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Abstract

BACKGROUND—Exercise training is associated with elevations in mood in patients with 

various chronic illnesses and disabilities. However, little is known regarding the effect of exercise 

training on acute and chronic mood changes in those with traumatic brain injury (TBI).

OBJECTIVE—The purpose of this study was to examine the time course of mood alterations in 

response to a vigorous, 12-week aerobic exercise training regimen in ambulatory individuals with 

chronic TBI (>6 months post-injury).

METHODS—Changes in mood were measured before and after acute bouts of aerobic exercise 

using the Profile of Mood States Short Form and across a 12-week regimen of vigorous aerobic 

exercise training.

RESULTS—Ten subjects with non-penetrating TBI (6.6±6.8 years after injury) completed the 

training regimen. A significant improvement in overall mood was found across the course of the 

study (p=0.04), with moderate to large effect sizes observed for acute mood improvements 

following individual bouts of exercise.

CONCLUSIONS—Specific improvements in long term mood state and acute mood responses 

during individual exercise sessions were observed in these individuals with TBI. The largest 

improvement in overall mood was observed at 12 weeks of exercise training, with improvements 

emerging as early as four weeks into the training regimen.
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INTRODUCTION

The annual incidence for traumatic brain injury (TBI) in the USA is estimated at 1.7 million 

people1,2. Approximately one in 100 US civilians are thought to have long-term or 

permanent disability resulting from TBI3,4 and the prevalence increases dramatically when 

military injuries are included5. Survivors of TBI experience emotional, physical, and 

cognitive distress in addition to physical and social barriers, which make them prone to 

secondary and chronic conditions6. The prevalence of depression and anxiety disorders is 

approximately 25% higher in those who have had a TBI than in the general population7. 

Symptoms such as fatigue, anxiety, and depression8 are exacerbated in patients with TBI as 

are behaviors like hostility, and/or confusion9. These overall mood characteristics have been 

associated with low physical activity participation in other clinical and non-clinical 

populations10, suggesting participation in exercise as a possible modulator of improvements 

in mood disturbance. Indeed, evidence in individuals with TBI suggests that aerobic exercise 

training may be associated with decreases in depressive symptoms11–13 and mood 

disturbances14.

Previous studies have also suggested that for individuals with TBI, participation in aerobic 

exercise training may result in significant increases in cardiorespiratory fitness15–20, reduced 

fatigue16,19, and improved cognition21,22. Individual (acute) exercise bouts elicit both 

physiological23 and emotional responses24 but these effects appear to be transient. Further 

evidence suggests that routine participation in exercise may result in emotional effects that 

accrue in a cumulative manner25, however this adaptation has not been substantiated in those 

who have TBI. A recent investigation demonstrated that a single session of exercise had a 

positive effect on the affective responses of individuals with TBI26, but the cumulative 

effects were not investigated.

In this study, changes in mood to an acute exercise bout and overall mood state were 

characterized over a 12-week regimen of vigorous aerobic exercise training in a small group 

of individuals with non-penetrating TBI. Exercise-induced increases in cardiorespiratory 

capacity and improvements in cognitive function were recently reported in this group of 

subjects16,21. We hypothesized that a significant improvement in overall mood state would 

also be observed over the training regimen.

METHODS

Approval was obtained from the respective institutional review boards of the participating 

institutions including National Institutes of Health, NIH 11-CC-0088; Uniformed Services 

University of the Health Sciences, USUHS G192HI-H; and George Mason University, GMU 

7286. This study was registered on clinicaltrials.gov (NCT01294332) before enrollment of 

subjects and written consent was obtained from all subjects prior to participation in this 

study.

Participants

Subjects were ambulatory adults with chronic non-penetrating TBI, recruited in the 

Washington, DC metropolitan area. Information regarding exercise training-induced 
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improvements in cardiorespiratory capacity16 and cognitive function21 was previously 

reported in these subjects that participated in this research project.

Subjects were sedentary (not currently participating in an aerobic exercise-training regimen), 

non-smokers and able to walk unassisted on a motorized treadmill. Subjects with a history of 

cardiovascular, pulmonary, neurological, or metabolic conditions or a medication regimen 

that would limit the ability to participate in aerobic exercise, achieve an exercise training 

adaptation, or make participation unsafe were excluded. Female participants were not 

pregnant at the time of enrollment and regular monthly pregnancy screenings were 

performed throughout the study. Meeting the inclusion criteria and the absence of an 

exclusion criterion were determined by physician evaluation prior to enrollment. All subjects 

had a diagnosis of TBI, which was confirmed during a comprehensive history and physical 

with a board certified physical medicine and rehabilitation physician with extensive clinical 

and research experience in TBI. Injury severity was classified by the enrolling physician 

according to the Department of Veterans Affairs/Department of Defense Clinical Practice 

Guidelines27,28. Participants were withdrawn from the study if there was emergence of one 

of the exclusion criteria or failure to participate in at least 80% (24 of the 36) of the aerobic 

exercise-training sessions.

Study design

The mood states of enrolled subjects were measured by self-report using the Profile of Mood 

States-Short Form (POMS-SF) questionnaire29,30. The POMS-SF was administered before 

and after the first exercise training session of week 1 (baseline), week 4, week 8, and week 

12 (conclusion of the intervention). Therefore, a total of 8 measures of the POMS-SF were 

obtained for each subject. The exercise sessions were supervised and performed three times 

per week for 30 minutes each session, at an intensity ranging between 70% and 80% of the 

subjects’ heart rate reserve31. Sessions were conducted one-on-one by research staff as 

sessions were performed according to the subjects’ schedule. The target heart rate range for 

each subject was determined from the maximum treadmill exercise test to volitional 

exhaustion, performed at enrollment. An additional 5 to 10 minutes were included for warm 

up before and cool down after each training session. The warm up and cool down periods 

did not count towards the 30 minutes of aerobic exercise training periods. During the 

training sessions, heart rate was monitored continuously and maintained within the target 

range by adjusting the speed and/or grade of the treadmill.

Measures

The POMS-SF consists of thirty-seven adjectives describing mood rated on a 5-point Likert 

scale, ranging from “not at all” to “extremely” for the presence of each. Six mood subscales 

are assessed, with 5 subscales reflecting negative affect [Anger-Hostility (A-H), Tension-

Anxiety (T-A), Fatigue-Inertia (F-I), Depression-Dejection (D-D), and Confusion-

Bewilderment (C-B)], and one subscale reflecting positive affect (Vigor-Activity (V-A)). 

Adjectives for the negative mood subscale include “annoyed”, “tense”, “worn out”, 

“miserable”, and “uncertain”, while the positive mood subscale uses adjectives such as 

“energetic” and “lively”. The summary score for POMS-SF is the total mood disturbance 

(TMD) score, which is calculated by adding together the five negative affect subscales (A-H, 
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T-A, F-I, D-D, C-B) and then subtracting the one positive affect subscale (V-A)32. Therefore, 

higher scores on TMD indicate a more negative overall mood state. Mood changes across 

the 12 week training period were assessed using the form administered before the exercise 

training sessions, while acute mood responses were measured as the difference between the 

scores obtained before and after an individual bout of exercise. Negative changes suggest 

improvement of negative affect scales, while positive changes reflect improvement in the 

positive affect (V-A) scale.

The POMS-SF has strong psychometric properties with correlations between the POMS-SF 

and the full POMS scale on TMD and subscale scores exceeding 0.95.29 The subscales have 

strong internal consistency ranging from 0.63 (C-B) to 0.96 (D-D).29 This scale was selected 

for use in this population for several reasons. First, the POMS is the most frequently used 

questionnaire to assess mood changes in response to exercise and the POMS-SF has the 

same psychometric properties as the full scale, but is shorter in length to reduce participant 

burden. In addition, this scale is sensitive to acute changes in mood, allowing evaluation of 

changes across a single bout of exercise. Further, the POMS-SF is a questionnaire without 

confusing instructions or complicated questions. The subject simply responds to a list of 

adjectives pertinent to the subscale, by rating the degree to which each adjective applies to 

them..

Statistical analysis

Data were analyzed using SPSS, version 21.0 (IBM Corp, Armonk, New York). A 4×2 

repeated measures two-way ANOVA was used to assess POMS-SF scores at week 1 

(baseline), week 4, week 8 and week 12 (conclusion of the intervention) as the first effect. 

The second effect was mood assessed as a function of time before and after the conclusion 

of acute bouts of exercise. Post-hoc analyses of pairwise differences were performed for 

statistically significant main and interaction effects. Statistical significance was set at p<0.05 

and data are reported as mean ± standard deviation. Effect sizes are reported for all post-hoc 

tests using Cohen’s d and all figures report 95% confidence intervals.

RESULTS

Twelve individuals were enrolled in the study however two subjects were withdrawn; one 

was withdrawn at week 10 due to a confirmed positive pregnancy, and another was 

withdrawn at week 2 due to non-compliance with the exercise-training sessions. Therefore, 

10 subjects successfully completed the program and were included in data analyses 

(participant characteristics are presented in table 1). Subjects had an average of 16.8 ± 1.9 

years of education, with 7 of the 10 subjects engaged in full/part-time employment or full-

time school at study enrollment. Nine of the 10 subjects either drove themselves or used 

public transportation to attend the training sessions, while one subject was provided 

transportation (i.e. taxi service) to/from the training site. The maximum number of exercise 

training sessions was 36 and subjects participated in 33.3 ± 1.5 of the sessions on average. 

Training heart rate was sustained at an average of 155.1 ± 6.6 beats per minute, representing 

a range of 75.6% to 80.2% of the overall heart rate reserve.
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Figure 1 depicts the TMD scores measured before exercise at Week 1 (baseline) and Week 

12 of the exercise regimen. Significantly lower TMD scores (−6.9 ± 9.3, p=0.04, d=0.74) 

were observed at Week 12 compared to Week 1 of exercise training, with 8 of the 10 

subjects reporting less mood disturbance at Week 12. Improvement in the TMD scores 

primarily reflects the significant reduction in the Fatigue-Inertia (F-I) subscale (−2.5 ± 2.6, 

p=0.01, d=0.98) and to a lesser degree the reduced Anger-Hostility (A-H) subscales (−1.9 

± 3.1, p=0.09, d=0.61). TMD scores before exercise trended downward throughout the 12-

week exercise training program with a 14% reduction observed at Week 4 (p=0.06, d=0.68), 

reaching 19% by Week 12 (p=0.04, d=0.74) (figure 2).

Table 2 provides TMD scores reported by each subject, before and after exercise, for each 

time point. There was a large effect for acute changes in mood in response to a single 

exercise bout, with lower TMD scores observed at Week 1 (d=0.99), Week 4 (d=0.84) and 

Week 12 (d=0.79) (figure 3). A moderate to large effect was also observed for acute 

reductions at Week 1 for T-A (d=0.90), A-H (d=0.82), D-D (d=0.66) and C-B (d=0.61), at 

Week 4 for T-A (d=0.73) and A-H (d=0.75), Week 8 for T-A (d=0.51) and A-H (d=0.62), 

and Week 12 for C-B (d=0.59) (figure 3).

DISCUSSION

The current study demonstrated improvements in overall mood as well as acute mood 

responses in a small group of people who have non-penetrating TBI, following a supervised 

aerobic exercise-training program. These observations were in agreement with previous 

studies in a variety of patient subsets 24,33–38. Extending these previous observations, the 

reduction in mood disturbance emerged as early as four weeks into the exercise-training 

regimen and was sustained over the 12-week study duration. In addition, improvements in 

acute overall mood responses to individual bouts of exercise were detected after a single 

exercise bout in week-1 of training, as well as at weeks-4 and -12. The acute mood 

responses to exercise over the course of an exercise intervention in individuals with TBI 

have not previously been investigated. Specific acute reductions in tension/anxiety and 

anger/hostility were also observed in the first 8 weeks of exercise training. While the 

durability of these effects remains unstudied, a potential modulating influence of exercise 

participation on overall mood and acute mood responses was identified.

Several investigations have examined the relationship between mood and exercise 

participation, all demonstrating positive effects in individuals with TBI11,12,14,26,39,40. 

However, depression was the focus in the majority of these studies11,12,39,40 while the 

current investigation used a broader conceptualization of mood that incorporates both 

positive and negative dimensions of mood. Furthermore, acute mood responses to exertional 

perturbation have been reported by only one other study26, while mood reactivity changes 

over the course of an exercise-training program remain unexamined. Thus, the current study 

expands upon prior work by measuring a wider spectrum of mood, with exercise performed 

at a greater intensity than previously used, and assessment of acute mood responses to 

individual exercise sessions throughout the course of an exercise-training intervention.
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The current study suggests that sustained exercise participation may be an effective strategy 

for improving the overall mood state for those with TBI, while single bouts of exercise 

might possibly be utilized for improving mood in acute scenarios. For example, it has been 

documented that anxiety among those with TBI can be as high as 70%41, with many subjects 

experiencing increased levels of anger appropriate for therapeutic intervention42. The current 

study demonstrated that anger/hostility and tension/anxiety levels were diminished 

immediately following an acute exercise session in agreement with the finding of a previous 

investigation 26. Thus, encouraging those with TBI to exercise when experiencing feelings of 

anger or anxiety may be an effective management strategy. The observation that the acute 

response to exercise was blunted as overall mood improved, further elucidated the 

effectiveness of exercise for reducing negative mood states. This suggests that exercise 

participation may be most important when negative mood reactivity is more severe, and 

implicated the importance of exercise participation for long term maintenance of low anger 

and anxiety in patients with TBI.

The POMS is a frequently used measure of mood domains and has been utilized to measure 

mood changes following exercise in the general population24,43,44, and in those with 

TBI14,45. In the current study, the shortened version of POMS was used as it has the same 

psychometric properties as the original29, with fewer adjectives that minimizes subject 

burden and has successfully been used in other investigations46–50. Participants in this study 

had baseline POMS-SF scores that were comparable with healthy control values51,52 (with 

the exception of the V-A subscale51), suggesting a lack of mood disturbance in this group of 

individuals with TBI. However despite these participants scoring within a relatively normal 

range, scores for overall mood state still improved following exercise training. In previous 

work it has been demonstrated that individuals with higher levels of mood disturbance will 

have greater benefits in response to an exercise intervention53. Therefore, results of the 

current study might have been even more pronounced had these subjects demonstrated 

abnormal mood patterns at baseline. Nonetheless, the improvements in overall mood were 

observed without baseline mood abnormalities and underscore the proof of principle 

regarding the effectiveness of exercise participation as a possible intervention strategy or 

adjunct therapy for mood disturbance.

Several mechanisms could explain the improvements in mood seen in this group of subjects. 

These mechanisms fall within two main categories: psychological and physiological54. 

Although the mechanisms are discussed as separate entities, it is likely that a combination of 

various modulators might be responsible for the mood changes. Psychological contributors 

may include increased self-esteem55, self-efficacy56, self-image57, social interaction with 

research staff58 and distraction from worries, anxiety, and depressing thoughts59. Potential 

physiological mediators include increased cerebral blood flow60, neurogenesis61, vascular 

endothelial growth factor62, brain-derived neurotrophic factor63, serotonin61, core body 

temperature64, analgesia65, and attenuation of stress responsiveness66.

Limitations of the current study include a small sample size that may not be representative 

of the TBI population in general. Findings from this study should be taken as a proof of 

principle that aerobic exercise training may positively affect overall mood state in select 

individuals with TBI. Mood changes were also assessed utilizing a shortened version of the 
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POMS, which has not been specifically validated in individuals with TBI. Therefore, more 

research is needed for generalization of these results to the TBI population at large, and 

validation of the POMS-SF for mood changes in persons with TBI. The present investigation 

also did not include a control group or delayed entry condition, making it difficult to account 

for natural fluctuation in mood over time. However, the observed improvement in mood both 

acutely and across the 12-week training program suggests that mood changes were likely 

related to exercise participation, rather than random mood fluctuations. Closer examination 

of our results revealed an improvement in mood for female subjects only following exercise 

at Week 8 (Table 2), suggesting a gender difference for mood changes with chronic exercise. 

However our sample size was small, and sub-group analyses could not be conducted with 

sufficient power. Future research should consider gender as a possible mediating variable in 

the mood reactions to exercise. The research staff that supervised the participants’ exercise 

sessions also administered the mood assessments. Therefore, it is possible that participants 

responded more positively to their mood state in an effort to “please” the research staff. 

Separate staff conducting the exercise bouts and mood assessments may be necessary for 

future studies. In addition, our sample did not demonstrate the same level of negative mood 

that is normally seen in individuals with TBI, thereby limiting the generalizability of these 

findings. The high level of participation required for the exercise training sessions (i.e, 3 

visits per week for 12 weeks to a specific location) likely limited our subjects to those with 

high levels of functioning that were independent in community living and instrumental 

activities of daily living. Participants were also included based on their ability to walk 

unassisted on the treadmill and perform vigorous exercise. Therefore, findings of this study 

may not be generalizable to those with significant functional deficits, gait impairments or 

those unable to perform aerobic exercise at a vigorous intensity.

CONCLUSION

The current investigation demonstrated that, in these individuals with TBI, overall mood 

state was improved following vigorous aerobic exercise training, with improvements 

beginning to emerge as early as four weeks into the intervention. Exercise is economical, 

generally accessible and safe for most individuals. These results suggest that aerobic 

exercise training could be useful for improving mood in people who have TBI, in addition to 

the previously identified benefits of improved cardiorespiratory function, cognition, 

exertional tolerance, fatigue, and health related quality of life. Further work is necessary 

before the findings suggested in this study can be generalized to the TBI population at large. 

An understanding of the mechanisms through which the improvements in mood state occur 

may substantiate a wider application of findings including individuals who have primary 

mood disturbances, as well as mood disorders secondary to TBI.
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Figure 1. 
Subjects overall mood from the Total Mood Disturbance score of the Profile of Mood States 

– Short Form measured before exercise at week-1 and week-12 of the aerobic exercise-

training program. Open circles represent individual participant data and the closed squares 

represent the group mean at week-1 and week-12. * indicate significant (p<0.05) difference 

between week-1 and week-12.
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Figure 2. 
The percent change from initial Total Mood Disturbance score (week 1) for the subsequent 

weeks of assessment. TMD scores are measured before exercise. Open circles represent 

individual participant data and closed squares represent the group mean at each time point. 

Error bars depict 95% confidence interval. * indicate significant (p<0.05) difference from 

week-1.
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Figure 3. 
Acute mood responses to a bout of exercise performed at week 1, week 4, week 8, and week 

12 of the intervention as measured by the subscales of the Profile of Mood States – Short 

Form. Data are shown as group mean with error bars depicting 95% confidence interval. 

Dotted lines indicate no change in mood in response to the bout of exercise. Negative values 

demonstrate improvements in negative mood subscales (T–A, A-H, D-D, F-I, and C-B), 

while positive values indicate improvements in positive subscale (V-A). Abbreviations: T-A, 
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tension-anxiety; A-H, anger-hostility; D-D, depression-dejection; V-A, vigor-activity; F-I, 

fatigue-inertia; C-B, confusion-bewilderment; TMD, total mood disturbance.
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Table 1

Participant characteristics (n=10)

Age (years) 32.9 (6.5)

Female, n (%) 6 (60%)

Body Mass Index (kg/m2) 23.8 (4.4)

Time Since Injury (years) 6.6 (6.8)

Level of Education at enrollment (years) 16.8 (1.9)

Employment Status (full/part time or full-time studies), n (%) 7 (70%)

TBI Severity*

 Mild, n (%) 5 (50%)

 Moderate, n (%) 4 (40%)

 Severe, n (%) 1 (10%)

Cause of Injury

 Falls, n (%) 7 (70%)

 Motor Vehicle Accidents, n (%) 2 (20%)

 Pedestrian-Motor Vehicle Accident, n (%) 1 (10%)

Data given as mean (standard deviation) unless otherwise indicated.

Abbreviations: TBI, traumatic brain injury

*
Injury severity as classified by Department of Veterans Affairs/Department of Defense Clinical practice guidelines [27,28]
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