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Introduction: The mental health of young adults is a global public health challenge. Numerous studies have demonstrated that exercise benefits mental health. However, it is still unclear which exercise mode is optimal for protecting mental health and its association with the immune system. This study aimed to compare the intervention effect of high-intensity interval training (HIIT) and moderate-to-vigorous intensity continuous training (MVCT) on mental health and assess the underlying mechanism of exercise interventions to improve the immune system, which facilitated the mental health status.

Methods: This is a double-blinded RCT study conducted from October 13, 2020 to January 25, 2021 (ClinicalTrials.gov identifier: NCT04830059). Ninety-three participants who met the inclusion criteria were randomized into the HIIT (N = 33), MVCT (N = 32), and control groups (N = 28) with a mean age of 25.26 (SD = 2.21), and 43% of males enrolled in the study. Professional coaches guided participants in HIIT and MVCT groups to perform 40 min of exercise training three times a week for 12-week while those in the control group received 1 h of health education twice a week. Questionnaires related to mental health status and blood samples of inflammatory factors, including immunoglobulin A (IgA), immunoglobulin M (IgM), albumin (Alb), globulin (GLO), lymphocytes (LYM), and lymphocyte percentage (LYM) were assessed before and after the intervention.

Results: We found that blood inflammation factors increased significantly in the control group during 12 weeks (ΔIgA = 0.16 g/L, ΔIgM = 0.092 g/L, ΔAlb = 2.59 g/L, ΔGlo = 3.08 g/L, ΔLYM = 0.36, and ΔLYM% = 3.72%, p < 0.05), and both MVCT and HIIT intervention could effectively defend the increased inflammatory response compared with the control group (IgA: MVCT β = −0.14, p < 0.001, HIIT β = −0.096, p < 0.05; IgM: MVCT β = −0.12, p < 0.001; HIIT β = −0.068, p < 0.05; Alb: MVCT β = −1.64, p < 0.05, HIIT β = −1.14, p > 0.05; Glo: MVCT β = −3.17, p < 0.001, HIIT β = −2.07, p < 0.01; LYM: MVCT β = −0.34, p < 0.05, HIIT β = −0.35, p < 0.05). However, the MVCT intervention modality was more conducive to enhancing positive affect (β = 0.52, p = 0.018) and well-being (β = 1.08, p = 0.035) than HIIT. Furthermore, decreased IgA, Alb, and Glo were associated with improved mental health.

Conclusion: Both 12-week HIIT and MVCT are beneficial to the immune system. The MVCT intervention mode is recommended to prevent mental health problems and attenuate immune inflammation, and the immune system is a potential mechanism that exercises improving mental health.

Clinical trial registration: [ClinicalTrials.gov], identifier [NCT04830059].
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1 Introduction

Mental health was defined by WHO as a state of mental well-being in which the individual can perceive his/her abilities, face the stresses of their life, and work productively to contribute to society (1). Young adults are faced with rapid changes and high pressure in physiology, psychology, and society, which may potentially affect their physical and mental health. The mental health of young adults is a global public health challenge since mental disorders, such as depression, anxiety, stress, and post-traumatic stress, have accounted for a large proportion of their disease burdens (2). Mental health problems related to difficulty functioning, poor physical health, and even development concerns were recognized as systemic illnesses with a range of mechanisms, including immune and inflammatory pathways (3). The emergence of symptom sequelae, even below the diagnostic threshold, signals an increased vulnerability to life course–persistent mental health problems and consequences if not addressed early (4).

Many studies examined the effect of different modalities of exercise, including high-intensity interval training (HIIT) and moderate-to-vigorous intensity continuous training (MVCT), on mental health among healthy adults and mental disorder patients. Previous studies found that physical exercise has a positive relationship with subjective well-being in young adults, and this relationship differs by the intensity of exercise (5). Both low and moderate exercise intensity may work best to alleviate depressive symptoms and perceived stress among university students after a few weeks of intervention (6). Evidence also reported that moderate and vigorous intensity of exercise engaged in multiple times per week over eight or more weeks would potentially treat depression in adolescents and young adults (7). MVCT was also proven to alleviate depressive symptoms in adults with major depression (8). However, a recent study found that nine-week HIIT didn’t change the anxiety and depression symptoms, as well as objective markers of inflammation compared with the placebo-exercise group, indicating that nine-week HIIT may not be an optimal exercise mode for managing symptoms of anxiety or depression (9). Therefore, further intervention study is needed to design a longer intervention time to examine more recommended exercise modes for mental health.

The physiological and biochemical mechanisms of exercise on mental health include increased endorphins (10), improved mitochondria function (11), neurotransmitters (e.g., serotonin, dopamine, and noradrenalin) (12), the hypothalamic-pituitary-adrenal axis (13), and the immune pathway through the inflammation factors (14). Chronic inflammation could be attributed to the pathogenesis of mental health problems (15). Elevated inflammatory signaling dysregulates neurotransmitter metabolism and alters the neural activity of brain regions related to mood and emotion (16, 17). Peripherally released cytokines send signals via molecular, cellular, and neural routes, ultimately reaching the brain and enhancing central nervous system (CNS) inflammation (18). In general, heightened inflammation characterizes a series of disorders and systemic diseases, including cardiovascular disease, metabolic syndrome, rheumatoid arthritis, multiple sclerosis, and asthma, and each of these also features an elevated risk for depression (17, 19). Therefore, the immune inflammation system is essential in stimulating the body’s immune function through exercise, thus preventing diseases, including mental disorders. Previous studies reported that the level of immunoglobulin provided key information on the humoral immune status, and low levels of immunoglobulin A (IgA) and immunoglobulin M (IgM) define some humoral immunodeficiencies (20). Albumin (ALB) and globulin (GLO) are indispensable components in serum protein, which has been known as an important marker of chronic inflammation (21). Regular exercise can reduce the damage of unhealthy behavior to the immune function of the body in order to maintain immune homeostasis. Evidence reported exercise could increase the levels of circulating adrenaline, which could decrease pro-inflammatory cytokine production by monocytes and lymphocytes (LYM) (22). However, until now, few studies have compared the effect of HIIT and MVCT on mental health and change of the inflammatory factors, which potentially reflect the immune mechanism of exercise influencing young adults’ mental health.

Thus, in this study, we tried to answer which exercise intervention mode was more suitable for preventing mental health problems and attenuating immune inflammation. Especially, we conducted a double-blinded randomized controlled trial (RCT) to (1) investigate the intervention effect of HIIT and MVCT on mental health; (2) compare the effect of HIIT and MVCT on biochemical blood indicators related to inflammatory immune factors; (3) assessed the underlying mechanism of exercise intervention improved the immune system, which facilitated the mental health status. According to the previous articles (6–9), the research hypothesized that both HIIT and MVCT could improve the inflammation immune system. Moreover, MVCT would be better at improving the inflammatory factors associated with mental health status. This study could provide first-hand evidence of the effect of 12-week HIIT and MVCT intervention on mental health among young adults and have important implications for public health to prevent mental disorders.



2 Methods


2.1 Study design and population

This double-blinded RCT study started from October 13, 2020 to January 25, 2021 (ClinicalTrials.gov identifier: NCT04830059). One hundred healthy college students were recruited, and 93 participants who met the inclusion criteria were randomized into HIIT, MVCT, and control groups. We conducted the double-blind RCT using randomization, assignment concealment and blinding methods. Ninety-three participants remained after screening according to the inclusion criteria. Firstly, each participant was given an identification number. They were divided into different groups according to the simple random procedure (random number generated by computer) conducted by a staff not involved in measurement and data analysis. All participants were assigned to a certain group with the same probability. Secondly, the group information corresponding to each name and ID was hidden in an opaque envelope. The group was assigned confidentially before allocation to ensure the successful implementation of randomization. All subjects opened the envelopes in turn after completing the baseline assessment. The assignment hiding was performed by one researcher who was different from the researcher who conducted randomization. Thirdly, the participants in different intervention groups came to the fitness center on different days, so they didn’t know about the intervention program of the other groups. Participants and evaluators were blinded to group allocation and intervention assignments throughout the study.

The inclusion criteria of participants in this study were (1) healthy young college students with normal BMI aged from 20 to 30 years old; (2) without a history of chronic diseases or psychiatric disorders; (3) no regular exercise habits according to the screening of the international physical activity questionnaire; (4) without physical limitations (e.g., restricting injuries of the musculoskeletal system such as osteoarthritis) according to the widely used Physical Activity Readiness Questionnaire (PAR-Q) (23). The trial profile of the RCT study is shown in Figure 1. Professional coaches guided participants in HIIT and MVCT groups to perform 40 min of exercise training thrice a week for 12-week. Participants in the control group received 1 h of health education twice a week. The Institutional Review Board of Tsinghua University approved this study (IRB 20190091). All participants signed informed consent at the time of recruitment.
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FIGURE 1
The CONSORT flow diagram. MVCT, moderate-to-vigorous intensity continuous training; HIIT, high-intensity interval training; CON, control.




2.2 Process and interventions


2.2.1 Study procedure

Mental health and blood biochemical outcomes were measured before (baseline collected from October 13, 2020) and after exercise interventions (repeatedly measured from January 25, 2021). Participants completed all measurement items in the morning to avoid interference caused by different measurement times. 12-h fasted blood samples were obtained between 8:00 to 10:00 am. Immediately after blood collection, samples were cooled on ice for 30 min and centrifuged at 4000 rpm at 4°C for 10 min. Then collect the supernatant to obtain serum, and store the collected serum in the refrigerator at −80°C until analysis. The experiment process of the RCT study is described in Figure 2.


[image: image]

FIGURE 2
Experiment process of the RCT study. MVCT, moderate-to-vigorous intensity continuous training; HIIT, high-intensity interval training; CON, control.




2.2.2 Intervention

The intensity of HIIT and MVCT interventions was determined by the participants’ maximum oxygen uptake (VO2max), defined as the oxygen intake during an exercise intensity when actual oxygen intake reaches a maximum that can’t be improved by any effort (24). We measured VO2max one week before the formal experiment by Bruce’s treadmill protocol, with oxygen consumption and ventilation monitored using Cosmed Fitmate metabolic system (Cosmed, Rome, Italy) (25). The participant ran on the treadmill at a fixed speed, which gradually increased until they met the following criteria to terminate: (1) the participants had the following symptoms, including dyspnea, cyanosis, dizziness, tinnitus, nausea, chest pain, extreme fatigue, painful expression, pale face, body shaking, etc.; (2) abnormal blood pressure (blood pressure 200/110mmHg, or diastolic blood pressure reduced by more than 20mmHg); (3) arrhythmia; (4) Rating of Perceived Exertion (RPE) ≥ 19; (5) The respiratory quotient is greater than or equal to 1.1 (6) they could not continue to run, and propose to stop the test; (7) unable to maintain the required speed for 10s. (26). Heart rate, expiratory and inspiratory volume were recorded during running. There were two professional coaches and research assistants to protect the safety of the participants during the test of maximum oxygen uptake.

After measuring VO2max, we developed the HIIT and MVCT exercise training intensity for each participant according to their individual VO2max. Referring to previous studies (20, 27, 28), the participants in the MVCT group were instructed to run on the treadmill for 20 min with a speed corresponding to 70%-75% of their VO2max, added with a 10-min worm-up before the training and a 10-min cool-down after the training. The participants in the HIIT group were instructed to run on the treadmill for 1 min with a speed corresponding to 100% of the individual VO2max, followed by another minute of running with a speed corresponding to 50% of the individual VO2max, and repeated ten times for 20 min totally, added with a 10-min worm-up before the training and a 10-min cool-down after the training. A heart rate band (Polar H10, Finland) worn on the chest was used to detect the heart rate to monitor the real-time running speed. Before and after the 20-min exercise of HIIT and MVCT, participants performed 20 min of warm-up and cool-down, making the total intervention time 40 min. The participants in the control group received health education lessons for 1 h twice a week. Both the participants in HIIT and MVCT groups visited the fitness center three times a week. No participant was injured since we have professional coaches to guide and supervise them to exercise. Detailed information on the intervention program is shown in Table 1.


TABLE 1    The detail information of the training program.
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2.3 Measurements and outcomes


2.3.1 Mental health

We used subjective well-being as the metric of mental health, which consisting life satisfaction, positive affect, and negative affect. The score of subjective well-being is the sum of the standard scores of life satisfaction and positive emotions and then subtracted by the standard score of negative emotions.


Life satisfaction

Life satisfaction was measured by the Satisfaction with Life Scale (SWLS). Previous studies have demonstrated satisfactory reliability and validity of SWLS for Chinese college students (21). The SWLS contains five items, including: (1) “In most ways, my life is close to my ideal,” (2) “The conditions of my life are excellent,” (3) “I am satisfied with life,” (4) “So far I have gotten the important things I want in life,” and (5) “If I could live my life over, I would change almost nothing.” Respondents were asked to rate the extent to which they agree with or disagree with each statement on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The present study’s Cronbach’s alpha value was 0.89 for the SWLS.



Positive affect and negative affect

Positive affect and negative affect were assessed using the Scale of Positive and Negative Experience (SPANE). The validity and reliability of SPANE have been tested previously among Chinese college students (22). The SPANE has 12 items describing positive and negative feelings. The respondents were asked to rate the extent to which they experienced each item using a 5-point Likert scale from 1 (very rarely or never) to 5 (very often or always). The Cronbach’s alpha values were 0.92 for positive affect and 0.90 for negative affect in the current study.




2.3.2 The inflammatory biomarkers

To estimate the effect of different exercise intervention modes on the inflammatory factors and their association with psychometric scales. We assessed the inflammation biomarkers, including immunoglobulin A (IgA), immunoglobulin M (IgM), albumin (Alb), globulin (GLO), lymphocytes (LYM), and lymphocyte percentage (LYM), which were assessed by DxC 800 Chemistry Analyzer (Beckman Coulter, USA). The kit was developed by Leadman Biochemical Company (Beijing, China).




2.4 Statistical analysis

We firstly performed descriptive analysis to obtain frequency and percentage for categorical variables and mean and standard deviation (SD) for continuous variables. Differences between groups at baseline were determined using a one-way analysis of variance (ANOVA) for continuous variables and a chi-square test for categorical variables, respectively. Considering the repeated measurement study design, we adopted the mixed-effect model with a random effect on individuals nested within the group to account for intrapersonal variation [R-packages: lme4 and nlme4 (29)]. The mixed-effect model in our study included the fixed effect of group (control, MVCT, and HIIT), measurement time (pre- and post-test), and their interaction, and controlled for fixed effects of other covariates, including gender, age, education level, residence, self-perceived income level, and body mass index (BMI). The interaction term between the group and measurement time estimated change in the dependent before and after the intervention by group, representing the causal effect of exercise intervention. Our mixed-effect model used maximum likelihood estimation and a Kenward Rogers adjustment to the degrees of freedom for an intent-to-treat analysis. Pairwise comparisons of changing health outcomes between groups during the intervention were further performed [R-packages: emmeans (30)]. Moreover, linear regression models were used to assess the correlations between the change in the inflammation markers and the change in mental health variables adjusted for gender, age, education level, residence, self-perceived income level, and BMI. All data analysis and visualization were conducted via R software (version 4.1.2), and p-value less than 0.05 were considered statistically significant.




3 Results


3.1 Demographic information at baseline

As is shown in Table 2, male participants accounted for approximately half, and the average age was 25.26 ± 2.21 years. More than 70% of the participants were urban residents and reported lower self-perceived income levels. Similar baseline characteristics between the three groups were observed except for Alb and Glo, with values in the MVCT group being significantly higher than those in the other two groups (Table 2).


TABLE 2    Baseline characteristics of the participants.
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3.2 Effects of the intervention on mental health indicators

Significant upward trends during the three-month intervention period were observed in the MVCT group for satisfaction [adjusted mean difference (ΔMean) = 0.34, p = 0.021] positive affect (ΔMean = 0.60, p < 0.001), and well-being (ΔMean = 1.33, p < 0.001), and a significant downward trend for negative affect (ΔMean = −0.39, p = 0.039) were also found in this group (Figure 3 and Supplementary Table 1). Similar to the MVCT group, changing tendency for these four mental health outcomes were observed in the HIIT group, while totally opposite trends of those occurred in the control group, even if those changes in the HIIT and control group was not significant (Figure 3 and Supplementary Table 1). Moreover, the statistically significant difference in change of satisfaction (β [95% CI]: 0.52 [0.10, 0.93], p = 0.018), positive affect (0.66 [0.22, 1.09], p = 0.0041), and well-being (1.68 [0.67, 2.68], p = 0.0017) between the MVCT and control group was observed after the intervention, but that was not found between the HIIT and control group (Table 3 and Supplementary Table 2). Also, the MVCT group increased significantly larger in positive affect (0.52 [0.10, 0.94], p = 0.018) and well-being (1.08 [0.099, 2.05], p = 0.035) than those in the HIIT group (Table 3 and Supplementary Table 2).
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FIGURE 3
Mental health and blood biochemical indicators measured in pre-post three-month intervention project. MVCT, moderate-to-vigorous intensity continuous training; HIIT, high-intensity interval training. IgA, Immunoglobulin A; IgM, Immunoglobulin M; Alb, Albumin; Glo, Globulin; LYM, absolute value of lymphocyte count; LYM%, the ratio of lymphocyte to total leukocyte. Subgraphs (A–D) show changing values of four mental health indicators during the intervention period, and error bars indicate a 95% confidence interval. Subgraphs (E–J) show the absolute mean value of six biochemical indicators at two measurement time points, and error bars indicate standard error. Symbol of # indicates the statistically significant difference of the certain group from pre to post-measurement; * indicates the statistically significant difference between groups during the pre-post intervention period. Results are calculated using mixed-effect models adjusted for gender, age, education level, residence, income level, and body mass index with a random effect on individuals to account for intrapersonal variation. *p < 0.05; **p < 0.01; #p < 0.05; ##p < 0.01; ###p < 0.001.



TABLE 3    Results of mixed-effect models: Differences between groups of changes in mental health and blood biochemical indicators from pre to post measurementa.
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3.3 Effects of the intervention on inflammatory factors outcomes

We found that blood inflammation factors in the control group significantly increased by 0.16 g/L, 0.092 g/L, 2.59 g/L, 3.08 g/L, 0.36, and 3.72% in IgA (p < 0.001), IgM (p < 0.001), Alb (p < 0.001), Glo (p < 0.001), LYM (p = 0.0027), and LYM percent (p = 0.0045), respectively, indicating an increase of inflammation in blood in the control group (Figure 3 and Supplementary Table 1). Significant differences in the change of IgA, IgM, Glo, and LYM were found in HIIT and MVCT groups compared with the control group (e.g., for IgA, MVCT vs. control: −0.14 [−0.21, −0.067], p < 0.001; HIIT vs. control: −0.096 [−0.17, −0.021], p = 0.016) (Table 3 and Supplementary Table 2). The HIIT and MVCT group also showed a similar trend in these inflammation outcomes, with those in the HIIT group increasing slightly more than those in the MVCT group overall (Figure 3). However, in terms of immune-inflammatory outcomes, no significant change in the HIIT and MVCT groups was observed (Table 3 and Supplementary Table 2).



3.4 Correlations between the changing inflammatory factors and mental health variables

According to the adjusted linear regression model, associations of ΔIgA, ΔAlb, and ΔGlo with satisfaction, negative affect, and well-being were statistically significant. Furthermore, an increase of 1 g/L in ΔIgA (p = 0.0045) and ΔGlo (p = 0.044) was significantly associated with a decrease of 1.28 and 0.044 scores in positive affect, and an increase of 1 g/L in ΔIgM was significantly correlated with an increase of 1.30 scores in negative affect (p = 0.034) (Figure 4 and Supplementary Table 3). However, LYM and LYM% were not significantly correlated with mental health outcomes.
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FIGURE 4
Correlations between the changing blood biochemical indicators and mental health outcomes. MVCT, moderate-to-vigorous intensity continuous training; HIIT, high-intensity interval training. IgA, Immunoglobulin A; Alb, Albumin; Glo, Globulin. β, effect estimate of linear regression model adjusted for gender, age, education level, residence, income level, and body mass index. Subgraphs (A–C) indicate the correlations between ΔIgA, ΔAlb, ΔGlo, and Δsatisfaction, respectively. Subgraphs (D–F) indicate the correlations between ΔIgA, ΔAlb, ΔGlo, and Δpositive, respectively. Subgraphs (G–I) indicate the correlations between ΔIgA, ΔAlb, ΔGlo, and Δnegative, respectively. Subgraphs (J–L) indicate the correlations between ΔIgA, ΔAlb, ΔGlo, and Δwell-being, respectively.





4 Discussion

In the 12-week double-blinded RCT, we explored which exercise intervention mode is more suitable for preventing mental health problems and the potential mechanisms of the inflammation pathway. Firstly, we found that mental health problems and inflammation factors increased in the control group during 12 weeks, demonstrating how quickly mental problems can surge for college students especially in examination weeks during their academic term. Secondly, the 12-week MVCT intervention was effective in defending against the increased inflammatory response and could improve mental health, while HIIT intervention significantly reduced inflammatory factors and resulted in a positive but insignificant trend in mental health and well-being, indicating that the MVCT modality was more conducive to enhance positive affect and well-being than the HIIT. Moreover, we found that IgA, Alb, and Glo, were significantly associated with well-being, validating one of the mechanisms in young adults that exercise improved mental health via the potential pathway of the immune system. Thus, this study indicates that both MVCT and HIIT are beneficial to the immune system, and MVCT is more recommended to promote mental health. Our findings provide meaningful strategies for healthcare workers.

We investigated the college students’ mental health and well-being at the beginning and repeated the measurement at the end of their academic term. This group of college students is known to live under high pressure, especially in the second measurement during the exam weeks. Moreover, all the college students stayed on campus all semester due to social distancing during COVID-19, which would greatly reduce the frequency of their social and entertainment activities outside the school. As a result, they were more vulnerable to accumulating negative emotions like stress and depression (31). Our findings are consistent with these interpretations and events. After just 12 weeks, the non-exercise control group represented a significantly negative trend in not only immune inflammation but also mental health status, indicating that college students may be confronted with a rapid decline in mental health under persistently high levels of perceived stress.

We wondered if exercise improved mental health, especially for college students. As expected, exercise intervention could effectively increase satisfaction, positive affect, and well-being and reduce college students’ adverse effects to some extent. This finding is consistent with previous observational studies among healthy adults and mental disorder patients (32–34). A cross-sectional study that included 1.2 million people over 18 years in the USA indicated that individuals who exercised had 1.49 fewer days of poor mental health in the past month than those who did not exercise. Popular team sports, aerobic activities, durations of 45 min, and frequencies of three to five times per week were recommended for optimum mental health (32). These studies indicate that exercise, especially aerobic exercise, can protect the mental health of people of all ages and those who are vulnerable. Also, some RCT studies represented similar findings among older people and depressive patients. An 8-week intervention study illustrated that treadmill walking exercise training was an effective strategy to improve quality of life and psychological well-being in Alzheimer elderly subjects (33); a 12-week aerobic training study indicated that no matter whether light, moderate or vigorous exercise helps treat mild to moderate depressive symptoms like a physician (34).

A critical question we sought to address was whether different exercise modalities had the same impact on mental health and shared a similar inflammatory mechanism. Indeed, we found that both 12-week MVCT and HIIT could prevent inflammatory response without significant differences. However, the MVCT intervention modality was more effective in improving mental health and well-being for college students than HIIT. These findings suggest that MVCT works better than HIIT to improve mental health status, which was associated with the decrease of biochemical markers related to inflammation, such as IgA, Alb, and LYM. This result was consistent with a 6-week RCT study conducted on Canadian university students, indicating that although HIIT decreased depressive symptoms, it also increased perceived stress, TNF-α and IL-6 compared to MVCT, and MVCT may be the optimal exercise modality to promote mental health (35). Similarly, a 16-week high-intensity functional exercise program indicated no superior effect on depressive symptoms relative to the non-exercise control group (36).

According to the biochemical indicators, both MVCT and HIIT exercises had anti-inflammatory effects. Consistent with our findings, previous studies also documented similar results that aerobic exercise is effective in reducing depression symptoms via declining systemic inflammation [e.g., tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP)] in patients with chronic obstructive pulmonary disease (37). A 12-week intervention study documented that exercise could decrease the circulation of IL-6 in individuals with type 2 diabetes (38); 14-week aerobic exercise effectively reduced CRP by 15% among female patients with diabetes (39). Furthermore, previous studies found that regular aerobic exercise correlated with a lower CRP and IL-6 in the elderly (40). The benefit of exercise on well-being and satisfaction could be attributable to the mechanisms of neuroendocrine system (20), oxidative stress (41), and inflammation (42). Firstly, exercise could change the homeostasis of blood glucose, resulting in stimulation of the HPA axis, and thus cortisol secretion, which was proved to be associated with life satisfaction (43). Moreover, BDNF, GABAergic system, and endocannabinoid system are involved in the stress-mediated responses, which play an important role in the mechanism of exercise and homeostatic stress. Secondly, a previous study revealed that three weeks of exercise is sufficient to begin promoting alterations in the oxidative stress system and improve the depression status (41), which was proved to be strongly associated with life satisfaction in the 15-year follow-up of healthy adults (44). The conclusion also proved in the animal model that exercise prevented an increase in the thiobarbituric acid-reactive substances serum levels in hyperphenylalaninemic rats (45). Thirdly, the possible biological mechanisms underlying such anti-inflammatory effects of exercise including reduced visceral fat mass (46), increased release of anti-inflammatory cytokines from contracting skeletal muscle (47), and declined expression of Toll-like receptors (TLRs) on monocytes and macrophages, which can subsequently inhibit the production of pro-inflammation (48). Our finding confirmed and expanded the results of a few studies through randomized controlled trials, enriching inflammation as a potentially crucial biological pathway for exercise to improve life satisfaction.

Interestingly, we found associations between the immune system and the level of satisfaction in this study. This finding is consistent with the evidence that C-Reactive protein was also associated with satisfaction after accounting for the health behaviors (28). satisfaction is an important causal factor to immune system and eventually affects health (49). On the other hand, it may also be a reverse causal relationship. The decrease of inflammation leads to an increase in satisfaction. Individual differences in life satisfaction are largely due to genetic factors, and inflammation and life satisfaction may have shared genetic factors, such as serotonin transportation (50, 51). Wellbeing (life satisfaction and happiness) was reported to associate with methylation of the same promotors, such as intercellular adhesion molecule 1 (ICAM-1) and Tissue Factor (F3) in leukocytes (52), both of which are involved in inflammatory processes. In fact, excessive exercise intensity may not always be better (32). Evidence showed that high-intensity exercise could increase perceived stress regulated by the hypothalamic-pituitary axis (HPA) axis (53, 54). Hence, we hypothesized that the physiological response to high-intensity exercise might exacerbate the physiological response to psychological stressors and thus decrease the positive effect on mental health. Future research needs to discuss the best does and loads of high-intensity of exercise for reducing stress and improving mental health.

There are several limitations to this study. Firstly, we measured some of the inflammatory factors of the peripheral blood, and further studies are needed to explore the role of other inflammatory factors, such as TNF-α, IL-6, and IL-12. Moreover, the changes in the concentration of endocannabinoids in serum after exercise intervention also need further discussion. Secondly, we conducted the exercise intervention for 12 weeks in this study. We found the positive effect of MVCT on mental health, but we did not stratify the dose of HIIT and MVCT intervention load. Future research needs to explore the impact and optimum exercise doses of different intervention modalities on mental health. Thirdly, participants were asked not to eat after 8:00 pm on the day before the test and to take peripheral blood 12 h after fasting. However, the amount of drinking water may impact inflammatory indicators. Thus, water consumption should be controlled in future studies. However, this study also has notable strengths. Firstly, to the best of our knowledge, the double-blinded RCT study provided first-hand evidence that compared the effect of HIIT and MVCT interventions on mental health among young adults. Also, the intensity of MVCT and HIIT was determined by the individual maximal oxygen uptake obtained from a laboratory cardiopulmonary exercise test and would be more accurate than other studies. Most importantly, this RCT study provides valuable insights into the causal effect of HIIT/MVCT interventions on mental health and its potential mechanism of inflammatory factors.



5 Conclusion

In summary, our study suggests that both 12-week MVCT and HIIT interventions benefit the immune system, and MVCT is more recommended to promote mental health. This double-blinded RCT also proves one of the potential mechanisms that exercise improves mental health through the pathway of blood inflammation factors. The study could provide first-hand evidence of the effect of 12-week exercises on mental health among young adults, enlighten practical implications for public health to prevent mental disorders, and inspire ideas for treating other chronic inflammatory diseases.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the Academic Ethics Committee of Tsinghua University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

XM and JL contributed to the conception and design of the study. XL and DW collected the blood sample. YY and LM collected the mental health data. BL performed the intervention of different groups. BS and YL processed the blood sample. JL wrote and completed the revision of the manuscript. YZ completed the data curation and wrote the discussion part. QD and XM revised and edited the manuscript. QD, XM, and JL provided the supporting funding. All authors were involved in the experiment, critical review of the manuscript, and approved the final version.



Funding

We appreciate the funding support from the National Natural Science Foundation of China (No. 42277419), the project on Ma John’s physical education thought and practice of Tsinghua University, China Postdoctoral Science Foundation (No. 2022M711858), Social Project by Ministry of Education (22YJC890024), and Tsinghua University Initiative Scientific Research Program (2021THZWJC15). The funders had no role in study design, data collection and analysis, decision to publish or preparation of the manuscript. We appreciate the physical training and rehabilitation research centre of Tsinghua University for providing venues and professional coaches.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.1067890/full#supplementary-material



References

1. Sawyer S, Azzopardi P, Wickremarathne D, Patton G. The age of adolescence. Lancet Child Adolesc Health. (2018) 2:223–8. doi: 10.1016/S2352-4642(18)30022-1

2. Patel V, Flisher A, Hetrick S, McGorry P. Mental health of young people: a global public-health challenge. Lancet. (2007) 369:1302–13. doi: 10.1016/S0140-6736(07)60368-7

3. Stein D, Benjet C, Gureje O, Lund C, Scott K, Poznyak V, et al. Integrating mental health with other non-communicable diseases. BMJ. (2019) 364:l295. doi: 10.1136/bmj.l295

4. Lehtimaki S, Martic J, Wahl B, Foster K, Schwalbe N. Evidence on digital mental health interventions for adolescents and young people: systematic overview. JMIR Ment Health. (2021) 8:e25847. doi: 10.2196/25847

5. Zhang Z, He Z, Chen W. The relationship between physical activity intensity and subjective well-being in college students. J Am Coll Health. (2022) 70:1241–6. doi: 10.1080/07448481.2020.1790575

6. Herbert C. Enhancing mental health, well-being and active lifestyles of university students by means of physical activity and exercise research programs. Front Public Health. (2022) 10:849093. doi: 10.3389/fpubh.2022.849093

7. Bailey A, Hetrick S, Rosenbaum S, Purcell R, Parker A. Treating depression with physical activity in adolescents and young adults: a systematic review and meta-analysis of randomised controlled trials. Psychol Med. (2018) 48:1068–83. doi: 10.1017/S0033291717002653

8. Brush C, Hajcak G, Bocchine A, Ude A, Muniz K, Foti D, et al. A randomized trial of aerobic exercise for major depression: examining neural indicators of reward and cognitive control as predictors and treatment targets. Psychol Med. (2022) 52:893–903. doi: 10.1017/S0033291720002573

9. Lucibello K, Paolucci E, Graham J, Heisz JJ. A randomized control trial investigating high-intensity interval training and mental health: a novel non-responder phenotype related to anxiety in young adults. Mental Health Phys Act. (2020) 18:100327. doi: 10.1016/j.mhpa.2020.100327

10. Fuss J, Steinle J, Bindila L, Auer M, Kirchherr H, Lutz B, et al. A runner’s high depends on cannabinoid receptors in mice. Proc Natl Acad Sci USA. (2015) 112:13105–8. doi: 10.1073/pnas.1514996112

11. Aguiar A, Stragier E, da Luz Scheffer D, Remor A, Oliveira P, Prediger R. Effects of exercise on mitochondrial function, neuroplasticity and anxio-depressive behavior of mice. Neuroscience. (2014) 271:56–63. doi: 10.1016/j.neuroscience.2014.04.027

12. Maletic V, Robinson M, Oakes T, Iyengar S, Ball S, Russell J. Neurobiology of depression: an integrated view of key findings: neurobiology of depression. Int J Clin Pract. (2007) 61:2030–40. doi: 10.1111/j.1742-1241.2007.01602.x

13. Landgraf R, Wigger A, Holsboer F, Neumann I. Hyper-reactive hypothalamo-pituitary-adrenocortical axis in rats bred for high anxiety-related behaviour. J Neuroendocrinol. (1999) 11:405–7. doi: 10.1046/j.1365-2826.1999.00342.x

14. Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V. Exercise and mental health. Maturitas. (2017) 106:48–56. doi: 10.1016/j.maturitas.2017.09.003

15. Dantzer R, O’Connor J, Freund G, Johnson R, Kelley K. From inflammation to sickness and depression: when the immune system subjugates the brain. Nat Rev Neurosci. (2008) 9:46–56. doi: 10.1038/nrn2297

16. Miller A, Haroon E, Raison C, Felger J. Cytokine targets in the brain: impact on neurotransmitters and neurocircuits. Depress Anxiety. (2013) 30:297–306. doi: 10.1002/da.22084

17. Slavich G, Irwin M. From stress to inflammation and major depressive disorder: a social signal transduction theory of depression. Psychol Bull. (2014) 140:774–815. doi: 10.1037/a0035302

18. Irwin M, Cole S. Reciprocal regulation of the neural and innate immune systems. Nat Rev Immunol. (2011) 11:625–32. doi: 10.1038/nri3042

19. Shelton R, Miller A. Eating ourselves to death (and despair): the contribution of adiposity and inflammation to depression. Prog Neurobiol. (2010) 91:275–99. doi: 10.1016/j.pneurobio.2010.04.004

20. Heijnen S, Hommel B, Kibele A, Colzato L. Neuromodulation of aerobic exercise—a review. Front Psychol. (2016) 6:1890. doi: 10.3389/fpsyg.2015.01890

21. Ye S. Validation of the temporal satisfaction with life scale in a sample of chinese university students. Soc Indic Res. (2007) 80:617–28. doi: 10.1007/s11205-006-0010-2

22. Li F, Bai X, Wang Y. The scale of positive and negative experience (SPANE): psychometric properties and normative data in a large chinese sample. PLoS One. (2013) 8:e61137. doi: 10.1371/journal.pone.0061137

23. Thomas S, Reading J, Shephard R. Revision of the physical activity readiness questionnaire (PAR-Q). Can J Sport Sci. (1992) 17:338–45.

24. Hawkins R. Identifying mechanic measures that best predict air-pistol shooting performance. Int J Perform Anal Sport. (2011) 11:499–509. doi: 10.1080/24748668.2011.11868568

25. Nieman D, Austin M, Benezra L, Pearce S, McInnis T, Unick J, et al. Validation of cosmed’s Fitmate™ in measuring oxygen consumption and estimating resting metabolic rate. Res Sports Med. (2006) 14:89–96. doi: 10.1080/15438620600651512

26. Hanson N, Scheadler C, Lee T, Neuenfeldt N, Michael T, Miller M. Modality determines VO2max achieved in self-paced exercise tests: validation with the Bruce protocol. Eur J Appl Physiol. (2016) 116:1313–9. doi: 10.1007/s00421-016-3384-0

27. Poon E, Siu P, Wongpipit W, Gibala M, Wong S. Alternating high-intensity interval training and continuous training is efficacious in improving cardiometabolic health in obese middle-aged men. J Exerc Sci Fit. (2022) 20:40–7. doi: 10.1016/j.jesf.2021.11.003

28. Ironson G, Banerjee N, Fitch C, Krause N. Positive emotional well-being, health Behaviors, and inflammation measured by C-Reactive protein. Soc Sci Med. (2018) 197:235–43. doi: 10.1016/j.socscimed.2017.06.020

29. Lindstrom M, Bates D. Newton-raphson and EM algorithms for linear mixed-effects models for repeated-measures data. J Am Stat Assoc. (1988) 83:1014. doi: 10.2307/2290128

30. Searle S, Speed F, Milliken G. Population marginal means in the linear model: an alternative to least squares means. Am Stat. (1980) 34:216–21. doi: 10.1080/00031305.1980.10483031

31. Ibrahim A, Kelly S, Adams C, Glazebrook C. A systematic review of studies of depression prevalence in university students. J Psychiatr Res. (2013) 47:391–400. doi: 10.1016/j.jpsychires.2012.11.015

32. Chekroud S, Gueorguieva R, Zheutlin A, Paulus M, Krumholz H, Krystal J, et al. Association between physical exercise and mental health in 1⋅2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry. (2018) 5:739–46. doi: 10.1016/S2215-0366(18)30227-X

33. Abd El-Kader S, Al-Jiffri O. Aerobic exercise improves quality of life, psychological well-being and systemic inflammation in subjects with Alzheimer’s disease. Afr H Sci. (2017) 16:1045. doi: 10.4314/ahs.v16i4.22

34. Helgadóttir B, Hallgren M, Ekblom Ö, Forsell Y. Training fast or slow? Exercise for depression: a randomized controlled trial. Prevent Med. (2016) 91:123–31. doi: 10.1016/j.ypmed.2016.08.011

35. Paolucci E, Loukov D, Bowdish D, Heisz J. Exercise reduces depression and inflammation but intensity matters. Biol Psychol. (2018) 133:79–84. doi: 10.1016/j.biopsycho.2018.01.015

36. Boström G, Conradsson M, Hörnsten C, Rosendahl E, Lindelöf N, Holmberg H, et al. Effects of a high-intensity functional exercise program on depressive symptoms among people with dementia in residential care: a randomized controlled trial: effects of exercise on depressive symptoms. Int J Geriatr Psychiatry. (2016) 31:868–78. doi: 10.1002/gps.4401

37. Abd El-Kade S, Al-Jiffri O. Exercise alleviates depression related systemic inflammation in chronic obstructive pulmonary disease patients. Afr H Sci. (2017) 16:1078. doi: 10.4314/ahs.v16i4.25

38. Dekker M, Lee S, Hudson R, Kilpatrick K, Graham T, Ross R, et al. An exercise intervention without weight loss decreases circulating interleukin-6 in lean and obese men with and without type 2 diabetes mellitus. Metabolism. (2007) 56:332–8. doi: 10.1016/j.metabol.2006.10.015

39. Giannopoulou I, Fernhall B, Carhart R, Weinstock R, Baynard T, Figueroa A, et al. Effects of diet and/or exercise on the adipocytokine and inflammatory cytokine levels of postmenopausal women with type 2 diabetes. Metabolism. (2005) 54:866–75. doi: 10.1016/j.metabol.2005.01.033

40. Mikkelsen U, Couppé C, Karlsen A, Grosset J, Schjerling P, Mackey A, et al. Life-long endurance exercise in humans: circulating levels of inflammatory markers and leg muscle size. Mech Ageing Dev. (2013) 134:531–40. doi: 10.1016/j.mad.2013.11.004

41. Schuch F, Vasconcelos-Moreno M, Borowsky C, Zimmermann A, Wollenhaupt-Aguiar B, Ferrari P, et al. The effects of exercise on oxidative stress (TBARS) and BDNF in severely depressed inpatients. Eur Arch Psychiatry Clin Neurosci. (2014) 264:605–13. doi: 10.1007/s00406-014-0489-5

42. Euteneuer F, Dannehl K, del Rey A, Engler H, Schedlowski M, Rief W. Immunological effects of behavioral activation with exercise in major depression: an exploratory randomized controlled trial. Transl Psychiatry. (2017) 7:e1132–1132. doi: 10.1038/tp.2017.76

43. Zilioli S, Imami L, Slatcher R. Life satisfaction moderates the impact of socioeconomic status on diurnal cortisol slope. Psychoneuroendocrinology. (2015) 60:91–5. doi: 10.1016/j.psyneuen.2015.06.010

44. Koivumaa-Honkanen H, Kaprio J, Honkanen R, Viinamäki H, Koskenvuo M. Life satisfaction and depression in a 15-year follow-up of healthy adults. Soc Psychiatry Psychiatr Epidemiol. (2004) 39:994–9. doi: 10.1007/s00127-004-0833-6

45. Mazzola P, Terra M, Rosa A, Mescka C, Moraes T, Piccoli B, et al. Regular exercise prevents oxidative stress in the brain of hyperphenylalaninemic rats. Metab Brain Dis. (2011) 26:291–7. doi: 10.1007/s11011-011-9264-8

46. Kasapis C, Thompson P. The effects of physical activity on serum c-reactive protein and inflammatory markers. J Am Coll Cardiol. (2005) 45:1563–9. doi: 10.1016/j.jacc.2004.12.077

47. Petersen A, Pedersen B. The anti-inflammatory effect of exercise. J Appl Physiol. (2005) 98:1154–62. doi: 10.1152/japplphysiol.00164.2004

48. Flynn M, McFarlin B. Toll-like receptor 4: link to the anti-inflammatory effects of exercise? Exerc Sport Sci Rev. (2006) 34:176–81. doi: 10.1249/01.jes.0000240027.22749.14

49. Boehm J, Kubzansky L. The heart’s content: the association between positive psychological well-being and cardiovascular health. Psychol Bull. (2012) 138:655–91. doi: 10.1037/a0027448

50. De Neve J. Functional polymorphism (5-HTTLPR) in the serotonin transporter gene is associated with subjective well-being: evidence from a US nationally representative sample. J Hum Genet. (2011) 56:456–9. doi: 10.1038/jhg.2011.39

51. Fredericks C, Drabant E, Edge M, Tillie J, Hallmayer J, Ramel W, et al. Healthy young women with serotonin transporter SS polymorphism show a pro-inflammatory bias under resting and stress conditions. Brain Behav Immun. (2010) 24:350–7. doi: 10.1016/j.bbi.2009.10.014

52. Kim D, Kubzansky L, Baccarelli A, Sparrow D, Spiro A, Tarantini L, et al. Psychological factors and DNA methylation of genes related to immune/inflammatory system markers: the VA normative aging study. BMJ Open. (2016) 6:e009790. doi: 10.1136/bmjopen-2015-009790

53. Duclos M, Tabarin A. Exercise and the Hypothalamo-Pituitary-Adrenal Axis. In: Lanfranco F, Strasburger C editors. Frontiers of hormone research. (Vol. 47), Basel: Karger (2016). p. 12–26. doi: 10.1159/000445149

54. Leistner C, Menke A. Hypothalamic–pituitary–adrenal axis and stress. Handb Clin Neurol. (2020) 175:55–64.



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exercise improves mental health status of young adults via attenuating inflammation factors but modalities matter



		1 Introduction



		2 Methods



		2.1 Study design and population



		2.2 Process and interventions



		2.2.1 Study procedure



		2.2.2 Intervention









		2.3 Measurements and outcomes



		2.3.1 Mental health



		Life satisfaction



		Positive affect and negative affect









		2.3.2 The inflammatory biomarkers







		2.4 Statistical analysis









		3 Results



		3.1 Demographic information at baseline



		3.2 Effects of the intervention on mental health indicators



		3.3 Effects of the intervention on inflammatory factors outcomes



		3.4 Correlations between the changing inflammatory factors and mental health variables









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fpsyt-13-1067890-g002.jpg
a. Recruit participants

b. Basic information VO,max
c. Screening the participants

test
i) -
:Randomization and grouping :
v — == == = T N e S B T .. -
I One month before | I:l One week before |
i
| mver=33 |;
: :
| HIT=32 |:

1
I
|| con=2s I

a. Fasting blood draw : a. Fasting blood draw

b. Mental Heath test I Intervention | b. Mental Heath test
— | H
HAC] [mvor [ Teon | L&

Pre test Post test
“'"ﬂh" ---2nd -4« --3r q
The first day The The The The last day
of intervention first second || third of intervention
month month month






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

Exercise improves mental health
status of young adults via
attenuating inflammation factors
but modalities matter





OPS/images/fpsyt-13-1067890-g001.jpg
College students

(N =100)
« Below 20 years-old (n = 1)
Exclusion [ = No regular exercise (n = 4)

« With the history of chronic disease

v (n - 2)

Randomized
(N =93)
!
}
[MVCT (N = 33)] HIT (N=32) | | CON(N = 28) |
Exercise Exercise Health education
3 times/wk 3 times/wk 1-2 times/wk

Lost to follow up (N = 2)
* No post-test (n=1)
« Abandoned midway (n = 1)

Lost to follow up (N = 2)

Abandoned midway (n =

Lost to follow up (N = 2)
2)[| = No post-test (n = 2)

\ 4

\ 4

[ Analysis | [ Follow-up ][ Allocation || Recruit |

v

Analyzed (N =33)
Excluded from analysis (n = 0)

Analyzed (N = 32)

Excluded from analysis (n = 0)

Analyzed (N = 28)
Excluded from analysis (n = 0)










OPS/images/fpsyt-13-1067890-g004.jpg
>

2 APositive ASatisfaction

ANegative

AWellbeing

1 ¥ ':, o
- © ’
0.25 0.00 0.25
AlgA (g/L)
1 B=2.57 &
p <0.001

0.00
AlgA (g/L)

|
-0.25

B=-5.3
p <0.001

|
0.25

0.00
AlgA (g/L)

|
-0.25

|
0.25

—-&— Control - MVCT —@—

ANegative APositive ASatisfaction

AWellbeing

B _0.057
p =0.024

HIIT

0
AAIb (g/L)
34  p=-0.039
p§0.15
2 o o
N T 4
® oo [ ] ."0 - .
"] W
- ° e : €] o.
-2— .o
I I I
-5 0 S 10
AAIb (g/L)
A B=0.093,
p =0.0035

|
5

0
AAIb (g/L)

JS=-0.19

p =0.0031

0
AAIb (g/L)

(@

ANegative APositive ASatisfaction

AWellbeing

3 °3=-0.053
p =0.0094

AGlo (g/L)

3 B =-0.044
p =0.044

0
AGlo (g/L)
- B=0.072
p =0.0057
2_
one® o2 °°
o W
c . % ..'.:'.
-2 — ® o oo
.I | - |
-5 0 5
AGlo (g/L)
104 oB=-0.17
p =0.0011
S5 1 o ® o
[ & “s‘ &
0- ° e%e - -
'.oo.".
-5
| | - I
9 0 5
AGlo (g/L)






OPS/images/fpsyt-13-1067890-g003.jpg
ASatisfaction

ANegative

m

IgA (g/L)

L

Glo (g/L)

+0.34 #

**

1.0 +0.60 ###

APositive

-0.5—
-0.5- T
Control MVCT HIIT Control MVCT HIIT
Groups Groups - o
L mver
+0.12 - * L Hir
T +1.33 #iH#
0.5- 2-
-0.085 o
L 14
((b)
0.0- =
O
=
<
0_
0.5
-1
Control MVCT HIIT Control MVCT HIIT
Groups Groups
Control: +0.16 ### Control: +0.092 ### Control: +2.59 ###
HIIT: +0.060 # MICT: +0.96 #
F G
60—
2.5_ +/+
1.6-
2.4- q - = S
D 45 E
2.3 ~ ~ 56—
= o— | =
<
aal ~ 14-
54—
2.1-
| | | | | |
pre post pre post pre post
Times Times Times
Control: +3.08 ### I Control: +0.36 ## J Control: +3.72 ##
30 2.6
H 42-
28—
+/+ . 2.4 52 40-
26- > =
= 22 > 38-
24— .
2.0
22- I I I | | I
pre post pre post pre post
Times Times Times

—&— Control - MVCT —€— HIT







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







OPS/images/fpsyt-13-1067890-t001.jpg
Groups

MVCT

HIT

Control

Periods

12 weeks

12 weeks

12 weeks

Total time for
one session

40-min

40-min

Frequency of the
intervention

Three times/week

Three times/week

Two times/week

Training programs

The participants in the MVCT group were instructed to run on the treadmill for
20 min with a speed corresponding to 70-75% of their VOamay, added with a
10-min worm-up before the training and a 10-min cool-down after the training.

The participants in the HIIT group were instructed to run on the treadmill for

1 min with a speed corresponding to 100% of the individual VO2ay, followed by
another minute of running with a speed corresponding to 50% of the individual
VO2max, and repeated ten times for 20 min totally, added with a 10-min
worm-up before the training and a 10-min cool-down after the training.

The participants were received health education lessons, which the main content
including: (1) body posture assessment; (2) adjustment of body posture; (3) the
method of stretching and relaxation; (4) the evaluation of body composition; (5)
diet and health; (6) Sleep and health, etc.





OPS/images/fpsyt-13-1067890-t003.jpg
Variable Differences, post vs. pre, Difference, post vs. pre, Difference, post vs. pre,

MVCT vs. Control HIIT vs. Control MVCT vs. HIIT

B (95% CI) P B (95% CI) P B (95% CI) P
Satisfaction 0.52 (0.10, 0.93) 0.018 0.26 (—0.16, 0.68) 0.23 0.25 (—0.15, 0.66) 0.22
Positive 0.66 (0.22, 1.09) 0.0041 0.14 (—0.30, 0.57) 0.55 0.52 (0.10, 0.94) 0.018
Negative —0.51 (—1.04, 0.029) 0.069 —0.20 (—0.74, 0.34) 0.47 —0.30 (—0.82, 0.21) 0.26
Well—being 1.68 (0.67, 2.68) 0.0017 0.61 (—0.42, 1.62) 0.25 1.08 (0.099, 2.05) 0.035
IgA (g/L) —0.14 (—0.21, —0.067) <0.001 —0.096 (—0.17, —0.021) 0.016 —0.045 (—0.12, 0.027) 0.23
IgM (g/L) —0.12 (—0.19, —0.056) <0.001 —0.068 (—0.13, —0.0021) 0.048 —0.053 (—0.12, 0.010) 0.11
Alb (g/L) —1.64 (—2.96, —0.30) 0.019 —1.14 (—2.48, 0.20) 0.10 —0.50 (—1.77,0.78) 0.45
Glo (g/L) —3.17 (—4.67, —1.68) <0.001 —2.07 (—3.57, —0.56) 0.0093 —1.11 (—2.54,0.33) 0.14
LYM —0.34 (—0.65, —0.035) 0.034 —0.35 (—0.66, —0.038) 0.032 0.0065 (—0.29, 0.30) 0.97
LYMY% —2.77 (—6.17, 0.60) 0.12 —3.97 (—7.36, —0.55) 0.027 1.20 (—2.08, 4.43) 0.48

B, interactive effect estimates of the mixed-effect model, indicating the between-group difference during the three-month intervention period; CI, confidence interval. MVCT, moderate-
to-vigorous intensity continuous training; HIIT, high-intensity interval training. IgA, Immunoglobulin A; IgM, Immunoglobulin M; Alb, Albumin; Glo, Globulin; LYM, absolute value of
lymphocyte count; LYM%, the ratio of lymphocyte to total leukocyte. * Differences between groups in change from pre to post-test, calculated via mixed-effect models adjusted for gender,
age, education level, residence, income level, and body mass index, with a random effect on individuals to account for intrapersonal variation. For instance, “Differences, post vs. pre,
MVCT vs. Control” indicates the calculation formula that (postyver — premver) — (POStcontrol = Precontrol)- Statistically significant results at 0.05 level are presented in bold.





OPS/images/fpsyt-13-1067890-t002.jpg
Variables

Categorical variables, N (%)
Male

Whether urban residence (yes)
Self-perceived income level (lower)
Continuous variables, mean (SD)
Age (years)

Received higher education (years)
Body mass index (kg/m?)

Body fat ratio (%)

VOamax [mL/(kg-min)]
Satisfaction score

Positive score

Negative score

Well-being score

IgA (g/L)

1gM (g/L)

Alb (g/L)

Glo (g/L)

LYM

LYM%

Control MVCT HIIT Total
N=28 N=33 N=32 N=93
13 (46.43) 16 (48.48) 14 (43.75) 43 (46.24)
17 (60.71) 27 (81.82) 27 (84.38) 71(76.34)
21 (75.00) 29 (87.88) 27 (84.38) 77 (82.80)
25.39 + 2.64 2542 +1.56 24.97 £2.39 2526 4 2.21
7.07 4 2.45 6.76 +1.35 6.16 + 1.46 6.65 %+ 1.80
21.52 £ 2.87 22.56 = 3.30 21.99 +2.57 22.05 + 2.93
27.27 £5.20 25.79 + 5.58 24.82 +3.98 25.91 = 5.00
44.92 (7.01) 42,31 (6.31) 43.90 (7.63) 43.71 (7.26)
4.84 +£0.95 442 +0.74 472 +1.03 4.65 + 0.92
427 +£1.07 432 +0.80 4.65 £ 0.90 4424093
2.83 +1.14 2.98 + 1.00 2.81 £ 1.00 2.88 + 1.04
6.28 +2.43 5.76 + 2.07 6.57 +2.10 6.20 % 2.20
2.20 £ 0.65 2.40 + 0.66 2.33 +£0.69 2.32+0.66
1.45 + 0.60 1.57 £0.42 145 £0.71 1.49 + 0.58
53.08 -+ 1.76 58.50 = 2.70 56.49 + 2.49 56.22 = 3.22
22.89 + 3.04 29.54 + 3.68 26.53 £ 3.27 26.56 + 4.27
2.10 4 0.67 2.08 +0.51 2.06 4+ 0.43 2.08 + 0.54
37.36 £ 7.58 35.92 + 7.64 36.99 + 7.89 36.72 £ 7.65

0.93
0.065
0.60

0.66
0.13
0.38
0.18
0.37
0.19
0.23
0.76
0.33
0.53
0.67
<0.001
<0.001
0.96
0.75

SD, standard deviation; IgA, Immunoglobulin A; IgM, Immunoglobulin M; Alb, Albumin; Glo, Globulin; LYM, absolute value of lymphocyte count; LYM%, the ratio of lymphocyte to

total leukocyte. Well-being = satisfaction + positive affect — negative affect. P-values are differences between three groups under the chi-square test (categorical variables) or one-way

ANOVA (continuous variables). Statistically significant results at 0.05 level are presented in bold.





