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Objectives: The purpose of this study was to explore the association between multiple chronic conditions (MCCs) and depressive symptoms among older adults in China.
Methods: We used the fourth round of data from the China Health and Retirement Longitudinal Study, and included 9789 older adults aged 60 years old and above.
Results: Compared with the older adults without chronic disease, older adults with MCCs and those with one chronic disease had a high risk of depression (MCCs: OR-adjusted: 1.55, 95% CI: 1.37 to 1.75; one chronic disease: OR-adjusted: 1.20, 95% CI: 1.05–1.37). In urban areas, the prevalence among older adults with MCCs was 2.01 times higher than that among older adults without chronic disease (OR-adjusted: 2.01, 95% CI: 1.56–2.60), while it was 1.44 times higher in rural areas (OR-adjusted:1.44, 95% CI: 1.25–1.65). Self-reported health, duration of sleep, social activities, and type of medical insurance were the influencing factors of depressive symptoms in older adults.
Conclusion: This study contributed to enriching the research on the relationship between MCCs and depressive symptoms in older adults in China.
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INTRODUCTION
Depression is a mental health problem characterized by persistent sadness, a loss of interest in some enjoyable activities, disturbed sleep and appetite, poor concentration, and other symptoms (1, 2). Studies have shown that when people transition from middle adulthood to older age, depressive symptoms tend to increase, often together with worsening physical health, which will cause a large disease burden with the increasing growth of the global aging population. Depression has been increasingly recognized as a serious public health concern in older populations (2–5). The Global Health Estimates Report showed that the prevalence of depression among elderly people had peaked, and more than 10% of elderly people worldwide have experienced depression (6). In China, the prevalence of depression in elderly people is approximately 15%, making depression the fourth leading cause of disability in China (7, 8).
The risk of depression, a psychiatric disorder that is related to physical health, is significantly related to the number of chronic diseases of an individual, thus the risk of depression increases with the number of chronic diseases. Hua’s study found that older adults with multiple chronic diseases (MCCs) often have different degrees of depressive symptoms (9–12). Presently, MCCs and health loss due to MCCs among older adults in China are gradually increasing (13, 14). Individual with MCCs usually require a combination of linked medical institutions for disease management from the initial screening until death, and they may need to take multiple drugs for a long time to control their conditions, which could lead to a decline in quality of life and could have varying influences on the risk of depression in older adults (11, 12). Meanwhile, Lichtman’s study showed that depression affected the occurrence, development, and prognosis of cardiovascular diseases, and it was listed as a risk factor for poor prognosis of patients with acute coronary syndrome (15), while hypertension, coronary heart disease, diabetes, and other chronic diseases were shown to be accompanied by a high incidence of depression among elderly individuals (16, 17). Thus, the risk of depression in older adults not only increases with the prevalence of physical diseases but is also related to severe neck, chest, and abdominal pain and many other chronic diseases. Mieke et al. found that the prevalence of depression in patients with chronic disease is much higher than that in the general population (11). Patients with MCCs were shown to have a higher degree of depression than those without MCCs.
In addition, due to China’s urban-rural dual economic structure, economic and social environments are different between urban and rural areas, which may have varying influences on the physical or mental health level of older adults. It is well known that there is a link between socioeconomic status and the development of disease through various mechanisms (18, 19). Urbanization, as an important manifestation of current social and economic factors, and the imbalance in social and economic development between urban and rural areas affect the differences in people’s habits and lifestyles, which leads to the heterogeneity of depression symptoms in older adults. Hu’s study showed that the age trajectories of later-life depression caseness varied by urbanization level. For both men and women and across all ages, the crude predicted probability of depression caseness was the highest in the rural group, followed by the semiurban group, and it was the lowest in the urban group (20). A meta-analysis based on 32 studies showed that the prevalence of depressive symptoms was approximately 10% higher in rural older adults aged 60 and above (29.2%) than that in their urban counterparts (20.5%) (21). Due to significant differences in the social and psychological status of elderly individuals in urban and rural areas, the proportion of elderly individuals who were at risk of developing depression was higher in rural areas (32.6%) than in urban areas (30.4%) (22). Jokela and Li’s studies found that the depression prevalence among middle-aged and older adults is lower with a higher level of urbanization (23), which was consistent with the result of Yang’s study that the prevalence rate of depression among the urban elderly individuals was lower than that of rural elderly individuals (31.9%) (24).
Dahlgren’s model of social determinants of health also pointed out that age, sex, lifestyle, social interaction, social experience and national policy environment were influencing factors of individual health (25). Wu’s study indicated that sex, age, marital status, social activities, and sleeping time and quality had significant impacts on depression in elderly individuals (26). Additionally, differences in intergenerational support received from children between urban and rural older adults receiving different intergenerational supports will have different impacts on depression in older adults, especially for those who are floating outside from their hometown (27). Jiang’s study found that self-reported health, social activities, education level and life satisfaction were influencing factors of depression in the older adults. The prevalence of depression varies significantly among older adults by self-reported health and life satisfaction (28). Therefore, we pose the following questions: after controlling for the social and environmental factors, what is the relationship between MCCs and depressive symptoms in older adults in China? After controlling for the confounding factors of socioeconomic and individual characteristics, especially when considering the background of China’s urban-rural dual structure, is there any difference in depressive symptoms between older adults living in urban and rural settings? Are there any differences in the relationship between MCCs and depressive symptoms between older adults living in urban and rural settings? Based on these questions, we propose the following two hypotheses:
Hypothesis 1. MCCs are an important influencing factor of depressive symptoms in older adults in China. The proportion of having a high risk of depression in older adults with MCCs is higher than that in older adults without MCCs.
Hypothesis 2. The relationship between MCCs and depressive symptoms in older adults is different between those living in urban and rural areas.
METHODS
Data and Sample
Data were obtained from the fourth-round investigation of the China Health and Retirement Longitudinal Study (CHARLS), a large Chinese community study based on a sample of households with members aged 45 years or above. The investigation was conducted between July 2018 and March 2019 and involved 19817 respondents aged 45 years and above in 150 counties/districts and 450 villages/urban communities (3, 29, 30). According to the definition of older adults in China, “All citizens of the People’s Republic of China who have reached the age of 60 years belong to the older adults population,” 11055 older adults aged 60 years and above were selected as the research objects (the actual age of the older adults was calculated according to the question “What is your actual date of birth?”). According to the response of the core dependent variable (Depressive symptoms: The Center for Epidemiologic Studies Depression Scale, CES-D-10), if the respondents did not complete or refused to answer to the CES-D-10, they were removed from the study. Finally, 1266 older adults were excluded, and 9789 older adults were included in our study (for the sample screening process, see Figure 1).
[image: Figure 1]FIGURE 1 | Study population screening process (China, 2018–2019).
MEASURES
Depressive Symptoms
Depressive symptoms of the participants were measured using the Center for Epidemiologic Studies Depression Scale (CES-D-10) (31, 32), which has been validated among the older adults and used in CHARLS (33). The CES-D-10 includes 10 questions regarding the participant’s experiences in the past week: feeling bothered, having trouble concentrating, feeling depressed, feeling as though everything required effort, feeling hopeful, feeling fearful, having restless sleep, feeling happy, feeling lonely, and having difficulty getting going (34). The total CES-D-10 score ranges from 0 to 30, with higher scores suggesting greater severity of depressive symptoms or a high risk of depression (35). In CHARLS, a cut-off score of 10 is usually used to distinguish participants (score≥ 10: high risk of depression, assigned to subgroup 1; score<10: low risk of depression, assigned to subgroup 0). In this study, the CES-D-10 had good reliability (Cronbach’s α = 0.799).
Criteria of Chronic Disease and Multiple Chronic Conditions
In CHARLS, older adults with chronic disease are those who have been diagnosed with chronic disease by a doctor up to the time of the investigation, and the question is “Have you been diagnosed with [conditions listed below, read one by one] by a doctor?”. A total of 12 chronic diseases were listed and included in this study, including hypertension, dyslipidemia (high or low), diabetes or hyperglycemia, cancer, malignant tumor, chronic lung disease, liver disease, heart disease (heart infarction, coronary heart disease, angina pectoris, congestive heart failure, etc.), stroke (including cerebral infarction and cerebral hemorrhage), kidney disease (excluding tumor or cancer), diseases of the stomach or digestive system (excluding tumor or cancer), arthritis or rheumatism, and asthma. Based on the collection of chronic disease data, the criteria for MCCs in this study were defined as follows: if the older adults had two or more chronic diseases, they were defined as MCC patients. The variable of “MCCs or not” was defined as follows: if the older adults had two or more chronic diseases, they were assigned to subgroup 3; if they had one chronic disease, they were assigned to subgroup 2; and if they have no chronic disease, they were assigned to subgroup 1.
Statistical Analysis
Descriptive analysis (N/%) was used to describe the status of MCCs and depressive symptoms of the older adults, and the chi-square test was used to compare the depressive symptoms between the older adults with MCCs and those without MCCs. Then, a generalized linear model (GLM) was employed to analyze the association between MCCs and depressive symptoms after controlling for other confounding factors, including analysis of urban and rural areas, and the results were expressed as adjusted odds ratios (OR-adjusted) and their 95% confidence intervals (95% CI).
GLM is an extension of the traditional linear model that allows the overall average to depend on a linear predictor through a non-linear link function and allows the response probability distribution to be any member of the exponential distribution family, including the logistic regression model. In this study, a binary logistic regression model was used to analyze the influence of MCCs on depressive symptoms in older adults in urban areas or rural areas after controlling for the confounding factors of sex, residence, education level, per capita household income, duration of sleep, social activities, self-reported health, type of medical insurance, life satisfaction, health satisfaction, marital satisfaction and child relationship satisfaction. A GLM always includes three components:
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In our study, we chose [image: image] as the link function; therefore, the form of the generalized linear model was:
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In Eq. 4, [image: image] is the prevalence rate of depressive symptoms in older adults, [image: image] is a constant and [image: image] is the regression coefficient, which represents the effect of [image: image] on the predictive value of individual incidence [image: image] (Y = 1).
All statistical analyses were performed using IBM SPSS Statistics V22.0, and a result with a p-value < 0.05 was considered statistically significant.
RESULTS
The characteristics of the participants (9789 older adults) are displayed in Table 1. A total of 2,153 (22.0%) older adults lived in urban areas, and 7,636 (78.0%) lived in rural areas, including 4,933 (48.9%) male and 5,150 (51.1%) female older adults. A total of 30.7% of the older adults were aged 60–64 years old, 43.7% were aged 65–74 years old and 25.6% were aged over 75 years old. A total of 53.5% of the older adults had social activities, and 72.6% of the older adults stated that their self-reported health was “very good,” “good,” or “fair.” A total of 65.2% and 80.7% of the older adults were satisfied with their health and life, respectively. A total of 54.4% of the older adults suffered from MCCs, and 43.5% had a high risk of depression. There were significant differences in the prevalence of a high risk of depression between the older adults with or without MCCs, and the prevalence of a high risk of depression among the older adults with MCCs was higher than that of those with no chronic diseases or one chronic disease (χ2 = 399.59, p < 0.001). without controlling for other confounding factors, the prevalence of a high risk of depression among older adults with MCCs was 1.84 times higher than that of the older adults who had no chronic diseases without controlling for other factors. Meanwhile, the prevalence of a high risk of depression among older adults living in rural setting was higher than that among older adults living in an urban setting (χ2 = 5.88, p < 0.05). The prevalence of a high risk of depression among older adults with no social activities was higher than that among older adults who had social activities (χ2 = 40.41, p < 0.001). There were also significant differences in the prevalence of a high risk of depression among the older adults in different groups of self-reported health, duration of sleep, per capita household income, and medical insurance types (Table 2).
TABLE 1 | The characteristics of the study participants (China, 2018–2019).
[image: Table 1]TABLE 2 | Comparison of the prevalence of depressive symptoms in older adults (China, 2018–2019).
[image: Table 2]After controlling for the variables of sex, residence, age, marital status, education level, self-reported health, per capita household income, duration of sleep, life satisfaction, health satisfaction, child relationship satisfaction, and type of medical insurance (Table 3), the prevalence of a high risk of depression among the older adults with MCCs was 1.55 times higher than that in the older adults without chronic disease (OR-adjusted: 1.55, 95% CI: 1.37–1.75), and the prevalence of high risk of depression among the older adults with one chronic disease was 1.20 times higher than that of the older adults without chronic disease (OR-adjusted: 1.20, 95% CI: 1.05–1.37), which supported the first hypothesis of our study (MCCs are an important influencing factor of depressive symptoms in older adults in China. The proportion of having high a risk of depression in older adults with MCCs is higher than that in older adults without MCCs).
TABLE 3 | Influence of having multiple chronic conditions on the risk of depression among older adults (China, 2018–2019).
[image: Table 3]Showcasing the impact of urban-rural difference on depression in older adults, after controlling for MCCs and other confounding factors the prevalence of a high risk of depression among older adults living in rural areas was 1.13 times higher than that among older adults living in urban areas (OR-adjusted: 1.13, 95% CI: 1.01–1.25), which indicated that there were differences in depressive symptoms between older adults in urban and rural settings. Meanwhile, whether in urban or rural areas, having MCCs was an influencing factor of depressive symptoms in older adults (Table 4). The prevalence of a high risk of depression in the older adults with MCCs was 2.01 times higher than that among older adults without chronic disease and living in urban areas (OR-adjusted = 2.01, 95% CI: 1.56–2.60), while it was 1.44 times higher than that of older adults living in rural areas (OR-adjusted = 1.44, 95% CI: 1.25–1.65), which supported hypothesis 2 of our study (The relationship between MCCs and depressive symptoms in older adults is different between those living in urban and rural areas). In rural areas, the prevalence of a high risk of depression in the older adults with one chronic disease was 1.18 times higher than that in older adults without chronic disease and living in urban areas (OR-adjusted = 1.18, 95% CI: 1.01–1.37). The variables of self-reported health, sleep duration, social activities, and type of medical insurance were influencing factors of depressive symptoms among older adults in both urban and rural areas.
TABLE 4 | Influence of having multiple chronic conditions on the risk of depression among older adults in urban and rural areas (China, 2018–2019).
[image: Table 4]DISCUSSION
These analyses added important information to understand the relationship between MCCs and depression among the older adults in China, using a nationally representative cross-sectional dataset of CHARLS. We found that there was a significant difference in the prevalence of a high risk of depression between older adults with MCCs and those without chronic disease, and the prevalence of a high risk of depression in older adults with MCCs was significantly higher than that in older adults without chronic disease. The results indicated that MCCs were an important influencing factor on depressive symptoms in older adults, which was consistent with the results of Meher’s study, which showed that the association between the number of chronic conditions and depression exhibited a linear trend with an increased odds ratio indicating a higher risk of depression among older adults with multiple chronic conditions (36). Our study found that 52.3% of the older adults with MCCs had a high risk of depression, and the prevalence of a high risk of depression among the older adults without chronic disease was 27.4%. Other studies also indicated that older adults with chronic diseases often have different degrees of depression, and the number of chronic diseases was positively related to the score of depressive symptoms: the more MCCs, the higher the score of depressive symptoms (37–40). Usually, MCCs among older adults have a long course, are difficult to cure, and easily recur. Some patients need long-term or even lifelong treatment, which aggravates the patient’s economic pressure, thus increasing the mental pressure and psychological disorder of older patients. The risk of depression in older adults with cerebrovascular disease, coronary heart disease, diabetes, and visual impairment is higher than that in older adults without those chronic diseases (39, 40). Depressive symptoms were associated with increased medical utilization and expenditure among chronic lung disease patients, which varies between urban and rural areas (41).
In particular, under the background of rapid urbanization, the proportion of the urban population increased from 26% in 1990% to 60.6% in 2019 in China. Moving to urban areas is viewed as a means of upwards social mobility in China, as it will lead to a better educational environment, more economic resources, more opportunities, and a sense of cultural and psychological preeminence (41). The difference between residing in urban and rural areas has different effects on depression symptoms in older adults. Our study showed that urban versus rural residences were the influencing factors of depression symptoms in older adults after controlling for other confounding factors. The prevalence of a high risk of depression among older adults living in rural areas was 1.13 times higher than that among older adults living in urban areas, which was consistent with the results of some previous studies (41–43).
Whether in urban or rural areas, the variables of self-reported health, duration of sleep, social activities, and type of medical insurance were the influencing factors of depressive symptoms in older adults; the worse their self-reported health, the higher the risk of depression in older adults, which was consistent with the results of Maier et al.’s study. In their meta-analysis, the results of the heterogeneity analysis indicated that self-reported health had a significant influence in several studies. Quality of physical activity, chronic disease, and difficulty initiating sleep increased the risk of depression (44). The risk of depression among older adults was also associated with the duration of sleep. Our study also found that the prevalence of a high risk of depression among older adults who slept 6–9 h every day was 0.46 times higher than that among the older adults who slept for less than 6 h, and the prevalence of a high risk of depression among older adults who slept 10 or more hours every day was 0.49 times higher than that among older adults who slept for less than 6 h. The prevalence of high a risk of depression among the older adults who slept less than or equal to 5 h was the highest, followed by those who slept more than or equal to 10 h, and the prevalence of high risk of depression among the older adults who slept for 6–9 h was the lowest. The results indicated that proper sleep time could reduce the risk of depression in elderly individuals, which was similar to the results of Zeo’s study to some extent. Compared with older adults who had less than 5 h sleep, those who had more sleep had a lower risk of depression (28, 45). The duration of sleep was a significant influencing factor against depressive symptoms in old people. Their study also pointed out that the quality of sleep affected the risk of depressive symptoms and moderated the relationship between pain interference and depressive symptoms among older adults with chronic pain, such that good sleep quality attenuated the effect of pain interference on depression, and poor sleep quality amplified the effect of pain interference on depression (45–47).
Meanwhile, we found that social activities could reduce the risk of depression in older adults. The prevalence of a high risk of depression among people who participated in social activities was lower than that among older adults who did not participate in social activities, whether in rural or urban areas. The results in Wang’s study indicated that for urban respondents, playing mah-jong or cards and joining sports or social clubs predicted a decline in depressive symptoms. For rural residents, interacting with friends regularly was associated with fewer depressive symptoms. In conclusion, a more diverse and higher frequency of social participation was associated with better mental health, while the social significance of social participation varied across different types of social participation and between rural and urban areas (48). Therefore, social activities play an important role in depressive symptoms among older adults. We can try to encourage and provide social opportunities for older adults based on their personal needs, preferences and abilities, actively build entertainment and leisure service facilities, and encourage older adults to participate in more social activities, which may reduce the risk of depression to some extent.
Conclusion
Our study found that whether they were living in urban or rural areas, MCCs were important factors influencing depressive symptoms among older adults. Compared with older adults without MCCs, older adults with MCCs have a higher risk of depression, and the influence of MCCs on depressive symptoms in older adults is different between urban and rural areas. This study added important information to help us understand the relationship between MCCs and depressive symptoms in older adults in China. However, there are also some limitations: (1) We analyzed the relationship between MCCs and depressive symptoms among older adults based on a cross-sectional study, not on a cohort study. Therefore, the evidence of this study was weak regarding the determination of a causal relationship. (2) This study only focused on the impact of MCCs on depressive symptoms in older adults, but did not consider the impact of different types of chronic disease and different combinations of chronic diseases. The impact of different types and combinations of chronic diseases on depressive symptoms needs in-depth study in the future. (3) Although the CES-D-10 has been widely used in the investigation of depressive symptoms and has good reliability, it was based on the subjective feelings of participants and not a diagnosis from a doctor. Therefore, the results from the screening tool may include some false-positives.
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