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Background: The prevalence of mental health issues has been gradually increasing among college students in recent years. Improvements in mental health can be achieved through changes in daily behavior and the use of psychological counseling. This study aims to investigate the relationship between health-promoting behaviors and negative emotions among college freshmen as they enter the university. It also examines the impact of various sub-dimensions of health-promoting behaviors and other factors on the negative emotions (stress, anxiety, and depression) experienced by college freshmen.

Methods: Using the Negative Emotion and Health-Promoting Behavior scales, a 7-month longitudinal study was conducted on 4,252 college freshmen, with collection of data at two time points (T1: November 12, 2021; T2: June 17, 2022). Out of this longitudinal study, 3,632 valid samples were obtained. This research aimed to explore the association and impact between negative emotions and the level of health-promoting behaviors among college students during their time at the university.

Results: ① There were significant differences in the levels of health-promoting behaviors and negative emotions over the course of 7 months (P < 0.05). Health-promoting behaviors were found to have a significant negative correlation with negative emotions (P < 0.05). ② Negative emotions at T1 significantly negatively predicted health-promoting behaviors at T2 (β = −0.11, P < 0.01), while health-promoting behaviors at T1 significantly negatively predicted negative emotions at T2 (β = −0.12, P < 0.001). ③ Stress management (β = −0.104, P < 0.05; β = −0.087, P < 0.05), self-actualization (β = −0.282, P < 0.01; β = −0.260, P < 0.05), health responsibility (β = −0.057, P < 0.05; β = −0.088, P < 0.05), and interpersonal relations (β = 0.068, P < 0.01; β = 0.138, P < 0.05) were important components in improving stress and anxiety. Self-actualization (β = −0.437, P < 0.001), exercise (β = 0.048, P < 0.001), nutrition (β = 0.044, P < 0.001), and interpersonal relations (β = 0.065, P < 0.001) were important components in improving depression. ④ Gender, place of household registration, and whether the individual is the only child were significant factors affecting negative emotions in college freshmen.

Conclusion: The level of health-promoting behaviors is an important indicator for assessing the negative emotional states of college freshmen. Enhancing health-promoting behaviors across various dimensions can help alleviate different types of negative emotions. Gender, place of household registration, and being the only child are significant factors that influence negative emotions.
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1 Introduction

In recent years, the college student population has been experiencing severe mental health issues, which is rising and attributable to unfamiliar living environments, intense academic pressures, and complex job market trends. As a result, there has been a spurt in research focusing on the psychological health issues faced by college students (1). According to statistics from the World Health Organization (WHO), over one billion people worldwide suffer from mental disorders as of June 2023, with more than one-eighth of the affected population comprising adults and adolescents. The current level of mental health services are vastly inadequate to meet the steadily increasing mental health needs. In high-income countries, only 70% of those in need can access mental health services, whereas in low-income countries, a mere 12% of the population is able to receive psychiatric treatment (2).

According to reports, the incidence of psychological disorders among Chinese university students has been rising annually and is higher than that of the general population in China. Moreover, psychological issues among Chinese students are showing a continuously increasing trend (3, 4). Although relatively severe social safety issues may occur infrequently within this group, the level of psychological problems continues to escalate (5). Chinese university students represent a unique demographic, particularly those in their 1st year, as they are at a pivotal stage transitioning from adolescence to adulthood. They encounter learning methods distinct from their high-school experiences, along with changes in diet, exercise, academic pressure in university, social interactions with peers, and uncertainties about the future. All these factors may contribute to the accumulation and even eruption of mental health issues within this group (6–9). Research indicates that negative emotions are significant indicators of mental health, primarily manifesting as a combination of anxiety, depression, and stress. However, the accumulation of negative emotions may also become a major risk factor for physical health (10). For instance, the isolation resulting from pandemic control measures has led to more severe negative emotions among college students compared to non-lockdown periods. Studies have found that during the pandemic, 22.4% of college students reported symptoms of anxiety, 35.1% reported symptoms of depression (11), and 7.2% exhibited suicidal tendencies (12). In light of these findings, given the gradual increase in the level of negative emotions among college freshmen and the significant challenge such a trend poses to public safety, it is imperative to promptly address the mental health concerns and negative emotional states of this particular group. If their psychological issues continue to be overlooked, allowing them to accumulate, it could lead to unpredictable and potentially severe consequences.

At the same time, some studies suggest that there is an extremely close relationship between the level of negative emotions in the college student population and their health-promoting behaviors (13, 14), although the specific effects are not clear. Health-promoting behaviors refer to an individual's lifestyle choices that promote health, which includes various actions such as exercise, nutrition, and others, and can be defined as “multi-dimensional, self-initiated continuous, daily activity undertaken with the deliberate aim of maintaining or enhancing the level of an individual's health, wellbeing, and self-actualization.” Research has found that college students with higher levels of physical activity tend to have lower levels of anxiety and depression (15, 16). Additionally, a higher quality of interpersonal relationships can lead to lower levels of anxiety and stress (17). Furthermore, longitudinal studies have found that the level of interpersonal relationships among college students can directly predict their levels of depression (18, 19). Additionally, there is evidence to suggest a link between diet and negative emotions. Studies have shown that poor dietary habits among college students are associated with increased levels of depression and anxiety (20, 21). This evidence underscores the potential role of health-promoting behaviors in the early prevention of mental health issues and the management of negative emotions among college students. Therefore, it is important to conduct research into the relationship between health-promoting behaviors and negative emotions to determine how different levels and aspects of these behaviors impact anxiety, depression, and stress. Such research is essential for enhancing the psychological wellbeing of college students.

With this context in mind, the primary aim of this study is to explore the relationship between negative emotions (namely, depression, anxiety, and stress) and health-promoting behaviors and its impact among new university students in China through two longitudinal surveys of freshmen (T1: November 12, 2021; T2: June 17, 2022) as they acclimate to campus life. Compared to existing research on negative emotions and mental health among college students, this study aims to longitudinally analyze the predictive impact of health-promoting behaviors on college students' negative emotions using a cross-lagged panel model. Concurrently, by employing cross-sectional regression models, it will analyze the protective factors and improvement effects of demographic variables and health-promoting behaviors, along with their subdimensions, on college students' negative emotions. This approach is intended to provide ample evidence and a theoretical basis for reducing the levels of negative emotions and improving mental health issues among college students. Building on previous research findings, this study hypothesizes that as college freshmen enhance their sense of agency, health consciousness, and health capabilities during their time at the university, their levels of health-promoting behaviors will increase, which in turn will alleviate the negative emotions associated with college life. The results of this study are expected to have significance for the prevention and improvement of psychological issues among college students and aid in exploring pathways for the prevention and treatment of mental health issues in this population.



2 Objects/data sources and methods


2.1 Objects/data sources

This study focuses on freshmen at Southwest University in Chongqing, China. Through simple random sampling, a questionnaire survey was conducted on a randomly selected sample of 4,252 freshmen from this university. The questionnaire consisted of three parts: demographic information (such as gender, age, etc.), health-promoting behaviors, and a negative emotion scale. The specific survey details are as follows: the randomly selected students completed two rounds of questionnaire surveys at the Physical Fitness Test Center of Southwest University, with a 7-month interval between the two surveys (T1: November 12, 2021; T2: June 17, 2022). The same questionnaire was used and the same batch of participants were involved in both the surveys. Based on the sample size formula, which is 20 times the number of questionnaire items (80 questions) plus 10% for invalid questionnaires, the minimum sample size for this survey was 1,760. After the test concluded, a total of 4,252 samples were obtained, which meets the minimum sample size requirement for this survey. To ensure the authenticity and reliability of the data, this study filtered the obtained data from 4,252 participants. The inclusion criteria were: (1) the questionnaire was completed in 5–15 min and (2) the participants took part in both rounds of the complete test and their student ID and name matched in both the surveys. After filtering and matching the samples, a total of 3,632 valid samples were obtained, with a sample loss of 620, resulting in an effectiveness rate of 85.42%. Among the valid samples, there were 1,340 men (36.8%) and 2,292 women (63.1%); 1,550 were the only child in the family (42.68%) and 2,082 were not the only child in the family (57.32%); 1,823 urban residents (50.19%) and 1,809 rural residents (49.81%). After screening, the average age of the students was 18.92 ± 0.50 years. This experiment was approved by the Ethics Committee of Southwest University (Approval No.: SWH202011281421), and all participants signed an informed consent form before the experiment.



2.2 Methods
 
2.2.1 Negative emotion scale

The Chinese version of the Depression Anxiety Stress Scales (DASS-21) was originally developed by Lovibond et al. (22) and has since been translated into multiple languages. It is now widely used in China and has proven to be effective in measuring levels of negative emotions and its various dimensions. The Chinese version of the DASS has good reliability and validity, with the internal consistency coefficients (Cronbach's alpha) for the depression, anxiety, and stress subscales being 0.83, 0.80, and 0.82, respectively, and 0.92 for the total DASS score (23–25). The scale consists of three dimensions: anxiety, depression, and stress. Each of them have seven items, making it a total of 21 items. The questionnaire adopts a four-point scoring: “0” represents “never;” “1” represents “sometimes;” “2” represents “often;” and “3” represents “almost always.” The higher the scale score, the more serious the negative emotions. The scoring criteria are as follows: for the depression dimension, 0–9 is “normal;” 10–13 is “mild;” 14–20 is “moderate;” 21–27 is “severe;” and 28+ is “extremely severe;” for the anxiety dimension, 0–7 is “normal;” 8–9 is “mild;” 10–14 is “moderate;” 15–19 is “severe,” and 20+ is “extremely severe;” for the stress dimension, 0–14 is “normal;” 15–18 is “mild;” 19–25 is “moderate;” 26–33 is “severe;” and 34+ is “extremely severe.” In this study, the Cronbach's α-values of the two tests were 0.895 and 0.935, respectively.



2.2.2 Health promotion behavior scale

The Health-Promoting Lifestyle Profile II (HPLP-II) scale was developed by Walker et al. (26), based on Pender's Health Promotion Model, and is designed to effectively measure health-promoting behaviors and their various dimensions. The Chinese version of the HPLP-II has demonstrated good reliability and validity and has been widely used for evaluating the lifestyle of university students. The Cronbach's alpha coefficients for the subscales of the questionnaire are as follows: self-actualization (0.904), health responsibility (0.814), physical activity (0.809), nutrition (0.757), interpersonal support (0.800), stress management (0.702), and for the overall Health-Promoting Lifestyle Profile (HPLP) (0.922) (26–28). The scale was a relatively mature health behavior assessment instrument at home and abroad, including self-actualization (nine items), health responsibility (nine items), physical activity (eight items), nutrition (nine items), interpersonal relations (nine items), and stress management (eight items), making it a total of 52 items. The Likert four-level scoring method (1 = never, 2 = sometimes, 3 = often, 4 = routinely) is adopted for this measure, with scores ranging from 52 to 208. The scoring is done as follows: “poor” for a score of 52–90, “general” for a score of 91–129, “good” for a score of 130–168 for, and “excellent” for a score of 169–208 for. Higher scores represented higher levels of health behavior, and each dimension within the scale could be employed independently of the other dimensions. In this study, the Cronbach's α values of the two tests were 0.932 and 0.955, respectively.




2.3 Statistical processing

Statistical data analysis was conducted using SPSS 25.0 and Amos 24.0 software. Initially, the data was subjected to a normality test and a common method bias test. Subsequently, a one-way analysis of variance (ANOVA) was utilized to examine if there were differences in the levels of negative emotions and health-promoting behaviors between the two measurement points. The effect size, variance among groups, and significance level were represented by ηp2, F, and p-values, respectively. Additionally, correlation analysis was employed to investigate the relationship between negative emotions and health-promoting behaviors across the different time points.

A structural equation model was constructed using Amos24.0 to analyze and verify the cross-lagged model. The χ2 statistical index and the root mean square error of approximation (RMSEA) were utilized as the absolute fitting measures. Incremental fit index (IFI), Tucker–Lewis index (TLI), and goodness of fit index (GFI) were used as incremental fit indexes. χ2/df < 5, RMSEA < 0.08, IFI, TLI, and GFI values > 0.9 indicated that the model fitted well. Finally, a generalized linear regression model was established with depression, anxiety, and stress symptoms as the dependent variables and health behavior factors significantly related to one or more symptoms as independent variables. The data were presented in the form of mean plus or minus standard deviation (M ± SD). The significance level of statistical analysis was set as p < 0.05 for statistical difference, p < 0.01 for significant statistical difference, and p < 0.001 for the extremely significant statistical difference.




3 Results


3.1 Sample randomization test and common method bias

Due to the use of questionnaire surveys to assess the levels of negative emotions and health-promoting behaviors among college freshmen, the selected sample may have errors compared to the original sample. Therefore, through the analysis and testing of the sample, it was found that there were no significant differences between the selected sample and the original sample in terms of the levels of negative emotions and health-promoting behaviors, as well as their demographic factors (P > 0.05). As this study adopted self-reported data, there may be common method bias. This study took advantage of confirmatory factor analysis in Amos to test the common method bias of all self-evaluation items. The results showed that the model fitting was poor (χ2/df = 407.03, CFI = 0.441, GFI = 0.424, AGFI = 0.270, NFI = 0.440, RMSEA = 0.263). The original model was χ2/df = 43.78, CFI = 0.943, GFI = 0.884, AGFI = 0.848, NFI = 0.942, RMSEA = 0.085, so there was no common method bias in the study.



3.2 Correlation analysis of negative emotions and health behavior among college students

Correlation analysis between negative emotions and health-promoting behaviors across the two measurements is presented in Table 1. The results of the two measurements indicated that health-promoting behaviors and negative emotions were correlated with each other. The correlation for negative emotions was significant with r = 0.316 (p < 0.001), and for health-promoting behaviors, it was also significant, with r = 0.295 (p < 0.001). Health-promoting behaviors were negatively correlated with negative emotions, with significant correlations at T1 and T2 for negative emotions and health behaviors at r = −0.032 (p < 0.001) and r = −0.371 (p < 0.001), respectively. The correlation between negative emotions at T1 and health-promoting behaviors at T2 was significant at r = −0.108 (p < 0.001), and the correlation between negative emotions at T2 and health-promoting behaviors at T1 was significant at r = −0.136 (p < 0.001). The correlation between negative emotions and health behaviors was significant, meeting the prerequisite conditions for cross-lagged analysis.


TABLE 1 Correlation analysis of negative emotions and health behavior.
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3.3 Differences in negative emotions and health behavior among college students at T1 and T2

In this study, negative emotions and three dimensions, health behavior and six dimensions, and gender were used as dependent variables, and measurement time T1 and T2 were used as the factors. One-way analysis of variance was performed on the data at two measurement time points. The results showed that the total scores of negative emotions (F = 21.18, P < 0.001), anxiety (F = 43.13, P < 0.001), depression (F = 31.68, P < 0.001), stress (F = 33.91, P < 0.001), health promotion behavior (F = 14.36, P < 0.001), self-realization (F = 13.64, P < 0.001), physical activity (F = 14.64, P < 0.001), nutrition (F = 13.84, P < 0.001), interpersonal relations (F = 13.61, P < 0.001), stress management (F = 19.11, P < 0.001), and health responsibility (F = 5.43, P < 0.001) had significant main effects on time (see Table 2). The above results indicated that college students showed distinct differences in their total and individual dimension scores of negative emotions and health behavior in both tests during the pandemic period when controls were in place. Specific analysis of each dimension showed a significant improvement in overall negative emotions (Δ = −1.02) over time and a sharp decrease in both anxiety (Δ = −1.12) and stress (Δ = −0.1), but an increasing tendency for depression instead (Δ = 0.18). The overall health behavior (Δ = −1.31) decreased significantly, with noteworthy decreases in the dimensions of self-actualization (Δ = −0.98), interpersonal relations (−0.97), and stress management (−0.09) and an increasing trend in the dimensions of nutrition (Δ = 0.03) and health responsibility (Δ = 0.72).


TABLE 2 One-way ANOVA (M ± SD) analysis for each dimension of negative emotions and health behavior.
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3.4 The relationship between negative emotions and health behavior

After establishing a significant correlation between negative emotions and health behaviors, this study used a cross-lagged model to analyze the data from two assessments within a year, examining if there is a bidirectional effect between negative emotions and health-promoting behaviors. The model was constructed using the three dimensions of negative emotions—stress, depression, and anxiety—and the six dimensions of the health-promoting behaviors scale—stress management, nutrition, exercise, self-actualization, interpersonal relationships, and health responsibility—as manifest variables. Before conducting the cross-lagged panel model analysis, autoregressive and single cross-lagged models were established to verify the stability of the cross-lagged model. Specific path coefficients and their significance are shown in Table 3, and all paths' fit indices met the standards (χ2/df < 5, RMSEA < 0.08, IFI, TLI, and GFI values > 0.9). After validating the autoregressive and single cross-lagged models, a double cross-lagged model was established. The specific model is shown in Figure 1. To simplify the model, latent variable residuals and predictive paths between latent variables are not displayed in the figure. The model was constructed using Amos 24.0 and examined for fit using maximum likelihood estimation. The results indicated that the fit indices for each indicator were good (χ2/df = 4.010, CFI = 0.995, NFI = 0.993, TLI = 0.991, RFI = 0.989, RMSEA = 0.023). From the cross-lagged path diagram, it can be seen that the autoregressive coefficients for negative emotions and health-promoting behaviors at the two measurement time points were stable and highly significant, with β = 0.43 (P < 0.001) and β = 0.36 (P < 0.001), respectively. At both T1 (β = −0.04, P < 0.05) and T2 (β = −0.30, P < 0.001) time points, there was a negative correlation between negative emotions and health-promoting behaviors. After controlling for the autoregression of negative emotions and health behaviors, as well as the correlation between the two variables at the same measurement time point, the results showed that negative emotions measured at T1 significantly negatively predicted health-promoting behaviors at T2 (β = −0.11, P < 0.01). Similarly, health-promoting behaviors measured at T1 significantly negatively predicted negative emotions at T2 (β = −0.12, P < 0.001). The results indicate that there is a mutual negative influence between negative emotions and health-promoting behaviors.


TABLE 3 Overview of the standardized stability and cross-lagged coefficients.
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FIGURE 1
 The cross-lagged analysis of negative emotions and health behavior. *P < 0.05, **P < 0.01, ***P < 0.001.




3.5 Protective factors for college students to reduce negative emotions

As indicated in Table 4, generalized linear regression analysis was performed after including demographic factors such as gender, age, place of household registration, and being the only child as covariates. This analysis aimed to assess the impact of the subdimensions of health-promoting behaviors (self-actualization, health responsibility, exercise, nutrition, interpersonal relations, and stress management) on the levels of anxiety, depression, and stress among college freshmen. The results indicated that stress management, self-actualization, and health responsibility all had a negative effect on the stress and anxiety levels of college freshmen, while interpersonal relations had a positive effect on these levels. Specifically, higher levels of stress management (β = −0.104, P < 0.05; β = −0.087, P < 0.05), self-actualization (β = −0.282, P < 0.01; β = −0.260, P < 0.05), and health responsibility (β = −0.057, P < 0.05; β = −0.088, P < 0.05) were associated with lower levels of stress and anxiety among college freshmen. On the other hand, a higher level of interpersonal relations (β = 0.068, P < 0.01; β = 0.138, P < 0.05) was associated with higher levels of stress and anxiety. Furthermore, self-actualization was found to negatively impact the depression levels of college freshmen. In contrast, exercise, nutrition, and interpersonal relations were found to positively affect these levels. Specifically, higher self-actualization scores (β = −0.437, P < 0.001) were associated with lower levels of depression among college freshmen. Conversely, higher levels of exercise (β = 0.048, P < 0.001), nutrition (β = 0.044, P < 0.001), and interpersonal relations (β = 0.065, P < 0.001) were associated with higher levels of depression. In summary, stress management, self-actualization, health responsibility, and interpersonal relations are important predictive factors affecting the stress and anxiety levels of college freshmen, while self-actualization, exercise, nutrition, and interpersonal relations are important protective factors influencing their depression levels. Additionally, the results for demographic covariates indicated that gender, place of household registration, and whether one is the only child are also major factors influencing the stress, anxiety, and depression levels of college freshmen.


TABLE 4 Generalized linear model analysis of negative emotions and health behavior.
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4 Discussion

This study examined the longitudinal predictive relationship between negative emotions and health-promoting behaviors among college freshmen, as well as the cross-sectional impact of health-promoting behaviors and demographic factors on negative emotions, by employing cross-lagged and generalized linear models. The main findings revealed that over the course of 7 months, there were significant changes in the levels of negative emotions and health-promoting behaviors and their subdimensions. Specifically, the assessed levels of negative emotions and their anxiety dimension, as well as health-promoting behaviors and their subdimensions of self-actualization, interpersonal relationships, and stress management, significantly decreased. The results of the cross-lagged model indicated that there is a negative longitudinal bidirectional relationship between college freshmen's negative emotions and their levels of health-promoting behaviors. The generalized linear regression results demonstrated that within health-promoting behaviors, stress management, self-actualization, health responsibility, and interpersonal relations, as well as demographic factors such as gender, place of household registration, and whether one is the only child, are all significant predictive factors for stress and anxiety in college freshmen. Furthermore, self-actualization, exercise, nutrition, interpersonal relations, and demographic factors such as gender, place of household registration, and only-child status are also significant protective factors against depression in college freshmen.

Our research found that there were significant differences in the levels of negative emotions and health-promoting behaviors, as well as their subdimensions, among college students at T1 and T2, with both levels decreasing over time. It should be noted that as time progresses, one of the potential factors contributing to the reduction in negative emotions among college freshmen could be their growing familiarity with college life. However, this is not the only influencing factor, as during this period, no interventions were conducted on the participants. The analysis was based on the assessment of the levels of health behavior factors. Therefore, it is likely that other exposure factors, such as sleep quality, could have an impact on negative emotions. It is important to note that the complexity of human emotions and behaviors is influenced by a multifaceted array of factors, not just those measured or observed in a given study. During the second measurement of negative emotions among college freshmen, it was observed that only the level of depressive emotions showed a significant increase. This suggests that within the spectrum of negative emotions experienced by college freshmen, particular attention should be paid to the level of depression. The inference drawn from the second assessment of college freshmen suggests that the increase in the level of depression may be associated with a decrease in the levels of interpersonal relations, self-actualization, and stress management. This implies that these factors could potentially be key areas for intervention to mitigate depression among college students. To further explore the factors influencing the level of depressive emotions, this study also conducted a related analysis using generalized linear regression. The research found that self-actualization, exercise, nutrition, interpersonal relations, gender, place of household registration, and whether one is the only child are all significant protective factors against depression in college freshmen. This substantiates the previous inference and aligns with existing research, indicating that the level of depression among college students is associated with communication with peers and teachers, setting goals for self-actualization (29, 30), and self-management of academic stress (31–33). This suggests that, compared to other negative emotions and mental health issues (such as anxiety and stress) experienced by college freshmen, depression appears to be a more severe issue and requires more attention. Concurrently, the results from the correlational analysis revealed a significant negative relationship between negative emotions and the level of health-promoting behaviors. This finding is consistent with the majority of results from previous studies (34–36), which indicate that certain health behaviors (such as exercise and nutrition) are negatively correlated with negative emotions. This suggests that engaging in healthy behaviors can potentially reduce the occurrence or intensity of negative emotions such as depression, anxiety, and stress among college students.

In previous research, studies investigating the impact of health-promoting behaviors on the levels of negative emotions among college students have been relatively scarce. To further explore the longitudinal predictive relationship between these two major factors, a cross-lagged model was employed for analysis. The results showed that there is a bidirectional negative predictive relationship between negative emotions and health-promoting behaviors in college freshmen. This is consistent with the findings from researchers like Liu et al., Cao et al., and Zhang et al. (9, 36, 37). They found that higher levels of self-efficacy, physical activity, and self-control contribute to reducing the accumulation of negative emotions such as depression, releasing stress, and stabilizing mood. In addition, our study identified important protective factors for improving stress, depression, and anxiety, providing significant evidence for predicting mental health levels in college freshmen. The research has revealed that if negative emotions among current college freshmen are not alleviated and addressed in a timely manner, they will continue to accumulate, leading to a reduction in health-promoting behaviors, which in turn can cause a further accumulation of more severe negative emotions. However, since an increase in health-promoting behaviors can improve negative emotions in college freshmen, maintaining a certain level of such behaviors can serve as a preventative measure against emotional outbursts and reduce the buildup of negative emotions. In fact, there have been studies based on the health promotion model that explain the connection with negative emotions, suggesting that when people engage in behaviors that are detrimental to their health, it could lead to the onset of psychological issues, while the converse could contribute to the improvement of such issues (30, 38, 39). Building on this theoretical foundation, our study explored the relationship between the psychology and daily behaviors (health-promoting behaviors) of college freshmen and further analyzed the protective factors against negative emotions.

Through the analysis using a generalized linear regression model, it was observed that within the subdimensions of health-promoting behaviors, lower levels of stress management, self-actualization, and health responsibility behaviors were associated with higher levels of stress and anxiety. Conversely, an increase in interpersonal relationship behaviors was found to help reduce stress and anxiety. In the study of depression, it was observed that more self-actualization behaviors could increase depressive emotions. However, an increase in nutrition, exercise, and interpersonal relationship behaviors could effectively reduce depression. This is similar to previous studies which suggested that adequate nutrition, exercise, and interpersonal relationships are one of the effective ways to improve and protect students' mental health (16, 36). However, the difference lies in that these studies seemed to focus only on individual factors, such as the impact of physical activity, diet, or mindfulness, with only a few discussing the interactive effects of these factors on negative emotions. Among demographic factors, gender, household registration location (urban vs. rural), and whether an individual is the only child were identified as significant factors affecting negative emotions, with large regression coefficients. This is consistent with existing research which indicates that being women, from a rural area, and not being the only child can lead to higher levels of negative emotions (12, 40, 41).

In summary, this study analyzed the negative predictive relationship between negative emotions and health-promoting behaviors among college freshmen through both longitudinal and cross-sectional research. It also delved into the effects of subdimensions of health-promoting behaviors and demographic factors on the stress, anxiety, and depression experienced by college freshmen. This research has practical significance for the prevention and improvement of negative emotions among college students. At the school and societal levels, the role of healthy behaviors in moderating the emotions of college freshmen can be further emphasized to help students understand the practical importance of health-promoting behaviors, encouraging and monitoring the increase of such behaviors to alleviate negative emotions and prevent significant public safety issues. From a government macro-control perspective, reducing the rural–urban divide, advocating for gender equality, and liberalizing birth policies may help to reduce levels of stress, anxiety, and depression among the college student population.



5 Advantages and limitations

This study assessed the health-promoting behaviors and levels of negative emotions among college freshmen using the Health-Promoting Lifestyle Profile II (HPLP-II) and Depression Anxiety Stress Scales (DASS-21) scales. A cross-lagged model was employed to explore the impact of health-promoting behaviors and their subdimensions on negative emotions. Additionally, a generalized linear model was used to investigate the protective factors of health-promoting behaviors and their subdimensions against negative emotions. The goal was to identify predictive factors of daily health behavior suitable for reducing negative emotions and alleviating mental health issues among college freshmen. These findings play an important role in protecting and preventing psychological health issues in this population.

In addition to its strengths, this study also has some limitations. For instance, while health-promoting behaviors encompass most aspects of college freshmen's lives, and we have accounted for the regression impact of demographic variables on negative emotions through covariates, it is important to acknowledge that there are many other exposure factors that may affect negative emotions. These include family stress, financial pressure, friendly relationships between the sexes, and even factors such as weather, all of which require extensive research to infer and analyze their impact on negative emotions. Secondly, this study only included two time points, and the 7-month period may not be representative of the entire academic life of 1st-year college students (although this possibility is small). Future studies could consider including more measurement time points and shorter intervals, which would likely reduce research errors. Finally, the sample of over 3,000 students in this study may not be perfectly representative of the national population, which could introduce a certain degree of error in terms of representativeness. Based on this, future research will require more studies from different regions to validate these results.



6 Conclusions

College freshmen's negative emotions and health-promoting behaviors are significantly negatively correlated. The longitudinal analysis indicates that initial negative emotions and health-promoting behaviors can significantly negatively predict subsequent levels of negative emotions. Within health-promoting behaviors, stress management, self-actualization, health responsibility, and interpersonal relationship dimensions are significant protective factors against stress and anxiety. Self-actualization, exercise, nutrition, and interpersonal relationships are significant protective factors against depressive emotions. Gender, household registration location, and whether one is the only child are significant factors affecting the negative emotions of college freshmen.
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