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Introduction: It remains unclear whether depressive symptoms are associated with increased all-cause mortality and to what extent depressive symptoms are associated with chronic disease and all-cause mortality. The study aims to explore the relationship between depressive symptoms and all-cause mortality, and how depressive symptoms may, in turn, affect all-cause mortality among Chinese middle-aged and older people through chronic diseases.

Methods: Data were collected from the China Health and Retirement Longitudinal Study (CHARLS). This cohort study involved 13,855 individuals from Wave 1 (2011) to Wave 6 (2020) of the CHARLS, which is a nationally representative survey that collects information from Chinese residents ages 45 and older to explore intrinsic mechanisms between depressive symptoms and all-cause mortality. The Center for Epidemiological Studies Depression Scale (CES-D-10) was validated through the CHARLS. Covariates included socioeconomic variables, living habits, and self-reported history of chronic diseases. Kaplan–Meier curves depicted mortality rates by depressive symptom levels, with Cox proportional hazards regression models estimating the hazard ratios (HRs) of all-cause mortality.

Results: Out of the total 13,855 participants included, the median (Q1, Q3) age was 58.00 (51.00, 63.00) years. Adjusted for all covariates, middle-aged and older adults with depressive symptoms had a higher all-cause mortality rate (HR = 1.20 [95% CI, 1.09–1.33]). An increased rate was observed for 55–64 years old (HR = 1.23 [95% CI, 1.03–1.47]) and more than 65 years old (HR = 1.32 [95% CI, 1.18–1.49]), agricultural Hukou (HR = 1.44, [95% CI, 1.30–1.59]), and nonagricultural workload (HR = 1.81 [95% CI, 1.61–2.03]). Depressive symptoms increased the risks of all-cause mortality among patients with hypertension (HR = 1.19 [95% CI, 1.00–1.40]), diabetes (HR = 1.41[95% CI, 1.02–1.95]), and arthritis (HR = 1.29 [95% CI, 1.09–1.51]).

Conclusion: Depressive symptoms raise all-cause mortality risk, particularly in those aged 55 and above, rural household registration (agricultural Hukou), nonagricultural workers, and middle-aged and older people with hypertension, diabetes, and arthritis. Our findings through the longitudinal data collected in this study offer valuable insights for interventions targeting depression, such as early detection, integrated chronic disease care management, and healthy lifestyles; and community support for depressive symptoms may help to reduce mortality in middle-aged and older people.
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1 Introduction

Depression is a serious mental illness that affects mood, thinking, and physical functioning (1, 2). Depressive symptoms are characterized by persistent low mood, loss of interest, sleep disturbances (3–5), persistent and unrelieved fatigue, loss of appetite, and physical discomfort (6–8). The persistence and exacerbation of these depressive symptoms are important causes and diagnostic criteria for determining and progressing depression (9, 10). Depression significantly increases mortality risk and reduces life expectancy, with a mortality rate increment ranging from 15 to 25% (11). A Danish cohort study done in the year from 1995 to 2013 revealed a life expectancy reduction of 14.0 years for men and 10.1 years for women with depression compared to the general population (12). The global prevalence of depression increased by 28% in 2020, with projections indicating that it will be the leading global disease burden by 2030 (13).

The persistence and exacerbation of depressive symptoms is not only an important symptomatic criterion for the diagnosis of depression (14), but these symptoms are important causes of deterioration in physical health (15, 16), impact on immune function (17, 18), increasing the risk of chronic disease (19, 20), and self-injurious suicidal behavior (21, 22). There is a long-term and complex relationship between depressive symptoms, mortality risk, and life expectancy (23, 24). It has been suggested that depressive symptoms may induce a chronic stress response (25), likely due to the interplay of various factors, including traumatic events in life (26), a deficiency in social support (27), and adverse lifestyle habits (28). This, in turn, may trigger physiological changes, such as fluctuating hormone levels (29), metabolic dysregulation (30), and autonomic nervous system imbalance (31). These changes have the potential to increase the risk of cardiovascular disease (32), diabetes (33), and other chronic diseases (34, 35), thereby reducing life expectancy and increasing the risk of death. Other studies suggested that depressive symptoms may not only directly increase the risk of physical illness (36, 37) but may also be associated with the duration (38, 39) and severity (40, 41) of chronic disease, which, in turn, may lead to a higher risk of death in patients. These studies have shown an association between depressive symptoms and risk of death and chronic disease; but this association is unclear, and the findings are inconsistent. Therefore, the important relationship between depressive symptoms and health should be investigated and understood, especially the long-term relationship between depressive symptoms and all-cause mortality and chronic disease, which is crucial for effective management and alleviation of depressive symptoms and effective targeted treatment of depression.

Depression is a major public health problem in China (42, 43). The prevalence of depression among older people in China ranges from 27.0 to 37.3% (44, 45), which is much higher than that of the youth group between 5.3 and 17.5% (46, 47). Moreover, in recent years from 2015 to 2021, epidemiological studies have shown that middle-aged and older people are the most prevalent groups of depression (48), with different prevalence rates in different regions (49) and socioeconomic backgrounds (50). Numerous studies have found that compared to other depressed populations (e.g., adolescents), middle-aged adults have more persistent (51) and severe depressive symptoms (52), are more difficult to treat (53), and have depression for a longer period (54, 55). This means that most middle-aged adults with depressive symptoms are more likely to develop depression (7) and that, over time, depressive symptoms will have a greater impact on their physical health (52), leading to more serious physical illnesses (56), and may also coexist with chronic illnesses (57), which may worsen the progression of these illnesses (58, 59), increase the risk of self-inflicted suicide (60), and increase the risk of death (61). As China is about to enter an aging society, middle-aged and older people will account for an increasing proportion of the current and future Chinese population (62), with an estimated 500 million people over 80 by 2050 (63). Longitudinal studies, such as the China Health and Retirement Longitudinal Study (CHARLS), are needed to understand the long-term effects of depression and mortality in Chinese middle-aged and older people, specifically regarding exploring intrinsic mechanisms between depressive symptoms and all-cause mortality. Previous studies have also investigated the relationship between socioeconomic characteristics (64, 65) or lifestyle habits (66–68) and depression or mortality (69–71). For example, some studies have shown higher mortality rates in rural areas than in urban areas (72). However, a recent longitudinal study based on the Abstract of Health Statistics in Jiangxi Province, China, also found that middle-aged and older adults living in fast-paced cities had higher rates of depression and mortality than middle-aged and older adults living in natural rural environments (73). However, most of these multidimensional findings are from cross-sectional studies and lack long-term evidence of the adverse health effects of depression. Therefore, long-term follow-up studies are needed to explore the relationship between depressive symptoms and corresponding all-cause mortality in Chinese middle-aged and older people, considering socioeconomic characteristics and living habits.

More importantly, depressive symptoms frequently co-occur with various chronic diseases, such as cancer (74), diabetes (75), and cognition-related diseases (76), especially in older people (77, 78). Considering that chronic diseases are the most burdensome disease category among middle-aged and older people (79), highly incurring their mortality (80, 81), it is notably important to investigate the long-term relationships between depression and chronic diseases.

In conclusion, given the important impact of depression on the health of Chinese middle-aged and older people and the potential relationship between depressive symptoms and mortality in middle-aged and older people, it is necessary to conduct a longitudinal follow-up study in the middle-aged and older people to clarify the potential relationship between depressive symptoms and mortality as well as chronic diseases. Our objectives were (1) to explore the direct impact of depressive symptoms on subsequent mortality, (2) to map the relationship between depressive symptoms and chronic diseases and their effects on mortality, and (3) to compare the heterogeneity of such relationships in subgroups of different socioeconomic characteristics or living habits in Chinese middle-aged and older people.



2 Materials and methods

This study aimed to explore the association of depressive symptoms with all-cause mortality in middle-aged and older populations; data from CHARLS (2011, 2013, 2014, 2015, 2018 and 2020) was analyzed using Kaplan–Meier curves and Cox regression, with adjustments for covariates. The analysis included both overall and subgroup analyses. Overall analyses employed seven models to better observe the influence of different covariates on the outcome. Subgroup analyses consisted of a variety of three aspects, including socioeconomic variables, living habits, and patients with chronic diseases to analyze the association of depressive symptoms with all-cause mortality.

The overall workflow chart is illustrated in Figure 1.
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FIGURE 1
 Schematic of the study workflow. First, data were obtained from the CHARLS database, and we used wave1(2011) as a baseline to get both the depressed and nondepressed populations as well as covariates and then tracked several rounds of data, including wave2 (2013), wave3 (2014), wave4 (2015), wave5 (2018), and wave6 (2020), to obtain survival information. Next, we selected appropriate covariates based on the research objectives and developed exclusion criteria for sample selection to obtain the necessary information for the study. After completing the data organization, we divided the all-cause mortality analysis of depressive symptoms in middle-aged and older people into overall analysis and subgroup analysis. In the overall analysis, we used the Kaplan–Meier curve and Cox proportional hazards regression to analyze whether depressive symptoms will increase the risk of all-cause mortality during the follow-up compared with individuals without depressive symptoms. To obtain more accurate results, we controlled for socioeconomic variables, lifestyle habits, and 12 chronic diseases, and established seven Cox proportional hazards regression models to explore the changes in hazard ratio (HR) values. Finally, we conducted subgroup analyses for socioeconomic variables, lifestyle habits, and various types of chronic disease patients separately, using the Kaplan–Meier curve and Cox proportional hazards regression.



2.1 Study design, participants, and data collection

The data of this study comes from the CHARLS—a publicly accessible dataset upheld by the National School of Development at Peking University, explicitly concentrating on Chinese individuals aged 45 and above (82), which aims to collect a set of high-quality microdata representing households and individuals of middle-aged and older people aged 45 and above in China, which can be used to analyze the problem of aging population in China and to promote interdisciplinary research on aging (82). This database bears similarities to surveys like the Health and Retirement Survey (HRS) in the United States, the Elderly Follow-up Survey (ELSA) in the United Kingdom, and the European Health and Retirement Survey (SHARE). CHARLS conducted a countrywide baseline survey in 2011, followed by national surveys in 2013, 2014, 2015, 2018, and 2020, all of which can be accessed on the official website.1

In the current study, 10-year follow-up data was used from CHARLS—a population-based longitudinal cohort study of middle-aged and older people conducted in China (82). Details of the CHARLS study design and respondents were described elsewhere (82). In the baseline survey (wave 1), conducted between June 2011 and March 2012, 17,705 participants were recruited (82). After the baseline interview, subsequent three follow-ups were conducted in 2013 (wave 2), 2014 (wave 3), and 2015 (wave4), 2018 (wave5), and 2020 (wave6), respectively (82). CHARLS was approved by the Institutional Review Board of Peking University and all methods were performed by the relevant guidelines and regulations. All respondents provided written informed consent. If the respondent was illiterate, he/she would press the fingerprint after the interviewer who dictated the content of the informed consent. According to analytical purposes, we excluded participants with the following criteria: (1) individuals under 45 years at baseline (n = 456), (2) individuals without information of all variables (Including the measured depressive symptom levels and all covariates) at baseline (n = 3,036), (3) individuals who failed to follow up (n = 319), (4) individuals who died within 3 months from the baseline (n = 39) (83, 84). Finally, 13,855 participants were included in the analysis (Figure 1). Initially, our research necessitated the examination of the association between depression symptoms and all-cause mortality in middle-aged and older people over the age of 45, so the baseline population under 45 years old was excluded. Subsequently, any missing data were eliminated for all variables at baseline to obtain complete data information. To obtain a more accurate estimate of survival time, participants who lost to follow-up were excluded. Finally, considering the bias in mortality statistics, the number of deaths within 3 months from the baseline was excluded.



2.2 Variables


2.2.1 Psychopathological symptom measures for depressive symptoms

The study measured depressive symptoms in older Chinese respondents using the Center for Epidemiologic Studies Depression Scale (CES-D-10), and the reliability and validity are well-supported by extensive research (85–87), with Cronbach’s alpha values being greater than 0.8, which was validated through the CHARLS. The CES-D-10 questionnaire consists of 10 items that assess how the participant felt and behaved during the past week. Each item contains four response options: (1) rarely or none of the time (< 1 day); (2) some or a little of the time (1–2 days); (3) occasionally or a moderate amount of the time (3–4 days); and (4) most or all the time (5–7 days). The four response options are scored on a scale from 0 to 3, and the total scores of CES-D-10 range from 0 to 30. Higher scores indicate more severe depressive symptoms. A cutoff score of ≥10 was used to identify participants with serious depressive symptoms in this study. Scores were defined as follows: 0–9 points indicated no depressive symptoms, while a score of 10–30 indicated depressive symptoms. The CES-D-10 demonstrated solid internal consistency in the 2011 survey, with a Cronbach’s alpha of 0.82.



2.2.2 Covariates for socioeconomic characteristics, living habits, and chronic disease

Covariates were defined from the baseline survey. In the current study, age groups, sex, Hukou (a household registration record officially identifies a person as a permanent resident of an area and includes identifying information such as name, parents, spouse, and date of birth), marital status, education, income, pension, occupation, smoking, drinking, regular diet and nap behavior, and self-reported history of chronic diseases, which were included to the overall analyses of the relationship between depressive symptoms and all-cause mortality.

Age groups were categorized as 45–54 years, 55–64 years, and more than 65 years. Residence was categorized as rural and urban. Hukou was categorized as agricultural and nonagricultural. Marital status was classified into living without a spouse and living with a spouse. Education status was dichotomized as illiterate versus literate. Income levels were categorized as below-median (1,960 yuan) and above-median household income. Pension status was categorized as no pension and pension. Smoking status was dichotomized as ever versus never and drinking status as ever versus never. Regular diet was categorized as No (not 3 meals per day) and Yes (3 meals per day), and nap behavior was classified into No and Yes.

Chronic diseases were measured from the item “Have you been diagnosed with [conditions listed below, read one by one] by a doctor?,” and all dichotomized as Yes versus No, which included diseases of the circulatory system, the endocrine and the musculoskeletal system (hypertension, heart attack, stroke, diabetes, and arthritis), diseases of the respiratory system, the digestive system and the urinary system (lung diseases, liver disease, digestive disease, and kidney), neoplasms (cancer), and mental, behavioral, or neurodevelopmental disorders (emotional, nervous, or psychiatric problems and memory-related disease).




2.3 Assessment of mortality

Mortality was determined by the interview status (alive or dead) of participants in waves 2, 3, 4, 5, and 6. The information on the interview date could be obtained from all three follow-ups, but the exact death time was only available in Wave 2 and Wave 6. If death events occurred with exact records, the survival time was calculated as the interval from the date of the baseline survey to the date of the participant’s death. If no death data is available, the survival time was estimated based on the median time from the date of the first interview to the wave with the death record.




3 Statistical analysis

First, data was obtained from the CHARLS database, and we used wave1(2011) as a baseline to get both the depressed and nondepressed groups as well as covariates and then tracked several rounds of data, including wave2 (2013), wave3 (2014), wave4 (2015), wave5 (2018), and wave6 (2020), to obtain survival information. Next, we selected appropriate covariates based on the research objectives and developed exclusion criteria for sample selection to obtain the necessary information for the study. After completing the data organization, we divided the all-cause mortality analysis of depressive symptoms in middle-aged and older people into overall analysis and subgroup analysis. In the overall analysis, we used the Kaplan–Meier curve and Cox proportional hazards regression to analyze whether depressive symptoms will increase the risk of all-cause mortality during the follow-up compared with individuals without depressive symptoms. To obtain more accurate results, we controlled for socioeconomic variables, lifestyle habits, and 12 kinds of chronic diseases, and established seven Cox proportional hazards regression models to explore the changes in hazard ratio (HR) values. Finally, we conducted subgroup analyses for socioeconomic variables, lifestyle habits, and various types of chronic disease patients with Kaplan–Meier curve and Cox proportional hazards regression separately.


3.1 Overall analyses of the relationship between depressive symptoms and all-cause mortality

Before overall analyses of the relationship between depressive symptoms and all-cause mortality, it needs to test the difference in the categorical and continuous variables between the depressive symptoms group and the no depressive symptoms groups. Categorical variables were presented as count (percentage), and the differences in baseline characteristics across the depressive symptom levels were compared by the Pearson Chi-square test. As for the continuous variable (only age), it was needed to conduct a normality test to determine whether to use parametric or nonparametric tests to assess the difference in the age between the depressive symptoms group and the no depressive symptoms group. Since our sample size was greater than 5,000, the Kolmogorov–Smirnov test was used for the normality test. The test results showed that age is skewed (p < 0.001), so the difference in age between the depressive symptoms group and the no depressive symptoms group was assessed using the nonparametric Mann–Whitney U test, and age was expressed as median (Q1, Q3).

The methods of the Kaplan–Meier curve and Cox proportional hazards regression were utilized to analyze the overall relationship between depressive symptoms and all-cause mortality. The Kaplan–Meier curve was used to show the incident rates of mortality by depressive symptom levels and Cox proportional hazards regression models were used to explore the association between depressive symptoms and all-cause mortality with hazard ratios (HRs) and 95% confidence intervals (CIs). In the Cox proportional hazards regression models, the endpoint event was death, and the censored event was designated to survive. To better observe the influence of different covariates on the outcome, 7 Cox proportional hazards regression models were constructed. Model 1 referred to the unadjusted model. Model 2 was adjusted for all variables in model 1 and additionally for age groups, sex, Hukou, marital status, education, income, pension, and occupation. Model 3 was adjusted for all variables in model 2 and additionally for smoking, drinking, regular diet, and nap behaviors. Model 4 was adjusted for all variables in model 3 and additionally for hypertension, heart attack, stroke, diabetes, and arthritis. Model 5 was adjusted for all variables in model 4 and additionally for lung, liver, digestive, and kidney diseases. Model 6 was adjusted for all variables in model 5 and additionally for cancer. Model 7 was adjusted for all variables in model 6 and, additionally, for emotional, nervous, or psychiatric problems (ENP) and memory-related disease (MRD).



3.2 Subgroup analyses of the relationship between depressive symptoms and all-cause mortality

Subgroup analyses consisted of varieties of three aspects, including socioeconomic variables, living habits, and patients with chronic diseases to analyze the association of depressive symptoms with all-cause mortality.


3.2.1 The association between socioeconomic characteristics or living habits and depressive symptoms

Also, the Kaplan–Meier curve was used to show the incident rates of mortality by depressive symptom levels, and Cox proportional hazards regression models were used to explore the association between depressive symptoms and all-cause mortality with hazard ratios (HRs) and 95% confidence intervals (CIs) in such subgroup analysis.

Subgroup analysis of socioeconomic characteristics was carried out by different age groups (45–54 years old, 55–64 years old, and ≥ 65 years old), sex (male and female), residence (rural and urban), Hukou (agricultural and nonagricultural), marital status (living with spouse and living without spouse), education (illiterate and literate), income (below median and above median), pension (pension and no pension), occupation (agricultural work and nonagricultural work). And subgroup analysis of living habits was carried out by smoking (No and Yes), drinking (No and Yes), regular diet (No and Yes), and nap behavior (No and Yes).



3.2.2 The relationship between depressive symptoms and chronic diseases and their effect on mortality

To directly ascertain the association between depressive symptoms and chronic diseases and their effect on mortality, Cox proportional hazards regression models were only used to explore the association between depressive symptoms and all-cause mortality with hazard ratios (HRs) and 95% confidence intervals (CIs), controlling for age groups, sex, Hukou, marital status, education, income, pension, occupation, smoking, drinking, and regular diet and nap behaviors.

Diseases such as circulatory system, endocrine, and musculoskeletal system diseases (hypertension, heart attack, stroke, diabetes, and arthritis), respiratory system, digestive system, and urinary system diseases (lung diseases, liver disease, digestive disease, and kidney), neoplasms (cancer), and mental, behavioral, or neurodevelopmental disorders (emotional, nervous, or psychiatric problems and memory-related disease) were analyzed to understand whether depressive symptoms increase the risk of all-cause mortality in patients with chronic diseases.

All statistical analyses were conducted with R 4.2.1 and a two-sided p-value.





4 Results


4.1 Descriptive statistics of participants in cohort description

From a total of 13,855 participants, 8,701 individuals were without depressive symptoms (62.8%) and 5,154 individuals were with depressive symptoms (37.2%), as seen in Table 1. Significant differences in socioeconomic variables, living habits, and chronic diseases were found between middle-aged and older people with depressive symptoms and those without. Older females who lived in rural areas and had an agricultural household were more likely to have depressive symptoms. Specifically, the median age of middle-aged and older people with depressive symptoms was 59 years (53.00%, 66.00%), whereas the median age of the population without depressive symptoms was 57 years (51.00%, 64.00%). Among those with depressive symptoms, the proportion of middle-aged and older females was 60.40%, compared with 46.56% in the group without depressive symptoms. In addition, among middle-aged and older people with chronic diseases, such as high blood pressure, digestive diseases, and arthritis, the proportion of those with depressive symptoms was 27.47%, 30.56%, and 45.87%, respectively, while the proportion of those without depressive symptoms was 22.97%, 17.47%, and 26.12%. These data show an association between depressive symptoms and several factors.



TABLE 1 Baseline characteristics of the study population.
[image: Table1]



4.2 Overall analyses of the relationship between depressive symptoms and all-cause mortality

During the 10-year follow-up, 1862 death events were reported, with a crude mortality rate of 13.44 per 1,000 person-years. Individuals with depressive symptoms possessed a higher mortality rate than those without depressive symptoms (crude mortality rates, 16.12 and 11.85 per 1,000 person-years, respectively; Figure 2A; Supplementary eFigure 2). The unadjusted risk estimates (model 1) showed that individuals with depressive symptoms had a 40% higher risk of all-cause mortality during the follow-up compared with individuals without depressive symptoms (HR = 1.40 [95% CI, 1.28–1.53]; Figure 2). This risk remained significant when adjusting for age groups, sex, Hukou, marital status, education, income, pension, and occupation in model 2 (HR = 1.30 [95% CI, 1.18–1.42]; Supplementary eFigure 2). Model 3 adjusted for all variables in model 2 and additionally for smoking, drinking, regular diet, and nap behavior showed significantly higher risks for all causes of death (HR = 1.28 [95% CI, 1.16–1.40]; Supplementary eFigure 2). Model 4 to model 7 adjusted for all variables in model 3 and additionally for chronic diseases (four major categories of diseases in sequence) showed significantly higher risks for all causes of death (model 4: HR = 1.23 [95% CI, 1.12–1.36]; model 5: HR = 1.21 [95% CI, 1.09–1.33]; model 6: HR = 1.21 [95% CI, 1.09–1.33]; and model 7: HR = 1.20 [95% CI, 1.09–1.33]; Supplementary eFigure 2).
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FIGURE 2
 The Survival curves by depressive symptom levels in middle-aged and older people from 2011 to 2020. (A) Survival curves by depressive symptom levels in all samples. (B) Survival curves by depressive symptom levels in aged 45–54 years group. (C) Survival curves by depressive symptom levels in aged 55–64 years group. (D) Survival curves by depressive symptom levels in aged 65 years and above group.




4.3 Subgroup analyses of the relationship between depressive symptoms and all-cause mortality


4.3.1 The association between socioeconomic characteristics or living habits and depressive symptoms

The results of subgroup analysis (Figure 3) show that for the results of age groups (45–54 years, 55–64 years, and ≥ 65 years), Hukou (agricultural and nonagricultural), occupations (agricultural work and nonagricultural work), the impact of depressive symptoms on all-cause mortality only occurred in those who were in 55–64 years old (HR = 1.23 [95% CI, 1.03–1.47]; Figures 2C, 3), more than 65 years old (HR = 1.32 [95% CI, 1.18–1.49]; Figures 2D, 3), agricultural Hukou (HR = 1.44 [95% CI, 1.30–1.59]; Supplementary eFigure 1A; Figure 3), and nonagricultural work (HR = 1.81 [95% CI, 1.61–2.03]; Supplementary eFigure 1D; Figure 3).

[image: Figure 3]

FIGURE 3
 Subgroup analyses of socioeconomic characteristics or living habits in the association of depressive symptoms with all-cause mortality.




4.3.2 The relationship between depressive symptoms and patients with chronic diseases and their effect on mortality patients with chronic diseases

Analyses controlling for age groups, sex, Hukou, marital status, education, income, pension, occupation, smoking, drinking, regular diet, and nap behaviors, the results suggest depressive symptoms increased the risk of all-cause mortality among patients with hypertension (HR = 1.19 [95% CI, 1.00–1.40]), diabetes (HR = 1.41 [95% CI, 1.02–1.95]), and arthritis (HR = 1.29 [95% CI, 1.09–1.51]; Figure 4).
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FIGURE 4
 Hazard ratios for all-cause mortality among individuals with chronic diseases with depressive symptom levels. The model was adjusted for age groups, sex, Hukou, marital status, education, income, pension, occupation, smoking, drinking, regular diet, and nap behavior. ENP, emotional, nervous, or psychiatric problems; MRD, memory-related disease.






5 Discussion

To the best of our knowledge, this is the first longitudinal study in China to focus on the causes of mortality in middle-aged and older people with depressive symptoms. The result of the overall analyses of the relationship between depressive symptoms and all-cause mortality suggests that middle-aged and older individuals with depressive symptoms have a higher all-cause mortality rate, showing a 20% increased risk compared to those without depressive symptoms. In addition, the risk of mortality among middle-aged and older people with depressive symptoms increases significantly with age, and depressive symptoms exert a more pronounced influence on mortality risk among urban residents with heavy workloads and rural residents. Our findings also indicate that co-occurring depressive symptoms in middle-aged and older people with hypertension, diabetes, or arthritis increased the risk of mortality. All these findings indicate that depressive symptoms can significantly increase the risk of mortality, underlining the lethality of depressive symptoms for middle-aged and older people. Our findings provide innovative insights for developing effective intervention policies to slow down the surging middle-aged and older people mortality accelerated by depressive symptoms.

An expanding body of research has consistently shown the significant impact of depressive symptoms on individuals’ mental and physical well-being (88, 89). Our study further controlled for socioeconomic variables, lifestyle factors, and known chronic diseases associated with life expectancy. Through a decade-long follow-up, we found a highly significant association between depressive symptoms and all-cause mortality, implying that depressive symptoms have a significant negative impact on shortening life expectancy and increasing the risk of death.

The increase in mortality among older people due to depressive symptoms becomes more pronounced with different ages. People with depressive symptoms in the 55–64 and 65-and-over age brackets exhibit significantly higher overall mortality risks compared to their nondepressed counterparts aged 45–54 years. Our findings align with numerous previous cross-sectional research results, suggesting that the impact of depressive symptoms on mortality risk in middle-aged adults might be manageable, while the lethal effects of depressive symptoms in older people might be irreversible. Middle-aged individuals are typically in better health (90) as they seek for medical help from themselves or others (91), follow medical advice (92), and receive progressive treatment (93). On the contrary, older adults may experience poorer treatment outcomes and a higher risk of death from depressive symptoms as aging may impair their perception (94), cognitive abilities (95), verbal expression (96), comprehension (97), help-seeking ability (98), and sabotage treatment collaboration and compliance (99).

Following subgroup analyses based on household registration and occupation, the impact of depressive symptoms on the overall mortality rate was observed in the rural population and among the labor force with nonagricultural urban occupations. Our longitudinal research results correspond with previous research on how socioeconomic factors influence individuals with depressive symptoms (100), indicating that over an extended period, individuals with depressive symptoms living in rural areas (84) and those not engaged in agricultural work experience share higher mortality rates (101). This underscores the lasting impact of poorer socioeconomic factors on reducing survival rates for individuals with depressive symptoms (102). Rural areas, compared to urban settings, often show a significant deficiency in mental health services (103). The scarcity of professionals and facilities may lead to depressive symptoms not being timely and effectively identified and treated (104, 105). Moreover, the middle-aged and older population in rural areas may have more fragile social support relative to their urban counterparts (106). A lack of social support may make the impact of depressive symptoms on mortality rates more pronounced, as social support is a crucial factor in alleviating symptoms of depressive symptoms and improving mental health (107). Therefore, this emphasizes the necessity of prioritizing medical care and support conditions for depressed individuals in rural areas to potentially extend their lifespan. Additionally, depressed individuals not engaged in agricultural work face a higher risk of death, suggesting that labor work and exercise activity may have positive effects on reducing depression. Individuals engaged in nonagricultural occupations may be more susceptible to unhealthy lifestyle choices such as smoking, alcohol consumption, and lack of physical activity (108–110). These lifestyle factors can interact with symptoms of depression, collectively increasing the risk of mortality (109, 111). Furthermore, nonagricultural work is often associated with heightened job stress and competition, which may exacerbate the development of depressive symptoms (112). The long-term interplay between work-related stress and depressive symptoms can lead to health issues such as cardiovascular diseases, thereby affecting mortality rates (113). However, the authenticity of the effects requires further investigation.

In addition, our findings also indicate that middle-aged and older people with hypertension, diabetes, or arthritis who also suffer from depressive symptoms are at a higher risk of mortality. Numerous studies have already demonstrated the association between depressive symptoms and cardiovascular diseases, diabetes, chronic inflammation, and immune system disorders (113–116). These cross-sectional studies have indicated that depressive symptoms exacerbate the condition of chronic diseases. Our 10-year longitudinal study affirms that depressive symptoms significantly magnify the impact of hypertension, diabetes, and arthritis on reducing the life expectancy of middle-aged and older people, and this impact becomes apparent within a decade. Depressive symptoms diminish middle-aged and older individuals’ emotional regulation (117) and resilience to stress (118), heightening the challenge of managing mood and blood pressure for those with hypertension (119). Patients with depressive symptoms often exhibit an imbalance in the autonomic nervous system, particularly an overactivation of the sympathetic nervous system (120). This activation may lead to increased heart rates and vasoconstriction, thereby elevating cardiac output and peripheral vascular resistance, ultimately resulting in heightened blood pressure (121). Additionally, depressive symptoms can lead to hyperactivity of the hypothalamic–pituitary–adrenal (HPA) axis (122), which may cause elevated levels of cortisol (123). Sustained high levels of cortisol can disrupt blood pressure regulation mechanisms (124), increasing the risk of hypertension (125). For individuals with diabetes, depressive symptoms (126) may increase the likelihood of severe lethal complications (127, 128), especially the risk of death from diabetes complications such as stroke (129) and heart failure (130). Individuals with depressive symptoms may also present stress responses and inflammatory reactions, leading to the development of insulin resistance syndrome, which includes abdominal fat deposition, elevated plasma triglycerides, and insulin levels risk factors for type 2 diabetes (131–133). Additionally, people with depressive symptoms may have a chronic low-grade inflammatory state, with elevated levels of inflammatory markers such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) (134–136). These inflammatory markers not only affect mood and behavior but may also cause joint damage (137), promoting the onset and progression of arthritis (138), thus increasing the risk of arthritis (139). These factors collectively elevate the mortality risk caused by chronic conditions.

The study provides a comprehensive longitudinal perspective, revealing that depressive symptoms not only significantly shorten the survival time and increase the risk of death, but they have also been shown to act synergistically with chronic diseases such as hypertension, diabetes, and arthritis, further amplifying the overall risk of death among middle-aged and older adults. It should be further clarified that long-term depressive symptoms may not only lead to the development of chronic diseases in middle-aged and older people but also increase the risk of death from chronic diseases in middle-aged and older people. At the same time, those who are already chronically ill may also develop persistent and severe depressive symptoms over time, which may increase the burden of chronic disease on their health and further increase the risk of death in older people. The research findings underscore the lethality of depressive symptoms among the middle-aged and older population, highlighting the need for healthcare professionals to enhance early identification and intervention for depressive symptoms in clinical practice. Regular mental health assessments and screenings should be conducted to promptly detect depressive symptoms and provide patients with necessary psychological support and treatment. Concurrently, considering the synergistic effects of depressive symptoms with other chronic conditions, clinical treatment plans should be more comprehensive, focusing not only on the treatment of depression itself but also on the overall health status of the patient, including the management of chronic diseases such as hypertension, diabetes, and arthritis. Public health departments should raise public awareness of depressive symptoms and their association with other chronic diseases through education and outreach campaigns, encouraging middle-aged and older individuals to actively seek help and dispel prejudices and stigma surrounding mental health issues (140). Additionally, governments should enact relevant policies to provide financial support and resource guarantees for mental health services for the middle-aged and older, ensuring that all middle-aged and older individuals have access to necessary mental health care (141). On an individual level, it is recommended that middle-aged and older individuals sign up for comprehensive health checks regularly, including mental health assessments, to facilitate the timely detection and management of depressive symptoms and other chronic conditions (142). Living a healthy lifestyle, such as regular physical exercise, a balanced diet, and good sleep habits, can reduce the risk of chronic diseases and improve mental health (143). Furthermore, family members’ and community’s participation in the mental health support of middle-aged and older people should be encouraged, offering emotional support and assistance in daily life to strengthen their social connections and sense of belonging (144).



6 Strengths and limitations

This study has several strengths. It benefits from the nationwide cohort design, with nearly 10-year follow-up, and meticulous adjustments for crucial socioeconomic variables, living habits, and comorbid chronic conditions. Furthermore, to our knowledge, this cohort is probably one of the most representative studies of older people in China with depression conducted to date.

This study also has several limitations. Firstly, as the CES-D-10 depression scale used is not a diagnostic criterion for depression, the scale responds more to the level of depressive symptoms over a certain period and is used for the assessment of the severity of depressive symptoms already for the rapid classification of potential patients with depression (145). Therefore, it should be recognized in all studies using the CES-D-10 as a depression assessment tool that the CES-D-10 is a measure of the level of depressive symptoms, and that higher scores on the scale respond to greater severity of depressive symptoms, but are not diagnostic of depression (146). The fact that there is not a direct causal relationship between depressive symptoms and depression makes it clear that more in-depth research is needed to examine the relationship between depressive symptoms and depression, as well as mortality and chronic disease. Additionally, there may be cases of underdiagnosis in the screening of depression, which could lead to bias as the CES-D-10 depression scale used is a self-assessment tool. Middle-aged and older people may incorrectly fill it out due to the stigma associated with depression diagnosis. This implies that some middle-aged and older people with depressive symptoms may not have been included in the cohort, making the estimation results unclear to a certain extent. It is also important to note that depression score data were recorded only at baseline. Depression scores may change with age, which could affect study results. Also, as a result, our study is unable to determine the specific dynamic process of the effect of changes in depressive symptoms over time on the risk of death; therefore, prospective cohort studies or randomized controlled trials may be needed in future studies to further validate the potential dynamic developmental changes between changes in depressive symptoms over time and the risk of death. Thirdly, although many potential confounding variables were adjusted for, it is still possible that some residual confounding factors, such as the endogeneity between lifestyle factors (such as smoking or drinking) and depressive symptoms, may have hindered the identification of stronger associations. Additionally, the CHARLS dataset did not provide information on cause-specific mortality, which prevented investigation into the predictive value of depressive symptoms for specific causes of death. Variables like these should be included in future follow-up studies to help researchers expand on current findings among the Chinese population. Finally, it is required to explore the potential mechanisms or pathways by which depressive symptoms may lead to an increase in all-cause mortality in Chinese middle-aged and older people in the future to reduce the risk of death due to depression. In this study, the findings identified an association between depressive symptoms and all-cause mortality in acute and chronic diseases in middle-aged and older people, suggesting that intervention and treatment of depression should focus on the early stage of depressive symptom emergence. The potential mechanisms and pathways of this association should be further explored in future studies to reduce the risk of death due to depression in middle-aged and older people in China.



7 Conclusion

In this cohort study, depressive symptoms are associated with an increased risk of all-cause mortality, especially among the rural household population aged 55 years and older and among those who worked in nonagricultural jobs. The findings suggest that not only are depressive symptoms strongly associated with an increased risk of all-cause mortality among Chinese middle-aged and older adults but also that when depressive symptoms are comorbid with chronic disease, depressive symptoms increase the risk of all-cause mortality among middle-aged and older adults with chronic disease. The findings suggest that interventions such as early detection, integrated chronic disease care management, healthy lifestyles, and community support for depressive symptoms may help to buffer against mortality among middle-aged and older adults from the perspective of interventions for depression in middle-aged and older adults.
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