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Healthy lifestyle moderates the association between recent negative life events and depressive symptoms: a cross-sectional study
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Background: Both recent negative life events (RNLEs) and lifestyle factors were associated with depressive symptoms, but it is unclear whether adopting a healthy lifestyle can mitigate the association between RNLEs and depressive symptoms. We aim to explore the modifying role of adopting a healthy lifestyle in the association between RNLEs and depressive symptoms.

Method: A cross-sectional study was conducted among 4,278 participants aged 18–70 years. RNLEs includes 12 common negative life events that have occurred in the past year, and were classified as low RNLEs (0 RNLEs), intermediate RNLEs (1–5 RNLEs), and high RNLEs (6–12 RNLEs). A healthy lifestyle score in adulthood was constructed as the sum of five modifiable lifestyle factors (i.e., smoking status, drinking status, regular physical activity, sleep duration, and living alone), and was classified as unfavorable [0–2 points], intermediate [3 points], and favorable [4–5 points] groups. Depressive symptoms were assessed using the 9-item Patient Health Questionnaire. A cut-off value of ≥5 was used to identify participants with depressive symptoms.

Results: A total of 1,366 (31.9%) participants had depressive symptoms. Individuals with high RNLEs had a higher likelihood of depressive symptoms (odds ratio [OR] = 8.30, 95% confidence interval [95%CI]: 6.72–10.33, p < 0.001) compared to those with low RNLEs. The prevalence of depressive symptoms decreased with the adoption of more favorable lifestyle categories, with the lowest likelihood observed among individuals with a favorable lifestyle (0.35 [0.30–0.41]). The overall lifestyle was observed as significant moderating role on the association between RNLEs and depressive symptoms (OR, 95%CI: 0.61 [0.40–0.95]).

Conclusion: In this cross-sectional study, healthy lifestyle act as a moderating role and adopting a greater number of healthy lifestyles was associated with a lower likelihood of depressive symptoms, and mitigated the association between RNLEs and depressive symptoms.
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Introduction

Depression is a prevalent mental disorder, affecting approximately 280 million individuals globally, with an annual increase in prevalence. The World Health Organization (WHO) has forecast that by 2030, depression will become the leading cause of global disease burden (1, 2). In China, the National Mental Health Survey indicates that the lifetime prevalence of depression among adults is 3.4%. Currently, there are approximately 95 million people suffering from depression in China, and approximately 280,000 suicides occur each year, with 40% of these individuals having depression (3). If left unaddressed, symptoms of depression, which are often considered a subhealth condition, can escalate into full-blown depression, posing significant threats to both mental and physical health (4).

Previous research has indicated that recent negative life events (RNLEs), such as loss of relatives, physical health problems, and financial troubles, functioning as a stressor, are a significant risk factor for depression (5–9). Importantly, unlike modifiable factors such as lifestyle, RNLEs, once occurred, are unmodifiable risk factors for depression, and their impacts may persist over a lifetime. Therefore, it is necessary to identify factors that could effectively mitigate the adverse influence of RNLEs on depression among adults.

Potential protective factors in the development process of depression have been extensively studied, and healthy lifestyle, such as regular physical activities and enough sleep duration, has received particular attention (10–12). Previous observational and intervention studies that have demonstrated that adherence to a healthy lifestyle is associated with a decreased risk of developing depression. Depression is often accompanied by over-activation of the HPA axis, leading to elevated cortisol levels (13). Chronic high cortisol levels are strongly associated with mood disorders. RNLEs can activate the HPA axis (14–16), and healthy lifestyles, such as physical exercise, can help regulate the function of the HPA axis and reduce the stress response (17). Physical exercise can promote neuroplasticity, improve mood through endorphin release, and regulate the immune system, all of which can counterbalance the negative effects of chronic HPA axis activation. Additionally, sufficient sleep and other positive lifestyle behaviors can further contribute to the stabilization of the HPA axis (18–20), reducing the long-term psychological and physiological consequences of stress exposure. In order to better intervene or reduce this association, it may be better to find a moderating variable that allows people to act on their own, and lifestyle is such a moderating variable, which is more practical. However, limited research has been conducted in this area (21). Besides, previous studies tended to use single variables to represent individual lifestyle levels, which only partially reflect overall lifestyle (22). However, lifestyle factors are interrelated, and few studies have built a healthy lifestyle score to reflect overall lifestyle and to evaluate its impact on the RNLEs in mental health.

To address these gaps in knowledge, we aimed to investigate whether a healthier overall lifestyle could mitigate the likelihood of depressive symptoms among those with RNLEs.



Methods


Study design and participants

This cross-sectional study was conducted in Guangdong Province, China, covering two distinct regions: Nanshan District (urban area) of Shenzhen City and Wengyuan County (rural area) of Shaoguan City. The study utilized baseline data from an ongoing longitudinal prospective cohort study of community-dwelling residents in mainland China. The recruitment process involved selecting adults aged 18 to 70 years from communities in both regions using a convenience sampling method. The personal information of the participants remained confidential all throughout the study. Because our data collection comprised only a single wave of baseline observations, a cross-sectional design was the only feasible approach and allowed us to estimate the prevalence of recent negative life events and depressive symptoms and examine their associations across subpopulations at one point in time.

The initial sample included 5,219 adults, of which 4,970 adults participated in the survey. At last, 4278 adults completed the whole set of questionnaires. The sample consists 2,588 (60.5%) female and 1,690 (39.5%) male adults. The age range was 18–70 years (Mean, 48.95; SD, 13.57).



Assessment of depressive symptoms

Depressive symptoms were measured using the nine-item Patient Health Questionnaire (PHQ-9), ranging from 0 to 27. The PHQ-9 for the Chinese version has good internal consistency, reliability, and validity, with a Cronbach’s 0.91 (23). Various ratings describe the severity of depression symptoms, with 0–4 indicating no symptoms, 5–9 indicating mild symptoms, 10–14 indicating moderate symptoms, and 15–27 indicating severe symptoms (24). For this study, we focused on depressive symptoms rather than the disease, and considering that above 5 is the criterion for determining the presence of depressive symptoms, we set 5 as the cut-off score in this study (24). We separated the participants into two groups, with those scoring 0–4 as having no depression symptoms and those scoring 5 and above as having more than mild depressive symptoms.



Assessment of recent negative life events

Participants reported whether or not they had experienced the following 12 recent negative life events over the past year: excessive fatigue (work, study, or daily life), death of a close family member (spouse or close relatives), family discord or marital problems (serious conflicts, separation, divorce, heartbreak, or difficulty in finding a partner), career changes (retirement, resignation, job transfer, transfer, or dropping out), economic difficulties (debt, losses, and theft), difficulties in career or study, troubles in relationships (superiors, colleagues, and neighbors), issues related to the future of children (difficulties in education, employment, or marriage), poor living environment (overcrowding, noise, and relocation), serious illness or injury to a close relative, and adverse changes in personal health, involving cases. To facilitate subsequent analysis and interpretation, we categorized RNLEs into three groups based on the number of exposures: “Low RNLEs,” “Intermediate RNLEs,” and “High RNLEs,” corresponding to 0, 1–5 and 6–12 RNLEs, respectively.



Assessment of overall lifestyle

Since multiple lifestyles are interrelated and are associated with depressive symptoms, we constructed an overall lifestyle score including five modifiable lifestyle factors: smoking status, alcohol status, physical activity, sleep duration, and living alone according to previous studies (25, 26). We defined healthy and unhealthy levels for each lifestyle factor. Currently not smoking, currently not drinking, currently not living alone, optimal sleep (7–9 h/night) (27), and regular physical activity (moderate or vigorous physical activity ≥150 min/week) (28)were defined as healthy.

For each lifestyle factor, we assigned 1 point for a healthy level and 0 points for an unhealthy level. Thus, the overall lifestyle score was the sum of the points and ranged between 0 and 5, with higher scores indicating a healthier lifestyle. To balance the sample sizes and increase the statistical power, the overall lifestyle score was further categorized into three groups: unfavorable (0–2 points), intermediate (3 points), and favorable (4–5 points).



Covariates

Covariates were obtained through questionnaires, including age, gender, region, household income, only child, educational level, and marital status. Household income was categorized into less than ¥30,000, ¥30,000 to 79,999, ¥80,000 to 149,999, ¥150,000 to 790,000, and more than ¥800,000. Education was classified into three levels: primary or below, junior or senior, and college or above. Marital status was grouped into single, married, and other status.



Statistics analysis

Descriptive summaries are presented as means and standard deviations for continuous variables and as frequencies and percentages for categorical variables. Differences in each variable based on depressive symptoms (PHQ-9 ≥ 5) were evaluated by two-sample t-tests for continuous variables and Pearson chi-square tests for categorical variables.

Second, logistic regression analysis was used to examine the association of RNLEs and lifestyle with depressive symptoms among adults, and odds ratios (ORs) and 95% CIs for depressive symptoms were estimated. Two analytical models were created with the crude and adjusted models, including all covariates. Third, we assessed the prevalence of depressive symptoms associated with the joint categories of RNLEs (no, intermediate, and high) and overall lifestyle in adulthood (unfavorable, intermediate, and favorable), using the low RNLEs and favorable lifestyle as the reference. Fourth, we compared the associations of adherence to a favorable or intermediate lifestyle in adulthood with the prevalence of depressive symptoms within each RNLEs category. Finally, subgroup analyses were performed according to the age category (18–44 years, 45–59 years, and ≥60 years), gender (women and men), and region (urban and rural).

All statistical analyses were performed using R software (4.3.0). We considered two-sided p-values <0.05 as statistically significant.




Results


Population characteristics

Table 1 shows the characteristics of the study population. Of the 4,278 participants (39.5% men, mean age, 49.0 years) included in the analyses, 1,366 (31.9%) had depressive symptoms. A total of 1,141 (26.7%) participants reported not experiencing RNLEs (low RNLEs), 1724 (40.3%) participants reported experiencing 2–5 types of RNLEs (intermediate NLEs), and 1,413 (33.0%) participants reported experiencing 6 or more types of RNLEs (high RNLEs). Participants with depressive symptoms were more likely to be younger, female, urban, not-only child, single, and with lower household income and lower education level (all p values <0.001). In addition, RNLEs, drinking, smoking, inappropriate sleep duration, living alone, and inadequate physical activity were more prevalent among adults with depressive symptoms (all p values <0.001).



TABLE 1 Demographic characteristics of participants.
[image: Table1]



Associations of RNLEs with depressive symptoms

Figure 1 shows that the prevalence of depressive symptoms increased significantly across three RNLEs categories. Compared with individuals with low RNLEs (Table 2), those with high RNLEs had a higher association with depressive symptoms (OR, 95%CI: 8.30, 6.72–10.33) (Table 2). An increase in the number of RNLEs was more strongly associated with depressive symptoms in a dose–response manner (adjusted for all covariates, all p values for overall association <0.05, Supplementary Figure S1).

[image: Figure 1]

FIGURE 1
 Association of recent negative life events (RNLEs) with the odds of depressive symptoms. Participants were divided into three exposure groups according to the number of recent negative life events (RNLEs) (low [0 RNLEs], intermediate [2–5 RNLEs], high [6 or more RNLEs]). Odds ratio (OR) with 95% confidence interval (CI) for each group was compared with the low RNLEs group. Points represent the ORs, and error bars show the 95% CIs. The model was adjusted for age, gender, region, only child, education level, household income, marital status, and overall lifestyle in adulthood.




TABLE 2 Association of RNLEs and overall lifestyle with depressive symptom.
[image: Table2]



Associations of lifestyle with depressive symptoms

The prevalence of depressive symptoms significantly decreased as the lifestyle category became more favorable (Figure 2). Participants with a favorable lifestyle were less tightly associated with depressive symptoms (0.35, 0.30–0.41). There was also a dose–response association between healthy lifestyle scores and depressive symptoms (adjusted for all covariates, p values <0.05 when healthy lifestyle score >1, Supplementary Figure S2).

[image: Figure 2]

FIGURE 2
 Association of overall lifestyle in adulthood with the odds ratio of depressive symptoms. Participants were divided into three groups according to the number of healthy lifestyle factors in adulthood (unfavorable [0–2 point], intermediate [3 points], favorable [4–5 points]). Participants with an unfavorable lifestyle were regarded as the reference group. Points represent the odds ratios, and error bars show the 95% confidence intervals. The model was adjusted for age, gender, region, only child, education level, household income, marital status, and negative life events in adulthood.




Joint analysis of overall lifestyle and RNLEs with depressive symptoms

Supplementary Figure S4 shows the joint associations of overall lifestyle and recent negative life events with depressive symptoms. There was an upward trend in the prevalence of depressive symptoms with higher RNLEs and an increasingly unhealthy lifestyle. The overall lifestyle was observed as significant moderating role on the association between RNLEs and depressive symptoms (OR, 95%CI: 0.61 [0.40–0.95]). There was a significant interaction effect between RNLEs and overall lifestyle on depressive symptoms (p value <0.0001).

Within each stratum of RNLEs (low, intermediate, high), we observed a significant reduction in the proportion of depressive symptoms in participants who adopted a favorable or intermediate lifestyle in adulthood compared to those with an unfavorable lifestyle (Figure 3). In participants with high RNLEs, the association between RNLEs and depressive symptoms dropped by 78% (OR, 95%CI: 0.22 [0.16–0.31]) with a favorable lifestyle compared to those with an unfavorable lifestyle.

[image: Figure 3]

FIGURE 3
 Association between overall lifestyle in adulthood and the odds ratio of depressive symptoms within each recent negative life events (RNLEs) category. Participants with an unfavorable lifestyle were considered as the reference group within each RNLEs category. Points represent the odds ratios, and error bars show the 95% confidence intervals. The model was adjusted for age, gender, region, only child, education level, household income, and marital status.




Subgroup and sensitivity analysis

Subgroup analyses by age, gender, and region were similar to our primary analyses (Supplementary Table S1). The associations of RNLEs and overall lifestyle with depressive symptoms did not materially change when using 10 points as the cut-off of PHQ-9 (Supplementary Table S2).




Discussion


Principal findings

In this cross-sectional study, we found that a healthier lifestyle and fewer recent negative life events were associated with a lower prevalence of depressive symptoms. However, our key finding was that having a favorable lifestyle in adulthood notably decreased the association between depressive symptoms and RNLEs irrespective of the RNLEs exposure category.



Comparison with previous studies

Consistent with our findings, prior studies suggested RNLEs play an important role in the prevalence of depressive symptoms. Individuals with more RNLEs are exposed to more stress, social challenges, and adversity, but have limited approaches to cope with these events, and thus are more likely to suffer from depression (29). Similarly, a meta-analysis of 30 cohort studies with 25,154 college students reported a 16% increased risk of depressive symptoms with RNLEs (30). Another meta-analysis of 11 studies with 31,528 older Chinese adults found RNLEs as significant risk factors (OR, 95%CI: 2.43 [1.87.2.98]). By comparison, our results also show that different types of RNLEs, their aggregate number, and categories were independently associated with an increased risk of depressive symptoms. Moreover, our results highlight the importance of early screening for individuals with RNLEs.

Meta-analysis and systematic analysis have indicated that healthy lifestyles are associated with the alleviation of depressive symptoms (25, 31). A systematic review and meta-analysis of 15 prospective studies including more than 2 million person-years showed an inverse curvilinear association between physical activity and incident depression, with greater differences in risk at lower exposure levels (32). A cross-sectional study comprising 176,794 individuals aged 19 years and over suggest poor sleep quality may contribute to depressive symptoms (33). These results were consistent with our findings. Further, we found that currently no drinking and no smoking were associated with a reduced prevalence of depressive symptoms. Several previous studies have also investigated the association of smoking and alcohol assumption with depression, but the results were inconsistent. For instance, a community-based survey showed that having an alcohol use disorder at least doubles the odds of depressive, anxiety, and other non-substance-use disorders (34). However, a cohort study of 12,686 individuals suggest that moderate alcohol consumption may be associated with a reduced risk of depression (35). A systematic review of 110 original research articles, eight meta-analyses and reviews, and four reports and websites revealed no cause-effect relationship (36). In addition, prior studies have found that living alone is a risk factor for depressive symptoms in both older and younger people. A prospective study of 3,011 older adults in South Korea showed a significant increase in depressive symptoms during the first, second, and third years of living alone compared with living with others (37). According to new U.S. Census Bureau data, younger adults living alone were more likely than older adults living alone to report depressive symptoms (38).

However, limited evidence is available on whether a healthy lifestyle moderates the association between recent negative life events and depressive symptoms among adults. A cohort study of 3,597 adults aged 25 years or older suggested that poor sleep has the ability to compound the effects of recent negative life events (21). Besides, a longitudinal study of 316 adolescents in America presented sleep efficiency as a modulator of stress-related risk (22). Both results support our findings to some extent. Notably, most previous studies focused the single lifestyle factors whereas we included 3 dimensions of overall lifestyle, which would have a more comprehensive assessment. Additionally, our study is the first to show a significant reduction in the association between depressive symptoms and different categories of RNLEs through adopting a healthy lifestyle in adulthood.

Subgroup analyses indicates that, after stratifying by age, gender, and region, a favorable lifestyle continues to attenuate the association between RNLEs and depressive symptoms in both the intermediate and high RNLEs groups. Moreover, this mitigating effect is particularly pronounced among participants under 60 years old, women, and urban residents. These findings indicate that promoting a favorable lifestyle may yield greater benefits for these populations.

These findings reinforce the message of policymakers and healthcare practitioners to promote healthy lifestyles (smoking and drinking cessation, engaging in appropriate physical activity, adequate sleep duration, and avoiding living alone) across the population but also highlight that those with high RNLEs may benefit most.



Strengths and limitations

To our knowledge, this is the first study to investigate the joint association between RNLEs and overall lifestyles with depressive symptoms among adults. In addition, we established overall healthy lifestyle scores and leveled RNLEs to comprehensively evaluate the stratified and joint associations of a healthy lifestyle and negative life events with depressive symptoms. We also conducted a series of sensitivity analyses to show the robustness of the findings and evaluated the moderation within different age, gender, and region groups.

This study has several limitations. First, because data collection was limited to a single baseline wave of cross-sectional observations, we were unable to infer causal relationships. Second, our measures were based on the participants’ self-report, so reporting bias and recall bias was inevitable. Finally, the sample was from Guangdong Province, China, so caution should be exercised when applying results in other regions.




Conclusion

In this cross-sectional study among adults, adopting to a greater number of healthy lifestyles was associated with a lower likelihood of depressive symptoms, and mitigated the association between RNLEs and depressive symptoms. Our findings underscore the potential role of adopting a healthy lifestyle in adulthood for those with RNLEs to reduce their risk of depression.
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