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Background: The number of patients suffering from depression is continuously increasing in China. Demographic characteristics, physical health levels, and individual lifestyles/healthy behaviors are associated with the severity of depression. However, the major risk factor for depression remains unclear.

Materials and methods: In this investigation, 16,512 patients were screened using the CHARLS (China Health and Retirement Longitudinal Study) database after being determined to be eligible based on the inclusion criteria. Depressive symptoms were evaluated through the CESD-10 (10-item Center for Epidemiological Studies Depression Scale). Consequently, various models were developed based on potential predictive factors, employing stepwise LR (Logistic Regression)/RF (Random Forests) models to examine the influence and weighting of candidate factors that affect depression.

Results: Gender, residential address location, changes in health status following last interview, physical disabilities, chronic pain, childhood health status, ADL (activity of daily living), and social activity were all revealed to be independent risk factors for depression (p < 0.05) in this study. Depression has a synergic effect (across chronic pain and age groups). In comparison to other factors, RF results showed that chronic pain had a stronger impact on depression.

Conclusion: This preliminary study reveals that chronic pain is a major risk factor for depression.
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Introduction

Depression is estimated to affect 322 million individuals worldwide, or 4.4% of the global population (1). The incidence of depression cases in China reached 90 million in 2020, making it the second-leading cause of human mortality, after cancer, with incidence numbers for depression cases in China reaching 90 million (2).

Depression is a prevalent chronic condition in the majority of the world’s population; it can impair normal functioning, cause depressive thoughts, and have a negative impact on the quality of life. Furthermore, individuals with severe depressive disorder have a higher risk of developing cardiovascular diseases and obtaining inadequate treatments, as well as a higher risk of morbidity and mortality (3, 4). The major risk for depression is determined by both genes and environmental factors (5). Among them, estimations of depression’s heritability based on twin studies are only about 37% (6), which is significantly less than the impact of environmental factors. Epidemiological studies have demonstrated that physical health, the lifestyle of childhood, and various stress events in life increase the incidence of depression in the middle-aged and elderly population (7–9). Due to the lack of nationally representative epidemiological data (including demographic profiling, health status and functioning, lifestyle behaviors, etc.) on depressive disorders in China (10), the main risk factors for depression in the Chinese middle-aged and elderly population are still unclear, much less identifying modifiable risk factors for depression to strategically prevent and intervene depressive disorders.

Most Chinese depression studies in recent years have been based on the CHARLS (CHARLS, China Health and Retirement Longitudinal Study), a large-scale epidemiological survey of nationwide middle-aged and older individuals that have been included in the depression scale since 2015. These studies separately examined the association between specific risk factors (e.g., chronic diseases, obesity, and physical activity) and depressive disorders, but a comprehensive, systematic analysis of the main risk factors for depression among middle-aged and elderly people in China is still lacking (11–13). Thus, major risk factors for depression were thoroughly and systematically investigated using cross-sectional data from CHARLS to identify feasible and efficient methods for reducing the incidence of depressive disorders.



Subjects, materials, and methods


Patients

A total of 16,512 participants with complete demographic information were incorporated from 21,100 cases in the wave three surveys of CHARLS. Participants ranged in age from 20 to 102 years old. A flow chart of the consecutive analysis steps is depicted in Figure 1 (Supplementary materials and Supplementary methods. Subjects).
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FIGURE 1
The flowchart of the consecutive analysis steps.




Demographic profiling

Age, gender, residential address, location, birth address, and marital status were included among the demographic characteristics. Detailed classification criteria for these characteristics can be found in the demographic profiling section of Supplementary materials and Supplementary methods.



Health status and functioning

The direct inquiry was used to examine self-assessment of the state of health including the present state of health, changes in health status following last interview, physical disabilities, the loss of teeth, chronic pain, other medical diseases or conditions, and health status in childhood (Supplementary materials and Supplementary methods. Health status and functioning).



Activity of daily living evaluations

The actual physical function of the participants was assessed by ADL scales in this study (14). Participants were separated into three groups based on their overall ADL scores : NFI Group (NFI, No Functional Impairments), MFI Group (MFI, Mild Functional Impairments), and FI Group (FI, Functional Impairments) (15) (Supplementary materials and Supplementary methods. ADL evaluations).



Healthy/lifestyle behaviors

The direct inquiry was used to evaluate the healthy/lifestyle behaviors such as sporting activities, social activity, smoking, and frequency of drinking (Supplementary materials and Supplementary methods. Healthy/lifestyle behaviors).



Depressive symptom manifestations

The depressive symptom manifestations of the participants were assessed by the CESD-10 (CESD-10, 10-item Center for Epidemiological Studies Depression Scale) (16). Based on their CESD-10 scores, the participants were classified into three groups: D group (D, depression), DS group (DS, depressive symptoms), and NDS group (NDS, no depressive symptoms) (17) (Supplementary materials and Supplementary methods. Depressive symptom manifestations).



Statistical analyses

SPSS 26.0® (SPSS Inc.™, USA) was utilized to analyze data statistics, chi-square tests, and binary logistic regression. All p-values were two-sided, and p < 0.05 was considered statistically significant. The R package caret was used to implement the RF algorithm, which measures the risk factors that cause depression and ranks them by importance. Figure 1 depicts a flowchart of the consecutive analysis steps (Supplementary materials and Supplementary methods. Statistical analyses).




Results


Socio-demographic profiling

A total of 16,512 participants were included in the sample, including 8,024 men (48.59%) and 8,488 women (51.41%). According to new guidelines developed by the World Health Organization of the United Nations for the classification of age phases (18), participants in this study were divided into 908 (5.5%) young individuals (20–44 years old), 8,419 (50.99%) middle-aged individuals (45–59 years old), 6,219 (37.66%) younger-old individuals (60–74 years old), 949 (5.75%) older people (75–89 years old), and 17 (0.10%) longevity (above 90 years old). Approximately 98.48% of participants lived at home. The majority of participants (70.21%) resided in a village. Nearly 50% of participants’ birth address was identical to their permanent address. Approximately >80% were married, with a spouse present or cohabiting.

Over 50% of individuals had health conditions that may be considered fair. Following the previous interview, the health status of over 50% of participants remained the same. Only 1,778 (10.17%) people experienced physical impairments, while 663 (4.02%) had lost all of their teeth. In addition, 4,703 (28.48%) participants were frequently affected by chronic pain, 1,259 (7.62%) participants suffered from other medical diseases or conditions, 1,985 (12.02%) participants self-reported having an excellent health status during childhood, whereas the remaining participants, this was either outstanding (6,738; 40.81%), good (3,123; 18.91%), fair 3,656 (22.14%), or poor (1,010; 6.12%). The post-ADL examination revealed that 9,678 individuals (58.61%) had no functional impairments, 5,459 participants (33.06%) had mild functional impairments, and 1,375 individuals (8.33%) had functional impairments. Following post-classification based on a total depression score, 6,143 (37.20%) were assigned to the D group, 8,152 (49.37%) were assigned to the DS group, and 2,217 (13.43%) were assigned to the NDS group.

In terms of lifestyle, 8,194 participants (49.62%) engaged in at least 10 min of continuous physical activity, 7,123 individuals (43.14%) participated in social activities, and 6,586 individuals (39.89%) smoked, and 10,414 individuals (63.07%) did not use alcohol. Table 1 shows specific socio-demographic information for each record.


TABLE 1    Sociodemographic characteristics description.
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Associated factors for depression

Except for age, the variables in this study were all categorical. After the post-normality test, the age did not follow a normal distribution. According to the findings of the ROC curve for follow-up analysis, the study divided age into two groups, with ≤59 and >59 as categorical variables. In contrast to the variance inflation factor, which was significantly less than 10, the examination of collinearity revealed that tolerance was significantly greater than 0.1. There was consequently no collinearity between the independent variables. Univariate analysis revealed a significant difference (p < 0.05) between the NDS group and the combined D and DS groups in age, gender, place of residence, place of birth, state of health, changes in health status since the last interview, physical disabilities, chronic pain, childhood health status, ADL, social activity, and smoking (Table 2).


TABLE 2    Univariate analysis of independent variables on depressive status.
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Logistic regression analysis for depression

Further logistic regression analysis revealed eight independent risk factors for depression among all 12 variables, including gender, residential address location, changes in health status following the last interview, physical disabilities, chronic pain, childhood health status, ADL, and social activity (p < 0.05) (Table 3). Notably, individuals above the age of 59 who did not have chronic pain were protected from depression, and the results of these datasets also revealed a synergic effect between chronic pain and age group.


TABLE 3    Binary logistic regression analysis of related factors of depressive symptoms.
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Feature importance analysis

Figure 2 displays the characteristics of the RF model for predicting the result of depression in the order of permutation importance. The y-axis displays the predictive variables, while the x-axis displays the feature important scores. The predictive variables were scored from high to low. Regarding interpersonal communications, the “chronic pain” variable scored the highest in this model, followed by “social activity” and “marital status.” Regarding this dataset results, RF outperforms LR with an AU-ROC score of 70.0%, whereas LR had an AU-ROC score of 65.5% (Supplementary Figure 1).
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FIGURE 2
Permutation importance of features in random forest model.





Discussion

Depression is a highly prevalent condition that severely limits psychosocial function and, as a result, reduces life quality (19), contributing to the majority of global health burdens (20). Depression is expected to be the greatest worldwide health burden by 2,030, according to the WHO (19). Working-age adults in China have a high risk of developing depression, which has different degrees of negative effects on their health and longevity. In addition, the onset and severity of depression symptoms tend to increase with age, which is extremely undesirable for the current trend of the Chinese population aging (13). Therefore, it is urgent to explore the main risk factors affecting the occurrence of depression in China, especially in middle-aged and elderly people.


Depression and basic characteristics of the individual

Depression is a condition that can be influenced by individual differences (21). According to studies, the prevalence of depression is twice as high in women as in men (22). The results of this study also indicated that women are at risk factors for developing depression (p < 0.01, OR = 1.373) (Table 3). This could be related to the fact that males and females have distinct biological patterns. The findings revealed that women have higher levels of inflammatory, neurotrophic, and serotonergic markers than men, which may be the biological basis for sex differences in depression (22). Due to the influence of gender and age, marital status has also emerged as one of the risk factors for depression (23). This could also explain why the marital status was not found to be an independent risk factor for depression in the findings of this study. Moreover, the residence is a significant influence on depression. Compared to living in a village and having a permanent address, city life is associated with negative mental health outcomes due to work stress, loss of communication with friends and family in the neighborhood, overcrowding, heavy traffic, and lack of green spaces (24).



Depression and health status and functioning

From a cultural perspective, physical health was given preferential treatment over mental health throughout China (25). Changes in health status following last interview, physical disabilities, health status in childhood, chronic pain, and ADL as defined by physical health were also found to be independent risk factors for depression in this study (p < 0.05) (Table 3). Among them, chronic pain is more significantly related to depression than other variables. Studies conducted in clinical settings demonstrated that chronic pain is a stressful event or condition that frequently promotes depressive disorders, with strong depressive symptoms present in roughly 85% of chronic pain cases. Depression symptom presentation is more prevalent among older patients with chronic pain than among older patients without chronic pain (26). In addition, the prognosis for patients with depression caused by chronic pain was worse than for those with chronic pain alone. Exploring its biological molecular mechanism, it was found that inflammatory signals and monoamine neurotransmitters such as 5-HT (5-HT, serotonin), DA (DA, dopamine), NE (NE, norepinephrine), and glutamate were the key molecules for chronic pain to induce depression (27).

A substantial positive correlation between physical health multimorbidity and depression was discovered in 42 countries, with notably high odds ratios in China, Laos, Ethiopia, the Philippines, and Malaysia, according to a comprehensive international investigation (28). Another CHARLS-based study indicated that individuals with chronic diseases or multimorbidity are more likely to be depressed in the elderly Chinese population, indicating the importance of assessing depressive symptoms in patients who exhibit poor physical performance (11). Other investigations have found a correlation between childhood obesity and an increased incidence of depression in old age (29). In addition to the psychological impact of life’s inconveniences, adults with physical disabilities have fewer opportunities for positive communication with the outside world, which contributes to their greater risk of depression (30). Similarly, CHARLS-based studies demonstrated that social support moderates the influence of disability on depression symptoms (31).



Depression and healthy/lifestyle behaviors

There is currently a large and validated research base showing lifestyle behaviors as an important cause of depression. These behaviors may be particularly essential in the development and progression of depression (32). For example, good social relationships can play a protective role against the onset of depressive symptoms, particularly in late-life depression (33), which is consistent with the findings of this study in both LR and RF. Physical activity has also been shown to considerably lower the risk of depression and to have antidepressant effects. Physical activity has been shown to influence the onset and progression of depression by altering neuroplasticity, inflammation, oxidative stress, the endocrine system, self-esteem, social support, and self-efficacy (34). Regarding smoking and alcohol use in this study, numerous studies have found a positive relationship between smoking/excessive alcohol consumption and the onset and development of depression (35, 36). Therefore, healthy activities are not only advantageous for maintaining physical health, but they can also have a direct impact on mental health. Through early lifestyle interventions, depression can be prevented or delayed in its onset and progression.



Strengths and limitation

The primary risk factors for depression in middle-aged and elderly people in China were thoroughly and systematically examined in this study. As a result, according to recent research findings, the chance of developing depression will be significantly reduced if physical health (particularly for the treatment of chronic pain) and lifestyle improvements are identified and implemented promptly and effectively. In the meantime, both LR and RF were used to account for possible overall weighting of the main risk factors (25). The findings of the two models also showed excellent consistency. This study may investigate potential relationships between chronic pain and depression.

In fact, in addition to the influencing factors of depression covered in this study, other factors such as type of tea consumption (37), sleep quality (38), and spirituality/religion (39) are also included. Recent research has demonstrated that religion can be beneficial for modifying lifestyle and enhancing psychological health (40). Harvard University,1 Duke University,2 and Adventist Religion and Health Study3 have carried out research work related to religion. However, due to the lack of relevant data in the CHARLS, this study was not included in the analysis, and it is anticipated that this part will be conducted in the future.

Additionally, depression may be described in a variety of ways utilizing various assessment methods. The ability to compare prevalence estimates from multiple studies employing different depression definitions is limited. Moreover, self-reported health conditions and lifestyle choices may have contributed to memory bias in this study. Even though the AU-ROC scores for the sensitivity analysis were all lower, it demonstrated that chronic pain had a substantial impact on depression using the LR/RF model, which could be related to recall bias.




Conclusion

In conclusion, this study focused on how physical health and lifestyle affect psychological depression in the Chinese community before identifying that chronic pain had a substantial influence on depression. The comparison analysis of the LR and RF results further supported the consistency of the relationship between chronic pain and depression. Future studies will concentrate on looking for such follow-up data, with an emphasis on the association between depression and chronic pain.
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