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Abstract
Background: The association between functional disability and depressive symptoms among elderly
people in rural China is not clear. This study explored the relationship between functional disability and
depressive symptoms, focusing on whether an interactive association between functional disability,
demographic characteristics and depressive symptoms exists among older adults in rural Anhui, China.

Methods: A cross-sectional survey study was conducted with multi-stage strati�ed random sampling. The
30-item Geriatric Depression Scale and WHO Disability Assessment Schedule 2.0 were used to evaluate
depressive symptoms and functional disability, respectively. The data were analyzed using SPSS
statistics 25.0 program with chi-square test, Mann-Whitney U test, binary logistic regression analysis, and
classi�cation and regression tree model.

Results: The prevalence of depressive symptoms in 3336 older people was 52.94%. After adjustment,
subjects who had problems in participation (adjusted odds ratio [AOR]=3.499, 95% con�dence interval
[CI]:2.385-4.987), life activities (AOR=1.683, 95% CI: 1.370-2.066), getting along (AOR=1.616, 95% CI:
1.299-2.010), and mobility (AOR=1.842, 95% CI: 1.503-2.258) had an increased depressive symptoms
risk. However, cognition (AOR=0.785, 95% CI: 0.647-0.953) negatively correlated with depressive
symptoms. Additionally, the interactive association between functional disability dimensions, various
variables and depressive symptoms were identi�ed for the �rst time. Those who had problems in mobility,
getting along and were unemployed, the possibility of having depressive symptoms was the highest.

Conclusions: Special attention should be paid to unemployed older adults, and those with problems in
participation, life activities, getting along, and mobility and no problems in cognition to maintain a good
psychological state. Our �ndings may be greatly signi�cant for developing more targeted and effective
mental health prevention and intervention measures for older adults in rural areas.

Background
With the development of China's economy and the change of population structure, the process of aging is
developing rapidly. By the end of 2019, China had a population of 253.88 million aged 60 or above,
accounting for 18.1% of the total population [1]. It was predicted that the proportion of older adults aged
60 and over will reach 35.1% of the total population by 2050 [2]. With this rapid growth, the mental
disorder related to aging has attracted an increasing number of policy makers and health managers in
China [3].

Depression is a common mental disorder in the elderly and has developed into an important public health
problem [4]. Patients with depression are characterized by listlessness, lack of interest in normal life, and
mental retardation and accompanied by fatigue, weight change, and inattention [5]. The global
prevalence of depression in the elderly varies between 10% and 20% [6] and with different demographic
characteristics [7]. Our previous meta-analysis found that the prevalence of depressive symptoms among
the elderly aged 60 and over in China from 2010 to 2019 was 25.55%, especially in rural areas, the
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prevalence reached 31.02% [8]. Studies have shown that depressive symptoms have increased the risk of
death and suicide, putting tremendous �nancial burden on families and the society [9]. A study in
Germany found that the total cost of caring for older adults with depression for 6 months is 3748 euros
[10]. Furthermore, depression was probably a precursor of Alzheimer's disease, easily leading to dementia
in older adults [11]. Additionally, it was predicted that depression will become the second leading cause of
disability worldwide by 2020 [12]. Therefore, it is of great practical signi�cance to identify factors related
to depressive symptoms for centralized screening and subsequent development of preventive
interventions. Studies have indicated that the complex interaction of social, psychological, and biological
factors can lead to depressive symptoms, including marital status, family income level, and personal
education level [13–15]. Many bad lifestyles also increase the risk of prevalence, such as smoking,
alcoholism, and lack of physical exercise [16, 17].

Studies have shown that functional disability of the older adults is a major public health problem in many
countries, including China [18]. Functional disability in the elderly has not only a negative impact on
independent living ability but also reduces the quality of life [19]. Approximately 15.0% of the world's
population has different degrees of functional disability [20]. There are differences in functional disability
prevalence among countries. A large-scale national cross-sectional survey in Morocco showed that the
overall functional disability prevalence of older adults was 9.5% [21]. A Dutch study showed that the
prevalence of functional disability in the elderly was 22% [22]. According to the data analysis of
Behavioral Risk Factors Surveillance System in 2016 by Centers for Disease Control in the United States,
the prevalence of mobile disability in the elderly was 26.9% [23]. The prevalence of functional disability in
the elderly in Asia varies from 16.2% in China to 55.7% in India [24]. Several domestic and foreign studies
have found that increasing age [25], poor health [26], and weakness [27] were associated with functional
disability.

Studies have shown that functional disability was a related factor for depressive symptoms, but most
studies were based on the Western population and mainly aimed at revealing the related factors of
depressive symptoms among older adults [18, 28, 29]. However, epidemiological evidence for the
association between functional disability and depressive symptoms continue to remain insu�cient,
especially for the vulnerable group, i.e., the elderly in rural areas in China. However, a comprehensive
understanding of factors related to depressive symptoms is of great theoretical and practical signi�cance
for the formulation of speci�c and appropriate intervention strategies to reduce the occurrence of
depressive symptoms in the elderly. It can provide empirical reference for China's rural areas and other
developing countries to further improve the mental health of rural area-based elderly and promote grass-
roots public health services. In this context, this study explored the relationship between functional
disability and depressive symptoms of the elderly in the rural areas of Anhui Province, China, with a focus
on whether there is an interactive association between functional disability, demographic characteristics
and depressive symptoms.

Methods
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Study design and sample

To obtain a better representative sample, this cross-sectional survey was conducted using a multi-stage
sampling survey method from January through July 2018. First, we selected three prefecture-level cities
from the 16 prefecture-level cities in Anhui Province: Fuyang (North); Hefei (central, the capital of Anhui
provincial), and Anqing (South). Second, in each prefecture-level city, one county was randomly selected.
Next, in each selected county, two townships were randomly selected. A total of six townships were �nally
selected. At the last stage, we randomly selected three villages in each selected township, and a total of
18 villages were identi�ed as the survey sites.

According to the data of local household registration system, 50 poor households were randomly selected
from each selected village based on the list of poor households, and 75 non-poor households were
randomly selected from the neighbors of poor households. The elderly (aged ≥ 60) from poor and non-
poor households were selected as the survey subjects. With the assistance of local community workers
and village doctors, each subject was investigated in the form of a household survey, and a face-to-face
interview was conducted by the graduate students from Anhui Medical University who had received
uni�ed training using a structured questionnaire. The purpose and procedures of the study were dictated
to all respondents, and informed consent was signed before the survey. Persons aged 60 and over and
living in their residence for at least one year participated in the survey. Individuals with cognitive
impairment, with language communication disorders, who were deaf, and with lack of access during the
survey were excluded.

A total of 3491 older adults participated in the survey, and 155 older adults who were exhausted or
occupied and could not complete the questionnaire were excluded. Finally, 3336 older adults were
included for further analyses, with an effective response rate of 95.56% (3336/3491).

Assessment instruments

30-item Geriatric Depression Scale(GDS-30)

Depressive symptoms were evaluated using GDS-30, which was speci�cally designed for screening
depressive symptoms in older adults [30]. This scale comprises 30 items; each item is dichotomized into
two categories: "Yes" or "No". Among the 30 items, 10 items were scored in reverse order (1 point for "No"
and 0 point for "Yes"), and the remaining were scored in positive order (1 point for "Yes" and 0 point for
"No"). The total score ranged from 0 to 30 points, and the clinical boundary was 10 points. An individual
with a GDS-30 score ≤ 10 was regarded as non-depressive and with a GDS-30 score ≥ 11 as depressive
[31]. Studies have con�rmed that GDS-30 had a high sensitivity (70.6%) and high speci�city (70.1%) in a
Chinese population aged 60 and over [32]. In this study, the internal consistency of GDS-30 is as indicated
by the Cronbach's α score of 0.890.

WHO Disability Assessment Schedule (WHODAS 2.0)
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WHODAS 2.0 was employed to examine the functional disability of the respondents. The scale consists
of 36 items, including 6 dimensions: (1) cognition, (2) mobility, (3) self-care, (4) getting along, (5) life
activities, and (6) participation. Each item is scored on the Likert 5 scale (1 = no di�culty, 2 = mild
di�culty, 3 = moderate di�culty, 4 = severe di�culty, 5 = extreme di�culty). According to the scale
instruction manual [33], we recoded the scores of each item, calculated each evaluation dimension and
the overall score, and converted the original score to correspond to points 0-100 (0 = no disability, 100 =
complete disability). Based on the International Classi�cation of Functioning (ICF) disability and health
criteria, each evaluation dimension and overall disability level was evaluated, i.e., <4 points are classi�ed
as no problem disability status and >4 points as mild or above disability status [34]. The internal
consistency of the schedule is as indicated by the Cronbach's α score of 0.967 in this study.

Demographic Characteristics

The survey also collected demographic characteristic variables. These variables included gender (male,
female), age (60-69, 70-79, ≥80), educational level (illiterate and primary school and above), employment
status (unemployed, employed), living style (living alone, living with spouse, others refer to living with
children or other relatives), region (northern, central, southern), poverty (families whose annual per capita
income was lower than the national poverty line need to be recognized by the Poverty Alleviation O�ce
and other departments). Simultaneously, we also investigated the variables related to health status,
including whether they had physical discomfort during the previous two weeks (Yes, No), chronic disease
diagnosed by doctors (No, Yes), or were hospitalized in the previous year (Yes, No).

Statistical analysis

Descriptive statistics were used to assess the sample demographic characteristics (frequency and
percentages). Median and interquartile ranges (IQR) were measured as the data showed skewed
distribution. Mann-Whitney U tests were employed to compare the functional disability of subjects with
different depressive symptoms. The chi-squared tests were also employed to examine the difference
between different depressive symptoms groups.

Binary logistic regression analysis with an enter method was used to explore the relationship between
functional disability and depressive symptoms after adjusting for potential covariates (including gender,
age, educational level, employment status, living style, region, poverty, physical discomfort, chronic
diseases, and hospitalization). According to the criteria of tolerance and variance in�ation factor, there
was no multi-co-linearity between independent variables (Table S1 and Table S2). For functional
disability variables, subjects who had no problem in each dimension were grouped as the reference group
in a logistic regression model. For other variables, subjects who were male, aged 60-69 years, illiterate,
unemployed, living alone, belonging to the northern region, poor, had physical discomfort, had no chronic
disease, hospitalized were grouped as reference. The results of the binary logistic regression analysis
were expressed with the adjusted odds ratio (AOR) and associated 95% con�dence interval (95% CI).
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To further investigate the interactive association between functional disability, relevant factors and
depressive symptoms, a classi�cation and regression tree model (CART) was used. This model is a novel
analysis method, which can automatically judge and classify according to the signi�cance of the test,
optimal segment many types of variables and samples, and show the interaction between different
variables through the tree diagram. It can also overcome the co-linearity problem that exists in the
traditional analysis method and investigate the complex combination or interaction between the factors
and variables neglected in the traditional analysis method [35]. The CHAID algorithm was used to screen
variables and include statistically signi�cant variables in univariate analysis. Additionally, to fully mine
the interaction between variables and keep the tree structure relatively simple, the minimum cases in the
parent node and child node of the model parameters were set 400 and 200, respectively, and the
maximum growth depth was 3.

All data were analyzed using SPSS statistics software, version 25.0 (IBM, Armonk, NY, USA). A two-tailed
p<0.05 was considered to be statistically signi�cant.

Results
Sample characteristics

The demographic characteristics of respondents is shown in Table 1. Age distribution of 3336
respondents included in the analysis ranged from 60 to 97 years, and median (IQR) was 70 (65.25, 76).
Most of the respondents were female (50.8%), illiterate (66.3%), unemployed (64.1%), living with spouse
(43.0%), belonging to the northern (44.4%), non-poor (63.8%), had physical discomfort (63.5%), had
chronic diseases (74.1%) and hospitalized (68.2%). Except for living style, there was a statistically
signi�cant difference in depressive symptoms among demographic variables (all p<0.05).

Overview of depressive symptoms

Among the 3336 elderly people participants, 1766 (52.94%) had depressive symptoms. The average score
of depressive symptoms of the elderly was 12.4 points, with median (IQR) 11 (7, 18) points, and the high
frequency scores of GDS-30 were concentrated between 4 and 15 points (Figure 1).

Distribution of functional disability among subjects

The distribution of functional disability among subjects with different depressive symptoms is shown in
Table 2. The subjects had the highest score in the dimension of living activities (31.91 points) and the
lowest score in self-care (11.33 points). Compared with the group without depressive symptoms, the
subjects with depressive symptoms had higher scores in cognition, mobility, self-care, getting along, life
activities and participation, and the difference between the two groups was statistically signi�cant (all
p<0.05).

Association between functional disability and depressive symptoms
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The association between functional disability and depressive symptoms is shown in Figure 2. Binary
logistic regression was used with the presence of depressive symptoms (absence = 1, presence = 2) as
the dependent variable, and each dimension of disability status (had no problem as the reference group)
was taken as the independent variable. After adjustment, the results showed that compared with the
reference group, subjects had problems in participation (AOR=3.499, 95% CI: 2.385-4.987), life activities
(AOR=1.683, 95% CI: 1.370-2.066), getting along (AOR=1.616, 95% CI: 1.299-2.010) and mobility
(AOR=1.842, 95% CI: 1.503-2.258) that were related factors for depressive symptoms (all p<0.05).
However, problems in cognition (AOR=0.785, 95% CI: 0.647-0.953) was a protective factor for depressive
symptoms (p=0.015).

Results of classi�cation and regression tree model

CART model was conducted with depressive symptom (absence = 1, presence = 2) as the dependent
variable and the dimension of functional disability and demographic characteristics as the classi�cation
nodes. The results are shown in Figure 3. The model includes three depth, 13 nodes, including 7 terminal
nodes. Depressive symptoms were mainly concerned with mobility, participation, life activities, getting
along, and employment status. Among which, mobility was the �rst split factor associated with
depressive symptoms. Moreover, the interactive association between functional disability and various
variables were identi�ed.

Among participants that had no problem in mobility (node 1) but in participation (node 4) and life
activities (node 8) had a high rate of having depressive symptoms than those with no problem in life
activities (node 7).

For those with no problems in mobility (node 1) and participation (node 3), the proportion of developing
depressive symptoms was the least.

Those who had problems in mobility (node 2), getting along (node 6) and were unemployed (node 12),
the possibility of having depressive symptoms was the highest (node 12).

Discussion
This study investigated the association between functional disability and depressive symptoms of elderly
people in rural Anhui, China. The results showed that a relationship between functional disability and
depressive symptoms. Speci�cally, subjects had problems in participation, life activities, getting along,
and mobility and had no problem in cognition had an increased risk of depressive symptoms.
Furthermore, we identi�ed the interactive association between functional disability and other factors
related to depressive symptoms for the �rst time.

Prevalence of depressive symptoms

In this study, we found that the prevalence of depressive symptoms was 52.94%, which is the same as
53.8% reported in a cross-sectional survey in Shenzhen, southern China [36], but much higher than that of
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the elderly in Korea (30.3%) and Mexico (29.1%) [37,38]. The heterogeneity of the prevalence among
elderly people in different countries be because of differences of national culture and historical
background as well as differences in survey samples of different assess scales and social support
systems of the elderly in different countries. This suggests that further population-based studies need to
be performed in representative national samples.

Association between functional disability and depressive symptoms

We found that there were different results on the association between functional disability and depressive
symptoms. This study found that there was a signi�cant correlation between participation and
depressive symptoms in the elderly and the risk of depressive symptoms was lower in the elderly with no
problem in participation. Consistent with our research results, a study in Hong Kong found that a higher
level of participation had a protective effect on depressive symptoms [39]. A cross-sectional study in
Japan found that the participation of the elderly was signi�cantly related to depressive symptoms, and
living alone and low frequency of travel were risk factors for depressive symptoms in elderly people [40].
Previous study found that high participation can prevent the occurrence of depressive symptoms by
examining the subjects in the Korean Longitudinal Study of aging between 2006 and 2012 [41]. As for the
relationship between participation and depressive symptoms, the possible mechanism is when the elderly
actively participate in social activities, such as contacts with friends and neighbors, they can enjoy close
communication and interaction and the company of others and get a certain degree of social support,
generate positive emotions, friendship and a sense of meaning and reduce their loneliness. Studies have
shown that these positive emotions can help prevent depressive symptoms in the elderly [42,43].

We found that life activities was related to the presence of depressive symptoms, and after controlling for
confounders, the elderly had problems in life activities had a higher risk of depressive symptoms. The
results were similar to those of previous studies. Studies on the elderly in Europe, America, the Middle
East and other Asian countries have shown that the risk of depressive symptoms was related to the
defect of living activities [44]. Tomiokak et al [45] conducted a three-year follow-up survey on 6360 elderly
people aged 65 and over in Japanese community and found that participation (such as community
activities, voluntary activities) was related to the change of instrumental activities of daily living.
Relatively complete mobility of physical activity (such as walking and riding) can affect the degree of
participation. In the process of social participation, getting along and getting information (such as
keeping healthy knowledge) among the elderly can regulate their feelings toward negative life events, and
then affect their mental health.

Interestingly, this study found that there was a negative correlation between cognition and depressive
symptoms, that is, the elderly with no problem in cognition were more prone to develop depressive
symptoms. This is inconsistent with previous studies. Ismailz et al [46] believed that the two were closely
related, such as there were some common clinical manifestations and risk factors for the two occur
together. Larae et al [47] found that depression in elderly people was an important risk factor for cognitive
impairment and signi�cantly increased the risk of cognitive impairment. Younh et al [48] thought that the
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cognition of the elderly improved by improving depressive symptoms and promoting the mental health of
the elderly; Del bruto OH et al [49] also showed that the cognition of the elderly in developing countries
was related to depressive symptoms. However, a Chinese scholar have found that there was no
correlation between cognition level and depressive symptoms of the elderly in pension institutions [50].
Galecr et al [51] have also found that there was no signi�cant correlation between cognition and
depressive symptoms in elderly people. Considering the reasons, it is possible that with the increase in
the age of the elderly, the brain function signi�cantly decreases, which leads to cognitive impairment
itself, thereby interacting with the cognitive impairment associated with depressive symptoms. At present,
there are few similar studies on the association between the between cognition and depressive
symptoms, and we hope to explore the relationship in the future.

Interactive association among variables

In this study, the interactive association between functional disability and demographic characteristics
related to depressive symptoms was explored for the �rst time. Most studies have found that low
educational level [32], female sex [52], and increasing age [53] were related to the occurrence of
depressive symptoms in the elderly population. Simultaneously, some studies have noted the impact of
functional disability on the mental health of the elderly [54]. Although these analyses and the study of
factors were meaningful, more comprehensive methods are needed to explore the degree to which the
joint combination and interaction of related factors associated with depressive symptoms. In the current
study, CART model was used to explore the interactive association between functional disability and
various variables. It was found that the elderly with mobility problems, getting along problems, and were
unemployed had the highest risk of depressive symptoms. Simultaneously, among the elderly who had
no problems with mobility and participation, the incidence of depressive symptoms was the lowest.
However, this interactive association cannot be observed in binary logistic regression analysis, which
further shows the advantages of CART model. We con�rmed for the �rst time the interactive association
between functional disability and other variables related to depressive symptoms. These results help
understand which of the elderly are to develop depressive symptoms, and help design speci�c and
comprehensive intervention strategies to improve the mental health level of the rural elderly.

Strengths and limitations

Our study has several advantages. First, the sample response rate of is high, and the large-scale survey
results with high response rate are very robust. Second, we use the CART model in the method, which can
overcome the possible co-linearity between variables and automatically judge and classify them
according to the signi�cance of the test. It can not only explore the interactive relationship between multi-
variables, but also be displayed by intuitive tree graph. Third, this is the �rst study to explore the
interactive association between functional disability and other variables related to depressive symptoms,
which provides more insights for the formulation of effective measures to prevent the occurrence of
depressive symptoms for the elderly.
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However, this study also has some limitations. First, because of the characteristics of a cross-sectional
study, it is di�cult to infer the causality between functional disability and depressive symptoms, and the
cohort study design needs to be considered in future studies. Second, the sample of this study comes
from Anhui Province, China. Due to the heterogeneity of economic level and cultural background, the
extension of the research results to other regions or other countries is limited. Finally, the sample of
elderly depressive symptoms was determined by GDS-30, without the diagnosis of clinical professionals,
and it may thus overestimate the true level of depressive symptoms.

Conclusions
In the rural elderly population in Anhui Province, functional disability is signi�cantly related to depressive
symptoms, especially the problems of participation makes the rural elderly face a greater risk of
depressive symptoms. Special attention should be paid to unemployed older adults with problems in
participation, life activities, getting along, and mobility and no problems in cognition to ensure early
screening of depressive symptoms, thereby maintaining a good psychological state. Our �ndings would
help develop targeted intervention strategies to prevent depressive symptoms and reduce related negative
effects on individuals, families and society.
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GDS-30: 30-item Geriatric Depression Scale; WHODAS 2.0: WHO Disability Assessment Schedule; CART:
Classi�cation and regression tree model
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Table 1 Demographic characteristics of respondents, n (%)

Variables Total

(N=3336)

Depressive symptoms c2 p-Value

Absence
(N=1570)

Presence
(N=1766)

Gender       93.252 < 0.001

Male 1640
(49.2)

911 (58.0) 729 (41.3)    

Female 1696
(50.8)

659 (42.0) 1037 (58.7)    

Age (years)       68.899 <0.001

60–69 1529
(45.8)

808 (51.5) 721 (40.8)    

70–79 1325
(39.7)

611 (38.9) 714 (40.4)    

≥80 482 (14.5) 151 (9.6) 331 (18.8)    

Education level       70.636 <0.001

Illiterate 2211
(66.3)

926 (59.0) 1285 (72.8)    

Primary and above 1125
(33.7)

644 (41.0) 481 (27.2)    

Employment status       77.429 <0.001

Unemployed 2137
(64.1)

884 (56.3) 1253 (71.0)    

Employed 1199
(35.9)

686 (43.7) 513 (29.0)    

Living style       2.102 0.350

Living alone 660 (19.8) 294 (18.7) 366 (20.7)    

Living with spouse 1436
(43.0)

686 (43.7) 750 (42.5)    

Others 1240
(37.2)

590 (37.6) 650 (36.8)    

Region       98.127 <0.001

Northern 1482
(44.4)

558 (35.5) 924 (52.3)    

Central 919 (27.5) 482 (30.7) 437 (24.7)    

Southern 935 (28.1) 530 (33.8) 405 (23.0)    



Page 17/21

Poverty       66.057 <0.001

Yes 1206
(36.2)

455 (29.0) 751 (42.5)    

No 2130
(63.8)

1115 (71.0) 1015 (57.5)    

Physical
discomfort

      114.886 <0.001

Yes 2120
(63.5)

849 (54.1) 1271 (72.0)    

No 1216
(36.5)

721 (45.9) 495 (28.0)    

Chronic diseases       46.781 <0.001

No 864 (25.9) 493 (31.4) 371 (21.0)    

Yes 2472
(74.1)

1077 (68.6) 1395 (79.0)    

Hospitalization       84.982 <0.001

Yes 1062
(31.8)

376 (23.9) 686 (38.8)    

No 2274
(68.2)

1194 (76.1) 1080 (61.2)    
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Table 2 Distribution of functional disability among subjects

Disability Total (N=3336) Depressive symptoms p-
Valueb

Absence (N=1570) Presence (N=1766)

GMa Median (IQR) GM Median (IQR) GM Median (IQR)

Cognition 15.39 5.00
(0.00,25.00)

9.98 5.00
(0.00,15.00)

20.21 15.00
(5.00,35.00)

<0.001

Mobility 26.57 18.75
(0.00,43.75)

15.33 0.00
(0.00,25.00)

36.57 37.50
(12.50,56.25)

<0.001

Self-care 11.33 0.00
(0.00,10.00)

4.87 0.00
(0.00,0.00)

17.07 0.00
(0.00,40.00)

<0.001

Getting
along

14.61 0.00
(0.00,31.25)

7.33 0.00
(0.00,0.00)

21.08 10.42
(0.00,41.67)

<0.001

Life
activities

31.91 30.00
(0.00,40.00)

19.83 0.00
(0.00,40.00)

42.64 40.00
(30.00,50.00)

<0.001

Participation 29.39 25.00
(12.50,41.67)

18.06 16.67
(4.17,25.00)

39.46 33.33
(25.00,50.00)

<0.001

a GM stands for geometric mean

b p values were derived from Mann-Whitney U tests

Figures
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Figure 1

GDS-30 score distribution of the subjects.
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Figure 2

Results of binary logistic regression analysis. Adjusted for gender, age, education level, employment
status, living style, region, poverty, physical discomfort, chronic diseases, hospitalization.
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Figure 3

Classi�cation and regression tree model (N=3336).
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