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Introduction: The suicide rate of middle-aged adults has increased rapidly, which is a significant public health concern. A depressed mood and suicidal ideation are significant risk factors for suicide, and non-pharmacological interventions such as exercise therapy have been suggested as potential treatments. Walking is a feasible and accessible form of exercise therapy for middle-aged adults.

Methods: We conducted a study based on the Seventh Korea National Health and Nutrition Examination Survey (2016–2018) data of 6,886 general middle-aged adults in South Korea to investigate the relationships of walking exercise with depressed mood and suicidal ideation. Multiple logistic regression analysis was used to adjust for confounding variables. Sampling weights were applied to obtain estimates for the general Korean population.

Results: Participants who walked ≥5 days per week had a significantly lower odds ratio (OR) for depressed mood [OR = 0.625, 95% confidence interval (CI): 0.424–0.921, p = 0.018] and suicidal ideation (OR = 0.252, 95% CI: 0.125–0.507, p < 0.001) compared to those who never walked, regardless of the duration of exercise. The same results were obtained for males after stratifying the data by sex and suicidal ideation was associated with walking in females.

Conclusion: Regular walking exercise was associated with diminished mental health problems in middle-aged adults. Light walks may serve as a useful starting point for patients with serious mental health issues, such as suicidal ideation.
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Introduction

Suicide is a leading cause of death worldwide, accounting for more than 700,000 deaths annually (1). A large amount of resources is being invested in suicide prevention and many approaches are being studied. Among the OECD countries, South Korea has had the highest suicide rate, and the government has been researching policies to address this issue (2). However, suicide rates remain high. Suicide is an important public health issue in all age groups, but the severity of the problem is particularly increasing in the middle-aged population. The suicide rate of middle-aged adults in the United States has increased by >40% over the past 20 years, whereas there has been little change in other age groups (3). A similar trend in suicide rates has also been observed in South Korea (4). Middle age is a crucial period in terms of professional career and an important point of transition from youth to older age. Thus, the increasing suicide rate among middle-aged adults is an important public health issue.

Many studies have focused on identifying the risk factors for suicide with the goal of facilitating prevention. Depression has been extensively researched as a risk factor contributing to suicidal ideation and behavior, and is consistently included in suicide risk assessments and guidelines (5, 6). Suicidal behavior is a symptom of depression, and depression is the most common mental illness in patients who exhibit suicidal behavior (7). Accordingly, research is being conducted on pharmacological and non-pharmacological treatments for managing depression, as a risk factor for suicidal behavior, and for managing suicidal ideation, which is directly associated with suicidal attempts/death (8). Exercise is an alternative treatment option (9, 10) but regular and intense exercise therapy is burdensome for most patients. Walking is a form of exercise that imposes a smaller burden on patients. Growing evidence suggests beneficial effects of walking on mental health conditions such as depression, anxiety, and psychological stress (11). However, information regarding the duration of walking that provides beneficial effects is lacking. A study on the association between walking and suicidal ideation was limited to a subset of cancer patients (12). Additionally, no results applicable to middle-aged adults were reported.

The current study aimed to examine the associations of walking exercise with depressed mood and suicidal ideation in middle-aged individuals in South Korea. We also investigated whether the effects of walking on depressed mood and suicidal ideation vary by walking duration. To our knowledge, this is the first study to examine the effects of walking on depressed mood and suicidal ideation in a general middle-aged population.



Methods


Study design and participants

In this nationwide cross-sectional study, information was collected from the Korean National Health and Nutrition Examination Survey (KNHANES), which is a survey that has been carried out by the Korean Centers for Disease Control and Prevention (KCDC) since 1998 (13). The KNHANES is a national cross-sectional survey that obtains information on health behavior via interviews, self-report measures, a physical examination, and a nutritional survey. A stratified, multistage probability sampling design was employed using household registries; sampling units were based on geographical area, sex, and age. Approximately 10,000 independent samples were obtained annually from 192 primary sampling units PSUs. Each PSU comprises Korean residential addresses, which are included based on the administrative district and housing type.

This study concentrated on participants aged 40–60 years who participated in the Seventh KNHANES (2016–2018). The exclusion criteria were failure to complete the depressed mood and suicidal ideation questionnaire or walking activity questionnaire.



Definition of walking activity

We defined walking activity in our study as walking for >10 min continuously per week, using the criteria from the International Physical Activity Questionnaire-short form (IPAQ) (14). We tried to find out the effect of the exercise more clearly by setting the minimum walking time as the criterion. Also, a supplementary analysis was conducted for 30 min of walking (15). Participants were asked to report how many days per week they engaged in walking, including commuting, going to school, and during exercise. The response options were as follows (1): no walking (2), 1–2 days per week (3), 3–4 days per week, and (4) ≥ 5 days per week (16, 17). Participants who reported walking were then asked to indicate the typical duration thereof. Then, we calculated the total weekly walking duration by multiplying the walking activity per week by the duration of each walking occasion.



Definitions of depressed mood and suicidal ideation

To evaluate depressed mood, participants were asked if they had consistently felt sadness or despair that interfered their everyday life for ≥2 weeks in the past year. The response options were “yes” and “no” (18). Suicidal ideation was assessed by asking participants if they had seriously considered suicide in the past year; the response options were again “yes” and “no” (19).



Potential mediators and confounders

Demographic characteristics, socioeconomic status, medical history, and lifestyle habits data collected during the health interview and physical examination were analyzed. Body mass index (BMI) was calculated by dividing weight by height squared. All participants were categorized as nonsmokers, ex-smokers, or current smokers. Alcohol consumption was classified as none, ≤ 1 drink/month, 2 drinks/month to 3 drinks/week, or ≥ 4 drinks/week. Education level was categorized as elementary school, middle school, high school, or college/university. Occupation was classified as unemployed, simple labor (e.g., technician or low-level laborer), agriculture, fisheries, sales and services, or office worker (20). Household income level was divided into quartiles. Marital status was categorized as single, married, or separated/divorced/widowed. Sleep duration was obtained by asking the participants “How many hours do you sleep each day?” The participants were also evaluated for the presence of major comorbidities including hypertension, diabetes, dyslipidemia, stroke, ischemic heart disease (myocardial infarction, and angina), asthma, and malignant tumors (lung, stomach, liver, colon, breast, uterine, or cervical).



Statistical analysis

The chi-square test was used to compare categorical variables, while Student’s t-test was used to compare continuous variables. We used logistic regression analysis to calculate the odds ratios (ORs) and 95% confidence intervals (CIs). We adjusted for explanatory variables including age, sex, smoking status, alcohol consumption, educational level, household income, marital status, occupation, sleep duration, and comorbidities that can affect depressed mood and suicidal ideation. Subgroup analysis was performed according to sex (male or female). As the KNHANES data comprises complex survey data, complex sample analysis was performed. Population weights were applied to ensure that the data were representative of the entire Korean population. The statistical analysis was carried out using IBM SPSS Statistics for Windows software (version 26.0; IBM Corp., Armonk, NY, United States). A two-tailed value of p <0.05 was considered significant.



Ethics statement

The Institutional Review Board of the KCDC approved the KNHANES VII (approval no. 2018-01-03-P-A), and all participants provided informed consent. This study followed the principles of the Declaration of Helsinki and complied with relevant guidelines and regulations.




Results

In total, 24,269 people participated in the KNHANES during the study period, including 7,600 middle-aged participants (40–60 years old). After excluding people who did not complete the depressed mood and suicidal ideation survey (323 people) or walking activity survey (391 people), we analyzed the data of 6,886 people (Figure 1).
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FIGURE 1
 Flow chart of the study. KNHANES, Korea National Health and Nutrition Examination Survey.



Baseline characteristics of the participants according to the number of walking days

The 6,886 participants were divided into those who never walked (1,279; 18.6%), those who walked 1–2 times per week (1,261; 18.3%), those who walked 3–4 times per week (1,384; 20.1%), and those who walked >5 times per week (2,962; 43%). The mean walking durations per session of these four groups were 0, 56.3, 53.6, and 66.2 min, and the mean weekly walking durations were 0, 144.2, 234.7, and 491.1 min, respectively. The participants’ demographic and characteristics are listed in Table 1. Sex, smoking status, education level, occupation, household income, marital status, sleep duration, and hypertension differed significantly among the four groups. The depressed mood rates also differed significantly among the groups; depressed mood was reported by 60 (4.7%), 37 (2.9%), 38 (2.8%), and 93 (3.1%) participants who never walked, walked on 1–2 times days week, walked on 3–4 days per week, and walked on >5 days per week, respectively (p = 0.02). The number of participants with suicidal ideation also differed significantly among the four groups [29 (2.3%), 17 (1.4%), 13 (0.9%), and 23 (0.8%), respectively, p < 0.001]. The baseline characteristics after population weighting is also presented in Supplementary Table S1.



TABLE 1 Baseline characteristics according to the number of walking days per week.
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Relationships of walking activity with depressed mood and suicidal ideation

The estimated ORs for depressed mood and suicidal ideation derived from the multiple logistic regression analyzes are presented in Table 2. In the crude model, the ORs for depressed mood in the 1–2 days per week, 3–4 days per week, and ≥ 5 days per week groups were lower than the ORs of the group who never walked [0.608 (95% CI: 0.378–0.977, p = 0.04), 0.615 (95% CI: 0.4–0.946, p = 0.027), and 0.556 (95% CI: 0.393–0.786, p = 0.001), respectively]. Compared with the participants who never walked, those who walked 3–4 days per week and ≥ 5 days per week had lower ORs (0.483, 95% CI: 0.247–0.948, p = 0.034, and 0.335, 95% CI: 0.194–0.578, p < 0.001, respectively) for suicidal ideation. Walking duration per session and weekly walking duration were not associated with a depressed mood or suicidal ideation. In the adjusted model, participants who walked on ≥5 days per week had significantly lower ORs for depressed mood (0.625, 95% CI: 0.424–0.921, p = 0.018) and suicidal ideation (0.252, 95% CI: 0.125–0.507, p < 0.001) compared with participants who never walked (Figure 2). Walking duration per session and weekly walking duration were not associated with depressed mood or suicidal ideation.



TABLE 2 Relationships of walking with depressed mood and suicidal ideation.
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FIGURE 2
 Associations of walking activity with (A) depressed mood and (B) suicidal ideation.




Associations of walking activity with depressed mood and suicidal ideation stratified by sex

We performed a stratified analysis to explore the possible effects of sex. Male participants who walked on ≥5 days per week had a lower risk of a depressed mood (OR = 0.625, 95% CI: 0.424–0.921, p = 0.018) and suicidal ideation (OR = 0.252, 95% CI: 0.125–0.507, p < 0.001) compared with participants who never walked. Female participants walking on >5 days per week had a significantly higher risk of suicidal ideation (OR = 0.269, 95% CI: 0.106–0.667, p = 0.005; Table 3). In a supplementary analysis conducted on 30 min of walking, walking 5 or more times a week was also associated with a lower risk of suicidal ideation (OR 0.315, 95% CI 0.157–0.633; Supplementary Table S2).



TABLE 3 Associations of walking with depressed mood and suicidal ideation stratified by sex.
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Discussion

The results of this nationwide cross-sectional study of 6,886 middle-aged adults in South Korea suggest a beneficial effect of walking on depressed mood and suicidal ideation in this population. Regularly walking (> 5 times per week) was associated with a 40% reduction in depressed mood and a > 70% reduction in suicidal ideation compared to not walking at all among middle-aged adults. Suicidal ideation decreased with a greater number of walking days, though not significant for 1–2 days/week and 3–4 days/week. Depressive mood showed a numerical decrease for 1–2 days/week and 3–4 days/week, although it was not statistically significant. These effects were observed after adjusting for various factors such as age, smoking status, alcohol consumption, education level, occupation, household income, marital status, sleep duration, and comorbidities. Interestingly, the duration of a single exercise occasion and the total exercise time during the week did not modulate the results. In other words, exercising for a long period on one occasion did not have a beneficial effect; benefits were only seen when regularly exercising (> 5 times per week). Thus, it is important walk almost every day, even for a short time. Sex-stratified analysis revealed similar findings for depressed mood and suicidal ideation in men, but only suicidal ideation showed significant association in women.

Our results share some similarities with previous studies on the association between walking and mental health. A study of older females reported that walking for 50 min, 3 times per week, helped reduce depression (21). A meta-analysis of eight randomized controlled trials reported a clinical effect size of −0.86 for walking to treat depression (22). Exercise increases central arousal and releases various neurotransmitters, such as dopamine, epinephrine, norepinephrine, serotonin, and endorphins (23–25). This release of neurotransmitters can improve mood, emotional functioning, and stress reactivity (26). Exercise also upregulates growth factors, such as brain-derived neurotrophic factor, which is associated with depression and suicidal ideation (26–28).

To understand the need for suicide prevention measures in middle-aged adults, it is important to examine the recent rise in suicide rates in this group, including in terms of the potential impact on society. The Great Recession, which occurred in the United States from 2007 to 2009, had a global economic impact, and also affected the mental health of economically active middle-aged individuals (3). Additionally, the rapid growth of South Korea since the 1998 financial crisis, which was aided by the International Monetary Fund, has imposed economic and employment pressure on young and middle-aged individuals (29, 30). Even without these issues, middle-aged individuals often face pressure to achieve in various aspects of life. In Erikson’s original psychosocial stages, middle age is characterized as either generative or stagnated, and recent studies have emphasized the importance of engaging in generative activities during this life stage (31). Middle-aged individuals play important roles in society, contributing to the workplace, parenting, and various community activities (32). Hence, the rising suicide rate among this population is a grave concern; it could potentially impose a major burden on society, thus making it a public health issue.

Previous studies have identified suicidal ideation and depression as significant risk factors for suicide among middle-aged adults (8, 33). Although pharmacotherapy is considered the primary treatment in most cases, non-pharmacological therapy is often used concurrently, or even in preference to pharmacotherapy (due to side effects, poor compliance, and the patient’s health status) (34). Exercise has been proposed as an alternative therapy for depression and suicidal ideation (9, 10). In a previous study, 30 min of walking, 4 times a week for 4 weeks helped to increase the patients’ adaptive coping strategies (15). In line with this, our supplementary analysis also showed that walking of >30 min for more than 5 times a week was associated with a decrease in suicidal ideation. However, an issue with exercise therapy is that patients who are depressed or have suicidal ideation often lack motivation, and the idea of having to start to exercise in earnest can be daunting. Therefore, it is more interesting and encouraging that significant results were obtained with only a short time of exercise of more than 10 min, as in our study. We hope that our results highlight the usefulness of walking and help patients become motivated. Walking is an exercise that requires no equipment and can be easily started in the neighborhood or during commuting hours, thus making it relatively accessible (35). Our findings suggest that regular walking, regardless of duration, has a beneficial effect on middle-aged individuals, and may be especially helpful for those who have various responsibilities at work and home. Walking is a simple way to maintain mental health.

As this study was based on national health data, several points should be considered. First, because the data were not collected specifically for this study, it was difficult to apply data collection strategies commonly used in research (36). Moreover, as this was a cross-sectional study, it was not possible to identify causal relationships. Our interpretation of the results may have been reversed; it could also be that individuals without mood symptoms could walk more. Also, the data on exercise, depressed mood, and suicidal ideation relied on self-report measures; thus, recall bias could have affected the results. Finally, the family type was not included in the adjusted variables, because of the concern of possible multicollinearity with the marital status.

To the best of our knowledge, this is the first study to investigate the associations of walking with depressed mood and suicidal ideation in middle-aged adults. Regardless of the duration of exercise, walking >5 times per week helped reduce depressed mood and suicidal ideation in middle-aged men, and suicidal ideation in middle-aged women. Clinicians could recommend walking as a non-pharmacological approach to reduce patient suicidal ideation. Short walks could serve as a useful starting point for patients with serious mental health issues, such as depressed mood and/or suicidal ideation.



Conclusion

In this nationwide cross-sectional study of middle-aged adults in South Korea, walking  >5 times per week was helpful for mental health, regardless of duration. The study found an association between walking and reduced symptoms of depressed mood and suicidal ideation in middle-aged men, and a significant reduction in suicidal ideation in middle-aged women.
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