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Editorial on the Research Topic
 Feelings of energy and fatigue: Two different moods




Fatigue is a complex and often misunderstood mood. Most biomedical researchers interested in fatigue conceptually defining fatigue as the absence of energy. However, Loy et al. (2018) provided evidence that biologically energy and fatigue may indeed be two distinct unipolar moods. Since then, multiple studies have provided evidence that energy and fatigue may have both distinct and overlapping biological (Loy and O'Connor, 2016; Eshragh et al., 2017; Boolani et al., 2019a, 2022a; Dupree et al., 2019), behavioral (Boolani and Manierre, 2019; Boolani et al., 2019a; Papadakis et al., 2022), and biomechanical correlates (Boolani et al., 2020, 2022a; Kowalski et al., 2021; Mahoney et al., 2021; Sprague et al., 2021; Kadry et al., 2022). The strength of this evidence is mixed with several studies providing evidence from randomized controlled crossover designs (Loy and O'Connor, 2016; Dupree et al., 2019; Boolani et al., 2020), while others relied on cross-sectional designs (Eshragh et al., 2017; Boolani and Manierre, 2019; Boolani et al., 2019b, 2022b; Kowalski et al., 2021; Mahoney et al., 2021; Kadry et al., 2022; Papadakis et al., 2022) and two studies examined longitudinal data (Sprague et al., 2021; Boolani et al., 2022c), while another was a review of literature (Loy et al., 2018). Taken together these studies provide compelling arguments for measuring energy and fatigue as two distinct moods.

The case for measuring both energy and fatigue is most effectively illustrated by Sprague et al. (2021) and Zhang et al., who provided evidence that declines in feelings of energy and increase in feelings of fatigue increase risk of mortality. Sprague et al. (2021) provided evidence that declines in feelings of energy significantly increased risks for mortality and decreased functional capacity, while changes in feelings of fatigue did not. Conversely Zhang et al. report that a combination of frailty, a measure consisting of fatigue, and neutrophil-to-lymphocyte ratio (NLR), a marker of fatigue (Loy et al., 2018), had the greatest impact on mortality in patients with a diagnosis of cancer (Zhang et al.). These studies (Zhang et al.; Sprague et al., 2021) provide conflicting information in terms of the role that energy and fatigue play in mortality. However, these opposing findings may be explained by the fact that Sprague et al. (2021) measured energy and fatigue as two distinct constructs, in what started as a healthy population, whereas Zhang et al. addressed a population of cancer patients. Prior evidence supports that patients with cancer can have either low energy or high fatigue or both (Eshragh et al., 2017). The methodological differences in the measurement of fatigue and energy, as well as using different populations, can explain discrepancies of these two studies (Zhang et al.; Sprague et al., 2021).

In addition to the evidence that changes in prolonged feelings of energy impact mobility (Sprague et al., 2021), Boolani et al. (2020) provided convincing data that declines in current feelings of mental energy led to significant declines in balance control in older adults, since many of their participants presented clinically relevant declines on the Berg Balance Test. These findings (Boolani et al., 2020) suggest that one must account for current feelings of energy when performing physical tasks. To that end, Keegan et al. sought to develop an Acute Readiness Monitoring Scale (ARMS) to assess both energy and fatigue in order to identify readiness of military personnel. This 32-item tool is easy to administer, has six subscales and assesses a combination of mental and physical energy and fatigue (Keegan et al.). Summers et al. further validated this scale by testing its sensitivity and found that scores on all six subscales of the ARMS changed in response to sleep deprivation. Together these findings provided a novel, low-cost tool that can be used to assess both mental and physical energy and fatigue (Keegan et al.; Summers et al.) in military personnel.

While Keegan et al. and Summers et al. argued for the need to measure mental and physical energy and fatigue, Filippi et al. provided the most compelling evidence to further deconstruct energy and fatigue into motor, cognitive, social, emotional, and sexual. To further specify, they also devided the state as prolonged or aiming at trait aspects of these sensations. Using previously published evidence, Fillippi et al. reviewed literature that found objective and subjective parameters of state, prolonged state and trait fatigue are associated with core body temperature, the HPA axis, glucose metabolism, mitochondrial function, the autonomic nervous system and inflammation; however, they also suggest that these biological correlates may be associated with state, prolonged state and trait levels energy based on emerging evidence. These findings (Filippi et al.) support the need to measure trait, prolonged state and state level energy and fatigue going forward.

Recently several studies have identified how trait level energy and fatigue modify state level energy and fatigue in response to various interventions (Manierre et al., 2020; Fuller et al., 2021; Boolani et al., 2022a). The idea of trait level features influencing state level energy and fatigue was recently highlighted by a topical review (Behm and Carter) that suggested empathy might increase feelings of fatigue during exercise. Behm and Carter caveat their working hypothesis by suggesting that sex, age, cultural, exercise type and personality differences may modify the effects of empathy on fatigue. The authors combined the mirror neuron and affordance competition hypotheses to generate their working hypothesis on the role of empathy increasing feelings of fatigue (Behm and Carter). While both hypotheses support how empathy may increase feelings of fatigue, the affordance competition hypothesis suggests that cognitive demands during exercise may enhance negative mood affect, a dual task paradigm used by researchers in the past to increase mental fatigue (Greig et al., 2007).

Interestingly, Meixner and Herbert used this dual-task paradigm to identify whether attentional focus during exercise influences psychophysiological responses to an acute bout of exercise, including positive and negative affect, which have previously been associated with feelings of energy and fatigue, respectively (Watson et al., 1988). Although these authors found that attentional focus did not negatively impact psychophysiological responses to an acute bout of exercise, they report the benefits of an acute bout of exercise on both positive and negative affect (Meixner and Herbert). These findings are in line with a previously published meta-analysis which concluded that a single bout of exercise increased feelings of energy and depending on intensity and time may also reduce feelings of fatigue (Loy et al., 2013). While, Meixner and Hebert used a 15-min bout of exercise to enhance affect, Carmichael et al. tried to enhance feelings of energy and fatigue using a 4-min bout of stair climbing. Carmichael et al. reported that while 4 min of stair walking significantly increased heart rate and RPE, there were no significant differences in feelings of energy and fatigue after this short bout of physical activity. Previously, Boolani et al. (2019a) had reported that 6 min of self-selected walking speed increased feelings of energy and decreased feelings of fatigue (Boolani et al., 2019a). Taken together these studies (Carmichael et al.; Meixner and Hebert; Loy et al., 2013; Boolani et al., 2019a) suggest that, an acute bout of exercise will positively impact affect moods, but a minimum of 6 min of physical activity is needed to positively enhance moods.

Though significant evidence exists on the beneficial effects of an acute bout of exercise on moods (Carmichael et al.; Meixner and Hebert; Loy et al., 2013; Boolani et al., 2019a), until recently, the evidence on the effects of chronic exercise on feelings of energy and fatigue was mixed and suggested the influence of placebo effects on changes in energy and fatigue (O'Connor and Puetz, 2005; Puetz et al., 2006). In 2022 Wender et al. published a meta-analysis of 81 studies (7,050 participants) that considered potential moderating variables in their analyses. This meta-analysis reported that chronic exercise has a small, but significant effect on decreasing feelings of fatigue, a small-to-moderate effect on increasing feelings of energy and a moderate effect on increasing feelings of vitality (Wender et al.). Their analyses suggested that several factors such as exercise intensity and duration influenced feelings of fatigue, exercise intensity and modality influenced feelings of energy and participant health, exercise intensity, modality, and exercise training location influenced feelings of vitality (Wender et al.). Taken together, these findings suggest that exercise can positively influence feelings of energy and fatigue both after an acute (Carmichael et al.; Meixner and Hebert; Loy et al., 2013; Boolani et al., 2019a) bout and with chronic exercise (Wender et al.; O'Connor and Puetz, 2005; Puetz et al., 2006).

In summary, current evidence suggests that energy and fatigue should be measured as two distinct moods, and that one must account for trait, prolonged state and state energy and fatigue, while also accounting for cognitive, physical, social, emotional, and sexual aspects of these moods (Filippi et al.). Based on the evidence, trait and prolonged state energy may increase mortality rates in healthy older adults (Sprague et al., 2021), while increased prolonged state fatigue may increase mortality rates in patients with cancer (Zhang et al.). However, acute declines in state energy may also have detrimental effects (Boolani et al., 2020), and for tactical athletes these effects may be fatal. The ARMS survey is a valid and reliable low-cost way to assess both mental and physical energy and fatigue (Keegan et al.; Summers et al.) in these tactical athletes. Exercise may be an intervention that can be used to enhance feelings of energy and reduce feelings of fatigue both in an acute (Carmichael et al.; Meixner and Hebert; Loy et al., 2013; Boolani et al., 2019a) and chronic (Wender et al.; O'Connor and Puetz, 2005; Puetz et al., 2006) settings, and changes in acute attention focus do not temper the positive influence of exercise on moods (Meixner and Hebert). However, a working hypothesis on being empathic toward others during exercise dampening the potential anti-fatiguing benefits of exercise (Behm and Carter) should be explored further. Based on current evidence future researchers should further explore optimal exercise level and frequency to improve feelings of energy and fatigue considering individuals abilities.


Author contributions

AB wrote the initial draft of the editorial. All authors read and edited the final manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Boolani, A., Allen, A., Barrios, N., and Sames, C. (2022a). Association between trait energy and fatigue and aquatic functional tests: An exploratory study. J. Aquat. Phys. Ther. 30, 8–11. doi: 10.1097/PXT.0000000000000006

 Boolani, A., Fuller, D., Mondal, S., and Gumpricht, E. (2022b). Trait energy and fatigue modify acute ingestion of an adaptogenic-rich beverage on neurocognitive performance. Appl. Sci. 12, 4466. doi: 10.3390/app12094466

 Boolani, A., Gallivan, K. M., Ondrak, K. S., Christopher, C. J., Castro, H. F., Campagna, S. R., et al. (2022c). Trait energy and fatigue may be connected to gut bacteria among young physically active adults: An exploratory study. Nutrients 14, 30466. doi: 10.3390/nu14030466

 Boolani, A., and Manierre, M. (2019). An exploratory multivariate study examining correlates of trait mental and physical fatigue and energy. Fatigue 7, 29–40. doi: 10.1080/21641846.2019.1573790

 Boolani, A., O'Connor, P. J., Reid, J., Ma, S., and Mondal, S. (2019a). Predictors of feelings of energy differ from predictors of fatigue. Fatigue 7, 12–28. doi: 10.1080/21641846.2018.1558733

 Boolani, A., Ryan, J., Vo, T., Wong, B., Banerjee, N., Banerjee, S., et al. (2020). Do changes in mental energy and fatigue impact functional assessments associated with fall risks? An exploratory study using machine learning. Phys. Occup. Ther. Geriatr. 38, 283–301. doi: 10.1080/02703181.2020.1748788

 Boolani, A., Sur, S., Yang, D., Avolio, A., Goodwin, A., Mondal, S., et al. (2019b). Six minutes of physical activity improves mood in older adults: A pilot study. J. Geriatr. Phys. Ther. 2019, 233. doi: 10.1519/JPT.0000000000000233

 Dupree, E. J., Goodwin, A., Darie, C. C., and Boolani, A. A. (2019). “pilot exploratory proteomics investigation of mental fatigue and mental energy,” in Advancements of Mass Spectrometry in Biomedical Research, eds A. G. Woods and C. C. Darie (Berlin: Springer), 601–611. doi: 10.1007/978-3-030-15950-4_36

 Eshragh, J., Dhruva, A., Paul, S. M., Cooper, B. A., Mastick, J., Hamolsky, D., et al. (2017). Associations between neurotransmitter genes and fatigue and energy levels in women after breast cancer surgery. J. Pain Sympt. Manag. 53, 67–84. e7. doi: 10.1016/j.jpainsymman.2016.08.004

 Fuller, D. T., Smith, M. L., and Boolani, A. (2021). Trait energy and fatigue modify the effects of caffeine on mood, cognitive and fine-motor task performance: A post-hoc study. Nutrients 13, 412. doi: 10.3390/nu13020412

 Greig, M., Marchant, D., Lovell, R., Clough, P., and McNaughton, L. (2007). A continuous mental task decreases the physiological response to soccer-specific intermittent exercise. Br. J. Sports Med. 41, 908–913. doi: 10.1136/bjsm.2006.030387

 Kadry, A. M., Torad, A., Elwan, M. A., Kakar, R. S., Bradley, D., Chaudhry, S., et al. (2022). Using machine learning to identify feelings of energy and fatigue in single-task walking gait: An exploratory study. Appl. Sci. 12, 63083. doi: 10.3390/app12063083

 Kowalski, K. L., Boolani, A., and Christie, A. D. (2021). State and trait fatigue and energy predictors of postural control and gait. Motor Control 1, 1–18. doi: 10.1123/mc.2020-0106

 Loy, B. D., Cameron, M. H., and O'Connor, P. J. (2018). Perceived fatigue and energy are independent unipolar states: Supporting evidence. Med. Hypotheses 113, 46–51. doi: 10.1016/j.mehy.2018.02.014

 Loy, B. D., and O'Connor, P. J. (2016). The effect of histamine on changes in mental energy and fatigue after a single bout of exercise. Physiol. Behav. 153, 7–18. doi: 10.1016/j.physbeh.2015.10.016

 Loy, B. D., O'Connor, P. J., and Dishman, R. K. (2013). The effect of a single bout of exercise on energy and fatigue states: A systematic review and meta-analysis. Fatigue 1, 223–242. doi: 10.1080/21641846.2013.843266

 Mahoney, G., Martin, J., Martin, R., Yager, C., Smith, M. L., Grin, Z., et al. (2021). Evidence that feelings of energy and fatigue are associated differently with gait characteristics and balance: an exploratory study. Fatigue 9, 1–14. doi: 10.1080/21641846.2021.1950405

 Manierre, M., Jansen, E., and Boolani, A. (2020). Sleep quality and sex modify the relationships between trait energy and fatigue on state energy and fatigue. PLoS ONE 15, e0227511. doi: 10.1371/journal.pone.0227511

 O'Connor, P. J., and Puetz, T. W. (2005). Chronic physical activity and feelings of energy and fatigue. Med. Sci. Sports Exerc. 37, 299–305. doi: 10.1249/01.MSS.0000152802.89770.CF

 Papadakis, Z., Stamatis, A., Manierre, M., and Boolani, A. (2022). Preventive medicine via lifestyle medicine implementation practices should consider individuals' complex psychosocial profile. Healthcare 10, 2560. doi: 10.3390/healthcare10122560

 Puetz, T. W., O'connor, P. J., and Dishman, R. K. (2006). Effects of chronic exercise on feelings of energy and fatigue: A quantitative synthesis. Psychol. Bullet. 132, 866. doi: 10.1037/0033-2909.132.6.866

 Sprague, B. N., Zhu, X., Ehrenkranz, R. C., Tian, Q., Gmelin, T. A., Glynn, N. W., et al. (2021). Declining energy predicts incident mobility disability and mortality risk in healthy older adults. J. Am Geriatr. Soc. 2021, 17372. doi: 10.1111/jgs.17372

 Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and validation of brief measures of positive and negative affect: The PANAS scales. J. Personal. Soc. Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.1063







OPS/images/crossmark.jpg
(®) Check for updates





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Feelings of energy and fatigue: Two different moods



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Editorial: Feelings of energy and
fatigue: Two different moods





OPS/images/logo.jpg
& frontiers | Frontiers in Psychology





