
Acute Exercise Effects among Young Adults with Analogue 
Generalized Anxiety Disorder

MATTHEW P. HERRING1,2, DEREK C. MONROE3, BRETT R. GORDON1,2, MATS 
HALLGREN4, MARK J. CAMPBELL1,5

1Department of Physical Education and Sport Sciences, University of Limerick, Limerick, 
IRELAND

2Health Research Institute, University of Limerick, Limerick, IRELAND

3Department of Neurology, University of California-Irvine, Irvine, CA

4Epidemiology of Psychiatric Conditions, Substance Use and Social Environment (EPiCSS), 
Department of Public Health Sciences, Karolinska Institute, Solna, SWEDEN

5Lero—the Irish Software Research Centre, University of Limerick, Limerick, IRELAND

Abstract

Recent findings support positive effects of acute aerobic exercise on worry, state anxiety, and 

feelings of energy and fatigue among young adult women with subclinical, or analogue, 

generalized anxiety disorder (GAD). However, exercise effects among young adult men with 

analogue GAD are unstudied.

Purpose: This study replicated initial findings of positive effects of acute vigorous-intensity 

aerobic exercise on worry, state anxiety, and feelings of energy and fatigue among young adult 

women with analogue GAD, examined responses among young adult men with analogue GAD, 

and explored sex-related differences and moderation by physical activity level, trait anxiety, 

depression, and poor sleep status.

Methods: Thirty-five young adults (21.4 ± 2.3 yr; 19 males; 16 females) with Penn State Worry 

Questionnaire scores ≥45 (60 ± 8) completed two counterbalanced 30-min conditions: treadmill 

running at ~71.2% ± 0.04% HR reserve and seated quiet rest. Outcomes included worry, worry 

engagement, absence of worry, state anxiety, and feelings of energy and fatigue.

Results: No outcome or moderator differed at baseline between sexes. Exercise significantly 

improved state anxiety (P < 0.04; d = 0.27) and feelings of energy (P < 0.001; d = 1.09). Small 

nonsignificant improvements were found for worry (d = 0.22), worry engagement (d = 0.18), and 

feelings of fatigue (d = 0.21). The magnitude of improvements in worry, worry engagement, 

absence of worry, and feelings of energy were stronger among females. Significant large, 

potentially clinically meaningful increases in feelings of energy were found among women (d = 
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1.35) and men (d = 0.92). A nonsignificant, but potentially clinically meaningful, moderate 

reduction in worry (d = 0.53) was found among women. High-trait anxiety and poor sleep quality 

were supported as moderators.

Conclusions: Findings replicated positive effects of acute aerobic exercise among young adult 

women with analogue GAD, and extended to support for positive effects among young adult men 

with analogue GAD
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Previous evidence supported positive effects of both aerobic and resistance exercise training 

among young adult women with generalized anxiety disorder (GAD), including improved 

clinical severity (1), sleep quality and quantity (2), quality of life (3), and associated 

symptoms (e.g., worry, anxiety, and feelings of energy and fatigue) (4). More recent 

evidence highlighted the benefits of a single bout of aerobic exercise among a small sample 

of young women with subclinical, or analogue, GAD (i.e., elevated worry, the hallmark of 

GAD) (5). Compared with a 30-min bout of seated rest, a 30-min bout of vigorous-intensity 

treadmill running completed at ~73% HR reserve significantly improved worry engagement, 

state anxiety, and feelings of energy and fatigue (5). A quarter standard deviation 

improvement for worry, approximating a 3.5% change, and moderate-to-large improvements 

in state anxiety and feelings of energy and fatigue were found (5).

People who report elevated symptom scores are more likely to develop clinically significant 

psychopathologies (6). It is plausible that exercise-induced attenuation of elevated symptoms 

may reduce the likelihood of symptom persistence and exacerbation. Thus, investigating 

exercise effects on the symptom profile of GAD and identifying traits that moderate these 

effects among individuals with analogue GAD has the potential to inform precision 

medicine prevention strategies. To the authors’ knowledge, the initial findings of positive 

effects of acute exercise among females with analogue GAD has neither been replicated, nor 

extended to males.

Lifetime prevalence of GAD is nearly twice as high among women (7), who also have a 

higher likelihood of reporting symptoms that have been improved by exercise (i.e., fatigue, 

irritability, muscle tension, and somatic symptoms) (4,8). Therefore, it is perhaps not 

surprising that the effects of acute exercise on worry, state anxiety, and feelings of energy 

and fatigue among young adult men have not been investigated. However, GAD is also 

prevalent among young adult men, and evidence supports small-to-moderate positive effects 

of acute exercise on state anxiety and feelings of energy and fatigue among otherwise 

healthy young adult men (9).

Thus, this study tested the effects of acute aerobic exercise compared to quiet rest on worry, 

state anxiety, and feelings of energy and fatigue among young adult women and men with 

worry indicative of analogue GAD to: 1) replicate and extend initial positive findings among 

young adult women with analogue GAD to include young adult men with analogue GAD; 2) 
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to explore potential sex-related differences; and, 3) to replicate preliminary findings that 

elevated trait anxiety, depression, and poor sleep status moderate responses to exercise or 

quiet rest conditions. The authors hypothesized that, compared to quiet rest, an acute bout of 

aerobic exercise would significantly improve worry, state anxiety, and feelings of energy and 

fatigue among young adult women and men with worry indicative of GAD.

METHODS

Design and Participants

The methods reported here are consistent with the authors’ previously reported acute aerobic 

exercise studies (5,9). The study protocol was approved by the University’s Research Ethics 

Board. Before participation, interested potential participants provided written informed 

consent and completed a medical history screening questionnaire that included the Physical 

Activity Readiness Questionnaire. Potential participants were screened based on the Penn 

State Worry Questionnaire (PSWQ) (10). Inclusion criteria were: (i) PSWQ score ≥45, 

which has demonstrated high sensitivity and specificity as a cut-score to identify individuals 

with elevated worry indicative of GAD (11), (ii) age 18–35 yr; (iii) no medical 

contraindication to safe participation in vigorous aerobic exercise, and (iv) no current 

pregnancy or lactation. Self-reported physical activity indicative of an active lifestyle was 

not an exclusion criterion. Of 64 individuals consecutively recruited from the University and 

surrounding communities using leaflets, recruitment emails to approved listservs, and word-

of-mouth, 35 young adults (19 male; 16 female), age 21.4 ± 2.3 yr, met inclusion criteria. 

Based on power analysis performed with G*Power, a sample size of 35 would provide >80% 

statistical power to detect differences in worry assuming a two-tailed α = 0.05, a correlation 

between repeated measures of r = 0.8, and a small effect of exercise on worry (f = 0.13, d = 

0.26) based on previous evidence (1,5,9). Participants were randomized 

(www.randomizer.org) by a researcher who did not perform assessments to complete two 

conditions in counterbalanced order at approximately the same time of day, with 

approximately 48 h between conditions: (i) 30 min of vigorous treadmill running, or (ii) 30 

min seated quiet rest (5,9,12).

Baseline Measures

Before testing on day 1, each participant completed electronic versions 

(www.surveymonkey.com) of a Seven Day Physical Activity Recall (13), the trait subscale 

of the State-Trait Anxiety Inventory (STAI-Y2) (14), the Quick Inventory of Depressive 

Symptomatology (QIDS) (15), and the Pittsburgh Sleep Quality Index (PSQI) (16). 

Established cut-scores were used to classify high-trait anxious status (STAI-Y2 ≥ 50), 

depression status (QIDS ≥ 6 (15)) and poor sleep quality (PSQI > 5 (16)).

Outcomes

Using laboratory desktop PCs, immediately before and 10 min after exercise or quiet rest 

participants completed electronic assessments (www.surveymonkey.com) of worry, state 

anxiety, and the intensity of feelings of energy and fatigue. This process required 

approximately 10 to 15 min.
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Worry.—Worry was assessed using the 16-item PSWQ (10). Item responses are summed 

after reverse scoring; total scores range from 16 to 80. Worry engagement (11 items worded 

in the direction of pathological worry) and absence of worry (5 items reverse-worded to 

combat acquiescence) subscales were also calculated (10,17); higher scores indicate worse 

symptom severity. The PSWQ demonstrated adequate internal consistency (α = 0.85), and 

correlations between repeated measures were r = 0.69 and r = 0.89 for exercise and quiet 

rest, respectively. Worry engagement demonstrated similar internal consistency (α = 0.86), 

and correlations between repeated measures were r = 0.86 and r = 0.67 for exercise and quiet 

rest, respectively. Internal consistency for absence of worry was poor (α = 0.57), and 

correlations between repeated measures were lower for both exercise (r = 0.64) and quiet 

rest (r = 0.60). Recent evidence supported that the PSWQ is sensitive to change in response 

to acute aerobic exercise (5,9).

State anxiety.—State anxiety was measured with the 20-item state subscale of the State-

Trait Anxiety Inventory (STAI-Y1) (14). Item responses are summed after reverse scoring; 

total scores range from 20 to 80. The STAI-Y1 demonstrated adequate internal consistency 

(α = 0.94), and correlations between repeated measures were r = 0.80 and r = 0.92 for 

exercise and control, respectively.

Feelings of energy and fatigue.—Feelings of energy and fatigue were measured with 

the vigor and fatigue subscales of the Profile of Mood States—Brief Form. These subscales 

reliably measure the intensity of feelings of energy and fatigue (18,19). Participants were 

instructed to respond “based on how you feel RIGHT NOW.” Subscale scores range from 0 

to 20. Internal consistency was adequate for fatigue (α = 0.84) and vigor (α = 0.88). For the 

fatigue subscale, correlations between repeated measures were r = 0.41 and r = 0.75 for 

exercise and control, respectively. For the vigor subscale, correlations between repeated 

measures were r = 0.50 and r = 0.81, respectively.

Conditions

Acute aerobic exercise.—Participants completed a vigorous (20) 30-min supervised 

bout of running on a Woodway Pro© treadmill at 65% to 85% of maximal HR reserve 

(%HRR). Intensity was estimated as a function of predicted maximal HR and an age-related 

norm resting HR of 73 bpm for females and 63 bpm for males. This method has 

demonstrated validity for estimating vigorous-intensity exercise dose in field-based exercise 

studies (21). Polar FT60© HR monitors were used to set the HR training zone and to 

continuously monitor HR and in-zone exercise minutes during exercise. Each participant 

performed a 5-min warm-up, continued running while investigators progressively increased 

the treadmill speed and/or grade to achieve 65% HRR, and then completed 30 min at a HR 

between 65% and 85% HRR. Most participants achieved 65% HRR within 5 min; therefore, 

warm-up periods ranged from 1 to 5 min. After completing 30 min at 65% to 85% HRR, 

each participant walked until sufficiently cooled down. Again, some participants cooled 

down more rapidly than others; therefore, the cooldown period ranged from 1 to 5 min. After 

completion of cooldown, each participant provided a session RPE for the full exercise bout 

using Borg 6 to 20 RPE scale (22). Standard instructions for RPE were provided to each 

individual. Muscle pain intensity was assessed with the 0 to 10 pain intensity scale 
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developed and validated by Cook and colleagues (23). Given the potential mood effects of 

social interaction (24), extraneous conversation was minimized during the exercise session.

Control: Seated quiet rest.—Each participant completed 30 min of seated quiet rest in 

the same laboratory. Procedures were consistent with the exercise session except that each 

participant sat in an upright chair in a quiet area for 30 min. Participants were not allowed to 

read or listen to music given the potential for altered mood responses.

Analyses

Data analyses were performed using SPSS 22.0. Missing data for state anxiety (n = 5), 

worry (n = 6), feelings of fatigue (n = 4), and feelings of energy (n = 4) were imputed by 

multiple imputation: gender and time-variant responses for each variable were entered as 

predictors into separate multiple linear regression models and predicted values were 

retained. Independent samples t-tests examined baseline differences in outcomes based on 

gender and high-trait anxious, depression, and poor sleep status.

Two condition (exercise/quiet rest) × two time (pre/post) repeated measures ANOVA 

examined differences between exercise and quiet rest. Significant interactions were 

decomposed with simple effects analyses Bonferroni-corrected for multiple testing. Given 

increased calls to move beyond null-hypothesis significance testing in favor of effect sizes 

and confidence intervals (25), we also quantified and compared the magnitude of outcome 

change using Hedges’ d and associated 95% confidence intervals (95% CI) such that 

improved outcomes resulted in positive effect sizes (26). Effect sizes were judged as small 

(0.2), moderate (0.5), and large (0.8) based on Cohen’s thresholds.

Potential sex-related differences were examined using two group (male/female) × two 

condition (exercise/quiet rest) × two time (pre/post) repeated measures ANOVA. Hedges’ d 
(95% CI) quantified magnitude ofoutcome change for males and females.

Independent samples t-tests of pre–post exercise and pre–post quiet rest change scores 

analyzed within-condition differences in outcomes based on high-trait anxious status, 

depression status, and poor sleep status. Pearson’s correlation coefficients quantified 

associations between physical activity and outcome change scores for each condition.

RESULTS

Baseline Characteristics and Differences

Table 1 presents baseline participant characteristics.

Sex-related differences.—No outcome or potential moderator significantly differed 

between sexes at baseline: worry (t33 = 1.80, P > 0.08), worry engagement (t33 = 1.46, P > 

0.15), absence of worry (t27.3 = 1.67, P > 0.10), state anxiety (t19.6 = 1.94, P > 0.06), and 

feelings of energy (t33 = 1.86, P > 0.12) and fatigue (t33 = 1.80, P > 0.07), prior week 

physical activity (t33 = 0.63, P > 0.53), self-reported minutes of moderate-to-vigorous 

physical activity (t33 = 0.29, P > 0.77), STAI-Y2 (t26.81 = 1.81, P > 0.08), high-trait anxious 
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status (X1 = 3.33, P > 0.06), PSQI total score (t32 = 0.20, P > 0.84), and poor sleep quality 

status (X1 = 1.80, P > 0.17).

Differences based on high-trait anxious, depression, and poor sleep status.—
High-trait anxious participants reported significantly higher worry (t33 = −3.77, P < 0.001), 

worry engagement (t33 = −4.11, P < 0.001), state anxiety (t11.5 = −5.32, P < 0.001), and 

feelings of fatigue (t11.2 = −2.36, P < 0.03). Depressed participants reported significantly 

higher state anxiety (t33 = −3.22, P < 0.003) and feelings of fatigue (t27.97 = −3.00, P < 

0.006). Poor sleepers reported significantly higher worry (t32 = −2.38, P < 0.03) and absence 

of worry (t32 = −3.27, P < 0.003).

Exercise Session Variables

Participants averaged 35.8 ± 2.4 min of exercise, 30.4 ± 0.4 min in-zone. Participants 

exercised at ~71.2% ± 0.04% HRR, approximating an average session HR of 160.8 ± 5.2 

bpm, an average session RPE of 13 ± 2, and an average session pain rating of 3 ± 2. All 

participants completed >30 min at 65% to 85% HRR; there was little variability in in-zone 

minutes, speed, or gradient, and differences in total exercise time and exact %HRR at which 

participants exercised were not significantly associated with outcome responses (all P > 

0.09).

Effects of Exercise Compared with Quiet Rest

Table 2 presents descriptives, standardized mean differences, paired t-tests, and Hedges’ d 
(95% CI). Statistically significant condition-time interactions were found for state anxiety 

(F1,34 = 4.64; P < 0.04; d = 0.27; 95% CI, −0.20 to 0.74) and feelings of energy (F1,34 = 

42.30, P < 0.001; d = 1.09; 95% CI, 0.59–1.59). State anxiety was significantly reduced by 

exercise (mean difference, −3.92; P ≤ 0.001), and significantly lower for exercise compared 

with quiet rest postcondition (mean difference, −4.62; P ≤ 0.004). Feelings of energy were 

significantly increased by exercise (mean difference, 2.86; P < 0.001), significantly 

decreased by quiet rest (mean difference, −1.82; P < 0.001), and significantly greater for 

exercise compared with quiet rest postcondition (mean difference, 3.94; P < 0.001). 

Condition-time interactions were not significant for worry (F1,34 = 1.46; P > 0.23; d = 0.22; 

95% CI, −0.25 to 0.69), absence of worry (F1,34 = 0.01; P > 0.91; d = 0.03; 95% CI, −0.44 to 

0.50), worry engagement (F1,34 = 0.80, P > 0.37; d = 0.18; 95% CI, −0.29 to 0.65), or 

feelings of fatigue (F1,34 = 0.75; P > 0.39; d = 0.21; 95% CI, −0.26 to 0.68). Significant 

main effects for time were found for worry (F1,34 = 6.11, P < 0.02) and worry engagement 

(F1,34 = 4.15, P < 0.05). Worry (mean difference, −1.85; P < 0.02) and worry engagement 

(mean difference, −1.14; P < 0.05) were significantly lower postcondition.

Sex-related Differences

Table 3 presents descriptives and standardized mean differences across gender and 

condition. Sex-condition-time interactions were not significant for any outcome (all P > 

0.11). As shown in Figure 1, compared with quiet rest, exercise resulted in a significant large 

increase in feelings of energy, nonsignificant moderate improvements in worry and absence 

of worry, and nonsignificant small reductions in worry engagement and state anxiety among 

women. Among men, compared to quiet rest, exercise resulted in significant large increases 
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in feelings of energy and small-to-moderate reductions in feelings of fatigue, and 

nonsignificant small-to-moderate reductions in state anxiety. Effect sizes were larger among 

women than men for worry, worry engagement, absence of worry, and feelings of energy.

Potential Moderators of Exercise Effects

Significantly larger improvements in absence of worry (t33 = 2.15, P < 0.039; d = 0.76) and 

state anxiety (t33 = 2.25, P ≤ 0.031; d = 0.70) were found among high-trait anxious 

participants. Significantly larger reductions in state anxiety were found among poor sleepers 

(t32 = 2.77, P ≤ 0.009; d = 0.57). No significant differences were found based on depression 

status or between potential moderator levels for quiet rest. Estimated energy expenditure and 

minutes of moderate-to-vigorous physical activity were not significantly associated with any 

outcome response to exercise or quiet rest.

DISCUSSION

Compared to 30 min of quiet rest, a 30-min bout of treadmill running completed at an 

average intensity of ~71% HRR significantly improved state anxiety and feelings of energy 

among young adult men and women with analogue GAD. Though not statistically 

significant, small magnitude improvements were found for worry, worry engagement, and 

feelings of fatigue. The magnitude of these improvements is consistent with previously 

reported responses to acute exercise among otherwise healthy adults (9,12,27), people with 

multiple sclerosis (28), low-income adults with elevated depressive symptoms (29), and 

adult women diagnosed with major depressive disorder (30). Though not significantly 

different, the magnitude of exercise-induced changes in worry, worry engagement, and 

absence of worry was larger among women than men.

Feelings of Energy

Given that low energy is a prevalent associated symptom of GAD that may contribute to 

negative outcomes like lower health-related quality of life (3), automobile accidents (31), 

and reduced achievement and productivity (32), the large, significant improvements in 

feelings of energy found here may be statistically and clinically meaningful. The magnitude 

of improvement in feelings of energy is consistent with previous reports ofmoderate-to-large 

improvements in feelings of energy after acute exercise and exercise training among 

otherwise healthy adults (9,27), young women with persistent fatigue (33), and young 

women with analogue (5) and clinical GAD (4). Though debates continue regarding 

interpretations of clinical meaningfulness, based on the suggested minimal important 

difference of 0.5 standard deviation (34), the 1.09 standard deviation improvement in 

feelings of energy here may represent a clinically meaningful finding.

Comparability of Findings for Worry and Plausible Explanations

The small magnitude improvement in worry (d = 0.22), the hallmark of GAD, found for the 

full sample was comparable to the previously reported effect among young adult women 

with analogue GAD (d = 0.25) (5). However, the magnitude of the overall effect can be 

attributed to a null effect among men and a moderate, but potentially clinically meaningful 

(34), effect among women (d = 0.53) that was twice the size of the previously reported effect 

HERRING et al. Page 7

Med Sci Sports Exerc. Author manuscript; available in PMC 2020 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(5). A poorer baseline symptom profile here may have contributed to this larger magnitude 

effect; the current sample of young adult women reported worse worry, state anxiety, and 

feelings of energy and fatigue than both the current sample of men and the previous sample 

with analogue GAD (5).

Consistent with a previous report that acute vigorous-intensity exercise is not sufficient to 

reduce worry among otherwise healthy young adult men (9), exercise trivially influenced 

worry and response did not differ to quiet rest. It is plausible that worry is not as sensitive to 

acute exercise among males, and/or that different neurobiological mechanisms underlie 

response and nonresponse to exercise among females and males, respectively. One plausible 

explanation is greater cardiac vagal tone expressed by females relative to males (35). A 

model of neurovisceral integration suggests that a relationship between poor vagal tone and 

elevated worry in GAD patients (36) may be explained by deficits in cognitive control and 

inhibition (37). This explanation is supported by recent evidence of an association between 

sex-specific attentional biases and GAD symptom profiles (38). However, because no study 

has examined exercise effects on autonomic function or cognitive control in GAD, how 

those effects influence worry or related outcome responses remains unclear.

Differential Responses to Quiet Rest

Consistent with previous findings (5,9), the magnitude of between-condition differences was 

influenced by differential responses to quiet rest. Hedges’ d effect sizes were larger for 

nearly all outcomes because of trivial or negative responses to quiet rest. It is somewhat 

surprising that imposed seated rest would worsen outcomes, but these findings are consistent 

with reported worsened mood outcomes following imposed sedentary behavior among 

physically active adults (39). These findings encourage future investigations of factors that 

may underlie worsening of mood states during imposed resting conditions (e.g., sedentary 

behavior and rumination) and the most appropriate comparison condition for acute exercise 

(e.g., minimal intervention or placebo-control conditions such as light-intensity walking or 

passive cycling).

Susceptibility Profiles: Plausible Role of High-trait Anxious and Poor Sleep Status

Identifying susceptibility profiles that inform the use of exercise as a precision medicine 

strategy is important; thus, it is notable that improvements in state anxiety and absence of 

worry after exercise were significantly larger among high-trait anxious participants and poor 

sleepers. Because trait anxiety and state anxiety are strongly correlated (14), it is 

unsurprising that baseline state anxiety was significantly higher among high-trait anxious 

participants compared to non-high-trait anxious. High state anxiety among high-trait anxious 

individuals and elevated worry symptoms among poor sleepers likely contributed to the 

larger magnitude change among these participants. Although adults with mild GAD 

frequently experience prolonged sleep latency, lower total sleep time, and poor sleep 

efficiency (40,41), no previous study has documented anxiolytic effects of acute exercise 

among young adults reporting poor sleep quality and analogue GAD. These findings are 

consistent with previous evidence that anxiety accounts for significant variability in the sleep 

quality of young adults (42). It is possible that postexercise symptom trajectories (43) for 

state anxiety and absence of worry are at least partly dependent on trait anxiety and sleep 
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quality. Future research should leverage advanced mobile technologies (e.g., ecological 

momentary assessment) to probe the time-course of these effects.

Limitations

One potential limitation was the somewhat favorable baseline profile among men, 

characterized by lower state anxiety and feelings of fatigue and higher feelings of energy, 

which may not be reflective of population heterogeneity among young men with analogue or 

clinical GAD. Although an active lifestyle was not an exclusion criterion and physical 

activity was not significantly associated with outcome responses, the activity profile of 

included participants may be a limitation such that both exercise intensity and exercise 

effects may have been underestimated among highly active participants. Because physical 

activity is lower among other groups with elevated anxiety and/or depressive symptoms and 

disorders, the active group here may not accurately represent physical activity levels in 

analogue or clinical GAD. However, the large-scale evidence regarding physical activity 

among young adults with analogue or clinical GAD needed to place the current levels into 

context is limited, highlighting the need for future reports of physical activity levels among 

large samples. Using gender-based age-related norms for resting HR to estimate vigorous-

intensity exercise dose has demonstrated validity (21). However, it is plausible that resting 

HR may be higher among high-anxious individuals and lower among the active participants 

here, which could have resulted in over- or underestimation of exercise intensity. 

Nonetheless, intensity did not significantly vary and was not associated with outcome 

change. Future research can benefit from larger sample sizes, comparisons of varying 

degrees of subclinical and clinical GAD severity, the comparison of multiple exercise modes 

and intensities, the use of advanced mobile technologies to elucidate the time-course of 

exercise response, and examination of plausible cognitive and biological mechanisms 

governing exercise response.

CONCLUSIONS

Notwithstanding potential limitations, these findings support the authors’ initial report of 

positive effects of acute aerobic exercise on worry, state anxiety, and feelings of energy and 

fatigue among young adult women with analogue GAD. These findings also provide initial 

support for these positive effects among young adult men with analogue GAD.
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FIGURE 1—. 
Hedges’ d Effect Sizes for Outcome Measures by Sex; asterisks indicate significant 

improvement for exercise compared to quiet rest based on 95% CI not encompassing 0.
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