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Abstract: Purpose: Physical activity is a well-recognized protective factor against depression in adolescents. As a component of physical activity, muscle strengthening exercise (MSE) is also viewed as a correlate associated with lower risks of depression in adults. However, little is known about the association in adolescents. This study aimed to explore the association between MSE and depression in a sample of Chinese adolescents. Method: A self-reported questionnaire was used for data collection including variables of MSE, depression (assessed by Children’s Depression Inventory) and selected sociodemographic factors (e.g., sex, grade, height and weight [for body mass index]). Generalized Linear Models was utilized to estimate the association between MSE and depression. Results: Results showed a negative association between MSE and depression (Beta = –0.66; both MSE and depression were treated as continuous variables). When treating MSE (meeting or not meeting the recommendations) and depression as binary variables, odds ratio for depression in adolescents not meeting the MSE recommendation was significant higher (odd ratio = 1.50, 95%CI: 1.15–1.96) than those meeting the MSE recommendations. Conclusions: This study found that MSE may be a protective factor against MSE in adolescents. Future studies are encouraged to confirm or negate our study finding using improved study design.
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1  Introduction

Depression is a common mental disorder which not only affects individuals’ physical and mental health, but also causes serious social problems [1]. According to the Diagnostic and Statistical Manual for Mental Disorders 5th Edition (DSM-V), low mood and anhedonia is the core symptoms of depression, with abnormal weight gain and loss, insomnia or drowsiness as additional symptoms a mood dysregulation [2]. The World Health Organization declares that depression has become the world’s second largest health risk factor by 2020 [3]. It is also predicted that by 2030, depression will become the first global burden of disease factors [4]. Therefore, effective preventions against depression has been listed as an important public health issue in many countries.

Furthermore, adolescence is a transitional period from immaturity to maturity, undergoing tremendous changes in physical and mental indicators, which leads to an increased likelihood of adolescent’ depression. In the United States, approximately 15% of children and adolescents were diagnosed as with severe depression [5]. China based research also showed that 20% to 44% of adolescents had depressive symptoms [6]. Recently, a number of cross-sectional studies found that adolescent depression can result in school dropout [7], and a higher risk for unhealthy lifestyle behaviors such as smoking and alcohol abuse, as well as severe social and cognitive impairment [8]. Therefore, adolescent depression is an urgent public health issue to be addressed and prevented from multiple effective approaches.

Early studies have found that adequate physical activity (PA) can reduce the incidence of depression in adolescents [9–11]. Recent methodological developments have led to the establishment of a new framework, called time-use epidemiology, where periods of time spent in PA, SB and sleep are no longer considered as independent risk factors, but instead are treated as mutually exclusive and exhaustive parts of the 24-h day [12–14]. Therefore, it should be considered as a whole, when it affects health. In this line, it is worthwhile to examine the association between specific components of PA and health outcomes in various population groups.

To reduce the burden of depression, it is necessary to understand factors influencing depression in adolescents. From a perspective from behavioural epidemiology, increasing PA is a protective factor against depression in adolescents. As a component of PA, muscle strengthening exercise (MSE) has been recognized as promotion factor of individuals’ health [15–17]. Hence, the World Health Organization (WHO) recommends that children and adolescents should engage in MSE for three times per week [16]. Recently, in addition to examining the association between overall PA and depression in different groups populations, researchers have explored the association between MSE and depression in adults. For example, using nationally representative samples in Germany adults, Bennie et al. [18] found that more days engaged in MSE was negatively associated with severity of depression in adults. Another study also by Bennie et al. [19] suggested that more days for MSE may reduce the odds for depression regardless of levels of PA in the US adults. The evidence based on cross-sectional research could also be supported by randomized controlled trials [20,21]. In general, evidence from the observational and experimental studies suggested that any increases in MSE at the population-level may be beneficial for prevention and treatment of depression. It can be therefore hypothesized that MSE will be associated with depression in young people.

However, some research gaps remain across the literature. As mentioned above, most studies were based on adults rather than young people, such as adolescents. It is thus, to examine the association between MSE and depression in adolescents, which can help and inform more approaches to promote mental health in adolescents. The other reason for examining the association between MSE and depression in adolescents is that this can provide more research evidence to support the health benefits of MSE, which in turn offers evidence-base for relevant public health strategies and guidelines. Moreover, previous studies have failed to control sufficient sociodemographic factors to assess the association between MSE and depression, which may elicit bias. The final gap relates with studied population, where previous studies selected western populations. little is known about that in Chinese population groups, like adolescents. Hence, to fille the gaps in the literature, this study aimed to explore the association between MSE and depression while controlling for some selected sociodemographic factors in Chinese adolescents.

2  Method

2.1 Study Design and Participant

This study was a cross-sectional survey which was designed to explore the different kinds of physical activity and associated multiple health outcomes (e.g., behavioural, physical and mental health), conducted from October to December 2018 in Taizhou, Zhejiang Province of China. The research staff contacted 10 schools (5 middle schools and 5 high schools), of which three middle schools and 4 high schools consented to participate in this study. In middle school, we randomly selected 5 classes and all students from the classes were voluntarily invited as study participants. The same procedure was replicated in high schools. In total, 2970 students were invited to participate in the survey. Data were collected and analysed anonymously. In response, 2432 students (response rate = 81.9%) completed the self-reported questionnaire. The questionnaire consisted of 30 questions, such as participants’ sociodemographic information (e.g., sex, grade and residence), physical activity and sedentary time, beliefs towards their children’s exercise and MSE. The study protocol and procedure were approved by the Institutional Review Board (IRB) of Taizhou University in June 2018. Participants and their legal guardians provided written consent. To improve the reliability and validity of the survey, the research staff promised that participants’ information will be strictly protected and treated anonymously.

2.2 Measures

2.2.1 Muscle-Strengthening Exercise (MSE)

The study participants were required to answer the following question “how many days did you do muscle-strengthening exercise (MSE) over the past week?” In this context, MSE was defined as “activities involving major muscle groups like push-ups, weightlifting, curl-ups or pull-ups”. Responses for study participants ranged from 0 to 7 days (continuous variable). There is evidence to support the reliability and validity of this question in the previous studies [22,23]. According to the WHO guidelines, it is recommended that children and adolescents should accumulate 3 days for MSE a week for health promotion [16,17]. Thus, the variable of MSE can be categorised into a binary variable (meeting or not meeting).

2.2.2 Depression

Depression was assessed by Children’s Depression Inventory (CDI), which has been validated in Chinese children and adolescents [24]. CDI was a scale to screen children’s depression. Its Cronbach alpha coefficient was 0.82, test-retest reliability coefficient was 0.89 [24]. The CDI has 27 questions to assess children and adolescents’ depressive symptoms, of which each item is rated 0–2 scores. In sum, the overall scores of CDI ranges 0 to 54 [24]. The study participants rated with a score of 19 or above are screened as having depression positively based on previous studies [25].

2.2.3 Covariates

Based on previous studies [18,19,26–28], covariates in the current study included sex (boy or girl), grade (7, 8,…11), ethnicity (Han or minority), residence (urban or rural), self-reported height (cm) and weight (kg), siblings (none or at least having one), perceived family affluence (very rich, rich, average, poor, very poor), father and mother’s education level ( middle school or below, high school or primary occupation school, senior occupation school, college or university, master and above).

2.3 Data Analysis

Statistical analyses were performed using STATA 16.1 (Stata Corp, College Station, Texas). First, descriptive statistics were used to report frequency (percentage) and mean (standard deviation) of categorical and continuous variables, respectively. Continues variables was confirmed as normal distribution using Shapiro-Wilk test. Differences in categorical and continuous variables across different groups were examined by chi square test and student t tests, respectively. To explore the association between MSE and depression, two models were established using Generalized Linear models with maximum likelihood estimate. The first model was based on treatment that the variables of MSE and depression were continuous variables, which explored the days of engagements in MSE and depression scores. Beta with 95% confidence interval (CI) was reported. The second model treated the variables of MSE and depression as binary variable based on the well-acceptable cutoffs [16,24,25]. In this model, a binary logistic regression was used to explore the associations between MSE and depression after controlling for all the covariates in this study. Not meeting the MSE recommendation (at least 3 days a week) [16] was set as reference group and we compared the likelihood of meeting the MSE recommendations for not having depression with those not meeting the MSE recommendation. Odds ratio (OR) and its 95% confidence interval (CI) was reported as estimated values. Statistical significance was set up as p < 0.05 (two sided).

3  Results

Tab. 1 shows general characteristics of study participants of this study. Of 2432 participants, boys accounted for 47.7% (n = 1159). The proportion of study participants in each grade (7–11) ranged from 17.3% to 24.2%, while there was no sex difference in the grades (p > 0.05). Over 50% of study participants had siblings in their family. As for the residence and race, the majority of study participants lived in urban areas and were Han race people. The mean of BMI was 20.2 with as standard deviation of 3.1. The prevalence of meeting the MSE recommendation was 21.3%, with a sex difference that more boys met the recommendation (p < 0.001). Similarly, 21.5% of study participants were determined as depression. More details can be found in Tab. 1.

Table 1: General characteristics of study participants of this study
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Tab. 2 displays the results for the associations between days for MSE and depression scores. In the full model, days for MSE was negatively associated with depression (beta = −0.66, 95%CI: −0.88 – −0.44, p < 0.01). The associations of other factors with depression can found in Tab. 2. In Tab. 3, the results from logistic regression are presented. Adolescents meeting the MSE recommendations were more likely to be determined as non-depression (OR = 1.50, 95%CI: 1.15–1.96). More information can be seen in Tab. 3 as well.

Table 2: The association between muscle strengthening exercise and depression (continuous variables)
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Table 3: The association between muscle strengthening exercise and depression (Binary variable)
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4  Discussion

This study aimed to explore the association between MSE and depression in a sample of Chinese adolescents (grades of 7–11). Based on the results of the current study, we mainly found that more days for MSE was negatively associated with depression in adolescents. Specifically, one more day for engagement in MSE was negatively associated with lower odds for depression (beta = −0.66), and also, meeting the MSE recommendations was positively associated with screening as non-depression (OR = 1.50, 95%CI: 1.15–1.96). There is a minor research finding that is only 21.1% of adolescents in this study met the MSE recommendations.

To our knowledge and date, very few studies based on Chinese children and adolescents reported the prevalence of meeting the MSE recommendations. The current study adds to the current literature, and we found that only about one in fifth of adolescents met the recommended MSE recommended by the World Health Organization (3 days a week). The prevalence of meeting the MSE recommendation (21.2%) was lower than the previous studies based on Australia children [23] and American children [22]. This difference, to some extent, suggests that Chinese adolescents may have weak awareness of engagements in MSE and know little about its associated health benefits, which may be a barrier to their health promotion and overall development. In addition to this, to date, epidemiological surveys on MSE in China remains scant. It is required to conduct more surveys to capture the levels and trends in MSE in Chinese children and adolescents, which would add more meaningful significance and clinical relevance for better understanding of populational physical activity [15].

This is the first epidemiological survey to assess the association between MSE and depression in Chinese adolescents. However, owing to paucity of evidence based on young people, we cannot compare our result with other research focusing on children and adolescents. Consistent with research focusing on adults [18,19], the current study found that more participations in MSE were associated with lower odds for depression. Based on evidence from studies using adult samples, our study finding can be supported. Besides, our research finding on the association between MSE and depression can also be corroborated by evidence from randomized controlled trials [20,29]. There are some possible underlying mechanisms to explain the associations, including psychosocial (e.g., enhanced self-efficacy, self-esteem and, social connectedness), and neurobiological (e.g., changes in neuroplastic mechanisms, increasing cerebral blood flow, reducing oxidative stress and inflammation). Although, given the complexity of mental health problems such as depression, it is likely the mechanisms are multifactorial. Furthermore, contrasted to the decades of mechanistic research on the anti-depressive effects of aerobic exercise, comparative research on MSE is limited [20,29], and hence warrants further study to clearly explore the underlying mechanism.

4.1 Practical Implications

It has been recognized that engagements in MSE is an incentive to young people’s health [16,17]. Since the importance of MSE to health promotion, it is needed to improve the prevalence of MSE in adolescents. Put another, adolescents are encouraged to engage in more MSE for health promotion. Finding effective ways to promote adolescents’ MSE would be a next research issue. With this reference, exploring the correlates of adolescents’ MSE is a necessary step. However, the relevant research is scant. Therefore, it is recommended to determine the correlates and determinants of adolescents’ MSE and studying an efficient way to making adolescents participate in more MSE.

As this study found positive roles of MSE and associated benefits in reducing depression, future studies could incorporate MSE into depression preventions and interventions. However, when doing this, more research is strongly recommended to examine the effectiveness and generalisation of an intervention including MSE that aims at reducing depression in adolescents. Although we provide the preliminary evidence, other researchers should also consider feasibility of MSE as mental health promotion approach at the population level. Therefore, a series of studies are strongly encouraged to conduct.

4.2 Study Limitations

Our study findings should be interpreted in light of some inherent limitations. First of all, it must be mentioned that our study design was cross-sectional design. Owing to the nature of cross-sectional design, it is impossible to draw a cause-and-effect relationship between MSE and depression in adolescents. Second, the measure of MSE was self-reported, which could result in measurement error and recall bias because of study participants’ social desirability and relatively low accuracy. This would be a disadvantage or bias to assess the association between MSE and depression. We should also admit a limitation that may result from sampling. Because our study participants were recruited using a convenient sampling method, it is thus possible that generalisation of our research findings may be limited. The final study limitation is covariates. It is well-recognized that depressive is influenced by a large number of factors. However, we failed to include covariates as many as possible, which may negatively affect the estimation of association between MSE and depression in adolescents. Hence, future studies are encouraged to address the limitations of our study to generate robust evidence.

5  Conclusion

This study found that only about 20% of Chinese children and adolescents met the recommended days for MSE and also demonstrated a negative association between MSE and depression. This study stresses of importance of MSE for health promotion, especially mental health problems prevention, in children and adolescents. However, improved studies with well-constructed designs are encouraged to confirm the casual association between MSE and depression in adolescents, which can inform efficient depression interventions.
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