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Abstract 

The purpose of this study was to investigate the cross-sectional and 

longitudinal relationships between profiles of movement and key quality of life (QOL) 

and social cognitive theory (SCT) mediators of behavior change in older adults. 

Methods: Older adults (N=137; 70.0±4.4 years; 77.4% female; BMI=35.6±3.7) 

were randomized to one of three 6-month group mediated weight loss (WL) 

interventions: WL+structured treadmill-based aerobic exercise (EX); WL+a daily 

movement intervention (SitLess); WL+EX+SitLess. Questionnaires including the 36-

item short form survey (SF-36), the satisfaction with function scale (SAT-F), the self-

efficacy for walking scale (SEW) were collected at baseline and 6-month follow-up. 

Results: A series of mixed analyses of variance revealed no group x time 

interactions. There were significant and positive main effects for time for SEW 

(p<.001), SAT-F (p<.001), and several SF-36 subscales including physical function 

(p<.001), role limitations due to physical health (p=.004), energy/fatigue (p<.001), 

social functioning (p=.009), bodily pain (p=.041) and general health (p<.001). 

Conclusion: A group mediated intervention paired with either structured exercise 

or day-long movement produces similar improvements to key mediators of long-

term behavior change. 
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Introduction 

Health-related quality of life (HRQOL) is among the most highly valued 

health outcomes for older adults.1 HRQOL operates under many definitions, but 

generally captures an individual’s perceptions of one’s physical health status (e.g., 

physical functioning, the presence of pain, limitations in daily roles caused by poor 

functioning) and mental health status (e.g., emotional well-being, social 

functioning).1 Given the central role of physical functioning in HRQOL,2 it is 

unsurprising that HRQOL is negatively impacted by excess body weight and low 

levels of physical activity.3 Alternatively, regular physical activity and intentional 

weight loss are linked to improvements in the physical aspects of HRQOL.4,5 

Unfortunately, few older adults are sufficiently active and one in three are obese.6 

Importantly, the social cognitive constructs of self-efficacy and satisfaction with 

one’s physical functioning are related to the uptake and maintenance of activity 

and eating behaviors as well as to the preservation of HRQOL in aging.7  

Several decades of research have demonstrated that participation in well-

designed weight loss and structured aerobic and resistance training programs can 

improve self-efficacy, satisfaction with function, and HRQOL. More recently, some 

researchers have shifted to a focus on integrating frequent bouts of physical 

activity into one’s daily life; an approach theorized to be attainable and 

maintainable to more older adults while protecting against the negative health 

effects of prolonged sitting.8 Aside from one 12-week pilot randomized trial in older 

adults with chronic pain, no data exist on the effect of extended participation in this 

type of “day-long movement intervention” on self-efficacy, satisfaction with 
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function, or HRQOL when paired with dietary weight loss.9 The purpose of this 

study is to compare the effect on self-efficacy, satisfaction with function, and 

HRQOL of weight loss (WL) paired with one of three activity prescriptions: 

WL+treadmill walking exercise (WL+EX); WL plus a day-long movement program 

called SitLess (WL+SitLess); or all three (WL+EX+SitLess). What follows is a brief 

literature review on weight loss interventions incorporating physical activity and 

exercise, the use of social cognitive frameworks in this endeavor, and the effects 

of social cognitive theory-driven weight loss and activity programs on self-efficacy, 

satisfaction with function, and HRQOL. 

Review of Literature 

Weight Loss and the U.S. Physical Activity Guidelines 

The United States Department of Health and Human Services have crafted 

national physical activity recommendations designed to support short-term weight 

loss and long-term weight maintenance—among myriad other psychological and 

physiological health benefits—across the lifespan. This includes avoiding 

prolonged periods of sitting, achieving a sufficient volume of aerobic activity 

equating to at least 150 minutes of moderate-intensity activity or 75 minutes of 

vigorous intensity physical activity, and two days of resistance training.10 Of note, 

the second iteration of these guidelines, released in 2018, removed a minimum 

bout length for aerobic activity as a robust body of evidence suggests that most 

benefits accrue regardless of whether or not an individual is engaging in sustained 

exercise or moving frequently throughout the day.11 In fact, frequent movement is 

recommended as means of both accumulating a sufficient volume of physical 
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activity and reducing the presence of sustained bouts of sitting (see “Sedentary 

Behavior” below); what some have termed a “move more, more often” approach 

to physical activity promotion.8 Recommendations for older adults differ slightly to 

account for reduced physical functioning and any underlying conditions that affect 

their ability to be physically active.12 Older adults are advised to pursue additional 

physical activities that incorporate balance training and muscle-strengthening 

activities.12 

Physical Activity and Exercise 

 Physical activity is defined as any body movement resulting in an energy 

expenditure above rest; it is a behavior that is characterized by the type, time 

involved, frequency, and intensity.13 Type describes whether the activity is aerobic 

(i.e., activities requiring oxygen to produce energy) or anaerobic (i.e., those that 

cause the body to generate energy without oxygen) in nature.12,13 Time describes 

the duration of the activity. Intensity can be defined by relative intensity, which 

describes the extent to which a physical task is easy or difficult. Common relative 

intensity measures include percent of maximum heart rate or percent of maximal 

aerobic capacity. By contrast, absolute intensity describes the rate of energy 

expenditure required to perform and activity.11 A common measure of absolute 

intensity is the metabolic equivalent of task (MET), which represents intensity in 

relation to one’s resting metabolic rate.14 Being fully at rest requires a MET value 

of 1.0. Light intensity physical activities (LPA) are those requiring up to 2.9 METs; 

moderate activities require 3 to 5.9 METs; and vigorous require 6 or more.15 

Moderate to vigorous physical activity (MVPA) thus captures activities requiring at 
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least 3 METs. The product of intensity and duration is one’s volume of physical 

activity. Common volume metrics include MET-minutes, accelerometer “counts” or 

vector magnitude units, or daily steps. The current Physical Activity Guidelines for 

Americans recommend individuals achieve the equivalent of 500-1000 MET-

minutes per week via MVPA.11 

Public health professionals often recognize four unique domains of physical 

activity, including (1) physical activities performed while one is working (i.e., 

occupational physical activity); (2) activities performed to get from one place to 

another (i.e., transportation physical activity); (3) activities done around one’s 

home (i.e., household physical activity); and (4) activities done during one’s leisure 

time.11 Activities within each of these domains can occur at any intensity level and 

the health consequences of activity are independent of their domain.11 Still, much 

of the current physical activity research focuses on leisure-time physical activity. 

Specifically, it focuses on a subset of leisure-time physical activity—exercise—that 

is planned and structured with the explicit goal of improving health or physical 

fitness.16  

The Health Effects of Physical Activity 

Physical activity has wide-ranging effects on psychosocial health, HRQOL, 

and longevity, and is a modifiable risk factor for a variety of chronic diseases.17,18 

Recent evidence suggests that total volume of activity accrued, regardless of 

intensity, is associated with cardiovascular disease-related mortality, cancer 

mortality, and all-cause mortality.19 For individuals struggling with anxiety or 

depression, physical activity has been shown to have anxiolytic and anti-
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depressive effects,20,21 especially when the activity is of a moderate intensity.22–24 

Daily activity is associated with improved sleep and physical function and a 

reduced risk of chronic disease and premature mortality.13,25–27 Given clear 

benefits of regular physical activity, encouraging widespread participation is an 

important public health goal that directly impacts weight management.28,29 

Structured Exercise Interventions 

To date, physical activity interventions have generally placed their focus on 

the promotion of structured exercise.30 Well-designed exercise interventions that 

are social in nature and based in contemporary theories of behavior change (see 

“Social Cognitive Theory” below for an example) tend to be successful at 

enhancing activity behavior within the scope of the intervention. In the LIFE study, 

Pahor and colleagues31 randomized 1635 men and women between the ages of 

70 and 89 with physical limitations to a social cognitive theory-based exercise 

intervention or a healthy-aging control. The exercise intervention consisted of 

aerobic, resistance, and flexibility training at a center twice a week and at home 3 

to 4 times per week. Compared to the health education group, the exercise 

intervention reduced major mobility disability (HR, 0.82; p = .03).31 These results 

demonstrate the value of social cognitive theory for guiding the design of a long-

term exercise intervention. Though the effect of LIFE on key social cognitive 

outcomes has not yet been published, the LIFE-Pilot study demonstrated the 

positive effect of the LIFE exercise intervention on these outcomes. Specifically, 

412 older adults aged 70-89 were randomized to a social cognitive exercise 

intervention or healthy-aging control. Those who received exercise demonstrated 
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greater change in satisfaction with physical functioning (SAT-F) and self-efficacy 

for walking 400 meters.32,33 Similar results have been reported in community-

delivered exercise trials. In the Cooperative Lifestyle Intervention Program-II 

(CLIP-II),34 older adults (N=249) were randomized to 6 months of dietary weight 

loss delivered alone (WL), or in combination with either structured aerobic training 

(WL+AT) or resistance training (WL+AT), and this was followed by a 12-month 

maintenance period. CLIP-II was delivered fully via community exercise centers by 

staff of those centers. Participants in both WL+AT and WL+RT reported 

significantly better SAT-F and HRQOL scores at both 6 and 18 months relative to 

the WL condition. Additionally, the condition that trained walking (WL+AT) reported 

significantly better self-efficacy for walking relative to WL and WL+RT.7  

While structured exercise programs are often successful at driving behavior 

change in the short-term, maintenance following the end of these interventions 

remains a pressing behavioral science challenge. Often, older adults find they do 

not enjoy structured exercise intrinsically, and instead benefit from the social and 

structural supports built into successful interventions. Upon cessation of the 

program, the individual is left without these supports, their sense of confidence in 

their ability to continue drops, and the behavior soon follows. For example, the 

FlexToBa trial randomized older adults (N=307) to a strength and flexibility-

oriented home-based exercise intervention delivered via DVD or to a healthy aging 

control.35 The FlexToBa program was highly successful: regarding objectively 

assessed physical activity, those in the FlexToBa arm demonstrated 

improvements in MVPA during the active intervention. However, rates of MVPA 
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decreased across the 6 months following the intervention, especially among those 

aged 70+ who demonstrated a decrease in nearly 50 minutes of accelerometer-

measured MVPA weekly.36 We describe the type and quality of short and long-

term motivators in more detail below (see “Social Cognitive Theory”). 

Sedentary Behavior and Health 

While much of the physical activity research to date has focused on the 

effects of structured exercise, a body of research emerged in the mid-2000s 

highlighting negative health effects of prolonged sedentary time independent of 

time spent in MVPA.37–39 Sedentary behaviors are those requiring low levels of 

energy expenditure (i.e., less than or equal to 1.5 METs) paired with seated or 

reclined posture.40,41 Thorp and colleagues found that cardiometabolic risk factors 

were worsened with prolonged sedentary time in women and men. The 

researchers conducted a diabetes study among 4,864 adults sitting time and TV 

viewing time and their associations with cardiometabolic risk factors. Both total 

sitting and TV viewing time were associated with a host of negative 

cardiometabolic effects including larger waist circumference, BMI, blood pressure, 

fasting triglycerides, glucose regulation, and more.42,43 Evidence has also 

accumulated suggesting that for all but the most active individuals, a high volume 

of sitting yields negative health effects.41 In a widely-cited harmonization and meta-

analysis conducted by Ekelund and colleagues on more than 1 million adults, the 

researchers found that risk for all-cause mortality increased across increasing 

quartiles of sedentary time. Specifically, relative to the referent group who sat <4 

hours per day and engaged in at least 35.5 MET-h per week (the highest activity 
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quartile), mortality rates were 12% higher for those who sat <4 hours and engaged 

in <16 MET-h per week (second lowest quartile), and 59% higher for those who 

sat <4 hours and engaged in <2.5 MET-h per week of activity. By contrast, there 

was no difference in risk for death across sitting quartiles (ranging from <4 hours 

to >8 hours per day) among those in the highest activity quartile. Finally, all-cause 

mortality decreased across increasing quartiles of MVPA such that among those 

who sat the least, those in the lowest activity quartile had a 27% great risk for 

mortality compared to those in the highest quartile.44 In summary, these data 

highlight the complex relationship between sedentary and activity behaviors. 

 

Interventions to Alter Sedentary Behavior 

 It is unsurprising that sedentary behavior intervention development is in its 

early days, given that broad awareness of the independent impact of sedentary 

behavior on health has arising only within the last 15 years. Most interventions 

explicitly targeting sedentary behavior are delivered to individuals who are 

environmentally constrained to high sedentary behavior: school-aged adolescents 

and working adults. A recent umbrella review found that such workplace 

interventions often employ low-touch intervention prompts (e.g., automated 

notices on screens) and environmental modification (e.g., provision of sit-to-stand 

workstations), and these yielded approximately 30 minutes less sedentary time 

daily, which was deemed clinically meaningful. The researchers found that those 

interventions that targeted individual motivation appeared to be more effect in the 

long-term. Unfortunately, there were too few studies targeting older adults to 
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include in this umbrella review.45 A more recent meta-analysis focused on 

sedentary behavior interventions for older adults identified 7 randomized trials with 

a total of only 397 participants. The authors noted the evidence was unclear 

whether such interventions affect sedentary behavior in community-dwelling older 

adults. They further stated this was largely due to highly heterogeneous research 

designs and lack of consistency in outcomes.46 This is to be expected in a new 

field targeting a highly complex health behavior that requires unique behavior 

change techniques relative to the promotion of physical activity.45 It will be 

important for researchers to revisit these reviews as the field progresses. 

The Impact of Sedentary Breaks on Health 

More recently, data have emerged suggesting that it is time spent in 

unbroken and prolonged bouts without activity, rather than total volume of daily 

sitting, that is associated with health outcomes such as cardiometabolic functioning 

and mortality. A cross-sectional study conducted by Healy and colleagues found 

an association between sedentary breaks (i.e., a count of the number of times a 

person initiates movement from a sedentary period) and metabolic outcomes. 

Specifically, greater breaks were associated with waist circumference 

(standardized β = −0.16, 95% CI −0.31 to −0.02, P = 0.026), BMI (β = −0.19, −0.35 

to −0.02, P = 0.026), triglycerides (β = −0.18, −0.34 to −0.02, P = 0.029), and 2-h 

plasma glucose (β = −0.18, −0.34 to −0.02, P = 0.025).38 The idea of sedentary 

breaks provided researchers insight into the importance of not just how much 

sitting or moving an individual achieved but also the way in which this volume was 

distributed. Early researchers interested in sedentary breaks coined two common 
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activity and sedentary profiles describing individuals with equal volumes of 

sedentary and activity time. The first is the “prolonger,” which describes an 

individual who engages in a small number of lengthy activity bouts (e.g., via 

exercise) embedded within long bouts of sedentary time during the day. 

Conversely, a “breaker” distributes their physical activity in many brief bouts, thus 

breaking up their sedentary time. It is not difficult to see that a “prolonger” is 

exemplary of many in western societies, including those who are regularly active 

but work sedentary jobs and engage in sedentary hobbies such as watching 

television. 

To date, few interventions exist aiming to alter breaks in sedentary behavior. 

Many that do exist are unlikely to succeed in the long term. For instance, Júdice, 

and colleagues implemented software that locked office workers’ computers every 

30 minutes until they stood.47 This is a strategy termed “passive prompting”, 

wherein participants are subject to immovable prompts that are not removed until 

the target behavior has been completed. Unsurprisingly, this approach is reported 

to cause user annoyance and reactivity. Such “controlled” approaches to behavior 

change are likely to cause reactivity and are unlikely to lead to lasting behavior 

change.48,49 There have been several pilot trials adopting more promising 

strategies rooted in the science of behavior change detailed in the next sections. 

For instance, Nicklas and colleagues50 shifted participants’ focus away from sitting 

behavior and toward frequent participation in stepping activity as a means of 

breaking prolonged sitting and accumulating activity. The researchers randomized 

48 older adults with obesity to 5 months of either dietary weight loss and aerobic 
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exercise or dietary weight loss, aerobic exercise, and a program focused on 

moving throughout the day. This “day-long movement” intervention utilized a 

pedometer with a graphical interface that allowed participants to monitor when they 

stepped each day. Participants were tasked with viewing the device often and 

working to distribute their steps throughout the day. Those without the day-long 

movement program lost less weight (2.0 kg on average) and regained 1.3 kg more 

weight during a 5-month follow-up period. Because intervening on patterns of 

movement is a fundamentally different challenge from intervening on discrete 

bouts of exercise, much work remains to be done in the behavioral sciences to 

understand the psychological causes and consequences of moving across the 

day. What follows is a description of one of the most widely used psychological 

theories applied to physical activity promotion: Albert Bandura’s social cognitive 

theory.51 

Social Cognitive Theory   

The immense challenge of supporting activity adoption and maintenance 

requires behavioral theory, as strong theories allow researchers to (1) clearly 

design a behavioral intervention; (2) analyze whether an intervention is acting on 

important mediators of behavior change; and (3) convey these findings 

systematically to researchers and health providers. Albert Bandura’s social 

cognitive theory (SCT)51,52 is among the most widely used behavioral theories53 

and it arose from observations on how behaviors resulted from interactions 

between a person, properties of the behavior, and influences in the environment. 

Bandura’s early work centered on social learning, which described the ways in 
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which individuals are governed by the environment around them, how people learn 

via observation, and the human agency they have.54 Within SCT, Bandura 

describes four central constructs that are thought to drive human behavior, and the 

interrelationships between these constructs. Central to SCT self-efficacy, or one’s 

perceived ability to carry out a specific course of action.51 Efficacy beliefs drive 

behavior directly as well as indirectly through outcome expectancies, self-

regulatory skill usage, and barriers and facilitators. He further notes that outcome 

expectations and barriers/facilitators affect one’s self-regulatory strategy usage, 

and that expectations and self-regulatory strategy usage directly affect behavior. 

Each of these constructs is described in detail in the following sections. 

 

Figure 1 Adapted from Bandura 2004 

Self-efficacy  

 As noted above, self-efficacy captures one’s perceived ability to carry out a 

specific course of action. An efficacious person is one that tends to persist 

regardless of the barriers they experience. For this reason, predicting how people 
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behave often stems from their personal beliefs in their capability rather than their 

true capabilities.55 Self-efficacy is the central construct within SCT,55,56 with a 

strong body of evidence supporting the relationship between self-efficacy and 

participation in physical activity. For instance, McAuley and colleagues found that 

older women with a stronger belief in their physical capabilities perform better in 

physical tasks.57 Among female high school students, Dishman et al. found that 

self-efficacy partially mediated physical activity such that increasing self-efficacy 

directly increased physical activity behavior.58 Self-efficacy is a useful construct in 

physical activity behavior change programming as it is predictive of activity 

behavior, is modifiable, and is drawn from four well-described sources. These 

include: Mastery experiences, modeling, verbal persuasion, and one’s 

interpretation of the physiological and psychological effects of a behavior.52 The 

following passages detail each source of self-efficacy in turn. 

Mastery Experiences 

Mastery experiences describe the extent to which an individual experiences 

success or failure in a specific behavior. These often occur subconsciously, with 

common success experiences including a feeling of competence while executing 

a skilled behavior or recognizing the achievement of a challenging goal. 

Opposingly, failure to meet an overly challenging goal or feelings of aversion, 

disappointment, embarrassment, or guilt during the behavior represent potent 

negative mastery experiences that are likely to harm self-efficacy. Bandura notes 

that mastery experiences exert the strongest influence on self-efficacy.52 
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Modeling 

 Modeling captures the observation of another person who the viewer 

perceives as relatable. Modeling influences can occur within our closest social 

networks (e.g., close friends, neighbors, colleagues), while also including relatable 

strangers and individuals on social media, television, and various other media; the 

most important factor is whether the individual relates to the model.51 Early in the 

process of behavior change, observing the model successfully executing a desired 

behavior will enhance self-efficacy whereas observing failure will hamper self-

efficacy in a fashion similar to mastery experiences. 

Verbal Persuasion 

 Verbal persuasion refers to the way in which an individual is encouraged or 

discouraged while participating in a behavior. This communication should naturally 

be positive in nature. With encouraging language from a meaningful other, an 

individual is more inclined to try the task and believe in their ability to be 

successful.51 Relatedness to others will improve self-efficacy; modeling the 

behavior and/or verbal persuasion help form this bond.  

Interpretation of Physiological and Psychological States  

 Self-efficacy is also responsive to an individual’s perception of their 

immediate physiological (e.g., heart rate) or psychological (e.g., anxiety) state 

before, during, and following a behavior. Although this is a very important part of 

the SCT framework, this source of self-efficacy is rarely considered explicitly in the 

design of physical activity interventions. For example, if engaging in physical 

activity causes the individual to experience pain, panic, or anxiety, they will be less 
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likely to want to repeat it. Conversely, behaviors that are inherently enjoyable are 

more likely to enhance an individual’s desire to continue in the behavior, and such 

intrinsic motivations key to long-term activity behavior.49 

Outcome Expectations 

 Before a behavior or task is performed, each individual subconsciously or 

unconsciously evaluates possible outcome scenarios. These assumptions fall into 

three broad categories—self-evaluative, physical, and social outcome 

expectations. Each category includes expectations that are both positive and 

negative in nature. Regarding social outcome expectations, for instance, expecting 

the approval of others, interest, and positive social recognition enhance the 

likelihood an individual will pursue the behavior. Inversely, expecting disapproval, 

social rejection, and disinterest are likely to dissuade participation in a behavior. 

Physical outcome expectations include the sensory experiences expected to come 

from the behavior. This might include expectations of fleetness or intense exertion 

while running, the soreness one would expect post-exercise, or the feeling of being 

strong after completing a one rep max. Self-evaluative outcome expectations, like 

the other forms of outcome expectations, can skew positively or negatively: an 

individual may expect a behavior, such as illicit drug use, to contribute to a positive 

social response (e.g., peer approval) and physical a response (e.g., euphoria), but 

may conflict with one’s self-image such that partaking in drug use would lead to a 

negative self-evaluation. This may in turn dissuade participating in the behavior. 

Importantly, these expectations are informed by one’s self-efficacy.51   Importantly, 

these expectations are informed by one’s self-efficacy. A person who has more 
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confidence in their ability to execute on a behavior is more likely to hold more 

positive expectations across domains.  It has been suggested that when 

participation in physical activity contributes to meaningful improvements in one’s 

physical function—thus driving enhanced satisfaction with physical functioning—

the individual may come to expect continued participation in the behavior may 

allow them to retain their physical functioning and independence. This represents 

an important physical outcome expectation associated with physical activity 

participation.7,59 

Self-regulation 

Self-regulation is the ability to inhibit desirable behavior in order to pursue 

goal-directed behavior.60 Within SCT, self-regulation captures a host of regulatory 

strategies, though the most commonly targeted in behavioral interventions is goal 

setting. SCT places its focus on two types of goals: Proximal goals are short term 

goals that tend to be instrumental in helping pursue distal, or long term, goals. 

Oftentimes, proximal goals are like the steppingstones to the desired end point; 

they help make the distal goals more manageable. Both types of goals should be 

specific, measurable, achievable, relevant, and time-based (i.e., SMART goals). 

Anticipated satisfaction for completing a goal can be a strong motivator in self-

regulation. Frequently revisiting and revising SMART goals can help sustain 

motivation towards the behavior, and goal achievement is a key mastery 

experience, and is, therefore, a powerful driver of self-efficacy. Annesi and 

colleagues found that self-regulation and self-efficacy were both potent predictors 

of physical activity behavior.61  
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Perceived Barriers/Facilitators 

Social cognitive theory emphasizes the importance of perceptions of 

barriers and facilitators above the objective presence of barriers and facilitators. 

These perceptions are thought to influence the extent to which an individual can 

successfully self-regulate their behaviors. Common perceived barriers to physical 

activity in older adults are physical health and frailty problems, fear of falling or 

other resultant injury, and past sedentary lifestyle.62 Barriers are commonly 

categorized as personal or environmental.63 Those who have higher self-efficacy 

tend to identify more facilitators and fewer barriers.63 

Satisfaction with Physical Functioning  

As describe above, satisfaction with physical functioning (SAT-F) is an 

important social cognitive construct that informs one’s outcome expectations, is 

impacted by physical activity and weight loss,7 and is closely tied to one’s HRQOL.5 

Previous research has demonstrated that SAT-F mediates the relationship 

between participation in a physical activity program and one’s sense of well-

being.59 More positive perceptions of SAT-F are associated with less physical 

impairment, disability, and depressive symptoms.59,64,65 Studies among older 

adults with knee pain and those with chronic obstructive pulmonary disease 

(COPD) have found that individuals tend to feel less satisfaction with their 

functioning when they find activities that they value to be difficult.59,66 It is, 

therefore, unsurprising that like self-efficacy, SAT-F responds to well-designed 

weight loss and structured exercise trials as illustrated by the Cooperative Lifestyle 

Intervention Program-II (CLIP-II).34  



 

 18 

The Influence of Day-long Movement on Self-efficacy, Satisfaction with 

Functioning, and Health-Related Quality of Life 

As exemplified by CLIP-II, participating in structured exercise paired with 

dietary weight loss will produce improvements in self-efficacy (especially related 

to the type of activity trained), SAT-F, and HRQOL. There are important 

limitations to this approach, however. Many—though not all—exercise 

interventions are conducted in research centers using equipment that many older 

adults do not have access to, limiting access to those who are unwilling or unable 

to attend these programs. Many older adults find exercise aversive and are 

instead motivated by other factors such as social connection or accountability 

that are removed upon completion of a formal exercise program. Finally, because 

exercise is conducted in a single bout and is often challenging, it often 

contributes to compensatory behaviors (e.g., additional eating, additional sitting) 

and substitutive behaviors (e.g., doing fewer lifestyle activities).67–69 When 

exercise is not maintained, following completion of a formal intervention thesis 

compensatory and substitutive behaviors are thought to contribute to long-term 

weight regain.37,67–69 An alternative approach that is supported by current 

physical activity guidelines is the accumulation of physical activity through 

frequent bouts throughout the day. Such an approach is expected to be more 

enjoyable and thus more sustainable to more older adults, can help to combat 

the negative cardiometabolic effects of prolonged sitting, and can be delivered 

without dedicated equipment.  
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The mobile health behavior intervention to reduce pain and improve health 

(MORPH) pilot trial aimed to deliver a largely remote day-long movement 

intervention to older adults with chronic pain over 12 weeks. Older adults (N=28) 

with chronic pain were randomized to receive a group-mediated dietary weight loss 

program supported by a mobile app that provided feedback on patterns of 

movement during the day, or to a wait list control condition. In line with results from 

CLIP-II, participants who received MORPH demonstrated moderate-to-large 

effects on SAT-F, HRQOL, and SEW relative to the wait list control condition.7,9 

While these results are promising, MORPH was a small trial that occurred over a 

brief period. MORPH helped define the protocol towards a day-long movement 

intervention. To date, there are no data directly comparing WL combined with 

aerobic exercise and/or day-long movement over an extended period of time in 

older adults. The results of such a study would provide highly valuable data on 

whether a more accessible method of physical activity promotion can be expected 

to yield long-term effects on body weight and HRQOL.  

To this end, the purpose of this study is to investigate changes in SEW, 

SAT-F, and a measure of HRQOL in the first 6 months of the Empowered with 

Movement to Prevent Weight Regain (EMPOWER) trial.70 EMPOWER assigned 

older adults to a mHealth-supported dietary weight loss program (WL) plus 

structured aerobic exercise (WL+EX), WL plus a focus on sustained daily non-

exercise physical activity (WL+SitLess), or all three (WL+EX+SitLess) over a 6-

month weight loss phase and 12-month weight maintenance phase. Notably, a 

previous publication demonstrated that older adults in all three arms lost an 
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equivalent amount of weight in the initial 6 months of EMPOWER, but the WL+EX 

condition regained significantly more weight relative to the WL+SitLess condition.71 

Our analyses focus on changes during an intensive phase of EMPOWER, as this 

will be the first direct comparison of exercise and day-long movement on these 

important psychosocial outcomes in aging. Given the previously-published findings 

in EMPOWER and the results of the CLIP-II trial, we expect that all conditions will 

demonstrate improvements in SEW, SAT-F, and the physical subscales of a 

common measure of HRQOL, the 36-item short-form survey (SF-36).72 Moreover, 

we expect that the conditions who train in walking (WL+EX, WL+EX+SitLess) will 

demonstrate greater improvements in SEW relative to WL+SitLess. 

Methods 

Overview and Study Design 

EMPOWER is a 3-arm randomized controlled trial (RCT) wherein older 

adults were randomized in a 1:1:1 fashion to WL+EX, WL+SitLess, or 

WL+EX+SitLess. Relevant assessments to this study occurred at baseline, prior 

to randomization, and in the final week of the 6-month intervention. 

Eligibility 

 Eligible individuals were between the ages of 65 and 85, insufficiently active 

(i.e., no participation in regular resistance training and/or > 20 mins/day of aerobic 

exercise in past 6 months), body mass index of 30-45 kg/m², non-smoking for >1 

year; no more than 5% weight change in past 6 months; and no insulin-dependent 

or uncontrolled diabetes (fasting glucose >140 mg/dl), osteoporosis (self-reported 

or t-score < -2.3 on hip or spine DXA scan), cognitive impairment (Montreal 
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Cognitive Assessment <22), or clinical evidence of depression, anemia, heart 

disease, cancer, liver, renal, or chronic pulmonary disease, uncontrolled 

hypertension (>160/90 mmHg), major physical impairment, or contraindication for 

exercise or weight loss. Participants also had to have access to a personal 

smartphone and be willing to use it during the study. Those without a device or 

without consistent access to mobile internet were provided with a smartphone for 

the duration of the study (33/183; 18%). 

Randomization 

A total of 183 participants met all study eligibility criteria and were 

randomized to one of the three treatment arms using a web-based randomization 

scheme. Randomization was stratified by gender with random block sizes. A total 

of 137 participants received the intervention and provided the data necessary for 

the present analyses prior to COVID-19 stay-at-home orders. Of these 

participants, 5 participants were lost to follow-up in WL+EX, 4 in WL+ SL, and 7 in 

WL+EX+SL. 

Intervention 

Dietary Weight Loss 

All participants received a diet intervention that was designed to facilitate a 

reduction of 7-10% of body mass from baseline. Caloric intake goals were 

prescribed to each individual to achieve an energy deficit of ~400 kcal/day from 

weight maintenance energy requirements (see Appendix A for information on 

establishing resting metabolic rate). Macronutrient intake goals were 25-30% from 

protein, 20-35% fat, and 45-55% carbohydrates. Participants attended weekly in-



 

 22 

person group sessions delivered by the registered dietitian (RD) and a staff 

member with expertise in behavioral interventions. At each session, body weight 

was measured and recorded. Participants were asked to keep daily food logs, 

which were reviewed each week by the RD. 

mHealth App 

All participants received a mobile health application (mHealth app) along 

with a Fitbit Alta activity monitor at least two weeks prior to the start of the 

intervention. The app was design to facilitate between group interaction along with 

interaction with research staff. Additionally, the app was designed to encourage 

self-monitoring of activity behaviors by providing group-specific visual feedback of 

Fitbit activity data as detailed in the following sections. If a participant did not own 

a smartphone or their smartphone was not compatible with the EMPOWER 

applications, the study provided them with a smartphone and a data plan for the 

length of their participation in the study. Participants were expected to keep the 

phone with them daily and to take care not to lose or damage it. Participants were 

instructed that the phone was for study use only.  If the phone was lost, stolen, or 

damaged they were provided with a replacement. If a participant withdrew from the 

study, they were asked to return the smartphone and it was deactivated 

immediately. 

The SitLess Day-Long Movement Program 

In the WL+SitLess and WL+EX+SitLess treatment arms, we aimed to 

indirectly reduce the presence of sustained sitting bouts by engaging in frequent 

bouts of physical activity. These sessions occurred in conjunction with the diet 
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sessions and followed the same contact schedule to achieve treatment. The 

content from the SitLess group focused on patterning movement to achieve an 

even distribution of steps throughout the day, which was tracked through the 

mHealth app. The mHealth app displayed progress toward step goals, and minute-

level Fitbit data were displayed on a daily timeline bar in near-real time (see 

Appendix B). Daily step goals increased approximately 25% each week until a 

maintenance limit of 10,000 steps was achieved. 

Aerobic Exercise 

Participants in the WL+EX and WL+EX+SitLess treatment arms were asked 

to perform structured aerobic exercise (primarily guided treadmill walking) at a 

moderate-to-vigorous intensity for 4-5 days/week, progressing to a duration of 200 

min/week. Participants were asked to attend center-based sessions on at least 3 

days/week while exercising at home on the other 2-4 days/week. All participants 

were instructed to wear proper footwear, became familiarized with the treadmills 

prior to use and were instructed in fall prevention safety. Participants warmed-up 

by walking for 3-5 min at a slow pace and will then progressing to an intensity of 

65-70% of heart rate reserve (HRR, assessed during the VO2peak test). By the 

end of the 6th week and thereafter, the exercise duration progressed to 40–50 min. 

Two heart rate readings were taken during each supervised session to monitor 

compliance to the prescribed intensity; speed and grade were adjusted as needed 

to ensure that participants exercised at their prescribed intensity. At the end of 

each walking session, participants completed a 3–5 min cool-down followed by 5 

min of large muscle flexibility stretches.  
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Regarding exercise conducted outside of the center, participants received 

guidance on how to safely complete ground or treadmill walking, elliptical, or 

stationary cycling depending on availability. All participants were advised to sustain 

moderate-intensity activity equivalent to a rating of 13–15 using Borg's Rating of 

Perceived Exertion (RPE).73 As a self-monitoring tool, participants were instructed 

to log the completion of their daily exercise bouts using the mHealth app, where 

they checked “I Exercised Today”. Their participation in sustained bouts of activity 

of at least 10 minutes was highlighted within the app’s timeline bar in bright green 

to emphasize the focus on sustained activity. For individuals in the 

WL+EX+SitLess condition, the EMPOWER mHealth app integrated feedback and 

self-monitoring tools connected to both moving throughout the day and achieving 

exercise goals. 

Adverse Events 

Adverse events were assessed by asking participants at each assessment 

visit and group meeting to report any health changes, injuries, or other potential 

adverse events. 

Measures 

Demographics 

Baseline demographic data were recorded based on participant self-report. 

Medical information on prior and existing co-morbidities and hospitalizations were 

ascertained by self-report and confirmed by direct query of the participant at the 

screening visit. We also recorded medication use by asking participants to bring in 

all medications (including nutritional supplements). 
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Self-efficacy for Walking Scale (SEW) 

 The 8-item SEW questionnaire assesses an individual’s perception of their 

ability to walk at a moderate pace without stopping for 5, 10, 15, 20, 25, 30, 35, 

and 40 minutes without stopping. It is measured on a 11-point scale where 0 is ‘not 

certain at all” and 10 is “highly certain”. This scale was established based on 

Bandura’s methodology74,75 and was used as a measure of SEW in the CLIP-II 

and MORPH trails 7,9 

Satisfaction of Physical Function (SAT-F) 

 The SAT-F scale measures an individual’s satisfaction with various 

components of their physical function on a 6-item scale developed originally by 

Ray and colleagues.76 Example items include “currently, how satisfied are you with 

your overall level of physical fitness?” or “currently, how satisfied are you with your 

physical ability to do what you want to do?”. Responses are on a 7-point scale 

ranging from -3 (very dissatisfied) to +3 (very satisfied), and the final SAT-F score 

is an average of these 6 items. This scale was used as a measure of SAT-F in the 

MORPH and CLIP-II studies.7,9 

Short Form Health Survey (SF-36) 

 The SF-36 is a widely-used measure of health-related quality of life with 8 

subscales capturing one’s perceived mental and physical health status.72 These 

subscales include: (1) general health, (2) physical function, (3) role limitations due 

to physical health, (4) role limitations due to emotional limitations, (5) emotional 

wellbeing, (6) social functioning, (7) energy/fatigue, and (8) bodily pain. The 

scoring range for the SF-36 is between 0 and 100; higher scores reflect better 



 

 26 

perceived health status in that domain. A 5-point difference is widely considered 

clinically meaningful.77,78 

Analyses 

To characterize participants included in this study, we first present baseline 

descriptive statistics (means ± SD for continuous variables, n% for count 

variables). To illustrate whether participants improved in SEW, SAT-F, and SF36 

scores during the intervention and to examine whether these changes differed by 

condition, we conducted a series of 2 (timepoint) x 3 (group) mixed analysis of 

variance (ANOVAS). For each model, we confirmed normality of the dependent 

variable within each group using skewness and kurtosis Z scores (at |Z| < 2.58) 

and visual inspection of histograms. In the event of a highly skewed outcome, we 

conducted a sensitivity analysis applying an appropriate transformation to the 

dependent variable of interest. Likewise, box plots were utilized to identify extreme 

outliers. Finally, we verified homogeneity of variances via the Levene’s test. In the 

event that the homogeneity variances assumption was violated, an analysis of 

covariance, controlling for the baseline value of the dependent variable, was 

conducted. Normality of residuals and homogeneity of variances was verified using 

the methods described above. To examine the time effect, we conducted a series 

of non-parametric related-sample Wilcoxon signed-rank tests within each 

condition. Significance was set at p ≤ .05. 

Results 

Participant Characteristics 
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 WL+SitLess 
(n=48) 

WL+EX 
(n=45) 

WL+SitLess+EX 
(n=44) 

All 
(n=137) 

Age 69.8 (5.0) 70.2 (4.0) 70.0 (4.3) 70.0 (4.4) 
Race     
   White 36 (75.0) 35 (77.8) 30 (68.2) 101 (73.7) 
   Black 10 (20.8) 8 (17.8) 14 (31.8) 32 (23.4) 
   Multiracial 2 (4.2) 2 (4.4) 0 (0) 4 (2.9) 
Gender; n (%)     
   Male 12 (25.0) 9 (20.0) 10 (22.7) 31 (22.6) 
   Female 36 (75.0) 36 (80.0) 34 (77.3) 106 (77.4) 
BMI; M (SD) 35.9 (3.8) 35.7 (4.0) 35.2 (3.6) 35.6 (3.7) 
SEW; M (SD) 6.0 (3.1) 6.7 (2.2) 7.2 (2.3) 6.6 (2.6) 
SAT-F; M (SD) -0.90 (1.5) -0.83 (1.5) -0.51 (1.4) -0.75 (1.5) 
SF-36; M (SD)     
   General Health 71.6 (14.2) 72.0 (16.9) 73.7 (15.2) 76.3 (20.8) 
   Pain 78.2 (20.3) 74.4 (21.4) 76.3 (20.9) 72.4 (15.4) 
   Emotional Wellbeing 84.8 (13.1) 81.2 (16.4) 82.6 (11.0) 82.9 (13.7) 
   Social Function 85.9 (22.7) 82.8 (25.0) 86.9 (17.0) 85.2 (21.8) 
   Energy Fatigue 59.1 (19.9) 54.6 (22.9) 56.7 (21.2) 56.8 (21.2) 
   Limits Emotion 86.8 (26.4) 77.0 (37.5) 84.8 (24.3) 83.0 (30.0) 
   Limits Physical  69.8 (35.7) 70.0 (36.0) 71.6 (36.8) 70.4 (35.9) 
   Physical Function 71.8 (19.1) 67.6 (18.5) 74.9 (16.9) 71.4 (18.3) 

Table 1. Participant characteristics. Notes: BMI = body mass index; EX = exercise; 
M=mean; SD=standard deviation; WL = weight loss 
 

In total, 137 participants engaged in the first 5 waves of EMPOWER and 

provided data at baseline and month 6. Participant characteristics at baseline are 

displayed in Table 1. The average age at baseline was 70.0±4.4 years. The 

majority of participants were white (73.7%), female (77.4%), and had obesity (35.4 

kg/m2). 

 
Social Cognitive Outcomes  

All mixed effects ANOVA results including scores at follow-up adjusted for 

baseline are displayed in Table 2. Figure 2 displays the main effect for time for the 

SAT-F and SEW scales. There was no group x time interaction for SEW, but there 

was a significant main effect for time; F(1,134)=80.66, p < .001, 𝜂!=.38. However, 
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scores at month 6 were strongly negatively skewed within WL+EX and 

WL+EX+SitLess (Zs ≥ 5.18) and there was a violation of the homogeneity of 

variances test driven by greater variance in WL+SitLess scores (ps ≤ .002). 

Therefore, we applied a reflected natural log transformation to SEW scores at each 

time point. Unfortunately, the homogeneity of variances test was once again 

violated (ps ≤ .004). We next conducted an ANCOVA on these transformed data, 

which satisfied the homogeneity of variances assumption (p=.364), and residuals 

were normal (Zs ≤2.39). This model revealed a significant group difference in 

baseline-adjusted and transformed SEW at month 6; F(2,133)=9.99, p < .001, 

𝜂!=.13. Bonferroni-corrected post-hoc analyses indicated that both WL+EX and 

WL+EX+SitLess demonstrated significantly higher baseline-adjusted scores at 

month 6 relative to WL+SitLess (ps ≤.004). The related-sample Wilcoxon Signed 

Rank Tests indicated that each condition increased significantly across the 

intervention period (ps < .001). 

  



 

 29 

 

 F p 𝜂! 
Self-efficacy for Walking1    
   Group 6.69 0.002 0.09 
   Time 80.66 <0.001* 0.38 
   Group x Time 1.99 0.141 0.03 
Satisfaction with Function    
   Group 2.15 0.120 0.03 
   Time 144.60 <0.001* 0.52 
   Group x Time 0.49 0.615 0.01 
SF-36 General Health    
   Group 0.70 0.498 0.01 
   Time 20.58 <0.001* 0.13 
   Group x Time 2.66 0.073 0.04 
SF-36 Physical Function    
   Group 0.70 0.500 0.01 
   Time 36.84 <0.001* 0.22 
   Group x Time 2.24 0.111 0.03 
SF-36 Emotional Wellbeing    
   Group 0.91 0.403 0.01 
   Time 0.31 0.578 <0.01 
   Group x Time 0.04 0.962 <0.01 
SF-36 Role Limitations Due to Emotional Health    
   Group 1.19 0.308 0.02 
   Time 0.05 0.821 <0.01 
   Group x Time 0.23 0.798 <0.01 
SF-36 Social Functioning    
   Group 1.31 0.274 0.02 
   Time 7.07 0.009* 0.05 
   Group x Time 0.22 0.800 <0.01 
SF-36 Pain    
   Group 0.74 0.479 0.01 
   Time 3.90 0.050* 0.03 
   Group x Time 0.79 0.457 0.01 
SF-36 Energy/Fatigue    
   Group 0.26 0.771 <0.01 
   Time 33.82 <0.001* 0.20 
   Group x Time 1.49 0.230 0.02 
SF-36 Role Limitations Due to Physical Health    
   Group 0.48 0.622 0.01 
   Time 8.58 0.004* 0.06 
   Group x Time 0.62 0.539 0.01 

Table 2. Results of mixed analyses of variance. *indicates p ≤	.05, 1indicates 
violation of model assumptions. 
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With regard to SAT-F, the mixed ANOVA demonstrated there was no time 

x group interaction (p = .615), but there was a significant main effect for time; 

F(1,134)=144.60, p < .001, 𝜂!=.519. Participants demonstrated a significant 1.60-

unit increase in SAT-F over the initial 6 months of the intervention (p < .001).  

Intervention-related Changes in HRQOL  

There were no group x time interactions for any of the SF-36 subscales. 

Note Figure 3 displays the main effect for time for each of the SF-36 subscales. 

For the physical function subscale, there was a significant main effect for time, 

F(1,134)= 36.84, p < .001, η!=.22, and investigation of marginal means suggests 

individuals improved 9.23 units on average. There was a significant main effect for 

time for role limitations due to physical health, F(1,134)= 8.58, p = .004, η!=.06, 

such that individuals improved 9.164 units on average. There was a significant 

main effect for time on the energy/fatigue subscale, F(1,134)= 33.82, p < .001, 

η!=.20, whereby individuals improved 8.83 units on average. There was a 

significant main effect for time on the social functioning subscale, F(1,134)= 7.07, 

p = .009, η!=.05, such that individuals improved 4.73 units on average. There was 

a significant main effect for time on the bodily pain subscale F(1,134)= 3.90, p = 

.05, η!=.03, whereby individuals 3.17 units on average. Finally, there was a 

significant main effect for time on the general health subscale, F(1,134)= 20.58, p 

< .001, η!=.13. Here, individuals improved 4.59 units on average. 

Discussion 

Based on previous evidence on the beneficial effect of both day-long 

movement and structured exercise paired with dietary weight loss on HRQOL, 
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SEW, and SAT-F,7,9 we hypothesized all conditions would demonstrate 

improvements on SEW, SAT-F, and physical subscales of SF-36. Moreover, 

because self-efficacy is a highly specific form of self-confidence,51 and given 

previous observations that aerobic walking training yielded effects on SEW than 

resistance training,7 we expected those who trained in walking would demonstrate 

stronger improvements in SEW. Our results confirm our hypotheses. Dietary 

weight loss paired with structured aerobic exercise, day-long movement, or both 

produced significant improvements in SAT-F, physical aspects of HRQOL, and 

SEW, with still greater improvements in SEW for WL+EX and WL+EX+SitLess. 

These early findings are promising in that they suggest an attainable and enjoyable 

activity intervention—SitLess—positively affects key social cognitive and HRQOL 

outcomes among community-dwelling older adults. 

EMPOWER is the first study of its kind to directly compare dietary weight 

loss paired with structured aerobic exercise and/or day-long movement on HRQOL 

and social cognitive outcomes tightly related to HRQOL. That a program focused 

on integrating enjoyable movement into daily life contributed to significant 

improvements in each of these outcomes is promising from the perspective of 

physical activity promotion. In the context of EMPOWER, the SitLess condition 

was designed to train participants to integrate varied and enjoyable activities into 

their day that helped the accumulate steps before lunch, between lunch and 

dinner, and after dinner. Structured exercise training is often perceived as 

aversive79 and requires participants to be motivated by other extrinsic forces (e.g., 

social connection) than will not sustain upon completion of a structured exercise 
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program. This was demonstrated by McAuley and colleagues who reported that 

older adults experienced a sharp decline in exercise self-efficacy when facing the 

cessation of their structured exercise intervention.80 By contrast, day-long 

movement programs can train participants to choose intrinsically pleasing activities 

in a flexible manner, and as described above intrinsic motivation is a key driver of 

long-term behavior change.49 One additional benefit to moving throughout the day 

is that it indirectly breaks up periods of prolonged sitting, which are independently 

associated with a host of negative health outcomes.37,39,81 Ultimately, this variety 

of day-long movement intervention best captures the spirit of the second edition of 

the Physical Activity Guidelines for Americans,12 which emphasize achieving the 

equivalent of at least 150 minutes of moderate-intensity aerobic activity in bouts of 

any duration while avoiding sustained sitting; a move more, more often approach 

to activity promotion. 

An exciting next step in this research endeavor will be examining whether 

improvements in these key SCT and HRQOL outcomes persist during the year 

following this 6-month intervention, as one might hypothesize those who receive 

SitLess would better sustain these improvements once program support is 

removed. Notably, it was previously published that EMPOWER participants across 

conditions lost a similar amount of weight during the 6-month intervention phase 

(8.2 kg on average), but those who received WL+EX regained significantly more 

weight during the year following the intervention relative WL+SitLess (5.2 and 2.4 

kg regained respectively).71 A second area for additional research will be to 

establish whether changes in SEW and SAT-F, which are described within social 
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cognitive theory as both causes and consequences of health behavior, mediate 

the effect of the interventions on weight loss and maintenance. Finally, the design 

of EMPOWER precludes our ability to determine the extent to which improvements 

in SEW, SAT-F, and HRQOL are attributable to dietary behavior change, exercise, 

or moving throughout the day. Future work might implement a factorial design to 

allow for an examination of the impact on important psychosocial outcomes of 

these three components delivered alone and in combination.82 It is worth noting, 

however, that the CLIP-II study did include a WL-only condition, and the 

WL+aerobic walking condition demonstrated better improvements in SEW, SAT-

F, and the physical subdomain of the SF-12; another widely-used measure of 

HRQOL.7 Given all three EMPOWER activity prescriptions contributed to similar 

improvements in SAT-F and SF36 scores, we would hypothesize that the addition 

of SitLess and/or aerobic exercise would contribute to better scores on these 

scales in comparison to a WL-only condition.  

Strengths and Limitations 

 The primary strength of the EMPOWER trial is that it provided first-of-its-

kind insight to how the combination of dietary weight loss with structured exercise 

and/or day-long movement contribute to better HRQOL in older adults; a highly-

prized outcome for this segment of the population.1 Relative to current pilot work 

on dietary weight loss and day-long movement in aging,9 EMPOWER employed a 

longer intervention period and recruited a larger sample size. Finally, EMPOWER 

utilized a rigorous theory-driven and group-mediated design that was supported by 

a suite of custom mHealth tools designed to directly target key constructs in social 
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cognitive theory.70,83 To that end, it was notable that all groups also demonstrated 

significant improvements in the social functioning subscale of the SF36, which 

supports the quality of social connections formed during the group sessions. 

 As described previously, one limitation of EMPOWER is the lack of a WL-

only condition. As such, one cannot determine whether SitLess contributes 

meaningfully to the outcomes described herein, or to weight loss (the primary 

outcome of the trial). Similarly, all conditions received a high degree of professional 

contact via the research team as part of this intervention, and these contacts may 

drive improvements in the outcomes described herein, regardless of group 

assignment. A second key limitation lies in generalizability: the EMPOWER sample 

was 74% white and 77% female, and as such these results may not be 

generalizable to more racially or sexually diverse populations. Finally, due to the 

onset of COVID-19 and local stay-at-home orders, only 137 individuals completed 

baseline and month-6 assessments and were included in analyses.   

Conclusion 

 Health-related quality of life, perceptions of confidence in one’s ability to 

walk for extended periods of time, and satisfaction with one’s physical functioning 

are interrelated outcomes that are highly valued among older adults. Both self-

efficacy and satisfaction with functioning are closely tied to the adoption and 

maintenance of health behaviors such as physical activity and dietary weight 

management and are also associated with perceptions of health-related quality of 

life. These findings support a broader public health trend emphasizing that health 

professionals can and should demonstrate flexibility in the ways in which physical 
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activity is recommended to older adults. Some may resonate with the efficient, if 

effortful, experience of traditional structured exercise, while others may find 

enjoyment, relaxation, and fulfillment in varied activities built into daily life. For 

older adults, either approach drives significant improvements in quality of life, self-

efficacy, and satisfaction with functioning. Future work should focus on better 

understanding the key behavior change techniques required to promote day-long 

movement in more diverse populations. 
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Appendix A  

 

Example EMPOWER Companion app screens. The activity bar across the bottom 

depicts patterns of Fitbit-based non-movement (blue) and movement (green/teal). 

For those who received the exercise component, sporadic movement in bouts <10 

minutes are displayed in teal and sustained movement in bouts of at least 10 

minutes are displayed in green. 
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Appendix B 

Resting Metabolic Rate and Aerobic Capacity 

Resting metabolic rate (RMR) was assessed to determine each 

participant’s weight-maintaining energy needs for prescribing the 400 kcal/d 

energy deficit for weight loss. RMR was measured in the morning after an 

overnight fast (8 hour minimum of no food, beverage, alcohol, caffeine or 

strenuous exercise) by indirect calorimetry. Upon arrival, subjects were asked to 

lie quietly for 20-30 min before testing. Measurement of oxygen consumption and 

carbon dioxide production were collected continuously for at least 30 min and RMR 

was calculated using the Weir equation. Peak aerobic capacity (VO2peak) was 

assessed during a graded exercise test to exhaustion and was used to inform the 

exercise prescription. 
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Appendix C 

 
Figure 2. Line plot for the time effects for Satisfaction with Physical Functioning 

and Self-Efficacy for Walking Duration. A depicts the time effect for Satisfaction 

with Physical Function. B depicts the time effect for self-efficacy for walking 

duration. 
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Figure 3. Line plot for the time effects for the SF-36 subscales. A depicts the time 

effect for the Physical Function subscale. B depicts the time effect for the 

Emotional Wellbeing subscale. C depicts the time effect for the Role Limitations 

Due to Emotional Health subscale. D depicts the time effect for the Pain 
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subscale. E depicts the time effect for the Role Limitations Due to Physical 

Health subscale. F depicts the time effect the Social Functioning subscale. G 

depicts the time effect for the Energy/Fatigue subscale. H depicts the time effect 

for the General Health subscale. 
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