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Physical activity is important for reducing overweight and obesity and related health 
consequences. This study examined changes in mood following 16 weeks of exercise in a 
sample of 29 individuals residing in a rural area and at risk for developing Type 2 diabetes 
mellitus (T2DM). Significant positive mood changes were detected, with moderate to large 
effect sizes. Assessments also revealed significant delayed postexercise positive emotion 
changes. These findings extend research on the mood benefits of exercise to individuals 
residing in rural settings and at risk for T2DM and suggest that to gain a full 
understanding of the exercise-affect relation, investigators need to assess affect at delayed 
intervals following exercise. 
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Introduction	  

A great deal of attention has been directed toward the association between adverse health 
outcomes and sedentary lifestyle. Physical inactivity predicts a shorter life span and increased 
health care expenditures (Garrett, Brasure, Schmitz, Schultz, & Huber, 2004; Powell & Blair, 
1994), whereas routine physical activity and exercise have numerous benefits for health and 
chronic disease management and increased longevity (Blair & Haskell, 2006; Blumenthal, 
Sherwood, LaCaille, Georgiades, & Goyal, 2005; Centers for Disease Control and Prevention 
[CDC], 2001; Gregg et al., 2003; Rockhill et al., 2001). These findings are particularly important for 
obesity and Type 2 diabetes mellitus (T2DM) because the onset and course of both may be 
influenced by regular exercise. In addition, obesity itself increases the risk for T2DM, and both are 
major causes of morbidity (e.g., coronary heart disease) and mortality in the United States and 
throughout the industrialized world (Mokdad et al., 2001). It is estimated that 9.3% of the U.S. 
population has diabetes (about 90% T2DM; Cowie et al., 2006) and approximately 32% of the U.S.  
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population is obese (i.e., body mass index [BMI] > 30). Furthermore, an alarming 61% of all 
individuals in the United States is overweight (i.e., BMI > 25), and the average body weight of 
adults has continued to increase over the past 15 years (CDC, 2006; Ogden et al., 2006). 

Obesity, sedentary lifestyle, and the sequelae thereof are an even greater concern for rural 
populations. The risk of being obese may be 15% higher for individuals residing in rural settings 
(Patterson, Moore, Probst, & Shinogle, 2004), and the odds of rural residents reporting a physically 
inactive lifestyle are 43% higher than for those living in urban areas (Martin et al., 2005). The 
relationship between physical inactivity and setting (urban vs. rural) remains even when 
adjustments are made for sociodemographic factors (i.e., age, level of education, and socioeconomic 
status; Grace, Barry-Bianchi, Stewart, Rukholm, & Nolan, 2007). Limited access to exercise 
facilities and characteristics of the rural environment, such as reduced availability of sidewalks or 
parks, have been offered as explanations for the rural-urban disparity in physical activity 
(Deshpande, Baker, Lovegreen, & Brownson, 2005; Wilcox, Bopp, Oberrecht, Kammermann, & 
McElmurray, 2003; Wilcox, Castro, King, Housemann, & Brownson, 2000). Recently, Bell et al. 
(2007; see also Arcury et al., 2006) documented high rates of physical inactivity and relatively low 
levels of ownership of home exercise equipment among rural adults with diabetes. Clearly, 
potential barriers to achieving adequate levels of physical activity are abundant in rural 
communities, placing individuals residing within these areas at increased health risk. Thus, 
physical activity intervention may be particularly vital for improving the health of rural 
individuals at risk for obesity and T2DM. 

In addition to noteworthy physical health and longevity benefits, evidence supporting the 
psychological benefits of exercise continues to accumulate. Several reports over the past decade 
have documented improvement in cognitive functioning as well as decreases in anxiety or 
depression following regular physical activity and exercise (Barbour & Blumenthal, 2005; 
Eggermont & Scherder, 2006; Etnier & Berry, 2001; Penedo & Dahn, 2005). One investigation in 
particular found that a 16-week aerobic exercise intervention was as efficacious as an 
antidepressant medication in treating individuals with major depressive disorder (Blumenthal et 
al., 1999). At 6 months posttreatment, those individuals participating in the exercise intervention 
experienced lower rates of depression than those receiving the antidepressant, with only a 9% 
symptom relapse rate, compared to 30% for individuals who had been prescribed medication 
(Babyak et al., 2000). Relatively few intervention studies have investigated the effects of exercise 
on positive affect, but some researchers (Elavsky et al., 2005; Kolden et al., 2002) who have 
examined these variables have likewise demonstrated increases in positive affect and psychological 
well-being in their study participants. Nevertheless, this literature has been limited because of 
inconsistent results and populations studied. For example, Nieman, Custer, Butterworth, Uteer, 
and Henson (2000) found that mood states, as measured by the Profile of Mood States (POMS), did 
not significantly improve for a group of obese women following 12 weeks of exercise.  

Regarding the present investigation, no exercise studies have examined mood effects in rural 
populations or individuals with or at risk for developing T2DM. The dearth of attention given to 
mood effects of exercise in individuals with T2DM is of particular interest, given that the 
prevalence of major depressive disorder is twice as high in individuals affected by diabetes 
(Anderson, Freedland, Clouse, & Lustman, 2001). A recent study demonstrated that individuals 
with both diabetes and depression are 2.5 times more likely than those with either disorder alone 
to die during an 8-year period (Egede, Nietert, & Zheng, 2005). 

In addition to habitual regular physical activity and exercise, individual bouts of exercise have 
been associated with postexercise improvements in affect (Boutcher, McAuley, & Courneya, 1997; 
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Masters, LaCaille, & Shearer, 2003; Rejeski, Gauvin, Hobson, & Norris, 1995). For example, 
depression and anxiety have been found to decrease, whereas vigor and happiness have been found 
to increase following a session of exercise. Gauvin, Rejeski, and Norris (1996) found that an acute 
bout of vigorous physical activity was associated with improvements in positive feeling states (i.e., 
revitalization, engagement, tranquility) on the Exercise Induced Feeling Inventory (EFI). In 
addition, mood and affect may continue to improve following exercise and physical activity. In a 
group of healthy runners, O’Halloran, Murphy, and Webster (2004) found that affective 
improvements (i.e., increased elation and clear headedness, decreased anxiety) were not generally 
evident until 40 minutes into a treadmill run, but persisted at an assessment 10 minutes following 
the exercise bout.  

Several studies have indicated that affect improvements may peak within 5 minutes following 
exercise (Ekkekakis, Hall, Van Landuyt, & Petruzzello, 2000; Petruzzello, Hall, & Ekkekakis, 
2001; Steptoe, Kearsley, & Walters, 1993) and persist between 20 minutes to 4 hours postexercise 
(Focht & Hausenblas, 2001; Masters et al., 2003; Raglin & Morgan, 1987; Steptoe & Bolton, 1988). 
In a meta-analysis (Reed & Ones, 2006), acute low-to-moderate exercise doses were found to 
consistently yield positive affect for up to 35 minutes, with enhanced affect lasting for 30 minutes 
following the exercise session. In sum, the data have indicated that improvements in general mood 
occur following repeated exercise sessions and that improvements in short-term affect follow a 
particular bout of exercise. It also appears that particular affective states may be influenced 
differentially over time after completion of a bout of exercise. Thus, the timing of assessment of 
affective states following exercise may be an important variable. 

A major limitation in the exercise literature pertained to the fact that most studies examining 
affect following single bouts of exercise have been performed on college-age populations, a group of 
individuals whose activity levels may be different from those of other populations. Much less 
information has been available on clinical samples or individuals at risk for adverse health 
outcomes, and the limited data that do exist have depicted less consistent results. For example, 
improved affect has been found in male cardiac patients (Gavin, Bethell, & Turner, 2000), but not 
in patients who have been diagnosed with cancer (Dimeo, Stieglitz, Novelli-Fischer, Fetscher, & 
Keul, 1999) and chronic fatigue (Clapp et al., 1999). Thus, examination of mood and affect 
following a single bout of exercise with particular clinical or at-risk samples is needed because 
findings with healthy, active individuals may not necessarily generalize to more clinically relevant 
populations. 

The onset of enhanced affect following exercise may have implications for sedentary, at-risk 
individuals attempting to initiate and maintain exercise regimens. Importantly, improvement in 
positive affect during and following exercise has the potential to contribute to longer term 
adherence to exercise (Wing, Phelan, & Tate, 2002). A small study by Annesi, Westcott, and Gann 
(2004) of older sedentary women suggested that improvements in mood and fatigue following 
participation in a 10-week exercise program may have been associated with better adherence to 
exercise protocols. Thus, examination of affect immediately following an exercise bout and 
assessment of the responsiveness of mood following completion of an extended period of consistent 
exercise are important. 

Purpose	  of	  the	  Study	  

The primary purpose of this study was to extend the literature on general mood and affective 
response to exercise to a rural population at risk for developing T2DM on the basis of their BMI, 
sedentary lifestyle, and age (American Diabetes Association, 2004). These particular variables 
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were chosen because they are readily available and known by individuals and do not require a visit 
to a physician or performance of a specific laboratory test (e.g., HbA1c counts) that is likely not 
known or understood by most individuals in the at-risk rural population. Virtually all people, 
however, can know whether they are increasing their risk for developing T2DM on the basis of 
these simple variables. In particular, we were interested in addressing the relationships between 
(a) exercise and general mood across the duration of a 16-week exercise initiation home-based 
program for rural residents, and (b) specific exercise relevant affect pertaining to a single exercise 
session measured both immediately after exercise and following a 5-minute delay. The data 
analyses reported herein constitute secondary analyses from a study designed to pilot the efficacy 
of three cognitive-behavioral interventions delivered by paraprofessionals for initiating exercise 
among adults living in a rural area of the United States and at risk for T2DM. These interventions 
were delivered via telephone, mail, or both on a weekly basis. Details are available from the 
researchers. Rural residents were targeted because their rates of physical inactivity are 
dramatically higher than the rates of individuals residing in urban areas (Martin et al., 2005) and 
they are virtually absent from the exercise mood/affect literature. Thus, information about the 
potential mood benefits of exercise in rural populations is unknown.  

Method	  

Participants	  

Currently sedentary adults ages 35 to 60 who resided in a rural area of the United States, 
Intermountain West, were recruited via advertisements in local newspapers to begin an exercise 
program of moderate intensity. This research was approved by the appropriate institutional review 
board, and the participants signed an informed consent document prior to participation. Potential 
participants initially completed a questionnaire assessing their age, height, weight, and gender. 
They were further screened by completing the Physical Activity Readiness Questionnaire (PAR-Q; 
Canadian Society for Exercise Physiology, 1994), an instrument supported by Health Canada and 
used as an indicator of whether individuals need to consult a physician before beginning a new 
exercise program. The PAR-Q is used widely throughout Canada and the United States, is 
nonthreatening and simple to administer and complete, and was designed for individuals aged 15 
to 69 years. After meeting the age and sedentary lifestyle requirements, those who answered no to 
all PAR-Q questions and had a BMI (weight [kg]/height2 [m]) greater than or equal to 25 were 
qualified to participate. 

The final sample comprised 29 adults at risk for T2DM as defined by (a) a BMI greater than or 
equal to 25, (b) currently exercising less than once per week, and (c) at least 35 years of age. The 
mean age was 46.14 years (SD = 5.87), and the sample comprised 12 men and 17 women and was 
more highly educated than is representative (48% some college). Participants were 100% White 
(the surrounding community was 96% White, 2% Asian; U.S. Census Bureau, 2004). 

Measures	  

POMS	  
The POMS is a widely used self-report instrument consisting of 65 items answered on a 5-point 
Likert scale of 0 (not at all) to 4 (extremely). It has six scales: Tension (nine items), Depression (five 
items), Anger/Hostility (12 items), Confusion (seven items), Fatigue (seven items), and Vigor (eight 
items). With the exception of Vigor, all scales measure negative mood (McNair, Lorr, & 
Droppleman, 1971). The six POMS scales have been shown to have good reliability, with internal 
consistency estimates ranging from .74 to .95 (Eichman, 1978; Shacham, 1983). Test-retest 
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reliability (range of 3 days to 16 weeks) estimates show adequate stability (.65 to .75), though also 
demonstrating that the instrument is sensitive to detecting changes in mood (Eichman, 1978; 
O’Connor, 2004). Although the discriminant validity of the individual scales has been brought into 
question (Jacobs & Boze, 1993; Reddon, Marceau, & Holden, 1985), data based upon the multitrait-
multimethod approach have suggested that the POMS has demonstrated convergent and 
discriminant validity with other measures of mood (Nyenhuis, Yamamoto, Luchetta, Terrien, & 
Parmentier, 1999). The POMS was administered prior to the submaximal treadmill test at the 
baseline and postintervention sessions. Participants were provided with instructions to rate their 
mood over the past week thus rendering an assessment of their general, characteristic mood. 

EFI	  
The EFI is a brief self-report instrument consisting of 12 items that measure exercise relevant 
emotional states. The subscales include Tranquility, Positive Engagement, Revitalization, and 
Physical Exhaustion. Many measures of affect have been mentioned in the psychological literature, 
most focusing exclusively or predominantly on negative affect and few being designed specifically 
for measuring affect in relation to exercise. Designed to remedy these deficiencies, the EFI 
measures positive and negative affect specifically associated with exercise (Gauvin & Rejeski, 
1993). The EFI has been shown to demonstrate concurrent and discriminant validity. Factor 
analysis has supported the validity of the four-factor model (the fit index exceeded .90) and 
Cronbach’s alphas that often exceed .80 (Gauvin & Rejeski, 1993). Moreover, the EFI has been 
shown to be consistently sensitive to manipulations and interventions involving physical activity 
(Gauvin & Rejeski, 2001; Gauvin et al., 1996; Gauvin, Rejeski, & Reboussin, 2000; Rejeski et al., 
1995). The EFI was administered to the participants immediately after they had completed a 
submaximal treadmill test during the baseline and postintervention assessments, as well as 5 
minutes afterward.  

Exercise	  Logs	  and	  Perceived	  Exertion	  
Weekly measures of exercise adherence were collected. For each day, the participants recorded 
whether they exercised (i.e., jogged or walked); for how long (in minutes); and at what level of 
perceived exertion. Participants were reminded weekly either by mail or phone to return their 
exercise logs. Ratings of physical exertion were based upon the Ratings of Perceived Exertion Scale 
(RPE; Borg, 1985). The RPE lists numbers in ascending order between 6 and 20 (e.g., 7 = very, very 
light and 19 = very, very hard) that correspond to individuals’ perceptions of effort during exercise. 
Scores on the RPE have been reported to correlate with heart rate during exercise (Russell & 
Weeks, 1994), and the scale often is used in prescribing exercise intensity for healthy individuals 
as well as those participating in cardiac rehabilitation programs. Test-retest reliability is high (> 
.90) following brief intervals of moderate intensity exercise as well as for bouts of exercise 4 weeks 
apart for a range of intensities (Ceci & Hassmen, 1991). The RPE has been used with a broad 
range of physical activities and settings, and it is considered a valid means of prescribing intensity 
of exercise (Robertson, 2001). Participants returned their exercise logs and exertion ratings weekly 
in postage-paid envelopes provided by the researchers.  

Procedure	  

Prior to initiation of the 16-week exercise program, as well as upon its completion, participants 
arrived at an exercise physiology laboratory and completed paper-pencil measures that included 
the POMS. Subsequently, they underwent a submaximal treadmill test designed to estimate 
maximal aerobic capacity that was conducted by trained research assistants. After familiarization 
with the motorized treadmill and a brief warm-up, participants walked on the treadmill at a brisk 
but comfortable pace (approximately 2–3.5 mph) at 0% grade while wearing a heart rate monitor 
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strapped just below the chest. After 4 minutes of brisk walking on the treadmill at 0% grade, the 
treadmill was raised to 5% grade for 4 minutes, at which time heart rate and subjective rating of 
how hard the participants thought they were working were recorded. After 8 minutes total of brisk 
walking, the treadmill was slowed to an easy pace and returned to 0% grade for a cool down to 
return heart rate to within 20 beats per minute of the initial heart rate (Ebbeling, Ward, Puleo, 
Widrick, & Rippe, 1991). At 8 minutes, participants averaged a heart rate of 125.45 bpm (SD = 
11.40). A regression equation [15.1 + 21.8 (speed in mph) - 0.327 (heart rate in bpm) - 0.263 (speed 
* age in years) + 0.00504 (heart rate * age) + 5.98 (gender – 0 = female; 1 = male)] was used to 
estimate maximal aerobic capacity (Ebbeling et al., 1991). Immediately upon completion of the 
treadmill task, and again after a 5-minute delay, participants completed the EFI. At the end of the 
16 weeks, participants averaged 122.04 bpm (SD = 12.54) at the 8th minute of walking. 

Participants were given a general exercise prescription for the 16 weeks that included frequency 
(five times/week); duration (30 min/session); intensity (12–14, or somewhat hard on the RPE); and 
mode (walk briskly and/or jog; Haskell et al., 2007). They were asked to exercise for 16 weeks and 
to complete weekly measures of exercise behavior to assess exercise adherence. It was emphasized 
to the participants that accuracy of the report of exercise behavior was crucial to the study and 
that it was essential that they report exactly what they did.  

Each week that the participants returned the exercise adherence self-report measures, a token 
with their name was placed in a drawing to occur at the conclusion of the study. Three names were 
drawn to each receive one of the treadmills from the study; a fourth name was drawn to win $300. 
Thus, the more times that the individuals returned exercise behavior sheets, the greater their 
chances were of winning. Importantly, their chances of winning were not influenced by the amount 
of exercise they reported, but only if they returned their completed exercise behavior sheets. This 
system was designed to discourage inflated reports of exercise behavior and reward return of the 
measures.  

Data	  Analysis	  	  

The principal questions addressed by the data analysis pertained to (a) general mood changes 
following 16 weeks of exercise, and (b) whether differences in exercise-relevant affect were found 
based upon the time of assessment in relation to completion of the bout of exercise, that is, 
immediately following exercise or after a 5-minute delay. Both questions were addressed through 
MANOVAs using Time as a within-subjects variable and the appropriate POMS or EFI scales as 
the dependent variables with follow-up analyses as appropriate. For analyses related to Question 1 
above, Time was defined as baseline versus postintervention, whereas for analyses addressing 
Question 2, Time consisted of immediately postexercise versus 5-minute delay. Because all 
participants were sedentary at the initiation of the study, it was necessary to determine the extent 
to which they exercised during the 16 weeks of the program. Three measures of exercise adherence 
were computed: (a) average number of days per week that the participants met the exercise 
prescription, (b) total number of minutes per week that they exercised, and (c) days of exercise per 
week. Finally, we did not anticipate significant exercise-mood related differences based upon type 
of intervention; however, we conducted the necessary tests to address these questions. No 
statistically significant differences were found. 
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Results	  

Adherence	  

On average, the participants went from being sedentary (i.e., exercising less than 1 day per week) 
at baseline to exercising 3.92 (SD = 1.26) days per week for a total of 136.06 (SD = 58.66) minutes 
per week throughout the course of the study. On average, they met the exercise prescription on 
3.54 (SD = 1.28) days per week. Inspection of the data revealed one outlier who reported 
exercising, on some measures, greater than two standard deviations above the mean. With this 
individual removed, the findings changed to 3.86 (SD = 1.23), 129.09 (SD = 45.91), and 3.48 (SD = 
1.27), respectively. The pattern of exercise behavior could be described as relatively consistent 
throughout, with immediate increases observed at Week 1 and declining by the end of Week 16. 
During Week 1, participants exercised an average of 5.10 (SD = 1.05) times, which was their 
highest number for any week. At Week 16, they averaged 3.48 (SD = 1.76) times. Minutes 
exercised per week followed an identical trend. During Week 1, participants exercised an average 
of 161.16 minutes (SD = 49.53), which was their highest average for any week, and at Week 16, 
they averaged 123.27 minutes (SD = 80.79). Days of meeting the exercise prescription went from 
3.97 (SD = 1.94) at Week 1 to 3.11 (SD = 2.04) at Week 16. 

Mood	  and	  Affect	  

Descriptive statistics for each POMS and EFI scale can be seen in Tables 1 and 2. 

POMS	  
To examine the impact of the 16 weeks of exercise on general, non-exercise-related mood, we 
calculated a MANOVA with Time as a within-subjects factor and all POMS scales as dependent 
variables. The result was significant, F(6, 22) = 8.50, p < .0001.  Follow-up t tests and standardized 
mean difference effect sizes are presented in Table 1. Effect sizes were calculated according to the 
following formula, which corrects for the artifact of pre- and postcorrelation of within-subject 
measures.  

 

Significant beneficial effects were found for the subscales of Anger, Depression, Fatigue, Tension, 
and Vigor, with effect sizes ranging from .54 to .88. 

Table	  1:	  Effects	  of	  16	  Weeks	  of	  Exercise	  on	  POMS	  Scores	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
 Baseline  Postintervention 
Subscale       M SD  M SD t p d 
Anger   7.28   5.90    3.93   4.81   3.03    .005   .62 
         Confusion   6.24   4.11    4.93   2.72   1.40    .174   .39 
         Depression   8.31   7.60    4.71   4.71   2.70    .012   .55 
         Fatigue 10.41   7.14    5.07   4.29   4.26 < .0001   .88 
         Tension 10.59   6.28    7.32   5.75   2.10    .046   .54 
         Vigor   18.56   5.03  14.82   6.68   3.04    .005   .62 
Note. Vigor was reverse scored so that lower scores represent higher vigor; df = 28 for all t tests 
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EFI	  
Because affect was measured by the EFI immediately following the submaximal aerobic exercise 
test and at a 5-minute follow-up for both baseline and post-16-week exercise assessments, this 
variable was subject to several analyses. First, a repeated-measures MANOVA with Time 
(baseline, post) as a within-subjects factor and the EFI subscale scores obtained immediately 
following exercise as dependent variables found that mood measured immediately following the 
submaximal aerobic test was significantly improved following the 16-week intervention compared 
to the same measure at baseline, F(4, 24) = 4.86, p = .005. Similarly, a repeated-measures 
MANOVA with Time as a within-subjects factor (baseline, post) and the EFI scores obtained at 5-
minute delay as the dependent variables found that mood after the delay was improved 
significantly at postintervention compared to baseline, F(4, 24) = 3.60, p = .02.  The results of 
follow-up t tests, along with standardized mean difference effect sizes, are presented in Table 2. 
Significant results were found on all EFI scales for the immediate time measure and for 
revitalization and tranquility for the 5-minute delayed measure. 

Table	  2:	  Effects	  of	  16	  Weeks	  of	  Exercise	  on	  EFI	  Scores	  at	  Immediate	  and	  5-‐Minute	  Delay	  
Postexercise	  Assessments	  

Immediate 
Baseline  Postintervention 

Subscale M SD  M SD t p d 
Physical exhaustion 2.97 2.67  1.54 1.48 3.58 .001 − .58 
         Positive engagement 5.97 2.75  7.57 2.49 3.05 .01    .61 
         Revitalization 4.62 2.82  6.71 2.79 3.76 .001    .75 
         Tranquility 5.62 3.21  7.07 2.83 2.13 .04    .48 

 Delay 
 Baseline  Postintervention 
Subscale M SD  M SD t p d 
Physical exhaustion 1.52 2.11    .89 1.23 1.45 .16 − .35 
         Positive engagement 7.69 2.42  8.39 2.69 1.18 .25    .28 
         Revitalization 5.83 2.59  7.25 2.99 2.49 .02    .51 
         Tranquility 6.41 2.51  8.36 2.47 3.77 .001    .78 
Note.  df = 28 for all t tests 

To assess the specific impact of a 5-minute delay on measurement of mood following exercise, we 
calculated two repeated-measures MANOVAs, with Time (immediate, delayed) as a within-
subjects factor and the EFI subscales as dependent variables on both. One MANOVA assessed the 
impact of time of measurement on EFI scores following the baseline submaximal aerobic test, F(4, 
25) = 5.76, p = 002. The second MANOVA examined the impact of time of measurement on EFI 
scores at the postintervention aerobic test and found similar results, F(4, 24) = 5.93, p = .002. Both 
MANOVAs indicated an improvement in EFI-rated affect during a 5-minute delay postexercise. 
Results of follow-up t tests and standardized mean difference effect sizes can be seen in Table 3.  
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Table	  3:	  Effects	  of	  Delay	  Following	  Exercise	  on	  EFI	  Subscales	  
Baseline  Postintervention 

Subscale t p d  t p d 
Physical exhaustion   4.76 <.001 − .58    3.10   .004 − .35 
        Positive engagement   4.31 <.001    .66    2.96   .006    .32 
        Revitalization   2.80   .009    .44    1.95   .061    .18 
        Tranquility   1.92   .065    .27    3.82   .001    .48 
Note. t tests at baseline df = 28, while t tests at postintervention df = 27 

The consistent changes in EFI subscales across all assessments are presented in Figure 1. 

	  

Figure	  1:	  	  EFI	  scores	  at	  immediate	  and	  5-‐minute	  delay	  assessments	  for	  baseline	  and	  
postintervention	  

Discussion	  

The purposes of this study were to examine a rural population of initially sedentary individuals at 
risk for developing T2DM based upon commonly known risk factors: (a) general mood response 
after a 16-week exercise program, and (b) exercise relevant affective states at different time points 
following specific bouts of exercise. Significant mood changes on five of the six POMS subscales 
were detected following participation in a 16-week exercise program, with effect sizes ranging from 
moderate to large. All observed changes were directed toward improved mood. In addition, 
exercise-related affective states changed between baseline and postintervention assessments 
across all four EFI subscales. That is, moderate levels of increased tranquility, revitalization, 
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positive engagement, and decreased physical exhaustion were observed. Although studies have 
demonstrated that exercise has health benefits for diabetes management (King et al., 2006; Smith 
& McFall, 2005), our investigation extends previous findings of exercise benefits by demonstrating 
that improved general mood and affective response also can be achieved in a group of initially 
sedentary individuals at risk for developing T2DM. This beneficial mood effect is of particular 
importance, given the association between diabetes and depressive symptoms (Anderson et al., 
2001; Egede et al., 2005), and suggests that exercise may have the potential to be a useful 
preventive treatment for individuals at risk of developing these often comorbid conditions. Thus, 
examination of the improvements in mood following exercise is in need of increased emphasis in 
future investigations of individuals either at significant risk of developing or currently attempting 
to manage T2DM (and depression).  

The secondary purpose of our study was to examine affective states following a 5-minute delay 
postexercise versus affect measured immediately following exercise. Using the four EFI subscales, 
improved affect was found for six of eight comparisons, with a trend toward significant 
improvement for the two remaining subscales. The most pronounced changes were the moderate 
reductions in physical exhaustion observed during 5-minute delayed assessments at baseline and 
postintervention; similar levels of increased positive engagement also were found. Based upon 
these findings, continued assessment of affective response after cessation of a bout of exercise is 
warranted because affective benefits appear to increase with delay, that is, the participants 
reported continuing improvement in affect with delay, suggesting that the actual affective benefits 
of exercise may be underestimated by investigators who fail to provide additional assessments 
following the bout of exercise.  

The delayed improvements in affect observed in this study occurred after we had the participants 
complete a brief submaximal treadmill test that amounted to approximately 8 to 10 minutes of 
brisk walking. Notably, the consistent mood improvements were demonstrated in a sample of 
initially sedentary adults who were not reporting significant elevations or disturbances in mood or 
affect prior to beginning the exercise program. Although it may be somewhat surprising that a 
bout of exercise of such short duration would produce reliable improvements, these findings were 
consistent with a report by Hansen, Stevens, and Coast (2001), who found that 10 minutes of 
aerobic exercise of moderate intensity on a bicycle ergometer increased vigor and decreased fatigue 
and negative affect in a sample of healthy college-age women, with little additional psychological 
improvement noted for longer workouts. Thus, engaging in brief bouts of moderate levels of 
physical activity may produce meaningful improvements in affective response.  

This finding may be particularly important for sedentary individuals attempting to make exercise 
behavior changes. Improved affective states following exercise may serve to reinforce engagement 
in exercise and, consequently, increase the likelihood of meeting the American College of Sports 
Medicine’s (1998) recommendation that individuals achieve 30 minutes or more of moderate 
physical activity over the course of the day. Support for this hypothesis was found among the 
correlational results from the present study that revealed positive relations between exercise 
adherence and revitalization at follow-up (minutes per week exercise, r[28] = .40, p < .05; days per 
week exercise, r[28] = .43, p < .05; days per week met prescription, r[28] = .47; p < .01). 
Consequently, individuals who accumulate the recommended amounts of exercise in shorter bouts 
dispersed throughout the day may find this strategy convenient and may also experience fewer 
undesirable side effects (e.g., muscle soreness) than individuals who exercise for longer time 
periods, though continuing to obtain the health and affect benefits. Should this be determined to be 
a stable finding, public health officials might consider incorporating it into exercise advocacy 
campaigns.  
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Although a strength of the present study was the initiation and adherence to the 16-week exercise 
program with individuals residing in rural settings, the sample size was small, and the 
participants were highly educated. Thus, replication with greater numbers and more diverse 
participant populations is indicated. The study also lacked a no-exercise control group to assess for 
changes resulting from attention involved in participating in a study and not due to exercise per 
se. Nevertheless, baseline measures of the participants’ mood while sedentary were consistent with 
nonclinical normative samples (McNair et al., 1971), indicating that the participants in our study 
did not experience mood disturbances or extreme preexercise scores that could have been 
susceptible to regression to the mean effects. Assessment of affective responses beyond a 5-minute 
delay also is recommended because recent data have suggested that some individuals may 
experience positive-activated affect for up to 30 minutes following exercise before returning to 
baseline levels (Gavin et al., 2000). Thus, the importance of such delayed improvements should not 
be overlooked. Interventions with components that encourage or emphasize the self-monitoring 
and recording of affect states for several minutes following completion of a bout of exercise may 
make this benefit more salient to those initiating exercise. Thus, health educators working with 
rural residents to incorporate physical activity into T2DM self-management programs may want to 
highlight the potential for improved mood immediately following physical activity as well as after 
initiation of an exercise regimen. Finally, measurement of exercise adherence relied upon the 
participants’ self-reports. Though there is evidence that self-report is a reliable, valid, and accurate 
method of assessing physical activity (Bowles, FitzGerald, Morrow, Jackson, & Blair, 2004; Kurtze, 
Rangul, Hustvedt, & Flanders, 2008), and the pattern of reported exercise in this study matched 
typical patterns and expectations (i.e., initial large increase followed by gradual reduction over 
time), objective monitoring of exercise would strengthen these findings. 

We found that the sedentary rural residents in this study who were at risk for developing T2DM 
experienced both long-term and immediate improvements in mood associated with exercise. 
Improvements in mood following an individual bout of exercise appeared to increase with delay, 
suggesting that researchers take this into consideration when designing future studies. Mood-
enhancing effects of exercise have immediate reinforcement properties, and highlighting these 
benefits to exercise initiators may lead to improved exercise adherence. 

References	  

American College of Sports Medicine. (1998). ACSM’s resource manual for guidelines for exercise 
testing and prescription (3rd ed.). Baltimore, MD: Williams and Wilkins.   

American Diabetes Association. (2004). Screening for type 2 diabetes (Position statement). 
Diabetes Care, 27, S11–S14. doi:10.2337/diacare.27.2007.S11 

Anderson, R. J., Freedland, K. E., Clouse, R. E., & Lustman, P. J. (2001). The prevalence of 
comorbid depression in adults with diabetes: A meta-analysis. Diabetes Care, 24, 1069–
1078. doi:10.2337/diacare.24.6.1069 

Annesi, J. J., Westcott, W. W., & Gann, S. (2004). Preliminary evaluation of a 10-wk resistance and 
cardiovascular exercise protocol on physiological and psychological measures for a sample 
of older women. Perceptual and Motor Skills, 98, 163–170. doi:10.2466/PMS.98. 1.163-170 

Arcury, T. A., Snively, B. M., Bell, R. A., Smith, S. L., Stafford, J. M., Wetmore-Arkader, L. K., & 
Quandt, S. A. (2006). Physical activity among rural older adults with diabetes. Journal of 
Rural Health, 22, 164–168. doi:10.1111/j.1748-0361.2006.00026.x 



	  
	   Masters	  et	  al.,	  2011	  
	  

Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	   	   12	  
	  

Babyak, M. A., Blumenthal, J. A., Herman, S., Khatri, P., Doraiswamy, M., Moore, K., … 
Krishnan, K. R. (2000). Exercise treatment for major depression: Maintenance of 
therapeutic benefit at 10 months. Psychosomatic Medicine, 62, 633–638.  

Barbour, K. A., & Blumenthal, J. A. (2005). Exercise training and depression in older adults. 
Neurobiology of Aging, 26S, S119–S123. doi:10.1016/j.neurobiolaging.2005.09.007 

Bell, R. A., Arcury T. A., Stafford, J. M., Golden, S. L., Snively, B. M., & Quandt, S. A. (2007). 
Ethnic and sex differences in ownership of preventative health equipment among rural 
older adults with diabetes. Journal of Rural Health, 23, 332–338. doi:10.1111/j.1748-
0361.2007.00111.x 

Blair, S., & Haskell, W. L. (2006).  Objectively measured physical activity and mortality in older 
adults. Journal of the American Medical Association, 296, 216–218. doi:10.1001/jama. 
296.2.216 

Blumenthal, J. A., Babyak, M. A., Moore, K. A., Craighead, W. E., Herman, S., Khatri, P., … 
Krishnan, K. R. (1999). Effects of exercise training on older patients with major depression. 
Archives of Internal Medicine, 159, 2349–2356. doi:10.1001/archinte.159. 19.2349 

Blumenthal, J. A., Sherwood, A., LaCaille, L. J., Georgiades, A., & Goyal, T.  (2005). Lifestyle 
approaches to the treatment of hypertension. In N. A. Cummings, A. Nicholas, W. T. 
O’Donohue, & E.V. Naylor (Eds.), Psychological approaches to chronic disease management 
(pp. 87–115). Reno, NV: Context Press. 

Borg, G. (1985). An introduction to Borg’s RPE-Scale. Ithaca, NY: Movement. 

Boutcher, S. H., McAuley, E., & Courneya, K. S. (1997). Positive and negative affective responses 
of trained and untrained subjects during and after aerobic exercise. Australian Journal of 
Psychology, 49, 28–32. doi:10.1080/00049539708259847 

Bowles, H. R., FitzGerald, S. J., Morrow, J. R. Jr., Jackson, A. W., & Blair, S. N. (2004). Construct 
validity of self-reported historical physical activity. American Journal of Epidemiology, 
160, 279–286. doi:10.1093/aje/kwh209 

Canadian Society for Exercise Physiology. (1994). PAR-Q and you. Ottawa, Ontario: Gloucester.  

Ceci, R., & Hassmen, P. (1991). Self-monitored exercise at three different RPE intensities in the 
treadmill vs. field running. Medicine and Science in Sports and Exercise, 23, 732–738. 
doi:10.1249/00005768-199106000-00013 

Centers for Disease Control and Prevention. (2001). Effects of physical activity on health and 
disease: A report from the surgeon general. Retrieved from http://www.cdc.gov/nccd 
php/sgr/prerep.htm  

Centers for Disease Control and Prevention. (2006). State-specific prevalence of obesity among 
adults—United States, 2005. Morbidity and Mortality Weekly Report, 55, 985–988. 

Clapp, L., Richardson, M. T., Smith, J. F., Wang, M., Clapp, A. J., & Pieroni, R. E. (1999). Acute 
effects of thirty minutes of light-intensity, intermittent exercise on patients with chronic 
fatigue syndrome. Physical Therapy, 79, 749–756.  

Cowie, C. C., Rust, K. F., Byrd-Holt, D. D., Eberhardt, M. S., Flegal, K. M., Engelgau, M. M., … 
Gregg, E. W. (2006). Prevalence of diabetes and impaired fasting glucose in adults in the 
U.S. population: National Health and Nutrition Examination Survey 1999–2002. Diabetes 
Care, 29, 1263–1268. doi:10.2337/dc06-0062 



	  
	   Masters	  et	  al.,	  2011	  
	  

Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	   	   13	  
	  

Deshpande, A. D., Baker, E. A., Lovegreen, S. L., & Brownson, R. C. (2005). Environmental 
correlates of physical activity among individuals with diabetes in rural Midwest.  Diabetes 
Care, 28, 1012–1018. doi:10.2337/diacare.28.5.1012 

Dimeo, F. C., Stieglitz, R., Novelli-Fischer, U., Fetscher, S., & Keul, J. (1999). Effects of physical 
activity on the fatigue and psychological status of cancer patients during chemotherapy. 
Cancer, 85, 2273–2278. doi:10.1002/(SICI)1097-0142(19990515)85:10 <2273::AID-
CNCR24>3.0.CO;2-B 

Ebbeling, C., Ward, A., Puleo, E., Widrick, J., & Rippe, J. (1991). Development of a single-stage 
submaximal treadmill walking test. Medicine and Science in Sports and Exercise, 23, 966–
973. doi:10.1249/00005768-199108000-00014 

Egede, L. E., Nietert, P. J., & Zheng, D. (2005). Depression and all-cause coronary heart disease 
mortality among adults with and without diabetes. Diabetes Care, 28, 1330–1345. 
doi:10.2337/diacare.28.6.1339 

Eggermont, L. H., & Scherder, E. J. (2006). Physical activity and behaviour in dementia: A review 
of the literature and implications for psychosocial intervention in primary care. Dementia: 
The International Journal of Social Research and Practice, 5, 411–428. 
doi:10.1177/1471301206067115 

Eichman, W. J. (1978). Profile of Mood States [Review]. In O. K. Buros (Ed.), The eighth mental 
measurements yearbook (pp. 1016–1018). Highland Park, NJ: Gryphon Press. 

Ekkekakis, P., Hall, E. E., Van Landuyt, L. M., & Petruzzello, S. J. (2000). Walking in (affective) 
circles: Can short walks enhance affect? Journal of Behavioral Medicine, 23, 245–275. 
doi:10.1023/A:1005558025163 

Elavsky, S., McAuley, E., Motl, R. W., Konopack, J. F., Marquez, D. X., Hu, L., … Diener, E. (2005). 
Physical activity enhances long-term quality of life in older adults: Efficacy, esteem, and 
affective influences. Annals of Behavioral Medicine, 30, 138–145. 
doi:10.1207/s15324796abm3002_6 

Etnier, J., & Berry, M. (2001). Fluid intelligence in an older COPD sample after short- or long-term 
exercise. Medicine and Science in Sports and Exercise, 33, 1620–1628. 
doi:10.1097/00005768-200110000-00002 

Focht, B., & Hausenblas, H. A. (2001). Influence of quiet rest and acute aerobic exercise performed 
in a naturalistic environment on selected psychological responses. Journal of Sport and 
Exercise Psychology, 23, 108–121. 

Garrett, N. A., Brasure, M., Schmitz, K. H., Schultz, M. M., & Huber, M. R. (2004). Physical 
inactivity: Direct cost to a health plan. American Journal of Preventative Medicine, 27, 
304–309. doi:10.1016/S0749-3797(04)00191-6 

Gauvin, L., & Rejeski, W. J. (1993). The exercise-induced feeling inventory: Development and 
initial validation. Journal of Sport and Exercise Psychology, 15, 403–423. 

Gauvin, L., & Rejeski, W. J. (2001). Disentangling substance from rhetoric: A rebuttal to 
Ekkekakis and Petruzzello. Psychology of Sport and Exercise, 2, 73–88. doi:10.1016/ S1469-
0292(01)00008-5 

Gauvin, L., Rejeski, W. J., & Norris, J. L. (1996). A naturalistic study of the impact of acute 
physical activity on feeling states and affect in women. Health Psychology, 15, 391–397. 
doi:10.1037/0278-6133.15.5.391 



	  
	   Masters	  et	  al.,	  2011	  
	  

Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	   	   14	  
	  

Gauvin, L., Rejeski, W. J., & Reboussin, B. A. (2000). Contributions of acute bouts of vigorous 
physical activity to explaining diurnal variations in feeling states in active, middle-aged 
women. Health Psychology, 19, 365–375. doi:10.1037/0278-6133.19.4.365 

Gavin, M. D., Bethell, H. J. N., & Turner, S. C. (2000). The acute model effects of a single 
rehabilitation exercise session on cardiac patients. Coronary Health Care, 4, 71–75. 
doi:10.1054/chec.2000.0076 

Grace, S. L., Barry-Bianchi, S., Stewart, D. E., Rukholm, E., & Nolan, R. P. (2007). Physical 
activity behavior, motivational readiness and self-efficacy among Ontarians with 
cardiovascular disease and diabetes. Journal of Behavioral Medicine, 30, 21–29. 
doi:10.1007/s10865-006-9080-5 

Gregg, E. W., Cauley, J. A., Stone, K. T., Thompson, T. J., Bauer, D. C., Cummings, S. R., & 
Ensrud, K. E. (2003). Relationship of changes in physical activity and mortality among 
older women. Journal of the American Medical Association, 289, 2379–2386. 
doi:10.1001/jama.289.18.2379 

Hansen, C. J., Stevens, L. C., & Coast, J. R. (2001). Exercise duration and mood states: How much 
is enough to feel better? Health Psychology, 20, 267–275. doi:10.1037/0278-613 3.20.4.267 

Haskell, W. L., Lee, I-M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, B. A., … Bauman, A. 
(2007). Physical activity and public health: Updated recommendation for adults from the 
American College of Sports Medicine and the American Heart Association. Circulation, 
116, 1081–1093. doi:10.1161/CIRCULATIONAHA.107.185649 

Jacobs, K. W., & Boze, M. M. (1993). Correlations among scales of the Beck Depression Inventory 
and the Profile of Mood States. Psychological Reports, 73,431–434. 

King, D. K., Estabrooks, P. A., Strycker, L. A., Toobert, D. J., Bull, S. S., & Glasgow, R. E. (2006). 
Outcomes of multifaceted physical activity regimen as part of a diabetes self-management 
intervention. Annals of Behavioral Medicine, 31, 128–137. doi:10.1207/s 
15324796abm3102_4 

Kolden, G. G., Strauman, T. J., Ward, A., Kuta, J., Woods, T., Schneider, K. L., … Mullen, B. 
(2002). A pilot study of group exercise training (GET) for women with primary breast 
cancer: Feasibility and health benefits. Psychooncology, 11, 447–456. doi:10.1002/pon. 591 

Kurtze, N., Rangul, V., Hustvedt, B. E., & Flanders, W. D. (2008). Reliability and validity of self-
reported physical activity in the Nord-Trondelag Health Study: HUNT 1. Scandinavian 
Journal of Public Health, 36, 52–61. doi:10.1177/1403494807085373 

Lambert, M. J., Hatch, D. R., Kingston, M. D., & Edwards, B. C. (1986). Zung, Beck, and Hamilton 
Rating Scales as measures of treatment outcome: A meta-analytic comparison. Journal of 
Consulting and Clinical Psychology, 54, 54–59. doi:10.1037/0022-006X.54. 1.54 

Martin, S. L., Kirkner, G. J., Mayo, K., Matthews, C. E., Durstine, J. L., & Herbert, J. R. (2005). 
Urban, rural, and regional variations in physical activity. Journal of Rural Health, 21, 
239–244. doi:10.1111/j.1748-0361.2005.tb00089.x 

Masters, K. S., LaCaille, R. A., & Shearer, D. S. (2003). The acute affective response of Type A 
behaviour pattern individuals to competitive and noncompetitive exercise. Canadian 
Journal of Behavioural Science, 35, 25–34. doi:10.1037/h0087183 

McNair, D. M., Lorr, M., & Droppleman, L. F. (1971). Profile of mood states. San Diego, CA: 
Educational and Industrial Testing Service. 



	  
	   Masters	  et	  al.,	  2011	  
	  

Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	   	   15	  
	  

Mokdad, A. H., Bowman, B. A., Ford, E. S., Vinicor, F., Marks, J. S., & Koplan, J. P. (2001). The 
continuing epidemics of obesity and diabetes in the United States. Journal of the American 
Medical Association, 286, 1195–1200. doi:10.1001/jama.286.10.1195 

Nieman, D. C., Custer, W. F., Butterworth, D. E., Utter, A. C., & Henson, D. A. (2000). 
Psychological response to exercise training and/or energy restriction in obese women.  
Journal of Psychosomatic Research, 48, 23–29. doi:10.1016/S0022-3999(99)00066-5 

Nyenhuis, D. L., Yamamoto, C., Luchetta, T., Terrien, L., & Parmentier, A. (1999). Adult and 
geriatric normative data and validation of the profile of mood states. Journal of Clinical 
Psychology, 55, 79–86. doi:10.1002/(SICI)1097-4679(199901)55:1<79::AID-
JCLP8>3.0.CO;2-7 

O’Connor, P. J. (2004). Evaluation of four highly cited energy and fatigue mood measures.  Journal 
of Psychosomatic Research, 57, 435–441. doi:10.1016/j.jpsychores.2003.12.006 

Ogden, C. L., Carroll, M. D., Curtin, L. R., McDowell, M. A., Tabak, C. J., & Flegal, K. M. (2006). 
Prevalence of overweight and obesity in the United States, 1999-2004. Journal of the 
American Medical Association, 295, 1549–1555. doi:10.1001/jama.295.13.1549 

O’Halloran, P. D., Murphy, G. C., & Webster, K. E. (2004). Mood during a 60-minute treadmill run: 
Timing and type of mood change. International Journal of Sport Psychology, 35, 309–327. 

Patterson, P. D., Moore, C. G., Probst, J. C., & Shinogle, J. A. (2004). Obesity and physical 
inactivity in rural America. Journal of Rural Health, 20, 151–159. doi:10.1111/j.1748-
0361.2004.tb00022.x 

Penedo, F. J., & Dahn, J. R. (2005). Exercise and well-being: A review of mental and physical 
health benefits associated with physical activity. Current Opinion in Psychiatry, 18, 189–
193. doi:10.1097/00001504-200503000-00013 

Petruzzello, S. J., Hall, E. E., & Ekkekakis, P. (2001). Regional brain activation as a biological 
marker of affective responsivity to acute exercise: Influences of fitness.  Psychophysiology, 
38, 99–106. doi:10.1111/1469-8986.3810099 

Powell, K. E., & Blair, S. N. (1994). The public health burdens of sedentary living habits:  
Theoretical but realistic estimates. Medicine and Science in Sports and Exercise, 26, 851–
856. doi:10.1249/00005768-199407000-00007 

Raglin, J. S., & Morgan, W. P. (1987). Influence of exercise and quiet rest on state anxiety and 
blood pressure. Medicine and Science in Sports and Exercise, 19, 456–463. doi:10.1249/ 
00005768-198710000-00006 

Reddon, J. R., Marceau, R., & Holden, R. R. (1985). A confirmatory evaluation of the Profile of 
Mood States: Convergent and discriminant item validity. Journal of Psychopathology and 
Behavioral Assessment, 7, 243–259. doi:10.1007/BF00960756 

Reed, J., & Ones, D. S. (2006). The effect of acute aerobic exercise on positive activated affect: A 
meta-analysis. Psychology of Sport and Exercise, 7, 477–514. doi:10.1016/j.psych 
sport.2005.11.003 

Rejeski, W. J., Gauvin, L., Hobson, M. L., & Norris, J. L. (1995). Effects of baseline responses, in-
task feelings, and duration of activity on exercise-induced feeling states in women.  Health 
Psychology, 14, 350–359. doi:10.1037/0278-6133.14.4.350 

Robertson, R. J. (2001). Exercise testing and prescription using RPE as a criterion variable. 
International Journal of Sport Psychology, 32, 177–188. 



	  
	   Masters	  et	  al.,	  2011	  
	  

Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	   	   16	  
	  

Rockhill, B., Willett, W. C., Manson, J. E., Leitzmann, M. F., Stampfer, M. J., Hunter, D. J., & 
Colditz, G. A. (2001). Physical activity and mortality: A prospective study among women. 
American Journal of Public Health, 91, 578–583. doi:10.2105/AJPH.91.4.578 

Russell, W. D., & Weeks, D. L. (1994). Attentional style in ratings of perceived exertion during 
physical exercise. Perceptual and Motor Skills, 78, 779–783. 

Shacham, S. (1983). A shortened version of the profile of mood states. Journal of Personality 
Assessment, 47, 305–306. doi:10.1207/s15327752jpa4703_14 

Smith, D. W., & McFall, S. L. (2005). The relationship of diet and exercise for weight control and 
the quality of life gap associated with diabetes. Journal of Psychosomatic Research, 59, 
385–392. doi:10.1016/j.jpsychores.2005.06.062 

Steptoe, A., & Bolton, J. (1988). The short-term influence of high and low intensity physical 
exercise on mood. Psychology & Health, 8, 91–106. doi:10.1080/08870448808400346 

Steptoe, A., Kearsley, N., & Walters, N. (1993). Acute mood responses to maximal and submaximal 
exercise in active and inactive men. Psychology & Health, 8, 89–99. 
doi:10.1080/08870449308403169 

U.S. Census Bureau. (2004). State and county quick facts. Retrieved October 8, 2006, from 
http://quickfacts.census.gov/qfd/states/49/49005.html   

Wilcox, S., Bopp, M., Oberrecht, L., Kammermann, S. K., & McElmurray, C. T. (2003). 
Psychosocial and perceived environmental correlates of physical inactivity in rural and 
older African American and White women. Journals of Gerontology: Series B: Psychological 
Sciences and Social Sciences, 58, P329–P337.  

Wilcox, S., Castro, C., King, A. C., Housemann, R., & Brownson, R. C. (2000). Determinants of 
leisure time physical activity in rural compared with urban older and ethnically diverse 
women in the United States. Journal of Epidemiology and Community Health, 54, 667–
672. doi:10.1136/jech.54.9.667 

Wing, R., Phelan, S., & Tate, D. (2002). The role of adherence in mediating the relationship 
between depression and health outcomes. Journal of Psychosomatic Research, 53, 877–88. 
doi:10.1016/S0022-3999(02)00315-X 

 

The	  Journal	  of	  Social,	  Behavioral,	  and	  Health	  Sciences	  is	  an	  open-‐access,	  peer-‐reviewed,	  online	  
interdisciplinary	  journal	  focusing	  on	  research	  findings	  that	  address	  contemporary	  national	  and	  
international	  issues.	  Its	  objectives	  are	  to	  (a)	  encourage	  dialogue	  between	  scholars	  and	  practitioners	  
in	  the	  social,	  behavioral,	  and	  health	  sciences	  that	  fosters	  the	  integration	  of	  research	  with	  practice;	  
(b)	  promote	  innovative	  models	  of	  interdisciplinary	  collaboration	  among	  the	  social,	  behavioral,	  and	  
health	  sciences	  that	  address	  complex	  social	  problems;	  and	  (c)	  inform	  the	  relationship	  between	  
practice	  and	  research	  in	  the	  social,	  behavioral,	  and	  health	  sciences.	  
	  
Walden	  University	  Publishing:	  http://www.publishing.waldenu.edu	  


