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Abstract 

This study examined the impact of exercise type (e.g., endurance or strength training), volume 

and intensity on levels of depression symptomology in order to determine which of these 

moderators improves outcome the most. Duke Physical Education (PE) students were surveyed 

at the beginning of a school semester, three times during the semester, and at the end of the 

semester to examine changes in depression symptoms over time based on physical activity 

volume, type of exercise engaged in and perceived intensity of PE workouts. In the non-clinical 

sample of previously active college students, exercise had no impact on level of depression 

symptomology, regardless of type, volume or intensity. However, pretest depression level 

significantly predicted change in depression, indicating high levels of depression may be 

necessary to show substantial improvement. Additionally, mood was improved immediately after 

each PE class. For healthy college students, PE classes may provide short-term mood benefits 

but are not useful as a long-term solution for distress or symptoms of depression. Future studies 

should examine moderators of exercise in a previously active, clinically depressed population.  
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Introduction 

At some point in their lifetime, 16.6% of U.S. citizens will suffer from major depressive 

disorder (Kessler et al., 2005). Depression was the leading cause of disability worldwide in 2015 

and the prevalence of depression has increased 18.4% between 2005 and 2015 (Friedrich, 2017). 

Unfortunately, even with such high rates of depression, only about half of Americans with 

depression receive any type of treatment, and treatment quality and adherence decrease with 

lower socioeconomic status due to the cost of medication and the time commitment of therapy 

(Gonzalez et al., 2010). Additionally, up to two thirds of patients with depression will not 

respond to the first medication prescribed to them and up to 33% will not respond to multiple 

different treatments (Little, 2009). Finding alternative treatments for depression that are 

affordable, accessible and effective is imperative to stemming the current epidemic of 

depression.  

Recent research suggests that aerobic exercise may be as effective as the usual treatments 

of medication and therapy (Blumenthal et al., 2007). However, exercise is not the right solution 

for everyone. Exercise, like many other treatments, may produce no effect or even increase 

depression in some patients (Tobar, 2012). Additionally, many patients with depression (e.g. 

patients with heart defects) cannot sustain endurance exercise. Before an exercise regimen can be 

prescribed as an alternative treatment for depression, further research is needed to determine 

which types of exercise and exercise intensities are beneficial and which are harmful. The 

following is a review of the current research on the effects of exercise on depression. 

Meta-analyses 

 There is a wide body of research on the moderators of the effects of exercise on 

depression. Several meta-analyses have attempted to summarize the main findings in the current 
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literature, but their conclusions vary. An analysis by Craft and Landers (1998) examined 30 

studies for potential moderators of the effect of exercise on depression including type of 

exercise, intensity of exercise, length of exercise session, fitness levels of subjects, initial level of 

depression, and duration of exercise program. However, only exercise programs of nine weeks or 

longer and supervised/laboratory programs showed a significant difference in reducing 

depression (Craft & Landers, 1998). Contrarily, Carek et al., (2011) concluded that while type of 

exercise may not matter, intensity of exercise is important for obtaining desired changes in 

depression symptoms. Craft and Perna (2004) concluded that the optimal exercise intensity was 

60-80% of a participant’s heart rate maximum for 20 minutes three times per week. Other studies 

argue that current data on optimal exercise intensity is inconclusive (Mammen & Faulkner, 2013; 

Ranjbar et al., 2015).  

In examining type of exercise, Stanton and Reaburn (2014) attempted to examine both 

aerobic and anaerobic exercise intervention studies but could not find any anaerobic studies that 

met their criteria of having a clinically depressed participant population (age 18-65), having a 

comparison group and using a validated depression rating scale. This indicates that more studies 

on exercise type are needed for strong conclusions. Brosse et al. (2002) also found that an 

exercise intervention is more effective than no treatment for treating depression. Yet, they also 

note that 40% of patients do not seem to respond to the exercise treatment at all, indicating 

moderators of the effect of exercise on depression need further exploration (Brosse et al., 2002).  

All of these meta-analyses concluded that some exercise was better than no exercise. However, 

two potential moderators for the effect of exercise on depression that seem to require further 

examination are type of exercise and intensity of exercise. See Appendix A for a table of the 

meta-analyses reviewed here and their main conclusions.  
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Exercise Type 

 Very few studies have attempted to examine the effects of anaerobic exercise on 

depression (Stanton & Reaburn, 2014). One study by Singh et al., (2005) did find a significant 

impact of weight training on depression in adults over 60 years old. All participants had a 

Geriatric Depression Scale (GDS) score greater than or equal to 14 and completed an 8-week 

weight training intervention. Participants were divided into three groups: high intensity, low 

intensity or placebo. The exercise intervention consisted of supervised exercise of large muscle 

groups using exercise machines (e.g., chest press and leg press). The high intensity workout 

consisted of 3 sets of 8 repetitions at 80% of a 1 repetition maximum; load increased as needed 

to maintain a perceived intensity between 15 and 18 on the Borg Scale, a 20-point self-report 

scale measuring difficulty of a workout. The low intensity workout consisted of 3 sets of 8 

repetitions of 20% of a 1 rep maximum; load was not increased, though perceived intensity was 

assessed with the Borg Scale. The placebo group received their usual care. Participants that 

completed the high intensity weight training program had significant improvements in their 

scores on the GDS and the Hamilton Rating Scale of Depression (HRSD). Additionally, the high 

intensity group had greater improvements than the low intensity and control groups. 

Improvement of the low intensity and control group was about 21%-29% which is similar to the 

30% improvement seen with placebo controls in major depression (Singh et al., 2005). This 

study provides evidence that weight training may be a viable option for obtaining relief of 

symptoms of depression if aerobic exercise is not an option, especially high intensity weight 

training. 

 Aerobic exercise has been shown to be beneficial for treating depression. Perhaps the 

most compelling study done by Blumenthal et al. (2007) found that aerobic exercise had an 
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approximately equal effect to 50-200mg of sertraline, a common SSRI used for treating 

depression. All participants were at least 40 years old, presented with major depressive disorder, 

and had no current involvement in regular exercise. Depression was assessed using the Beck 

Depression Inventory II (BDI-II), the Hamilton Rating Scale of Depression (HRSD) and the 

criteria in the Diagnostic Manual of Mental Disorders, Fourth Edition (DSM-IV). Participants 

exercised for 30 minutes at 70-85% of their heart rate maximum three times per week for 16 

weeks (Blumenthal et al., 2007). The profound effects of this exercise regimen have exciting 

implications for the use of exercise in treating depression. However, it is important to note that 

the population is this study had very little previous exercise experience, so these results cannot 

be generalized to a non-sedentary population.  

 These studies show that both endurance and strength training exercise can relieve 

depression. However, more studies are needed to confirm that strength training can be as 

effective as endurance exercise in treating depression.  

Exercise Intensity 

 Several studies have found that intensity moderates the effect of exercise on depression. 

Singh et al. (2005) found an effect for intensity in the weight training intervention, such that 

higher intensity exercise resulting in greater relief in depression. A study by Wise et al. (2006) 

surveyed 35,224 black women between the ages of 21 and 69 over the course of 4 years. The 

study measured depression using the Epidemiologic Studies Depression Scale. They defined 

vigorous exercise as “basketball, swimming, running, aerobics” and found that women who 

reported more than 5 hours of vigorous exercise per week in high school and more than 2 hours 

of vigorous exercise in adulthood had the lowest odds of developing depressive symptoms. They 

did not find a significant effect for walking or less vigorous exercise in most women. However, 
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for women with a body mass index (BMI) greater than 30, walking did have a small protective 

effect against depressive symptoms (Wise et al., 2006). This indicates that the benefits of 

exercise may depend on the relative intensity of exercise for each person or their previous fitness 

levels.  

 Other studies have examined aerobic intensity using calories burned per week or 

percentages of VO2 maxes, a measure of the maximum amount of oxygen an individual can use 

during intense exercise. Chu et al. (2009) studied 54 sedentary (defined as exercising less than 

three times per week for less than 20 minutes each session) women between the ages of 18 and 

43. The participant’s BMI had to be between 18.5 and 35 and their BDI-II score had to be at least 

14 to be included in the study. Participants were divided into three experimental groups: high 

intensity, low intensity, and a yoga-based control group. The low intensity exercise intervention 

consisted of running on a treadmill for 30-40 minutes once per week for 10 weeks with an 

intensity of 40-55% of maximum VO2 reserve. The high intensity exercise intervention, as 

defined by this study, started the same as the low intensity exercise, but after 3 weeks, intensity 

increased to 65-75% of maximum VO2 reserve. Participants were requested to exercise 

unsupervised 3-4 other times per week. The results showed that the high intensity exercise 

yielded lower BDI-II scores than low intensity exercise and the yoga-based control group. 

However, all groups showed significant improvement. Changes in aerobic fitness were not 

correlated with changes in depression scores (Chu et al., 2009). This study provides evidence 

that higher intensity aerobic exercise results in greater relief in depression, even if fitness is not 

improved by this exercise.  

 Because higher intensity aerobic exercise seems to lead to greater benefits, a study by 

Dunn et al. (2005) attempted to derive a dose-response curve for the effects of aerobic exercise 
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on depression. All participants had to have a Hamilton Rating Scale of Depression (HRSD) 

between 12 and 25 and a diagnosis of mild to moderate depression using the Structured Clinical 

Interview for Depression (SCID), had to exercise less than three times per week for 20 minutes 

or less per exercise session, and couldn’t be over 160% of their ideal body weight to be included 

in the study. Based on exercise prescription guidelines established by the American College of 

Sports Medicine, the study defined a public health dose of exercise as burning 17.5 kilocalories 

per kilogram per week and a low dose of exercise as burning 7 kilocalories per kilogram per 

week. These exercise doses were divided into two more groups: exercising 3 days a week or 5 

days a week to reach the designated weekly calorie expenditure. This was designed to test 

whether frequency of exercise was more important or if intensity of aerobic exercise was more 

important. Participants were supervised on a treadmill or bike. After 12 weeks of the designated 

exercise program, there was no significant effect for exercising 5 days a week versus 3 days a 

week. However, the public health dose of exercise showed significantly improved depression 

scores compared to the low dose of exercise, which was roughly equivalent to the non-exercise 

placebo (Dunn et al., 2005). This study indicates that intensity of aerobic exercise, as measured 

by volume of calories burned per week, is important for achieving significant changes in 

depression levels, while frequency of exercise is not important.  

 So far, most of the studies discussed examined sedentary populations. Based on these 

studies, it seems that any exercise is better than no exercise and moderate intensity aerobic 

exercise may yield the better results in combating depression than low intensity. However, what 

most studies fail to examine is why depression is still prevalent in high level athletes. Meeusen et 

al. (2013) studied the effects of non-functional overreaching (NFOR) and overtraining syndrome 

(OTS) on mental health in athletes. NFOR describes difficult training that requires weeks to 
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months to fully recover from and results in a stagnation or decrease in performance. OTS 

describes very difficult training that requires months to adequately recover from and leads to 

significant decreases in overall performance and mood disturbance. It is difficult to state the 

exact prevalence of OTS, but there is evidence that approximately 10% of all college athletes 

have experienced OTS at least once (Meeusen et al., 2013). This study shows that mood 

disturbance with very high intensity exercise is not just a rare case, but actually somewhat 

common.  

In another study of very high intensity exercise, Tobar (2012) used the Profile of Mood 

States (POMS) and the State-Trait Anxiety Inventory (STAI) to examine 116 college swimmers. 

The study assessed swimmers throughout one swim season, once in September, once in January 

and once in February. In September, swimming distance per practice was 1420 yards per day, 

which increased to 12,350 yards per day at peak training in January. After peak training, the 

distance tapered to 4552 yards per day until the end of the season. This study found a dose-

response relationship with distance of swimming per day and scores of depression, such that 

depression scores were highest when swimming yardage was highest, while the lower yardage 

was associated with lower depression scores. This effect was not significantly different between 

men and women (Tobar, 2012). It is important to note that this study surveyed swimmers at only 

one university, so there are several potential confounding factors that could have caused this 

effect, including university environment during these times of the year or the coach’s attitude at 

this time. However, this study exemplifies that the effects of high levels of exercise on 

depression need further research. A similar study by Hammond et al. (2013) surveyed 50 college 

swimmers competing for positions on Canadian Olympic and World Championship teams. 

Swimmers were assessed before the swimming trials and two months after the trials. Based on 
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the BDI-II and a semi-structured interview based on the DSM-IV-TR criteria, 35 out of the 50 

swimmers studied had depression currently or suffered from depression within the last 3 years. 

Additionally, swimmers were divided into the top 25% of performers and the bottom 75% of 

performers based on previous swimming times. There were significantly more swimmers with 

depression in the top 25% of performers than in the bottom 75% (Hammond et al., 2013). Again, 

this study only examined swimmers from 2 Canadian universities and there may be several 

confounding factors that could produce these results. However, these studies show that exercise 

is not beneficial for depression for everyone. The moderators of the effect of exercise on 

depression require further study.  

Summary 

 Based on the literature cited, there is evidence that exercise can help treat depression. It is 

likely that intensity moderates the effect of exercise on depression such that with sedentary 

populations, higher intensity exercise is more beneficial. However, there is likely a maximum 

amount of exercise intensity for this effect and exercising past this amount could be detrimental 

for mental health. Additionally, it seems that both endurance training and strength training 

exercise can have positive impacts on depression, although strength training exercise needs 

further research before any strong conclusions can be made. These results are summarized in 

Appendix B.  

To fill in the current gaps in the literature, this study assessed exercise type (endurance 

vs. strength training), volume (minutes or days of exercise) and perceived intensity of exercise in 

an active population to determine how these variables moderate the effect of exercise on 

depression. It was hypothesized that both endurance and strength training exercise will improve 

depression symptoms, but that regular previous exercise will reduce this effect. Additionally, this 
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study hypothesized that higher exercise volume and perceived intensity of individual workouts 

will result in greater improvement in depression symptoms.  

Methods 

Study Design 

 This study used a pretest-posttest design examining change in depression level in a 

convenience sample of Duke college students. Self-report surveys were used to assess change 

over the course of a semester. The treatment consisted of self-reported changes in weekly 

exercise volume and perceived exertion of Physical Education (PE) classes. Analyses examined 

if exercise type, volume or intensity predicted changes in depression. This study design was 

approved by the Duke University Institutional Review Board.  

Participants  

In order to study high intensity exercise while avoiding high attrition rates, participants 

were recruited from PE courses at Duke University. All participants were undergraduate and 

graduate students enrolled in a PE course in the fall semester of 2017. By the end of the 

semester, there were 848 students enrolled in PE exercise courses, not including classroom-based 

PE courses such as “Exercise and Mental Health” and “Sport Psychology and Performance”. Of 

these 848 students, 570 completed the initial Duke PE Department survey. Data were excluded if 

participants did not complete the pretest or posttest, if they did not complete more than 3 

questions per subsection of the Brief Symptom Inventory-18 or if they were under 18 years of 

age. After exclusion, this study analyzed data from 303 Duke PE students. Participant age ranged 

from 18 to 33 (M = 20.84). Most participants were White/Caucasian (n = 147) followed by Asian 

(n = 95), Hispanic (n = 28), African American (n = 15), Other (n = 13), Native American (n = 1), 

Pacific Islander (n = 1) and 3 declined to respond. Additionally, most participants were female (n 
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= 222) and the rest were male (n = 81). A chi-square test of independence was run between 

included and excluded data for sex and race. There was not a significant association between 

data included and excluded for sex, c2(2) = 1.10, p = .58, nor was there a significant association 

for race, c2(7) = 2.17, p = .95. Thus, the participants excluded from the study were not 

significantly different from the participants included in the study, suggesting the included data 

were demographically representative of the population of PE students.  

Measures 

Current Mood. Current mood was assessed as an internal consistency check for 

depression symptom change over time. Because this measure was given in surveys during class 

time, it was essential that this measure be extremely short to minimize disruption of class. Using 

symptoms of depression described in the Brief Symptom Inventory-18, an 11-point Likert scale 

was developed. Participants were asked to indicate how they felt at the moment from Not at All 

to Extremely on the following statement: feeling sad, down, or uninterested in life. Current mood 

was measured right before class and right after PE classes in case acute effects of the PE class 

skewed the results of this measure. 

 International Physical Activity Questionnaire. Physical activity level was measured to 

determine if previous volume of exercise or overall change in exercise volume in addition to type 

of exercise engaged in affected changes in depression over time. Physical activity level was 

assessed using an adapted version of the International Physical Activity Questionnaire (IPAQ) 

Short Form. The walking and sitting questions were eliminated, because only physical activity 

and exercise were addressed in this study. Additionally, a strength training question was added to 

assess different types of physical activity. The IPAQ Short Form has been validated for accuracy 

and test-retest reliability in undergraduate college students (Dinger & Behrens, 2006). This 
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measure was administered at pretest, posttest and each mid-semester survey. Participants were 

asked to think back on their last 2 weeks in the pretest survey. At the posttest survey, they were 

asked to think back on the last 2 months in the posttest surveys in order to estimate exercise 

volume throughout the semester. Finally, participants were asked to think back on their last week 

in the mid-semester surveys in order to confirm their exercise volume reported in the posttest 

survey. They were asked to report how many days in an average week they engaged in vigorous 

physical activity, moderate physical activity, and strength training and how many minutes on 

average per exercise session they engaged in vigorous physical activity and moderate physical 

activity. Type of exercise was assessed based on meeting the physical activity guidelines 

recommended by the Office of Disease Prevention and Health Promotion (2008). Participants 

that only met the strength training criteria and not the endurance exercise criteria were 

categorized as strength training only. Participants that only met the endurance exercise criteria 

were categorized as endurance only exercise participants. Participants that did not meet either 

strength or endurance exercise criteria were recorded as inactive, meaning their physical activity 

level was very low. Finally, participants that met all the physical activity guideline 

recommendations were recorded in a separate group as both strength and endurance participants.  

 Borg Scale. Perceived intensity was assessed to determine if relatively more strenuous 

exercise produced a greater change in depression over time, using the Borg Scale. The Borg 

Scale (Borg, 1998) is a perceived intensity scale used for estimating effort and exertion during 

physical work. Perceived intensity was assessed in each of the three mid-semester post-class 

surveys. Participants were asked to rate their perception of their exertion during the class, based 

on all sensations and feelings of physical stress, effort, and fatigue. In endurance exercise, the 

Borg rating is strongly correlated with heart rate and blood lactate levels (Scherr et al., 2013). 
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The Borg rating is not correlated with gender or fitness level, making it an ideal tool to study 

exercise intensity without gender or fitness confounds (Scherr et al., 2013). This scale has also 

been validated for strength training exercise (Day et al., 2004; Singh et al., 2005). Because this 

scale has been used to assess both endurance and strength exercise, it was used in this study to 

compare differences between both types of exercise.   

 Brief Symptom Inventory-18 (BSI-18). Depression was assessed using the BSI-18 at 

pretest and posttest to assess changes in depression level over the span of 10 weeks. The BSI-18 

consists of 18 questions broken down into three subsections: depression, anxiety and 

somatization (Derogatis, 2000). This measure is typically used in screening a variety of people 

for significant levels of depression, anxiety and somatization and overall distress (Derogatis, 

2000). The BSI-18 has been validated in previous literature in pretest-posttest study designs to 

examine exercise interventions, which made it ideal for this study design (Imayama et al., 2011).  

Procedure  

Data for the current study were obtained through two sources: 1) a de-identified data set 

from the Duke PE Department and 2) three mid-semester short surveys administered before and 

after PE classes.  

During week 2 and week 14 of the Fall 2017 semester, the Duke PE Department 

conducted a survey to assess the impact of PE courses on student health in order to document the 

value of having PE in the Duke curriculum. Subsequently, the PE Department shared this data 

with student researchers in a de-identified state. The current secondary analysis of existing data 

was approved of by Scott Yakola, Chair of the Department of Health, Wellness & PE. Among 

others, the scale of interest was the Brief Symptom Inventory-18, which is used to assess 
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psychological distress and symptoms of depression. See Appendix C for the full PE Department 

survey.  

Additionally, fourteen PE classes were administered mid-semester surveys. The selection 

of these classes was non-random and consisted of Indoor Cycling, Cardiovascular Conditioning, 

Yoga, Weight Training and Pilates. These classes were chosen to examine differences between 

endurance training type classes, strength training type classes and classes that did not fall under 

either category, like yoga. Skill based classes (e.g., tennis and fencing) and classes that opted out 

of participation were not included. The mid-semester surveys were administered at the very 

beginning of class and the very end of class once a week for three weeks, between week 10 and 

week 12. The pre-class survey included assessments on current mood and current physical 

activity level (see Appendix D). The post-class survey included assessments on current mood 

and perceived intensity (see Appendix E). Participants who were registered for more than one 

physical education course only filled out the surveys for one of their courses. A total of 95 

participants completed a set of mid-semester surveys. Participants in this part of the study were 

entered into a raffle to win a pair of tickets to one Duke Men’s Basketball game each time they 

completed both parts of the mid-semester survey. Additionally, participants that completed both 

parts of the mid semester survey during a week were entered to win one $10 electronic Amazon 

gift card for that week.  

To maintain participant confidentiality, mid-semester survey participants were assigned a 

participant number to write on the top of each survey. A key for which participant was assigned 

which participant number was given to the Duke PE department, though data collected about 

participants was not shared with the PE department. Data for each participant was entered using 

only the participant number. Additionally, the PE department assigned a participant number to 
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the surveys at the beginning of the semester and the end of the semester. These participant 

numbers were matched to the corresponding mid-semester survey participant numbers by the 

Duke PE department using the key provided to them. The de-identified data from the PE surveys 

were then given for use in this study containing only participant numbers without the name or 

any other identifying factors of the participant. This allowed for analysis of changes over time in 

participants from the beginning of the semester, during the semester and at the end of the 

semester while maintaining participant confidentiality.  

Data Analysis 

A difference score was calculated for change in depression level by subtracting pretest 

depression score from posttest depression score. In all tests, pretest depression score was 

controlled for because improvement in depression level is unlikely in participants with very low 

pretest depression level. This lack of change could confound results if many participants 

experienced low pretest depression levels, but participants with high pretest depression levels 

may still experience lots of improvement. Pretest depression was controlled for by using it as a 

covariate in the one-way ANCOVA and by entering it as the first independent variable in the 

hierarchical regressions. 

To examine if both endurance and strength training exercise improve depression level, 

participants were categorized into 4 groups based on their posttest physical activity level 

responses: endurance, strength, both endurance and strength, and inactive. A one-way ANCOVA 

analysis examined differences between groups while controlling for pretest depression level and 

pretest physical activity level. If there were no significant differences between groups and all 

exercise groups showed improvement in depression, this result would support the hypothesis that 

both endurance and strength training exercise improve depression level.  
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To determine if exercise volume predicted changes in depression, hierarchical multiple 

regressions were run for strength training and endurance exercise, controlling for pretest 

depression score and pretest physical activity level. If change in endurance minutes over the 

course of the semester significantly predicted change in depression level and the coefficient of 

the regression was negative, this result would support the hypothesis that higher volumes of 

endurance exercise results in greater improvement in depression. Similarly, if change in strength 

training days over the course of the semester significantly predicted change in depression level 

and the coefficient of the regression was negative, this result would support the hypothesis that 

higher volume strength training exercise results in greater improvement in depression. If both of 

these types of exercise predict change in depression equally well, it would further support the 

hypothesis that both types of exercise can improve symptoms of depression equally. 

Finally, a hierarchical regression was run to determine if perceived intensity, as measured 

by the Borg Scale, of the PE class predicted change in depression level, while controlling for 

pretest depression level. If perceived intensity significantly predicted change in depression level 

and the coefficient of the regression was negative, this result would support the hypothesis that 

greater intensity of individual workouts causes greater improvement in depression.  

Results 

Descriptive Statistics for Study Measures 

 Level of depression was assessed at week 2 of the semester (indicated by pre) and at 

week 10 of the semester (indicated by post) using the depression subscale of the BSI-18. Internal 

consistency checks indicate the BSI-18 was a valid measure for assessing depression in this 

sample of Duke PE Students. All other subscales of the BSI-18 and the Global Symptom 

Inventory (GSI), a sum score of all the subscales, also displayed high internal consistency (see 
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Table 1 for values). To determine clinically significant distress and depression symptomology, a 

T-score was calculated for the GSI and each subscale. If the T-score was greater than 63 for the 

GSI or greater than 63 for any two subscales, the participant would be experiencing clinically 

significant distress, depression, anxiety or somatization depending on the subscale. It is 

important to note that in this sample, none of the participants were experiencing clinically 

significant distress or depression based on results of the BSI-18. 

 Mood was assessed at each mid-semester survey before and after class between weeks 10 

and 12 of the semester. This measure was used to check that depression changes were not the 

product of a radical change during the week of posttest. Pretest and posttest depression scores 

were significantly correlated with each mood score, with the exception of week 12 mood scores 

(see Table 2 for the correlation matrix). Because week 12 mood was not correlated with 

depression score or other mood scores, this data did not provide strong evidence of a linear 

overall change in mood or depression over time.  

Physical activity level was assessed at pretest, posttest, and at each mid-semester survey. 

Weekly minutes of moderate and vigorous endurance exercise and days of strength training 

exercise were recorded to compare to the Physical Activity Guidelines as recommended by the 

Office of Disease Prevention and Health Promotion (2008). The wide range of reported physical 

activity level was ideal for measuring the impact of physical activity volume on changes in 

depression (see Table 3 for means and ranges). This measure had high test-retest reliability. Days 

of strength training at pretest, posttest and each mid-semester survey were highly and positively 

correlated (See Table 4 for the correlation matrix). Similarly, minutes of endurance exercise at 

pretest, posttest and each mid-semester survey were highly and positively correlated (see Table 5 

for the correlation matrix).  
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 Finally, the mean Borg perceived intensity out of all three weeks assessed was 13.04 with 

a standard deviation of 2.53. Reported intensity scores ranged from 7 to 20 which allowed for 

assessment of a wide range of perceived intensities. This measure showed high test-retest 

reliability since scores at all weeks were highly and positively correlated (see Table 6 for the 

correlation matrix).  

Type of Exercise 

 To determine if type of physical activity (strength or endurance) affects change in 

depression level, a one-way ANCOVA was run controlling for pretest depression level and 

pretest physical activity level. After adjusting for pretest depression level and pretest activity 

level, there were no statistically significant differences in change in depression between types of 

exercise at posttest, F(3,295) = 1.12, p = .342, partial h2 = .01. The types of exercise included 

participants who only met the physical activity level guideline recommendations for strength 

exercise (n = 26), those who only met the physical activity guideline recommendations for 

endurance exercise (n = 117), those who met both strength and endurance training 

recommendations (n = 135) and participants who met none of the physical activity guideline 

recommendations and were considered inactive (n = 25). This indicates that type of exercise, 

even very little exercise, does not significantly impact depression level in participants not 

experiencing clinical levels of distress or depression.  

Interestingly, there was a significant interaction between posttest physical activity level 

type and pretest depression level, F(3,295) = 2.998, p = 0.031, partial h2 = .03. However, Scheffe 

post hoc comparisons, selected due to unequal sample sizes, did not show significant differences 

between any groups.  Upon further analysis, participants meeting only the endurance training 

physical activity guideline (M = 4.92, SD = 4.32) recommendations and inactive participants (M 
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= 4.76, SD = 3.85) at posttest exhibited the highest pretest depression levels, followed by 

participants meeting all physical activity guideline recommendations (M = 3.79, SD = 4.36) 

while participants only meeting the strength training recommendations show the lowest mean 

pretest depression level (M=3.08, SD = 3.41) (see Figure 1). This indicates there is some sort of 

selection bias such that participants experiencing higher levels of depression early in the 

semester engage in endurance exercise or very little exercise throughout the semester while 

participants with the lowest levels of depression tend to engage exclusively in strength training 

exercises. Because the differences between groups were not significant, this interpretation should 

be assessed with caution.  

Physical Activity Volume 

 Hierarchical multiple regressions were run to determine if a change in endurance or 

strength physical activity volume predicted a change in depression level while controlling for 

pretest depression level and pretest physical activity level. Pretest depression score was the only 

significant predictor of change in depression level, B = -.35, t(302) = -6.45, p < .0005, and 

significantly predicted variance in change in depression level, adjusted R2 = .119, F(1,302) = 

41.65, p < .0005. The regression coefficient indicates that participants with higher pretest 

depression tend to experience greater improvement in depression level over the course of the 

semester. See Figure 2 for a scatterplot of pretest depression versus change in depression score.  

After pretest depression and pretest endurance exercise were added to the model, the 

addition of change of minutes of endurance exercise per week did not significantly improve the 

model, adjusted R2 = .114, p = .608, nor was it a significant predictor in the full model B = -.03, 

t(298) = -.513, p = .608. This indicates that any increase or decrease in minutes of endurance 

exercise throughout the semester does not affect changes in depression level. Similarly, after 
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pretest depression and pretest strength training days were added to the regression model, the 

addition of change in strength training days did not significantly improve the model, adjusted R2 

= .116, p = .738, nor was it a significant predictor in the full model, B = -.02, t(298) = -.33, p = 

.738. This indicates that any change in strength training activity does not affect changes in 

depression level.  

 Validity of each regression was assessed. The assumption of linearity was met as 

determined by a plot of studentized residuals against the predicted values and partial regression 

plots. The Durbin-Watson statistic was 1.923 each test indicating independence of observations. 

The assumption of normality was assessed using visual inspection of a Q-Q Plot. Visual 

inspection of a plot of studentized residuals against unstandardized predicted values indicated the 

assumption of homoscedasticity was met. Tolerance values were greater than 0.1 indicating there 

was no multicollinearity. There were 6 participants with studentized deleted residuals greater 

than 3 standard deviations; however, all leverage values were less than 0.2 and all Cook’s 

Distance values were below 1, meaning no outliers had substantial influence over the full model. 

To be completely positive these outliers did not affect the model, each regression was run again 

without these participants; no new significant predictors emerged. Because all assumptions for a 

hierarchical regression were met for each test and the participant number is large (N = 303), this 

study provides evidence that change in exercise volume does not affect depression levels in a 

non-clinical population.  

Perceived Intensity and Acute Mood Effects 

 A hierarchical multiple regression was used to determine if perceived intensity, as 

measured by the Borg Scale, of the PE class predicted change in depression level, while 

controlling for pretest depression level. An average perceived intensity score for each participant 
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was calculated using their mid-semester surveys. An important note is that only 95 participants 

completed at least one mid-semester survey, so the participant number used to assess Borg Scale 

and acute mood effects was a smaller subset of the participants who completed the pre and 

posttest surveys. Perceived intensity did not significantly predict a change in depression level, 

adjusted R2 = .116, p = .239, nor was it a significant predictor in the full model, B = -.12, t(92) = 

-1.19, p = .239. 

 Interestingly, there was a significant improvement in mood from before class to after 

class each week assessed as determined by a paired sample t-test (see Table 7). Perceived 

intensity did not significantly predict change in mood. As before, all assumptions of a 

hierarchical multiple regression and paired sample t-test were tested and met. These results 

indicate that perceived intensity of a workout does not affect depression or acute mood. 

However, a PE class may improve mood temporarily.  

Discussion 

 The current study aimed to determine which types of exercise and what intensity of 

exercise was optimal for reducing symptoms of depression in a previously active population. 

Using a convenience sample of PE students, depression level, exercise type, volume and 

intensity were assessed over the course of 12 weeks. The hypothesis that exercise intensity 

moderates the effect of exercise on depression was not supported by the results of this study. 

Perceived intensity of individual workouts during the semester did not predict changes in 

depression level, nor did it predict changes in mood. Additionally, there were no differences 

between participants who increased their exercise volume greatly and participants who did not 

change or decreased their exercise volume. Finally, these results indicated that the type of 
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exercise (i.e. endurance or strength training) does not produce a differential effect on changes in 

depression.  

 These results were contrary to the hypotheses based on previous literature. One likely 

explanation is that none of the participants were experiencing clinically significant depression or 

distress. A study by Hunt and Eisenberg (2010) found that out of a random sample of students 

from 26 different universities, 17% had positive screens for depression based on the Patient 

Health Questionnare-9. Due to the high prevalence of depression in college students, the lack of 

clinical depression in the 303 PE students surveyed was unexpected. Because this was a non-

randomized sample, these results may reflect a self-selection bias such that students with clinical 

depression prefer not to enroll in PE classes. Additionally, pretest depression level was a 

significant predictor of change in depression, indicating that participants with higher levels of 

depression showed the most improvement in depression over the course of the semester. These 

results suggest that a high level of depression may be necessary to gain the benefits from 

exercise found in previous literature and students with depression may avoid PE classes.  

While this study did not examine a clinically depressed population, this study does build 

on previous work looking at the benefit of exercise in a non-clinical population. Lennox et al. 

(1990) found that in sedentary, non-depressed individuals, endurance exercise produced no 

significant changes in depressed mood after 13 weeks as measured by the Depression Adjective 

Checklist. The current study supported the conclusion that endurance exercise does not affect 

depression in a non-depressed population and added that strength training may also have no 

effect in a non-sedentary population. These combined results suggest that type of exercise may 

not matter for changes in depression level in a non-depressed sample.  
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Another consideration is that in a non-depressed population, the duration of an exercise 

intervention may need to be longer than in a depressed population in order to gain depression 

symptom relief. The current study examined changes in depression over 12 weeks because 

previous literature by Craft & Landers (1998) indicated that an exercise intervention in a 

clinically depressed population needed to be longer than 9 weeks for significant changes to 

occur. However, King et al. (1993) examined a sedentary, mostly non-depressed population 

(7.8% met the criteria for clinical depression as assessed by the Beck Depression Inventory) for 

12 months. The study found that baseline depression level and volume of exercise participation 

significantly predicted improvement in depression as measured by the Beck Depression 

Inventory (King et al., 1993). While King et al. (1993) did find significant improvement in 

depression level over 12 months, this result may be due to an initially sedentary sample or the 

duration of the intervention. Most participants in the current study already exercised to some 

degree which may be the reason for the discrepancy between the current study’s results and the 

results found by King et al. (1993). Future studies should attempt to study a non-sedentary, non-

depressed population for 12 months to determine if a longer exercise treatment provides 

depression symptom benefits even if participants already exercise.  

Another interesting finding of this study was that a PE class significantly improves mood, 

at least temporarily. The perceived intensity of the class did not have any significant impact on 

this change in mood. It is important to note that this study does not show that exercise itself 

caused mood improvements. This mood improvement could be caused by social support from a 

PE class group setting or could be a result of self-report bias due to expectations that exercise 

will improve mood. Additionally, the measure of mood used in this study was not a validated 

measure, so interpretation of these results should be cautious. However, the current study was in 
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agreement with previous research. Moses et al. (1988) found that aerobic exercise significantly 

improves mood right after the workout in a sedentary, non-depressed population. The current 

study added that the improvement in mood may be apparent even in a non-sedentary population. 

Future studies should confirm this result using a validated mood scale.  

A final interesting finding was the significant interaction between posttest physical 

activity level and pretest depression level, such that participants with higher levels of depression 

at the beginning of the semester selectively engaged in endurance exercise or very little exercise. 

This indicated an interesting selection bias. It was not surprising that participants experiencing 

higher levels of depression may prefer low levels of exercise. However, many participants with 

higher levels of depression chose endurance exercise. This could have implications for the design 

of interventions of exercise treatments. If participants experiencing the highest depression would 

prefer endurance exercise over strength training exercise, an endurance exercise treatment may 

have the highest adherence and may be the most enjoyable. This selection bias should be further 

explored in a clinically depressed population.  

This study had several limitations restricting interpretations of the results. First, there was 

no randomization of participants into groups, so results could be confounded by self-selection 

bias. This means there may be something characteristically different about students who chose to 

take a weight training class versus a running class. There was also no non-PE class control 

group. Therefore, it is possible that there were characteristic differences between students who 

chose to enroll in a PE class and students who did not. Because this study used a convenience 

sample from one university during one time of the year, possible cohort effects (e.g. stress from 

exam week) may also skew the results. Additionally, this study did not find any clinically 

depressed participants based on the BSI-18 preventing comparisons between clinically depressed 
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and non-depressed participants. Because pretest depression level predicted depression change, it 

is likely that a clinically depressed comparison group would have had different results from the 

non-depressed group. Future research should continue to focus on the impacts of exercise 

intensity and type in a clinically depressed, non-sedentary population. Furthermore, this study 

did not collect medical histories from participants. Thus, it is possible that some participants did 

have a diagnosis of clinical depression but were taking antidepressants which may confound the 

results of the BSI-18. Finally, this study relied on self-report surveys, and self-report bias (e.g. 

wanting to appear happy rather than depressed) may have affected the results of this study.  

In addition to its limitations, the current study has several strengths supporting the 

interpretation of its results. The participant number was over 300 and the physical activity levels 

encompassed a wide range allowing for powerful analyses. Participants included in the study 

were not statistically different based on race or sex than those not included in the study. 

Additionally, all measures (with the exception of mood) were validated, previously researched 

measures with proven test-retest reliability. Analyses within the current study found that the 

Brief Symptom Inventory-18 had high internal validity at pretest and posttest. Finally, physical 

activity level and perceived exertion showed high test-retest reliability. 

The purpose of this study was to examine exercise as an alternative treatment for 

depression. The results of this study show that in a non-clinical population, exercise does not 

have an impact on depression level. However, exercise still cannot be ruled out as a potential 

treatment for clinical depression. The current study also showed that high intensity exercise most 

likely does not cause depression, since intensity of exercise was completely uncorrelated with 

change in depression level. Additionally, because no participants were experiencing clinical 

depression at pretest or posttest, choosing to engage in a PE class may provide protective 
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benefits. For low socioeconomic Americans worried about risk of depression, exercising at a 

local gym or with a group of friends may be beneficial. Depression is still a major concern for 

American citizens, but actively engaging in exercise of any type, volume or intensity is most 

likely not detrimental for mental health and may even reduce risk of depression.  
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Table 1 
 
Brief Symptom Inventory-18 Characteristics 
 
 Raw Score 

M(SD) 

Range* T Score 

M(SD) 

Maximum** Cronbach’s 

Alpha 

Pre GSI 10.88(9.45) 0-56 50.00(10.01) 61.54 0.891 

    Pre-Depression 4.25(4.26) 0-22 50.03(9.99) 60.00 0.848 

    Pre-Anxiety 4.21(4.07) 0-20 50.01(10.02) 60.37 0.817 

    Pre-Somatization 2.43(3.07) 0-19 49.98(10.02) 57.90 0.739 

Post GSI 10.95(10.62) 0-61 49.99(10.02) 60.32 0.921 

    Post-Depression 4.29(4.69) 0-24 50.00(10.02) 59.17 0.886 

    Post-Anxiety 4.14(4.23) 0-21 49.99(10.01) 59.77 0.848 

    Post-Somatization 2.52(3.19) 0-18 49.99(10.01) 49.99 0.769 

 
Note. *Highest possible raw GSI = 72 and highest possible raw subscale score = 24 

          **Clinical cutoff for significant distress: T score > 63 
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Table 2 
 
Pearson Correlation Between BSI-18 Depression Scores and Mid-Semester Mood Scores 
 

Variable Pretest 

Dep*  

Week 

10 Pre 

Week 

10 Post 

Week 

11 Pre 

Week 

11 Post 

Week 

12 Pre 

Week 

12 Post 

Posttest 

Dep*  

Pretest Dep*  1 
       

Week 10 Pre .588** 1 
      

Week 10 Post .456** .660** 1 
     

Week 11 Pre .507** .582** .576** 1 
    

Week 11 Post .457** .526** .505** .833** 1 
   

Week 12 Pre 0.145 0.237 0.144 0.22 0.148 1 
  

Week 12 Post 0.145 .414** .488** .632** .693** .843** 1 
 

Posttest Dep*  .615** .549** 0.14 .411** .419** 0.233 .398** 1 

 
Note. *Dep indicates BSI-18 Depression score at pretest (week 2) or posttest (week 14) of the 

fall semester. 

          ** p < .01, two-tailed.  
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Table 3 
 
Physical Activity Level Characteristics 

 Mean SD Range 

Pre-Endurance Minutes 409.22 359.787 0-2460 

Pre-Strength Days 1.84 1.783 0-7 

Post-Endurance Minutes 405.44 326.30 0-3360 

Post-Strength Days 1.80 1.65 0-7 

 
Note. Physical Activity Level Recommendations: Endurance > 150 minutes & Strength > 1 day. 

Pre indicates pretest value assessed during week 2 of the fall semester. Post indicates posttest 

value assessed during week 14 of the semester.  
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Table 4 
 
Pearson Correlation Between Strength Training Days at Different Weeks in the Semester 
 

Variable Week 2 Week 10 Week 11 Week 12 Week 14 

Week 2 1 
    

Week 10 .365** 1 
   

Week 11 .444** .875** 1 
  

Week 12 .308* .479** .519** 1 
 

Week 14 .473** .738** .691** .768** 1 

 
Note. * p < .05, two-tailed. 

          ** p < .01, two-tailed. 
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Table 5 
 
Pearson Correlation Between Endurance Minutes at Different Weeks in the Semester 
 

Variable Week 2 Week 10 Week 11 Week 12 Week 14 

Week 2 1 
    

Week 10 .475* 1 
   

Week 11 .419* .866* 1 
  

Week 12 .404* .640* .762* 1 
 

Week 14 .532* .424* .592* .665* 1 

 
Note. * p < .01, two-tailed. 
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Table 6 
 
Pearson Correlation Between Perceived Intensity at Different Weeks in the Semester 
 
Variable Week 10 Week 11 Week 12 

Week 10 1 
  

Week 11 .638* 1 
 

Week 12 .741* .601* 1 

 
Note. * p < .01, two-tailed. 
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Table 7 
 
Results of Paired Sample T-test on Mood Changes 
 
 N Mean Std. Deviation Std. Error of 

the Mean 

t df Significance 

(2-tailed) 

Week 10        

    Pre 66 2.26 2.57 .317 2.05 65 .044 

    Post 66 1.76 2.11 .260    

Week 11        

    Pre 64 2.77 2.62 .327 4.15 63 .000 

    Post 64 2.02 2.22 .277    

Week 12        

    Pre 58 1.67 2.06 .270 2.73 57 .008 

    Post 58 1.28 1.67 .218    

 

Note. Week number indicates the week of the semester (week 1 = first week of class) the survey 

was collected.  
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Figure 1. Means of pretest depression score based on type of posttest physical activity. Error 

bars represent one standard error of the mean.  
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Figure 2. Scatterplot of pretest depression score versus change in depression from pretest to 

posttest. Trend line indicates the line of best fit.  
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Appendix A 
 
Table of Meta-Analyses 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study Number of 
Studies Examined 

Main Conclusions 

Brosse et 
al., 2002 

12 • Exercise = medication = psychotherapy > no exercise 
• 40% participants do not respond to exercise 
• Helpful in healthy, non-depressed samples 

Craft & 
Landers, 
1998 

30 • 9+ weeks needed for improvement in major depression 
• Type, gender, age and severity had no effect on 
depression 

Craft & 
Perna, 2004 

37 • Recommends 20 minutes/day 3 times/week at 60-80% 
max heart rate 

Carek et al., 
2011 

3 • Intensity is important 
• Type does not matter 

Mammen & 
Faulkner, 
2013 

30 • Any aerobic exercise is preventative for depression 
• Dose-response curve cannot yet be established with 
current studies 

Stanton & 
Reaburn, 
2014 

12 • No strength training studies with good enough 
methodology 
• Low intensity workouts had higher adherence rates 

Ranjbar et 
al., 2015 

Not listed • Type of exercise does not matter 
• 10+ weeks needed for improvement in depression 
• Dose-response curve cannot yet be established with 
current studies 
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Appendix B 
 

Table of Exercise Studies 
 

 
 
 
 
 
 

Study
Previous Exercise 
Levels Exercise Description

Depression 
Measurement Main Conclusions

Blumenthal et al., 2007

sedentary: no current 
involvement in 
exercise

• aerobic                                          
• 70-85% max heart rate for 30 
minutes

Beck Depression 
Inventory-II & Hamilton 
Rating Scale for 

aerobic exercise = medication in 
treating depression

Singh et al., 2005 not screened for

• weight lifting                                 
• high intensity: 80% of 1 rep max 
(3x8); load increased as needed 
over weeks to maintain Borg score 
of 15-18.                                         
• low intensity: 20% of 1 rep max 
(3x8), load was not increased                               
• placebo - usual care

Geriatric Depression 
Scale hight intensity > low intensity

Wise et al., 2006

varied; this was 
examined as part of 
the study

• walking vs vigorous exercise 
"such as basketball, swimming, 
running, aerobics"; • ranged from 
none to 7+ hours/week

Epidemiologic Studies 
Depression Scale

women who reported >= 5 hours 
vigorous exercise per week in high 
school and >= 2 hours of vigorous 
exercise per week in adulthood had 
the lowest odds of developing 
depressive symptoms

Chu et al., 2009

sedentary: less than 3 
times per week for 
less than 20 minutes 
per session

• aerobic                                          
• low intensity: running on 
treadmill for 30-40 min at 40-55% 
VO2R                           • high 
intensity: started same as low 
intensity, but after 3 weeks, 
increased to 65-75% VO2R                                     
• supervised once/week and 
requested to exercise unsupervised 
3-4 other times/week

Beck Depression 
Inventory-II   

high intensity > low intensity = 
stretching, but all significantly 
improved

Dunn et al., 2005

sedentary: less than 3 
times per week for 
less than 20 minutes 
per session, but 
excluded if over 160% 
ideal body weight

• aerobic                                          
• public health dose: 17.5 
kcal/kg/week                                   
• low dose: 7 kcal/kg/week              
• placebo: stretching                        
• supervised on treadmill or bike

Hamilton Rating Scale for 
Depression

• public health dose > low dose = 
placebo                                             
• no difference in the 3 vs 5 
days/week categories within 
kcal/week dose

David Tobar, 2012 DI college swimmers Team required swim practices

Profile of Mood States 
(POMS) and State-Trait 
Anxiety Inventory

• higher yardage/peak training = 
higher level of depression                
• lower yardage = lower depression 
scores

Hammond et al., 2013 DI college swimmers 

• Team required swim practices       
• Swimmers were categorized as 
top 25% of team vs bottom 75% 
based on performance

Beck Depression 
Inventory-II & a 
semistructred interview 
based on DSM-IV-TR 
criteria

• 35/50 swimmers had depression 
currently or suffered from 
depression within the last 36 
months                                             
• significantly more athletes had 
depression in the top 25% of the 
team                                                 
• in the top 25%, bad performance 
was significantly related to 
depression
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Appendix C 
 

Duke Physical Education Department Survey 
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Appendix D 
 

Mid-Semester Pre-Class Survey 
 

 
 
 
 
 

.

Participant Number

Please indicate how you feel at the moment from Not at All to Extremely.

Please indicate how much you agree with the following statements at the moment from Not at All to

Extremely. 

Think about all the vigorous activities that you did in the last week. Vigorous physical activities make 

you breathe much harder than normal (e.g., high intensity interval training, hard running or 

bicycling). Think only about those vigorous physical activities that you did for at least 10 minutes at a 

time. During the last week, on how many days in an average week did you do vigorous physical 
activities like high intensity interval training, hard running or bicycling, or others for at least 10 

minutes at a time? 

How many minutes did you usually spend doing vigorous physical activities on one of those days?

    

Not at

All
 0

1 2 3 4 5 6 7 8 9
Extremely

 10

Feeling sad, down, or

uninterested in life
  

Feeling anxious or nervous   

Feeling Stressed   

    

Not at

All
 0

1 2 3 4 5 6 7 8 9
Extremely

 10

I take a positive attitude

towards my body.
  

Overall, I am satisfied with

my physical abilities.
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Think about all the moderate activities that you did in the last week. Moderate physical activities 

make you breathe somewhat harder than normal (e.g., dancing, bicycling at a regular pace, doubles 

tennis, fast walking). Think only about those moderate physical activities that you did for at least 10 

minutes at a time.  During the last week, on how many days in an average week did you do 
moderate physical activities like dancing, bicycling at a regular pace, or doubles tennis for at least 10 

minutes at a time? 

How many minutes did you usually spend doing moderate physical activities on one of those days?

Think about all the strength training you did in the last week. Strength training may involve gym 

equipment (e.g., dumbbells, machines) and outdoor activities like digging and climbing. During the 
last week, on how many days in an average week did you do strength training?
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Appendix E 
 

Mid-Semester Post-Class Survey 
 

 
 
 
 
 

.

Participant number

Please indicate how you feel at the moment from Not at All to Extremely.

Please indicate how much you agree with the following statements at the moment from Not at All to
Extremely. 

.

.

.

.

    

Not at

All
 0

1 2 3 4 5 6 7 8 9
Extremely

 10

Feeling sad, down, or

uninterested in life
  

Feeling anxious or nervous   

Feeling Stressed   

    

Not at

All
 0

1 2 3 4 5 6 7 8 9
Extremely

 10

I take a positive attitude

towards my body.
  

Overall, I am satisfied with

my physical abilities.
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After completing your workout in class, please rate your perception of your exertion during the class. 
This feeling should reflect how heavy and strenuous the exercise felt to you, combining all 
sensations and feelings of physical stress, effort, and fatigue. Do not concern yourself with any one 
factor such as leg pain or shortness of breath, but try to focus on your total feeling of exertion. 
Please circle the rating that applies to you.

6  No Exertion

7  Extremely Light

8

9  Very Light

10

11  Light

12

13  Somewhat Hard

14

15  Hard

16

17  Very Hard

18

19  Extremely Hard

20  Maximal Exertion


