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A B S T R A C T   

Improved health-related quality of life (HRQoL) is one benefit of physical activity. Yet, there is limited inter-
vention research exploring (1) whether changes in physical activity influence changes in HRQoL among 
community-based populations and (2) if baseline obesity status influences the relationships. This exploratory 
analysis used secondary data from rural Appalachian adults who completed the MoveMore arm of a larger 
randomized control trial (n = 105, Mage = 41.8, 82 % female, 96 % White, Mincome= $25,911). Specifically, this 
study examined associations among changes in physical activity and HRQOL and whether baseline obesity status 
moderated changes. Three HRQoL variables (self-rated health status, total unhealthy days, days poor health 
impacted activities) and two physical activity variables [weekly moderate-vigorous physical activity (MVPA) 
minutes, weekly strength training minutes] were collected at baseline and 6-months. Regression models, adjusted 
for age, gender, race, income, education, assessed associations between physical activity and HRQoL change 
variables. Moderation analyses explored the influence of baseline obesity status on these relationships. Partici-
pants reported significant improvements in self-rated health status (P = 0.001), weekly MVPA minutes (P =
0.008), and weekly strength training minutes (P < 0.001). Increasing weekly strength training minutes was 
associated with fewer days poor health impacted activities (B = -0.040, P = 0.013). Weekly minutes of MVPA 
was not associated with HRQoL variables. Baseline obesity status did not moderate relationships. Findings 
suggest increasing weekly strength training may reduce days poor health impacted activities and that re-
lationships among changes in physical activity and HRQoL were not impacted by baseline obesity. Findings have 
implications for promoting strength activities in community-based physical activity interventions for rural 
populations.   

1. Background 

Engaging in physical activity is associated with reduced risk for 
preventable health conditions, such as obesity, diabetes, and heart dis-
ease (Reiner et al., 2013). Current guidelines to promote health and 
reduce chronic disease risk recommend that adults engage in 150 min of 
moderate to vigorous intensity cardiovascular activities and two days of 
strength training per week (U.S. Department of Health and Human 
Services, 2018). However, <30 % of the U.S. adult population meets 
recommendations (Centers for Disease Control and Prevention, 2018). 
Importantly, only 20 % of rural adults meet these physical activity 

guidelines (Whitfield et al., 2019), and rural communities experience 
higher obesity rates and other health disparities than other regions of the 
country (Garcia et al., 2017; Trivedi et al., 2015).. 

Improved quality of life, (QoL) is one benefit of physical activity. QoL 
is a broad concept that encompasses physical, mental, financial, and 
social well-being (Karimi and Brazier, 2016; Sosnowski et al., 2017). 
Health-related quality of life (HRQoL) focuses specifically on aspects of 
QoL that are part of an individual’s health (Karimi and Brazier, 2016; 
Sosnowski et al., 2017). An individual’s HRQoL is impacted by 
numerous factors, including age, gender, race, income, education, and 
weight status (Carson et al., 2014; Goldenberg et al., 2014; Kolotkin and 
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Andersen, 2017; Bize et al., 2007; Sach et al., 2007; Hassan et al., 2003). 
Rural adults are more likely to have lower HRQoL than those living in 
urban areas, with approximately 40 % of rural adults reporting excellent 
or very good health compared to 45 % of urban adults (Bethea et al., 
2012). Furthermore, rural adults experience greater health disparities 
and social determinants associated with lower HRQoL than those in 
other regions (Garcia et al., 2017; Bethea et al., 2012; Rural Health In-
formation Hub, 2021). Cross-sectional evidence strongly supports a 
positive relationship between physical activity and HRQoL across age, 
gender, and health conditions (Bize et al., 2007; Brown et al., 2014). 
Likewise, an inverse relationship between sedentary behavior and as-
pects of HRQoL has been identified (Saunders et al., 2020). Interven-
tional studies demonstrate that physical activity interventions can 
increase QoL, generally, and HRQoL, specifically, with the majority of 
literature focused on older adults and/or adults with specific health 
conditions (e.g., diabetes, cardiovascular disease, inflammatory disease, 
cancer, mental illness) (Al-Ghafri et al., 2020; Broekhuizen et al., 2016; 
Imayama et al., 2011; Lidin et al., 2018; O’Dwyer et al., 2017; Robertson 
et al., 2019; Rogers et al., 2015; Rosenbaum et al., 2014). Yet, as these 
studies frequently report only pre-post changes, there is limited evi-
dence of the relationship between changes in physical activity and 
changes in HRQoL due to participation in an intervention. Existing evi-
dence that explores this relationship comes primarily from interventions 
for older adults and for adults with diagnosed health conditions (Broe-
khuizen et al., 2016; Robertson et al., 2019).. 

Obesity status may influence the relationship between changes in 
physical activity and changes in HRQoL. However, existing evidence is 
conflicted as to whether obesity status would strengthen or weaken the 
relationship. Individuals who are obese report lower levels of HRQoL 
compared to those who are overweight or at a healthy weight (Sach 
et al., 2007; Hassan et al., 2003). Lower baseline values may allow for 
greater improvement during the intervention. Also, overweight and 
obese individuals who initiate new physical activity programs have 
demonstrated improvements in HRQoL (Heath and Brown, 2009). 
Conversely, qualitative evidence suggests that individuals who are obese 
may experience more consequences of engaging in physical activity (e. 
g., injury, negative emotions) that could negatively impact HRQoL (Toft 
and Uhrenfeldt, 2015). 

Understanding the relationships among changes in physical activity 
and changes in HRQoL as well as the impact of obesity status on these 
relationships could better inform the development of physical activity 
interventions, which may be of particular importance for rural residents. 
Therefore, the purpose of this study was to describe changes in HRQoL 
among rural participants in a community-based physical activity inter-
vention that was open to all adults (Move More) and assess whether 
changes in weekly minutes engaged in moderate-vigorous physical ac-
tivity (MVPA) and in strength training are associated with changes in 
HRQoL. It also explored whether baseline obesity status moderates the 
relationships between changes in physical activity and HRQoL. 

2. Methods 

This study is a secondary analysis of data from the MoveMore arm of 
the Talking Health trial (Zoellner et al., 2014, 2016). MoveMore is a 
community-based intervention shown to improve physical activity be-
haviors among adults living in rural Appalachian communities in Vir-
ginia (Zoellner et al., 2014, 2016). These communities, which are 
predominantly White and geographically isolated, experience dispar-
ities related to socio-economic status, education, access to health care, 
and rates of chronic disease (Estabrooks et al., 2011). During this trial, 
participants were randomized into either MoveMore or a matched 
contact intervention targeting sugar-sweetened beverage behaviors, 
SIPsmartER. Study procedures were approved by the Virginia Tech 
Institutional Review Board. Participants provided written informed 
consent and received $25 and $50 in gift cards for completing baseline 
and 6-month health screenings. 

2.1. MoveMore intervention 

The six-month MoveMore intervention was designed to increase 
participants’ level of physical activity, with a target to achieve the 
weekly recommendations: 150 min of MVPA and two days of muscle- 
strengthening activities (U.S. Department of Health and Human Ser-
vices, 2018). MoveMore was adapted from an effective group-based 
physical activity program by behavioral scientists with expertise in 
physical activity (Pollard and Jacobsen, 2019) to allow it to better meet 
the needs of adults living in rural southwest Virginia. The program was 
delivered by Masters and PhD-level health educators and consisted of 
three in-person classes, one teach-back call, and 11 interactive voice 
response calls. Through these components, participants developed 
knowledge and skills related to physical activity, set personalized action 
plans to increase MVPA and strength training, and received feedback on 
their goal achievement. Components are described in detail elsewhere 
(Zoellner et al., 2014, 2016). 

2.2. Recruitment 

Participants were recruited from four health districts in rural Appa-
lachian Virginia with documented health disparities (Estabrooks et al., 
2011). Interested individuals were screened using the following criteria: 
age ≥ 18 years, English speaking, consuming ≥ 200 calories per day 
from sugar sweetened beverages, no contraindications to physical ac-
tivity (as assessed by the adapted Physical Activity Readiness Ques-
tionnaire (Thomas et al., 1992), and telephone access. Weight status was 
not an inclusion criterion. Though not an exclusion criterion for 
participation in the intervention, pregnant participants were excluded 
from this secondary analysis due to the impact of pregnancy on weight 
and HRQoL (Lagadec et al., 2018). 

2.3. Data collection and measures 

This study used HRQoL, physical activity, weight, and demographic 
data. Data were collected during the recruitment process as well as 
baseline and 6-month health screenings. 

2.3.1. Health-Related quality of life 
Participant HRQoL was collected at the baseline and six-month 

health screenings using the validated “Healthy Days Core Module.” 
(Moriarty et al., 2003; Slabaugh et al., 2017; Barile et al., 2013). Par-
ticipants answered four questions based on their experiences over the 
past month: (i) self-rated health status, (ii) days of poor physical health, 
(iii) days of poor mental health, and (iv) days that poor physical or 
mental health impacted usual activities (days poor health impacted 
activities). Self-rated health status was scored on a five-point scale: 
0 (excellent) to 4 (poor). For the other variables, participants entered a 
continuous number of days from 0 to 30. Following standard scoring 
procedures, “days of poor physical health” and “days of poor mental 
health,” were summed to create a total number of unhealthy days var-
iable and truncated at 30 (Moriarty et al., 2003). 

2.3.2. Physical activity 
We measured participant physical activity behaviors at baseline and 

six-month health assessments using a modified version of the validated 
Godin Leisure Time Exercise Questionnaire (Godin, 1997). This modi-
fied version, which allows for the calculation of the minutes per week of 
mild, moderate, and vigorous physical activity, is frequently used 
(Amireault and Godin, 2015). During an interview-administered survey 
by a trained research assistant, participants identified the number of 
times they engaged in mild aerobic activity, moderate aerobic activity, 
vigorous aerobic activity, and strength training for more than 15 min 
over the past week. Participants also identified the average time they 
spent in each activity. Using the modified scoring procedure, we then 
calculated weekly minutes of MVPA and strength training. Weekly 
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minutes of MVPA were calculated for both time points by multiplying 
the number of times moderate and vigorous physical activity activities 
were reported with the average length of each activity and then adding 
the two products together. Baseline and 6-month minutes of strength 
training were calculated by multiplying the number of times strength 
training was reported with the average number of minutes for strength 
training activities (Zoellner et al., 2016). 

2.3.3. Weight and height 
Participant weight and height were collected at the baseline health 

screenings, which occurred in the morning. Participants were asked to 
fast overnight before their appointment. Weight was measured using a 
calibrated digital Tanita scale (Model: SC-331S). Participants removed 
shoes, outer clothing (e.g., sweatshirts), belts, and items from their 
pockets prior to stepping onto the scale. Weight was recorded in kilo-
grams. Participant height, without shoes, was measured using a research 
grade stadiometer (Seca 213 Portable Stadiometer). We calculated 
baseline BMI following standardized procedures and categorized BMI 
scores into obese (BMI ≥ 30) and not obese (BMI < 30). This cut-off 
reflects literature that suggests higher weight/BMI is associated with 
poorer HRQoL and that reported HRQoL for overweight individuals does 
not differ from normal or under- weight adults (Sach et al., 2007; Hassan 
et al., 2003). 

2.3.4. Demographics 
We also collected data related to five demographic variables that 

have been associated with HRQoL outcomes in previous studies 
(Kolotkin and Andersen, 2017; Bize et al., 2007). All were collected 
during screening: (1) age: continuous variable, (2) gender: male or fe-
male; (3) race: six categories based on the NIH protocol; (4) highest level 
of educational attainment: six categories from completed Grade 8 to 
graduate school; and (5) household income: twelve categories ranging in 
$5,000 segments from less than $5,000 to $50,000/year or more. 

2.4. Analysis 

Data analysis was conducted using Stata version 16 (StataCorp LCC, 
2019). Of the 146 participants randomized into MoveMore at baseline, 
the 105 participants who completed both baseline and six-month health 
assessments and had complete data were included in this secondary 
analysis. A completers analysis was used as the study’s small sample size 
and the limited variations of the HRQoL variables would cause concerns 
for the validity of HRQoL outcome imputations. Importantly, there were 
no significant differences in baseline HRQoL variable scores between 
completers and non-completers. 

Three HRQoL change variables were created by subtracting six- 
month score from baseline score: (i) change in self-rated health status, 
(ii) change in total unhealthy days, and (iii) change in days poor health 
impacted activities. We also created two physical activity change vari-
ables: change in weekly minutes of MVPA and change in weekly minutes 
of strength training by subtracting baseline responses from six-month 
responses. 

Demographic variables were recoded for analytical purposes. Race 
was collapsed into two categories: White and people of Color. Household 
income was transformed into a continuous variable. Each income cate-
gory was assigned a numeric value equal to the average of its lowest and 
highest values (e.g., $10,000 - $14,999 became $12,250). 

2.4.1. Statistical approach 
We used descriptive statistics (frequencies, means and standard de-

viations) to describe the study sample as well as HRQoL and physical 
activity variables. Paired t-tests were used to compare average levels of 
HRQoL and physical activity between baseline and 6-month. 

To assess associations among changes in physical activity and 
changes in HRQoL, we conducted mixed effect regression analyses for 
each of the three HRQoL change constructs. The models included 

physical activity change variables with demographic variables as control 
variables [age (continuous variable), gender (dummy coded male = 0, 
female = 1), race (dummy coded people of Color = 0, White = 1), in-
come (rank variable), and education (rank variable)]. These control 
variables have been associated with HRQoL outcomes in previous 
studies (Kolotkin and Andersen, 2017; Bize et al., 2007). To determine 
whether baseline obesity status (obese versus non-obese) influenced the 
relationship between change in physical activity and change in HRQoL, 
we conducted moderation analyses under the similar mixed effect model 
specification as above with the addition of full interaction between 
baseline obesity status and physical activity change variables. All mixed 
effect models computed cluster robust standard errors to recognize the 
cohort nesting nature of our data. Shapiro-Wilks W tests p values for the 
models were greater than 0.05 and fail to reject normality. 

3. Results 

3.1. Participants 

Participants (n = 105) were on average 41.8 (SD = 13.1) years old, 
female (82 %), White (96 %), and had attended at least some college (73 
%). Forty-eight percent (n = 50) of participants made less than $20,000 
per year. At baseline, the average weight of participants was 91.5 kg (SD 
= 25.0) and 58 % (n = 61) were obese, 21 % (n = 22) were overweight, 
20 % (n = 21) were normal weight, and 1 % (n = 1) were underweight. 
Participants reported an average self-rated health status score of 2.2 (SD 
= 0.96), with 19 % reporting excellent or very good health. Also, par-
ticipants reported 6.84 (SD = 6.97) total unhealthy days and 2.23 (SD =
3.50) days poor health impacted activities. Average baseline physical 
activity was 73.8 (SD = 126.2) minutes of MVPA per week and 9.6 (SD 
= 32.7) minutes of strength training per week. 

3.2. Change in HRQoL and PA variables 

Table 1 illustrates significant improvements in self-rated health 
status (P < 0.001), weekly MVPA minutes (~54 more minutes per week, 
P = 0.008), and weekly strength training minutes (~22 more minutes 
per week, P < 0.001). At baseline, 19 %, 10 %, and 4 % of participants 
met U.S. recommendations for aerobic physical activity, strength 
training, and both aerobic physical activity and strength training, 
whereas at six-month, 31 %, 33 %, and 19 % met these respective 

Table 1 
Baseline and 6-month Means (SD) for Physical Activity and Health-Related 
Quality of Life Variables.   

n Baseline 6-month Change Statistic 
(p-value) 

Health-Related 
Quality of Life      

Self-rated health 
statusa 

104 2.20  

(0.96) 

1.95 
(0.93) 

− 0.25 
(0.73) 

3.473 
(0.001) 

Total unhealthy 
daysb 

105 6.84  

(6.97) 

6.70 
(6.54) 

− 0.14 
(8.78) 

0.167 
(0.868) 

Days poor health 
impacted 
activitiesb 

105 2.23  

(3.50) 

2.81 
(4.40) 

0.58 
(5.23) 

− 1.139 
(0.257) 

Physical Activity      
Weekly minutes of 

moderate/ 
vigorous physical 
activity 

105 73.8 
(126.18) 

127.4 
(184.22) 

53.6 
(204.61) 

¡2.684 
(0.008) 

Weekly minutes of 
strength training 

105 9.57  

(32.69) 

31.4 
(62.42) 

21.8 
(56.04) 

¡3.993 
(<0.001) 

a Item is score 0 = Excellent 1 = very good, 2 = good, 3 = fair, and 4 = poor 
b Potential range of scores is 0 – 30  
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recommendations (data not in table). 

3.3. Relationship between change in PA and change in HRQoL variables 
and moderation by baseline obesity status 

Regression results are presented in Table 2. Neither change in self- 
rated health status nor change in total unhealthy days were statisti-
cally significantly impacted by change in weekly MVPA minutes or 
change in weekly strength training minutes. Change in days poor health 
impacted activities was statistically significantly influenced by change 
in weekly strength training minutes (β=-0.019, P = 0.004), but not by 
change in weekly MVPA minutes. While controlling for change in 
weekly MVPA minutes along with other control variables, each addi-
tional minute of increase in strength training per week was associated 
with approximately 0.02 fewer days (29 min) per week impacted by 
poor health. 

As further illustrated in Table 2, obesity status did not significantly 
moderate the relationship between change in physical activity variables 
and any of the three HRQoL change variables. Yet, the moderation 
analysis reveals that changes in total unhealthy days were significantly 
influenced by change in strength training minutes (β=− 0.040, P =
0.004); however, the improvement is not significantly different by 
obesity status. While controlling for change in weekly MVPA minutes 
and other controls, each additional minute strength training per week 
was associated with approximately 0.04 fewer days (58 min) per week 
impacted by poor health for those who were not obese at baseline. 

4. Discussion 

Findings from this study add to the body of literature related to the 
relationship among physical activity and HR-QoL. Specifically, the 
major takeaways are that increasing weekly minutes of strength training 
was associated with fewer days of poor health impacted activities and 
that baseline obesity status did not moderate relationships among 
included physical activity and HRQoL variables. 

This study explored the relationship between physical activity and 
HRQoL differently from previous studies. First, most prior studies 
assessing this relationship used cross-sectional data (Bize et al., 2007; 
Brown et al., 2014) and could not determine whether physical activity 
changes facilitates HRQoL changes. Our study used pre-post data from a 
behavioral intervention and was able to assess the relationship between 
the changes in these variables. Second, the majority of previous physical 
activity intervention studies that have examined this relationship have 
targeted specific populations, such as the elderly, those with chronic 
diseases, and cancer survivors (Al-Ghafri et al., 2020; Broekhuizen et al., 
2016; Imayama et al., 2011; Lidin et al., 2018; O’Dwyer et al., 2017; 

Robertson et al., 2019; Rogers et al., 2015; Rosenbaum et al., 2014). 
However, this study’s findings reflect a relatively broader population 
cross-section, as, while pregnant women were excluded from the anal-
ysis, enrollment into MoveMore was not limited by age, health condi-
tion, or weight. 

Our study is also distinct from prior literature in that the regression 
models included changes in weekly strength training. Of the two known 
studies that have looked at the relationship between change in PA and 
change in HRQoL following a physical activity intervention, both only 
measured the relationship between change in MVPA and change in 
HRQoL indicators (Broekhuizen et al., 2016; Robertson et al., 2019). A 
key takeaway from our study is that increasing strength training may 
improve aspects of HRQoL. Specifically, each additional minute engaged 
in strength training per week was associated with approximately 0.02 
fewer days (29 min) per week in which activities were impacted by poor 
health. To put this into perspective, the average MoveMore participant, 
who increased weekly strength training minutes by 22 min, would have 
10.6 fewer hours per week where their activities were impacted by poor 
health. These interpretations help inform the clinical significance of 
these statistically significant findings. Additionally, the moderation 
analysis identified a relationship between number of unhealthy days and 
weekly minutes of strength training. However, the baseline weight sta-
tus did not moderate the relationship. In this model, each additional 
minute engaged in strength training per week was associated with 
approximately 0.04 fewer unhealthy days, or one fewer unhealthy days 
for 25 additional minutes of strength training per week. Therefore, this 
finding provides support for stressing weekly strength training in 
physical activity interventions, which is also important given that 72 % 
of U.S. adults do not meet strength training recommendations (Centers 
for Disease Control and Prevention, 2018). 

To our knowledge, no other studies have looked at how baseline 
obesity status may impact the relationship between changes in physical 
activity and changes in HRQoL. Understanding this relationship is 
important as there is conflicting evidence that baseline obesity has the 
potential to either strengthen or weaken this relationship (Sach et al., 
2007; Hassan et al., 2003; Toft and Uhrenfeldt, 2015; Hageman et al., 
2019). Though the statistical power for this analysis was limited, our 
exploratory finding suggests that weight status does not moderate the 
relationship between changes in physical activity and HRQoL. This lack 
of moderation could reflect the complex benefits and encumbrances that 
increased physical activity has on HRQoL among individuals with 
obesity (Toft and Uhrenfeldt, 2015). This highlights the importance of 
designing and implementing physical activity interventions that may 
improve the HRQoL of all individuals, regardless of weight status, 
especially in rural areas that have high rates of inactivity (Centers for 
Disease Control and Prevention, 2018) and lower rates of HRQoL than 

Table 2 
Regression Models Assessing Relationships among Changes in Physical Activity and Changes in Health-Related Quality of Life, and Moderation by Baseline Obesity 
Status.   

Change in Self-Rated Health Status  

(n ¼ 104)a,b 

Change in Total Unhealthy Days  

(n ¼ 105)b 

Change in Days Poor Health Impacted 
Activities (n ¼ 105)b  

Regression 
Model 

Regression Model with 
Moderation 

Regression 
Model 

Regression Model with 
Moderation 

Regression 
Model 

Regression Model with 
Moderation  

B (SE) B (SE) B (SE) B (SE) B (SE) B (SE) 
Change weekly MVPA (minutes) − 0.001 

(0.001) 
− 0.000 
(0.000) 

− 0.000 
(0.004) 

0.001 (0.003) 0.003 
(0.002) 

− 0.000 (0.002) 

Change weekly strength training 
(minutes) 

0.000 (0.002) − 0.001 
(0.001) 

− 0.021 
(0.023) 

¡0.040** (0.013)  ¡0.019*** 
(0.004) 

− 0.013 (0.004)  

Obese at baseline * change weekly 
MVPA minutes  

− 0.001 
(0.001)  

− 0.001 (0.009)  0.006 (0.005) 

Obese at baseline * Change weekly 
strength training minutes  

0.002 
(0.005)  

− 0.079 (0.043)  − 0.010 (0.008) 

* p < 0.05, ** p < 0.01, *** p < 0.001 
a Missing data for one participant 
b Age, sex, race (White, people of Color), income, and education were controlled for in all models;  
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other regions (Bethea et al., 2012). 
Similar to previous studies, this study’s results indicate a lack of 

consistency regarding which aspects of QoL, or specifically HRQoL, are 
impacted by change in physical activity. Robertson and colleagues found 
that, among endometrial cancer survivors who completed a phone- 
based physical activity intervention, increased MVPA was associated 
with a desirable changed perceptions of physical role limitation, pain, 
and general health but not other aspects of QoL, such as mental health, 
social and emotional functioning (Robertson et al., 2019). Broekhuizen 
and colleagues found, that following an internet-based intervention for 
inactive older adults, increased daily minutes of MVPA was associated 
with desirable changes in emotional/mental health, perceptions of role 
limitations due to mental health, and general health perception but not 
other aspects including pain, vitality, role limitation, and physical 
functioning (Broekhuizen et al., 2016). Taken together, findings from 
these previous studies and our current one underscore suggest that the 
relationship between changes in physical activity and changes in HRQoL 
is complex. This suggests that future researchers should be thoughtful 
when designing, powering, and selecting measures to assess change in 
HRQoL in their interventions. 

Additionally, study findings suggest MoveMore participants 
improved one indicator of HRQoL, their self-rated health status. 
Importantly, study participants reported lower HRQoL than has been 
reported in a national sample of rural adults (Bethea et al., 2012). This 
evidence suggests the MoveMore intervention may have important 
health benefits for participants beyond increasing weekly minutes of 
MVPA and strength training, as previously identified (Zoellner et al., 
2016). 

There are a few limitations to the present study. First, as a secondary 
analysis, power for the moderation analysis was limited by sample size. 
Second, the generalizability of the findings is limited due to the pre-
dominantly White, middle-aged, and female sample. However, the 
sample was racially representative of the targeted region and reflects a 
rural and relatively low-income population that experiences greater 
health disparities relative to other populations (Estabrooks et al., 2011). 
Third, due to the small sample size and limited variations in our data, 
our results are not generalizable to those non-completers. Fourth, the 
physical activity measure relied on participant self-report. These limi-
tations should be considered within the strengths of this study. Notably, 
data were from an intervention study of a physical activity intervention 
that was found to be effective at improving weekly minutes of both 
MVPA and strength training among participants of different weight 
statuses (Zoellner et al., 2016). 

There are several considerations for future research related to the 
relationship between change in PA and change in HRQoL. First, future 
physical activity interventions should measure and report on HRQoL. 
Second, future studies should incorporate more comprehensive QoL 
measures, such as the World Health Organization Quality of Life 
Assessment and the Medical Outcomes Study Short Form Instruments (e. 
g., SF-36, SF-12), (Pequeno et al., 2020) to allow for distinct aspects of 
HRQoL to be assessed individually (e.g., exploring physical and mental 
health aspects of HRQoL separately) and to identify the clinical signif-
icance of the findings. Third, studies with larger and more diverse 
sample sizes are needed to better understand relationships between 
change in physical activity and change in HRQoL, as well as how 
different categories of weight status (i.e., normal, overweight, obese, 
severely obese) moderate these relationships. Fourth, studies should 
explore between changes in HRQoL and changes in both MVPA and 
strength training. 

Additionally, there are implications for practice. Notably, findings 
suggest that community-based physical activity interventions should 
target increasing weekly strength training minutes in addition to 
increasing weekly minutes of MVPA. Also, they suggest that all com-
munity members should be eligible to enroll in these interventions, 
regardless of obesity status. 

Overall, study findings contribute to the larger literature base, 

including suggesting that increasing strength training is associated with 
reduced days where activities are impacted by poor health and that 
obese status at baseline does not moderate the relationship between 
changes in physical activity and HRQoL. 

5. Funding source 

This study was supported by the National Institutes of Health 
(R01CA154364, PI: Zoellner) and is registered at https://www.clinicalt 
rials.gov (No. NCT01584102). 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgements 

None. 

References 

Al-Ghafri, T.S., Al-Harthi, S.M., Al-Farsi, Y., Craigie, A.M., Bannerman, E., Anderson, A. 
S., 2020. Perceived Changes in general well-being: Findings from the 
’MOVEdiabetes’ physical activity randomized control trial. Oman Med. J. 35 (4), 
e149. 

Amireault, S., Godin, G., 2015. The Godin-Shephard leisure-time physical activity 
questionnaire: validity evidence supporting its use for classifying healthy adults into 
active and insufficiently active categories. Percept. Mot. Skills 120 (2), 604–622. 
https://doi.org/10.2466/03.27.PMS.120v19x7. 

Barile, J.P., Reeve, B.B., Smith, A.W., et al., 2013. Monitoring population health for 
Healthy People 2020: evaluation of the NIH PROMIS(R) Global Health, CDC Healthy 
Days, and satisfaction with life instruments. Qual. Life Res. 22 (6), 1201–1211. 
https://doi.org/10.1007/s11136-012-0246-z. 

Bethea, T.N., Lopez, R.P., Cozier, Y.C., White, L.F., McClean, M.D., 2012. The 
relationship between rural status, individual characteristics, and self-rated health in 
the Behavioral Risk Factor Surveillance System. J. Rural Health. Fall 28 (4), 
327–338. https://doi.org/10.1111/j.1748-0361.2012.00414.x. 

Bize, R., Johnson, J.A., Plotnikoff, R.C., 2007. Physical activity level and health-related 
quality of life in the general adult population: a systematic review. Prev. Med. 45 (6), 
401–415. https://doi.org/10.1016/j.ypmed.2007.07.017. 

Broekhuizen, K., de Gelder, J., Wijsman, C.A., et al., 2016. An internet-based physical 
activity intervention to improve quality of life of inactive older adults: A randomized 
controlled trial. J. Med. Internet Res. 18 (4), e74. https://doi.org/10.2196/ 
jmir.4335. 

Brown, D.R., Carroll, D.D., Workman, L.M., Carlson, S.A., Brown, D.W., 2014. Physical 
activity and health-related quality of life: US adults with and without limitations. 
Qual. Life Res. 23 (10), 2673–2680. https://doi.org/10.1007/s11136-014-0739-z. 

Carson, T.L., Hidalgo, B., Ard, J.D., Affuso, O., 2014. Dietary interventions and quality of 
life: a systematic review of the literature. J. Nutr. Educ. Behav. 46 (2), 90–101. 
https://doi.org/10.1016/j.jneb.2013.09.005. 

Centers for Disease Control and Prevention. Table A-14a. Age-adjusted percent 
distributions of participation in leisure-time aerobic and muscle-strengthening 
activities … among adults aged 18 and over, by selected characteristics: United 
States, 2018. 2018; https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/ 
2018_SHS_Table_A-14.pdf. Accessed 12 June, 2020. 

Estabrooks, P.A., Smith-Ray, R.L., Almeida, F.A., Hill, J., Gonzales, M., Schreiner, P., Van 
Den Berg, R., 2011. Move More: Translating an efficacious group dynamics physical 
activity intervention into effective clinical practice. Int. J. Sport Exerc. Psychol. 9 
(1), 4–18. 

Garcia, M.C., Faul, M., Massetti, G., Thomas, C.C., Hong, Y., Bauer, U.E., Iademarco, M. 
F., 2017. Reducing Potentially Excess Deaths from the Five Leading Causes of Death 
in the Rural United States. MMWR Morb. Mortal. Wkly Rep. 66 (2), 1–7. 

Godin, G., 1997. The Godin-Shephard Leisure-Time Physical Activity Questionnaire. 
Health Fit J. Can. 4, 18–22. https://doi.org/10.14288/hfjc.v4i1.82. 

Goldenberg, M., Danovitch, I., IsHak, W.W., 2014. Quality of life and smoking. Am. J. 
Addict. 23 (6), 540–562. https://doi.org/10.1111/j.1521-0391.2014.12148.x. 

Hageman, P.A., Mroz, J.E., Yoerger, M.A., Pullen, C.H., 2019. Weight loss is associated 
with improved quality of life among rural women completers of a web-based lifestyle 
intervention. PLoS One 14 (11), e0225446. https://doi.org/10.1371/journal. 
pone.0225446. 

K.J. Porter et al.                                                                                                                                                                                                                                

https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0005
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0005
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0005
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0005
https://doi.org/10.2466/03.27.PMS.120v19x7
https://doi.org/10.1007/s11136-012-0246-z
https://doi.org/10.1111/j.1748-0361.2012.00414.x
https://doi.org/10.1016/j.ypmed.2007.07.017
https://doi.org/10.2196/jmir.4335
https://doi.org/10.2196/jmir.4335
https://doi.org/10.1007/s11136-014-0739-z
https://doi.org/10.1016/j.jneb.2013.09.005
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-14.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-14.pdf
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0050
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0050
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0050
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0050
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0055
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0055
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0055
https://doi.org/10.14288/hfjc.v4i1.82
https://doi.org/10.1111/j.1521-0391.2014.12148.x
https://doi.org/10.1371/journal.pone.0225446
https://doi.org/10.1371/journal.pone.0225446


Preventive Medicine Reports 29 (2022) 101949

6

Hassan, M.K., Joshi, A.V., Madhavan, S.S., Amonkar, M.M., 2003. Obesity and health- 
related quality of life: a cross-sectional analysis of the US population. Int. J. Obes. 
Relat. Met. Dis. 27 (10), 1227–1232. https://doi.org/10.1038/sj.ijo.0802396. 

Heath, G.W., Brown, D.W., 2009. Recommended Levels of Physical Activity and Health- 
Related Quality of Life Among Overweight and Obese Adults in the United States, 
2005. J. Phys. Act. Health. 6 (4), 403. https://doi.org/10.1123/jpah.6.4.403. 

Imayama, I., Alfano, C.M., Kong, A., Foster-Schubert, K.E., Bain, C.E., Xiao, L., 
Duggan, C., Wang, C.-Y., Campbell, K.L., Blackburn, G.L., McTiernan, A., 2011. 
Dietary weight loss and exercise interventions effects on quality of life in 
overweight/obese postmenopausal women: a randomized controlled trial. Int. J. 
Behav. Nutr. Phys. Act. 8 (1) https://doi.org/10.1186/1479-5868-8-118. 

Karimi, M., Brazier, J., 2016. Health, health-related quality of life, and quality of life: 
What is the difference? Pharmacoeconomics. 34 (7), 645–649. https://doi.org/ 
10.1007/s40273-016-0389-9. 

Kolotkin, R.L., Andersen, J.R., 2017. A systematic review of reviews: exploring the 
relationship between obesity, weight loss and health-related quality of life. Clin. 
Obes. 7 (5), 273–289. https://doi.org/10.1111/cob.12203. 

Lagadec, N., Steinecker, M., Kapassi, A., Magnier, A.M., Chastang, J., Robert, S., 
Gaouaou, N., Ibanez, G., 2018. Factors influencing the quality of life of pregnant 
women: a systematic review. BMC Pregnancy Childbirth 18 (1). 

Lidin, M., Ekblom-Bak, E., Rydell Karlsson, M., Hellenius, M.L., 2018. Long-term effects 
of a Swedish lifestyle intervention programme on lifestyle habits and quality of life 
in people with increased cardiovascular risk. Scand. J. Public Health. 46 (6), 
613–622. https://doi.org/10.1177/1403494817746536. 

Moriarty, D.G., Zack, M.M., Kobau, R., 2003. The Centers for Disease Control and 
Prevention’s Healthy Days Measures - population tracking of perceived physical and 
mental health over time. Health Qual. Life Outcomes. 1, 37. https://doi.org/ 
10.1186/1477-7525-1-37. 

O’Dwyer, T., Monaghan, A., Moran, J., O’Shea, F., Wilson, F., 2017. Behaviour change 
intervention increases physical activity, spinal mobility and quality of life in adults 
with ankylosing spondylitis: a randomised trial. J. Physiother. 63 (1), 30–39. 
https://doi.org/10.1016/j.jphys.2016.11.009. 

Pequeno, N.P.F., Cabral, N.L.d.A., Marchioni, D.M., Lima, S.C.V.C., Lyra, C.d.O., 2020. 
Quality of life assessment instruments for adults: a systematic review of population- 
based studies. Health Qual. Life Outcomes. 18 (1) https://doi.org/10.1186/s12955- 
020-01347-7. 

Pollard KP, Jacobsen LA. The Appalachian Region: A Data Overview from the 2013-2017 
American Community Survey. 2019. https://www.arc.gov/assets/research_reports/ 
DataOverviewfrom2013to2017ACS.pdf. 

Reiner, M., Niermann, C., Jekauc, D., Woll, A., 2013. Long-term health benefits of 
physical activity – a systematic review of longitudinal studies. BMC Public Health 13 
(1). 

Robertson, M.C., Lyons, E.J., Song, J., Cox-Martin, M., Li, Y., Green, C.E., Pinto, B.M., 
Carmack, C.L., Harrison, C., Baum, G., Basen-Engquist, K.M., 2019. Change in 
physical activity and quality of life in endometrial cancer survivors receiving a 
physical activity intervention. Health Qual. Life Outcomes. 17 (1) https://doi.org/ 
10.1186/s12955-019-1154-5. 

Rogers, L.Q., Courneya, K.S., Anton, P.M., Hopkins-Price, P., Verhulst, S., Vicari, S.K., 
Robbs, R.S., Mocharnuk, R., McAuley, E., 2015. Effects of the BEAT Cancer physical 

activity behavior change intervention on physical activity, aerobic fitness, and 
quality of life in breast cancer survivors: a multicenter randomized controlled trial. 
Breast Cancer Res. Treat. 149 (1), 109–119. 

Rosenbaum, S., Tiedemann, A., Sherrington, C., Curtis, J., Ward, P.B., 2014. Physical 
activity interventions for people with mental illness: a systematic review and meta- 
analysis. J. Clin. Psychiatry 75 (9), 964–974. https://doi.org/10.4088/ 
JCP.13r08765. 

Rural Health Information Hub. Rural Health Disparities. Accessed 3 August, 2021. http 
s://www.ruralhealthinfo.org/topics/rural-health-disparities. 

Sach, T.H., Barton, G.R., Doherty, M., Muir, K.R., Jenkinson, C., Avery, A.J., 2007. The 
relationship between body mass index and health-related quality of life: comparing 
the EQ-5D, EuroQol VAS and SF-6D. Int. J. Obes. (London). 31 (1), 189–196. https:// 
doi.org/10.1038/sj.ijo.0803365. 

Saunders, T.J., McIsaac, T., Douillette, K., Gaulton, N., Hunter, S., Rhodes, R.E., 
Prince, S.A., Carson, V., Chaput, J.-P., Chastin, S., Giangregorio, L., Janssen, I., 
Katzmarzyk, P.T., Kho, M.E., Poitras, V.J., Powell, K.E., Ross, R., Ross-White, A., 
Tremblay, M.S., Healy, G.N., 2020. Sedentary behaviour and health in adults: an 
overview of systematic reviews. Appl. Physiol. Nutr. Metab. 45 (10 (Suppl. 2)), 
S197–S217. 

Slabaugh, S.L., Shah, M., Zack, M., Happe, L., Cordier, T., Havens, E., Davidson, E., 
Miao, M., Prewitt, T., Jia, H., 2017. Leveraging health-related quality of life in 
population health management: the case for Healthy Days. Pop Health Manage. 20 
(1), 13–22. 

Sosnowski, R., Kulpa, M., Zietalewicz, U., et al., 2017. Basic issues concerning health- 
related quality of life. Cent European J Urol. 70 (2), 206–211. https://doi.org/ 
10.5173/ceju.2017.923. 

Thomas, S., Reading, J., Shephard, R.J., 1992. Revision of the Physical Activity 
Readiness Questionnaire (PAR-Q). Can. J. Sport Sci. 17 (4), 338–345. 

Toft, B.S., Uhrenfeldt, L., 2015. The lived experiences of being physically active when 
morbidly obese: A qualitative systematic review. Int. J. Qual. Stud. Health Well- 
being. 10, 28577. https://doi.org/10.3402/qhw.v10.28577. 

Trivedi, T., Liu, J., Probst, J., Merchant, A., Jhones, S., Martin, A.B., 2015. Obesity and 
obesity-related behaviors among rural and urban adults in the USA. Rural Remote 
Health 15 (4), 3267. https://doi.org/10.22605/RRH3267. 

U.S. Department of Health and Human Services. Physical Activity Guidelines for Americans. 
Washington, DC: U.S. Department of Health and Human Services, 2018. 

Whitfield, G.P., Carlson, S.A., Ussery, E.N., Fulton, J.E., Galuska, D.A., Petersen, R., 
2019. Trends in meeting physical activity guidelines among urban and rural 
dwelling adults - United States, 2008–2017. MMWR Morb. Mortal. Wkly Rep. 68 
(23), 513–518. https://doi.org/10.15585/mmwr.mm6823a1. 

Zoellner, J.M., Chen, Y., Davy, B., You, W., Hedrick, V., Corsi, T., Estabrooks, P., 2014. 
Talking health, a pragmatic randomized-controlled health literacy trial targeting 
sugar-sweetened beverage consumption among adults: rationale, design & methods. 
Contemp. Clin, Trials 37 (1), 43–57. https://doi.org/10.1016/j.cct.2013.11.003. 

Zoellner, J.M., Hedrick, V.E., You, W., Chen, Y., Davy, B.M., Porter, K.J., Bailey, A., 
Lane, H., Alexander, R., Estabrooks, P.A., 2016. Effects of a behavioral and health 
literacy intervention to reduce sugar-sweetened beverages: a randomized-controlled 
trial. Int. J. Behav. Nutr. Phys. Act 13, 38. https://doi.org/10.1186/s12966-016- 
0362-1. 

K.J. Porter et al.                                                                                                                                                                                                                                

https://doi.org/10.1038/sj.ijo.0802396
https://doi.org/10.1123/jpah.6.4.403
https://doi.org/10.1186/1479-5868-8-118
https://doi.org/10.1007/s40273-016-0389-9
https://doi.org/10.1007/s40273-016-0389-9
https://doi.org/10.1111/cob.12203
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0100
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0100
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0100
https://doi.org/10.1177/1403494817746536
https://doi.org/10.1186/1477-7525-1-37
https://doi.org/10.1186/1477-7525-1-37
https://doi.org/10.1016/j.jphys.2016.11.009
https://doi.org/10.1186/s12955-020-01347-7
https://doi.org/10.1186/s12955-020-01347-7
https://www.arc.gov/assets/research_reports/DataOverviewfrom2013to2017ACS.pdf
https://www.arc.gov/assets/research_reports/DataOverviewfrom2013to2017ACS.pdf
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0140
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0140
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0140
https://doi.org/10.1186/s12955-019-1154-5
https://doi.org/10.1186/s12955-019-1154-5
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0150
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0150
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0150
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0150
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0150
https://doi.org/10.4088/JCP.13r08765
https://doi.org/10.4088/JCP.13r08765
https://www.ruralhealthinfo.org/topics/rural-health-disparities
https://www.ruralhealthinfo.org/topics/rural-health-disparities
https://doi.org/10.1038/sj.ijo.0803365
https://doi.org/10.1038/sj.ijo.0803365
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0170
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0175
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0175
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0175
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0175
https://doi.org/10.5173/ceju.2017.923
https://doi.org/10.5173/ceju.2017.923
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0185
http://refhub.elsevier.com/S2211-3355(22)00256-X/h0185
https://doi.org/10.3402/qhw.v10.28577
https://doi.org/10.22605/RRH3267
https://doi.org/10.15585/mmwr.mm6823a1
https://doi.org/10.1016/j.cct.2013.11.003
https://doi.org/10.1186/s12966-016-0362-1
https://doi.org/10.1186/s12966-016-0362-1

	Relationships among changes in physical activity, quality of life, and obesity-Status following a behavioral intervention f ...
	1 Background
	2 Methods
	2.1 MoveMore intervention
	2.2 Recruitment
	2.3 Data collection and measures
	2.3.1 Health-Related quality of life
	2.3.2 Physical activity
	2.3.3 Weight and height
	2.3.4 Demographics

	2.4 Analysis
	2.4.1 Statistical approach


	3 Results
	3.1 Participants
	3.2 Change in HRQoL and PA variables
	3.3 Relationship between change in PA and change in HRQoL variables and moderation by baseline obesity status

	4 Discussion
	5 Funding source
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


