
 
THE IMPACT OF EXERCISE ON MOOD: EFFECTS OF VARYING INTENSITY 

AND 
FREQUENCY 

 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

MARY MURAWSKI 
 
 
 
 
 
 
 
 
 
 
 
 
 

A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 

 
UNIVERSITY OF FLORIDA 

 
2004 



 

 

 

Copyright 2004 
 

by 
 

Mary Murawski 

 

 



 
ACKNOWLEDGMENTS 

I would like to thank my mentor, Dr. Michael Perri, as well as Dr. Patricia Durning, 

Dr. Lesley Fox, and Gretchen Ames, for their continual encouragement and assistance 

throughout the formation and completion of this thesis. 

 

iii 



 

TABLE OF CONTENTS 
 
 page 
 
ACKNOWLEDGMENTS ................................................................................................. iii 

LIST OF TABLES...............................................................................................................v 

LIST OF FIGURES ........................................................................................................... vi 

ABSTRACT...................................................................................................................... vii 

CHAPTER 
 
1 INTRODUCTION ........................................................................................................1 

2 MATERIALS AND METHODS .................................................................................7 

Participants ...................................................................................................................7 
Procedures.....................................................................................................................8 

Recruitment ...........................................................................................................8 
Baseline Assessment .............................................................................................8 

Experimental Design ....................................................................................................9 
Intensity Prescriptions ...........................................................................................9 
Frequency Prescriptions ......................................................................................10 

Exercise Logs..............................................................................................................11 
Exercise Interventions ................................................................................................11 
Dependent Measures...................................................................................................12 
Statistical Analyses.....................................................................................................13 

 
3 RESULTS...................................................................................................................14 

Participant Characteristics ..........................................................................................14 
Preliminary Analyses..................................................................................................14 
Primary Analyses........................................................................................................15 

 
4 DISCUSSION.............................................................................................................23 

LIST OF REFERENCES...................................................................................................29 

BIOGRAPHICAL SKETCH .............................................................................................33 

iv 



 
LIST OF TABLES 

Table  page 
 
1 Exercise Prescriptions..............................................................................................6 

2 Baseline Characteristics by Treatment Condition..................................................17 

3 Means and Standard Deviations—POMS Depression...........................................18 

4 Means and Standard Deviations—POMS Tension................................................18 

5 Means and Standard Deviations—POMS Vigor ...................................................19 

 

 
 

v 



 
LIST OF FIGURES 

Figure  page 
 
1 Depression by prescription at baseline and 6 months............................................20 

2 Tension by prescription at baseline and 6 months .................................................20 

3 Vigor by prescription at baseline and 6 months.....................................................21 

4 Effect of intensity within group change in Vigor ..................................................21 

5 Effect of frequency within group change in Vigor ................................................22 

 

 

vi 



 
Abstract of Thesis Presented to the Graduate School 

of the University of Florida in Partial Fulfillment of the 
Requirements for the Degree of Master of Science 

THE IMPACT OF EXERCISE ON MOOD: EFFECTS OF VARYING 
INTENSITY AND FREQUENCY 

 
By 
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Chair:  Michael G. Perri 
Major Department:  Clinical and Health Psychology 

Limited information exists about the dose-response relationship between exercise 

and mood.  This study examined the effects of four different exercise prescriptions on 

changes in mood over the course of a 6-month intervention period.  Participants included 

315 healthy adults (62% women; 77% Caucasian; mean age = 48.9 years) who reported 

an average of < 1 hour per week of leisure-time physical activity at baseline.  Participants 

were randomly assigned to one of four exercise counseling conditions that varied in 

intensity (moderate vs. high; 45-55% vs. 65-75% of maximum heart rate reserve) and 

frequency (moderate vs. high; 3-4 vs. 5-7 days/week).  The Profile of Mood States was 

used to assess depression, tension, and vigor at baseline and 6 months.  Repeated-

measures ANOVAs showed significant improvements from baseline to 6 months in vigor 

(p < .01) but not in depression or tension (ps > .10).  Post-hoc analyses indicated that 

significant increases in vigor occurred only in those conditions where exercise was 

prescribed either at moderate intensity/high frequency (p < .01) or at high 
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intensity/moderate frequency  (p < .01). Neither the moderate intensity/moderate 

frequency nor the high intensity/high frequency prescriptions resulted in significant 

changes in vigor. These results show that among healthy adults the psychological benefits 

associated with increased exercise may be limited to changes in vigor and that these 

changes only occur when exercise is prescribed at either a high intensity/moderate 

frequency or a moderate intensity/high frequency. 
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CHAPTER 1 
INTRODUCTION 

Numerous physiological benefits are associated with engaging in regular physical 

activity (U.S. Department of Health and Human Services [USDHHS], 1996).  Studies 

have shown exercise to help prevent the development of osteoporosis (Lanyon, 1996), aid 

in decreasing the risk of developing non-insulin-dependent diabetes mellitus (Kujala, 

Kaprio, Taimela, & Sarna, 1994), as well as provide many other well- documented 

biological benefits (Byers, 1995).  Relatively little research, however, has examined the 

psychological benefits that accompany physical activity. 

In reviewing the benefits of regular physical activity, Vuori (1998) indeed noted the 

lack of information on the impact of exercise on psychological factors and the need for 

more research to elucidate its effects. While some research has attempted to assess the 

effects of exercise on psychological factors, most studies have primarily focused on 

short-term effects occurring after acute bouts of exercise (Pierce & Pate, 1994; Rehor, 

Dunnagan, Stewart, & Cooley, 2001; Steptoe & Cox, 1998).   

Studies assessing psychological benefits associated with exercise have found 

significant reductions in symptoms such as depression and anxiety following brief 

sessions of exercise (Dimeo, Bauer, Varahram, Proest, & Halter, 2001; Lane, Crone-

Grant, & Lane, 2002).  While these studies provide evidence for the acute effects or 

immediate consequences following an exercise bout, they do not provide insight into the 

long-term psychological benefits, or chronic effects, that may accompany participation in 

regular exercise. 
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Research detailing the chronic effects of regular exercise has been provided in  

several studies of long-term exercise interventions (Blumenthal, Williams, Needels, & 

Wallace, 1982; Morris & Salmon, 1994).  DiLorenzo, Bargman, Stucky-Ropp, 

Brassington, Frensch, and LaFontaine (1999) found small reductions on dimensions of 

depression, tension-anxiety, and vigor as measured on the Profile of Mood States 

(POMS) following a twelve-week aerobic exercise intervention. Shin (1999) also used 

the POMS when assessing the effects of a walking exercise program.  After an eight-

week intervention, a significant decrease in depression and tension, as well as an increase 

in vigor occurred in the walking group as compared to a non-equivalent control group.  

While these studies have provided information regarding the long-term psychological 

effects of exercise, certain limitations to these studies should be considered. 

Many studies examining psychological benefits of regular exercise have often 

utilized unique or unrepresentative populations. In the study by Shin (1999) described 

above, a population of solely elderly Korean women acted as participants. Many studies 

examining the effects of exercise have focused on strictly elderly populations (Penninx, 

Leveille, Ferrucci, Van Eijk, & Guralnik, 1999; Schroeder, Nau, Osness, & Potteiger, 

1998).  Other studies have used participants with physical illnesses (Gowans, deHueck, 

Voss, Silaj, Abbey, & Reynolds, 2001; Pinto, Trunzo, Reiss, & Shiu, 2002) or with 

clinically diagnosed depression and anxiety (Dimeo et al., 2001). Furthermore, Berger 

and Owen (1983), who found a significant mood improvement in psychological factors as 

measured on the POMS, were assessing the unique population of competitive swimmers.  

Also, many times unusual forms of exercise have been utilized when trying to assess the 

psychological benefits of exercise.  Forms of physical activity that are less accessible to 
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the general public, such as tai chi or aquatic aerobics, have often been used in 

interventions (Belza, Topolski, Kinne, Patrick, & Ramsey, 2002; Ross, Bohannon, Davis, 

& Gurchiek, 1999). Lastly, it is important to note that all of these studies describing long-

term psychological benefits of exercise did not control for the variables of exercise 

intensity or frequency. 

Only few studies have examined the chronic effects of physical activity while 

accounting for the intensity or frequency of the exercise (Moses, Steptoe, Mathews& 

Edwards, 1989).  Katula, Blissmer, and McAuley (1999) found that a session of lighter 

intensity (29% HRres) walking resulted in decreased arousal and anxiousness (as 

measured by the State Anxiety Inventory), whereas a session of higher-intensity walking 

(96% HRres) resulted in increased arousal and decreased anxiousness in older adults. In a 

meta-analysis by Dunn, Trivedi, and O’Neal (2001), evidence suggested that both 

moderate and vigorous exercise can yield positive psychological benefits.  Indeed, 

research has shown that vigorous exercise is not necessary to obtain mood improvement 

(King, Taylor, & Haskell, 1993).  Sexton, Maere, and Dahl (1989) found that participants 

in both a moderate intensity walking group and a higher intensity jogging group both 

showed significant decreases in symptoms of depression and anxiety (as measured by the 

Beck Depression Inventory and the State-Trait Anxiety Inventory, respectively). Similar 

findings have been reported in other studies assessing the impact of intensity on long-

term psychological benefits of exercise (Veale, LeFevre, Pantelis, DeSouza, Mann, & 

Sargeant, 1992).  It is interesting to note that some studies have examined the effects of 

varying the intensity of acute bouts of exercise (Bartholomew & Linder, 1998; Tate & 

Petruzzello, 1995; Treasure & Newberry, 1998).  Kennedy and Newton (1997) found that 
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participants enrolled in four sessions of either low intensity or high intensity aerobic 

classes all experienced reductions in depression, tension, fatigue, and anger and an 

increase in vigor as measured by the Profile of Mood States.  Thus, much of the literature 

assessing the impact of varying the intensity of both long-term and short-term exercise 

interventions showed psychological benefits in all participants regardless of intensity 

condition. 

Unfortunately, fewer studies have examined the effects of different exercise 

frequencies on psychological functioning. McAuley (1991), after 10 weeks of a brisk 

walking intervention, found that a higher frequency of regular physical activity yields 

higher levels of positive affect (as measured on an “affective reactions questionnaire”). 

Those results, however, do not clarify the effects of exercise frequency on a variety of 

dimensions within psychological well-being, such as the mood components of 

depression, tension, and vigor.  Some studies have shown higher frequency exercise to be 

associated with less depressive symptomatology (Conroy, Smith, & Felthous, 1982; 

Hassmen, Kolvula, & Uutela, 2002).  It should be noted, however, that the majority of 

studies evaluating the effects of exercise on symptom reduction have utilized populations 

with clinically diagnosed depression or anxiety.  Again, the lack of information on the 

impact of exercise frequency on mood improvement represents a large gap in the 

literature.  

Furthermore, this insufficient knowledge on the impact of exercise frequency 

contributes to the dearth of literature providing insight into the impact of exercise on 

psychological factors while controlling for both intensity and frequency.  Evidence for 

exercise dose-response effects, or the amount or “dose” of exercise needed to produce a 
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response, on dimensions of psychological mood has been notably lacking. One meta-

analysis did examine the exercise dose-response relationship, but the analysis only 

utilized studies assessing clinical populations, who had significant levels of depression 

and anxiety at baseline. The researchers found that more frequent exercise yielded greater 

reductions in depression and anxiety and that both low and high intensity physical 

activity decreased depression (Dunn et al, 2001). While this information is helpful, we 

are still left with two unanswered questions: What are the psychological benefits of 

regular exercise in a non-clinical population? What dose of exercise is needed to produce 

psychological benefits in a non-clinical population? 

Therefore, the purpose of the present study was to examine the effects of varying 

exercise frequency and intensity on mood in a randomized trial, with a factorial design, 

consisting of two levels of intensity (moderate, 45%-55% vs. high, 65%-75% HRres) 

crossed with two levels of frequency (moderate, 3-4 vs. high, 5-7 days per week), while 

controlling for mode of exercise (walking), for daily duration (30 min), and for setting 

(home-based). Specifically, the study assessed the impact of four exercise prescriptions 

(See Table 1) on depression, tension, and vigor, as measured by the Profile of Mood 

States, at both baseline and 6 months. We hypothesized that compared to moderate 

frequency, high frequency exercise would result in: a decrease in depression, a decrease 

in tension, and an increase in vigor.  With regards to intensity, we hypothesized that from 

baseline to 6 months both moderate and high intensity exercise would result in: a 

decrease in depression, a decrease in tension, and an increase in vigor. 
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Table 1. Exercise Prescriptions 
 
 
Moderate Intensity/Moderate Frequency    (MI/MF) 
(45%-55% HRres/3-4 days per week) 
 
Moderate Intensity/High Frequency     (MI/HF) 
(45%-55% HRres/5-7 days per week) 
 
High Intensity/Moderate Frequency     (HI/MF) 
(65%-75% HRres/3-4 days per week) 
 
High Intensity/High Frequency    (HI/HF) 
(65%-75% HRres/5-7 days per week) 
 
 
 

 

 



 

CHAPTER 2 
MATERIALS AND METHODS 

Participants 

Participants were 315 healthy but sedentary women (n=195) and men (n=120) who 

volunteered to take part in a 2-year study of the effects of walking on health and fitness.  

Five cohorts of participants were recruited and randomized at 3-month intervals.  

Eligibility requirements included age between 30-69 years, sedentary lifestyle (defined as 

less than 1 hour per week of leisure-time physical activity over the prior 12 months), 

body mass index (BMI) between 19 and 45, and resting blood pressure below 140 mm 

Hg systolic and 90 mm Hg diastolic.  To be eligible, potential participants also had to 

agree that over the course of the study they would maintain their usual physical activity 

patterns and not initiate any new exercise other than that associated with their randomly 

assigned treatment condition.  Individuals who were unwilling or unable to give informed 

consent, were unwilling to accept random assignment, or were participating in another 

research project were not accepted.  Potential participants were excluded if, at screening, 

their medical history, clinical examination, or laboratory results revealed any of the 

following conditions: coronary heart disease; chronic or recurrent respiratory or 

gastrointestinal conditions; hypercholesterolemia (for women, LDL-cholesterol > 190 

mg/dl; for men > 160 mg/dl) or use of antihyperlipidemia medication; diabetes mellitus, 

fasting blood glucose > 110 mg/dl; cancer within 10 years; or bone, muscle, or joint 

conditions that would prevent walking on a regular basis.  Women who were pregnant or 

planning to become pregnant during the course of the study were also excluded. 
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Procedures 

Recruitment 

Participants were recruited through a variety of methods, including media articles, 

direct mailings, newspaper announcements, and presentations to community groups.  

Following telephone screening, potentially eligible persons were invited to attend an 

informational meeting during which the purposes and procedures of the study were 

explained and informed consent was obtained.  After providing consent, each individual 

completed a medical history form that included questions concerning current and past 

illnesses, past surgeries, and current medication use.   

Baseline Assessment 

During a baseline testing session, each participant underwent a medical 

examination and completed a symptom-limited maximal exercise test to determine peak 

oxygen consumption (VO2max; ml/min/kg) and maximum heart rate (HRmax). Prior to the 

treadmill test, blood pressure (BP) and a standard 12-lead electrocardiogram (ECG) were 

obtained in the sitting and standing positions.  Three ECG leads were monitored 

continuously during the exercise test and a 12-lead ECG was repeated every 60 s of 

exercise and at 1, 3, and 5 min into recovery.  Participants between the ages of 30 and 49 

years performed the standard Bruce protocol (Bruce, Kusumi, & Hosmer, 1973).  

Participants between the ages of 50 and 69 years performed a modified Bruce protocol 

(Pollock & Wilmore, 1990), with workloads increasing by approximately three metabolic 

equivalents (METS) every 3 min.  The tests continued until participants reached 

voluntary maximal exertion or until they became symptomatic or developed significant 

hemodynamic or electrocardiographic endpoints (e.g., angina).  Oxygen uptake during 

exercise was determined each minute by means of a semiautomated computer-based 
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system (ParvoMedics TrueMax 2400 Metabolic Measurement System, Consentius 

Technologies, Sandy, UT).  Maximal oxygen uptake was defined as the average of two 

30-s values measured during the last minute of exercise. The Karvonen formula (ACSM, 

1986) was used to calculate HRres (Hrres = HRmax – resting HR).  

Experimental Design 

Following stratification by age (30-49 years and 50-69 years), sex, and VO2max 

(above or below the median age- and sex-adjusted norms from the Cooper Clinic; Pollock 

& Wilmore, 1990), participants were randomly assigned to a physician advice control 

group (No data from these participants were included in the analyses reported in this 

thesis) or to one of the following four exercise training conditions: (a) moderate intensity, 

moderate frequency; (b) moderate intensity, higher frequency; (c) higher intensity, 

moderate frequency; or (d) higher intensity, higher frequency.  The computerized 

randomization was carried out using SAS’s PROC PLAN (Spector, Goonight, Sall, & 

Sarle, 1985). 

Intensity Prescriptions 

Each participant was assigned an individualized training heart rate (THR) zone on 

the basis of the results of his or her initial treadmill testing. In the moderate intensity 

conditions, the individualized THR zone corresponded to 45%-55% HRres. In the higher 

intensity conditions, the individualized THR condition corresponded to 65%-75% HRres. 

The “moderate” and “higher” intensity ranges correspond to the intensity ranges 

designated as “moderate” and “hard”, respectively, in the Surgeon General’s report 

(USDHHS, 1996).  Participants were instructed to adjust their pace of walking to an 

intensity level consistent with their prescribed THR zone (Participants who reported 

difficulty achieving their THRs through brisk walking, were taught race-walking 
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techniques and, if necessary, were permitted to use motorized treadmills to achieve the 

targeted level of intensity).  To corroborate self-reported HR values during unsupervised 

walking sessions, each participant was asked to complete a 30-min walk on three separate 

occasions (i.e., during Weeks 5, 12, and 24) while wearing a monitor that recorded HRs 

at 1-min intervals and stored the data in digital memory (Polar Accurex Plus, Polar 

Electro, Inc., Port Washington, NY).  The stored data were later downloaded, and the 

percentage of time that the participant’s exercise HR fell within the prescribed THR zone 

was calculated. 

Frequency Prescriptions 

The exercise training activity prescribed to all participants was walking within the 

individualized THR zone for 30 min per day (either in a continuous bout or in up to three 

bouts, each of at least 10 min duration) for a prescribed number of days per week.  [A 

review of exercise logs revealed that the majority of the exercise (79%) was completed in 

single 30-min bouts rather than multiple bouts of shorter duration and that there were no 

significant differences in the use of shorter bouts as a function of the exercise 

prescriptions.] The walking could occur at home or at a work site or both.  Although 

participants were given flexibility in scheduling their exercise routines, the importance of 

achieving 30 min of exercise on each training day was strongly emphasized. Participants 

in the moderate frequency conditions were advised to walk 3-4 days per week.  

Participants in the higher frequency conditions were advised to walk 5-7 days per week.  

Each participant was provided with an individually tailored schedule for gradually 

building up to the prescribed intensity and frequency levels over the first month of the 

study. 
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Exercise Logs 

Participants were instructed in the use of daily training logs for self-monitoring of 

their exercise, including the duration (i.e., number of minutes) and the intensity (i.e., 

average HR) of all leisure-time bouts of walking of at least 10 min duration.  Because 

each bout of walking was recorded separately, the frequency of walking was also 

recorded.  Each participant was provided with a Polar Beat HR monitor (Polar Electro, 

Inc., Port Washington, NY), which provided a continuous display of current HR.  

Participants were instructed to wear the HR monitors during each exercise bout and to 

record the most frequently observed HR during the exercise session on their exercise 

logs.  The training logs were collected by staff at intervention sessions.  In cases of 

absences, staff contacted participants to obtain the exercise information and to encourage 

future attendance. 

Exercise Interventions 

Following randomization, all participants received a standard exercise intervention 

program derived in part from a modified version of Cooper Institute for Aerobics 

Research’s Project Prime Program.  The intervention included 11 group sessions over 6 

months.  The sessions were held weekly during Month 1, biweekly during Months 1-3, 

and monthly during Months 4-6. Treatment sessions were conducted by counselors 

(counterbalanced by condition) with graduate training in exercise science and/or 

behavioral science who followed a structured protocol. 

The exercise intervention procedures were guided by the principles of social-

cognitive theory (Bandura, 1986) and included instruction in goal setting, self-

monitoring, cognitive restructuring, and problem solving. Each session was conducted in 

three segments.  Segment 1 was used to review participants’ progress, since the previous 
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session, in implementing the strategies recommended for increasing their activity level. 

Group problem solving was used when participants reported difficulty in achieving goals; 

praise was offered when participants reported good progress.  Segment 2 was used for 

didactic instruction.  The following topics were covered during the instruction segments: 

proper techniques for the use of walking as exercise; behavioral self-management skills; 

exercise and health; increasing motivation and reinforcement for exercise; positive self-

talk; exercising in hot or cold weather; building social support for exercise; problem 

solving to overcome barriers to exercise; stress management; and relapse prevention.  

The participants were provided with handouts supplementing the presentations, and they 

were given homework assignments aimed at enhancing behavioral skills and problem 

solving.  Segment 3 was used for a walking bout supervised by group leaders.  In addition 

to providing participants with the opportunities to walk with other participants, the 

supervised walking bouts also offered group leaders opportunities to instruct participants 

on the use of the HR monitors for maintaining awareness of intensity during the walking 

bout. 

Dependent Measures 

Three dimensions of mood, including Depression, Tension, and Vigor, were 

assessed using three subscales of the Profile of Mood States (POMS).  The POMS is a 65 

item five-point adjective rating scale where participants are instructed to rate adjectives 

based on “how you have been feeling during the past week including today.”  Participants 

are asked to rate the adjectives on a scale from (0) “not at all” to (4) “extremely”.  A 

score for each mood factor is obtained by summing the responses to the rated adjectives 

that define each respective factor.  Scores can range from 0 to 40 on each subscale with 

higher scores indicating higher levels of the mood variables.  The POMS measures six 

 



13 

factors, including: Depression-Dejection, Tension- Anxiety, Vigor-Activity, Fatigue-

Inertia, Confusion-Bewilderment, and Anger-Hostility.  The POMS has an internal 

consistency of .90 and test-retest reliability ranging from .61 to .69 across the six factors.  

The scale of Depression, which was assessed in this study, measures the “mood of 

depression as accompanied by a sense of personal inadequacy.”  This scale consists of 

adjectives such as “unhappy”, “discouraged”, and “worthless”.  The Tension scale, also 

examined in this study, utilizes adjectives that are “descriptive of heightened 

musculoskeletal tension”, such as: “tense”, “uneasy”, and “restless”.  The last factor of 

mood investigated in this study was Vigor.  The POMS Vigor scale measures “a mood of 

vigorousness, ebullience, and high energy”, as described by adjectives including: 

“lively”, “alert”, and “carefree” (McNair, Lorr, Droppleman, 1992).   

Statistical Analyses 

A series of 2 X 2 X 2 repeated measures Analyses of Variance (ANOVAs) was 

utilized to assess the effects of 2 levels of intensity (moderate, high), 2 levels of 

frequency (moderate, high), at 2 time points (baseline, 6 months) on depression, tension, 

and vigor. Planned comparisons were used to examine the hypothesized changes in 

mood.  

 

 

 



 

CHAPTER 3 
RESULTS 

Participant Characteristics 

Of 2,165 people who made telephone inquiries concerning the study, 877 

underwent screening for eligibility, 553 met criteria for participation, and 492 accepted 

randomization to one of four treatment conditions or to a control condition. The 315 

participants in the four exercise intervention conditions constituted our study sample (See 

Table 2 for baseline characteristics).  ANOVAs showed that the treatment groups did not 

differ significantly in baseline measures of age, educational level, BMI, blood pressure, 

heart rate, or cardiorespiratory fitness. 

Preliminary Analyses 

Rates of attendance at the group intervention sessions (M= 71%, SD= 21%) were 

equivalent across conditions (range of means across groups= 69%-74%), as were the 

percentages of participants who dropped out prior to completion (overall attrition rate= 

13%, range across groups= 9%-17%).  Similarly, the rates of exercise log completion 

(M= 73%, SD=37%) were comparable across conditions (range of means across groups= 

68%-79%).  HR data collected via downloadable HR monitors used during selected 

weeks demonstrated that the majority of participants adhered to the exercise intensity 

prescriptions.  In the moderate intensity conditions, 88% of the participants had mean 

HRs (averaged over the last 20 min of 30-min bouts) within their individually prescribed 

THR zones (45%-55% HRres), 2% were below prescription (< 45% HRres), and 10% 

were above prescription (56%-64% HRres).  In the higher intensity conditions, 71% of 

14 
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the participants had mean HRs within the prescribed THR zones (65%-75% HRres); 6% 

exceeded the prescribed intensity; and 23% fell below the prescription, including 8% in 

the moderate intensity range (45%-55% HRres). 

Primary Analyses 

The 2 (moderate vs. high intensity) X 2 (moderate vs. high frequency) X 2 

(baseline vs. 6-months) repeated measures ANOVA was utilized to examine the effects 

of exercise intensity and frequency on POMS Depression (See Table 3 for Means and 

Standard Deviations). Results showed no significant effect for Time, F (1, 310) =.34, 

p=.56; no significant Time X Intensity interaction effect, F (1, 310) =.22, p=.64; and no 

significant Time X Frequency interaction effect F (1, 310)=.02, p=.90. There was a 

significant 3-way interaction for Time X Intensity X Frequency, F (1, 310) =5.36, p=.02. 

Planned comparisons showed a trend that High Intensity/Moderate Frequency (p=.058) 

exercise decreases depression from baseline to 6 months compared to Moderate 

Intensity/Moderate Frequency exercise (See Figure 1). 

The 2 X 2 X 2 repeated measures ANOVA for change in Tension scores (See Table 

4 for Means and Standard Deviations) after 6 months showed no significant effect for 

Time, F (1,311) =.64,  p=.42; no significant Time X Intensity interaction effect, F (1,311) 

=.76,  p=.38; no significant for Time X Frequency interaction effect, F (1, 311) =.40, 

p=.53; and no significant 3-way interaction effect for Time X Intensity X Frequency, F 

(1, 311) =1.94, p=.17. Planned comparison t-tests showed no significant differences in 

tension by prescription at baseline and 6 months (See Figure 2).   

The 2 X 2 X 2 repeated measures ANOVA for change in Vigor (See Table 5 for 

Means and Standard Deviations) after 6 months showed a significant effect for Time, F 

(1,311) =26.68, p=.001; no significant Time X Intensity interaction effect, F (1, 311) 
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=.38, p=.54; and no significant Time X Frequency interaction effect, F (1,311) =.25, 

p=.62. There was a significant 3-way interaction effect for Time X Intensity X 

Frequency, F (1, 311) =6.33, p=.01 (See Figure 3).  

Planned comparisons showed both Moderate (p<.01) and Higher (p<.01) Intensity 

conditions produced significant within group increases in Vigor (See Figure 4).  Planned 

comparisons also showed both Moderate (p<.01) and Higher (p<.01) Frequency 

conditions  produced significant within group increases in Vigor (See Figure 5). Further 

analyses showed, however, that only the Moderate Intensity/Higher Frequency (p<.01) 

and Higher Intensity/Moderate Frequency (p<.01) prescriptions yielded significant within 

group changes in Vigor. The Moderate Intensity/Moderate Frequency (p=.195) and High 

Intensity/High Frequency (p=.191) prescriptions did not yield significant within group 

changes in Vigor (See Figure 3). 

 

 



 

 

Table 2. Baseline Characteristics by Treatment Condition 
 
 
    MI/MF    MI/HF    HI/MF    HI/HF       
    (n=71)    (n=84)    (n=76)    (n=84) 

 Variable  M SD %  M   SD     %   M   SD     %   M   SD     %       
 
 
Age (years)  48.3 7.8   48.9 8.3   49.4 8.8   49.0 8.7 
Gender 
  Male     44    35    34    40 
  Female    56    65    66    60 
Ethnicity 
  Caucasian    78    78    64    85 

17

  African American   14    11    21    11 
  Hispanic    3    5    7    1 
  Asian     4    5    3    2 
  Other     1    1    5    1 
Education  
  Less than High School  13    8    5    9 
  High School Graduate  1    6    8    11 
  Some College   24    34    22    26 
  Bachelor’s Degree   30    27    32    27 
  Master’s Degree   15    17    21    13 
  Doctoral Degree     17    8    12    14 
BMI   28.1 4.9   28.0 5.0   28.3 4.4   28.7 6.2  
VO2max  26.8 5.7   25.3 5.1   25.0 5.5   25.0 6.7 
____________________________________________________________________________________________________________ 
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Table 3. Means and Standard Deviations—POMS Depression 
 
      Baseline  6 Months 
    n  M SD  M SD 
 
 
Group Prescription 
MI/MF    71  4.85 5.36  5.75 6.21 
MI/HF    84  5.97 7.75  4.98 6.81 
HI/MF    75  7.13 8.75  5.88 7.94 
HI/HF    84  5.26 6.20  5.70 7.55 
Total    314  5.80 7.17  5.56 7.15 
Intensity Prescription 
Moderate   155  5.46 6.76  5.33 6.54 
High    159  6.14 7.55  5.78 7.71 
Total    314  5.80 7.17  5.56 7.15 
Frequency Prescription 
Moderate   146  6.02 7.37  5.82 7.13 
High    168  5.62 7.00  5.34 7.18 
Total    314  5.80 7.17  5.56 7.15 
 
 
 
Table 4. Means and Standard Deviations—POMS Tension 
 
      Baseline  6 Months 
    n  M SD  M SD 
 
 
Group Prescription 
MI/MF    71  6.05 4.18  6.29 5.07 
MI/HF    84  5.91 5.07  5.71 5.22 
HI/MF    76  7.81 6.15  6.75 5.65 
HI/HF    84  5.81 4.45  5.92 4.38 
Total    315  6.38 5.06  6.15 5.08 
Intensity Prescription 
Moderate   155  5.97 4.67  5.98 5.15 
High    160  6.76 5.40  6.31 5.02 
Total    315  6.38 5.06  6.15 5.08 
Frequency Prescription 
Moderate   147  6.96 5.35  6.53 5.36 
High    168  5.86 4.76  5.81 4.81 
Total    315  6.38 5.06  6.15 5.08 
 

 



  19 

Table 5. Means and Standard Deviations—POMS Vigor 
 
      Baseline  6 Months 
    n  M SD  M SD 
 
 
Group Prescription 
MI/MF    71  17.30 5.69  18.12 6.32 
MI/HF    84  17.38 6.54  20.12 6.68 
HI/MF    76  17.14 6.58  19.18 5.82 
HI/HF    84  17.64 5.68  18.43 5.84 
Total    315  17.37 6.12  19.00 6.20 
Intensity Prescription 
Moderate   155  17.34 6.14  19.22 6.57 
High    160  17.40 6.11  18.79 5.82 
Total    315  17.37 6.12  19.00 6.20 
Frequency Prescription 
Moderate   147  17.21 6.15  18.69 6.06 
High    168  17.51 6.11  19.28 6.32 
Total    315  17.37 6.12  19.00 6.20 
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Figure 1.  Depression by prescription at baseline and 6 months 
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Figure 2.  Tension by prescription at baseline and 6 months 
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Figure 3.  Vigor by prescription at baseline and 6 months 
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Figure 4.  Effect of intensity within group change in Vigor 
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Figure 5.  Effect of frequency within group change in Vigor 

 
 
 
 

 



 

CHAPTER 4 
DISCUSSION 

In the present study we found no significant effects for Time X Intensity or Time X 

Frequency for Depression, Tension, or Vigor.  We did find significant Time X Intensity 

X Frequency interaction effects for both Depression and Vigor. Although there were no 

significant post-hoc findings for Depression, there was a trend towards decreases in 

Depression in the High Intensity/Moderate Frequency group.  In regards to Vigor, 

significant improvements over time were observed in the Moderate Intensity/High 

Frequency and High Intensity/Moderate Frequency groups. 

Some limitations to this study should be noted. First, with this non-clinical cohort, 

who had minimal symptoms of negative mood at baseline, a “floor effect” may have 

occurred. Because there were low levels of negative mood within the sample at baseline, 

there was little room for improvement in anxiety and depression from baseline to 6 

months.  The Means and Standard Deviations from an Adult normative sample for 

Depression (M= 10.2, SD=10.4) are actually higher than found at baseline in our sample 

(M= 5.80, SD= 7.17). The Means and Standard Deviations from an Adult normative 

sample for Tension (M= 12.8, SD= 7.9) are also higher than found in our sample at 

baseline (M= 6.38, SD= 5.06).  Even the Means and Standard Deviations from an Adult 

normative sample for Vigor are lower (M= 14.9, SD=6.7) than our sample at baseline 

(M=17.37, SD=6.12); thus making even improvement in Vigor more difficult due to a 

“ceiling effect” (McNair, Lorr, & Droppleman, 1992). Also, it should be noted that the 

amounts of exercise prescribed in this study were quite modest, at only 90 to 150 minutes 
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per week. Furthermore, Perri et al. (2002) found that participants only completed 61% of 

the exercise prescription in the moderate frequency condition and 63% of the exercise 

prescription in the higher frequency condition. Thus, the total volume of exercise 

completed was even lower than initially prescribed (Ms= 92 min per week in higher 

frequency condition vs. 60 min per week in moderate frequency condition). Perhaps 

prescriptions of higher volumes may yield more benefits. 

While recognizing the limitations of this study, it is important to emphasize that 

this study’s findings add to the literature in that both the frequency and intensity of the 

prescribed exercise was accounted for, which has not been controlled for in previous 

studies (Cowper, et al., 1991).  Blumenthal et al. (1982), examining the chronic effects of 

regular exercise, prescribed 45 minutes of walking at 70%-85% of Maximum Heart Rate 

(individually determined by participant’s initial treadmill test) three times a week 

throughout a 10-week walking/jogging intervention.  Examining the impact of exercise 

on tension, fatigue, anger, vigor, depression, and confusion, as measured by the Profile of 

Mood States, in a non-clinical population, the researchers did find some improvements in 

mood. After 10 weeks of training, the exercise group showed significant decreases in 

tension, fatigue, and confusion compared to a no-treatment group. The exercise group did 

not show any decrease in anger, but did show non-significant increases in vigor and 

decreases in depression. This study, however, can not provide insight into what 

combination of frequency and intensity may be most beneficial in producing changes in 

mood. Furthermore, they prescribed a more moderate frequency of exercise (only 3 days 

a week) but utilized a higher intensity rate (the current study’s high intensity condition 

only prescribed 65%-75% HRres) and a longer duration (45 min vs. the current study’s 
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30 min.), which may not be reasonable for all adults. Thus, our study, which varies both 

the intensity and frequency levels within 4 exercise prescriptions, provides greater detail 

into the actual and perhaps most parsimonious dosage necessary to produce 

improvements in mood. 

Our findings showed that the prescriptions for both Moderate and Higher Intensity 

walking resulted in an increase in Vigor from baseline to 6 months. This result is as we 

expected and is consistent with findings from previous studies showing both lower and 

higher intensity exercise yielding significant changes in Vigor (Kennedy & Newton, 

1997).  Neither the Moderate nor the Higher Intensity prescriptions, however, yielded 

significant changes in Depression or Anxiety. This finding could be a result of the 

restricted range of scores due to the healthy cohort utilized in this study as mentioned 

previously, whose low baseline scores of depression and anxiety left little room for 

improvement. This could explain the inconsistency with the present study’s findings that 

none of the exercise prescriptions impacted depression or anxiety scores, whereas 

previous studies that utilized clinically depressed or anxious populations did indeed 

observe decreases in mood symptoms associated with participation in physical activity 

(Hassmen, Koivua, & Uutela, 2000).  

Furthermore, our results showed that the prescriptions for both Moderate and 

Higher Frequency walking also resulted in an increase in Vigor from baseline to 6 

months. Although we expected Higher Frequency walking to result in mood 

improvement, we did not anticipate that Moderate Frequency walking would also yield 

significant changes in mood when paired with Higher Intensity walking. This finding that 

changes in mood occur with prescriptions of Moderate Frequency /High Intensity 
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walking and a High Frequency/Moderate Intensity walking could possibly be explained 

in terms of the dose-response relationship. Perhaps the mechanism for change is the 

balance between having a High component to initiate a change in mood but also the need 

for a Moderate component to ensure that the exercise does not result in a fatigue that 

would counteract the beneficial effects of the exercise on Vigor.  Plante and Rodin (1991) 

discuss a number of possible biological and psychological mechanisms that could explain 

the connection between exercise and psychological health.  One theory they discuss, 

postulating a biological mechanism, suggests that improvement in mood (Vigor) is a 

result of exercise-enhanced neurotransmission of norepinephrine, serotonin, and 

dopamine. Again, a High component of exercise may be necessary to initiate this 

enhanced transmission, while a moderate component would help maintain an appropriate 

level of transmission.  Thus, a Moderate Intensity/Moderate Frequency amount of 

activity may not be sufficient to initiate and maintain increased neurotransmission.  High 

Intensity/High Frequency activity, however, may actually initiate and cause an excess or 

exhaustion of neurotransmission; thus, negating the possible beneficial effects.  Another 

theory discussed by Plante and Rodin (1991), suggesting a psychological mechanism, 

states that exercise provides a distraction from “unpleasant cognitions, emotions, and 

behaviors.”  Again, a Moderate Intensity/High Frequency prescription of activity would 

allow for a level of intensity that would not be so effortful that the exercise itself would 

become unpleasant and with such a high frequency of distractions so as to generate 

increases in Vigor.  A High Intensity/Moderate Frequency prescription of exercise would 

enable a higher level of distraction because of the more intense demands of the activity 
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but at such a lower, occasional frequency so as to still produce significant mood 

improvement. 

Also, our findings that Vigor was increased but Depression and Tension were not 

significantly decreased could possibly speak to the preventive nature of exercise on 

mental health. Previous studies have found that while regular physical activity did not 

lower symptoms of depression or anxiety, baseline levels of activity did predict future 

likelihood of developing depression or anxiety. Camacho, et al. (1991) described this 

finding following their 9-year study of the relationship between physical activity and 

depression. Participants whose activity level was categorized as “low” (0-4 points on a 

physical activity frequency index) were significantly more likely to be clinically 

depressed at follow-up than the those who reported moderate (5-8 points) or high (9-14 

points) levels of physical activity at baseline. Thus, in non-clinical populations, regularly 

participating in exercise may not reduce negative mood but rather may enhance positive 

mood states over the long term (Stewart, et al., 1994). 

Our findings that exercise increases Vigor and possibly prevent mood disturbance 

in the future may also have implications for quality of life issues, especially in older 

adults. Regular physical activity has been shown to increase feelings of well-being and 

may even facilitate independent living or postpone disability in the elderly (Spirduso & 

Cronin, 2001). Thus, the long-term mood enhancing benefits of exercise may represent 

an important aspect of quality of life as adults age and attempt to maintain physical and 

mental health. 

In conclusion, the results of this study suggest that in a non-clinical population, 

regular exercise is associated with improvements in vigor but not depression or tension. 
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Furthermore, this improvement in mood occurs only when exercise is prescribed at either 

a higher intensity/moderate frequency or a moderate intensity/higher frequency and may 

represent a significant quality of life issue. 
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