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Summary: Given the rapid increase in the prevalence of chronic diseases in aging populations, 
this prospective study including 17 707 adults aged ≥45 years from China Health and Retirement 
Longitudinal Study was used to estimate the associations between chronic disease, multimorbidity, 
and depression among middle-aged and elderly adults in China, and explore the mediating factors. 
Depressive symptoms were assessed using the 10-item Centre for Epidemiological Studies 
Depression Scale (CES-D-10) questionnaire. Twelve chronic physical conditions, including 
hypertension, diabetes, dyslipidemia, cancer, chronic lung disease, liver disease, heart failure, 
stroke, kidney disease, arthritis or rheumatism, asthma, digestive disease were assessed. The 
prevalence rates for physical multimorbidity and depression (CES-D-10 ≥10) were 43.23% and 
36.62%, respectively. Through multivariable logistic models and generalized estimating equation 
(GEE) models, we found all 12 chronic physical conditions, and multimorbidity were significantly 
associated with depression. Both mobility problems and chronic pain explained more than 30% of 
the association for all chronic conditions, with particularly high percentages for stroke (51.56%) 
and cancer (51.06%) in mobility problems and cancer (53.35%) in chronic pain. Limited activities 
of daily living (ADL) explained 34.60% of the stroke-cancer relationship, while sleep problems 
explained between 10.15 % (stroke) and 14.89% (chronic lung disease) of the association. 
Individuals with chronic diseases or multimorbidity are significantly more likely to be depressed. 
Functional symptoms involving limitations of ADL and mobility difficulties mediated much of 
the association between chronic diseases and incident depression. These symptoms could be 
targeted for interventions to ameliorate the incidence of depression among individuals with chronic 
conditions.   
Key words: chronic disease; multimorbidity; depression; functional symptoms; mediation effect

China has the largest national population of any 
country at almost 1.4 billion, and is becoming a rapidly 
aging nation as life expectancy increases. Predictions 
indicate that there will be a large increase in China’s 
elderly population by 2050, with up to 400 million 
people aged over 65, and 500 million people aged over 
80[1]. Age-related health problems represent a core issue 
in the aging process[2], with chronic non-communicable 
diseases and mental health disorders being the two 
major types. Chronic non-communicable diseases have 
received substantial research attention, with the highest 
disease burden of any illness category in China[3]. In 

contrast, despite their high prevalence[4], mental health 
disorders including depression are often neglected and 
underdiagnosed due to the stigma of mental illness in 
some areas of China[5].

Over the past several decades, high prevalence 
of depression has been reported among patients with 
a range of chronic illnesses, including 17%–27% of 
patients with cardiovascular disease[6], 11%–31% of 
patients with diabetes[7] and 10%–24% of patients with 
arthritis[8]. Moreover, a higher prevalence of depression 
was reported in people with at least one chronic physical 
condition (9.3%–23%) compared with those with 
none (3.2%)[9]. Research interest in the relationship 
between chronic illness and depression has increased 
in recent years. The World Health Organization’s 
(WHO) Global Burden of Disease Study reported 
that people with chronic illnesses were significantly 
more likely to suffer from depression, and that the 
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comorbidity between chronic diseases and depression 
is common[10]. It is well established that depression is 
associated with several chronic illnesses[11], including 
diabetes[12–14], hypertension[15], arthritis[16], chronic 
kidney disease[17], chronic lung disease[18], cancer[19], 
asthma[20], and stroke[21]. Furthermore, depression is 
reported to be two or three times more likely in people 
with multimorbidity (characterized by the presence of 
two or more chronic physical conditions) compared 
to people without multimorbidity or those who have 
no chronic illness[22], which has now been another 
public concern and has worse effect on depression. 
The assessment and treatment of chronic disease can 
be confused by depression, and vice versa. Thus, it is 
important to investigate how those chronic diseases 
differentially affect depression prospectively.

Functional health has long been recognized 
as a major predictor of depression. Previous study 
found that the chronic illness was not associated with 
depression unless the illness and functional discomforts 
occurred simultaneously[23]. Depression may operate 
principally through functional health with an indirect 
bearing on chronic illness. Functional health might 
be a mediator in the association between physical 
illness and depression by restricting social activities, 
leading to poor sleep, mobility difficulties, as well as 
chronic body pain[24, 25]. Functional health was common 
feelings in people with chronic illness, especially in 
the elderly. While, there is a paucity of information 
on functional health [mobility difficulties, activities of 
daily living (ADL), chronic pain, and sleep problems] 
that might influence the relationship between chronic 
illness/multimorbidity and depression for few studies 
focus on the association of somatic symptomatology 
and chronic diseases as well as the depression. 

Thus, we aimed to assess the association between 
chronic disease/multimorbidity and depression among
Chinese adults aged ≥45 years, focusing on the following 
questions: 1) is there a significantly increased risk of 
depression among people with chronic diseases or 
multimorbidity compared with those with no functional 
health? 2) does the risk of depression significantly 
increase with the number of chronic diseases? 3) do 
any of these risks or relationships differ significantly 
across age and gender groups? and 4) does functional 
health mediate the relationships between depression 
and chronic conditions?

1 MATERIALS AND METHODS

1.1 Sample
Data were collected from the China Health and 

Retirement Longitudinal Study (CHARLS), an ongoing 
nationally representative cohort study involving a 
longitudinal survey of people aged 45 and over and 
their partners (regardless of age) in China. CHARLS 

is a public dataset supported by Peking University, 
and shares the same basic guidelines as the Health 
and Retirement Study and related aging surveys such 
as the Indonesia Family Life Panel and the Korean 
Longitudinal Study of Aging. A baseline survey was 
conducted from 2011 to 2012, and individuals were 
followed up every 2 years. To date, the survey data of 
the national baseline survey (visit I, 2011y), the first 
follow-up survey (visit II, 2013y), and the second 
follow-up survey (visit III, 2015y) have been released, 
and are available at the study website (http://charls.
ccer.edu.cn/zh-CN). Informed consent was obtained 
from all participants. The biomedical ethics committee 
of Beijing University approved the study, and detailed 
descriptions of the survey design and procedures were 
reported in the original study documentation[26].

A total of 17 707 individuals took part in the 
baseline survey. Of these, 14 978 were re-investigated 
at visit II (2013y) and 10 291 at visit III (2015y). The 
inclusion criteria for this study were as follows: 1) 
aged ≥ 45 years; 2) no severe cognitive impairment 
(to ensure accurate measurement of self-reported 
information of interest); 3) complete information 
about age, gender, chronic disease and depression 
assessment; and 4) not taking any antidepressants. 
A total of 14 392 respondents fulfilled the inclusion 
criteria and were included in the cross-sectional 
analysis. Because most information was obtained via 
specific questionnaires and physical disabilities could 
strongly influence people’s daily activity, we excluded 
respondents with the following conditions: physical 
disabilities; brain damage/mental retardation; vision 
problems; hearing problems; and speech impediment. 
Thus, 9104 participants were included in the final 
analysis. The study flow is shown in fig. 1.
1.2 Chronic Disease and Comorbidities

Chronic diseases were defined at the baseline 
survey. Hypertension was defined as mean systolic 
blood pressure ≥ 140 mmHg and/or mean diastolic 
blood pressure ≥ 90 mmHg, and/or current use of 
antihypertensive drugs, or any self-reported history 
of physician-diagnosed hypertension[27]. Dyslipidemia 
was defined as total cholesterol > 6.2 mmol/L, 
triglycerides ≥ 2.3 mmol/L, LDL-C ≥ 4.1 mmol/L, 
HDL-C < 1.0 mmol/L in men or HDL-C < 1.3 mmol/L 
in women, or taking any treatment to lower blood lipid 
levels, or having any self-reported history of physician-
diagnosed dyslipidemia[28]. Diabetes was defined as 
fasting plasma glucose ≥ 7.0 mmol/L and/or HbA1c ≥ 
6.2 mmol/L, or current use of any treatment to control 
blood sugar, regardless of fasting plasma glucose 
levels, or any self-reported history of physician-
diagnosed diabetes[29]. Other chronic diseases, such 
as chronic lung disease (e.g., chronic bronchitis or 
emphysema, excluding tumors or cancers); liver disease 
(except fatty liver, tumors, or cancers); heart attack 
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(including coronary heart disease, angina, congestive 
heart failure, or other heart problems); stroke; kidney 
disease (except for tumor or cancer); digestive diseases 
(except for tumor or cancer); arthritis or rheumatism, 
and asthma, were identified according to self-reported 
physician diagnosis or taking any treatment for related 
diseases or complications. These diseases were chosen 
because of their permanent features, their nonreversible 
pathological causes, or the requirement of rehabilitation 
or a long period of care[30]. A previous study reported that 
respondents’ self-report data regarding chronic disease 
had highly satisfactory agreement with information 
from their general practitioners, and accuracy was not 
found to be influenced by depression[31]. Respondents 
reporting negative responses to all the measured 
or self-reported diagnoses for the aforementioned 
diseases were selected as the healthy control group. 
Multimorbidity was defined as having two or more 
of any aforementioned chronic diseases. All blood 
samples involved in the diagnosis were collected 
during the baseline follow-up survey, and the details 
were published previously[32].
1.3 Depression

Depressive symptoms were measured using the 
Center for Epidemiologic Studies Depression Scale 
(CES-D-10) in the CHARLS, which has been validated 
with elderly respondents in China[33]. The response 
scale for the CES-D-10 includes 10 questions regarding 

participants experience during the past week: feeling 
bothered, having trouble in concentrating, feeling 
depressed, feeling as though everything was effortful, 
feeling hopeful, feeling fearful, having restless sleep, 
feeling happy, feeling lonely, and having difficulty  in 
getting going. The details were published in a previous 
study[32]. Total CES-D-10 scores range from 0 to 30, 
with higher scores indicating more serious depressive 
symptoms. We used a cut-off score of  ≥ 10 to distinguish 
participants with depression from those who were 
relatively free of depression[33]. The CES-D-10 used in 
this study exhibited good internal consistency, with α 
= 0.793 at baseline investigation (2011y), α = 0.787 at 
follow-up investigation (2013y), and α = 0.779 at the 
second follow-up investigation (2015y).
1.4 Functional Health and Covariates 

Functional health was evaluated using 50 health-
related questions pertaining to four health domains: 
mobility, ADL, chronic pain, and night-time sleeping. 
Mobility difficulties were defined as difficulty in 
relevant abilities, including running or jogging, getting 
up from a chair after sitting for a long period, climbing 
several flights of stairs without resting, stooping, 
kneeling, or crouching, and carrying weights over 5 
kg. ADL ability was measured by asking participants 
whether they had any difficulties taking a bath, 
eating, getting in and out of bed, dressing, using the 
toilet, defecating, doing housework, cooking, making 

Wave  Assessment (2011y)
n=17 705

Wave  Assessment (2013y)
n=14 978

(14 978 included in Wave  ) 

Wave  Assessment (2013y)
n=21 111

(10 291 included in Wave  ) 

Longitudinal analytical sample
n=9104

                                             Wave 1 excluded
No CES-D-10 scores, n=1558;
Gender missing, n=15;
Age <45, n=423;
No information about age, n=76;
With severe cognitive impairment, n=768;
Failed to record chronic disease, n=3249;
Taking any antidepressants, n=121;
Having physical disabilities: brain damage/mental retardation (n=23);
vision problem (n=174); hearing problem (n=385); speech impediment
(n=34)

                         Wave 2 excluded
Did not participate in the Wave  visit, n=6667;
No CES-D-10 scores, n=1980;

                               Wave 3 excluded
Did not participate in the Wave  and Wave  visit, n=
937; No CES-D-10 scores, n=250

Fig. 1 The study flow
CES-D-10: Center for Epidemiologic Studies Depression Scale
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phone calls, taking medicine, shopping and managing 
finances due to health and memory problems during 
the past 3 months. The detailed evaluation methods 
were previously reported by Katz[34] and Lawton[35]. If 
any difficulty was reported and then the reporter would 
be recognized as had difficulty in mobility or ADL. 
Chronic pain was defined as pain that persisted after 
healing would be expected to have taken place, or pain 
persisting in the absence of tissue damage[36]. Chronic 
pain was assessed by asking participants whether they 
were troubled by any such body pains. Chronic pain 
was recorded as positive if participants responded 
“yes”, and negative if they responded “no”. Sleep 
problems were defined as night-time sleeping duration 
of less than 6 h. These four domains were used as initial 
indicators of functional health in the CHARLS dataset.

Based on previous studies, we conducted 
preliminary analyses for testing multiple confounders 
for chronic disease or depressive symptoms through 
standard questionnaires. These covariates included 
gender and age, living areas, marital status, education 
level, smoking status, alcohol use, body mass index 
(BMI, kg/m2), abdominal adiposity, and daily activities. 
In addition, we considered self-reported life satisfaction 
and self-reported good health as potential confounders.
1.5 Statistical Analysis

Differences in sample characteristics by age group 
(45–64 years vs. ≥ 65 years) were evaluated using Chi-
squared tests. Multivariable logistic regression analysis 
with consideration of complex survey design was applied 
to assess the cross-sectional association between chronic 
conditions or multimorbidity (exposure variables) 
and depression (outcome variable) while adjusting for 
multi-covariates. The generalized estimating equation 
model, which can consider time-dependent effects, was 
applied to explore the prospective influence of prevalent 
chronic diseases and the incidence of depression, where 
incident depression was defined as CES-D-10 score 
< 10 at baseline survey, then CES-D-10 score ≥ 10 at 
the following two surveys (2013y and 2015y). The 
logit link function was used in the GEE model, and the 
working covariance matrix was defined as “unstructured 
correlation”. The results were presented as odds ratios 
(ORs) with 95% confidence intervals (CIs).

Given that some functional symptoms regarding 
mobility difficulties, ADL, chronic pain, and night-

time sleeping may be linked to chronic conditions as 
part of the symptomatology or the consequences of 
chronic conditions, we conducted mediational analysis 
to evaluate underlying factors that may explain the 
link between chronic conditions or multimorbidity and 
depression among the whole population. Considering  
that the continuous variable of depression could make 
full use of the information, we used the CES-D-10 
scores assessed in wave Ⅰ, wave Ⅱ and wave Ⅲ as the 
main outcome. A linear regression approach guided by 
Baron and Kenny’s method was applied[38]. There were 
three depression assessments in the different surveys, 
so the GEE model was applied as the analytical 
model, with the working covariance matrix defined 
as the “unstructured correlation”. In the first step, the 
outcome variable (CES-D-10 score) was regressed on 
the independent variable (separate chronic conditions 
as well as multimorbidity). This method indicates the 
total effect of the predictor on the outcome variable. 
In the second step, the mediator variable (mobility 
difficulties, limited ADL, chronic pain, and poor sleep) 
was regressed on the independent variable (separate 
chronic conditions as well as multimorbidity). The 
outcome variable was then regressed on the mediator 
variable in the third step. In the final step, the outcome 
variable was regressed on the mediator variable and the 
independent variable. The details are shown in fig. 2. 
The Sobel test was used to confirm the significance of 
the mediator effect. This method decomposed the total 
effect into direct and indirect effects and the mediated 
percentage (percentage of the main association 
explained by the mediator) could be calculated. 
Each potential mediator was included in the models 
separately and the models were adjusted for covariates. 
The sample weighting and the complex study design 
were taken into account in all analyses. The level of 
statistical significance was set at two-sided P<0.05. 
The statistical analysis was performed using SAS, 9.4 
(SAS Institute, Inc., USA) 

2 RESULTS

2.1 Sample Characteristics
The final analytical sample included 14 392 

participants aged ≥ 45 years in the cross-sectional 
analysis and 9104 participants in the longitudinal 

Chronic disease (Independent variable) Depressive symptoms (Dependent variable)

Chronic disease (Independent variable) Depressive symptoms (Dependent variable)

Healthy status (Mediator)

Path C

Path A Path B

Path C’

Fig. 2 The analytical framework of mediation analysis
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analysis. The median (interquartile range, IQR) age 
was 58 (14) years and 48.17% of participants were 
male. The median CES-D-10 was 7 (IQR, 3–12) 
and the prevalence of depression (CES-D-10 ≥ 10) 
was 36.62%. The prevalence of multimorbidity was 
43.23%. The detailed sample characteristics as well as 
the gender specific difference are presented in table 1.

The prevalence of depressive symptoms alone, 
each chronic disease alone, and multimorbidity 
(comorbidity of two or more chronic diseases) were 
estimated, and stratified for age and sex separately at 
baseline. The prevalence of arthritis or rheumatism had 
the highest overall prevalence of 55.61%, followed by 
hypertension (49.06%) and stomach or other digestive 
diseases (45.69%). In addition, the prevalence of 
multimorbidity was notably high, at 43.23%. Since all 
chronic diseases except hypertension and diabetes were 
based on self-reported measures, the potential effects 
of reporting bias on prevalence estimation should 
not be neglected. Moreover, the stratification results 
indicated that the prevalence of the 12 assessed chronic 
diseases among elderly participants (≥ 65 years) was 
substantially higher than that among middle-aged 
participants (≥ 45 years < 65 years). Except for stroke 
and liver disease, other chronic diseases exhibited 
higher prevalence among females than males. The 

prevalence of depressive symptoms increased in a 
linear fashion with an increasing number of chronic 
conditions ranging from 23.34% in people with no 
chronic conditions to 61.31% among people with three 
or more chronic diseases. The details of these analyses 
are shown in table 2. 
2.2 Association between Chronic Diseases and 
Depression

A relatively high percentage of respondents with 
one or more chronic diseases also exhibited depression. 
Participants with asthma had the highest prevalence of 
depression (57.68%), while those with hypertension 
had the lowest prevalence (37.21%). The prevalence 
of depression increased in a linear fashion with the 
number of chronic conditions, ranging from 23.34% 
in participants without any chronic conditions to 
61.31% in participants with more than three chronic 
conditions. Furthermore, the prevalence of depression 
was also higher in the elderly (≥ 65 years) in regarding 
to most chronic conditions, such as among those with 
stroke (58.33%), kidney disease (56.49%), stomach 
disease (56.73%), arthritis (55.25%), asthma (55.51%) 
and multimorbidity (50.78%), and the prevalence 
of depression was significantly higher among older 
individuals (≥ 65 years). The details of these findings 
are shown in fig. 3. 

Fig. 3 Prevalence of depression
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Dyslipidemia
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Table 1 Sample characteristics (overall and by age group, n=14 392) 

Characteristic Total
Age group

45–64 y (n=10 566) ≥ 65 y (n=3826) P-value
Age (years), mean ± standard 
   deviation (SD)

59.1±9.589 52.2±4.1 68.0±6.7 <0.0001

Depressive symptoms, mean ± SD 8.4±6.3 7.8±6.2 9.1±6.5 <0.0001
Depression, n (%)  5270 (36.6) 3671 (34.7) 1599 (41.8) <0.0001
Gender, n (%)  

Male 6932 (48.2) 4982 (47.2) 1950 (50.9) <0.0001
Female 7460 (51.8) 5584 (52.9) 1876 (49.1)

Residence, n (%)
Rural 6635 (75.3) 4683 (75.3) 1952 (75.4) 0.9064
Urban 2175 (24.7) 1538 (24.7) 637 (24.6)

Education, n (%)
Illiterate 3781 (26.7) 2235 (21.6) 1546 (40.9) <0.0001
Elementary school 5686 (40.2) 4125 (39.8) 1561 (41.3)
Middle school 3030 (21.4) 2630 (25.4) 400 (10.6)
High school or above 1644 (11.6) 1375 (13.3) 269 (7.1)

Marital status, n (%)
Married 12677 (88.1) 9833 (93.1) 2844 (74.3) <0.0001
Divorced 129 (0.9) 110 (1.0) 19 (0.5)
Widowed 1466 (10.2) 533 (5.0) 933 (24.4)
Never married 120 (0.8) 90 (0.9) 30 (0.8)

Drinking status, n (%)
None 9668 (67.2) 6924 (65.5) 2744 (71.7) <0.0001
< 1/month 1107 (7.7) 873 (8.3) 234 (6.1)
≥ 1/month 3617 (25.1) 2769 (26.2) 848 (22.2)

Abdominal obesity, n (%) 6141 (42.7) 4603 (43.6) 1538 (40.2) 0.0003
Smoking status, n (%)

Current smokers 8673 (60.3) 6486 (61.4) 2187 (57.2) <0.0001
Never smokers 4434 (30.8) 3297 (31.2) 1137 (29.7)
Former smokers 1282 (8.9) 781 (7.4) 501 (13.1)

Sleep duration (h), n (%)
< 6 4260 (29.6) 2856 (27.1) 1404 (36.7) <0.0001
6–9 9541 (66.3) 7308 (69.2) 2233 (58.4)
> 9 591 (4.1) 402 (3.8) 189 (4.9)

Mobility difficulty, n (%) 9434 (65.6) 5024 (55.1) 4410 (83.7) <0.001
ADL difficulty, n (%) 3732 (38.4) 2213 (33.9) 1519 (47.8) <0.0001
Health status, n (%)

Poor 490 (3.4) 309 (2.9) 181 (4.73) <0.0001
Good 10005 (69.5) 7204 (68.2) 2801 (73.21)
Excellent 3897 (27.1) 3053 (28.9) 844 (22.06)

Chronic pain, n (%) 4574 (31.8) 3301 (31.2) 1273 (33.28) 0.0205
Life satisfaction, n (%)

Perfect 2880 (22.2) 2014 (20.8) 866 (26.3) <0.0001
Good 8095 (62.3) 6100 (62.9) 1995 (60.6)
Poor 2010 (15.5) 1578 (16.3) 432 (13.1)

Daily activities, n (%)
Vigorous 109 (2.0) 94 (2.3) 15 (1.1) <0.0001
Moderate 427 (7.8) 349 (8.5) 78 (5.7)
Walking 4923 (90.2) 3650 (89.2) 1273 (93.2)

Multimorbidity 6222 (43.2) 2879 (35.6) 3343 (52.9) <0.0001
Number of chronic conditions

0 3831 (26.6) 3186 (30.2) 645 (16.9) <0.0001
1 4339 (30.2) 3279 (31.1) 1060 (27.7)
2 3124 (21.7) 2156 (20.1) 968 (25.3)
3 1617 (11.2) 1052 (9.9) 565 (14.8)
≥ 4 1481 (10.3) 893 (8.5) 588 (15.4)

The total amount of moderate to vigorous physical activity over the last week was calculated and those scoring <150 min were 
considered to have low physical activity; Data are unweighted n and weighted proportion or mean (standard deviation: SD); Data are 
weighted column % unless otherwise stated; The differences in sample characteristics between age groups were tested by Chi-squared 
tests.
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The results of the multivariable logistic regression 
analysis assessing the cross-sectional association 
between chronic diseases and depression are shown in 
table 3. In the overall sample, all 12 specific chronic 
diseases, and multimorbidity, were significantly 
associated with depression in the raw model. However, 
after adjusting for some covariates including functional 
health symptoms, only diabetes, chronic lung disease, 
heart failure and asthma were associated with 
depression (model 3). In terms of the number of chronic 

diseases, compared with participants without any 
chronic diseases, the association between depression 
and chronic diseases exhibited a linear trend with 
increasing OR, ranging from OR = 1.432 (95% CI: 
1.286, 1.594) for participants with only one chronic 
disease to OR = 4.990 (95% CI: 4.229, 5.889) for those 
with more than three chronic diseases in model 1. The 
same trend was observed in model 2 and model 3, 
indicating that participants with more chronic diseases 
had a higher risk of depression.

Table 2 The prevalence of chronic conditions, multimorbidiy, and number of chronic conditions among the analytical sample 

Chronic disease Total
Age (years) Gender

45–64 ≥ 65 P-value Male Female P-value
Hypertension, n (%) 3690 (49.06) 2269 (41.59) 1421 (68.78) <0.0001 1737 (47.64) 1953 (50.40) 0.0168
Diabetes, n (%) 1081 (22.01) 742 (18.89) 339 (34.45) <0.0001 460 (19.42) 621 (24.42) <0.0001
Dyslipidemia, n (%) 1334 (25.83) 958 (23.12) 376 (36.83) <0.0001 615 (24.37) 719 (27.22) 0.0190
Cancer, n (%) 138 (3.48) 98 (2.98) 40 (5.84) 0.0002 47 (2.40) 91 (4.52) 0.0003
Chronic lung disease, n (%) 1471 (27.74) 887 (21.78) 584 (47.52) <0.0001 832 (30.35) 639 (24.95) <0.0001
Liver disease, n (%) 575 (13.05) 435 (12.01) 140 (17.83) <0.0001 307 (13.85) 268 (12.24) 0.1113
Heart failure, n (%) 1754 (31.41) 1115 (25.92) 639 (49.77) <0.0001 685 (26.41) 1069 (35.74) <0.0001
Stroke, n (%) 299 (7.24) 167 (4.98) 132 (16.99) <0.0001 150 (7.29) 149 (7.19) 0.9107
kidney disease, n (%) 912 (19.23) 673 (17.44) 239 (27.04) <0.0001 491 (20.46) 421 (17.97) 0.0296
Digestive disease, n (%) 3223 (45.69) 2421 (43.18) 802 (55.43) <0.0001 1412 (42.52) 1811 (48.51) <0.0001
Arthritis or rheumatism, n (%) 4799 (55.61) 3418 (51.76) 1381 (68.16) <0.0001 2009 (51.28) 2790 (59.21) <0.0001
Asthma, n (%) 501 (11.57) 274 (7.92) 227 (26.03) <0.0001 291 (13.23) 210 (9.85) 0.0005
Multimorbidity, n (%) 6222 (43.23) 4101 (38.81) 2121 (55.44) <0.0001 2864 (41.32) 3358 (45.01) <0.001
Moreover, the result of stratification presented that the prevalence of the assessed twelve chronic diseases among the elderly was much 
higher than the middle aged ones. Especially the prevalence of diabetes, chronic lung disease, heart failure, and cancer among the 
elderly was almost two times that of the middle aged ones, while the prevalence of stroke and asthma was more than three times than 
the middle aged people. As for the gender stratification, we can see that the male had higher prevalence of chronic lung disease, kidney 
disease, and asthma, while the female had higher prevalence of hypertension, diabetes, dyslipidemia, cancer, heart failure, digestive 
disease, and arthritis. Since all the chronic diseases, excepting for hypertension and diabetes, were based on self-reported, the reporting 
bias which could arouse bias estimation of the true prevalence could not be neglected.

Table 3 Cross-sectional associations between chronic diseases and number of chronic diseases with depressive symptoms 
(outcome) estimated by logistic regression 

Chronic disease 
Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
Hypertension 2.34 (2.06, 2.65) <0.001 2.15 (1.83, 2.53) 0.001 1.22 (0.81, 1.85) 0.348
Diabetes 2.56 (2.14, 3.06) <0.001 2.60 (2.04, 3.31) <0.001 2.13 (1.29, 3.51) 0.003
Dyslipidemia 2.17 (1.83, 2.57) <0.001 2.59 (2.11, 3.19) <0.001 1.42 (0.83,2.43) 0.203
Cancer 3.25 (2.25, 4.70) <0.001 2.58 (1.56, 4.26) 0.002 2.52 (0.80, 7.93) 0.111
Chronic lung disease 3.37 (2.88, 3.94) <0.001 3.23 (2.58, 4.05) <0.001 1.66 (1.08, 2.55) 0.020
Liver disease 3.01 (2.43, 3.75) <0.001 3.33 (2.57, 4.30) <0.001 1.67 (0.96, 2.89) 0.067
Heart failure 3.59 (3.16, 4.08) <0.001 3.64 (3.01, 4.41) <0.001 2.51 (1.54, 4.11) <0.001
Stroke 4.19 (3.22, 5.46) <0.001 3.74 (2.43, 5.76) <0.001 1.94 (0.79, 4.78) 0.145
Kidney disease 3.50 (2.90, 4.22) <0.001 3.89 (3.11, 4.86) <0.001 1.52 (0.92, 2.51) 0.103
Stomach or other digestive disease 3.25 (2.90, 3.64) <0.001 3.07 (2.63, 3.59) <0.001 1.02 (0.68, 1.53) 0.927
Arthritis or rheumatism 3.25 (2.92, 3.62) <0.001 2.82 (2.46, 3.24) <0.001 1.29 (0.91, 1.82) 0.152
Asthma 4.41 (3.54, 5.49) <0.001 4.73 (3.44, 6.50) <0.001 2.87 (1.68, 4.92) <0.0001
Number of disease

1 1.43 (1.29, 1.59) <0.001 1.24 (1.07, 1.44) <0.001 0.74 (0.53, 1.07) 0.107
2 2.45 (2.17, 2.77) <0.001 2.10 (1.80, 2.45) <0.001 1.32 (0.91, 1.93) 0.147
3 3.51 (3.01, 4.09) <0.001 3.37 (2.78, 4.10) <0.001 1.88 (1.18, 2.99) 0.007
≥4 4.99 (4.23, 5.89) <0.001 5.21 (4.00, 6.79) <0.001 2.04 (1.24, 3.35) 0.005

Model 1: the raw analysis without adjusting for any covariates; Model 2: adjusting for age cognition, gender, marital status, education, 
residence; Model 3: adjusting for age, gender, marital status, education, residence, smoking status, drinking, BMI status, central obesity, 
daily activities, sleep duration, self-reported health, self-reported life satisfaction, ADL disability and chronic body pain
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Regarding the longitudinal association, 9104 
participants completed the wave Ⅱ and wave Ⅲ 
survey and the measurement of depression. In this 
sample, 49.40% of participants were male, and 21.56% 
were aged ≥ 65 years. It should be noted that there 
were 5863 participants with CES-D-10 scores < 10 at 
baseline, and 18.01% of them had incident depression 
(CES-D-10 ≥ 10) at the 2013 survey and 13.10% had 
incident depression (CES-D-10 ≥ 10) at the 2015 
survey. The results from the raw model revealed that 
all 12 estimated chronic diseases were associated with 
depression. However, after adjusting for covariates, 
only diabetes, chronic lung disease, heart failure, 
stroke, kidney disease, arthritis or rheumatism, and 
asthma at baseline were found to be significant risk 
factors for the incidence of depression, with asthma 
having the highest OR (2.446; 95% CI: 1.625, 3.683) 
(model 3). In addition, multimorbidity with more 
than three chronic diseases also increased the risk of 
depression (OR = 1.858; 95% CI: 1.394, 2.477). The 
details of these results are shown in table 4.
2.3 Mediation Analysis

The indirect effect between chronic diseases and 
incident depression was significant in all analyses. 
Regarding specific chronic diseases, mobility 
difficulties explained more than 30% of the association 
for all chronic diseases, with particularly high mediated 
percentages observed for stroke (51.56%) and cancer 
(51.06%). ADL mediated 19.15% (hypertension) to 
34.6% (stroke) of the association between chronic 
diseases and depression. Chronic pain was another 
major mediator of the association between depression 
and all chronic diseases, and explained more than 30% 
of the association for all chronic diseases, ranging 

from 31.91% (diabetes) to 53.35% (cancer). Sleep 
problems did not explain the association of depression 
with hypertension, diabetes, dyslipidemia, and cancer. 
For other conditions, sleep problems explained from 
10.15% (stroke) to 14.89% (chronic lung disease) of 
the association. However, cognitive problems were 
not found to be an influential factor in the association 
of depression with chronic diseases or multimorbidity 
in this study. Regarding multimorbidity, the results 
revealed that ADL, mobility difficulties, sleep and 
chronic pain mediated 19.61%, 31.68%, 12.33% and 
34.57% of the association, respectively. The detailed 
mediation analysis is shown in table 5.

3 DISCUSSION

The current findings demonstrated a close 
relationship between chronic disease/multimorbidity 
and depression, indicating that people with chronic 
diseases are at a higher risk of being depressed or 
suffering from depressive symptoms. In patients 
with diabetes, stroke, or arthritis, chronic disease 
had a particularly strong influence on the incidence 
of depression. Moreover, participants with a greater 
number of chronic diseases had a higher risk of 
being depressed, and the risk was proportional to the 
number of chronic diseases. These findings highlight 
the importance of paying more attention to the impact 
of chronic diseases on patients’ mental health during 
the diagnosis and treatment process. In addition, the 
correlation analysis revealed that all of the chronic 
diseases assessed in this study were associated with 
depressive symptoms, independent of other covariates. 
The mediation analyses for the whole sample revealed 

Table 4 Longitudinal associations of chronic diseases, and multimorbidity with depression (defined as CES-D ≥ 10) 
estimated by GEE model  

Chronic disease 
Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
Hypertension 1.57 (1.44, 1.75) <0.001 1.46 (1.28, 1.66) <0.001 1.17 (0.93, 1.46) 0.186
Diabetes 1.87 (1.63, 2.13) <0.001 1.86 (1.56, 2.22) <0.001 1.43 (1.05, 1.95) 0.024
Dyslipidemia 1.63 (1.44, 1.85) <0.001 1.81 (1.55, 2.12) <0.001 1.27 (0.96, 1.68) 0.101
Chronic lung disease 2.75 (2.45, 3.08) <0.001 2.75 (2.38, 3.19) <0.001 1.54 (1.20, 1.99) 0.001
Liver disease 2.26 (1.91, 2.68) <0.001 2.53 (2.05, 3.12) <0.001 1.15 (0.80, 1.66) 0.446
Heart failure 2.52 (2.25, 2.83) <0.001 2.46 (2.12, 2.86) <0.001 1.62 (1.26, 2.09) <0.001
Stroke 2.68 (2.07, 3.47) <0.001 2.83 (1.99, 4.02) <0.001 1.83 (1.06, 3.16) 0.031
Kidney disease 2.83 (2.47, 3.26) <0.001 3.14 (2.63, 3.74) <0.001 1.35 (1.02, 1.81) 0.044
Digestive disease 2.50 (2.28, 2.74) <0.001 2.37 (2.12, 2.66) <0.001 1.12 (0.91, 1.38) 0.279
Arthritis or rheumatism 2.56 (2.36, 2.78) <0.001 2.32 (2.08, 2.58) <0.001 1.30 (1.08, 1.56) 0.006
Asthma 3.45 (2.83, 4.23) <0.001 3.57 (2.77, 4.60) <0.001 2.45 (1.63, 3.68) <0.001
Number of disease

1 1.43 (1.31, 1.57) <0.001 1.31 (1.17, 1.47) <0.001 0.96 (0.79, 1.16) 0.678
2 1.95 (1.78, 2.15) <0.001 1.81 (1.60, 2.05) <0.001 1.22 (0.99, 1.50) 0.056
3 2.50 (2.21, 2.82) <0.001 2.36 (2.02, 2.75) <0.001 1.23 (0.95, 1.58) 0.113
≥4 3.58 (3.12, 4.12) <0.001 3.75 (3.13, 4.49) <0.001 1.86 (1.39, 2.48) <0.001

Model 0: the raw analysis without adjusting for any covariates; Model 1: adjusting for age cognition, gender, martial status, education, 
residence; Model 3: adjusting for age, gender, martial status, education, residence, smoking status, drinking, BMI status, central obesity, 
daily activities, sleep duration, self-reported health, self-reported life satisfaction, ADL disability and chronic body pain
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Table 5 ADL, mobility, chronic pain and sleep as mediators in the association between chronic diseases (multimorbidity) and
depression among adults aged ≥45 years  

Mediator Exposure
Total effect Direct effect Indirect effect % 

Mediatedβ (95% CI) P-value β (95% CI) P-value β (95% CI) P-value
Mobility

Hypertension 1.84 (1.58, 2.15) <0.001 1.45 (1.24, 1.69) <0.001 1.27 (1.12, 1.44) <0.001 39.23
Diabetes 2.60 (2.10, 3.22) <0.001 1.69 (1.36, 2.11) <0.001 1.53 (1.30, 1.81) <0.001 44.81
Dyslipidemia 2.32 (1.90, 2.84) <0.001 1.54 (1.25, 1.89) <0.001 1.51 (1.29, 1.76) <0.001 48.73
Cancer 2.73 (1.67, 4.48) <0.001 1.64 (0.99, 2.70) 0.054 1.67 (1.37, 2.04) <0.001 51.06
Chronic lung disease 3.33 (2.77, 4.00) <0.001 2.08 (1.72, 2.52) <0.001 1.60 (1.38, 1.86) <0.001 39.02
Liver disease 3.36 (2.60, 4.35) <0.001 1.98 (1.52,2.58) <0.001 1.70 (1.42, 2.03) <0.001 43.65
Heart failure 3.64 (3.04, 4.36) <0.001 2.11 (1.75, 2.54) <0.001 1.73 (1.47, 2.03) <0.001 42.33
Stroke 4.35 (3.03, 6.25) <0.001 2.04 (1.40, 2.97) <0.001 2.13 (1.72, 2.65) <0.001 51.56
Kidney disease 4.48 (3.61, 5.56) <0.001 2.78 (2.23, 3.46) <0.001 1.62 (1.38, 1.89) <0.001 31.94
Digestive disease 3.15 (2.73, 3.64) <0.001 2.06 (1.78, 2.39) <0.001 1.53 (1.31, 1.78) <0.001 37.00
Arthritis 3.04 (2.66, 3.47) <0.001 2.07 (1.81, 2.37) <0.001 1.47 (1.30, 1.66) <0.001 34.62
Asthma 4.31 (3.27, 5.68) <0.001 2.46 (1.86, 3.27) <0.001 1.75 (1.47, 2.08) <0.001 38.26
Multimorbidity 2.67 (2.42, 2.95) <0.001 1.96 (1.77, 2.17) <0.001 1.37 (1.25, 1.50) <0.001 31.68

Chronic pain
Hypertension 1.80 (1.54, 2.10) <0.001 1.43 (1.23, 1.67) <0.001 1.26 (1.12, 1.41) 0.018 38.80
Diabetes 2.48 (2.01, 3.07) <0.001 1.86 (1.50, 2.30) <0.001 1.34 (1.17, 1.52) 0.001 31.91
Dyslipidemia 2.25 (1.84, 2.75) <0.001 1.51 (1.23, 1.86) <0.001 1.49 (1.29, 1.72) <0.001 48.88
Cancer 2.62 (1.60, 4.28) <0.001 1.57 (0.95, 2.58) 0.077 1.67 (1.34, 2.08) 0.012 53.35
Chronic lung disease 3.27 (2.72, 3.94) <0.001 1.97 (1.63, 2.38) <0.001 1.66 (1.42, 1.95) 0.001 42.86
Liver disease 3.17 (2.46, 4.10) <0.001 1.87 (1.44, 2.44) <0.001 1.69 (1.43, 2.00) <0.001 45.61
Heart failure 3.52 (2.94, 4.22) <0.001 2.21 (1.83, 2.65) <0.001 1.60 (1.38, 1.85) <0.001 37.18
Stroke 4.02 (2.83, 5.73) <0.001 2.44 (1.71, 3.50) <0.001 1.65 (1.38, 1.97) <0.001 35.83
Kidney disease 4.38 (3.52, 5.45) <0.001 2.28 (1.81, 2.87) <0.001 1.92 (1.62, 2.28) <0.001 44.13
Digestive disease 3.02 (2.61, 3.48) <0.001 1.84 (1.58, 2.14) <0.001 1.64 (1.43, 1.87) 0.001 44.77
Arthritis 2.99 (2.62, 3.41) <0.001 1.89 (1.64, 2.17) <0.001 1.58 (1.41, 1.78) <0.001 42.01
Asthma 4.13 (3.13, 5.45) <0.001 2.43 (1.83, 3.22) <0.001 1.70 (1.44, 2.02) <0.001 37.49
Multimorbidity 2.77 (2.51, 3.06) <0.001 1.95 (1.76, 2.16) <0.001 1.42 (1.30, 1.55) 0.026 34.57

ADL
Hypertension 1.81 (1.56, 2.1) <0.001 1.62 (1.39, 1.88) <0.001 1.12 (1.03, 1.21) 0.006 19.15
Diabetes 2.50 (2.02, 3.08) <0.001 2.05 (1.66, 2.54) <0.001 1.21 (1.09, 1.36) 0.001 21.27
Dyslipidemia 2.27 (1.87, 2.77) <0.001 1.79 (1.46, 2.18) <0.001 1.27 (1.14, 1.42) <0.001 29.32
Cancer 2.64 (1.63, 4.27) <0.001 2.02 (1.25, 3.28) 0.004 1.30 (1.10, 1.54) 0.002 27.34
Chronic lung disease 3.23 (2.70, 3.87) <0.001 2.54 (2.12, 3.05) <0.001 1.27 (1.14, 1.42) 0.001 20.46
Liver disease 3.18 (2.47, 4.10) <0.001 2.27 (1.75, 2.94) <0.001 1.40 (1.22, 1.61) <0.001 29.25
Heart failure 3.49 (2.92, 4.16) <0.001 2.65 (2.21, 3.16) <0.001 1.32 (1.18, 1.47) <0.001 22.14
Stroke 4.00 (2.82, 5.69) <0.001 2.48 (1.73, 3.55) <0.001 1.62 (1.37, 1.91) <0.001 34.60
Kidney disease 4.32 (3.50,5.35) <0.001 3.18 (2.57, 3.95) <0.001 1.36 (1.20, 1.54) <0.001 20.90
Digestive disease 3.01 (2.61, 3.46) <0.001 2.37 (2.06, 2.73) <0.001 1.27 (1.15, 1.40) 0.001 21.63
Arthritis 2.96 (2.60, 3.37) <0.001 2.37 (2.07, 2.70) <0.001 1.25 (1.15, 1.36) <0.001 20.59
Asthma 4.11 (3.13, 5.4) <0.001 3.04 (2.31, 4.00) <0.001 1.35 (1.18, 1.55) <0.001 21.35
Multimorbidity 2.72 (2.47, 3.00) <0.001 2.23 (2.02, 2.46) <0.001 1.22 (1.14, 1.29) 0.026 19.61

Sleep
Hypertension 1.83 (1.57, 2.12) <0.001 1.69 (1.46, 1.97) <0.001 1.08 (0.98, 1.18) 0.112 NA
Diabetes 2.50 (2.03, 3.07) <0.001 2.34 (1.90, 2.88) <0.001 1.07 (0.97, 1.17) 0.173 NA
Dyslipidemia 2.29 (1.88, 2.78) <0.001 2.14 (1.76, 2.60) <0.001 1.07 (0.97, 1.18) 0.186 NA
Cancer 2.50 (1.54, 4.04) <0.001 2.24 (1.39, 3.62) 0.001 1.11 (0.98, 1.27) 0.111 NA
Chronic lung disease 3.23 (2.7, 3.87) <0.001 2.72 (2.27, 3.25) <0.001 1.19 (1.07, 1.32) 0.001 14.89
Liver disease 3.19 (2.49, 4.09) <0.001 2.74 (2.14, 3.52) <0.001 1.16 (1.04, 1.30) 0.007 13.09
Heart failure 3.52 (2.95, 4.19) <0.001 3.03 (2.55, 3.62) <0.001 1.16 (1.04, 1.29) 0.006 11.71
Stroke 3.95 (2.79, 5.57) <0.001 3.43 (2.43, 4.84) <0.001 1.15 (1.02, 1.29) 0.019 10.15
Kidney disease 4.38 (3.53, 5.42) <0.001 3.62 (2.92, 4.47) <0.001 1.21 (1.07, 1.38) 0.003 12.94
Digestive disease 3.02 (2.62, 3.47) <0.001 2.57 (2.24, 2.96) <0.001 1.17 (1.06, 1.29) 0.001 14.42
Arthritis 3.02 (2.65, 3.45) <0.001 2.58 (0.70, 9.54) <0.001 1.17 (1.07, 1.28) 0.001 14.20
Asthma 4.20 (3.20, 5.52) <0.001 3.62 (2.76, 4.75) <0.001 1.16 (1.03, 1.31) 0.015 10.30
Multimorbidity 2.62 (2.38, 2.89) <0.001 2.33 (2.11, 2.57) <0.001 1.13 (1.05, 1.20) 0.001 12.33
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that mobility difficulties, chronic pain, limited ADL 
and sleep problems were important factors for most 
of the chronic diseases studied, and the mediation 
proportion ranged from approximately 30% to 60%. 
Sleep and limited ADL also mediated a relatively 
large proportion (approximately 15% to 30%) of the 
relationship between depression and chronic diseases. 
The identification of mediators offers potential targets 
for future public health interventions. For example, 
participants with arthritis were more likely to be 
depressed and this significant association was largely 
mediated by chronic pain (42.01%), followed by 
mobility difficulties (34.62%), limited ADL (20.59%) 
and sleep problems (14.20%), suggesting that more 
attention should be paid to the control of patients’ pain 
during the arthritis diagnosis process. 

The prevalence rates of both depression and chronic 
disease are increasing. As reported in the present study, 
the prevalence of chronic disease was high among 
middle-aged and elderly Chinese individuals, and the 
prevalence of arthritis and rheumatism had the highest 
prevalence, at 55.61%. Importantly, arthritis had a 
much higher prevalence rate of 68.16% among people 
aged ≥ 65, indicating that almost two thirds of elderly 
individuals suffered from severe arthritis. Furthermore, 
arthritis was associated with pain, which could also 
cause mobility difficulties and ADL limitations, as 
well as sleep problems[37]. Research interest in the 
relationship between chronic diseases and depression 
has been increasing. Ni et al reported that having 
a chronic disease was a significant explanatory 
factor for an increased likelihood of depression[38]. 
Increased prevalence of depression has also been 
reported in patients with cardiovascular disease[39, 40],
hypertension[41], diabetes[42, 43], arthritis[44–46], and 
multimorbidity[47, 48]. In addition to the high prevalence 
of specific chronic diseases, multimorbidity is an 
even more serious issue among Chinese middle-
aged and elderly individuals. In addition to the high 
prevalence of multimorbidity (43.23% in the combined 
middle-aged and elderly sample, and 55.44% among 
those aged ≥ 65), we also demonstrated a relationship 
between multimorbidity and depression, indicating 
that people with multimorbidity had a higher risk of 
depressive disorder than those without multimorbidity, 
and faced 2.25 times the risk of depression compared 
with those with no chronic disease. Multimorbidity has 
been reported to increase patients’ symptom burden, 
leading to disability and decreased quality of life[49]. 
Multimorbidity could also increase the discomfort 
associated with chronic pain and exert negative 
effects on health-related beliefs, and financial burden 
of treatment for patients with multimorbidity could 
also increase negative feelings, thus increasing the 
likelihood of depressive symptoms.

Previous studies have used various approaches 

to address the relationships between depression and 
chronic diseases, including Becks Developmental 
Model of Depression[50], which indicates that depressive 
symptoms are negative interpretations of an individual’s 
experience, which can result from chronic diseases or 
multimorbidity. In addition, the Activity Restriction 
Model of Depressed Affect[51] indicates that depressive 
symptoms are due to the psychological impacts of 
having to give up valued activities in response to chronic 
illness. The Psychological and Biological Pathways 
Model[52] proposes that having a chronic disease can 
result in a decreased ability to implement strategies that 
help maintain control of important aspects of patients’ 
lives, and that this, in conjunction with neurochemical 
and neuroanatomical changes associated with illness, 
may result in depressive symptoms.

Psychological or biological mechanisms might
provide an explanation of the structural and 
neurochemical changes of the brain that lead to 
depression, but interventions in daily practice may 
not be effective. To inform improved management 
of depression through daily interventions among 
patients with chronic diseases or multimorbidity was 
more meaningful and had practical effect. Through 
the mediation analysis, it is revealed that chronic 
pain, mobility difficulty, limited ADL, and poor sleep 
mediated the relationship between chronic diseases and 
depressive symptoms in the middle-aged and elderly 
individuals, indicating that those mediators play an 
explanatory role in addition to the unpredictable 
course of chronic illnesses. Furthermore, mobility 
difficulties and pain exerted stronger mediating 
effects on the incidence of depression, particularly 
among cancer patients (51.06% and 53.35% mediated, 
respectively). Limited ADL and mobility difficulties 
exerted the strongest mediating effects in the incidence 
of depression among participants suffering from stroke 
(34.60% and 51.56% mediated, respectively). The 
mediating effect of poor sleep was weaker than that 
of the other three indicators. However, the mediating 
effects of poor sleep should not be neglected, 
particularly in patents with digestive disease or chronic 
lung disease.

Chronic pain, mobility difficulty, limited ADL, 
and poor sleep are common functional symptoms in 
patients with chronic diseases, particularly in those 
with multimorbidity. Chronic pain can be caused 
by underlying systemic disease, and is commonly 
involved in cancer, arthritis, chronic lung disease, 
kidney disease, digestive disease, and liver disease[36]. 
Daily feelings of chronic pain could seriously affect 
physical and mental health of people and reduce their 
quality of life[53], and thus lead to or impose high 
burden of depression. As reported by Gerrits et al, the 
prevalence of chronic pain in patients who were under 
treatment for depression was about 51.8% to 59.1%[54]. 



868 Current Medical Science  40(5):2020

Mobility difficulty and limited ADL can also occur in 
certain chronic diseases, and can lead to depression 
and severely impact daily lives or personal emotions, 
providing an explanatory role for the pathways of 
chronic diseases to depression. Sleeping problem was 
another daily unhappy feeling and could play certain 
roles in the pathway to depression development. Most 
chronic diseases could lead to sleeping problems 
through somatic discomfort or biologic mechanisms. 
Poor sleep was associated with depression, and vice 
versa. The mutual relationship between poor sleep, 
chronic diseases, as well as depression was a loop, 
and will be influenced by each other. Multidisciplinary 
research is increasingly popular in various research 
fields, and important aspects of the management of 
chronic diseases and depression can be considered 
using a multidisciplinary approach to simultaneously 
focus on both physical symptoms and physical 
health outcomes. As the most populous country in 
the world, the challenges of population aging in 
China are serious and urgent. Thus, health-related 
interventions regarding effective and sustainable 
primary and secondary interventions warrant more 
research attention. Awareness of public health and the 
importance of effective interventions for depression 
by improving daily activities in patients with chronic 
diseases, particularly those with multimorbidity, should 
be addressed and increased.

This study involved several limitations that should 
be considered when interpreting the current findings. 
First, although the CHARLS has a longitudinal design, 
we failed to obtain information about incident illness,
and were consequently unable to investigate the 
relationship between incident chronic illness and 
depression, and vice versa. However, we obtained 
CES-D-10 results at three surveys, and were thus 
able to assess newly depressed participants and 
evaluate the longitudinal association between the 
prevalence of chronic illness and the incidence of 
depression, confirming a causal effect between 
chronic illness and depression. Second, considering 
the long period of the follow-up interval, in which 
many health conditions could have emerged or 
changed, the longitudinal assessment may have been 
biased. However, the diagnosed chronic illnesses, 
as well as the covariates assessed in our research, 
have a long duration, supporting the reliability of 
our longitudinal analyses. Third, depression involves 
negative emotional experience, and may negatively 
influence a person’s impression of their own health, 
resulting in depressed individuals being more likely 
to make health-related complaints such as poor sleep, 
chronic pain, and more severe mobility difficulties or 
limited ADL, potentially causing overestimation of the 
strength of the associations between chronic diseases 
and depression[55]. However, we examined a relatively 

large sample in our initial attempt to estimate the 
relationship between chronic disease and depression 
among middle-aged and elderly Chinese individuals, 
and explored the mediating effect of four physical 
symptoms related to mobility, pain, limited ADL, and 
sleep. Although some pathways relating to depression 
are well established, most previous studies have 
focused on a small number of chronic diseases, and 
have not conducted comparisons to identify common 
features. Therefore, the comprehensive results in the 
current study could be helpful for elucidating different 
impacts of various chronic diseases in the course of 
depression, providing useful information for informing 
effective interventions and improving daily living 
quality in patients with chronic conditions.

To sum up, the present findings revealed that 
individuals with chronic diseases or multimorbidity are 
significantly more likely to be depressed than healthy 
individuals, and certain symptoms may mediate the 
association between chronic disease and depression. 
Research attention and chronic disease management 
should be focused on the clinical management of 
diabetes, chronic lung disease, heart failure, asthma, 
and multimorbidity. Research on effective interventions 
focused on improving functional symptoms involving 
mobility difficulties and limited ADL may be useful for 
ameliorating associated depression among individuals 
with chronic diseases, and should be a priority for 
funding bodies.
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