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The objective of this dissertation was to examine factors that contributed to the weight 

and behavioral changes among rural women and their social network members within the context 

of a multilevel community-based intervention trial, Strong Hearts, Healthy Communities 

(SHHC). Given that rural populations in the United States disproportionally experience poorer 

health outcomes than others and multilevel behavior change interventions are extremely limited 

in rural communities, this dissertation provides timely insights on the successes and lessons 

learned in promoting physical activity and healthy eating among rural women. 

Chapter 1 reviews the barriers faced by rural women to engage in physical activity and 

healthy eating at various social ecological scales and introduces the theoretical framework used 

for this dissertation. Chapter 2 provides an overview of the SHHC intervention trial. Chapter 3 

examines the environmental conditions that maximized rural women’s physical activity when 

participating in SHHC. Results suggest that SHHC helped rural overweight and obese women 

living in communities with less walkable destinations to overcome environmental barriers to 

physical activity while rural women living in more walkable communities did not change their 

physical activity significantly. Chapter 4 explores mediators of a multilevel behavior change 

intervention trial that led to positive behavioral changes among rural women. We found that the 



 

SHHC intervention increased participants’ perceived social support from friends regarding 

physical activity and healthy eating. Participants' improved social support from friends 

marginally mediated the intervention effects for participants’ increased walking time. Chapter 5 

investigates whether a rural behavior change intervention would generate beneficial effects 

among participants’ social network members. Among social network members who perceived 

having a very close relationship with trial participants, those associated with intervention group 

participants lost more weight and decreased BMI more than those associated with the control 

group. Actual spatial closeness did not modify any of SHHC’s ripple effects. 

Taken together, this dissertation provides important insights on the mechanisms that 

contributed to rural women and their social networks members’ weight and behavior changes in 

the context of SHHC. Findings have informed modifications of the SHHC program and future 

dissemination.
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CHAPTER 1 

RURAL HEALTH DISPARITIES, CONCEPTUAL MODEL, AND CURRENT RUAL 

BEHAVIOR CHANGE INTERVENTIONS 

 

1.1 Rural Health Disparities 

 

Poor diet and physical inactivity are two of the major health challenges of recent decades. 

More than two-thirds of US adults are considered overweight or obese (1), incurring $190.2 

billion in medical expenses each year as a result (2). Despite the known negative health 

consequences of consuming an unhealthy diet and being physically inactive (e.g. elevated risk 

for cardiovascular disease, certain cancers, obesity, and type 2 diabetes) (3,4), it is estimated that 

no more than 3% of adults in the US meet the current recommended guidelines for both diet and 

physical activity (5). 

In comparison to their non-rural peers, physical inactivity is higher among rural women 

(41%) (6), and they are more likely to consume a diet with higher fat content and fewer fruits 

and vegetables (7). In particular, higher proportions of rural women are obese in comparison to 

urban women (40% vs 29%) (6). In comparison to rural men, not only do rural women have 

higher prevalence of obesity (39% vs 33%) (6), but they are also more likely to die from cardiac 

disease, and their symptoms of cardiovascular disease are often overlooked (8). These 

geographic and gender health disparities could be partially attributed to and/or mediated by the 

challenges for rural women in practicing and maintaining healthy behaviors occurring within a 

complex framework of interrelated factors at the individual, interpersonal, community, physical 

environment, and policy scales (9). Therefore, it is imperative to develop multi-component 

interventions, which simultaneously target behavior change at multiple scales, to generate bigger 

impacts. 
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This dissertation is rooted in a social ecological perspective to account for the multiple 

scales of influence on health behaviors. Section 1.2 will first provide an overview of different 

social ecological models followed by a discussion of a set of challenges faced by rural women to 

active living and healthy eating at different social ecological scales in Section 1.3. Section 1.4 

will provide a brief summary of existing behavior change interventions targeting rural 

populations in the US.  

 

1.2 Conceptual Framework 

 

1.2.1 Overview of Social Ecological Models 

 

While ecology pertains broadly to the relationships between organisms and their 

environments (10), social ecology provides an even broader perspective with which to 

understand people’s interactions with their physical and sociocultural environments (11,12). A 

social ecological perspective acknowledges that human behaviors are too complex to be 

understood adequately only at the individual scale. This means a more comprehensive approach 

that integrates multiple scales of influence is needed to better understand human behaviors. 

Social ecological models incorporate concepts derived from systems theory, such as 

interdependence and reciprocal interaction (13,14), to understand the interrelations among people 

and their environments (15). These models conceptualize human environments as complex 

systems with many scales, in which an individual’s immediate settings are nested within these 

multiple complex systems (15). An individual’s psychosocial factors are thought to be influenced 

by these interdependent settings that form the foundation of an individual’s daily activity system 

(16). Core components of a social ecological model often include multiple scales of influences: 

intrapersonal, interpersonal, organizational, community, physical environment, and policy (9). 

Modern social ecological models emerged from a variety of fields, including human 
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development, ecology, community development, and health psychology. Over the years, various 

researchers have developed different versions of the social ecological models depending on their 

academic interests or theoretical assumptions (Table 1-1). However, all these social ecological 

models share some common principles and assumptions. 

 

Table 1-1. Examples of Social Ecological models (from Sallis et al., 2008). 

 

Author, Model Key Concepts 

 

Reference 

Kurt Lewin 

(1951)   

 

Ecological 

Psychology 

“Ecological psychology” is the study of the 

influence of the outside environment on the 

person. 

Lewin K, Cartwright D. Field 

Theory in Social Science. New 

York: Harper, 1951. 

Roger Barker 

(1968) 

 

Environmental 

Psychology 

“Behavior settings” are the social and 

physical situations in which behaviors take 

place; concludes that behaviors could be 

predicted more accurately from the 

situations people are in than from their 

individual characteristics. 

 

Barker RG. Ecological 

Psychology. Stanford, Calif.: 

Stanford University Press, 1968. 

Rudolph Moos 

(1980) 

 

Social Ecology 

Four categories of environmental factors: 

(i) physical settings—features of the natural 

(weather) and built environment (building); 

(ii) organizational settings—size and 

function of worksites and schools; (iii) the 

“human aggregate”—sociocultural 

characteristics of the people in an 

environment; and (iv) “social climate”—

supportiveness of a social setting for a 

particular behavior. 

 

Moos R H. Social-Ecological 

Perspectives on Health in Stone 

GC, Cohen F, Adler NE eds. 

Health 
Psychology: A Handbook. San 

Francisco: Jossey-Bass, 1980. 

Urie 

Bronfenbrenner 

(1979) 

 

System Theory 

Three levels of environmental influences: 

(i) “microsystem” is interactions among 

family members and work groups; (ii) 

“mesosystem” is physical family, school, 

and work settings; and (iii) “exosystem” is 

the larger social system of economics, 

culture, and politics. 

 

Bronfenbrenner U. The Ecology 

of Human Development. 

Cambridge, Mass.: Harvard 

University Press, 1979. 

Thomas Glass 

& Matthew 

Conceptualizes hierarchies of influences on 

behavior within biology and society, which 

Glass TA, McAtee M J. 

Behavioral Science at the 
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McAtee (2006) 

 

Ecosocial 

Model 

has social and physical environment 

dimensions. Structural contingencies 

provide opportunities and constraints, and 

biological processes regulate expression of 

behavior. 

Crossroads in Public Health: 

Extending Horizons, 
Envisioning the Future. Soc Sci 

Med, 2006;62:1650–1671. 

 

 

Based on Sallis et al. (9), social ecological models generally have two core assumptions: 

 

1. Human behaviors are determined by multiple scales of influences: intrapersonal, 

interpersonal, organizational, community, and policy. 

 

2. Reciprocal interactions occur across different levels of influences. 

 

1.2.2 Multiple Scales of Factors Influence Behaviors 

 

Social ecological models suggest that human behaviors are influenced by different scales 

of influences that are characterized in numerous ways. For example, in Bronfenbrenner’s (12) 

Ecology of Human Development model, he specified micro- (interactions with immediate 

surroundings), meso- (family, school, and work settings), exo- (social structures, neighborhood 

contexts, and local politics), and macro- (cultural values, customs, and laws) subsystems, which 

constitute the settings and life space within which an individual develops. Similarly, in Moos’ 

social ecological perspective (17), he outlined four categories of environmental factors that 

influence human behaviors, including physical settings (natural and built environments), 

organizational settings (worksites and schools), “human aggregate” (sociocultural characteristics 

of people), and “social climate” (social norms and culture). Other social ecological models also 

follow the same pattern of categories (see Table 1-1 above), expanding from individuals’ 

immediate environmental factors to broader societal and structural factors. 
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1.2.3 Different Scales of Influences 

 

Different scales of factors in social ecological models interact with each other to 

determine human behaviors. For instance, in Bronfenbrenner’s (12) Ecology of Human 

Development model, mesosystems connect the relationships between the microsystems. This 

means that an individual’s relationship with someone may be related to their relationships with 

others. For example, your experience with your family may be related to your work experience 

(e.g. poor family relationships may lower someone’s productivity at work). An exosystem 

represents the interactions between the structures in the exosystem and those in the microsystem 

of the individual. For example, social structures, neighborhood contexts, and local politics (i.e. 

an exosystem) can influence an individual’s behaviors through their experiences with his/her 

family, peers, work colleagues, etc. (i.e. microsystems). Lastly, structures in the macrosystem 

determines the interactions of the micro-, meso-, and exosystems. In other words, the 

macrosystem dictates the context and mechanism in which the interactions of other layers take 

place. For example, racial discrimination in a society (i.e. macrosystem) could potentially 

determine where an individual lives (i.e. exosystem), which would in turn affect his/her access to 

supermarkets (i.e. microsystem), and eventually the person’s dietary behaviors.  

 

1.2.4 Strengths of Social Ecological Perspectives 

 

A key strength of social ecological models is that they offer a comprehensive 

conceptualization of human behaviors and focus on the interactions between various scales of 

determinants. In particular, such strength has made the model favorable for the public health 

field to use as guiding frameworks to develop multilevel interventions for behavioral change 

(18–20). This assumes that behavioral change is most likely to happen when both environments 

and policies support healthy behaviors (9). The second strength is that social ecological models 
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are most powerful when they are behavior-specific (9). That means behavior-specific social 

ecological models would be much more useful in guiding research and intervention. In other 

words, the foundations of a social ecological perspective are open to adaptations, depending on 

the specific behavioral context. For example, social ecological perspectives have been adapted in 

different behavioral contexts, including nutrition (21), disease self-management (22), and health 

promotion (23). 

 

1.2.3 Limitations of Social Ecological Perspectives  

 

A major limitation of social ecological models is that they often lack specific definitions 

of units and structures. Because of their loose structures of units and scales (let alone the clear 

connections between variables), it is challenging to generate testable hypotheses and evaluate all 

components of social ecological models empirically. Furthermore, since social ecological models 

have different scales and many units within each scale, it is challenging to determine which 

variables, and which interactions between variables, are important. Some argue that social 

ecological perspectives neglect the role of individuals (24). In contrast, individual-level 

psychosocial theories, such as social cognitive theory, focus more on specific individual-level 

variables and their mechanisms for influencing behaviors. Some scholars also suggest that new 

forms of social ecological perspectives should incorporate virtual ecology, accounting for 

individuals’ interactions with virtual settings (i.e. social media) (25). Finally, from an application 

standpoint, it is challenging, if not impossible, to apply an entire social ecological model in real-

world situations because it requires substantial effort in identifying relevant factors at each scale; 

resources are often very limited, which means most interventions only target a few factors within 

social ecological models; it is also challenging to isolate the influence of one factor, given the 

many other factors and interdependencies. 
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1.3 Barriers to Active Living and Healthy Eating Among Rural Women 

 

 

1.3.1 Individual Scale Barriers 

 

According to Women’s Health USA 2013, 16.7% of all women in the US reside in rural 

areas (26). In comparison to those living in urban areas, rural women are poorer and less well-

educated (26), posing financial challenges for them to adopt a healthy diet and/or engage in 

physical activity. Particularly for low-income, rural mothers, it might be even more challenging 

for them to maintain a healthy diet and an active lifestyle. Bove and Olsen (27) found that 

restricting their food intake was a common coping strategy among lower-income rural women to 

ensure adequate foods for their children and other family members. Furthermore, income 

insecurity might lead to lower-income families to purchase less expensive foods that are often 

higher in fat and calories rather than fresh fruits and vegetables that are often expensive in rural 

communities (28,29). As for physical activity, the lack of financial ability to purchase 

appropriate shoes and equipment has been cited as a critical barrier to exercise among rural 

women (30,31). In addition, rural women often experience poorer health in comparison to those 

living in urban areas (26). Suboptimal health conditions, such as fatigue, obesity, chronic illness, 

and injuries, are also barriers to consuming a healthy diet and being physically active. 

Furthermore, rural women experience a persistent and endemic level of depression; about 41% of 

rural women expressed having depression or anxiety in comparison to 13–20% of urban women 

(32). This may influence their self-efficacy, self-discipline, and motivation to eat healthy and be 

physically active (33,34). Physiologically, midlife and older women are at higher risk of being 

overweight and obese than men due to women’s natural decline of estrogen during menopause 

and aging, contributing to reduced bone mass, weakened muscle strength, and increased visceral 

fat mass (35). 
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1.3.2 Interpersonal & Social Scales Barriers 

 

Traditional rural social norms and gender roles often hinder rural women’s ability to 

make healthy behavioral changes. In comparison to urban women, rural women reported more 

caregiver duties (31) and that family, household, and childrearing responsibilities were barriers 

to engaging in healthy behaviors (36,37). Time constraints have been reported by rural women as 

a major barrier to engaging in exercise and preparing healthy meals (30,38,39). Attitudes toward 

and actions of healthy living among family members and friends are also important to healthy 

living. Studies examining social support disparities found that rural women reported more 

discouragement of healthy behaviors from family and friends (31) and perceived fewer role 

models for physical activity (40). Dye and Cason found that family resistance was a major 

barrier for rural women to incorporate more fruits and vegetables in their families’ diets (41). 

Wilcox et al. found that rural women who perceived few social supports for physical activity and 

perceived having few role models for exercise in their community were more likely to be 

sedentary (31). Support from and accountability to family and friends are critical facilitators of 

behavior change and maintenance in small, isolated rural communities. The presence of social 

support from family and friends and role models of healthy living have been shown to be 

supportive of better diet quality and higher physical activity levels (36,40,42). Likewise, group 

membership or socialization during physical activity were reported facilitators of physical 

activity (43–45). For some rural women, they also found that seeing their children participating 

in physical activity served as an important motivator for them to engage in physical activity with 

their children (46). 

In the broader social context, the abundance of food centric social events with unhealthy 

foods has been reported as a cause of unhealthy eating. Some rural women reported that 
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unhealthy food options (those with high levels of fat and sodium) are commonly served at social 

events at workplaces, churches, and others households (47,48). People often felt obligated to 

consume the foods offered at social events because avoiding eating these foods is perceived as 

disrespectful (49,50). As for physical activity, even though social supports are perceived as 

motivators for exercising, limited organized group-based activities have been reported as barriers 

to meeting new people and socializing with others while engaging in physical activity (51).  

 

1.3.3 Community & Physical Environment Scales Barriers 

 

In comparison to urban populations, rural areas experience significant barriers to healthy 

living, including higher costs and limited access to healthy food, lack of public transportation, 

poor access to fitness facilities, and poor walkability (27,43,52–56).  

The lack of a strong customer base, distribution network, and small-business capital is a 

challenge for rural communities to maintain and attract large food retailers and grocery stores 

(57). Therefore, rural residents often travel long distances for groceries (58). A variety of food 

sources are often used by rural residents, such as retail food outlets, farmers’ markets, farm 

stands, convenience stores within a gas station, dollar stores, mobile food vendors, pharmacies, 

informal ordering groups, and hunting (59–63). In particular, convenience stores and smaller 

food stores in rural areas tend to have higher food prices, limited variety of foods, lower quality 

of fresh produce and meat, and fewer healthier food options in comparison to traditional grocery 

stores (64–67). Food affordability has been reported as a crucial factor among rural residents in 

deciding what food to buy (63). A recent study conducted by our research team found that 

frequent visits to convenience stores were associated with lower fruits and vegetables 

consumption among rural residents in upstate New York (68).  

With respect to the environmental factors that partially contribute to rural residents’ 
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lower physical activity levels, they mainly include limited access to indoor recreation facilities 

and rural communities’ limited infrastructure to support active living (69). For example, limited 

access to walking trails, parks, or recreation facilities has been associated with lower levels of 

physical activity in rural communities (55). Limited sidewalks, poor sidewalk conditions, limited 

bike lanes, poor lighting, crimes, heavy traffic, and the presence of stray animals have been 

reported as common barriers to active living and physical activity in rural neighborhoods 

(43,70). The lack of age-appropriate exercise programs is also a barrier to physical activity 

among rural midlife and older adults (70). Most importantly, many rural residents have 

expressed that extreme winter conditions, coupled with the lack of indoor opportunities, are 

major barriers to physical activity in the winter (70). 

These challenges are all linked to poorer diet quality, lower physical activity levels, and 

higher risk of being overweight or obese among rural residents (55,56,71). 

 

1.3.4 Policy Scale Barriers 

 

At the policy level, small population size, lack of human capital, and lack of political 

interest contribute to challenges in initiating environmental and policy change in rural 

communities (72). Rural populations are often less desirable to funders due to the perceived 

lower impact of health initiatives in comparison to urban communities with denser populations 

(72). As rural residents are often less educated (73), there may be a lack of experienced 

individuals to advocate for policy change. Furthermore, improving basic infrastructure may be 

prioritized over environmental and policy changes that support active living and healthy eating 

(72). 
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1.4 Current Rural Behavior Change Interventions 

 

Even though rural behavior change interventions are still in their infancy in the US, a few 

researchers have attempted to summarize existing trials in recent years. 

Cai and Richards analyzed eight rural behavior change interventions in 2016, aiming to 

identify the most effective strategies on rural populations’ physical activity outcomes (74). 

Among the eight trials analyzed, only two interventions reported a significant increase in the 

intervention group’s physical activity in comparison to the control group. In particular, the 

authors concluded that interventions that included very personalized strategies (e.g. intervention 

activities based on community inputs) with many intervention contacts (e.g. face-to-face contacts 

plus other program delivery modes including mail-, telephone, and internet-based contacts) 

seemed to be more successful in increasing rural residents’ physical activity. Among studies that 

had null findings, potential biases might have attenuated their intervention effects including short 

study duration, imbalanced baseline characteristics between intervention and control groups, 

high attrition rate, and the reliance on self-reported data. 

More recently, Moore and colleagues conducted a systematic review to synthesize 

findings of prior theory-based physical activity interventions targeting rural populations in the 

US (75). Among the thirty-one studies analyzed, most of them used the Social Cognitive Theory 

and Transtheoretical Model to inform intervention development. One major limitation of existing 

theory-informed rural interventions is that even though a theoretical framework was used by 

researchers to inform intervention design, there was a lack of direct application and measurement 

of theoretical framework constructs. Among the few studies that directly applied and tested 

theoretical constructs, they showed limited effects on improving rural residents’ physical 

activity. In particular, among those applied a social ecological perspective to design their study, 
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they showed limited impact on their intended theoretical constructs and physical activity. Based 

on their observations, the authors urged the need to develop rural-specific theoretical models to 

account for rural populations’ unique characteristics.  

The most recent review conducted by Dixon and colleagues evaluated 18 rural-based 

weight loss interventions in the US (76). They found that limited attempts were taken to target 

behavior change beyond the individual scale factors in rural communities. Among all the studies 

reviewed, two studies intervened at both the individual and interpersonal scales, two intervened 

at both the individual and physical environment scales, and only one prior rural study intervened 

at the individual, interpersonal, and physical environment scales. Interestingly, the authors 

observed that multilevel interventions are actually not more effective than individual-level 

interventions. This could be due to the lack of sufficient and relevant strategies that would be 

needed at each social ecological scale to generate bigger impacts. 
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CHAPTER 2 

OVERVIEW OF THE STRONG HEARTS, HEALTHY COMMUNITIES (SHHC) 

INTERVENTION TRIAL 

 

This dissertation was conducted within the context of the Strong Hearts, Healthy 

Communities (SHHC) intervention. Section 2.1 will first summarize the study design, protocol, 

and primary outcome findings of SHHC. Thereafter, Section 2.2 will highlight some of the 

knowledge gaps of existing rural behavior change intervention studies. Section 2.3 will provide 

an overview of this dissertation. 

 

2.1 Overview of SHHC 

 

SHHC was a community-based intervention trial that aimed at reducing cardiovascular 

disease risk among overweight and obese sedentary women living in medically underserved rural 

areas in the US. Detailed study protocol is described elsewhere (1). 

 

2.1.1 Study Design 

 

SHHC was a six-month community-based randomized trial that was implemented in 16 

medically underserved rural towns in Montana and New York between 2015 and 2016. 

 

2.1.2 Intervention Curriculum 

 

Strong Hearts, Healthy Communities (SHHC) 

Eight towns received the SHHC intervention—a 48-session (twice a week for 24 

consecutive weeks) multilevel intervention that was designed to target and support behavior 

change at the individual, interpersonal, and physical environment levels. It is a novel fusion of 

evidence-based programming comprised of progressive strength training, aerobic exercise, and 



 

 20 

nutrition education components; those health-based components are combined with a civic 

engagement and capacity building initiative tested in rural communities. The aim of the program 

was to move beyond individual-level approaches—which have limitations in terms of cost, 

impact, reach, and sustainability—to effectively reduce rural cardiovascular disease health 

disparities using an integrated, multi-level, community-engaged approach. A logic model of the 

SHHC program is shown in Figure 2-1
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Figure 2-1. Logic model: Strong Hearts, Healthy Communities, Montana and New York, 2015-2016. 
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Briefly, SHHC is comprised of a variety of activities at the individual, interpersonal, and 

physical environment levels. Such activities aim to enhance rural women’s ability to be more 

physically active and make healthy dietary changes. At the individual level, activities include 

nutrition education, in-class aerobic and strength training exercises, skill-building activities 

regarding physical activity and diet, and strategies regarding goal setting and monitoring. At the 

interpersonal level, participants learn about strategies to include friends and family members in 

physical activity engagement and healthy eating. Participating in program group/paired activities 

also serves as an opportunity for participants to expand their social network to include other 

members, gaining further social support. At the physical environment level, participants learn 

about the impact of built environment on physical activity and healthy eating through built 

environment audits, community asset mapping, and grocery store audits. Overall, activities 

across different levels are expected to support participants in becoming more physically active 

and consuming a healthier diet, which will lead to better anthropometric and physiological 

outcomes and improved functional fitness at the end of the intervention. 

 

2.1.3 Control Intervention Curriculum 

 

Strong Hearts, Healthy Women (SHHW) 

 

The other eight towns received a six-session (once every four weeks for 24 weeks) 

education-only control intervention, SHHW, which provided general information about healthy 

living. The SHHW curriculum only provided information to help control group participants 

improve knowledge about healthy living (e.g. women and heart disease, heathy eating, physical 

activity, and stress management). It neither provided in-class exercise activities nor the level or 

amount of social support that SHHC provided. 
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2.1.4 Inclusion Criteria 

 

To be eligible for the study, participants must be: 

 

• female; 

• 40 years old or older; 

• with a BMI of 25 or higher; 

• sedentary based on the Physical Activity Guidelines for Americans or having an 

estimated total energy expenditure below 34 kcal/kg per day, per the 7-day Physical 

Activity Recall; 

• able to speak English; and 

• able to obtain physician’s approve for participation.  

 

2.1.5 Exclusion Criteria 

 

Women were excluded to participate if they: 

 

• did not provide informed consent; 

• did not receive permission to participate from healthcare provider; 

• were hypertensive; 

• had a heart rate less than 60 or greater than 100; 

• had cognitive impairment; or 

• were unable or unwilling to complete survey questionnaires.  
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2.1.6 Participants 

 

Figure 2-2 displays the flow diagram of trial participants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Footnote: Abbreviations: MT, Montana; NY, New York; SHHC, Strong Hearts, Healthy 

Communities; SHHW-C, Strong Hearts, Healthy Women-Control 

 

Figure 2-2. Flowchart Describing Progress of Trial Participants. 

Assessed for eligibility (n=436; 336 MT, 100 NY) 

Excluded (n=242; 192 MT, 50 NY) 
   Did not meet inclusion criteria (n=158; 123 MT, 35 NY) 
   Declined to participate (n=84; 69 MT, 15 NY) 
   Other reasons (n=0) 

Lost to follow-up (n=20; 19 MT, 1 NY)  
5 Refused to continue  
4 Withdrew for personal/family issues 
5 Unknown reason/no-show 
4 Had medical issues 
2 Had scheduling conflicts 
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Briefly, a total of 436 rural women were assessed for eligibility. A total of 194 were 

eligible to take part in the study; 101 were randomized to the intervention group and 93 to the 

control intervention group. Reasons to decline participation may have included a busy schedule, 

loss of interest, participants’ perceived burden for data collection, etc. There was no racial or 

ethnic difference between those who agreed to participate and those who declined to participate. 

 

2.1.7 Trial Participants’ Social Network Members 

 

Prior to randomization, family members, friends, coworkers, and/or other social network 

members were nominated by trial participants on the baseline questionnaire to participate in pre- 

and post-intervention questionnaires; trial participants provided contact information for each 

nominated social network member. Social network members gave written consent on the first 

page of the social network baseline online survey. Among the 487 social network members who 

filled out the baseline questionnaire, 315 returned for the post-intervention questionnaire. 

Demographics were similar between those who completed the post-intervention questionnaire 

and those who did not.  

 

2.1.8 Ethics Approval  

 

The study was approved by Cornell University Institutional Review Boards on May 22, 

2015 (Protocol #1402004505). 

 

2.1.9 Measures 

 

Height and weight 

 

Trial participants’ height was measured by freestanding height boards and their weight 

was measured by balanced scales. Height and weight were measured in duplicate by trained 

research staff. A third measurement was taken if the first two measurements were in huge 
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discrepancy. Social network members self-reported their height and weight on questionnaire.   

 

Objective physical activity 

 

Primary physical activity was measured objectively by ActiGraph Model GT3X+ and 

GT3X-BT accelerometers (ActiGraph LLC, Pensacola, FL, USA); these accelerometers were 

used to measure trial participants’ physical activity at baseline and post-intervention (24 weeks). 

In addition, trial participants were given a daily log sheet to record their accelerometer wear and 

non-wear periods. 

 

Objective diet 

 

Objective fruit and vegetable intake was measured among trial participants at baseline 

and post-intervention (24 weeks) using a Pharmanex BioPhotonic Scanner that measures 

carotenoid levels in skin tissues using Raman Spectroscopy (2). 

 

Self-reported physical activity 

 

The International Physical Activity Questionnaire-Short Form (IPAQ-SF) was used to 

assess trial participants and their social network members’ physical activity at baseline and post 

intervention (24 weeks) (3). Self-report of sedentary time was also obtained at both time points 

among trial participants and their social network members using the Sedentary Behavior 

Questionnaire (4). Self-reported physical activity was a secondary measure of physical activity 

among the original SHHC trial participants in addition to the objective physical activity 

measurements using accelerometers. This was done to help account for the limitations of 

accelerometry data, particularly its inability to capture certain physical activity types such as 

upper body only activities, stationary activities, and swimming. While IPAQ-SF assessed 

physical activity in the past week, accelerometers assessed physical activity in real time.  
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Self-reported diet 

 

Trial participants’ dietary intake data was collected using automated, self-administered 

24-hour dietary recalls (ASA-24) (5). The Rapid Eating Assessment for Patients – shortened 

version (REAP-S) was used to assess social network members’ diet quality (6). Self-reported diet 

was measured at baseline and post intervention (24 weeks). 

 

Self-reported physical activity and healthy eating self-efficacy 

 

 Trial participants and their social network members’ exercise and healthy eating self-

efficacy were assessed at baseline and post intervention (24 weeks) by using a previously 

validated survey in which respondents were asked to rate how confident they felt in their ability 

to motivate themselves to exercise and eat healthy during various situations (7).  

 

Self-reported family and friends’ social support for physical activity and healthy eating 

 

Trial participants’ and their social network members’ social support for physical activity 

and healthy eating was measured at baseline and post intervention (24 weeks) by using a 

previously validated survey in which respondents were asked to rate how frequently family and 

friends engaged in particular activities or said particular statements related to physical activity 

and healthy eating (8). 

 

Self-reported perceived built environment for physical activity and healthy eating 

 

Trial participants and their social network members rated their perceived built 

environment for physical activity and healthy eating at baseline and post intervention (24 weeks). 

Perceived built environment for physical activity was measured using a survey instrument 

developed by Boehmer et al. (9). Participants rated their perceived walkability, perceived access 

to physical activity resources availability, and perceived aesthetic in the area they live. Perceived 
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food environment was ascertained using survey items developed by Echeverria et al. (10). 

Participants were asked to indicate their agreement with six statements on the availability, 

variety, and quality of produce and low-fat products in the area they live. 

 

2.1.10 Data Collection Timeline 

 

Table 2-1. Date collection timeline of SHHC. 

 
Assessment Baseline Post-intervention (24 weeks) 

Trial 

participants 

Social 

network 

members 

Trial 

participants 

Social network 

members 

Informed consent X X X X 

Demographics X X   

Objectively measured height X  X  

Self-reported height X X X X 

Objectively measured weight X  X  

Self-reported weight X X X X 

Objectively measured physical activity X  X  

Self-reported physical activity X X X X 

Objectively measured diet X  X  

Self-reported diet X X X X 

Self-reported physical activity and healthy eating 

self-efficacy 

X X X X 

Self-reported family and friends’ social support for 

physical activity and healthy eating 

X X X X 

Self-reported perceived built environment for 

physical activity and healthy eating 

X X X X 

 

Overall, there was no overlap between data collection and actual intervention activities. 

All the baseline measurements were conducted prior to intervention activities, and all the post-

intervention measurements were conducted after all the intervention activities were completed. 

 

2.1.11 Weight Outcomes 

 

Compared with controls, intervention participants decreased BMI (between-group 

difference: -0.71 unit; 95% CI: -1.35, -0.08; p=0.03; intervention group within-group difference: 

-0.85 unit; 95% CI: -1.32, -0.39; p=0.001; control group within-group difference: -0.14 unit; 

95% CI: -0.62, +0.33; p=0.53) and weight (between-group difference: -1.85 kg; 95% CI: -3.55, -
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0.16; p=0.03; intervention group within-group difference: -2.24 kg; 95% CI: -3.49, -0.99; 

p=0.002; control group within-group difference: -0.38 kg; 95% CI: -1.65, +0.88; p=0.53) (11). 

 

2.1.12 Physical Activity Outcomes 

 

For physical activity, we did not observe any statistically significant between-group 

differences within the accelerometer data. By self-report, the intervention group experienced a 

greater increase in walking MET minutes per week (between-group difference: +113.5 MET-

minutes per week; 95% CI: +12.8, +214.2; p=0.027; intervention group within-group difference: 

+221.7 MET-minutes per week; 95% CI: +141.3, +302.2; p<0.001; control group within-group 

difference: +108.2 MET-minutes per week; 95% CI: +30.9, +185.5; p=0.006) (12). 

 

 

2.1.13 Diet Outcomes 

 

Compared to control group participants, intervention group participants had  

improvements in intake of fruit and vegetables combined (between-group difference: +0.6 cup 

equivalents per day; 95% CI: +0.1, +1.1; p=0.026; intervention group within-group difference: 

+0.1 cup equivalent per day; 95% CI: -0.2, +0.5; p=0.529; control group within-group 

difference: -0.5 cup equivalent per day; 95% CI: -0.8, -0.1; p=0.023) and in vegetables alone 

(between-group difference: +0.3 cup equivalents per day; 95% CI: +0.1, +0.6; p=0.016; 

intervention group within-group difference: +0.0 cup equivalent per day; 95% CI: -0.2, +0.2; 

p=0.866; control group within-group difference: -0.3 cup equivalent per day; 95% CI: -0.5, -0.1; 

p=0.004) (12). 

 

 

 

 

 



 

 30 

2.2 Knowledge Gaps    

 

Prior evaluations of the SHHC trial indicated that the SHHC intervention was successful 

in helping midlife and older rural women lose weight and make some positive physical activity 

and dietary changes (11, 12), particularly among rural women who are sedentary, overweight or 

obese, and are motivated and committed to join an intensive behavior change intervention for six 

months. However, as rural residents are not a homogeneous population, this dissertation aims to 

document contextual factors that contributed to intervention outcomes. Specifically, the findings 

of this dissertation are aimed to provide insights into how SHHC can be modified and adapted to 

accommodate the psychosocial needs and environmental characteristics of rural communities. 

This will be helpful for rural communities that attempt to adapt the SHHC intervention to 

improve rural women’s health in the future.     

 

2.3 Dissertation Overview 

 

Chapter 3 presents findings regarding the investigation of the associations between rural 

built environments and physical activity and how the built environments influenced rural 

women’s physical activity changes while participating in the SHHC trial. Chapter 4 investigates 

mediators of the SHHC intervention that led to positive behavioral changes. Chapter 5 explores 

the ripple effects of the SHHC intervention on social network members’ weight and behavioral 

changes. Chapter 6 integrates findings from these investigations with discussions on the 

limitations of this dissertation and future research directions. 
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CHAPTER 3 

EXAMINING THE ASSOCIATIONS BETWEEN WALK SCORE, PERCEIVED BUILT 

ENVIRONMENT, AND PHYSICAL ACTIVITY BEHAVIORS AMONG WOMEN 

PARTICIPATING IN A COMMUNITY-RANDOMIZED BEHAVIOR CHANGE 

INTERVENTION TRIAL: STRONG HEARTS, HEALTHY COMMUNITIES* 

 

 

3.1 Introduction  

 

Although maintaining certain levels of moderate-to-vigorous physical activity (MVPA) is 

crucial to chronic disease control and prevention, more than half of Americans do not meet the 

current physical activity recommendations (1). Rural populations in particular are less likely to 

perform adequate MVPA compared to their non-rural counterparts (2–4). Such geographic 

disparities could be due to rural communities’ lack of access to recreational facilities as well as 

geographic and topographic features that inhibit active living (5). Furthermore, in comparison to 

their non-rural counterparts, rural women report more caregiving duties (6), less social support 

(6), and fewer role models for physical activity (7). These may exacerbate barriers to physical 

activity in this population. 

Over the past few decades, considerable effort has been made to measure and 

characterize the built environment to better understand the impacts of the built environment on 

human behaviors and health (8). One commonly used tool to objectively characterize the built 

environment is Walk Score (9). Walk Score is a private company that is now part of Redfin, and 

its stated mission is “To promote walkable neighborhoods” (10). In general, Walk Score was 

created by a multidisciplinary advisory board, and the score is tabulated based on three 

components: (i) the distance to a group of destinations and amenities (e.g. restaurants, shopping, 

*Published as: Lo BK, Graham ML, Folta SC, et al. Examining the associations between Walk Score, perceived built environment, and 
physical activity behaviors among women participating in a community randomized lifestyle change intervention trial: Strong Hearts, Healthy 

Communities. Int J Environ Res Public Health. 2019;16:849.  
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schools, green spaces); (ii) the population density; and (iii) the road metrics (e.g. block length 

and the intersection density) of a given address. Data sources include Google, Education.com, 

Open Street Map, the US Census, Localeze, and places added by the Walk Score user 

community. Walk Score ranges from 0 and 100, with higher scores indicating higher levels of 

walkability. Walk Score has been established as a valid measure in estimating accessibility to 

nearby amenities in some urban neighborhoods (11,12), and, in a few instances, it has been 

associated with physical activity and health (13–15). Because Walk Score is freely accessible 

online (http://www.walkscore.com/), it has emerged as a commonly utilized tool to characterize 

neighborhoods’ built environments among researchers and the general public (9). However, a 

major limitation of Walk Score is that it does not account for other characteristics of the built 

environment, such as physical activity resources, aesthetics, and safety, which are often 

perceived as important influences on physical activity engagement among rural adults (16–20). 

Given that rural communities are dispersed over a large geographical area and have 

limited transportation infrastructure, it is time- and labor-intensive and costly to objectively 

capture the built environment features of rural communities. Walk Score has the potential to 

serve as an alternative objective built environment proxy. However, the extent to which Walk 

Score and resident perceptions of the built environment capture the same construct is unclear; it 

is also unclear whether they can be used interchangeably in the rural context. Prior studies 

conducted in urban areas showed mixed results regarding the associations between Walk Score 

and the perceived built environment (21, 22). For example, Carr, Dunsiger, and Marcus found 

that Walk Score was associated with a group of Rhode Island residents’ perceived presence of 

sidewalks, street lights, and other pedestrians, as well as traffic and crime safety; however, they 

did not find any association between Walk Score and perceived access to community physical 
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activity facilities (21). Similarly, although Bereitschaft found that Walk Score was associated 

with perceived walkability among a group of residents in Nebraska, the strength of the 

association was stronger with suburban strip-mall corridors and weaker with recreational areas 

and small entertainment districts (22). Given that rural communities often have a town center, 

but many residents live outside of the town center, it is unclear how those associations might 

vary in a rural context. Some have argued that perception is a better reflection of reality because 

it is a product of individuals’ experience over time (23). 

The first aim of the present study was to examine if Walk Score is associated with rural 

women’s perceived access to nearby amenities, perceived availability of physical activity 

resources, perceived aesthetics, and perceived safety. Findings will shed light on the potential for 

Walk Score to serve as an estimate of rural communities’ walkability. 

While objective built environment measures such as Walk Score are often considered less 

biased than perceived built environment measures, a recent review found that perceived built 

environments are more strongly associated with physical activity than objectively measured built 

environment features (24). However, most studies in this review were in urban and suburban 

settings (24), and the transferability of these findings to rural settings is unknown. Therefore, the 

second aim of the present study was to examine whether Walk Score and perceived built 

environment characteristics were associated with rural women’s MVPA. Since rural 

communities often face resource constraints in developing and implementing health promotion 

strategies (13), this would help to determine whether costly environmental interventions to 

improve the built environment are necessary or whether education about existing physical 

activity resources to improve awareness may be sufficient. Based on the findings of previous 

studies (24), we hypothesized that perceived built environment characteristics would be more 
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strongly associated with rural women’s MVPA than Walk Score. 

Moreover, although the built environment seems to influence physical activity, little 

research has explored how it may influence or modify the relationship between behavior change 

interventions with physical activity outcomes (25–29). Recent reviews have suggested that future 

studies should examine the interaction between environmental attributes and physical activity to 

determine when, where, and for whom certain environmental features are important to consider 

(30–32). Hence, the third aim was to examine if rural women’s MVPA changes were modified 

by their objective and/or perceived built environment within the context of a community-

randomized behavior change intervention trial: Strong Hearts, Healthy Communities (SHHC). 

Because SHHC was designed to improve MVPA regardless of the environmental conditions of 

the town, we hypothesized that there would be no significant interaction between Walk Score or 

perceived built environments and the intervention. 

 

3.2 Methods 

 

3.2.1 Study Population and Setting  

 

The present study is a secondary analysis of the SHHC intervention trial. Study rationale, 

methods for recruitment, enrollment, data collection, and participant characteristics have been 

described elsewhere (33,34). Briefly, 194 overweight, sedentary midlife and older women 

participated in a six-month community-randomized trial in 16 medically-underserved rural towns 

in Montana and New York between 2015 and 2016. Eight towns received the SHHC intervention 

(n = 101)—a 48-session (twice a week for 24 weeks) multilevel intervention focusing on 

improving physical activity and diet quality through in-class exercise sessions and skill-building 

activities, field-based learning, and other activities that foster supportive social and built 

environments for positive behavioral changes. The in-class exercise sessions included walking 
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and aerobic dance DVDs or 20–30 min outdoor walks and progressive strength training using 

dumbbells. The other eight towns received a six-session (once a month for 24 weeks) education-

only control intervention, Strong Hearts, Healthy Women (SHHW), that provided general 

information on healthy living (n = 93). The study flow diagram is shown in Figure 3-1.  

 

All participants gave their informed consent for inclusion before they participated in the 

study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol 

was approved by the Cornell University Institutional Review Board. 
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Figure 3-1. Study Flow: Strong Hearts, Healthy Communities, Montana and New York, 

2015–2016. 
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3.2.2 Measurements  

 

3.2.2.1 Demographics 

 

Participants completed a questionnaire to provide demographic information at baseline 

(33,34).  

 

3.2.2.2 Objective Built Environment 

 

The Walk Score of participants’ baseline home address was used to characterize the 

objective built environment (obtained at http://www.walkscore.com/). Walk Score uses a 

patented algorithm to measure the walkability of a given address based on the proximity to basic 

destinations including grocery, dining and drinking, shopping, parks, schools, errands, and 

culture and entertainment. After inputting an address on the website, a Walk Score ranging from 

0 and 100 is issued. Briefly, points are given for amenities within 0.25 miles and points are 

deducted if amenities are distant. In addition, Walk Score captures pedestrian friendliness by 

accounting for population density and road metrics such as block length and intersection density. 

A Walk Score between 0 and 24 represents a community that is “Car-Dependent: almost all 

errands require a car”, between 25 and 49 is “Car-Dependent: most errands require a car”, 

between 50 and 69 is “Somewhat Walkable: some errands can be accomplished on foot”, 

between 70 and 89 is “Very Walkable: most errands can be accomplished on foot” and between 

90 and 100 is “Walker’s Paradise: daily errands do not require a car”.  

The Walk Score distribution of our sample was skewed to the lower end: 31.1% of 

participants had a Walk Score of 0, and 29.2% of the participants had a Walk Score between 1 

and 24 (Table 3-1). Therefore, we divided the lowest Walk Score level into two categories 

“Walk Score of 0” and “Walk Score 1–24.” Furthermore, since only two participants had Walk 

Scores greater than 69, we combined them with the “Walk Score 50–69” category. This highest 

category is referred to as “Walk Score ≥ 50” in this paper. 



 

 39 

Table 3-1. Baseline characteristics of participants, Walk Score, and perceived built 

environment characteristics. 
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3.2.2.3 Perceived Built Environment 

 

Participants’ perceptions of their community’s built environment were assessed using the 

questionnaire developed by Boehmer et al. (35). Community was defined as the area where 

participants live. 

On a four-point Likert scale (i.e. strongly agree to strongly disagree), participants 

reported whether there were many destinations (e.g. a store, a workplace, a place of worship) to 

go within easy walking distance from their home (perceived proximity to destinations); there 

were sidewalks on most of the streets in their community (perceived sidewalk availability); there 

were shoulders on the streets that allowed for safe walking or biking (perceived street shoulder 

availability); there were bike lanes on most of the streets in their community (perceived bike lane 

availability); there were many places to be physically active in their community not including 

streets for walking or jogging (perceived physical activity facility availability); there was 

equipment available for physical activity in their community (perceived physical activity 

equipment availability); there were many interesting things to look at while walking in their 

community (perceived landscape diversity); there were trees along the streets in their community 

(perceived greenery); their community was well-maintained (perceived maintenance); and their 

community was generally free from garbage, litter, or broken glass (perceived cleanliness). 

In addition, participants also reported their perceptions about both crime and traffic safety 

related to walking and biking in their community on a four-point Likert scale (i.e., extremely safe 

to not at all safe). 

Some of the data had a non-normal distribution. Therefore, all of the perceived variables 

were recoded to allow meaningful interpretation. “Strongly agree” and “agree” responses were 

collapsed into “agree”, and “strongly disagree” and “disagree” responses were collapsed into 
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“disagree”. “Slightly safe” and “not at all safe” responses were collapsed into “unsafe”. This 

same approach was used in the original Boehmer et al. article (35). 

 

3.2.2.4 Physical Activity 

 

ActiGraph Model GT3X+ and GT3X-BT accelerometers (ActiGraph LLC, Pensacola, 

FL, USA) were used to measure participants’ average MVPA daily minutes and the percentage 

of wear time spent in MVPA (% MVPA) at baseline and post-intervention (24 weeks). The 

models are completely compatible and gather identical data in terms of accelerations (raw data) 

and counts (processed data). Participants were asked to wear the accelerometer at the hip for 

seven days and remove it when sleeping, bathing, and swimming. In addition, participants were 

given a daily log sheet to record their wear and non-wear periods. Accelerometers were set to 

gather raw data at 30 Hz; raw data files were aggregated to 60-s epoch length for analysis. 

Firmware version 3.2.1 (initially released March 2013, ActiGraph, LLC, Pensacola, FL, USA) 

was used for GT3X+ devices, and a combination of version 1.6.0 (December 2015) and 1.7.0 

(March 2016) were used for GT3X-BT. 

In line with currently accepted best practice (36), the Low Frequency Extension (LFE) 

filter was used when processing the raw data to counts for minute-level analysis. The algorithm 

developed by Choi et al. (37) was then used to identify (and exclude) non-wear time via vertical 

axis counts. Specifically, non-wear was defined as ≥90 min of consecutive zero counts and a 

spike tolerance of 2 min with a 30-min window of zero counts upstream and downstream of each 

observed spike. An observation day was considered valid if there was greater than or equal to 

600 min (i.e., 10 h) of valid wear time. Participants were included for analysis if they had a 

minimum of five valid days, or four valid days totaling a minimum of 3000 min of wear. These 

inclusion criteria, both at the daily and participant level, have been used in other studies, most 
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notably the U.S. National Health and Nutrition Examination Survey (NHANES) accelerometer 

analyses (38,39). Because participants were essentially healthy and without disability, Freedson 

cut-points were used to determine minute-level intensity of physical activity (40). 

 

3.2.3 Statistical Analysis 

 

Descriptive statistics were used to characterize study participants. We used t-tests and 

Kruskal–Wallis tests to examine demographic differences between intervention and control 

groups at baseline across continuous variables, normally distributed variables, and non-normally 

distributed variables, respectively. Chi-square tests and Fisher’s exact tests were used to examine 

differences between intervention and control groups at baseline across categorical variables 

depending on small cell counts. 

Bivariate analysis utilizing Fisher’s exact tests, suitable for analyzing small cell sizes, 

were conducted to examine the associations between Walk Score and participants’ perceived 

built environment characteristics at baseline.  

Linear mixed models were used to examine Walk Score and perceived built environment 

characteristic associations with baseline MVPA (both MVPA minutes per day and % MVPA). 

Models controlled for participants’ age, marital status, and education. Study site was treated as a 

random effect. Because baseline MPVA values were skewed to the right, square root 

transformation was performed for baseline MVPA variables to meet model assumptions 

(baseline median MVPA minutes per day was 10.3 minutes (Interquartile range (IQR)=14.6) and 

baseline median % MVPA was 1.3% (IQR=1.7%)). 

Based on our previous findings (41), which showed that both MVPA minutes per day and 

% MVPA increased in SHHC intervention group participants, linear mixed models were used to 

examine whether the intervention’s effects on physical activity changes were modified by Walk 
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Score and baseline perceived built environment characteristics. In each model, an interaction 

term was used between intervention group and the built environment variable. Models controlled 

for study site, participants’ age, education, marital status, and baseline physical activity level. 

A Bonferroni correction was applied to account for multiple between-group comparisons 

within each model. Model assumptions were checked and met. 

Missing data were checked using the Little’s missing completely at random (MCAR) test 

(42), and it confirmed that our missing data were MCAR (p=0.454); therefore, we did not 

conduct further imputation models. 

Analyses were conducted using SPSS 25.0 (SPSS Inc., Chicago, IL, USA). The type I 

error rate was set at 0.05. 

 

3.3 Results 

 

3.3.1 Participant Characteristics at Baseline 

 

Details of study participants’ demographics are outlined in Table 3-1; additional details 

have been reported elsewhere (33). There were no demographic differences between intervention 

and control groups at baseline. In addition, physical activity levels were similar at baseline 

between groups. In terms of built environment characteristics (Table 3-1), there were differences 

between groups at baseline: compared to participants in the intervention group, those in the 

control group had a higher mean Walk Score for their home location (p=0.001) and more 

participants reported closer proximity to destinations (p=0.006), greater availability of sidewalks 

(p=0.020), and greater availability of physical activity equipment (p=0.007); in contrast, 

participants in the intervention group perceived more greenery in their community than controls 

(p=0.027). 
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3.3.2 Relationships between Walk Score and Perceived Built Environment Characteristics 

 

Walk Scores were associated with perceived proximity to destinations and perceived 

street shoulder availability. Participants with higher Walk Scores were more likely to perceive 

being close to destinations (p<0.001) and having street shoulders (p=0.001) in their community. 

Walk Scores were marginally associated with perceived sidewalk availability (p=0.060). Walk 

Scores were not associated with other perceived physical activity resource availability (e.g. bike 

lanes, physical activity facilities, physical activity equipment) or any of the perceived aesthetic 

or safety characteristics (Table 3-2). 
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Table 3-2. Bivariate associations between Walk Score and perceived built environment 

characteristics among participants at baseline. 
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3.3.3 Associations of Walk Score and Perceived Built Environment Characteristics with Baseline 

MVPA 

 

Only perceived cleanliness was positively associated with participants’ baseline average 

MVPA minutes per day (β=+0.80; 95% CI: +0.16, +1.43; p=0.015) and % MVPA (β=+0.28; 

95% CI: +0.06, +0.50; p=0.012). Our supplementary analyses found that perceived cleanliness 

was also associated with perceived sidewalk availability, perceived maintenance, and perceived 

crime and traffic safety (all p<0.05). Supplementary Table S3-1 shows Goodman and Kruskal’s 

gamma correlations among all perceived built environment variables. 

Walk Scores and the other 11 perceived built environment characteristics were not 

associated with participants’ baseline MVPA. 

 

3.3.4 Built Environment and Intervention Effects of Physical Activity 

 

None of the interaction terms between intervention group and built environment 

measures (both Walk Score and perceived built environment characteristics) were statistically 

significant. 

However, between-group comparisons revealed that among those who lived in 

communities with a Walk Score of zero, women in the intervention group increased average 

MVPA minutes per day (between-group difference: ∆=+12.7; 95% CI: +1.4, +24.0; p=0.028) 

and % MVPA (between-group difference: ∆=+1.6; 95% CI: +0.2, +2.9; p=0.023) compared to 

controls (Table 3-3). Similarly, among those who perceived living far from walkable 

destinations, women in the intervention group increased % MVPA compared to controls 

(between-group difference: ∆=+1.0; 95% CI: +0.003, +2.0; p=0.049) (Table 3-4). 
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Table 3-3. Walk Score between-group comparisons. 

 

 
 

 

Table 3-4. Perceived built environment between-group comparisons. 
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In addition, among those who lived in communities that were perceived having extremely 

safe traffic, women in the intervention group increased average MVPA minutes per day 

compared to controls (between-group difference: ∆=+14.8; 95% CI: +0.9, +28.8; p=0.038) 

(Table 3-4). 

 

3.4 Discussion 

 

In the present study, we found that Walk Scores were associated with perceived 

proximity to destinations and perceived street shoulder availability and were marginally 

associated with perceived sidewalk availability among rural women. In addition, baseline MVPA 

was generally not associated with built environment perceptions or Walk Score. Finally, changes 

in intervention participants’ MVPA were enhanced if they lived in a place with a lower Walk 

Score, fewer perceived walkable destinations, or with safer perceived traffic. 

Similar to other studies (43), Walk Score and perceived built environments seem to be 

concordant on the underlying construct of number and density of walkable amenities. However, 

Walk Score did not correlate with other perceived built environment characteristics related to 

perceived physical activity resources, aesthetics, or safety. These findings support previous 

suggestions that future studies should use other supplementary measures (both objective and 

perceived) to characterize built environment features that are not addressed by Walk Score, such 

as landscape diversity, greenery, maintenance, cleanliness, and crime (21). 

To our knowledge, no previous studies have examined the association between Walk 

Score, perceived built environment characteristics, and MVPA among sedentary, overweight or 

obese, midlife and older women living in rural communities in the US. Among the few studies 

conducted among other rural adult populations in the US, findings on the associations between 

built environment characteristics and physical activity were mixed (44,45). In general, aesthetics; 
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safety from crime; and presence of trails, parks, or recreational activities were more consistently 

associated with physical activity among rural adults (46). In our study, we only found an 

association between perceived community cleanliness and physical activity, and perceived 

cleanliness was associated with perceived sidewalk availability, perceived maintenance, and 

perceived crime and traffic safety. However, findings between perceived cleanliness and MVPA 

in our study could be due to the high proportion of participants perceiving their community as 

clean rather than an actual association between physical activity and community cleanliness. 

There are several potential explanations for the general lack of association between built 

environment characteristics and MVPA in our study. First, the survey instrument used in this 

study might have missed other unique aspects of the built environment related to physical 

activity in rural areas. In particular, the majority of our participants perceived far proximity to 

destinations, no bike lanes, aesthetically pleasing outdoor space, and low crime rates in their 

community. The lack of heterogeneity in these responses hindered us from better understanding 

whether variations of these built environment features would impact rural residents’ physical 

activity differently. Additionally, through our previous formative work for the SHHC 

intervention, we learned that midlife and older rural residents, particularly rural men, are more 

interested in nature-based activities such as hiking, hunting, and fishing (47). Therefore, 

proximity to destinations or active transportation opportunities might be less relevant to their 

physical activity. One recent Australian study that explored the salience of urban physical 

activity environment constructs among rural adults also found that some built environment 

features were less relevant to rural physical activity, including personal safety related to crime, 

availability of walkable destinations, and aesthetics (48). These are important discoveries, and 

similar explorations are needed in the US so that researchers can appropriately quantify rural 
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built environment features related to physical activity in future studies. However, in the present 

study, we wanted to use the data that we collected to see if we could shed further light on how 

built environment perceptions and a publicly available objective measure (i.e. Walk Score) may 

align. Second, due to the design and eligibility criteria of our intervention trial, participants were 

sedentary at baseline, which limited the variability of MVPA in our analyses. Associations 

between baseline MVPA and the built environment are specific to our sample of overweight and 

obese rural women that enrolled in a randomized trial. Third, physical activity is a broad 

construct that includes leisure physical activity, household physical activity, occupational 

activity, and transportation-related physical activity (49). It is likely that women in our study 

perform these various types of activities outside of their community, especially for those who 

travel outside of their community for work and leisure activities. Fourth, physical activity is an 

interplay between individual, interpersonal, and physical environment factors (50). Physical 

activity and how it is associated with the built environment may be moderated by the individual 

and interpersonal factors that are relevant to engaging in physical activity, such as self-efficacy, 

social support, and health status (51). For instance, since women are more likely to engage in 

physical activity with others (52), the association of engaging in physical activity for women 

may be with the social environment rather than the built environment. Bigger sample size is 

needed in future studies to examine the modifying effect of social environments on the 

relationship between built environments and physical activity. Future studies should also 

examine where rural populations actually perform different types of physical activity and how 

various individual, interpersonal, and physical environment factors influence their physical 

activity behaviors. 

Furthermore, our findings related to Walk Score and perceived proximity to destinations’ 
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effects on participants’ MVPA changes contradicted previous hypotheses suggesting that 

behavior change interventions would be more effective in better-resourced communities and 

communities that have fewer barriers related to physical activity (53). In medically underserved 

rural communities, those living in communities with fewer walkable destinations as measured by 

Walk Score and perceived proximity to destinations appeared to achieve superior benefit from 

the SHHC intervention in increasing MVPA. Similar to our study, one study in rural southeastern 

North Carolina found that among adults who participated in a behavior change intervention 

study, those who lived further from gyms and in areas with a lower density of gyms had greater 

increases in physical activity and walking steps than those who lived in communities with close 

proximity to amenities and destinations (27). Similarly, Kerr et al. found that men in a behavior 

change intervention, but not women, improved their walking more if they lived in less-walkable 

communities in suburban San Diego (28). In contrast, Zenk et al. did not find any differential 

effects due to environmental characteristics after implementing a walking intervention program 

in Chicago with African American women (29). These differences could be due to the 

differences in gender, geography, nature of the intervention, and variety in measurement 

instruments. Our findings suggest that a behavior change intervention in the least-walkable 

communities increased physical activity and holds promise for the intervention across medically 

underserved rural and isolated communities. 

Our findings also suggest a potential ceiling effect such that those who live in 

communities with nearby destinations did not increase their MVPA further after participating in 

the SHHC intervention. In contrast, those who live in communities with fewer amenities 

overcame some environmental barriers to increase their MVPA through the SHHC intervention, 

which provided an indoor space for exercise. These findings suggest that researchers and 
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practitioners should consider selecting communities that have fewer walkable destinations to 

implement the SHHC program since that is where MVPA improvements seemed to have been 

maximized. Further examination through in-depth interviews and focus groups is needed to 

understand what enabled participants living in communities with fewer amenities to overcome 

the environmental barriers to exercise more. 

Lastly, our analyses also found that participants who live in communities with extremely 

safe traffic benefited more from the SHHC intervention in increasing MVPA. These findings are 

supported by other studies that found poor traffic safety was a barrier to physical activity in rural 

communities (54). It could be that with fewer traffic safety concerns, midlife and older adults 

feel safer to engage in physical activity in their community without fear of the unexpected. 

There were several limitations in our study. First, our participants were not purposively 

recruited based on their communities’ built environment characteristics. Future studies should 

use a bigger sample and include purposeful variation in built environment features and amount of 

physical activity to further understand the interplay between rural built environment and physical 

activity. Second, it is possible that environmental changes may have occurred in the time period 

between participants’ perception data collection (2015) and Walk Score calculations (2017). 

Third, we did not differentiate between different types of physical activity. Future studies should 

focus on specific physical activity domains to better understand the relationships between the 

built environment and specific types of physical activity. Fourth, our participants were sedentary, 

overweight or obese, midlife and older women living in medically underserved rural 

communities. Findings may not be generalizable to other populations. Fifth, since participants 

were asked to participate in a behavior change intervention trial, we might have recruited a group 

of individuals that were eager to measure and improve their physical activity level. Finally, the 
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present study is a secondary data analysis of the larger SHHC intervention that was not powered 

to test the interactions between intervention groups and built environment features. Future 

studies need to use a larger sample size to obtain sufficient statistical power to detect meaningful 

moderation effects. 

 

3.5 Conclusions 

 

Findings from the present study contribute to the limited research in this area. While 

Walk Score appears to match rural residents’ perception of the availability of nearby amenities, 

physical activity was not associated with local built environment characteristics. Our additional 

analyses suggest that a community-based behavior change intervention helped rural overweight 

and obese women living in communities with less walkable destinations to overcome 

environmental barriers to physical activity. Our results warrant more research to understand the 

complex relationships between built environment and physical activity among rural adults. 

Evaluating the environmental conditions that maximize the effects of physical activity 

interventions would also help researchers and practitioners better use rural communities’ 

resources. 
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Supplementary Table 3-1. Bivariate associations between perceived built environment characteristics (gamma coefficients). 

 
 Proximity 

to 

destinations 

Sidewalk 

availability 

Street 

shoulder 

availability 

Bike lane 

availability 

Physical 

activity 

facility 

availability 

Physical 

activity 

equipment 

availability 

Landscape 

diversity 

Greenery Maintenance Cleanliness Crime 

safety 

Traffic 

safety 

Proximity to 

destinations 

 0.405** 0.487** -0.197 0.156 0.118 -0.072 0.306 0.146 -0.120 0.236 0.262* 

Sidewalks 

availability 

0.405**  0.656*** 0.607 0.471** 0.544*** 0.213 0.165 0.543** 0.482* -0.020 0.056 

Street 

shoulder 

availability 

 

0.487** 

 

0.656*** 

  

1.000** 

 

0.293 

 

0.371* 

 

0.302 

 

0.311 

 

0.460** 

 

0.139 

 

0.277* 

 

0.482*** 

Bike lane 

availability 

-0.197 0.607 1.000**  0.748 0.656 0.558 1.000 0.415 -0.366 0.040 0.320 

Physical 

activity 

facility 

availability 

 

0.156 

 

0.471** 

 

0.293 

 

0.748 

  

0.844*** 

 

0.601*** 

 

0.688** 

 

0.352* 

 

0.132 

 

0.045 

 

0.049 

Physical 

activity 

equipment 

availability 

 

0.118 

 

0.544*** 

 

0.371* 

 

0.656 

 

0.844*** 

  

0.240 

 

0.285 

 

0.357* 

 

0.242 

 

-0.070 

 

-0.050 

Landscape 

diversity 

-0.072 0.213 0.302 0.558 0.601*** 0.240  0.670* 0.440* 0.404 0.079 0.203 

Greenery 0.306 0.165 0.311 1.000 0.688** 0.285 0.670*  -0.040 -0.560 -0.257 -0.216 

Maintenance 0.146 0.543** 0.460** 0.415 0.352* 0.357* 0.440* -0.040  0.886*** 0.162 0.281 

Cleanliness -0.120 0.482** 0.139 -0.366 0.132 0.242 0.404 -0.560 0.886***  0.522** 0.551** 

Crime safety 0.236 -0.020 0.277* 0.040 0.045 -0.070 0.079 -0.257 0.162 0.522**  0.852*** 

Traffic safety 0.262* 0.056 0.482*** 0.320 0.049 -0.050 0.203 -0.216 0.281 0.551** 0.852***  

*P < 0.05 

**P < 0.01 

***P < 0.001 
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CHAPTER 4 

EXAMINING MEDIATORS OF A MULTILEVEL COMMUNITY-BASED BEHAVIOR 

CHANGE INTERVENTION TARGETING SEDENTARY AND OVERWEIGHT RURAL 

WOMEN: THE STRONG HEARTS, HEALTHY COMMUNITIES TRIAL 

 

4.1 Introduction 

Over recent decades, substantial efforts have encouraged active living and healthy eating; 

however, over half of Americans still do not meet current physical activity and healthy eating 

recommendations (1,2). Rural women in particular are less likely to perform adequate physical 

activity and consume enough fruits and vegetables compared to their non-rural counterparts (3–

6). Such geographic disparities could be due to the unique barriers to healthy living that rural 

women face at different levels, including high caregiving duties (7,8), limited social support 

(7,8), and lack of access to active living facilities and healthy food sources (9,10). Therefore it is 

imperative to develop interventions that simultaneously target behavior change at multiple levels 

to generate greater impacts. 

To date, behavior change interventions are uncommon in rural communities and the 

majority of them only target behavioral change factors at the individual level. Dixon and 

colleagues (11) recently reviewed 18 rural-based weight loss interventions in the US and found 

that only two of these prior studies intervened both at the individual and interpersonal levels 

(12,13), only two intervened at both the individual and physical environment levels (14,15), and 

only one intervened at the individual, interpersonal, and physical environment levels 

simultaneously (16). The findings of these multilevel interventions are mixed and did not appear 

to be more effective than individual level only interventions (11). This could be due to the lack 



 

 62 

of sufficient and relevant strategies that would be needed at each level to produce impacts (11).  

As multilevel interventions in rural communities are still in their infancy, further 

development and testing are needed to better understand how multilevel intervention work and 

what strategies are needed at different levels in order to produce greater impacts in comparison 

to individual level only interventions. One way to identify specific mechanisms that produce 

positive behavior changes within a multilevel intervention is to utilize mediation analysis to test 

mediating variables that are designed to encourage behavioral changes (17,18). 

The Strong Hearts, Healthy Communities (SHHC) was a multilevel cardiovascular 

disease prevention randomized trial that was designed based on an ecological perspective to 

improve physical activity and diet among rural women (19). At the individual level, experiential 

activities (e.g. in-class exercise and recipes tasting) were designed to improve rural women’s 

self-efficacy in exercising and healthy eating. At the interpersonal level, group-based activities 

with peer participants and out-of-class materials designed to encourage family and friends’ 

engagement in physical activity and healthy eating were used to improve participants’ social 

support for behavior change. At the physical environment level, a civic engagement component, 

comprised of community audits and asset mapping, was designed to target participants’ 

perception of the built environments related to physical activity and healthy eating. In 

comparison to an education-only control program that only included didactic healthy lifestyle 

classes, SHHC improved participants’ weight status, walking habits, and fruit and vegetables 

intake (20,21). However, the original analysis did not explore the mechanisms might have 

contributed to participants’ physical activity and diet changes. Therefore, the main aim of this 

paper is to test the following hypotheses: 
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a. SHHC participation was associated with improvements in self-efficacy for physical 

activity and healthy eating, improvements in social support for physical activity and 

healthy eating, and changes in perception of the built environment for physical activity 

and healthy eating; 

b. Impacts of SHHC on physical activity and diet were mediated by changes in participants’ 

self-efficacy, social support, and built environments perception. 

 

4.2 Methods 

 

4.2.1 Study Design and Participants 

The present study is a secondary analysis of the SHHC intervention trial. Study rationale, 

methods for recruitment, enrollment, data collection, and participant characteristics have been 

described elsewhere (19–21). Briefly, 194 sedentary rural women aged 40 or older with 

BMI ≥ 25 kg/m2 participated in a six-month community-randomized trial in 16 medically 

underserved rural towns in Montana and New York between 2015 and 2016. The study flow 

diagram is shown in Figure 4-1.  
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Figure 4-1. Study flow: Strong Hearts, Healthy Communities, Montana and New York, 

2015–2016. 
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Eight towns received the SHHC intervention (n = 101)—a 48-session (twice a week for 

24 weeks) multilevel intervention focusing on improving physical activity and diet quality 

through in-class physical activity sessions and skill-building activities, field-based learning, and 

other activities that foster supportive social and built environments for positive behavioral 

changes. Table 4-1 outlines the specific intervention strategies that were designed to target 

participants’ perceived self-efficacy, perceived social support, and built environment perceptions 

for behavior change. The other eight towns received a six-session (once a month for 24 weeks) 

education-only control intervention, known as Strong Hearts, Healthy Women (SHHW), that 

provided general education about healthy living including women and heart disease, heathy 

eating, physical activity, and stress management (n = 93). All participants gave their informed 

consent for inclusion before they participated in the study. The study was reviewed and approved 

by the Cornell University Institutional Review Board. 
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Table 4-1. Description of hypothesized mediators and associated intervention strategies. 

Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

Perceived 

self-efficacy 

for physical 

activity 

Perceived 

level of 

confidence in 

the ability to 

perform 

physical 

activity 

regularly.  

Fourteen 

items; 1–5 

point scale. 

Not at all 

confident – 

Completely 

confident 

Whether you exercise or not, please 

rate how confident you are that you 

could motivate yourself to do these 

things consistently, for at least six 

months. 

Get up early, even on weekends, to do 

physical activity. 

Stick to your exercise program when you 

don’t feel like it (e.g. after a long, tiring 

day at work). 

Exercise even though you are feeling 

depressed and/or anxious. 

Set aside time for a physical activity 

program; that is, walking, jogging, 

swimming, biking, or other continuous 

activities for at least 30 minutes, 3 times 

per week. 

Stick to your exercise program when 

undergoing a stressful life change (e.g. 

divorce, death in the family, moving). 

Stick to your exercise program when you 

are busy (e.g. family demands, demands 

at work, household chores). 

Stick to your exercise program when 

social obligations are very time 

- Providing education about the 

health benefits of physical activity 

- Providing instructions on physical 

activity recommendations 

- Educating on proper physical 

activity techniques (e.g. warm-up, 

aerobics, cool-down, stretching, 

and strengthening) 

- Providing and coaching 

progressive in-class physical 

activity sessions on aerobic 

physical activity and strength 

training 

- Providing strategies to stay 

motivated and overcome barriers 

to physical activity (e.g. all-or-

none trap, traveling, holidays, 

time constraints, stress, etc.) 

- Emphasizing positive physical 

and psychosocial aspects of 

maintaining an active lifestyle 

- Developing SMART plans to 

increase physical activity and 

0.95a 

0.95b 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

consuming. 

Exercise when you are traveling. 

Exercise when you don’t have access to 

exercise equipment or facilities. 

Exercise following complete recovery 

from an illness that has caused you to 

stop exercising for a week or longer. 

Exercise when the weather is bad. 

Exercise without support from family or 

friends. 

Exercise activity alone. 

logging personal goals and 

progress 

- Recognizing and rewarding 

self/groups for goals attained 

- Assisting to self-monitor physical 

fitness in terms of physical 

function, improved mood, and 

physical appearance 

- Encouraging self-reward 

- Providing resources (e.g. digital 

scale, physical activity DVD, and 

FitBit) to enhance physical 

activity motivation 

- Providing strategies on physical 

activity change maintenance and 

relapse prevention 

  

Perceived 

self-efficacy 

for healthy 

eating 

Perceived 

level of 

confidence in 

the ability to 

consume a 

healthy diet 

 

Sixteen items; 

1–5 point 

scale. 

Not at all 

confident – 

Completely 

confident 

Whether you are trying to change your 

eating habits or not, please rate how 

confident you are that you could 

motivate yourself to do things like 

these consistently, for at least six 

months. 

Eat fruits and vegetables every day at 

- Providing education on healthy 

eating benefits, the DASH diet, 

nutrition label reading, portion 

control, and healthy ingredients 

substitutions  

0.93a 

0.93b 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

most meals. 

Include more "healthy fats" in your diet. 

Eat more 100% whole grain foods.  

Eat more low- and nonfat dairy products. 

Stick to low-fat, low-salt foods when 

there is high-fat, high-salt food readily 

available (e.g. at a party). 

Stick to your low-fat, low-salt foods 

when you                 feel depressed, 

bored, or tense. 

Stick to low-fat, low-salt foods when 

dining with friends or coworkers. 

Stick to low-fat, low-salt foods when you 

are alone, with no one to watch you.  

Eat smaller portions. 

Eat salads for lunch.  

Avoid adding salt at the table. 

Skip dessert, even if other people are 

eating it. 

Substitute low- or nonfat milk for whole 

milk. 

Cut down on gravies and cream sauce. 

Eat baked/grilled poultry or fish instead 

of red meat at dinner. 

Cook from basic ingredients (e.g. fresh 

vegetables, whole grains, raw chicken). 

- Providing and encouraging the use 

of recipes for healthy meals 

- Providing weekly healthy recipe 

tasting sessions  

- Educating on proper food safety 

and preparation techniques 

- Providing strategies to stay 

motivated and overcome barriers 

to healthy eating (e.g. social 

events, travels, holidays, time 

constraints, stress, etc.) 

- Emphasizing positive physical 

and psychosocial aspects of 

maintaining a healthy dietary 

pattern 

- Developing SMART plans to 

healthy eating and logging 

personal goals and progress 

- Recognizing and rewarding 

self/groups for goals attained 

- Encouraging self-reward 

- Providing strategies on dietary 

change maintenance and relapse 

prevention 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

 

Perceived 

family 

support for 

physical 

activity 

Level of 

support 

received from 

family 

members to 

make physical 

activity 

changes.  

Ten items; 1–

5 point scale. 

Never - Very 

often 

Rate how often anyone living in your 

household has said or done what is 

described below over the past three 

months. 

Exercised with me. 

Offered to exercise with me. 

Gave me helpful reminders to exercise 

(i.e. “Will you exercise tonight?”). 

Encouraged me to stick with my exercise 

program. 

Changed their schedule so that we could 

exercise together. 

Discussed exercise with me. 

Planned for exercise on recreational 

outings. 

Helped plan activities around my 

exercise schedule. 

Asked my advice on how to get more 

exercise. 

Talked about how much they like to 

exercise. 

 

- Providing, brainstorming, and 

encouraging the use of strategies 

to partner physical activity with 

family members 

- Providing, brainstorming, and 

encouraging the use of strategies 

to seek support from family 

members to increase physical 

activity 
 

0.86a 

0.92b 

Perceived 

friends 

Level of 

support 

Ten items; 1–

5 point scale. 

Rate how often your friends, 

acquaintances, or coworkers have said 

- Providing and coaching in-class 

group aerobic physical activity 

0.90a 

0.93b 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

support for 

physical 

activity 

received from 

friends to 

make physical 

activity 

changes. 

 

Never - Very 

often 

or done what is described below over 

the past three months. 

Exercised with me. 

Offered to exercise with me. 

Gave me helpful reminders to exercise 

(i.e. “Will you exercise tonight?”). 

Encouraged me to stick with my exercise 

program. 

Changed their schedule so that we could 

exercise together. 

Discussed exercise with me. 

Planned for exercise on recreational 

outings. 

Helped plan activities around my 

exercise schedule. 

Asked my advice on how to get more 

exercise. 

Talked about how much they like to 

exercise. 

and strength training with 

program peers 

- Establishing and fostering 

supportive group dynamics to 

physical activity 

- Sharing personal physical activity 

goals and progress with program 

peers 

- Fostering group feedback and 

ideas for maintenance, 

improvement, and relapse 

prevention 

- Encouraging program buddies 

- Emphasizing positive social 

aspects of exercising with 

program peers and friends 

- Providing, brainstorming, and 

encouraging the use of strategies 

to physical activity with friends 

outside of the program 

- Discussing strategies to overcome 

discouragement from friends for 

exercising 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

Perceived 

family 

support for 

healthy eating 

Level of 

support 

received from 

family 

members to 

make healthy 

dietary 

changes. 

 

Five items; 1–

5 point scale. 

Never - Very 

often 

Rate how often anyone living in your 

household has said or done what is 

described during the last three 

months. 

Encouraged me not to eat "unhealthy 

foods" (cake, salted chips). 

Discussed my eating habit changes with 

me (asked me how I'm doing with eating 

healthy). 

Reminded me not to eat high-fat, high-

salt foods. 

Complimented me on changing or 

maintaining my healthy eating habits 

("Keep it up", "We are proud of you"). 

Commented if I seemed to be reverting to 

unhealthy eating. 

 

- Providing, brainstorming, and 

encouraging the use of strategies 

to incorporate healthy eating 

strategies into family meals 

- Providing, brainstorming, and 

encouraging the use of strategies 

to seek support from family 

members to adopt a healthy diet 

0.89a 

0.90b 

Perceived 

friends 

support for 

healthy eating 

Level of 

support 

received from 

friends to 

make healthy 

dietary 

changes. 

 

Five items; 1–

5 point scale. 

Never - Very 

often 

Rate how often your friends, 

acquaintances, or coworkers have said 

or done what is described during the 

last three months. 

Encouraged me not to eat "unhealthy 

foods" (cake, salted chips). 

Discussed my eating habit changes with 

me (asked me how I'm doing with eating 

healthy). 

- Providing weekly healthy recipes 

tasting and discussing foods tasted 

as a group 

- Establishing and fostering 

supportive group dynamics to 

adopt healthier dietary patterns 

0.87a 

0.91b 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

Reminded me not to eat high-fat, high-

salt foods. 

Complimented me on changing or 

maintaining my healthy eating habits 

("Keep it up", "We are proud of you"). 

Commented if I seemed to be reverting to 

unhealthy eating. 

- Sharing personal healthy eating 

goals and progress with program 

peers 

- Fostering group feedback and 

ideas for maintenance, 

improvement, and relapse 

prevention 

 

Perceived 

built 

environment 

for physical 

activity 

Perceived 

access to 

physical 

activity 

facilities in the 

community. 

Ten items; 1–

4 point scale. 

Strongly 

disagree - 

Strongly 

agree 

Please indicate whether you agree with 

the following statements. 

There are many destinations (e.g., a 

store, a workplace, a place of worship) to 

go within easy walking distance from my 

home. 

There are sidewalks on most of the 

streets in my community. 

There are shoulders on the streets that 

allow for safe walking or biking. 

There are bike lanes on most of the 

streets in my community. 

There are many places to be physically 

active in my community not including 

streets for walking or jogging. 

There is equipment available for physical 

- Providing physical activity 

resources guide to introduce local 

physical activity opportunities 

- Community walking tours to 

identify community assets that 

encourage and discourage 

physical activity 

- Community asset mapping to 

identify local physical activity 

opportunities 

- Discussing and brainstorming 

strategies to utilize community 

assets for physical activity 

 

 

0.72a 

0.73b 
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Hypothesized 

mediators 

Scale/subscale 

description 

Response Survey questions Targeted intervention strategies Internal 

consistency 

(Cronbach’s 

alpha) 
a Baseline 
b Outcome 

activity in my community. 

There are many interesting things to look 

at while walking in my community. 

There are trees along the streets in my 

community. 

My community is well-maintained. 

My community is generally free from 

garbage, litter, or broken glass. 

 

 

 

 

 

 

 

 

 

  

Perceived 

food 

environment 

for healthy 

eating 

Perceived 

access to 

healthy foods 

in the 

community. 

Six item; 1-5 

point scale. 

Strongly 

disagree - 

Strongly 

agree 

Please indicate the extent to which you 

agree or disagree with each of the 

following statements. 

It is easy to purchase fresh fruits and 

vegetables in my community. 

There is a large selection of fresh fruits 

and vegetables in my community. 

The produce in my community is of high 

quality. 

It is easy to purchase low-fat products 

(such as low-fat milk or lean meats) in 

my community. 

There is a large selection of low-fat 

products available in my community. 

The low-fat products in my community 

are of high quality. 

- Providing food resources guide to 

introduce local healthy food 

outlets 

- Tasting of local foods 

- Community walking tours to 

identify community assets that 

encourage and discourage healthy 

eating 

- Community food sources mapping 

to identify healthy food sources 

- Discussing and brainstorming 

strategies to utilize community 

assets for healthy eating 

0.94a 

0.92b 
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4.2.2 Measures 

4.2.2.1 Physical Activity & Diet 

Participants’ physical activity data were collected using ActiGraph Model GT3XE 

accelerometers (ActiGraph LLC, Pensacola, FL) and self-reported by participants using the 

International Physical Activity Questionnaire - short form (22–24). Participants’ dietary intake 

data were collected using the automated self-administered 24-hour dietary recalls (ASA24) (25). 

Details of physical activity and diet data collection and analyses were described elsewhere (21). 

All the proposed mediators were measured by a set of previously tested questionnaires. 

Because our intervention did not specifically target sub-domains within perceived self-efficacy, 

perceived social support, or environmental perceptions related to physical activity and diet, 

therefore, a scale score was calculated for each proposed mediator by taking the mean of the 

survey items, with a high score indicating greater perceived self-efficacy, greater perceived 

social support, and better perception of the built environment. A summary of each of the 

questionnaires is provided below and specific questionnaire questions are presented in Table 4-1 

(e.g. survey items and response scale). The internal consistency of all the proposed mediators 

was good at both baseline and outcome analyzed using available data (26): all Cronbach αs were 

above 0.70 (Table 4-1). 

 

4.2.2.2 Perceived Self-efficacy for Physical Activity and Healthy Eating 

 

Perceived self-efficacy for physical activity and healthy eating were measured by a 

revised version of Sallis et. al’s Self-Efficacy for Health-related Diet and Physical Activity 

Behaviors Questionnaire (27,28). The perceived physical activity self-efficacy portion in the 

questionnaire assesses a person’s confidence in exercising when encountering potential barriers 

such as work schedule, stress, and social and family obligations. The perceived healthy eating 
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self-efficacy portion assesses a person’s confidence in performing healthy eating habits, such as 

eating fruits and vegetables regularly, restricting high fat and sugar foods, and having certain 

cooking skills.  

 

4.2.2.3 Perceived Family and Friends Support for Physical Activity and Healthy Eating 

 

The Social Support for Diet and Physical Activity Questionnaire was used to measure 

participants’ perceived social support received from family members and friends for physical 

activity and healthy eating (29). Participants were asked to indicate how often they receive 

supportive actions from their family members and friends for physical activity and healthy eating 

(i.e. participants filled out the questionnaire twice, once for perceived social support from family 

members and once for perceived social support from friends). We excluded three statements 

from the original instrument pertaining to the rewards and punishments for perceived physical 

activity support from family members: “Complained about the time I spend exercising.”; 

“Criticized or made fun of me exercising.”; and “Gave me rewards for exercising.” This was 

done because 1) these statements were optional and 2) they were only suitable for assessing 

perceived social supports from family members, but not friends; these statements did not emerge 

in the factor analysis for perceived friends’ social support scale in the original questionnaire 

development study (29). 

 

4.2.2.4 Perceived Built Environment for Physical Activity  

 

Perceived built environment for physical activity was measured using ten survey items 

developed by Boehmer et al. (30). Participants rated their perceived walkability, perceived 

access to physical activity resources availability, and perceived aesthetic in the area they live. 
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4.2.2.5 Perceived Food Environment for Healthy Eating 

 

Perceived food environment for healthy eating was measured using six survey items 

developed by Echeverria et al. (31). Participants rated their agreement with six statements on the 

availability, variety, and quality of produce and low-fat products in the area they live.  

 

4.2.3 Statistical analyses 

Prior to mediation analysis, we examined participants’ baseline demographic differences 

by treatment group and the differences between those had complete follow-up data on the 

proposed mediators and those without; t-tests were used for continuous variables and chi-square 

tests were used for categorical variables. Missing data were then handled by employing the same 

multiple imputation approach that was reported in our physical activity and diet outcomes paper 

(21) in order to ensure methodological consistency and relevant interpretation of findings. 

Briefly, PROC MI in SAS was used to impute thirty datasets and PROC MIANALYZE was then 

used to combine model results from each imputed dataset into one summary output. The 

conceptual model for the mediation analysis is shown in Figure 4-2. 
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Figure 4-2. SHHC mediation analysis conceptual model. 

 

Guided by the mediation strategy proposed by Baron and Kenny (32), the statistical 

analysis was conducted in three steps: 

Step one (Path a) examined the intervention’s effects on participants’ perceived self-

efficacy, perceived social support from family and friends, and built environment perceptions for 

physical activity and healthy eating. Each of the proposed mediators were regressed 

independently, and any statistically significant changes of the constructs between the treatment 

groups would indicate potential mediators (∆ of proposed mediator = treatment group + control 

variables + baseline value of proposed mediator).  

Step two (Path b) investigated the association between changes of the proposed mediators 

and the physical activity and diet changes at the end of the intervention (∆ of behavioral outcome 

= ∆ of proposed mediator + baseline value of proposed mediator + control variables + baseline 

value of behavioral outcome). Although mediation analysis usually stops when Path c or Path a 
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is not statistically significant (32), we planned to examine the association between change in 

each of the proposed meditators and the changes in physical activity and diet. This would allow 

us to better understand whether changes in the proposed mediators would be related to physical 

activity and diet changes irrespective of the effects or non-effects of the intervention. 

Step three (Path c’) explored the mediating effects of the potential mediator(s), identified 

in Step one. We would only proceed this step with the potential mediator(s) that exhibited 

statistically significant changes in Path a and changes in these potential mediator(s) had 

statistically significant associations with physical activity and diet changes that were identified in 

Path b. PROC CALIS used to test the indirect intervention effect through Path a*b. 

Models in all the steps controlled for participants’ age, education, relationship status, and 

baseline value of outcome of interest as fixed effects. Models in Step one and Step two also 

included study sites as random effects to control for the clustering effects of study sites. The 

random effect of the study sites was not controlled in Step three because the PROC CALIS 

function in SAS 9.4 does not support controlling for random effects. Instead, for the mediation 

models that were tested in Step three, we used likelihood ratio tests to examine if controlling 

study sites would be redundant for each mediation model’s associated Path a, Path b, and Path c 

using the available data. 

Sensitivity analysis using a complete case analysis approach was performed to examine 

the potential differences between the multiple imputation and the complete case analyses. 

All the analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, 

USA). Type 1 error was set at 0.05. 
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4.3 Results 

 

Details of study participants’ key demographics are outlined in Table 4-2; additional 

details on baseline physical activity and diet have been reported elsewhere (21). Overall, there 

was no major baseline difference between intervention and control groups’ demographics, 

physical activity levels, and diet. There was a marginally greater proportion of participants in the 

control group were employed for wages or self-employed in comparison to those in the 

intervention group (76.7% vs 63.5%, p=0.051). Proposed mediators at baseline were similar 

between intervention and control groups except that control participants had a marginally better 

perception of their built environment for physical activity than participants in the intervention 

group (p=0.028). 

Furthermore, those with and without follow-up data on the proposed mediators did not 

differ in terms of income, relationship status, education level, employment status, and baseline 

values of BMI, age, perceived self-efficacy for physical activity, perceived self-efficacy for 

healthy eating, perceived social support for physical activity, perceived self-efficacy for healthy 

eating, perceived built environment for physical activity, or perceived food environment for 

healthy eating (all p>0.05). 

Table 4-2. Baseline Characteristics of Participants by Treatment Condition. 

Characteristic Total Intervention Control p-value 

Age, mean (SD) 

(Control n=93; Intervention n=101) 

58.89 

(9.50) 

59.03 

(9.37) 

58.74 

(9.69) 

0.834 

Income, n (%)    0.121 

<$25,000 
37 

(21.3) 

24 

(27.3) 

13 

(15.1) 

 

$25,000-$50,000 
53 

(30.5) 

23 

(26.1) 

30 

(34.9) 

 

>$50,000 
84 

(48.3) 

41 

(46.6) 

43 

(50.0) 

 

Relationship status, n (%)     0.471 
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Characteristic Total Intervention Control p-value 

In a relationship (married or member of an 

unmarried couple) 

132 

(71.4) 
70 (73.7) 

62 

(68.9) 

 

Not in a relationship (divorced, widowed, 

separated, or never been married) 

53 

(28.6) 
25 (26.3) 

28 

(31.1) 

 

Educational level, n (%)    0.904 

High school or less 
42 

(22.8) 

22 

(23.4) 

20 

(22.2) 

 

Technical or vocational school/some college 
55 

(29.9) 

30 

(31.9) 

25 

(27.8) 

 

College graduate 
58 

(31.5) 

28 

(29.8) 

30 

(33.3) 

 

Postgrad/professional 
29 

(15.8) 

14 

(14.9) 

15 

(16.7) 

 

Employment status, n (%)    0.051 

Employed for wages or self-employed 
130 

(69.9) 

61 

(63.5) 

69 

(76.7) 

 

Not working or retired 
56 

(30.1) 

35 

(36.5) 

21 

(23.3) 

 

BMI, mean (SD) 

(Control n=93; Intervention n=101) 

35.18 

(2.96) 

34.90 

(6.12) 

35.48 

(6.84) 

0.532 

Perceived self-efficacy for physical activity (on a 

scale between 1 and 5), mean (SD) 

(Control n=91; Intervention n=98) 

2.96 

(0.84) 

2.97 

(0.78) 

2.94 

(0.90) 

0.815 

Perceived family’s support for physical activity 

(on a scale between 1 and 5), mean (SD) 

(Control n=91; Intervention n=98) 

1.53 

(0.53) 

1.55 

(0.53) 

1.50 

(0.52) 

0.506 

Perceived friends’ support for physical activity 

(on a scale between 1 and 5), mean (SD) 

(Control n=91; Intervention n=97) 

1.48 

(0.57) 

1.44 

(0.57) 

1.53 

(0.57) 

0.251 

Perceived built environment for physical activity 

(on a scale between 1 and 4), mean (SD) 

(Control n=91; Intervention n=97) 

2.58 

(0.45) 

2.51 

(0.37) 

2.65 

(0.51) 

0.028 

Perceived self-efficacy for healthy eating (on a 

scale between 1 and 5), mean (SD) 

(Control n=91; Intervention n=98) 

3.55 

(0.77) 

3.52 

(0.83) 

3.58 

(0.71) 

0.624 

Perceived family’s support for healthy eating (on 

a scale between 1 and 5), mean (SD) 

(Control n=90; Intervention n=97) 

1.76 

(0.91) 

1.78 

(0.88) 

1.74 

(0.95) 

0.795 

Perceived friends’ support for healthy eating (on 

a scale between 1 and 5), mean (SD) 

(Control n=90; Intervention n=96) 

1.51 

(0.73) 

1.48 

(0.67) 

1.55 

(0.78) 

0.506 

Perceived food environment for healthy eating 

(on a scale between 1 and 5), mean (SD) 

(Control n=91; Intervention n=96) 

3.20 

(1.06) 

3.20 

(1.02) 

3.20 

(1.11) 

0.991 
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4.3.1 Intervention Effect on Ecological Constructs (Path a) 

The effect of the intervention on the proposed mediators is presented in Table 4-3. At 6 

months, there were intervention effects on improving participants’ perceived friends’ support for 

physical activity (between-group Δ=+0.53; 95% CI: +0.13, +0.92; p=0.009) and healthy eating 

(between-group Δ=+0.60; 95% CI: +0.05, +1.14; p=0.032). No intervention effects were 

observed for other proposed mediators. Similar findings were found in the complete case 

analysis (Supplementary Table 4-1). 

 

Table 4-3. Effect of the SHHC intervention on the targeted mediators at 6 months via 

multiple imputation (Path a). 

 Mean change from baseline to 6-

month (95% CI) 

Intervention 

effect 

Intervention 

- Control 

(95% CI) 

P 

value 

Intervention Control 

Physical Activity 
Perceived self-efficacy for 

physical activity 
(on a scale between 1 and 5) 

 -0.02  

(-0.33, +0.29) 

 -0.35 

(-0.68, -0.01) 

 +0.32 

(-0.10, +0.75) 

0.131  

Perceived family’s support for 

physical activity 
(on a scale between 1 and 5) 

 +0.11 

(-0.09, +0.30) 

+0.04 

(-0.15, +0.24) 

 +0.06 

(-0.18, +0.30) 

0.611  

Perceived friends’ support for 

physical activity 
(on a scale between 1 and 5) 

 +0.62 

(+0.32, +0.92) 

+0.09 

(-0.24, +0.42)  

 +0.53 

(+0.13, +0.92) 

0.009  

Perceived built environment for 

physical activity 
(on a scale between 1 and 4) 

-0.16 

(-0.29, -0.02) 

 -0.06 

(-0.19, +0.07) 

 -0.09 

(-0.26, +0.07) 

0.275 

Healthy Eating 
Perceived self-efficacy for 

healthy eating 
(on a scale between 1 and 5) 

 -0.004 

(-0.16, +0.11) 

-0.10 

(-0.29, +0.05)  

0.10 

(-0.13, 0.32) 

0.590 

Perceived family support for 

healthy eating  
(on a scale between 1 and 5) 

0.14 

(-0.20, +0.49) 

0.03 

(-0.345, +0.41) 

0.14 

(-0.39, +0.62) 

0.656  

Perceived friends’ support for 

healthy eating  
(on a scale between 1 and 5) 

+0.60 

(+0.21, 0.99) 

+0.002 

(-0.43, +0.43) 

+0.60 

(+0.05, +1.14) 

0.032 

Perceived food environment for 

healthy eating 
(on a scale between 1 and 5) 

+0.08 

(-0.7, +0.43) 

+0.003 

(-0.37, +0.37) 

+0.08 

(-0.43, +0.59) 

0.765 
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Significant p-values are indicated in bold. All models controlled for participants’ age, education, 

relationship status, and baseline value of outcome of interest as fixed effects. Trial program sites 

were treated as random effects in all models. 

 

4.3.2 Relationships Between Changes in Proposed Mediators and Physical Activity Changes 

(Path b) 

 

Table 4-4 summarizes the associations between changes in the proposed mediators and 

changes in physical activity. 

Improvements in perceived self-efficacy for physical activity were associated increases in 

average daily steps counts (β=608.30; SE=302.08, p=0.048), MVPA minutes per day (β=4.97; 

SE=2.14; p=0.023), % MVPA (β=0.56; SE=0.23; p=0.020), and walking MET-minutes per week 

(β=84.13; SE=29.17; p=0.005). 

Improvements in perceived family and friends’ support for physical activity were both 

associated with increases in walking MET-minutes per week (family’s support: β=179.12; 

SE=56.67; p=0.002; friends’ support: β=94.93; SE=39.13; p=0.018). 

Complete case analyses revealed similar findings (Supplementary Table 4-2).
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Table 4-4. Relationships between concurrent changes in the targeted constructs with changes in physical activity at 6 months 

via multiple imputation (Path b)*. 

Outcome changes for physical activity (from baseline to 6-month) 

∆ in physical activity ∆ in perceived 

physical activity 

self-efficacy 

∆ in perceived 

family’s support 

for physical 

activity 

∆ in perceived 

friends’ support 

for physical 

activity 

∆ in perceived built 

environment for 

physical activity 

 β (SE) p β (SE) p β (SE) p β (SE) p 

Accelerometer 

Average daily step count  608.30 

(302.08) 

0.048  260.56 

(448.96)  

0.563  -75.99 

(316.71) 

0.811  -355.12 

(699.14)  

0.613  

Light activity, average min/day 3.62(9.8) 0.713 -21.39 

(13.8) 

0.126 -12.99 

(9.62) 

0.180 -6.62 

(20.15) 

0.743 

MVPA, average min/day 4.97 

(2.14) 

0.023 3.15 

(3.14) 

0.317 1.21 

(2.24) 

0.592 -3.47 

(4.86) 

0.476 

Sedentary time, average min/day 1.44 

(10.84) 

0.895 -8.21 

(15.48) 

0.597 -0.03 

(10.15) 

0.998 -10.22 

(24.71) 

0.680 

% of activity that is light intensity 0.05 

(1.01) 

0.958 -1.25 

(1.38) 

0.365 -0.989 

(0.948) 

0.299 0.09 

(2.13) 

0.966 

% of activity that is MVPA 0.56 

(0.23) 

0.020 0.45 

(0.35) 

0.200 0.19 

(0.25) 

0.442 -0.37 

(0.55) 

0.495 

% of total activity time that is sedentary  -0.62 

(1.10) 

0.574 0.82 

(1.48) 

0.580 0.80 

(1.01) 

0.430 0.18 

(2.26) 

0.937 

IPAQ 

Total MET- min/week 492.36 

(333.00) 

0.143 734.17 

(562.43) 

0.196 -130.29 

(338.40) 

0.701 -185.23 

(854.83) 

0.829 

Walking MET- min/week 84.13 

(29.17) 

0.005 179.12 

(56.67) 

0.002 94.93 

(39.13) 

0.018 -27.83 

(95.69) 

0.772 

Moderate MET-min/week 116.56 

(127.85) 

0.364 211.72 

(180.90) 

0.244 -70.73 

(126.00) 

0.576 28.03 

(305.93) 

0.927 

Vigorous MET- min/week 305.11 

(249.36) 

0.224 376.97 

(451.06) 

0.407 -193.18 

(261.11) 

0.461 -114.62 

(611.39) 

0.852 

Sedentary Behavior Questionnaire 
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Total hours per week of sedentary time -9.48 

(13.55) 

0.487 3.38 

(23.28) 

0.885 8.55 

(15.71) 

0.588 38.68 

(34.98) 

0.273 

Hours per week sitting at desk -3.94 

(2.44) 

0.110 -2.53 

(4.09) 

0.538 1.38 

(3.21) 

0.670 6.43 

(5.69) 

0.261 

Hours per week sitting with friends -1.98 

(5.33) 

0.711 4.01 

(12.5) 

0.752 4.55 

(7.78) 

0.561 8.88 

(16.47) 

0.592 

Hours per week sitting and reading 0.58 

(2.97) 

0.847 2.11 

(4.88) 

0.666 0.94 

(3.27) 

0.775 8.01 

(7.08) 

0.262 

Hours per week driving -3.29 

(9.75) 

0.737 -0.06 

(13.06) 

0.997 1.77 

(8.30) 

0.831 14.80 

(25.48) 

0.564 

Significant p-values are indicated in bold. All models controlled for participants’ age, education, relationship status, and baseline 

value of outcome of interest as fixed effects. Trial program sites were treated as random effects in all models. 
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4.3.3 Relationships Between Changes in Proposed Mediators Dietary Changes (Path b) 

We did not observe any associations between changes in the proposed mediators and 

changes in diet (Table 4-5). Findings from the complete case analysis also mirrored these 

observations that almost all dietary changes were not associated with participants’ changes in the 

proposed mediators (Supplementary Table 4-3). 

 

Table 4-5. Relationships between concurrent changes in the targeted constructs with 

changes in diet at 6 months via multiple imputation (Path b). 

Outcome changes for diet (from baseline to 6-month) 

∆ in diet ∆ in perceived 

healthy eating 

self-efficacy 

∆ in perceived 

family’s 

support for 

healthy eating 

∆ in perceived 

friends’ 

support for 

healthy eating 

∆ in perceived 

food 

environment 

for healthy 

eating 

 β (SE) p β (SE) p β (SE) p β (SE) p 

Kcal  -20.89 

(55.83) 

0.709   -31.72 

(52.3) 

0.549   -44.22 

(45.43) 

0.334   0.88 

(46.12) 

0.985  

Carbohydrate, g  -0.93 

(8.48) 

0.913  -7.7 

(7.16) 

0.287   -8.08 

(7.10) 

0.260   1.85 

(7.31) 

0.801  

Protein, g 0.69 

(3.23) 

0.831 0.15 

(2.89) 

0.960 1.02 

(2.51) 

0.687 -0.79 

(2.5) 

0.758 

Fiber, g -0.59 

(1.19) 

0.620 -0.58 

(0.96) 

0.547 -0.20 

(0.92) 

0.825 0.08 

(1.00) 

0.940 

Total fat, g -1.56 

(3.16) 

0.623 -0.65 

(2.42) 

0.789 -1.09 

(2.17) 

0.620 0.40 

(2.49) 

0.874 

Saturated fat, g -0.11 

(1.21) 

0.930 -0.48 

(1.04) 

0.646 -0.81 

(0.91) 

0.380 0.20 

(1.14) 

0.863 

Monounsaturated 

fat, g 

-0.40 

(1.13) 

0.726 -0.39 

(0.89) 

0.659 

 

-0.53 

(0.80) 

0.504 0.04 

(0.98) 

0.972 

Polyunsaturated 

fat, g 

-1.26 

(1.04) 

0.232 0.01 

(0.78) 

0.993 0.21 

(0.73) 

0.775 0.41 

(0.69) 

0.551 

Dietary 

cholesterol, mg 

-4.74 

(22.43) 

0.833 9.54 

(17.91) 

0.596 12.44 

(17.14) 

0.471 0.82 

(22.14) 

0.971 

Sodium, mg -109.61 

(125.77) 

0.386 -3.86 

(105.03) 

0.545 -6.96 

(99.57) 

0.945 82.16 

(105.80) 

0.439 

HEI 2015 Score 0.62 

(2.15) 

0.774 0.76 

(1.81) 

0.677 0.92 

(1.67) 

0.584 -2.39 

(1.99) 

0.236 

Average daily intake of…  

Fruits and 

vegetables in cup 

equivalents 

-0.05 

(0.36) 

0.883 0.06 

(0.25) 

0.819 0.03 

(0.25) 

0.914 -0.18 

(0.30) 

0.550 
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Fruits in cup 

equivalents 

-0.13 

(0.31) 

0.682 -0.02 

(0.21) 

0.936 -0.08 

(0.19) 

0.668 -0.23 

(0.28) 

0.409 

Vegetables in cup 

equivalents 

0.11 

(0.13) 

0.379 0.07 

(0.12) 

0.559 0.11 

(0.12) 

0.358 0.06 

(0.13) 

0.639 

Whole grains in 

oz equivalents 

-0.16 

(0.20) 

0.435 -0.18 

(0.15) 

0.223 -0.06 

(0.14) 

0.680 -0.11 

(0.18) 

0.528 

Refined grains in 

oz equivalents 

-0.14 

(0.31) 

0.653 -0.20 

(0.28) 

0.491 -0.20 

(0.20) 

0.308 0.28 

(0.31) 

0.367 

 

Seafood high in n-

3 fatty acids in oz 

equivalents  

0.07 

(0.11) 

0.541 -0.04 

(0.08) 

0.632 -0.003 

(0.07) 

0.960 -0.12 

(0.09) 

0.222 

Legumes in oz 

equivalents  

-0.01 

(0.02) 

0.644 -0.01 

(0.02) 

0.557 -0.01 

(0.02) 

0.514 -0.01 

(0.03) 

0.747 

Oils in gramsa -2.00 

(1.91) 

0.300 0.36 

(1.15) 

0.754 0.44 

(1.17) 

0.707 1.50 

(1.28) 

0.244 

Solid fats in 

gramsb 

0.63 

(2.04) 

0.757 -1.02 

(1.72) 

0.555 -1.41 

(1.53) 

0.358 -0.70 

(2.12) 

0.743 

Added sugars in 

teaspoon 

equivalents 

-0.63 

(1.56) 

0.687 -0.61 

(1.44) 

0.672 -1.10 

(1.25) 

0.382 0.28 

(1.47) 

0.849 

Significant p-values are indicated in bold. All models controlled for participants’ age, education, 

relationship status, and baseline value of outcome of interest as fixed effects. Trial program sites 

were treated as random effects in all models. 
aFats naturally present in nuts, seeds, seafood; unhydrogenated vegetable oils, except palm oil, 

palm kernel oil, coconut oils; fat in avocado and olives above allowable amount; 50% of fat 

present in stick/tub margarines, margarine spreads (grams) 
bFats naturally present in meat, poultry, eggs, dairy (lard, tallow, butter); hydrogenated/partially 

hydrogenated oils; shortening, palm, palm kernel, coconut oils; coconut meat, cocoa butter; 50% 

of fat in stick/tub margarines, margarine spreads (grams) 
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4.3.4 Indirect Effect of Intervention on Behavioral Outcomes (Path a*b) 

Based on our criteria, only the potential indirect effect of the SHHC intervention upon 

walking MET-minutes per week, through perceived social support for physical activity from 

friends, exhibited statistical significance of both Path a and Path b and thus was the only 

mediating effect examined for statistical significance. The likelihood ratio tests confirmed that 

the random effect of study sites was redundant, and it was appropriate not to control for site in 

this step. 

Changes in perceived friends’ support for physical activity only marginally mediated the 

intervention effects for walking MET-minutes per week, explaining 40.45% of the total effect 

(a*b=45.24, 95% CI: -1.51, +91.99; p=0.059) (Table 4-6). An intervention effect of 45.24 

walking MET-minutes per week increase co-occurred with each one-point increase in perceived 

friends’ support for physical activity (indirect effects); the remaining walking MET-minutes per 

week increase occurred independently (direct effect). Complete case analysis revealed the same 

observation that changes in perceived friends’ support for physical activity marginally mediated 

the intervention effects for walking MET-minutes per week, explaining 42.07% of the total 

effect (a*b=51.61, 95% CI: +1.01, +102.00; p=0.046) (Supplementary Table 4-4). 

 

Table 4-6. Mediation of intervention effects on walking MET-minutes per week by 

concurrent changes in perceived friends’ support for physical activity via multiple 

imputation. 

 Walking MET min/week 

Mediator c' 

(95% CI; p value) 

a*b 

(95% CI; p value) 

c’ / 

(c’ + a*b) 

Changes in perceived 

friends’ support for 

physical activity 

66.60 

(-30.84, +164.03; 

p=0.179) 

45.24 

(-1.51, +91.99; p=0.059) 

59.55% 

All models controlled for participants’ age, education, relationship status, and baseline value of 

outcome of interest as fixed effects. 
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4.4 Discussion 

Overall, our analysis found that the multilevel SHHC program had meaningful positive 

impacts on participants’ perceived social support from friends for physical activity and healthy 

eating, although no effects were found for perceived self-efficacy and perceptions of the built 

environment relating to physical activity and healthy eating. Increases in perceived social 

support from friends for physical activity marginally mediated participants’ walking MET-

minutes per week with increases in perceived social support from friends explaining 40.45% of 

the total intervention effect on walking MET-minutes per week. Change in participants’ 

perceived social support from friends for healthy eating, however, did not mediate the 

intervention’s effect on any of the diet outcomes. 

 

4.4.1 Perceived Self-efficacy 

 

Although SHHC incorporated strategies that were previously shown to be effective in 

improving one’s perceived self-efficacy for physical activity and healthy eating (33,34), there are 

several potential reasons why we did not observe changes in participants’ perceived self-

efficacy. First, from our SHHC process evaluation, our program educators identified that goal 

setting was somewhat limited throughout the course of the intervention (35). This might have 

prevented our participants from reviewing their behavior change progress in order to reinforce 

self-efficacy. Particularly for perceived self-efficacy for physical activity because our 

participants were older, overweight or obese, some of the in-class physical activities might have 

been challenging for them, contributing to our null findings. In addition, considering only a few 

diet outcomes had positive changes after the intervention, discouragement from failing to make 

positive diet changes could have limited participants’ ability to increase their self-efficacy for 

healthy eating. Second, our process evaluation also revealed that there was not enough time to go 
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through all the materials in the SHHC curriculum. This might have prevented the opportunity to 

allow for in-depth discussion about ways to improve self-efficacy when barriers to physical 

activity and healthy eating appear. Third, as our sample had moderate levels of perceived self-

efficacy to engage in physical activity (2.96 out of 5, SD=0.84) and healthy eating (3.55 out of 5, 

SD=0.77) at baseline, there might have been a ceiling effect for some participants to further 

increase their self-efficacy. In fact, sub-group analyses revealed that intervention participants 

with lower baseline perceived self-efficacy for physical activity and healthy eating saw increases 

in their perceived self-efficacy in comparison to the controls. More in-depth qualitative 

investigation through interviews or focus groups is needed to elucidate how other sources of self-

efficacy (i.e. those that were not captured by the questionnaire used in our study) were 

influenced by SHHC.  

 

4.4.2 Perceived Social Support 

 

The positive increases in perceived friends’ social support for physical activity and 

healthy eating may be attributed to the nature of our group-based intervention that provided a 

venue for participants to socialize with peers who played a role in promoting exercising and 

healthy eating, offered positive feedback for meeting goals, and provided general support 

towards healthier behavioral changes. However, our analysis was not able to determine if 

increased social support from friends was through friends outside of SHHC or participants’ peers 

in the program. Our process evaluation focus groups provided a potential explanation that peer 

support and social interaction among SHHC participants were key sources of accountability and 

motivation (35). The marginally statistically significant meditation of perceived social support 

from friends for increasing walking aligned with a previous systematic review that group-based 

interventions were effective in increasing the amount of walking (36). 
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In contrast, even though we observed an increase among participants’ perceived social 

support from friends for healthy eating, this was not sufficient to translate into improved diet 

quality. Notably, our process evaluation focus groups found that even though participants felt 

that the nutrition component in the SHHC program enhanced their existing knowledge of healthy 

eating, there were other contextual limitations that made healthy eating challenging, including 

time, financial constraints, and limited access to healthy food options in rural communities (35). 

Moreover, the absence of significant findings about perceived social support from family 

members could be due to the lack of directive strategies in SHHC to engage family members in 

active living and healthy eating practices (35). At baseline, participants perceived infrequent 

social support from family members for both physical activity (1.53 out of 5, SD=0.53) and 

healthy eating (1.76 out of 5, SD=0.91). Therefore, participants might have been surrounded by 

family members who do not value active living and healthy eating, which might have been a 

barrier for them to gain family members’ support for behavioral change. Future interventions 

should consider evaluating the consistency or inconsistency between how participants perceive 

the amount of social support they receive from their family members and how friends and family 

members perceive the amount of social support they give to participants. This could potentially 

provide insights for developing tailored strategies to enhance social support for participants in 

future interventions since such support is deemed crucial to initiate behavioral change in other 

studies (37,38). Perhaps, future multilevel interventions should also consider involving family 

members and friends as part of the intervention strategies. 

 

4.4.3 Perceived Environment 

 

In the present study, participants’ built environment perception related to physical 
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activity did not change nor did their built environment perception change related to healthy 

eating. It was assumed that through various program activities (e.g. outdoor walking, community 

audits, asset mapping, and education on local resources), SHHC could help participants become 

more aware of the facilities and barriers of the built environments related to healthy living. 

Currently, little is known about how participants perceive built environment change over the 

course of a behavior change intervention and how that influences behavior outcomes. Wallmann 

et al. (39) found that even though they were able to change rural residents’ built environment 

perceptions after a pedometer-based community intervention, it was unclear whether it was the 

change in built environment perceptions that caused increased physical activity or the increased 

physical activity caused the perception changes due to a greater exposure to the built 

environment. On the other hand, Michael and Carlson (40) found that participating in a 

neighborhood walking intervention increased participants’ awareness of neighborhood problems 

and suppressed the intervention’s effects on improving walking among a group of older adults. 

More research is needed to better understand the interplay between behavior change 

interventions, the built environment, and behavioral change. 

With regards to SHHC, there are several potential reasons why we did not observe any 

meaningful intervention effects on participants’ perception of the built and food environments. 

First, participants’ perception could be either increased, decreased, or unchanged over the course 

of the intervention based on their own experience interacting with the physical environment. Our 

intervention strategies were only intended to increase participants’ sensitivity to their own 

environments. They were not designed to change participants’ perception of the built 

environment in a particular direction. Therefore, different directions of change in participants’ 

built environment perception could have attenuated the overall effect of the intervention. Second, 
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the survey instrument used might not have captured all the key built environmental constructs 

that are relevant to rural communities. Third, the survey instrument only asked about the built 

environment in the area where participants lived, but these areas might not have been the actual 

areas where the SHHC program was conducted. That is, participants might have changed the 

perception of the built and environments of the area where they participated in SHHC but not 

necessarily the perception of the built and food environments of the area where they lived or 

areas where they performed physical activity or shopped for foods.  

 

4.4.4 Limitations 

 

Finally, there are limitations that must be considered when interpreting the findings. First, 

participants’ data were self-reported, and these data are subject to measurement error. Second, 

the present mediation analysis was exploratory in nature and the sample size was powered for 

SHHC’s primary outcome: BMI changes. Third, participants in our study were predominantly 

white, midlife to older rural women in Montana and New York, which limits the generalizability 

of our findings to other populations. In particular, our study recruited a group of motivated rural 

women who were interested in losing weight and were committed to attending an intensive 

intervention for six months. Intervention effects might be different for the general population. 

Fourth, our present study did not examine the potential reverse relationships between the 

behavioral outcomes and the proposed meditators. Future iterations of the SHHC intervention 

should consider having a larger sample size to understand the complex pathways by which 

different intervention strategies lead to different behavioral outcomes. Finally, both our 

behavioral and psychosocial outcomes were modest. Further refinements of the SHHC trial are 

needed before broader dissemination in order to generate bigger impacts. 
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4.5 Conclusion 

 

Our analyses showed that even though SHHC increased participants’ perceived social 

support from friends for physical activity and diet, none of our proposed mediators explained the 

intervention’s effect on behavior change. However, it is not uncommon that most intervention 

effects on behavior have not been completely accounted for by the proposed mediators (41–43). 

Perhaps the most important contribution of this study is to add to the very limited knowledge 

base on applying mediation analysis to understand mechanisms of how rural behavior change 

interventions work. As implementing multilevel interventions in rural communities has started to 

grow, the present study hopes to encourage future studies to develop theory-informed 

interventions and identify mediators so that such knowledge can be used to develop more 

officious interventions to improve rural health. 
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Supplementary Table 4-1. Effect of the SHHC intervention on the targeted mediators at 6 

months via Complete Case Analysis (Path a). 

 Mean change from baseline to 6-

month (95% CI) 

Intervention 

effect (95% CI) 

P value 

Intervention Control 

 n = 72 n = 57   

Perceived elf-efficacy 

for physical activity  

-0.04 

(-0.31, +0.23) 

-0.36 

(-0.4, -0.08) 

+0.32 

(-0.05, +0.69) 

0.084 

 n = 72 n = 59   

Perceived family 

support for physical 

activity  

+0.10 

(-0.03, +0.23) 

+0.05 

(-0.08, +0.19) 

+0.05 

(-0.12, +0.22) 

0.582 

 n = 70 n = 53   

Perceived friend 

support for physical 

activity 

+0.69  

(+0.53, +0.86) 

 

-0.008 

(-0.19, +0.17) 

+0.70 

(+0.47, +0.93) 

<0.0001 

 n = 72 n = 58   

Perceived self-

efficacy for healthy 

eating  

+0.08 

(-0.11, +0.28) 

-0.11 

(-0..1, +0.09) 

+0.19 

(-0.07, +0.46) 

0.139  

 n = 72 n = 59   

Perceived family 

support for healthy 

eating  

+0.15 

(-0.09, +0.39) 

+0.08 

(-0.17, +0.32)  

+0.08 

(-0.25, 0.40) 

0.61 

 n = 69 n = 54   

Perceived friends 

support for healthy 

eating  

+0.60 

(+0.35, +0.85) 

+0.02 

(-0.24, +0.29)  

+0.58 

(+0.22, +0.93) 

0.003 

 n = 71 n = 59   

Perceived built 

environment for 

physical activity 

-0.16 

(-0.25, -0.06) 

-0.03 

(-0.12, +0.07) 

 -0.13 

(-0.26, -0.003) 

0.046 

 n = 70 n = 59   

Perceived food 

environment for 

healthy eating 

+0.06 

(-0.22, +0.34) 

+0.02 

(-0.26, +0.31)  

+0.04 

(-0.36, +0.43) 

0.850  

Significant p-values are indicated in bold. All models controlled for participants’ age, education, 

relationship status, and baseline value of outcome of interest as fixed effects. Trial program sites 

were treated as random effects in all models. 
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Supplementary Table 4-2. Relationships between concurrent changes in the targeted constructs with changes in physical 

activity at 6 months via Complete Case analysis (Path b). 

Outcome changes for physical activity (from baseline to 6-month) 
∆ in physical activity ∆ in perceived 

physical activity self-

efficacy 

∆ in perceived 

family support for 

physical activity 

∆ in perceived 

friends support for 

physical activity 

∆ in perceived built 

environment for 

physical activity 

 β (SE) p β (SE) p β (SE) p β (SE) p 

Accelerometer 

 n=94 n=94 n=91 n=96 

Average daily step count   756.09 

(241.23) 

0.0024   535.76 

(408.84) 

0.194 369.16 

(314.76)  

0.247   -523.05 

(08.46) 

0.392  

  n=112 n=114 n=106 n=113 

Light activity, average min/day   3.82 

(7.92) 

0.631  -13.16 

(12.10) 

0.279 0.13 

(9.70) 

0.989 -0.94 

(18.11) 

0.959 

  n=112 n=114 n=106 n=113 

MVPA, average min/day   6.64 

(1.69) 

0.0002  4.91 

(2.75) 

0.077 2.63 

(2.28) 

0.254 -3.89 

(4.25) 

0.363 

  n=112 n=114 n=106 n=113 

Sedentary time, average 

min/day  

 -0.15 

(8.30) 

0.890  -3.39 

(13.23) 

0.798 -2.58 

(10.06) 

0.798 -2.67 

(20.23) 

0.895 

  n=112 n=114 n=106 n=113 

% of activity that is light 

intensity  

 0.12 

(0.86) 

0.890  -0.59 

(1.32) 

0.656 0.12 

(1.06) 

0.911 0.13 

(1.97) 

0.948 

 n=112 n=114 n=106 n=113 

% of activity that is MVPA  0.79 

(0.20) 

0.0001  0.62 

(0.32) 

0.057 0.40 

(0.2) 

0.140 -0.54 

(0.50) 

0.284 

  n=112 n=114 n=106 n=113 

% of total activity time that is 

sedentary 

 -0.91 

(0.92) 

0.324  0.06 

(1.42) 

0.968 -0.56 

(1.14) 

0.623 0.25 

(2.14) 

0.909 

  n=117 n=114 n=113 n=118 

IPAQ 

Total MET- min/week  355.07 

(220.57) 

0.110  743.0 

(364.82) 

0.044 -12.97 

(264.55) 

0.961 -1109.20 

(517.28) 

0.034 
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  n=119 n=121 n=114 n=120 

Walking MET- min/week   91.34 

(25.05) 

0.0004  200.07 

(43.18) 

<0.0001 103.95 

(31.59) 

0.0014 -84.10 

(71.15) 

0.240 

  n=127 n=129 n=122 n=128 

Moderate MET-min/week  57.31 

(87.5) 

0.515  19.68 

(141.57) 

0.167 -29.99 

(101.93) 

0.769 -314.15 

(174.82) 

0.075 

  n=129 n=131 n=123 n=130 

Vigorous MET- min/week   189.89 

(155.35) 

0.224  335.40 

(242.46) 

0.169 -91.04 

(168.91) 

0.591 -506.56 

(362.55) 

0.156 

Sedentary Behavior Questionnaire 

  n=124 n=126 n=119 n=125 

Total hours per week of 

sedentary time  

 -5.33 

(4.83) 

 0.272 4.89 

(7.77) 

0.531 3.96 

(5.53) 

0.475 29.80 

(11.64) 

0.012 

  n=125   n=127 n=120   n=126 

Hours per week sitting at desk   -5.20 

(1.96) 

0.009  -3.89 

(3.13) 

0.218 -3.46 

(2.43) 

0.158 8.90 

(4.97) 

0.076 

  n=126 n=128 n=121 N=127 

Hours per week sitting with 

friends 

 -0.86 

(1.36) 

0.525  3.02 

(2.16) 

0.165 2.01 

(1.52) 

0.189 5.25 

(3.32) 

0.117 

  n=126 n=128 n=121 n=127 

Hours per week sitting and 

reading  

1.35 

(2.09)  

0.520  2.40 

(3.39) 

0.480 1.59 

(2.47) 

0.520 7.59 

(5.07) 

0.137 

  n=128 n=130 n=123 n=129 

Hours per week driving  -0.07 

(2.14) 

0.973  2.26 

(3.49) 

0.517 4.27 

(2.40) 

0.077 7.70 

(5.22) 

0.143 

Significant p-values are indicated in bold. All models controlled for participants’ age, education, relationship status, and baseline 

value of outcome of interest as fixed effects. Trial program sites were treated as random effects in all models. 
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Supplementary Table 4-3. Relationships between concurrent changes in the targeted constructs with changes in diet at 6 

months via Complete Case Analysis (Path b). 

Outcome changes for diet (from baseline to 6-month) 

∆ in diet ∆ in perceived 

healthy eating self-

efficacy 

∆ in perceived family 

support for healthy 

eating 

∆ in perceived 

friends support for 

healthy eating 

∆ in perceived food 

environment for 

healthy eating 

 β (SE) p β (SE) p β (SE) p β (SE) p 

 n=124 n=125 n=117 n=123 

Kcal -40.11 

(59.87) 

0.504   -2.74 

(46.42) 

0.953   -33.63 

(46.5) 

0.472   52.27 

(52.68) 

0.323  

 n=124 n=125 n=117 n=123 

Carbohydrate, g -2.09 

(8.26) 

0.801  -4.26 

(6.30) 

0.500  -9.56 

(6.29) 

0.131   7.55 

(7.22) 

0.298  

 n=124 n=125 n=117 n=123 

Protein, g 0.85 

(2.58) 

0.744  1.68 

(1.96) 

0.392   2.32 

(1.85) 

0.213  1.37 

(2.16) 

0.528  

 n=124 n=125 n=117 n=123 

Fiber, g -0.08 

(0.93) 

0.930  -0.58 

(0.67) 

0.386   -0.42 

(0.67) 

0.532  0.03 

(0.77) 

0.972  

 n=124 n=125 n=117 n=123 

Total fat, g -2.68 

(3.05) 

0.382 0.14 

(2.35) 

0.952   -0.39 

(2.37) 

0.871  2.14 

(2.68) 

0.423  

 n=124 n=125 n=117 n=123 

Saturated fat, g -0.40 

(1.20) 

0.735  -0.05 

(0.92) 

0.955   -0.42 

(0.91) 

0.647  0.99 

(1.04) 

0.342  

 n=124 n=125 n=117 n=123 

Monounsaturated fat, g -0.73 

(1.08) 

0.499 -0.12 

(0.824) 

 0.880  -0.21 

(0.84) 

0.804   0.50 

(0.95) 

0.602  

 n=124 n=125 n=117 n=123 

Polyunsaturated fat, g -1.44 

(0.87) 

0.102  0.27 

(0.677) 

0.693   0.30 

(0.67) 

0.656  0.67 

(0.77) 

0.386  
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 n=124 n=125 n=117 n=123 

Dietary cholesterol, mg -6.04 

(17.52) 

0.731   18.17 

(13.31) 

0.175   17.63 

(12.88) 

 0.174 18.38 

(14.67) 

0.213  

 n=124 n=125 n=117 n=123 

Sodium, mg -91.61 

(107.73) 

0.397  11.00 

(83.92) 

0.896  37.52 

(80.62) 

0.643   172.74 

(90.61) 

0.059  

 n=124 n=125 n=117 n=123 

HEI 2015 Score +2.40 

(1.61) 

0.139  -0.35 

(1.24) 

0.781  0.37 

(1.23) 

0.764   -3.05 

(1.30) 

0.021  

Average daily intake of…  

 n=124 n=125 n=117 n=123 

Fruits and vegetables in 

cup equivalents 

0.09 

(0.17) 

0.593   0.01 

(0.12) 

0.908  -0.02 

(0.12) 

0.871   0.02 

(0.14) 

0.879  

 n=124 n=125 n=117 n=123 

Fruits in cup equivalents -0.03 

(0.11) 

0.815   -0.06 

(0.08) 

0.418  -0.13 

(0.08) 

0.092  -0.01 

(0.09) 

0.883  

 n=124 n=125 n=117 n=123 

Vegetables in cup 

equivalents 

0.18 

(0.11) 

0.091   0.08 

(0.08) 

0.305   0.15 

(0.07) 

0.051  0.05 

(0.09) 

0.544  

 n=124 n=125 n=117 n=123 

Whole grains in oz 

equivalents 

-0.07 

(0.12) 

0.539   -0.20 

(0.09) 

0.028  -0.16 

(0.09) 

0.066  -0.21 

(0.10) 

0.037  

 n=124 n=125 n=117 n=123 

Refined grains in oz 

equivalents 

 -0.28 

(0.27) 

0.299   -0.04 

(0.208) 

0.835  -0.21 

(0.20) 

0.306  0.36 

(0.23) 

0.12 

 n=124 n=125 n=117 n=123 

Seafood high in n-3 fatty 

acids in oz equivalents  

 0.02 

(0.08) 

0.755   -0.05 

(0.06) 

0.431  -0.04 

(0.06) 

0.528   -0.08 

(0.07) 

0.254  

 n=124 n=125 n=117 n=123 

Legumes in oz equivalents   0.002 

(0.02) 

0.928   -0.003 

(0.02) 

0.84  0.002 

(0.01) 

0.890  -0.01 

(0.02) 

0.463  

 n=124 n=125 n=117 n=123 

Oils in gramsa  -2.68 0.049  0.48 0.652  0.60 0.562  1.68 0.159  
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(1.35) (1.05) (1.03) (1.18) 

 n=124 n=125 n=117 n=123 

Solid fats in gramsb  0.36 

(2.04) 

0.861  -0.42 

(1.53) 

0.786   -0.76 

(1.51) 

0.617   0.22 

(1.73) 

0.897  

 n=124 n=125 n=117 n=123 

Added sugars in teaspoon 

equivalents 

 0.16 

(0.88) 

0.854  -0.29 

(0.67) 

0.666  -0.58 

(0.66) 

0.383   0.87 

(0.75) 

0.251  

Significant p-values are indicated in bold. All models controlled for participants’ age, education, relationship status, and baseline 

value of outcome of interest as fixed effects. Trial program sites were treated as random effects in all models. 
aFats naturally present in nuts, seeds, seafood; unhydrogenated vegetable oils, except palm oil, palm kernel oil, coconut oils; fat in 

avocado and olives above allowable amount; 50% of fat present in stick/tub margarines, margarine spreads (grams) 
bFats naturally present in meat, poultry, eggs, dairy (lard, tallow, butter); hydrogenated/partially hydrogenated oils; shortening, palm, 

palm kernel, coconut oils; coconut meat, cocoa butter; 50% of fat in stick/tub margarines, margarine spreads (grams). 
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Supplementary Table 4-4. Mediation of intervention effects on walking MET-minutes per 

week by concurrent changes in perceived friends support for physical activity Complete 

Case Analysis (n=113). 

 Walking MET min/week 

Mediator c' 

(95% CI; p value) 

a*b 

(95% CI; p value) 

c’ / 

(c’ + a*b) 

Changes in perceived 

friends support for 

physical activity 

71.06 

(-23.10, +165.00; 

p=0.140) 

51.61 

(+1.01, +102.00; 

p=0.046) 

57.93% 

All models controlled for participants’ age, education, relationship status, and baseline value of 

outcome of interest as fixed effects. 
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CHAPTER 5 

RIPPLE EFFECTS OF A COMMUNITY-BASED RANDOMIZED TRIAL FOR RURAL 

WOMEN: STRONG HEARTS, HEALTHY COMMUNITIES 

 

5.1 Introduction 

In the US, rural populations disproportionally experience higher levels of obesity in 

comparison to their non-rural counterparts (1). This could be partially due to the social 

challenges faced by rural residents to active living and healthy eating including social isolation 

(2), limited social support (3–5), abundance of food-centric social events with unhealthy foods 

(6,7), limited organized outdoor activities (4,8), expectations on duties and caregiving 

responsibilities (5), and few role models for healthy living (9). Therefore, investigating ways to 

overcome social barriers to healthy living among rural residents might be an effective way to 

mitigate rural health disparities. One potential strategy is to engage and support rural residents’ 

social network members (SNMs) in physical activity and healthy eating. 

Increasing evidence has suggested that SNMs can exert influence on behaviors and 

weight status. Some review studies have found that individuals tend to exhibit concordance with 

their family members and friends in terms of health behaviors (10) and weight (11). A small but 

growing number of studies have also suggested that if individuals change their exercise or diet 

habits, family members might also adopt these new health behaviors (12–17). 

In addition, prior cross-sectional studies have shed light on the importance of perceived 

relationship closeness, rather than spatial closeness, on associations with weight and related 

behaviors. For example, among spouses, friends, brothers, and sisters of Framingham Heart 

Study participants, only spouses showed strong concordance in eating patterns over time, despite 
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other family members living in the same household (18). Similarly, some studies found that 

psychologically close relationships, such as those with partners, friends, and family, have greater 

impacts on weight status than geographically close relationships, such as those with neighbors 

and coworkers (19). Others also suggested that, in comparison to perceived social ties, 

geographical proximity of networks might have limited influence on obesity status (20,21). 

The aim of this study was to examine ripple effects on weight, exercise, and dietary 

patterns within Strong Hearts, Healthy Communities (SHHC), a rural community-based 

randomized behavior change intervention trial. We define ripple effects as the unintended 

‘spillover effects’ that the intervention has on people who are not the target audience of the 

original trial. We hypothesized that intervention group’s SNMs would have greater improvement 

in terms of weight, body mass index (BMI), exercise, and diet quality, compared to the control 

group’s SNMs. In addition, we further examined if SNMs’ weight and behavioral changes were 

modified by their perceived relationship closeness and/or actual spatial closeness with trial 

participants. Based on findings from prior studies (18–21), we hypothesized that perceived 

relationship closeness, but not actual spatial closeness, would have a significant interaction with 

the SHHC intervention. We further hypothesized that SNMs who were closer to trial participants 

(both psychologically and spatially) would have greater weight and behavioral changes.  

 

5.2 Methods 

5.2.1 Context 

This secondary analysis examined ripple effects of a behavior change intervention trial, 

SHHC, which aimed to reduce cardiovascular disease risk factors among rural US women. From 

this point onwards, women who participated in the original trial are referred as trial participants. 
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Study protocol, trial participants flow, trial participant characteristics have been described 

elsewhere (22,23). Between 2015 and 2016, 194 sedentary midlife and older women who were 

with excess weight or obesity participated in the SHHC trial for 24 weeks in 16 medically-

underserved rural towns in Montana and New York. Our previous findings showed that in 

comparison to those in the control group, trial participants in the intervention group (SHHC) had 

statistically significant weight loss, BMI reduction, increased intake of fruit and vegetables 

combined, and increased walking MET-minutes per week (23,24). The study was approved by 

Cornell University and Bassett Healthcare Network Institutional Review Boards. 

Eight towns received the SHHC intervention (n=101)—a 48-session (twice a week for 24 

consecutive weeks) intervention with multiple components that were designed to increase 

physical activity and improve diet quality. These components included in-class exercise sessions, 

capacity-building activities, field-based learning, and other activities that were designed to 

promote positive behavioral changes through cultivating supportive social and built 

environments. In addition, intervention group trial participants were provided with strategies to 

engage SNMs in exercise and healthy eating, such as inviting them to try new exercises and 

healthy foods, engaging them in decision-making, and offering and receiving support from each 

other. The other eight towns received an education-only control intervention, Strong Hearts, 

Healthy Women (SHHW), that only provided general information on healthy living (n=93). 

Trials participants in the SHHW group met once every four weeks for 24 weeks for a total of six 

sessions. 

 

5.2.2 Data Collection 

 

5.2.2.1 Social Network Members Recruitment 

Family members, friends, coworkers, and/or other SNMs were nominated by trial 
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participants on the baseline questionnaire to participate in pre- and post-intervention 

questionnaires; trial participants provided contact information for each nominated SNM. Trial 

participants provided SNM nominations and completed baseline data collection prior to 

randomization. In other words, trial participants did not know their treatment assignment when 

they provided SNMs nominations. SNMs gave written consent on the first page of the SNM 

baseline online questionnaire. Of the entire trial participant sample, the median number of SNM 

referrals that were included in the present study was 1, with an interquartile range of 3. Figure 5-

1 shows the SNMs’ flow, leading to 315 individuals with both baseline and follow-up data. 
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Footnote: Abbreviations: SHHC, Strong Hearts, Healthy Communities; SHHW, Strong Hearts, 

Healthy Women 

 

Figure 5-1. Social network members flow of the Strong Hearts, Healthy Communities trial  
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5.2.2.2 Measures 

The SNM questionnaire included questions about demographics including address, 

weight, height, eating and exercise habits, perceived relationship closeness to trial participant, 

and psychosocial factors. 

To assess perceived relationship closeness, at baseline, SNMs responded to the question 

“How would you describe your relationship with the Strong Hearts Study participant?”. with the 

response options ‘very close,’ ‘somewhat close,’ and ‘not very close.’ These three levels of 

perceived relationship closeness were based on the Convoy Model of Social Relations that 

suggests social relationships could be divided into three layers: inner circle, middle circle, and 

outer circle (25). After data collection, we found that less than 10% of the SNMs selected the 

‘somewhat close’ option. Therefore, SNMs were dichotomized as having a perceived 

relationship with trial participant that was either ‘very close’ or ‘somewhat or not very close’ to 

allow easier interpretation of findings.  

To assess actual spatial closeness, we dichotomized SNMs into ‘physically nearby’ and 

‘not physically nearby.’ Those in the physically nearby category included SNMs who lived in the 

same household as trial participants, coworkers, and those who lived within 10-mile driving 

distance from trial participants. Coworkers were included as being physically nearby because 

people spend a considerable amount of time at work and the work environment has been shown 

to be related to individuals’ physical activity and diet (26,27). The shortest driving distance 

between trial participants and their SNMs’ contact addresses was calculated using Google Maps. 

The 10-mile driving distance cut-off has been used by governmental and social agencies as a 

proxy to define reasonable travel distance to service amenities in rural communities (e.g. grocery 

stores, hospitals, and banks) (28–30). Such a cut-off is also close to the median driving distance 
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between trial participants and their SNMs (median=9.2 miles). Relationship and spatial closeness 

could be classified for 310 of the 315 SNMs with both baseline and follow-up data. There was a 

modest inverse association between the two measures of closeness: being physically nearby, trial 

participants were somewhat less common for SNMs with a close relationship (93/172=54%) than 

a somewhat/not close relationship (96/138=70%). 

The International Physical Activity Questionnaire-Short Form (IPAQ-SF) was used to 

assess SNMs’ physical activity (31). Standard scoring protocol was used to calculate SNMs’ 

weekly, walking MET-minutes, moderate-to-vigorous physical activity (MVPA) MET-minutes, 

and total MET-minutes (32). 

The Rapid Eating Assessment for Patients – Shortened version (REAP-S) was used to 

assess SNMs’ diet quality (33). This 13-item questionnaire contains questions related to 

frequency of eating out, skipping breakfast, low consumption of high fiber foods, and 

consumption of processed foods, meats, oil, sweets, and soda. Responses for each question 

ranges from 1 point = ‘usually/often,’ 2 points = ‘sometimes,’ and 3 points = ‘rarely/never.’ 

Food items that were skipped (or answered ‘not applicable to me’) were coded as ‘rarely’ or 

‘never.’ Possible sum scores range from 13 to 39, and higher scores indicate better diet quality 

(34). 

BMI was calculated using SNMs’ self-reported weight and baseline height. Implausible 

BMI values (>80) were removed and treated as missing values for two SNMs.  

 

5.2.3 Statistical Analysis 

 

Baseline characteristics by treatment group were compared for the entire SNM sample, 

the perceived very close relationship sample, and the physically nearby sample. T-tests were 

used to examine normally distributed continuous variables and Wilcoxon rank-sum tests were 
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used to examine non-normally distributed continuous variables. Baseline demographic 

differences for categorical variables were examined using Fisher’s exact tests. 

Linear mixed models were used to assess the change from baseline to outcome in weight, 

BMI, exercise, and diet between intervention (SHHC) and control groups’ (SHHW) SNMs (∆ 

outcome of interest = treatment group + control variables + baseline value of outcome). To test 

whether perceived relationship closeness moderated the effects of the treatment on body weight 

and behavior outcomes, an interaction term was used between treatment group (intervention vs. 

control) and perceived relationship closeness (very close vs. somewhat or not very close) (∆ 

outcome of interest = treatment group + treatment group*perceived relationship closeness + 

perceived relationship closeness + control variables + baseline value of outcome). Similarly, to 

test whether actual spatial closeness moderated the effects of the treatment on body weight and 

behavior outcomes, an interaction term was used between treatment group (intervention vs. 

control) and actual spatial closeness (physically nearby vs. not physically nearby) (∆ outcome of 

interest = treatment group + treatment group*actual spatial closeness + actual spatial closeness + 

control variables + baseline value of outcome). 

For outcomes in which SHHC intervention group trial participants had statistically 

significant improvements in the original trial in comparison to the control group (i.e. weight, 

BMI, weekly walking MET-minutes, and diet quality), we conducted sensitivity analyses among 

(i) SNMs who perceived being very close to trial participants (∆ outcome of interest = treatment 

group + treatment group*actual spatial closeness + actual spatial closeness + control variables + 

baseline value of outcome) and (ii) those who were physically nearby with trial participants (∆ 

outcome of interest = treatment group + treatment group*perceived relationship closeness + 

perceived relationship closeness + control variables + baseline value of outcome). 
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All linear mixed models controlled for SNMs’ age, sex, education, relationship status, 

employment status, self-rated health, and baseline value of outcome of interest (Table 5-1). We 

also controlled for trial participants’ program attendance. Trial program sites and trial 

participants’ unique identification number were also included in all models and were treated as 

random effects to control for the clustering effects of trial program sites and the possible 

correlation between SNMs referred by the same trial participant. Model assumptions were 

checked and met. Collinearity diagnostics indicated no violations among the independent 

variables in the present study in which all variance inflation factors (VIFs) were under 2 for the 

full SNMs sample and the sensitivity tests sub-samples. 

We also examined differences between SMNs who returned for the follow-up survey and 

those who did not. We found no demographic differences between them in terms of their 

baseline BMI, age, relationship status, education level, employment status, and self-rated health 

(all p>0.05). 

SPSS 25.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. All tests were two-

sided, and the p-value cutoff of <0.05 was used for statistical significance. 

 

5.3 Results 

 

Table 5-1 shows SNMs’ baseline characteristics.  
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Table 5-1. Baseline characteristics of trial participants’ social network members 

 
Characteristic Overall Perceived Very Close Relationship Physically Nearby 

Intervention Control p-

value 

Intervention Control p-

value 

Intervention Control p-

value  n Mean 

(SD) or % 

n Mean 

(SD) or % 

n Mean 

(SD) or % 

n Mean 

(SD) or % 

n Mean 

(SD) or % 

n Mean 

(SD) or % 

Age 180  47.7 

(16.8) 

121 44.2 

(14.0)  

0.065a 107 45.8 (17.8) 62 44.1 

(15.5) 

0.523a 101 50.2 

(16.9) 

79 46.1 

(13.6) 

0.077a 

Weight (kg) 182 81.5 

(19.8)  

123 83.2 

(19.4) 

0.447b 108 82.0 (20.7) 62 84.3 

(20.9) 

0.612b 101 82.6 

(19.4) 

82 84.3 

(19.2) 

0.648b 

BMI 166 29.1 (6.3) 100 29.5 (6.4)  0.719b 98 29.1 (6.5) 51 29.2 (6.5) 0.999b 95 29.2 (6.2) 69 29.9 (6.2)  0.415b 

Sex 

Male 37 19.6 21 16.7 0.555c 33 28.9 16 25.4 0.726c 25 23.8 17 20.2  0.601c 

Female 152 80.4 105 83.3 81 71.1 47 74.6 80 76.2 67 79.8 

Education 

High school or 

less 

65 34.8 43 34.1  

 

 

 

0.990c 

46 40.7 26 41.3  

 

 

 

0.339c 

42 40.8 28 33.3  

 

 

 

0.745c 

Associate 

degree 

43 23.0 30 23.8 24 21.2 8 12.7 24 23.3 24 28.6 

Bachelor’s 

degree 

50 26.7 35 27.8 29 25.7 23 36.5 23 22.3 20 23.8 

Postgraduate 

degree 

29 15.5 18 14.3 14 12.4 6 9.5 14 13.6 12 14.3 

Relationship Status 

In a 

relationship 

138 73.8 98 77.8  

0.504c 

85 75.2 50 79.4  

0.581c  

76 73.8 67 79.8  

0.388c 

Not in a 

relationship 

49 26.2 28 22.2 28 24.8 13 20.6 27 26.2 17 20.2 

Employment Status 

Employed 125 66.1 97 77.0 0.044c 67 58.8 46 73.0 0.073c 69 65.7 67 79.8 0.035c 

Not employed 64 33.9 29 23.0 47 41.2 17 27.0 36 34.3 17 20.2 

Self-rated Health Status 

Excellent or 

very good 

112 59.9 60 47.6  

0.097c 

63 56.3 32 50.8   

0.781c 

60 57.7 38 45.2  

0.214c 

Good 51 27.3 46 36.5 33 29.5 21 33.3 30 28.8 33 39.3 

Fair or poor 24 12.8 20 15.9 16 14.3 10 15.9 14 13.5 13 15.5 

Walking MET-

minutes per 

186 830.1 

(1058.8) 

125 622.2 

(895.2) 

 

0.014b 

111 826.2 

(1075.6) 

62 644.2 

(820.2) 

 

0.287b 

104 885.6 

(1125.7) 

83 570.6 

(836.6) 

 

0.026b 
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week 

Moderate-to-

vigorous 

physical 

activity MET-

minutes per 

week 

176 1649.2 

(2559.5) 

124 1217.3 

(1900.0) 

 

 

0.099b 

106 1878.7 

(2801.2) 

61 1618.0 

(2455.0) 

 

0.200b 

99 1716.8 

(2824.4) 

84 1184.8 

(1901.2) 

 

 

0.243b 

Total MET-

minutes per 

week 

174 2509.2 

(3171.0) 

123 1816.1 

(2239.4) 

0.034b 104 2737.0 

(3455.4) 

60 2221.8 

(2745.7) 

0.187b 98 2656.8 

(3511.9) 

83 1711.8 

(2162.5) 

0.080b 

REAP-S sum 

score 

189 30.3 (4.9) 126 28.7 (5.5) 0.005a 114 30.4 (4.9) 63 28.6 (5.4) 0.028a 105 29.6 (5.4) 84 28.7 (5.3) 0.259a 

Relationship type between trial participants and social network members 

Spouse  19 10.2 12 9.8  

 

 

 

0.052c 

19 17.0 12 20.0  

 

 

 

0.095c 

19 18.1 12 14.3  

 

 

 

0.512c 

Parent 5 2.7 10 8.1 5 4.5 9 15.0 2 1.9 5 6.0 

Child 35 18.7 15 12.2 33 29.5 14 23.3 12 11.4 6 7.1 

Other relatives 23 12.3 10 8.1 19 17.0 8 13.3 8 7.6 3 3.6 

Friend 55 29.4 39 31.7 18 16.1 10 16.7 29 27.6 24 28.6 

Coworker 30 16.0 30 24.4 7 6.3 6 10.0 30 28.6 30 35.7 

Other 20 10.7 7 5.7 11 9.8 1 1.7 5 4.8 4 4.8 
at-test; b Wilcoxon rank-sum test; c Fisher’s Exact Test; Significant p-values are indicated in bold; BMI: body mass index; REAP-S: Rapid Eating 

Assessment for Patients – Shortened version.
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Of the 315 SNMs, 189 (60.0%) were referred by intervention group trial participants and 

126 (40.0%) by control group trial participants; 96 (30.5%) were family members (child, spouse, 

or parent), and 214 (67.9%) were friends and others. Five SNMs (1.6%) did not indicate their 

relationship type with trial participants. 

There were differences between groups at baseline in the entire social network sample as 

well as within the two sensitivity tests sub-samples. Among the entire social network sample, a 

higher proportion of the control group’s SNMs were employed than those related to the 

intervention group (77.0% vs 66.1%, p=0.044). For baseline physical activity and diet, the 

intervention group’s SNMs had higher levels of walking MET-minutes per week (830.1 vs 

622.2, p=0.014), total MET-minutes per week (2509.2 vs 1816.1, p=0.034), and REAP-S sum 

score (30.3 vs 28.7, p=0.005). For the perceived very close relationship sample, the intervention 

group’s SNMs had higher baseline REAP-S sum score than those related to the control group 

(30.4 vs 28.6, p=0.028). For those in the physically nearby sample, a higher proportion of the 

control group’s SNMs were employed than those related to the intervention group (79.8% vs 

65.7%, p=0.035); the intervention group’s SNMs had higher levels of walking MET-minutes per 

week at baseline (885.6 vs 570.6, p=0.026). 

 

5.3.1 Weight, BMI, Physical Activity, and Dietary Changes among Social Network Members 

 

Overall, we did not observe any difference between intervention and control groups’ 

SNMs in weight (between-group difference [kg]: Δ=-0.88; 95% CI=-2.41, +0.65; p=0.212), BMI 

(between-group difference: Δ=-0.35; 95% CI=-1.03, +0.33; p=0.245), weekly walking MET-

minutes (between-group difference: Δ=+109.08; 95% CI=-126.33, +344.49; p=0.354), weekly 

MVPA MET-minutes (between-group difference: Δ=-86.01; 95% CI=-837.69, +665.68; 

p=0.788), weekly total MET-minutes (between-group difference: Δ=-167.66; 95% CI=-997.03, 
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+661.72; p=0.644), or REAP-S score (between-group difference: Δ=+0.27; 95% CI=-1.57, 

+2.10; p=0.741).  

 

5.3.2 Interaction Terms Testing 

 

Table 5-2 summarizes findings of the interaction terms testing. 

Table 5-2. Summary of interaction testing findings  
Interaction terms Outcomes of interest 

Δ Weight 

(kg) 

Δ BMI Δ Weekly 

walking 

MET-

minutes 

Δ Weekly 

moderate-to-

vigorous 

physical 

activity 

MET-

minutes 

Δ Weekly 

total MET-

minutes 

Δ REAP-S 

sum score 

All social network members (n ranged from 246 to 296) 

Perceived 

closeness*treatment 

group 

✓ 

(p=0.009) 

✓ 

(p=0.010)  

✗ 

(p=0.963) 

✗ 

(p=0.604) 

✗ 

(p=0.796) 

✓ 

(p=0.028) 

Actual spatial 

closeness*treatment 

group 

✗ 

(p=0.071) 

✗ 

(p=0.086) 

✗ 

(p=0.575) 

✗ 

(p=0.861) 

✗ 

(p=0.578) 

✗ 

(p=0.898) 

Social network members who perceived being very close to trial participants (n ranged from 138 to 161) 

Actual spatial 

closeness*treatment 

group 

✓ 

(p=0.016) 

✓ 

(p=0.032) 

✓ 

(p=0.020) 

n/a n/a ✗ 

(p=0.376) 

Social network members who were physically nearby with trial participants (n ranged from 151 to 178) 

Perceived 

closeness*treatment 

group 

✗ 

(p=0.101) 

✗ 

(p=0.118) 

✗ 

(p=0.179) 

n/a n/a ✓ 

(p=0.035) 

Significant p-values are indicated in bold. ✓ indicates statistically significant interaction terms. ✗ 

indicates statistically insignificant interaction terms. All models controlled for social network members’ 

age, sex, education, relationship status, employment status, self-rated health, trial participants’ program 

attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and trial 

participants’ identification number were treated as random effects in all models. BMI: body mass index; 

REAP-S: Rapid Eating Assessment for Patients – Shortened version. 
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5.3.2.1 Weight and BMI 

For weight and BMI, the interaction between perceived closeness and treatment group 

was statistically significant (weight [kg]: p=0.009; BMI: p=0.010), but the interaction between 

actual spatial closeness and treatment group was not (weight [kg]: p=0.071; BMI: p=0.086) 

among the entire SNM sample (Table 2). Among those who perceived having a very close 

relationship with trial participants, the intervention group’s SNMs lost more weight and 

decreased BMI more than those associated with control group trial participants (weight [kg] 

between-group difference: Δ=-1.79; 95% CI=-3.27, -0.30; p=0.022; BMI between-group 

difference: Δ=-0.65; 95% CI=-1.24, -0.07; p=0.031) (Table 5-3). 

The interaction between actual spatial closeness and treatment group for weight and BMI 

was only statistically significant within the perceived very close relationship sample (weight 

[kg]: p=0.016; BMI: p=0.032) (Table 5-2). Among those who perceived having a very close 

relationship with trial participants but were not physically nearby, the intervention group’s 

SNMs lost weight and decreased BMI while weight and BMI increased for those associated with 

the control group’s trial participants (weight [kg] between-group difference: Δ=-3.74; 95% CI=-

6.07, -1.42; p=0.003; BMI between-group difference: Δ=-1.42; 95% CI=-2.36, -0.48; p=0.004) 

(Table 5-3). 
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Table 5-3. Adjusted least square means for between-group comparisons: weight and BMI 

changes  
 Within-group 

change 

(intervention) 

Within-group 

change 

(control) 

Between-group difference 

(intervention - control) 

 Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

p-

value 

Among all social network members 

Weight (kg) 

Perceived very close 

(intervention n=99, control 

n=59) 

-1.39 

(-2.50, -0.29) 

+0.39 

(-0.93, +1.71) 

-1.79 

(-3.27, -0.30) 

0.022 

Perceived somewhat or not 

very close 

(intervention n=68, control 

n=54) 

+0.56 

(-0.80, +1.92) 

-0.21 

(-1.71, +1.29) 

+0.77 

(-1.00, +2.54) 

0.368 

Physically nearby 

(intervention n=93, control 

n=74) 

 -0.67 

(-1.88, +0.54) 

 -0.45 

(-1.82, +0.92) 

 -0.22 

(-1.87, +1.44) 

 0.774 

Not physically nearby 

(intervention n=74, control 

n=36) 

-0.97 

(-2.26, +0.32) 

 +1.06 

(-0.52, +2.65) 

-2.04 

(-3.82, -0.25)  

 0.027 

BMI 

Perceived very close 

(intervention n=93, control 

n=48) 

 -0.44 

(-0.85, -0.02) 

 +0.22 

(-0.29, +0.73) 

 -0.65 

(-1.24, -0.07) 

0.031  

Perceived somewhat or not 

very close 

(intervention n=63, control 

n=45) 

+0.28 

(-0.24, +0.81) 

 -0.05 

(-0.63, +0.54) 

 0.33 

(-0.38, +1.03) 

 0.324 

Physically nearby 

(intervention n=88, control 

n=63) 

 -0.15 

(-0.64, +0.33) 

 -0.07 

(-0.62, +0.48) 

-0.08 

(-0.78, +0.61)  

 0.784 

Not physically nearby 

(intervention n=68, control 

n=27) 

 -0.37 

(-0.88, +0.14) 

 +0.42 

(-0.23, +1.08) 

 -0.79 

(-1.54, -0.04) 

0.040 

Among social network members who perceived being very close to trial participants 

Weight (kg) 

Physically nearby 

(intervention n=52, control 

n=34) 

-1.42 

(-3.00, +0.17)  

-0.87 

(-2.76, +1.02) 

-0.55 

(-2.73, +1.64) 

 0.607 

Not psychically nearby 

(intervention n=47, control 

n=22) 

 -1.67 

(-3.32, -0.01) 

+2.07 

(-0.04, +4.18) 

-3.74 

(-6.07, -1.42) 

 0.003 

BMI 

Physically nearby 

(intervention n=50, control 

n=29) 

-0.36 

(-0.95, +0.24)  

-0.11 

(-0.84, +0.62)  

-0.25 

(-1.10, +0.60) 

0.548 

Not physically nearby 

(intervention n=43, control 

 -0.53 

(-1.16, +0.10) 

 +0.89 

(+0.04, +1.75) 

-1.42 

(-2.36, -0.48) 

0.004 
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n=16) 

Among social network members who were physically nearby with trial participants 

Weight (kg) 

Perceived very close 

(intervention n=52, control 

n=34) 

-1.05 

(-2.60, +0.49)  

-0.39 

(-2.11, +1.34) 

-0.67 

(-2.79, +1.46) 

0.537 

Perceived somewhat or not 

very close 

(intervention n=41, control 

n=40) 

 +0.50 

(-1.29, +2.30) 

 -0.54 

(-2.41, +1.32) 

+1.05 

(-1.27, +3.36) 

0.375 

BMI 

Perceived very close 

(intervention n=50, control 

n=29) 

 -0.27 

(-0.74, +0.20) 

+0.01 

(-0.57, +0.59) 

-0.28 

(-0.94, +0.39) 

0.394 

Perceived somewhat or not 

very close 

(intervention n=38, control 

n=34) 

 +0.29 

(-0.29, +0.88) 

 -0.11 

(-0.73, +0.50) 

+0.41 

(-0.32, +1.14) 

0.243 

Significant p-values are indicated in bold. All models controlled for social network members’ 

age, sex, education, relationship status, employment status, self-rated health, trial participants’ 

program attendance, and baseline value of outcome of interest as fixed effects. Trial program 

sites and trial participants’ identification number were treated as random effects in all models. 

BMI: body mass index. 

 

5.3.2.2 Exercise 

For exercise, only the interaction between actual spatial closeness and treatment group 

for change in weekly walking MET-minutes within the perceived very close relationship sample 

was found to be statistically significant (p=0.020) (Table 5-2). Among those who perceived 

having a very close relationship with trial participants but were not physically nearby, the 

intervention group’s SNMs increased their weekly walking MET-minutes while those associated 

with control group trial participants decreased their walking (between-group difference: 

Δ=+608.49; 95% CI=+118.10, +1098.88; p=0.015) (Table 5-4). 
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Table 5-4. Adjusted least square means for between-group comparisons: physical activity 

changes  
 Within-group change 

(intervention) 

Within-group change 

(control) 

Between-group difference 

(intervention - control) 

 Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

p-

value 

Among all social network members 

Weekly walking MET-minutes 

Perceived very 

close 

(intervention 

n=102, control 

n=60) 

 +126.25 

(-106.25, +358.74) 

 +6.31 

(-287.03, +299.65) 

 +119.93 

(-193.24, +433.11) 

0.451  

Perceived 

somewhat or not 

very close 

(intervention 

n=71, control 

n=59) 

 +198.28 

(-97.37, +493.94) 

 +89.29 

(-223.70, +402.27) 

 +109.00 

(-242.34, +460.34) 

 0.536 

Physically nearby 

(intervention 

n=99, control 

n=78) 

 +155.63 

(-90.71, +401.97) 

 

 +91.78 

(-181.16, +364.72) 

 +63.85 

(-234.93, +362.62) 

 0.671 

Not physically 

nearby 

(intervention 

n=72, control 

n=38) 

+122.87 

(-150.07, +395.81)  

 -78.30 

(-434.31, +277.70) 

 +201.17 

(-183.08, +585.42) 

 0.302 

Weekly moderate-to-vigorous physical activity MET-minutes 

Perceived very 

close 

(intervention 

n=94, control 

n=58) 

 +600.93 

(+22.07, +1179.79) 

+565.93 

(-113.83, +1245.69)  

 +35.00 

(-761.30, +831.29) 

 0.927 

Perceived 

somewhat or not 

very close 

(intervention 

n=65, control 

n=55) 

+675.34 

(-47.26, +1397.93) 

 +908.06 

(+122.24, +1693.88) 

 -232.72 

(-1187.39, +721.95) 

 0.609 

Physically nearby 

(intervention 

n=93, control 

n=75) 

+735.24  

(+116.30, +1354.17) 

+839.15 

(+149.04, +1529.26)  

 -103.91 

(-970.04, +762.21) 

0.788 

Not physically 

nearby 

(intervention 

n=68, control 

n=36) 

+431.09 

(-227.60, +1089.77)  

 +442.27 

(-366.99, +1251.52) 

 -11.18 

(-941.09, +918.74) 

0.980 
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Weekly total MET-minutes 

Perceived very 

close 

(intervention 

n=94, control 

n=58) 

 +704.96 

(+34.65, +1375.27) 

 +790.96 

(-5.47, +1587.40) 

 -86.00 

(-999.44, +827.44) 

0.846 

Perceived 

somewhat or not 

very close 

(intervention 

n=65, control 

n=55) 

+959.73 

(+116.89, +1802.56)  

 +1206.13 

(+296.57, +2115.70) 

 -246.41 

(-1335.89, +843.07) 

 0.636 

Physically nearby 

(intervention 

n=92, control 

n=74) 

 +920.68 

(+216.14, +1625.21) 

+1201.64 

(+416.82, +1986.46) 

 -280.96 

(-1238.31, +676.38) 

0.520 

Not physically 

nearby 

(intervention 

n=65, control 

n=36) 

 +559.41 

(-201.47, +1320.28) 

 +485.46 

(-458.33, +1429.26) 

 +73.94 

(-992.28, +1140.17) 

0.889 

Among social network members who perceived being very close to trial participants 

Weekly walking MET-minutes 

Physically nearby 

(intervention n=54, 

control n=34) 

-7.12 

(-315.64, +301.40)  

+147.42 

(-236.37, +531.22)  

 -154.54 

(-575.11, +266.03) 

 0.469 

Not physically 

nearby 

(intervention n=46, 

control n=23) 

+49.26 

(-299.51, +398.02) 

 -559.23 

(-1027.31, -91.16) 

 +608.49 

(+118.10, +1098.88) 

0.015 

Among social network members who were physically nearby with trial participants 

Weekly walking MET-minutes 

Perceived very 

close 

(intervention 

n=54, control 

n=34) 

 -21.14 

(-329.92, +287.63) 

+148.18 

(-236.07, +532.43) 

 -169.32 

(-599.77, +261.13) 

0.438 

Perceived 

somewhat or not 

very close 

(intervention 

n=45, control 

n=44) 

 +118.46 

(-274.51, +511.44) 

 -120.10 

(-506.57, +266.37) 

 +238.56 

(-185.43, +662.55) 

0.268 

Significant p-values are indicated in bold. All models controlled for social network members’ 

age, sex, education, relationship status, employment status, self-rated health, trial participants’ 

program attendance, and baseline value of outcome of interest as fixed effects. Trial program 

sites and trial participants’ identification number were treated as random effects in all models. 
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5.3.2.3 Diet 

Although we observed a statistically significant interaction between perceived closeness 

and treatment group on diet changes within the entire SNM sample (p=0.028) and among those 

who were physically nearby (p=0.035) (Table 5-2), post-hoc between-group comparisons did not 

observe any meaningful dietary change differences (Table 5-5). 

 

Table 5-5. Adjusted least square means for between-group comparisons: diet changes  
 Within-group 

change 

(intervention) 

Within-group 

change 

(control) 

Between-group difference 

(intervention - control) 

 Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

Mean Change 

(95% CI) 

p-

value 

Among all social network members 

REAP-S sum score 

Perceived very close 

(intervention n=105, 

control n=61) 

+0.15 

(-1.18, +1.49) 

+0.66 

(-0.82, +2.13)  

-0.50 

(-2.37, +1.37)  

 0.566 

Perceived somewhat or 

not very close 

(intervention n=72, 

control n=58) 

 +0.84 

(-0.70, +2.38) 

 -0.71 

(-2.37, +0.95) 

 +1.54 

(-0.54, +3.63) 

 0.134 

Physically nearby 

(intervention n=100, 

control n=78) 

+0.39 

(-1.02, +1.80)  

 +0.13 

(-1.40, +1.66) 

 +0.26 

(-1.70, +2.21) 

 0.778 

Not physically nearby 

(intervention n=75, 

control n=38) 

 +0.30 

(-1.15, +1.76) 

 -0.08 

(-1.75, +1.60) 

 +0.38 

(-1.68, +2.44) 

 0.703 

Among social network members who perceived being very close to trial participants 

REAP-S sum score 

Physically nearby 

(intervention n=55, 

control n=35) 

+0.25 

(-1.62, +2.12)  

+1.44 

(-0.69, +3.57) 

-1.20 

(-3.84, +1.45) 

0.349 

Not physically nearby 

(intervention n=48, 

control n=23) 

+0.57 

(-1.37, +2.51) 

+0.61 

(-1.65, +2.87) 

-0.04 

(-2.78, +2.70) 

0.976 

Among social network members who were physically nearby with trial participants 

REAP-S sum score 

Perceived very close 

(intervention n=55, 

control n=35) 

 -0.06 

(-1.66, +1.54) 

+1.04 

(-0.78, +2.85) 

-1.10 

(-3.34, +1.15) 

0.314 

Perceived somewhat or 

not very close 

(intervention n=45, 

control n=43) 

+0.89 

(-1.04, +2.83) 

-0.57 

(-2.53, +1.39) 

+1.47 

(-1.02, +3.95) 

0.222 
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Significant p-values are indicated in bold. All models controlled for social network members’ 

age, sex, education, relationship status, employment status, self-rated health, trial participants’ 

program attendance, and baseline value of outcome of interest as fixed effects. Trial program 

sites and trial participants’ identification number were treated as random effects in all models. 

REAP-S: Rapid Eating Assessment for Patients – Shortened version. 

 

 

5.4 Discussion 

When comparing outcome changes between intervention and control groups’ SNMs, we 

did not find any statistically significant ripple effect on weight, BMI, exercise, or diet changes. 

These findings are in contrast with some prior studies (12–17). This could be due to different 

study designs and participant selection. In particular, while prior studies only focused on the 

ripple effect among spouses and partners, our SNM sample also included trial participants’ 

parents, children, friends, coworkers, and others. The inclusion of other SNMs in addition to 

spouses/partners in our study is relevant to rural communities because there tends to be 

particularly high levels of social cohesion, transparency, and connectedness (35). 

We also examined whether there was effect modification by perceived relationship 

closeness and/or the actual spatial closeness between trial participants and their SNMs. We found 

that SNMs who perceived having a very close relationship with intervention group trial 

participants lost weight and reduced their BMI in comparison to those that perceived having a 

very close relationship with control group trial participants. Weight and BMI improvements 

among the intervention group’s SNMs may have resulted from their increased weekly walking 

MET-minutes. We found that SNMs’ weight and BMI changes were negatively associated with 

their weekly walking MET-minute changes (p<0.05). These findings mirror intervention group 

trial participants’ improvements in weight, BMI, and self-reported weekly walking MET-minutes 

(23,24). When intervention group trial participants experienced positive changes, they might 

have been more likely to share information with their close SNMs, be role models, and provide 
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encouragement for behavior changes. Such an observation is similar to a few studies that 

suggested perceived relationship closeness might play a bigger role in influencing SNMs’ weight 

and behaviors than SNMs’ actual proximity (19–21). 

In contrast to our hypothesis, our sensitivity analyses did not find any ripple effects 

among SNMs who were both psychologically and physically close to trial participants (mainly 

trial participants’ spouse and coworkers). This could be due to the different health goals and 

activity preferences between trial participants and their spouse and coworkers. For example, rural 

women in some studies commented that their husband did not perceive walking as exercise and 

did not like to socialize (36). In addition, rural men in our formative work expressed that for 

physical activity, they preferred team sports and outdoor activities in the countryside such as 

hunting and fishing (4). In other words, trial participants’ increased engagement in walking 

might not be of interest to their spouse in these rural communities. As for trial participants’ 

coworkers, even though prior studies suggested workplace could play a role in influencing one’s 

behaviors (26,27), our study did not assess SNMs’ attitude towards making behavior changes 

with trial participants. Further research is needed to understand the facilitators of and barriers to 

influencing SNMs to make behavior changes. 

Interestingly, among SNMs who perceived having a very close relationship with trial 

participants but were not physically nearby, they mirrored trial participants’ weight loss and 

improved walking patterns. These psychologically close but not physically nearby SNMs were 

mainly female and were trial participants’ adult children or other relatives. In comparison to trial 

participants’ husbands, these SNMs might have similar health goals and exercise preferences, in 

which trial participants might be able to influence them to make positive behavioral changes. 

Future studies are needed to understand the close social contacts that exist between trial 
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participants and their SNMs, even though they might not be physically nearby. 

The present study did not find any meaningful dietary improvements among trial 

participants’ SNMs. This is similar to the dietary outcomes in the trial participants as well, where 

only a slight increase of the intervention group’s fruit and vegetables combined intake was 

observed in comparison to the control group (between-group difference [cups daily]: Δ=+0.60; 

95% CI=+0.1, +1.1; p=0.026) (24). Within-group analyses of the original trial found that the 

intervention group’s fruit and vegetables combined intake did not change significantly after the 

intervention (within-group difference [cups daily]: Δ=+0.1; 95% CI=-0.2, +0.5; p=0.529) (24). 

When intervention group trial participants did not make substantial dietary improvements, it is 

very unlikely to generate a ripple effect to SNMs. Our process evaluation found that intervention 

group trial participants found it challenging to eat healthfully while needing to accommodate 

family members’ food preferences (37). 

This study has limitations. First, SNMs self-reported their height, weight, exercise, and 

diet, and may have been subject to measurement error. However, other studies have previously 

validated self-reported weight (38,39). Second, the SNM sample was referred by trial 

participants; therefore, our SNM sample might have been biased towards certain types of 

relationships, such as spouses, children, friends, and coworkers. Although the SNM sample was 

collected prior to randomization, future studies should include purposeful variation in 

relationship types to help further understand the association between SNM characteristics and 

intervention outcomes. Third, since our SNM sample knew about the study, social desirability 

bias might exist in self-reporting data. Fourth, the majority of the SNMs were female, white, and 

were with excess weight and obesity. Findings might not be generalizable to other populations. 

Fifth, although this study provides important insights about factors that influence an 
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intervention’s ripple effects, mechanisms that contributed to SNMs’ weight loss and behavior 

changes are still unclear. In particular, it is worthwhile for future studies to examine the reverse 

relationships between trial participants and their SNMs’ weight and behavior changes. Future 

studies should also examine how social dynamics contribute to weight loss and behavior change, 

particularly among individuals who are geographically distant but have a perceived very close 

relationship. Findings will inform how to best utilize social networks to generate bigger 

intervention impacts. Finally, because this was an exploratory secondary analysis of the original 

SHHC study, we did not adjust p-values for multiple testing; this might have increased type I 

error rate (38). Further hypotheses testing is needed in future studies.  

 

5.5 Conclusion 

 

Our study adds to the growing ripple effect literature by showing that perceived 

relationship closeness, rather than actual spatial closeness, plays an important role in influencing 

SNMs’ weight and health behaviors. Exploring ways to engage psychologically close SNMs in 

health-promoting interventions could improve reach and cost-effectiveness of these programs. 
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CHAPTER 6 

SUMMARY, IMPLICATIONS, AND FUTURE DIRECTIONS 

The overall aims of this dissertation were to (i) understand the environmental conditions 

that maximized rural women’s physical activity changes when participating in Strong Hearts, 

Healthy Communities (SHHC), (ii) identify mediators of SHHC that led to positive behavioral 

changes among rural women, and (iii) examine whether SHHC would generate beneficial effects 

among participants’ social network members. Main findings of each objectives, implications, and 

future research directions are summarized below. 

Little is known about the relationship between perceived and objective measures of the 

built environment and physical activity behavior among rural populations. Chapter 3 examined: 

(i) if Walk Score, an objective built environment measure, was associated with perceived built 

environment; (ii) if Walk Score and perceived built environment were associated with moderate-

to-vigorous physical activity (MVPA); and (iii) if MVPA changes were modified by Walk Score 

and/or perceived built environment. We found that Walk Score was positively associated with 

perceived proximity to destinations and street shoulder availability. MVPA was generally not 

associated with Walk Score or perceived built environment. Compared to controls, intervention 

group participants increased MVPA if they lived in communities with the lowest Walk Score, 

fewer perceived walkable destinations, or extremely safe perceived traffic. Findings suggest that 

Walk Score appears to be a relevant indicator of walkable amenities in rural towns; results also 

suggest that the SHHC intervention likely helped rural women with the greatest dearth of built 

environment assets to improve MVPA. In other words, researchers and practitioners should 

consider selecting communities that have fewer walkable destinations to implement the SHHC 

program since that is where MVPA improvements seemed to have been maximized. Further 
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examination through in-depth interviews and focus groups is needed to understand what enabled 

participants living in communities with fewer amenities to overcome the environmental barriers 

to exercise more. Evaluating the environmental conditions that maximize the effects of physical 

activity interventions would also help researchers and practitioners better use rural communities’ 

resources. 

We know that rural women face unique barriers to healthy living at the individual, 

interpersonal, and physical environment scales, and it is imperative to develop interventions that 

simultaneously target behavior change at multiple levels to generate bigger impacts. Chapter 4 

used mediation analysis to identify mechanisms that contributed to rural women’s physical 

activity and diet changes after participating in SHHC. Specifically, we used mediation analysis 

to investigate the direct and indirect effects of the SHHC intervention on changes in participants' 

physical activity and diet through changes to perceived self-efficacy, perceived social support, 

and built environment perception. We found that SHHC intervention increased participants’ 

perceived social support from friends for physical activity and healthy eating. However, 

participants' improved perceived social support from friends only marginally mediated the 

intervention effects for walking MET-minutes per week.  

Even though none of our proposed mediators explained the intervention’s effect on 

behavior change, such investigation adds to the very limited knowledge base on applying 

mediation analysis to understand the mechanisms of how multilevel behavior change 

interventions work in rural communities. As the implementation of multilevel interventions in 

rural communities has started to grow, Chapter 4 hopes to encourage future studies to develop 

theory-informed interventions and identify mediators so that such knowledge can be used to 

develop more officious interventions to improve rural health. More importantly, future research 
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should investigate the relevant strategies that would be needed at each level to produce 

promising synergistic effects on behavior change in comparison to interventions that only target 

individual level factors. 

Findings in Chapter 4 and prior studies suggest that people could influence their social 

network members’ weight and health behaviors. Therefore, Chapter 5 examined (i) if the SHHC 

intervention improved social network members’ weight, exercise, and diet, and (ii) if social 

network members’ weight and behavioral changes were modified by their perceived relationship 

closeness and/or actual spatial closeness with trial participants. We found that SHHC’s effect on 

social network members differed depending on their perceived relationship closeness with trial 

participants. Among social network members who perceived having a very close relationship 

with trial participants, those associated with intervention group participants lost more weight and 

decreased BMI more than those associated with the control group. Actual spatial closeness did 

not modify any of SHHC’s ripple effects. These findings suggest that exploring ways to engage 

psychologically close social network members in health-promoting interventions might help 

improve reach and cost-effectiveness of these programs in rural communities. 

However, the mechanisms that contributed to social network members’ weight loss and 

behavior changes are still unclear in the SHHC context. Future studies should examine how 

social dynamics contribute to weight loss and behavior change, particularly among individuals 

who are geographically distant but have a very close perceived relationship. Findings will inform 

how to best utilize social networks to generate bigger intervention impacts. 

Overall, the SHHC trial was only able to generate modest impacts on rural women’s 

weight, behavior, and psychosocial outcomes. However, opportunities still exist to improve the 

effectiveness, sustainability, and scalability of multilevel interventions. First, future rural 
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multilevel interventions should consider expanding strategies targeting interpersonal factors and 

making actual physical environmental level changes. To do this, interventionists should first 

focus on smaller pilot projects with higher degrees of complexity to test different aspects of the 

intervention before disseminating on a larger scale (1). This would allow a better understanding 

of how strategies at different scales work independently and how strategies at different scales 

interact. Such information would be useful in order to develop more refined interventions before 

broader implementation. Second, more research is needed to develop rural-specific tools to 

capture the different psychosocial dimensions of behavior change among rural populations. 

Developing rural-appropriate tools is crucial to accurately capture rural interventions’ 

effectiveness. Third, as rural communities often face resource constraints, it is important to 

consider interventions’ sustainability and scalability early on and over the course of the 

intervention. For example, measuring factors that influence sustainability and scalability might 

be useful to identify channels to sustain and scale up effective interventions after the intervention 

study is concluded (2). These measurements could include community engagement, manpower, 

funding opportunities, etc. Finally, interventionists should also consider measuring intervention 

impacts at the broader social and community scales because these broader impacts might also 

benefit others who are not part of the intervention. 
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Appendix A: The International Physical Activity Questionnaire Short Form 

 

The following questions ask about the time you spent being physically active in the last 7 days. 

Please answer each question even if you do not consider yourself to be an active person. Think 

about the activities you do at work, as part of your house and yard work, to get from place to 

place, and in your spare time for recreation, exercise or sport.  If the questions related to work 

don't apply to you, please skip them. 

 

 

 

Question: Think about all the vigorous activities that you did in the last 7 days. Vigorous 

physical activities refer to activities that take hard physical effort and make you breathe much 

harder than normal. Think only about those physical activities that you did for at least 10 minutes 

at a time. 

 

1. During the last 7 days, on how many days did you do vigorous physical activities like heavy 

lifting, digging, aerobics, or fast bicycling?  

 

a. 0 

b. 1 

c. 2 

d. 3 

e. 4 

f. 5 

g. 6 

h. 7 

 

2. How much time in minutes did you usually spend doing vigorous physical activities on one 

of those days? 

 

________________________________ 
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Question: Think about all the moderate activities that you did in the last 7 days. Moderate 

activities refer to activities that take moderate physical effort and make you breathe somewhat 

harder than normal. Think only about those physical activities that you did for at least 10 minutes 

at a time. 

 

3. During the last 7 days, on how many days did you do moderate physical activities like 

carrying light loads, bicycling at a regular pace, or doubles tennis? Do not include walking. 

 

a. 0 

b. 1 

c. 2 

d. 3 

e. 4 

f. 5 

g. 6 

h. 7 

 

 

4. How much time in minutes did you usually spend doing moderate physical activities on one 

of those days? 

 

________________________________ 
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Question 3: Think about the time you spent walking in the last 7 days. This includes walking at 

work and at home, walking to travel from place to place, and any other walking that you might 

do solely for recreation, sport, exercise, or leisure. 

 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a time? 

 

a. 0 

b. 1 

c. 2 

d. 3 

e. 4 

f. 5 

g. 6 

h. 7 

 

6. How much time in minutes did you usually spend walking on one of those days? 

 

________________________________ 
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Appendix B: Sedentary Behavior Questionnaire 

 

The next few questions ask about the time you spent sedentary during the last 7 days. Sedentary 

behaviors include time spent sitting at a desk, visiting friends, reading, traveling on a bus or 

watching television. If the questions related to work don't apply to you, please skip them. 

 

 

 

Question: During the last 7 days, how much time did you spend doing the following on 

a weekday?* 

*Note: 4 hours= 240 minutes; 8 hours= 480 minutes; 12 hours= 720 minutes 

 

7. Sitting at a desk doing paperwork or office work? 

 

________________________________ 

 

8. Sitting with friends or talking on the phone? 

 

________________________________ 

 

9. Sitting while reading a book, watching TV, or listening to music? 

 

________________________________ 

 

10. Sitting while driving in a car, bus, or train? 

 

________________________________ 
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Question: During the last 7 days, how much time did you spend doing the following on 

a weekend day?* 

*Note: 4 hours= 240 minutes; 8 hours= 480 minutes; 12 hours= 720 minutes 

 

11. Sitting at a desk doing paperwork or office work? 

 

________________________________ 

 

12. Sitting with friends or talking on the phone? 

 

________________________________ 

 

13. Sitting while reading a book, watching TV, or listening to music? 

 

________________________________ 

 

14. Sitting while driving in a car, bus, or train? 

 

________________________________ 
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Appendix C: Rapid Eating Assessment for Participants 

 

Now we would like to ask you some questions about your eating habits. When answering these 

questions, please select the option that best reflects your eating habits in an average week.    
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 Never (1) Rarely (2) 
Sometimes 

(3) 
Often (4) Always (5) 

1. Skip 

breakfast  o  o  o  o  o  
2. Eat 4 or 

more meals 

from sit-down 

or take out 

restaurants?  

o  o  o  o  o  

3. Eat less 

than 2 

servings of 

whole grain 

products or 

high-

fiber starches 

a day? 

Serving = 1 

slice of 100% 

whole grain 

bread; 1 cup 

whole grain 

cereal (e.g. 

shredded 

wheat, 

oatmeal); 3-4 

whole grain 

crackers; 1/2 

cup brown 

rice or whole 

wheat pasta; 1 

small boiled 

or baked 

potato  

o  o  o  o  o  

4. Eat less 

than 2 

servings of 

fruit a day? 

Serving = 1/2 

cup or 1 

medium fruit; 

3/4 cup 100% 

fruit juice  

o  o  o  o  o  
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5. Eat less 

than 2 

servings of 

vegetables a 

day? Serving 

= 1/2 cup 

vegetables; 1 

cup leafy, raw 

vegetables  

o  o  o  o  o  

6. Eat or drink 

less than 2 

servings of 

milk, yogurt, 

or cheese a 

day? Serving 

= 1 cup milk 

or yogurt; 2 

slices natural 

cheese; 3 

slices 

processed 

cheese  

o  o  o  o  o  

7. Eat more 

than 8 ounces 

of meat, 

chicken, 

turkey or fish 

per day? 

Note: 3 

ounces of 

meat, poultry 

or fish is the 

size of a deck 

of cards or 

ONE of the 

following: 1 

regular 

hamburger, 1 

chicken breast 

or leg (thigh 

and 

drumstick), or 

1 pork chop  

o  o  o  o  o  
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8. Use 

regular 

processed 

meats (like 

bologna, 

salami, corned 

beef, hotdogs, 

sausage or 

bacon) instead 

of low-fat 

processed 

meats (like 

roast beef, 

turkey, lean 

ham, low-fat 

cold 

cuts/hotdogs)?  

o  o  o  o  o  

9. Eat fried 

foods such as 

fried chicken, 

fried fish, or 

French fries?  

o  o  o  o  o  

10. Eat 

regular chips 

or crackers, 

regular 

popcorn or 

roasted and 

salted nuts, 

instead of 

pretzels, low-

fat chips or 

crackers or 

air-popped 

popcorn?  

o  o  o  o  o  

11. Add 

butter, 

margarine, 

oil or lard to 

bread, 

potatoes, rice, 

or vegetables 

at the table?  

o  o  o  o  o  
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12. Eat sweets 

like cake, 

cookies, 

pastries, 

donuts, 

muffins, 

chocolate, and 

candies more 

than 2 times 

per day?  

o  o  o  o  o  

13. Drink 16 

ounces or 

more of non-

diet soda, fruit 

drink/punch 

or Kool-Aid a 

day? Note: 1 

can of soda = 

12 ounces  

o  o  o  o  o  
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Appendix D: Self-Efficacy for Exercise Behaviors Survey 

 

Below is a list of things people might do while trying to increase or continue regular exercise. 

Whether you exercise or not, please rate how confident you are that you could motivate yourself 

to do these things consistently, for at least six months. 
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Not at all 

confident 

Somewhat 

confident 

Moderately 

confident 

Very 

confident 

Completely 

confident 

Don't 

know 

1. Get up 

early, even 

on 

weekends, 

to exercise.  

o  o  o  o  o  o  

2. Stick to 

your 

exercise 

program 

when you 

don’t feel 

like it (e.g. 

after a 

long, tiring 

day at 

work).  

o  o  o  o  o  o  

3. Exercise 

even 

though you 

are feeling 

depressed 

and/or 

anxious.  

o  o  o  o  o  o  

4. Set aside 

time for a 

physical 

activity 

program; 

that is, 

walking, 

jogging, 

swimming, 

biking, or 

other 

continuous 

activities 

for at least 

30 minutes, 

3 times per 

week.  

o  o  o  o  o  o  
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5. Exercise 

with others 

even 

though 

they seem 

too fast or 

too slow 

for you.  

o  o  o  o  o  o  

6. Stick to 

your 

exercise 

program 

when 

undergoing 

a stressful 

life change 

(e.g. 

divorce, 

death in the 

family, 

moving).  

o  o  o  o  o  o  

7. Stick to 

your 

exercise 

program 

when you 

are busy 

(e.g. family 

demands, 

demands at 

work, 

household 

chores).  

o  o  o  o  o  o  

8. Stick to 

your 

exercise 

program 

when 

social 

obligations 

are very 

time 

consuming.  

o  o  o  o  o  o  
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 9.Exercise 

when you 

are 

traveling.  
o  o  o  o  o  o  

10. 

Exercise 

when you 

don’t have 

access to 

exercise 

equipment 

or 

facilities.  

o  o  o  o  o  o  

11. 

Exercise 

following 

complete 

recovery 

from an 

illness that 

has caused 

you to stop 

exercising 

for a week 

or longer.  

o  o  o  o  o  o  

12. 

Exercise 

when the 

weather is 

bad.  

o  o  o  o  o  o  

13. 

Exercise 

without 

support 

from 

family or 

friends.  

o  o  o  o  o  o  

14. 

Exercise 

alone.  
o  o  o  o  o  o  

 

 

 



 

 151 

Appendix E: Self-Efficacy for Diet Behaviors Survey 

 

Below is a list of things people might do while trying to change their eating habits. Whether you 

are trying to change your eating habits or not, please rate how confident you are that you could 

motivate yourself to do things like these consistently, for at least six months. 
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Not at all 

confident 

Somewhat 

confident 

Moderately 

confident 

Very 

confident 

Completely 

confident 

Don't 

know 

1. Eat fruits 

and/or 

vegetables 

every day 

at most 

meals.  

o  o  o  o  o  o  

2. Include 

more 

“healthy” 

fats in your 

diet.  

o  o  o  o  o  o  

3. Eat more 

100% 

whole 

grain 

foods.  

o  o  o  o  o  o  

4. Eat more 

low and 

nonfat 

dairy 

products.  

o  o  o  o  o  o  

5. Stick to 

low fat, 

low salt 

foods when 

you feel 

depressed, 

bored, or 

tense.  

o  o  o  o  o  o  
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6. Stick to 

low fat, 

low salt 

foods when 

there is 

high fat, 

high salt 

food 

readily 

available 

(e.g. at a 

party).  

o  o  o  o  o  o  

7. Stick to 

low fat, 

low salt 

foods when 

dining with 

friends or 

co-

workers.  

o  o  o  o  o  o  

8. Stick to 

low fat, 

low salt 

foods when 

you are 

alone, with 

no one to 

watch you.  

o  o  o  o  o  o  

9. Eat 

smaller 

portions.  
o  o  o  o  o  o  

10. Eat 

salads for 

lunch.  
o  o  o  o  o  o  

11. Avoid 

adding salt 

at the table.  
o  o  o  o  o  o  
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12. Skip 

dessert, 

even if 

other 

people are 

eating it.  

o  o  o  o  o  o  

13. 

Substitute 

low or 

nonfat milk 

for whole 

milk.  

o  o  o  o  o  o  

14. Cut 

down on 

gravies and 

cream 

sauce.  

o  o  o  o  o  o  

15. Eat 

baked or 

grilled 

poultry and 

fish instead 

of red meat 

at dinner.  

o  o  o  o  o  o  

16. Cook 

from basic 

ingredients 

(e.g. fresh 

vegetables, 

whole 

grains, raw 

chicken).  

o  o  o  o  o  o  
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Appendix F:  Social Support for Exercise Survey 

 

Please rate each question twice. Under family, rate how often anyone living in your household 

has said or done what is described below over the past three months; if no one else lives with you 

in your household, please skip the "family" questions. Under friends, rate how often your friends, 

acquaintances, or coworkers have said or done what is described below over the past three 

months. 

 

 

 

Over the past three months, my family (or members of my household) and friends:   

 

 Family Friends 

 
Nev

er 

Rare

ly 

A 

few 

tim

es 

Ofte

n 

Ver

y 

Ofte

n 

Doe

s 

not 

appl

y 

Nev

er 

Rare

ly 

A 

few 

tim

es 

Ofte

n 

Ver

y 

Ofte

n 

Doe

s 

not 

appl

y 
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1. 

Exercise

d with 

me.  
o  o  o  o  o  o  o  o  o  o  o  o  

2. 

Offered 

to 

exercise 

with me.  

o  o  o  o  o  o  o  o  o  o  o  o  

3. Gave 

me 

helpful 

reminder

s to 

exercise 

(i.e. 

“Will 

you 

exercise 

tonight?”

).  

o  o  o  o  o  o  o  o  o  o  o  o  

4. 

Encourag

ed me to 

stick with 

my 

exercise 

program.  

o  o  o  o  o  o  o  o  o  o  o  o  

5. 

Changed 

their 

schedule 

so that 

we could 

exercise 

together.  

o  o  o  o  o  o  o  o  o  o  o  o  

6. 

Discusse

d 

exercise 

with me.  

o  o  o  o  o  o  o  o  o  o  o  o  
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7. 

Complai

ned about 

the time I 

spend 

exercisin

g.  

o  o  o  o  o  o  o  o  o  o  o  o  

8. 

Criticize

d or 

made fun 

of me for 

exercisin

g.  

o  o  o  o  o  o  o  o  o  o  o  o  

9. Gave 

me 

rewards 

for 

exercisin

g.  

o  o  o  o  o  o  o  o  o  o  o  o  

10. 

Planned 

for 

exercise 

on 

recreatio

nal 

outings.  

o  o  o  o  o  o  o  o  o  o  o  o  

11. 

Helped 

plan 

activities 

around 

my 

exercise 

schedule.  

o  o  o  o  o  o  o  o  o  o  o  o  

12. 

Asked 

my 

advice on 

how to 

get more 

exercise.  

o  o  o  o  o  o  o  o  o  o  o  o  
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13. 

Talked 

about 

how 

much 

they like 

to 

exercise.  

o  o  o  o  o  o  o  o  o  o  o  o  
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Appendix G:  Social Support for Diet Survey 

 

Please rate each question twice. Under family, rate how often anyone living in your household 

has said or done what is described over the last three months; if no one else lives with you in 

your household, please skip the "family" questions. Under friends, rate how often your friends, 

acquaintances, or coworkers have said or done what is described over the last three months. 

 

 

 

Over the past three months, my family (or members of my household) and friends: 

 

 Family Friends 

 
Nev

er 

Rare

ly 

A 

few 

tim

es 

Ofte

n 

Ver

y 

ofte

n 

Doe

s 

not 

appl

y 

Nev

er 

Rare

ly 

A 

few 

tim

es 

Ofte

n 

Ver

y 

ofte

n 

Doe

s 

not 

appl

y 
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1. 

Encourage

d me not to 

eat 

"unhealthy 

foods" 

(cake, 

salted 

chips).  

o  o  o  o  o  o  o  o  o  o  o  o  

2. 

Discussed 

my eating 

habit 

changes 

with me 

(asked me 

how I'm 

doing with 

eating 

healthy).  

o  o  o  o  o  o  o  o  o  o  o  o  

3. 

Reminded 

me not to 

eat high 

fat, high 

salt foods.  

o  o  o  o  o  o  o  o  o  o  o  o  

4. 

Complime

nted me on 

changing 

or 

maintainin

g my 

healthy 

eating 

habits 

("Keep it 

up", "We 

are proud 

of you").  

o  o  o  o  o  o  o  o  o  o  o  o  
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5. 

Commente

d if I 

seemed to 

be 

reverting to 

unhealthy 

eating  

o  o  o  o  o  o  o  o  o  o  o  o  

6. Ate high 

fat or high 

salt foods 

in front of 

me.  

o  o  o  o  o  o  o  o  o  o  o  o  

7. Refused 

to eat the 

healthy 

foods I was 

eating.  

o  o  o  o  o  o  o  o  o  o  o  o  

8. Brought 

home foods 

I'm trying 

not to eat.  
o  o  o  o  o  o  o  o  o  o  o  o  

9. Got 

angry when 

I 

encouraged 

them to eat 

low salt, 

low fat 

foods.  

o  o  o  o  o  o  o  o  o  o  o  o  

10. Offered 

me food 

I’m trying 

not to eat.  
o  o  o  o  o  o  o  o  o  o  o  o  
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Appendix H: Built Environment for Exercise Survey 

 

Please indicate whether you agree or disagree with the following statements. 
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Strongly 

Disagree 
Disagree Agree Strongly Agree 

1. There are 

many 

destinations (for 

example, a store, 

a workplace, a 

place of 

worship) to go 

within easy 

walking distance 

from my home.  

o  o  o  o  

 

2. There are 

many places to 

be physically 

active in my 

community not 

including streets 

for walking or 

jogging.  

o  o  o  o  

3. There is 

equipment 

available for 

physical activity 

in my 

community.  

o  o  o  o  

 

4. There are 

sidewalks on 

most of the 

streets in my 

community.  

o  o  o  o  

5. There are 

shoulders on the 

streets that allow 

for safe walking 

or biking.  

o  o  o  o  

6. There are bike 

lanes on most of 

the streets in my 

community  
o  o  o  o  
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7. There are 

many interesting 

things to look at 

while walking in 

my community.  

o  o  o  o  

8. There are 

trees along the 

streets in my 

community.  
o  o  o  o  

9. My 

community is 

well-maintained.  
o  o  o  o  

10. My 

community is 

generally free 

from garbage, 

litter, or broken 

glass.  

o  o  o  o  
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Appendix I: Built Environment for Healthy Eating Survey 

 

Please indicate the extent to which you agree or disagree with the following statements. 
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Strongly 

Disagree 
Disagree 

Neither 

Agree nor 

Disagree 

Agree 
Strongly 

Agree 

1. It is easy to 

purchase 

fresh fruits 

and 

vegetables in 

my 

community.  

o  o  o  o  o  

2. There is a 

large 

selection of 

fresh fruits 

and 

vegetables in 

my 

community.  

o  o  o  o  o  

3. The 

produce in 

my 

community is 

of high 

quality.  

o  o  o  o  o  

4. It is easy to 

purchase 

low-fat 

products 

(such as low-

fat milk or 

lean meats) in 

my 

community.  

o  o  o  o  o  

5. There is a 

large 

selection of 

low-fat 

products 

available in 

my 

community.  

o  o  o  o  o  
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6. The low-

fat products 

in my 

community 

are of high 

quality.  

o  o  o  o  o  

 

 

 

 

 


