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Introduction: Although physical activity and exercise are generally thought to have favorable effects on mental health, excessive physical activity may have unfavorable effects. In this study, the associations between physical activity and the states of mental health with U-shaped dose–response curves were hypothesized, and the ranges of physical activity resulting in optimal effects on mental health were investigated.

Methods: A cross-sectional survey was conducted on 1,237 adult volunteers in 2017 and 2018. Of these volunteers, 526 participants validly answered the self-administered questionnaires asking about physical activity, depression, anxiety, resilience, insomnia vulnerability, and life events. A comparison of mental health measures by physical activity levels and quadratic equation model regressions were performed.

Results: No significant linear associations between physical activity levels and mental health measurements were observed; however, the U-shaped, quadratic equation models indicated a significance. The following levels of physical activity per week optimized the mental health measurements values of the participants: 6,953 MET-minutes and 25.70 h for depression, 5,277 MET-minutes and 21.60 h for state anxiety, 5,678 MET-minutes and 22.58 h for trait anxiety, 25.41 h for resilience, and 9,152 MET-minutes and 31.17 h for insomnia vulnerability.

Conclusion: Physical activities in the optimal range were associated with more favorable mental health measurements. Physical activities that were too much or too long and outside of the optimal range were associated with less favorable mental health measurements.
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Introduction

Physical activity and exercise generally result in favorable effects on mental health. The association between physical activity and depression, anxiety, neuroticism, resilience, and insomnia were indicated in various studies. Meta-analyses have indicated the treatment effects of physical activity and exercise on the symptoms of people with depression (Krogh et al., 2010; Bridle et al., 2012; Josefsson et al., 2014; Schuch et al., 2016; Nebiker et al., 2018), and exercise is expected to decrease and prevent depressive symptoms not only in patients but also in the general population (Brown et al., 2005; Teychenne et al., 2008; de Zeeuw et al., 2010; Chekroud et al., 2018). Regarding other mental health outcomes, physical activity also decreases the anxiety levels of patients (Petruzzello et al., 1991; Hansen et al., 2001; Herring et al., 2010; Jayakody et al., 2014; Wegner et al., 2014; Marcos de Souza Moura et al., 2015; Stonerock et al., 2015; Aylett et al., 2018), is associated with increased resilience (Childs and de Wit, 2014), and also reduces insomnia symptoms (Driver and Taylor, 2000; Baron et al., 2013; Kredlow et al., 2015; Kelley and Kelley, 2017; Banno et al., 2018) and may also prevent insomnia (Morse et al., 2019).

There are multiple possible biological mechanisms by which physical activity has positive effects on mental health. For example, exercise improves brain-derived neurotrophic factor (BDNF) secretion levels in humans (Szuhany et al., 2015), and modulates cortical glutamate and γ-amino butyric acid levels (Maddock et al., 2016). Physical activity augments neurogenesis and synaptogenesis in the hippocampus, and also increases serotonin levels in animals (Kondo and Shimada, 2015). These biological changes may decrease the level of depression, anxiety, or insomnia in humans.

On the other hand, the dose–response association between the level of physical activity and mental health remains unknown. A previous large-scale cross-sectional study (Hamer et al., 2009) and a randomized control trial (Dunn et al., 2005) indicated a dose–response association of relatively low level physical activity with psychological distress and depression; however, a review concluded that there was little evidence of a dose–response association of physical activity with depression and anxiety (Dunn et al., 2001). Particularly regarding relatively high levels of physical activity, it remains unclear whether a higher level of physical activity is simply better or not. Regarding physical health, physical activities that are too vigorous or too long will cause physical and functional impairments in individuals, which is known as “overtraining syndrome” (Johnson and Thiese, 1992; Armstrong and VanHeest, 2002; Wyatt et al., 2013). This adverse effect of too much physical activity is not only limited to physical health but is expected to also affect mental health (Johnson and Thiese, 1992). A possible path by which overexercising may lead to depressive or anxiety symptoms is through the hypothalamic–pituitary–adrenal axis, because overexercising causes the secretion of cytokines and cortisol (Smith, 2000; Wyatt et al., 2013; Anderson et al., 2016). This suggests that there is a nonlinear association between the amount of physical activity and mental health.

If both too little and too much physical activity have unfavorable effects on mental health, a nonlinear dose–response association, such as a U-shaped curve might be observed. In fact, a previous large-scale study (Chekroud et al., 2018) suggested a potential L-shaped or U-shaped association between physical activity level and mental health, and that performing certain types of exercise on most days of the month leads to unfavorable effects on mental health. However, to date, there have been no studies analyzing whether the model of the U-shaped association is true or not, and moreover, no study has clarified the optimal level of physical activity for mental health.

Here, we performed a cross-sectional study to analyze the associations between the amount of physical activity and representative mental health components, such as depression, anxiety, neuroticism, resilience, and insomnia, by assessing the quadratic equation model to confirm the hypothesis that there are significant non-linear, U-shaped dose–response associations between physical activity and aspects of mental health.



Materials and methods


Study design and participants

This study was designed as a cross-sectional survey using self-administered questionnaires. The data of the participants have been used in previous studies investigating the associations between job stress and sleep rhythm (Miyama et al., 2020) or resilience (Sameshima et al., 2020). First, the effect size of physical activity on mental health was conservatively estimated as “small to medium” (Cohen’s d = 0.2 to 0.5). Thus, the optimal sample size was calculated to be 105 to 651, and hence approximately 1,300 participants were recruited, with an expected valid response rate of 50%. Subsequently, a paper-based survey form was distributed to 1,237 Japanese volunteers from the nonclinical adult population, from September 2017 to May 2018. The volunteers were nonclinical workers who were recruited by convenience sampling through person-to-person acquaintances at a University located in Tokyo, which is an urban area of Japan. Of those, 526 volunteers (42.5%) gave informed consent and valid answers to the questionnaire without any missing data. Answers were collected anonymously. There were no special inclusion or exclusion criteria. The study was conducted in accordance with the Declaration of Helsinki (amended in Fortaleza in 2013) and approved by the Tokyo Medical University Research Ethics Committee (study approval no.: SH3502).



Questionnaires

The International Physical Activity Questionnaire (IPAQ) was used to assess the physical activity level of the participants. For assessment of the mental health states of the participants, The Patient Health Questionnaire-9 (PHQ-9) was used for depression, The State–Trait Anxiety Inventory, Form Y (STAI-Y) for anxiety, The Connor-Davidson Resilience Scale (CD-RISC) for resilience, and The Ford Insomnia Response to Stress Test (FIRST) for insomnia vulnerability.

IPAQ is a self-administered questionnaire that is widely used all over the world (Craig et al., 2003), and the validated Japanese short-form version (Murase, 2002) was used in this study. IPAQ assesses physical activity in the following 4 domains: leisure-time physical activity, domestic and gardening activities, work-associated physical activity, and transport-associated physical activity, and the short form asks about the following 3 specific types of activity: walking, moderate-intensity activities, and vigorous-intensity activities. IPAQ enables estimation of the total physical activity intensity indicated as METs and total physical activity duration. One MET is equivalent to the resting metabolic kilocalories for a person per bodyweight in kg. For example, if a person with a 50 kg bodyweight walks, which has a 3 METs score, for 60 min, the metabolic kilocalories are estimated as 50 kg * 3 METs * 1 h = 150 kcal, and is described as 3 METs * 60 min = 180 MET-minutes.

PHQ-9 (Kroenke et al., 2001) and its validated Japanese version (Muramatsu et al., 2007) was used for assessing depressive symptoms. PHQ-9 is a self-administered questionnaire consisting of 9 items associated with depression. PHQ-9 has high sensitivity and specificity for clinical major depressive episodes, with higher scores indicating a severer depressive state.

STAI-Y (Spielberger et al., 1971) and its validated Japanese version (Hidano et al., 2000) was used to assess trait and transient state anxiety. STAI-Y consists of a 40-item self-report questionnaire and subjects answer how they feel anxiety generally or at a particular moment specified in each item. In both the trait anxiety category and state anxiety category, higher scores indicate higher levels of anxiety.

CD-RISC (Connor and Davidson, 2003) and its validated Japanese version (Nishi et al., 2010) was used to assess psychological resilience. CD-RISC is a 25-item Likert scale questionnaire that assesses the “personal qualities that enable one to thrive in the face of adversity.” A higher score on CD-RICS indicates that the person is in a more psychologically resilient state.

FIRST (Drake et al., 2004) and its validated Japanese version (Nakajima et al., 2014) was used to assess the tendency of having insomnia owing to stressful conditions. FIRST consists of a 9-item self-report questionnaire that analyzes the level of trait vulnerability and sleep reactivity to experience situational insomnia. Persons with higher scores on FIRST are more vulnerable to and easily develop insomnia as a result of their environment.

To assess the effects of private events on mental health measures, the validated Japanese version (Nakai et al., 2014) of Life Experiences Survey (LES; Sarason et al., 1978) was used. LES is a 57-item self-report measure assessing major life events in the past 12 months. Each item is given a score ranging from −3 to +3. LES positive change scores sum the impact ratings of positive life events, and LES negative change scores sum the impact ratings of negative life events.



Data analysis and quadratic equation model

First, the association between physical activities and mental health measurements were investigated, and a comparison by demographic variables was performed. Second, linear regression analyses were performed using total weekly physical activity volume and duration as independent variables, and mental health measurements as dependent variables. For the linear regression analyses, the squared term of total physical activity volume and duration were added. This enabled analysis of the significance of the U-shaped curve hypothesis, and estimation of physical activity volume and duration values that minimize or maximize the mental health measurements if it is significant, similar to the method that calculating the optimal BMI 22 for minimizing morbidity (Tokunaga et al., 1991; Figure 1).
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FIGURE 1
 Explanation of quadratic equation model regression analysis.
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FIGURE 2
 Physical activity levels and mental health measurements.


Statistical analyses were performed using IBM SPSS Statistics version 23 software. A value of p of less than 0.05 was considered to indicate a statistically significant difference between groups.



Results

Participants comprised 228 men (43.3%) and 297 women (56.5%), and 1 other (0.2%). The mean age was 41.2 years [standard deviation (SD) = 11.9 years]. The mean weekly total physical activity volume was 2,479.6 MET-minutes (SD = 3,467.3 MET-minutes), which is equivalent to 2,479.6 kcal metabolism per week for participants with a 60-kg bodyweight. The mean weekly total physical activity duration was 10.4 h (SD = 14.3 h). The values of Cronbach’s α of the mental health measurements were PHQ9: 0.854, STAI-Y: 0.783, CD-RISC: 0.948, and FIRST: 0.895, with acceptable to high (Cortina, 1993) reliability. The results of the comparison of gender differences and Pearson’s correlation analysis are shown in Table 1. Significant gender differences were observed in mental health measurements (p < 0.05, t-test). Women had higher scores on depression, trait and state anxiety, and insomnia vulnerability, and a lower score on resilience.



TABLE 1 Demographic characteristics, physical activity, and mental health measurements of the participants.
[image: Table1]

Regression analyses were performed to investigate the associations between physical activity levels and mental health measurements. Univariate linear regression analyses demonstrated that there were no linear associations between physical activity level (both volume and duration), and mental health measurements. However, the quadratic equation models indicated statistical significances. Table 2 shows the result of the regression analyses of the effects of total physical activity volume on mental health measures. For depression, 6,953 MET-minutes per week minimized the PHQ-9 value (F = 11.632, p < 0.001); for state anxiety, 5,277 MET-minutes per week minimized the value of STAI-Y/state (F = 7.441, p < 0.001); for trait anxiety, 5,678 MET-minutes per week minimized the value of STAI-Y/trait (F = 9.773, p < 0.001); and for insomnia vulnerability, 9,152 MET-minutes per week minimized the value of FIRST (F = 5.350, p = 0.005). Regarding resilience, although the physical activity volume model did not show statistical significance (F = 2.383, p = 0.093), after adjusting for gender, 7,468 MET-minutes per week maximized the value of CD-RISC score (F = 2.619, p = 0.050). The results adjusted by gender and positive/negative life experiences score indicated similar values. Supplementary Table 1 shows the results divided by gender. Each optimal physical activity level among males was higher than that of females. Table 3 shows the result of the regression analyses of the effects of total physical activity duration on mental health measures. For depression, 25.70 h per week minimized the value of PHQ-9 (F = 6.906, p = 0.001); for state anxiety, 21.60 h per week minimized the value of STAI-Y/state (F = 10.748, p < 0.001); for trait anxiety, 22.58 h per week minimized the value of STAI-Y/trait (F = 10.198, p < 0.001); for resilience, 25.41 h per week maximized the value of CD-RISC (F = 4.031, p = 0.018); and for insomnia vulnerability, 31.17 h per week minimized the value of FIRST (F = 5.726, p = 0.003). The results adjusted by gender and positive/negative life experiences score indicated similar values. Supplementary Table 2 shows the results divided by gender. Each optimal physical activity duration among males was longer than that of females. The calculated graphs of the U-shape curve were shown in Figure 2.



TABLE 2 Regression analyses of the effect of physical activity volume on mental health measures.
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TABLE 3 Regression analyses of the effects of physical activity duration on mental health measures.
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These results indicated that physical activity levels of approximately +1 SD can be regarded as optimal physical activity levels in this population. To compare between people performing different levels of physical activity, participants were divided into 3 groups; i.e., lower-intermediate (performing physical activities of less than the average volume or duration), higher-intermediate (performing physical activities of more than the average volume or duration and less than +1 SD), and high (more than +1 SD); the mental health measurements of each group are shown in Table 4. One-way ANOVA indicated that there are group differences, and the higher-intermediate group tended to show more favorable mental health measurement scores than the other groups.



TABLE 4 Comparison between physical activity level and mental health measurements.
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Discussion

In this study, we statistically confirmed the nonlinear, but U-shaped associations between physical activity level and various mental health measurements. Approximately 21 to 31 h of physical activity per week (3 to 4.5 h daily), or 5.3 to 9.2 k METs-minutes (750 kcal to 1,300 kcal daily for a 60-kg person) was found to be associated with an optimal mental health state, regarding depression, anxiety, resilience, and insomnia. Under regular circumstances, exercise is expected to have favorable effects on mental health; however, beyond the optimal range, i.e., too intense or too long physical activity, is associated with impairment of mental health.

To date, no guidelines or optimal targets of exercise or physical activity level to efficiently maintain mental health have been established. The findings in this study indicating that a target level of physical activity to obtain an optimal mental health state can be set would be beneficial in clinical scenes or for mass-intervention from the aspect of public health. As described in previous studies, the associations between physical activity level and depression (Brown et al., 2005; Teychenne et al., 2008; de Zeeuw et al., 2010; Chekroud et al., 2018), anxiety (Petruzzello et al., 1991; Hansen et al., 2001; Herring et al., 2010; Jayakody et al., 2014; Wegner et al., 2014; Marcos de Souza Moura et al., 2015; Stonerock et al., 2015; Aylett et al., 2018), resilience (Childs and de Wit, 2014), and insomnia vulnerability (Morse et al., 2019) were also confirmed in this study. Particularly, in the “not too much” range, physical activity was associated linearly with mental health measurements. Regarding depression, although a review has concluded that both shorter and longer durations and vigorous-intensity physical activities are effective in reducing the likelihood of depression (Teychenne et al., 2008), the definitions of “longer” and “vigorous” were not specified, and a large-scale study (Chekroud et al., 2018) indicated that exercising on most days of the month results in unfavorable effects on mental health. The lack of a threshold regarding “how much is too much” is a common problem in mental health, such as regarding depression, and the findings in this study may contribute toward setting the standard for further studies.

This study has several limitations. First, this study had a cross-sectional design, and hence the causal associations are unclear and cannot be determined. There is also the possibility that too much physical activity did not cause mental health impairments, but the mental health impairments led to individuals performing too much physical activity. For example, a person with a high level of anxiety might have exercised obsessively because of psychopathological reasons. An intervention study is required in the future to investigated the causal associations and to determine the exact optimal levels of physical activity. Second, the participants of this study were recruited through acquaintances of people working at the university, and were neither randomized nor validated to represent the general population. Furthermore, the sample size of this study was not large enough to estimate the optimal levels of physical activity for different categories of the population, such as younger persons, older persons, persons with illnesses, and those without. It is expected that the optimal range will differ between age, gender, physical condition, etc. Therefore, a large-scale study would help to clarify the optimal range of physical activity for each group. Particularly in recent years, the circumstances of physical activity have dramatically changed all over the world due to the COVID-19 aftermath. The life and work environmental changes affect their mental health status including anxiety, depression, or insomniac symptoms (Wang et al., 2020; Shimura et al., 2021; Wang et al., 2021), however, our data was collected before the COVID-19 pandemic, and was hence not affected by it. Therefore, further studies are required to investigate the effect of the COVID-19 pandemic on the physical activity and mental health. Finally, physical activity was evaluated subjectively, and it may differ from objective physical activity.



Conclusion

Physical activity in the optimal range was associated with more favorable mental health measurements, such as for depression, anxiety, resilience, and insomnia. The estimated optimal range of exercise volume was 5.3–9.2 k METs-minutes/week, and the optimal range of exercise duration was 21–31 h/week. Physical activities beyond or below the optimal ranges were associated with less favorable mental health measurements in the general adult population.
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PA, physical activity: PHQ-, Patient Health Questionnaire-9; STAI-Y, State-Trait Anxiety Inventory, Form Y; CD-RISC, Connor-Davidson Resilience Scale; FIRST, Ford Insomnia
Response to Stress Test; LES, Life Experiences Survey.
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OPS/images/fpsyg-13-1044988-t001.jpg
Mean (SD) or Pearson'’s correlation (r)

N (%) or

aracteristic or life habit Insomnia

mean (SD) i i i i il
PA volume PA duration Depression State anxiety ~ Trait anxiety Resilience vulnerability

Demographic characteristic

Male 228 (43.3%) 2,7224(3317.6) 11.08 (13.00) 3.27 (379)** 39.8(93)** 417 (102)* 569 (18.5)* 173 (5.6)*
Female 297 (56.5%) 2,292.1(3,579.9) 9.93 (15.23) 451 (436)** 42.5(9.9)%* 437 (10.5)* 53.6(16.2)* 205 (5.8)%*
Age 412(119) ~0.021 ~0024 ~0.025 0019 ~0052 0.006 0.082
LES: positive life experiences score 160 (2:69) 0023 0019 ~0.106* ~0.125% ~0.135% 0.206%* ~0.048
LES negative lfe experiences score 182(3.32) 0,034 0.040 0.324%% 0,298 03104 ~0.100*% 0.221%%

Physical activity per week
“Total physical activity volume (MET-minutes) 2,479.6 (3467.3) 1 0.968** 0.003 0.074 0.068 0.016 -0.074
“Total physical activity duration (hours) 104 (143) 0968+ 1 ~0001 0074 0057 0003 ~0071

Mental health measurements

Depression (PHQ-9) 397 (4.16) 0.003 ~0.001 1 0535%% 0,642 ~0385"* 0.433%%
State anxiety (STAI-Y/state) 41307 0.074 0074 0.535%% 1 0.774% ~0.421%% 0411%%
Trait anxiety (STAI-Y/trait) 429 (104) 0.068 0.057 0.642%% 0.774%% 1 ~0578** 0.489%%
Resilience (CD-RISC) 550 (17.3) 0016 -0.003 —0385% —0.421%% —0.578* 1 ~0.309%
Insomnia vulnerability (FIRST) 19.1(5.9) ~0.074 -0071 0433 04n 0.489% ~0.309%* 1

PA, physical activity: PHQ-9, Patient Health Questionnaire-9; STAI-Y, State-~Trait Anxiety Inventory; Form Y; CD-RISC, Connor-Davidson Resilience Scale;
FIRST, Ford Insomnia Response to Stress Test; LES, Life Experiences Survey. *p<0.05, **p<0.01 (Student t-test or Pearson’s correlation).
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PA, physical actvity: PHQ-, Patient Health Questionnaire-9; STAI-Y, State-Trait Anxiety Inventory, Form Y; CD-RISC, Connor-Davidson Resilience Scale; FIRST, Ford Insomnia
Response to Stress Test; LES, Life Experiences Survey.
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