aerobic exercise group or resistance training 

group to investigate adherence differences among the two exercise modes. Each training 
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program lasted 10-weeks and involved 3, 50-minute training sessions per week. The 

resistance training group performed lower body exercises with a load that was tailored to 

individual ability. The training load was progressively increased each week for 10 weeks. 

The aerobic exercise program consisted of a 5-minute warm-up, 40 minutes of walking, 

and a 5-minute cool-down period.  Participants who attended 85% or more sessions were 

considered adherent. Adherence in the aerobic exercise group was 49.70% and 56.20% in 

the resistance training group. The authors stated that “high prevalence of joint diseases, 

such as osteoarthritis, frequently hamper successful performance of aerobic exercises 

because many activities cause joint impact”. The authors argued that resistance training is 

preferred by older adults with knee OA (Picorelli et al., 2014). 

 Van Roie et al. examined willingness to engage in a high or low intensity 

resistance exercise program among older adults. Fifty-six participants were randomized 

into a high intensity group or low intensity group and performed leg extensions and leg 

presses on resistance machines for 12-weeks, 3 times per week. The exercises were 

performed at either 80% (high intensity group) or 20% (low intensity group) of their one 

rep-max.  Adherence to exercise was 95.7% and 95.8% in the high and low groups, 

respectively. The authors stated that it is believed that low intensity resistance training is 

more suitable and preferred by older participants, however their findings dispute this 

claim (Van Roie et al., 2015).  

Gaps in the Literature 

 There are some important limitations in the adherence and knee OA literature that 

need to be addressed. Adherence levels in the knee OA population are low and there 

needs to be more research in order to promote adherence. Most of the research in this 
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population involves aerobic exercise. The literature indicates that both low and high 

intensity exercise has positive impacts on strength and function (Messier et al., 2021). 

Since most of the resistance training research involves low to moderate intensity there is 

very little known about the predictors of adherence to either intensity level, and 

especially high intensity. There is also a lack of studies that involve participants actually 

choosing their preferred mode of exercise. Most studies randomize participants into a 

resistance or aerobic exercise group without giving them a choice. Many exercise trials in 

this population lack a sound operational definition or a comprehensive theoretical 

framework in order to enhance adherence. Overall, there is little research on predictors of 

adherence to resistance training in knee osteoarthritis patients.  

Study Objectives 
 
 The Strength Training for Arthritis Trial (START) was a single-center, 18 month 

randomized controlled trial. START was the first long term clinical trial to investigate the 

effects of high and low intensity resistance training on knee osteoarthritis outcomes. 

START aimed to determine whether high-intensity strength training lowered pain levels 

and reduced knee joint compressive forces compared with low-intensity strength training 

and attention control (Messier et al., 2021). The purpose of this thesis was to examine 

which demographic, health-related, or psychosocial variables were the strongest 

predictors of adherence over 18 months to the high and low intensity strength training 

exercise interventions. If key variables that impact adherence are identified, then future 

trials should consider these variables in their design and implementation in order to 

improve adherence and ultimately, maximize outcomes. 

 



 18 
 

Methods 

Participants 

 Recruitment occurred for 30 months in 10 waves with 37 participants entering 

each wave every 3 months. Participants were predominantly recruited via newspaper 

advertisements but were also recruited via mass-mailings, presentations at local senior 

centers and churches, as well as radio and online advertisements. An emphasis was 

placed on strategies to increase African American enrollment. The goal for recruitment 

was 372 ambulatory, community-dwelling adults ≥ 50 years old with a self-reported 

disability due to knee OA.  

Eligibility criteria consisted of mild-to-moderate radiographic medial tibiofemoral 

OA, knee neutral or knee varus alignment, BMI ≥ 20 and ≤ 45, and no participation in 

resistance training for more than 30 minutes per week in the past 6 months. Participants 

were excluded if they had a significant co-morbid disease that would threaten safety, 

alignment restrictions, excessive alcohol use, were unlikely to be compliant, significant 

cognitive impairment, conditions that prohibit CT, or did not have mild to moderate pain. 

Eligible participants were randomized into one of three groups: high intensity strength 

training group (75%-90% 1RM), low intensity strength training group (30%-40% 1RM), 

or attention control (health education). This secondary analysis focuses only on the two 

strength training groups. 

Study Protocol 

 Eligible participants after pre-screening (PSV) attended two screening visits (SV) 

and a randomization visit (RV). The first screening visit was on Wake Forest University’s 

campus and consisted of the staff providing further information about the study and 
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obtaining informed consent from the participant (see Appendix A). Participants who were 

deemed eligible then visited the Wake Forest University Baptist Medical Center to 

confirm OA status via X-ray and performed other physical functioning tests.  During the 

second screening visit (SV2), pain, body composition, function, and gait analysis were 

recorded. After SV2, a randomization visit was conducted at WFBMC, and participants 

were randomized and enrolled into the study. Participants returned for follow-up testing 

visits at 6-, 12-, and 18-month intervals. 

Intervention 

 Exercise sessions were held 3 times per week for 18 months at the Wake Forest 

University Clinical Research Center. Participants were randomized into either a high 

intensity strength training group or a low intensity strength training group. Group 

exercise sessions were supervised by American College of Sports Medicine certified 

research staff. The 60-minute sessions consisted of a 5-minute warm-up, 40 minutes of 

weight training, and a 15-minute cool-down period. 1-Repetition Max (1RM) testing was 

used to determine the intensity for each participant.  

The warm-up consisted of some light cycling or walking on the facility’s indoor 

track and participants cooled down with upper and lower body stretching. The strength 

training program consisted of 6 lower body exercises: hip abduction and adduction, leg 

curl, extension, and press, and seated calf press. Although the primary aim of the study 

focused on the lower body, participants engaged in 4 upper body and core exercises to 

ensure they had a well-rounded program. These upper body and core exercises included 

compound-row, vertical chest, lower-back, and abdominal machines. All strength training 
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exercises were performed on resistance machines because of time efficiency and safety 

reasons.  

 Participants in the high intensity group completed these exercises at 75%-90% of 

their 1RM. During 8-week cycles, intensity increased by 5% every two weeks and 

repetitions decreased from 8 to 4. At the end of each cycle, 1RM testing was performed 

to update the prescription. The low intensity group performed 3 sets of 15 repetitions at 

30%-40% of their 1RM. Intensity increased by 5%, starting at 30% to a maximum of 

40% every two weeks. 1RM testing was performed at the end of each cycle to update the 

prescription. Participants who missed an exercise session were given Thera-Bands to use 

at home. 

 START’s design implemented techniques from Social Cognitive Theory to 

improve adherence. Research staff were trained by a health psychologist in standardized 

behavioral techniques in the SCT framework. These techniques included frequent 

contact, positive feedback, and negotiating performance goals. If a participant missed 2 

consecutive sessions, an interventionist called them on the phone to assess study goals 

and barriers to participation. These strategies were used to enhance adherence and 

improve social cognitive mechanisms (Messier et al., 2013).  
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Measures 

Demographics 

Participant demographics were collected through the Demographics form (see 

Appendix B) at SV1. This form collected information on age, gender, race, marital status, 

number of persons living in household, highest level of formal education, income, and 

occupational status. Number of medications and supplements were obtained through the 

Medications form (see Appendix C). Number of comorbidities was obtained by the 

Medical History form (see Appendix D). 

Health-related variables 

 Health-related variables were measured at SV1. Height was measured using a 

stadiometer and recorded to the nearest 0.1 cm. Weight was recorded on a scale, without 

shoes, and recorded to the nearest 0.1 kg. Then, BMI was determined by dividing weight 

by height squared (kg/m2). Waist circumference was measured using a standard tape 

measure while the participant was standing. The measurement was taken twice, halfway 

between the border of the ribs and the iliac crest.  

The Western Ontario McMasters Universities Osteoarthritis Index has been found 

to be a valid and reliable measure of pain and physical function in OA populations 

(Bellamy et al., 1988). The pain subscale is scored from zero (none) to four (extreme) and 

asks questions regarding pain during the day. The questionnaire consists of five items and 

total scores can range from 0-20, with higher scores indicating higher pain. Participants 

must have scored greater than a four to be included in START. The physical function 

subscale uses the same zero to four scale and asks questions regarding the difficulty of 
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performing daily tasks. The scores from the seventeen-item subscale are totaled and 

range from 0-68, with higher scores meaning poorer function (see Appendix E).  

Walking distance was measured by the Six-Minute Walk Test, a reliable and valid 

measure of physical function in older adults (Rikli & Jones, 1998). Participants were 

asked to walk as far as they could around a track for six minutes. Total distanced was 

recorded and measured in meters. 

The Physical Activity Scale for the Elderly (PASE) was used to measure whether 

daily activity increased as a result of the study. The PASE asks questions regarding 

exercise, leisure activities, and housework over a seven-day period. Items 1-6 are scored 

in hours per day and items 7-12 are scored as engaged or not engaged in a certain activity 

(see Appendix F). All of these health-related variables were collected at SV1. 

The FAST Functional Performance Inventory (FAST-23), also referred to as 

PAT-D was used to measure self-reported physical function (see Appendix G). The 23-

item questionnaire asks participants to indicate how difficult it is to perform activities of 

daily living (ADLs) and instrumental activities of daily living (IADLS). Activity 

difficulty is scored on a scale from 1 (usually did with no difficulty) to 6 (usually did not 

do for other reason). Each subscale is averaged, and scores are reported as a range from 

1-6. 

Psychosocial variables 

 The adherence self-efficacy questionnaire was completed at SV2 and assessed 

confidence in the participant’s ability to continue exercising at varying intensities and 

frequencies (see Appendix H). The 8-item questionnaire asks participants to rate their 

ability of performing tasks over a specific amount of time. Scores are recorded on a scale 
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of 0% (not confident) to 100% (confident) in increments of 10% and total scores are 

divided by 8. 

 The Activities-specific Balance Confidence (ABC) questionnaire is another 

measure of self-efficacy and was collected at SV1. The ABC questionnaire consists of 

16-items rating one’s ability to perform specific activities while maintaining balance (see 

Appendix I). Responses ranged from 0% (not at all confident) to 100% (highly confident) 

in increments of 10%. All 16-items were summated and divided by 16 with a higher score 

indicating higher self-efficacy. 

 The 36-item Short Form Survey (SF-36) was collected at SV1 and is considered 

to be one of the most widely used measures of health-related quality of life (Ware & 

Sherbourne, 1992). Participants were asked a variety of questions regarding their health 

over different time points (see Appendix J). Social support was measured by the SF-36 

social functioning subscale. Another measure of social support was collected at 

intervention visits. Participants were allowed to bring guests to accompany them during 

the exercise sessions. Each participant’s number of guests were recorded at each session 

and then totaled across the intervention. 

 The Satisfaction with Life Scale (SWL) measures global life satisfaction. SWL is 

narrowly focused to assess global life satisfaction without interfering with positive affect 

or loneliness (Pavot & Diener, 2008). The scale consists of 5-items which require 

participants to rate the amount to which they agree with the statements about their lives. 

The responses range from 1 (strongly disagree) to 7 (strongly agree). All responses are 

summated, and a higher score indicates a higher level of life satisfaction (see Appendix 

K). 
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 The Positive and Negative Affect Scale (PANAS) was designed to measure 

positive and negative affect. The PANAS gives an insightful perspective regarding 

participants’ feeling states and how mood can be indicative of QOL. The 20-item scale 

reflects the intensity of how the participant feels right now (see Appendix L). Responses 

range from 1 (very slightly to not at all) to 5 (extremely). There are positive and negative 

affect subscales. All responses in each subscale are summated and a higher score for 

positive affect indicates a higher level of positive affect. A higher score for negative 

affect indicates a higher level of negative affect. A complete variable list can be found in 

Table I. 

Table I. Complete List of Study Variables 

             

 

Demographics   Age, gender, race, number of persons living in household,  
   education, income, occupational status, number of medications 
   and supplements, OA presence, number of comorbidities 
 
 
Health-related   BMI, waist circumference, WOMAC pain and function, 
   6MWD, PASE, FAST-23 (PAT-D) 
 
Psychosocial   Adherence self-efficacy, ABC, SF-36, Social Support, SWL, PANAS 
 
 

 

 

 

 

 

 

 

 

 



 25 
 

Analytic Plan 

 Baseline characteristics for low and high intensity participants with 18-month data 

were presented using descriptive characteristics, and we tested for potential bias due to 

differential withdrawal using baseline means with t-tests for continuous variables and 

chi-square tests for categorical variables. Univariate predictors of 18-month adherence 

were estimated using Pearson correlation coefficients for continuous predictors and t-tests 

for categorical predictors. To attempt to identify a parsimonious subset of predictors, a 

stepwise variable selection was used including all univariate predictors and included 

covariates with p <0.15. To confirm these findings, a secondary variable selection 

procedure was executed in which the optimal model was chosen based on lowest AIC 

among competing models. Baseline comparisons and univariate predictors were deemed 

significant at a 0.05 level of significance. All analyses are considered exploratory and 

there was no adjustment for multiplicity of outcomes. 
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Results 

 Demographics 

217 participants were included in this analysis with 108 randomized to the Low 

Intensity Strength Training group (LO) and 109 randomized to the High Intensity 

Strength Training group (HI). The average age of participants in the LO group was 65.3 

± 7.6 years and 66.3 ± 8.7 years in the HI group. The majority of the sample for each 

group was male (57.4% in LO and 57.8% in HI). 81.5% of the sample in the LO group 

and 82.6% of the sample in the HI group were white. There were no significant 

differences between groups at baseline. A full summary of baseline demographic 

information for those with 18-month follow-up data is found in Table II. 

 

 

 

 

 

 

 

 

 

 

Health-related variables 

 Participants in both intervention groups were considered obese (BMI 31.0 ± 5.5 

kg/m2 in LO, 31.3 ± 5.7 kg/m2 in HI). Average WOMAC function scores were 26.56 ± 

 

Table II. Demographic Characteristics of Study Participants at Baseline 

 
LO 

N = 108 

mean (SD) 

HI 
N=109 

mean (SD) 

Age (years) 65.3 (7.6) 66.3 (8.7) 

# Living in Household 2.18 (1.32) 2.00 (0.72) 

# of Meds & Supplements 5.81 (3.51) 6.14 (4.03) 

# of Comorbidities  0.68 (0.97) 0.80 (1.14) 

Live alone n (%) 20.0 (18.5) 22.0 (20.2) 

College Degree or Higher n (%) 62.0 (58.5) 60.0 (55.6) 

Income 75k+ n (%) 47.0 (44.3) 44.0 (41.1) 

Disabled/Retired n (%) 55.0 (52.4) 61.0 (57.5) 

Female Gender n (%) 46.0 (42.6) 46.0 (42.2) 

Bilateral OA n (%) 87.0 (80.6) 90.0 (82.6) 

White n (%) 88.0 (81.5) 90.0 (82.6) 
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10.51 and 25.44 ± 10.47 in the LO and HI groups respectively. Average WOMAC pain 

scores were 7.26 ± 2.58 in the LO group and 6.93 ± 2.75 in the HI group, indicating 

mild to moderate pain. 6-Minute Walk Distance was 478.6 ± 93.9 meters and 474.0 ± 

86.4 meters in the LO and HI groups respectively. Regarding physical activity, the LO 

group scored 126.0 ± 52.9 and the HI group reported 132.1 ± 53.1 on the PASE scale.  

There were no significant differences between groups at baseline. A full summary of 

baseline health-related information for those with 18-month follow-up data is found in 

Table III.  

 

Table III. Participant Health-related Information at Baseline  

 
LO 

N = 108 

(mean, SD) 

HI 
N=109 

(mean, SD) 

BMI (kg/m2) 31.0 (5.5) 31.3 (5.7)    

Waist Circumference (cm) 101.1 (14.9) 101.9 (14.8)     

WOMAC Function (0-68) 26.56 (10.51) 25.44 (10.47)      

WOMAC Pain (0-20) 7.26 (2.58) 6.93 (2.75)      

6MWD (m) 478.6 (93.9) 474.0 (86.4)     

PASE (0-250) 126.0 (52.9) 132.1 (53.1)      

PAT-D ADLs (1-6) 1.75 (0.54) 1.73 (0.55)    

PAT-D IADLs (1-6) 1.27 (0.43) 1.29 (0.42)    

 

Psychosocial variables 

 Participants in the LO group reported 90.9 ± 14.7 on the adherence self-efficacy 

questionnaire while those in the HI group reported 90.7 ± 13.1. Regarding the ABC 

questionnaire, participants in the LO group reported 79.0 ± 20.4 and those in the HI 

group reported 79.4 ± 18.7. Average SF-36 social score was 82.1 ± 24.1 and 85.2 ± 20.1 

in the LO and HI groups respectively. Participants in the LO group had someone 

accompany them to exercise sessions 0.2 ± 0.4 times and the HI group reported someone 
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accompanying them 0.3 ± 0.7 times. SWL scores were 24.7 ± 6.5 and 24.9 ± 5.9 in the 

LO and HI groups respectively. Participants in the LO grouped reported 15.3 ± 5.0 

PANAS positive affect and 34.5 ± 7.4 PANAS negative affect. Those in the HI group 

reported 15.7 ± 5.1 PANAS positive affect and 35.4 ± 5.9 PANAS negative affect. 

There were no significant differences between groups at baseline. A full summary of 

psychosocial variables for those with 18-month follow-up data is found in Table IV.  

 

Table IV. Participant Psychosocial Scores at Baseline  

 
LO 

N = 108 

(mean, SD) 

HI 
N=109 

(mean, SD) 

Adherence Self-Efficacy (0-100) 90.9 (14.7) 90.7 (13.1) 

ABC (0-100) 79.0 (20.4) 79.4 (18.7) 

SF-36 Social (0-100) 82.1 (24.1) 85.2 (20.1) 

Social Support (0-5) 0.20 (0.4) 0.30 (0.7) 

SWL Score (5-35) 24.7 (6.5) 24.9 (5.9) 

PANAS Positive (10-50)    15.3 (5.0) 15.7 (5.1) 

PANAS Negative (10-50) 34.5 (7.4) 35.4 (5.9) 

 

Adherence 

 Adherence was measured by the number of sessions attended divided by the 

number of sessions prescribed, multiplied by 100. Overall adherence for the LO group 

was 71.6% ± 22.6% (76.3% ± 23.1% including make-up sessions) and 69.0% ± 23.1% 

for the HI group (72.4% ± 22.9% including make-up sessions).  

Adherence with Categorical Variables 

Male participants significantly adhered to the training program more than females 

(p = 0.049). White participants adhered more than nonwhite participants although this 

difference was not significant (p = 0.336). Those who live with someone else 
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significantly adhered better to the program compared to those who live alone (p = 0.004). 

Education level (college degree or higher) and income (greater than 75k) were not 

significantly related to adherence (p = 0.193; p = 0.485). Presence of OA in only one 

knee and being disabled/retired from work were both significantly related to adherence, 

(p = 0.010; p = 0.020). A full summary of adherence in categorical variables is provided 

in Table V.  

 

Table V. Adherence with Categorical Variables  

Descriptor 
% Mean 
Adherence  

    P value   
   * = p <0.05 
 

Gender (male, female) 77.92, 71.70 0.049*    

Race (white, non-white) 75.04, 71.12 0.336   

Live Alone (yes, no) 65.32, 76.50  0.004*   

College Degree (yes, no) 72.52, 76.69 0.191   

Income > 75k+ (yes, no) 75.60, 73.36 0.485    

Disabled/Retired (yes, no) 77.62, 70.21  0.020*    

Bilateral OA Presence (yes, no) 72.44, 82.73  0.010*   
 

         

 Adherence with Continuous Variables 

 As mentioned above, Pearson correlations coefficients were used for continuous 

predictors of adherence. Participant age had a weak, but significant, positive relationship 

with adherence (r = 0.16, p < 0.05). Self-reported number of medications and 

supplements also had a weak, but significant, positive relationship (r = 0.15, p < 0.05). 

Intervention social support data and baseline measures of number of people in household, 

number of comorbidities, BMI, waist circumference, WOMAC pain and function, 

6MWD, physical activity level (PASE), PAT-D ADLs and IADLS, adherence self-

efficacy, balance (ABC), SF-36 social support subscale, SWL, and positive and negative 

affect were not significantly related with adherence. The relationship between age, 
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number of medications, and adherence is detailed in Figure 2 and Figure 3. A full 

summary of the adherence for continuous variables can be found in Appendix M. 

Figure 2. Adherence vs Age 

 

 
Figure 3. Adherence vs Number of Medications 
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Variable Selection 

 A stepwise variable selection was performed to identify a parsimonious subset of 

predictors. A secondary variable selection procedure was used to confirm these findings. 

The optimal model was chosen based on lowest variance. Living alone was a significant 

predictor of adherence (p = 0.011, ß = -9.98), indicating that for those who live alone, 

adherence is expected to decrease by 9.98 units. Occupation status was a significant 

predictor of adherence (p = 0.008, ß = 8.23), meaning for participants who were 

disabled/retired, adherence is expected to increase by 8.23 units. Bilateral OA presence 

was a significant predictor of adherence (p = 0.007, ß = -10.5), indicating that for 

participants who have OA in both knees, adherence is expected to decrease 10.5 units. 

Difficulty of performing instrumental activities of daily living was also a significant 

predictor of adherence (p = 0.027, ß = -9.50), meaning for those who have difficulty 

performing IADLs, adherence is expected to decrease by 9.50 units. To confirm these 

findings, a secondary variable selection procedure was executed in which the optimal 

model was chosen based on lowest AIC among competing models. Parameter estimates, 

p values, and standard errors from the model can be found in Table VI.  

 

Table VI. Parameter Estimates  

 Parameter Estimate 
(SE) 

P value 
* = p <0.15 

Live Alone -9.98 (3.91) 0.011*  

Disabled/Retired  8.23 (3.11) 0.008*  

Bilateral OA Presence -10.5 (3.92) 0.007*  

Negative Affect  0.57 (0.33) 0.092*  

PAT-D IADLs -9.50 (4.27) 0.027*  
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Discussion 

 This study aimed to examine which demographic, health-related, or psychosocial 

variables were the strongest predictors of adherence over 18 months to the high and low 

intensity strength training exercise interventions in the START randomized clinical trial. 

In a systematic review of adherence to exercise programs in older adults by Picorelli, 

65% to 85% of total sessions completed was considered good adherence (Picorelli et al., 

2014). Overall, adherence to START was good, with adherence for the LO group being 

71.6% ± 22.6% (76.3% ± 23.1% including make-up sessions) and 69.0% ± 23.1% for 

the HI group (72.4% ± 22.9% including make-up sessions).  

Demographics 

 In t-tests used for categorical variables, male participants adhered better to the 

intervention than females (77.92%, 71.70%) which is in agreement with previous 

literature (Bautista-Castaño et al., 2004; Mikesky et al., 2006). White participants 

adhered to both strength training interventions more than non-whites (75.04% in whites 

and 71.12% in non-whites), although this difference was nonsignificant (p = 0.336). Race 

is thought to be partially mediated by socioeconomic status and education level, but in 

some studies SES and education level were controlled for and the authors still observed a 

difference in adherence to exercise among white and non-white participants (Allen & 

Morey, 2010). In the present study, income greater than $75,000 per year and having a 

college degree did not significantly impact adherence according to the categorical t-tests. 

This conflicts with previous literature that has shown low SES and education levels to be 

significant predictors of poor adherence (Saida et al., 2017; Belza et al., 2002; Tuakli-

Wosornu et al., 2016).  
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In the categorical t-test analysis, participants in this trial who live with at least one 

other person significantly adhered better to the program compared to those who live 

alone (p = 0.004). This difference may be influenced by social support. Those who live 

alone may not have had someone to provide transportation or provide encouragement 

outside of the intervention. Although income did not significantly impact adherence, 

occupational status (described as being disabled/retired) did (p = 0.020). Those who were 

not working completed 77.62% of the prescribed exercise sessions compared to only 

70.21% completed by those who were still working.  

In the correlational analysis, participant age had a weak, but significant impact on 

adherence in the present trial (p = 0.022). Older participants adhered better compared to 

younger participants and this in agreement with previous literature (Jacobsen et al., 

2003). Since occupation status and age significantly impacted adherence in this trial, it 

can be inferred there is a relationship between the two variables. Those of older age are 

more likely to be retired while younger participants in this trial may have had work 

obligations that conflicted with exercise adherence. Number of comorbidities did not 

have a significant impact on adherence in this study (p = 0.929) which conflicts with 

previous literature (Findorff, Wyman, & Gross, 2009). However, participants in this 

analysis reported an average of less than 1 comorbidity, and this may have limited its 

impact on adherence. 

 Presence of OA in both knees significantly impacted adherence according to the 

t-tests, (p = 0.010). Those who had unilateral knee OA adhered better than those with 

bilateral knee OA (82.73%, 72.44%) and this may be due to having pain in both knees 

and worse physical function. In the correlational analysis, number of medications and 
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supplements had a weak, but significant impact on adherence (p = 0.028), meaning those 

who were on a great number of medications and supplements attended more exercise 

sessions. Previous literature has shown that a greater number of medications resulted in 

poor adherence (Findorff, Wyman, & Gross, 2009). 

Health-related variables 

 Although BMI has been shown to predict poor adherence in previous 

interventions (Dorn, Imamura, & Trevisan, 2001; Jacobsen et al., 2003), according to the 

correlational analysis, BMI and waist circumference did not significantly impact 

adherence in this study (p = 0.261, p = 0.911). Higher levels of pain at baseline have been 

shown to be a significant predictor of poor adherence in previous trials (Jack, McLean, & 

Gardiner, 2010). In this study, the relationship between pain and adherence was 

insignificant according to the correlational analysis (p = 0.192). Participants in this trial 

reported mild to moderate pain, which may not have impacted their adherence. Previous 

literature has shown that physical function and physical activity level at baseline are 

important predictors of adherence (Rosemann et al., 2006; Schoo et al., 2005). However, 

in this study, PASE, WOMAC Function, 6MWD, and PAT-D (ADLs and IADLs 

subscales) were not significantly related to adherence according to the correlational 

analysis. 

Psychosocial variables 

 In the correlational analysis, adherence self-efficacy did not significantly impact 

adherence (p = 0.433) despite being a significant predictor in previous literature 

(Strenstrom et al., 1997; Shaw et al., 1994). Adherence self-efficacy may not have had a 

significant impact because the average score of each group was fairly high at baseline 
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(LO = 90.9, HI = 90.7). SF-36 social support subscale and the social support data 

collected at the exercise sessions were both insignificant (p = 0.090, p = 0.176). This 

conflicts with previous literature that has shown social support to be an important 

predictor of adherence (Berkman, 1995; Resnick et al., 2002). In the correlational 

analysis, satisfaction with life and PANAS were both insignificant predictors of 

adherence (p = 0.176, p = 0.590) despite quality of life being significant in the literature 

(Courneya et al., 2012). 

Findings within a Social Cognitive context 

 Shown by the stepwise regression, living alone, being disabled/retired, having 

bilateral OA presence, PAT-D IADLs, and negative affect produced the strongest model. 

Although negative affect and PAT-D IADLS were insignificant with adherence 

univariately, these variables were significant as covariates. Living alone is an example of 

how a participant’s environment can shape their behavior. Living with at least one other 

person provides a source of verbal encouragement, emotional support, and overall social 

support. According to Resnick, social influences can have an indirect effect on self-

efficacy and outcome expectations through appraisal and the sharing of newly learned 

exercise information with a spouse or family member (Resnick, 2002). 

 Another external factor that influences behavior is lack of time due to being 

employed. Lack of time to exercise has been identified as a common barrier in previous 

literature (Petursdottir et al., 2010). In this analysis, being disabled/retired from work 

resulted in greater adherence. Those who did not have work obligations likely had more 

time to attend exercise sessions.  
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 Bilateral OA presence is a factor that shapes exercise maintenance. The presence 

of OA in both knees results in greater pain and worse physical function. Although pain 

was insignificant in this analysis, it has shown to be an important predictor of adherence 

in previous literature (Jack, McLean, & Gardiner, 2010). Pain is an internal factor that 

can inhibit exercise behavior by influencing a participant’s attitude towards exercise and 

impacting their capability to exercise (Carson & Mitchell, 1998).  

 Ability to perform instrumental activities of daily living (IADLs) was deemed 

significant in the model. Activities of daily living (ADLs) include feeding, bathing, and 

grooming. Instrumental activities of daily living (IADLs) refer to more complex skills, 

such as managing transportation, shopping, and meal preparation (Kernisan, 2016). 

Bilateral OA presence makes performing these more complex tasks difficult. If a 

participant has difficulty managing their transportation to the exercise sessions, it can be 

expected that adherence would suffer. 

 The final variable included in the model was negative affect. Negative affect 

refers to aversive mood states such as anger, fear, guilt, and anxiety (Watson et al., 1988). 

Mood is associated with the psycho-physiologic interaction between the body, mind, and 

the behavior. This interaction refers to how pain, fatigue, or anxiety are associated with 

performing exercise. This aversive feeling influences whether or not a participant enjoys 

a given activity. 

 Human behavior change is a complex phenomenon, and it is important to identify 

the influencing factors in order to promote adherence in clinical trials (Bandura, 1989). 

Behavior is determined by demographic, health-related, and psychosocial factors. These 

factors operate interactively and are reciprocal of each other. Social cognitive theory 
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specifies the mechanism through which these factors influence behavior and offers ways 

to incorporate this knowledge into adherence promoting strategies (Bandura, 2004). 

Figure 4 incorporates the findings from the model into SCT. 

Figure 4. Findings within SCT 

 

Strengths and Limitations   

One strength of this study was that the participants observed were part of the 

larger START intervention. The sample from START was large and represented the local 

community. Additionally, the present study added to the limited body of predictors of 

strength training in the literature and examined a large number of important variables. 

Another strength of this study was the strong theoretical framework upon which START 

was designed. START used SCT as a framework to increase self-efficacy, thus promoting 

adherence. The strategies used were successful as overall adherence rates were high. 

Although this study had its strengths, it is important to consider its limitations. A 

limitation of this study is that it examined baseline measures only. Several variables may 

change over time, such as self-efficacy due to becoming more familiar with the exercise 

program. It would be insightful to examine how the change in variables over time 
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impacted adherence. Another limitation of this study was that the majority of the sample 

was male, which is not representative of the greater OA population. Female sex is 

regarded as an important risk factor for developing knee OA and the sample of an 

intervention should reflect this. Additionally, the range of the participants’ ages was also 

a limitation. Participant age ranged from 50 years to 93 years old. Those who were 

younger were more likely to still be employed compared to those over 65 years, which 

would impact adherence rates. Finally, the effects of randomization at baseline were 

altered because participants that were lost to follow-up or were randomized to the control 

group were not used in the analyses. This caused some baseline characteristics to be 

different between groups because there was not full randomization of the analytic sample. 

Future Directions 

  It is important that future studies adopt a consistent definition for adherence and a 

strong theoretical framework to promote adherence. As previously mentioned, adherence 

rates in the START trial were high due to its successful SCT strategies. Self-monitoring 

and goal setting were behavior modification techniques that promoted self-efficacy. 

Group exercise sessions provided modeling for participants and the literature has shown 

it is important to view like individuals perform the activity of interest (Resnick et al., 

2002). Verbal feedback and encouragement by research staff were also used to promote 

self-efficacy. These strategies should be used in future interventions. 

 Future studies should explore the relationship between predictors of adherence 

and the change in these variables over time. Variables such as self-efficacy, physical 

activity, physical function, social support, and quality of life may change over time. And 

variables such as pain vary day-to-day. Additionally, there is a need for more literature 
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regarding predictors of adherence to strength training. Overall, there is limited research 

investigating adherence to exercise in the knee OA population specifically. 

The stepwise regression identified living alone as a predictor of poor adherence. 

When designing future interventions, it is important to identify those who live alone and 

facilitate social support from research staff and other participants. Research staff should 

call the participants regularly to check-in and answer questions, providing social support 

outside of the research facility. The model also identified being retired/disabled from 

work as a predictor of adherence. Since lack of time to exercise is a barrier to regular 

adherence, interventions should provide flexible times for participants to attend sessions 

after work. 

The model also identified bilateral OA presence and difficulty performing 

activities of daily living as predictors of poor adherence. Both of these variables are 

related to pain and poor physical function. Future interventions should account for pain 

by asking participants each session to rate their pain. If participants are having a 

particularly painful day, the exercise session could be tailored and modified to meet their 

needs.  

Summary 

In sum, at baseline, participants who were male, lived with another person, had 

OA in one knee only, retired/disabled from work, older in age, and were on a greater 

number of medications and supplements attended more exercise sessions. The variable 

selection model deemed bilateral OA presence, living alone, being disabled/retired, 

having difficulty performing IADLs, and negative affect as significant covariates of 

adherence. Adherence to exercise in patients with knee OA needs to be examined across 
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a broad range of factors.  Strategic approaches to maximize exercise adherence can be 

tailored to the factors known to affect the behavior. The factors identified in this thesis 

are key social cognitive determinants and can aid in the development of these strategies. 
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Appendix B. Demographics Form 
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Appendix C. Medications Form 
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Appendix D. Medical History Form 
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Appendix E. Western Ontario McMasters Universities Osteoarthritis Index 
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Appendix F. Physical Activity Scale for the Elderly 

 



 78 
 

 

 



 79 
 

 

 



 80 
 

 

 



 81 
 

 



 82 
 

 

 



 83 
 

Appendix G. FAST Functional Performance Inventory (PAT-D) 
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Appendix H. Adherence Self-Efficacy Questionnaire 
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Appendix I. Activities-specific Balance Confidence (ABC)  
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Appendix J. 36-item Short Form Survey (SF-36) 
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Appendix K. Satisfaction with Life 
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Appendix L. Positive and Negative Affect Scale 
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Appendix M. Pearson Correlations: Adherence with Continuous Variables 

 

Adherence with Continuous Variables  

Variable Correlation 
   
P value (*=<0.05) 
 

Age (years) 0.16  0.022*  

# Living in Household 0.05  0.487  

# of Meds & Supplements 0.15  0.028*  

# of Comorbidities 0.01  0.929  

BMI -0.08  0.261  

Waist Circumference -0.01  0.911  

WOMAC Function -0.07  0.308  

WOMAC Pain -0.09  0.192  

6MWD -0.01  0.885  

PASE 0.06  0.361  

PAT-D ADLS -0.09  0.197  

PAT-D IADLS -0.13  0.051  

Adherence Self-Efficacy -0.05  0.443  

ABC 0.06  0.396  

SF-36 Social  0.12  0.090  

Social Support 0.09  0.176  

SWL Score 0.09  0.176  

PANAS Positive 0.04  0.590  

PANAS Negative -0.04  0.594  
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