
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Ye and Wang Health and Quality of Life Outcomes           (2024) 22:23 
https://doi.org/10.1186/s12955-024-02238-x

Health and Quality of Life 
Outcomes

*Correspondence:
Xin Ye
yexin@fudan.edu.cn
1Institute for Global Public Policy, Fudan University, 220 Handan Road, 
Yangpu District, 200433 Shanghai, China
2LSE-Fudan Research Centre for Global Public Policy, Fudan University, 
220 Handan Road, Yangpu District, 200433 Shanghai, China

Abstract
Background Multimorbidity, body pain, sleep disturbance, and depression are major clinical and public health 
challenges. This paper aimed to examine the associations of multimorbidity with body pain, sleep duration, and 
depression; and whether the associations varied by socioeconomic status.

Methods Data was derived from four waves of the nationally representative China Health and Retirement 
Longitudinal Study (CHARLS), including participants aged 45 years and older in 2011. 12 physical non-communicable 
diseases and 1 mental chronic disease were used to measure multimorbidity. Educational attainment and annual per-
capita household consumption expenditure were employed as proxies for socioeconomic status.

Results Of the 16,931 participants aged 45 + years old, the proportion of people with multimorbidity was 37.87% at 
baseline. The number of multimorbidity increased with older age and higher socioeconomic status. Multimorbidity 
was associated with more body pain (incidence rate ratio (IRR) = 1.53, 95% CI = 1.45–1.61), and decreased sleep 
duration (β = -0.26, 95% CI = -0.36–-0.15). Furthermore, multimorbidity was associated with increased depression risks 
(odds ratio (OR) = 1.54, 95% CI = 1.44–1.64, adjusted for sociodemographic variables), with the mediating effects of the 
number of body pain and sleep duration. The associations between multimorbidity and depression persisted among 
different socioeconomic groups.

Conclusions Multimorbidity was associated with increased body pain, decreased sleep duration, and further led 
to increased depression risks. It is necessary to pay attention to the multimorbidity of middle-aged and older adults, 
relieve their body pain, guarantee sufficient sleep, so as to reduce depression risks.

Keywords Multimorbidity, Body pain, Sleep duration, Depression, Middle-aged and older adults

Associations of multimorbidity with body 
pain, sleep duration, and depression among 
middle-aged and older adults in China
Xin Ye1,2* and Xinfeng Wang1,2

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12955-024-02238-x&domain=pdf&date_stamp=2024-2-23


Page 2 of 9Ye and Wang Health and Quality of Life Outcomes           (2024) 22:23 

Introduction
Multimorbidity is defined as the coexistence of two or 
more chronic conditions in an individual [1]. Chronic 
conditions are a major cause of health burden and 
inequalities in health outcomes in China [2, 3]. Litera-
ture shows that multimorbidity is highly prevalent among 
middle-aged and older population, ranging from 30 to 
95% across age groups and countries [4]. In China, mul-
timorbidity has a prevalence rate of nearly 50% among 
middle-aged and older adults [5, 6]. With an ageing pop-
ulation and elevated risk factors for non-communicable 
diseases, the prevalence of multimorbidity is likely to 
increase rapidly [7]. Meanwhile, depression, as a com-
mon clinical mental disorder, is one of the main causes 
of emotional distress in late life [8]. Previous studies have 
linked depression to a variety of chronic conditions [9]. 
However, its underlying mechanisms are not fully under-
stood and need to be further explored.

Body pain is one of the most common symptoms in 
middle-aged and older adults. Results from a previous 
research based on China Health and Retirement Longi-
tudinal Study (CHARLS) suggested that the prevalence of 
pain among people aged 45 years or older was 28.62% in 
2015. Older people tended to have higher prevalence of 
pain [10], and the prevalence of chronic pain among peo-
ple over 60 years old could reach 55% [11]. Pain inten-
sity is closely related to depression of middle-aged and 
elderly. People with chronic pain had 4.1 times the risk 
of depressive symptoms compared to those without pain 
[12]. Another study showed that depressed patients were 
more likely to have chronic pain as compared with those 
non-depressed [13].

Sleep problems have become one of the major health 
challenges for middle-aged and elderly, and its close 
associations with depression and multimorbidity have 
been proposed by many researchers. As people age, they 
experience degenerative changes in their central nervous 
system, making it harder to fall asleep and stay asleep 
[14]. Sleep deprivation was associated with higher odds 
of multimorbidity than good sleep [15]. For middle-aged 
and older adults, depressive emotion may be associated 
with accelerated age-related structural changes in sleep 
[16]. Therefore, it is necessary to explore the mediating 
role of body pain and sleep duration in the association 
between multimorbidity and depression.

Overall, limited evidence on the health implications 
of multimorbidity is mainly from high-income coun-
tries. They explored pairwise relationships among multi-
morbidity, body pain, sleep duration, and depression. It 
was suggested that multimorbidity was associated with 
chronic pain [13, 17], sleep duration [15], and further 
correlated with depression [17, 18]. However, the com-
prehensive associations have not been widely examined 
in low- and middle-income countries (LMICs). Relevant 

research is crucial for understanding multimorbidity and 
informing targeted interventions. It can also guide poli-
cymakers and healthcare providers in effectively allocat-
ing limited resources to improve health outcomes among 
vulnerable populations.

To date, published studies were at the regional or dis-
trict level and mostly used cross-sectional designs. This is 
the first study from China employing national panel sur-
vey data to examine the relationship between multimor-
bidity and depression, with the mediating role of body 
pain and sleep duration. Additionally, given that the pos-
sible health differences may vary by socioeconomic sta-
tus [19], we also aim to explore whether the associations 
varied by socioeconomic status. Our study is expected 
to facilitate the identification of multimorbidity and the 
prevention of depressive symptoms in middle-aged and 
older adults.

Methods
Data and sample
For this population-based panel data analysis, data were 
derived from four waves of the CHARLS 2011, 2013, 
2015 and 2018. All information included in our study was 
self-report via face-to-face interviews with a structured 
questionnaire, from a nationally representative sam-
ple of Chinese residents aged 45 years and older, using 
multistage stratified probability-proportionate-to-size 
sampling. The overall response rate for the first wave of 
CHARLS was 80.5%. The CHARLS data included over-
lapping individuals across the waves. The total sample 
size for the 2011 CHARLS baseline survey was 17,708 
individuals, who were followed up every 2–3 years to 
repeat the survey. New respondents were also added 
to each follow-up survey. A detailed description of the 
objectives and methods of CHARLS has been reported 
elsewhere [20]. For this study, 16,931 participants aged 45 
years and older at 2011 baseline were included, of which 
2,647, 3,029, and 4,587 participants were lost to follow-
up at each wave, respectively.

Variables
Multimorbidity
In this study, multimorbidity was defined as the presence 
of two or more chronic non-communicable diseases [7]. 
13 self-reported non-communicable diseases were used 
to measure multimorbidity, including diabetes, hyperten-
sion, dyslipidemia, heart disease, stroke, cancer, chronic 
lung disease, digestive disease, liver disease, kidney dis-
ease, arthritis, asthma, and psychological problems. The 
number of non-communicable diseases for each partici-
pant was added up to determine who had multimorbid-
ity in each wave [21]. It is a categorical variable with the 
options “yes” (having two or more diseases) or “no” (hav-
ing no or only one disease).
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It is worth noting that, psychological problems origi-
nally refer to a broader range of psychological issues 
beyond depression, including emotional, nervous, and 
psychiatric problems. However, depression has been 
astonishingly ignored by Chinese older people and they 
seldom regard depression as a kind of disease [22], so 
psychological problems mainly denote to other psychi-
atric issues except depression. Furthermore, it is impor-
tant to recognize that depression can be encompassed 
within psychotropic problems, and that stroke may 
induce vascular depression. In our study, the prevalence 
of psychotropic problems is relatively low (As shown in 
Supplementary Table 1), which supports our claim that 
depression is underestimated in China.

Body pain
In each wave of CHARLS, participants were asked, “Do 
you often suffer from body pain?” Those who answered 
“yes” were then asked, “On what part of your body do you 
feel pain? Please list all parts of the body where you are 
currently experiencing pain.” Participants were given sev-
eral options for body parts (head, shoulders, arms, wrists, 
fingers, chest, stomach, back, waist, buttocks, legs, knees, 
ankles, toes, and neck). The number of pain sites greater 
than 1 was defined as multiple pain points.

Sleep duration
Self-reported sleep duration was obtained via a struc-
tured questionnaire that asked, “In the past month, how 
many hours have you actually slept at night (average 
hours for one night)?” and “In the past month, how long 
have you taken a nap after lunch?”. Hours of sleep at night 
and after lunch were added to derive sleep duration in 
each wave.

Depression
The dependent variable was depression. The 10-item 
Center for Epidemiological Studies Depression Scale 
(CESD-10) in CHARLS is a simplified version of the 
depression scale. Each participant’s depression scores in 
each wave were evaluated using CESD-10. Depression 
was treated as a dichotomous variable, in that a score 
greater than or equal to 10 was considered to indicate 
depression, and a score below 10 was considered normal 
[23].

Socioeconomic groups
Educational attainment and annual per-capita house-
hold consumption expenditure were used as proxies for 
socioeconomic status. Different socioeconomic groups 
were defined based on educational attainment (time-
invariant, including illiterate; primary school; secondary 
school and above) and quartiles of per-capita household 

consumption expenditure (quartile 1 for the most 
deprived and quartile 4 for the most affluent).

Covariates
The following variables were included as covariates: 
age, sex, marital status (married/partnered, and sin-
gle/others), educational attainment (illiterate, primary 
school, secondary school and above), residence (rural, 
and urban), annual per-capita household consumption 
expenditure (quartiles 1–4), health insurance (public 
insurance, and others), geographic locations (east, mid-
dle, and west), activities of daily living (ADLs, impaired, 
and unimpaired), instrumental activities of daily living 
(IADLs, impaired, and unimpaired). Sex and geographic 
locations were time-invariant variables.

Statistical analysis
First, we conducted a descriptive statistical analysis of 
study participants from 2011 to 2018. Continuous vari-
ables were represented by means and standard deviation 
(SD), and classified variables were measured by frequen-
cies and percentages. Prevalence was used to measure 
the trends of diseases. The prevalence of the exact 13 
self-reported non-communicable diseases was shown in 
Supplementary Table 1.

Next, a panel data approach of random-effects linear 
regression was used to examine the associations between 
socioeconomic status and the number of non-communi-
cable diseases. Random-effects negative binomial regres-
sion models were employed to investigate the association 
between the number of non-communicable diseases and 
body pain. For the negative binomial regression analysis, 
incidence rate ratios (IRRs) and 95% confidence intervals 
(CIs) were reported. Random-effects linear regression 
models were used to estimate the association between 
the number of non-communicable diseases and sleep 
duration.

Random-effects logistic regression models were used 
to estimate the association between the number of non-
communicable diseases and the likelihood of developing 
depression. Specifically, the mediating effects of the num-
ber of body pain and sleep duration on the correlations 
between the number of non-communicable diseases 
and depression were examined by a stepwise regres-
sion method [24]. Odds ratios (ORs) and 95% CIs were 
reported. To explore the differential associations between 
the number of non-communicable diseases and depres-
sion in population groups, subgroup analyses stratified 
by socioeconomic status were performed, using the same 
regression analyses but removing stratified variables. A p 
values less than 0.05 was considered as significant.

To address the potential biases introduced by the over-
lapping individuals, we employed random-effects mod-
els, which accounted for the longitudinal nature of the 
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data and the repeated observations of the same individu-
als across different waves. To consider the differences in 
follow-up time and loss to follow-up, we used multiple 
imputation techniques to estimate the missing values and 
create a more complete dataset for analysis. By estimat-
ing the missing values based on other observed variables, 
we can ensure that the results are comparable across dif-
ferent waves of the study. In addition, to account for the 
survey design, stratification, and clustering, we incorpo-
rated sampling weights in the analysis methods to ensure 
accurate representation of the population prevalence and 
unbiased estimation of parameters. All statistical analy-
ses were performed using Stata (version 16.0).

Results
Descriptive statistics
Socio-demographic characteristics of study participants 
in 2011–2018 are shown in Table  1. The mean age of 
participants was 58.44 years (SD = 0.08) at 2011 baseline. 
The proportion of people with multimorbidity seemed 
to increase substantially with age. In 2011, the number 
of people with multimorbidity was 6,412, accounting 
for 37.87% of the total population. In 2018, the propor-
tion of people with multimorbidity increased to 61.14%. 
The average number of body pain per individual was 1.27 
(SD = 0.02) in 2011 and rose to 2.92 (SD = 0.03) in 2018. 

Table 1 Socio-demographic characteristics of study participants aged 45 years and older in China, 2011–2018
Characteristics Wave 2011 (N = 16,931) Wave 2013 (N = 14,284) Wave 2015 (N = 13,902) Wave 2018 (N = 12,344)
Multimorbidity 6,412 (37.87%) 6,381 (43.68%) 7,853 (56.02%) 7,981 (61.14%)
Number of body pain 1.27 (0.02) 0.93 (0.02) 1.66 (0.03) 2.92 (0.03)
Sleep duration 6.88 (0.02) 6.81 (0.02) 6.99 (0.02) 6.92 (0.02)
Depression
 No 10,047 (65.31%) 9,002 (69.72%) 8,767 (67.16%) 7,140 (63.11%)
 Yes 5,335 (34.69%) 3,909 (30.28%) 4,286 (32.84%) 4,174 (36.89%)
Age (years) 58.44 (0.08) 61.46 (0.08) 63.02 (0.08) 65.65 (0.08)
Sex
 Male 8,201 (48.44%) 6,935 (48.55%) 6,716 (48.31%) 5,953 (48.22%)
 Female 8,730 (51.56%) 7,349 (51.45%) 7,186 (51.69%) 6,391 (51.78%)
Marital status
 Single 2,493 (14.73%) 2,292 (16.04%) 2,333 (16.78%) 2,351 (19.04%)
 Married/partnered 14,428 (85.27%) 11,990 (83.96%) 11,569 (83.22%) 9,993 (80.96%)
Educational attainment
 Illiterate 7,268 (42.94%) 6,338 (44.37%) 6,085 (43.77%) 5,310 (43.02%)
 Primary school 3,466 (20.48%) 2,970 (20.80%) 2,884 (20.75%) 2,607 (21.12%)
 Secondary school and above 6,191 (36.58%) 4,976 (34.83%) 4,933 (35.48%) 4,427 (35.86%)
Residence status
 Rural 8,469 (50.02%) 7,694 (53.87%) 7,649 (55.02%) 6,843 (55.44%)
 Urban 8,462 (49.98%) 6,590 (46.13%) 6,253 (44.98%) 5,501 (44.56%)
Health insurance
 Private insurance/others 1,418 (8.49%) 706 (5.00%) 1,368 (9.88%) 501 (4.07%)
 Public insurance 15,290 (91.51%) 13,393 (95.00%) 12,470 (90.12%) 11,831 (95.93%)
Geographic locations
 East locations 7,510 (44.36%) 6,242 (43.70%) 5,911 (42.52%) 5,193 (42.07%)
 Middle locations 4,355 (25.72%) 3,807 (26.65%) 3,783 (27.22%) 3,405 (27.59%)
 West locations 5,066 (29.92%) 4,235 (29.65%) 4,207 (30.26%) 3,746 (30.34%)
Household consumption quartiles
 Quartile 1 (the most deprived) 3,149 (22.32%) 2,267 (24.18%) 2,453 (26.55%) 2,752 (26.91%)
 Quartile 2 3,159 (22.39%) 2,318 (24.73%) 2,400 (25.98%) 2,572 (25.15%)
 Quartile 3 3,431 (24.32%) 2,400 (25.60%) 2,180 (23.60%) 2,548 (24.91%)
 Quartile 4 (the most affluent) 4,368 (30.96%) 2,390 (25.49%) 2,206 (23.88%) 2,356 (23.03%)
ADLs
 Unimpaired 13,960 (84.04%) 11,567 (81.92%) 10,762 (77.96%) 9,601 (77.98%)
 Impaired 2,651 (15.96%) 2,552 (18.08%) 3,043 (22.04%) 2,710 (22.02%)
IADLs
 Unimpaired 13,318 (79.34%) 10,788 (76.14%) 10,223 (73.83%) 8,901 (72.29%)
 Impaired 3,469 (20.66%) 3,381 (23.86%) 3,624 (26.17%) 3,411 (27.71%)
ADLs = activities of daily living, IADLs = instrumental activities of daily living



Page 5 of 9Ye and Wang Health and Quality of Life Outcomes           (2024) 22:23 

People slept for an average of 6.88 h (SD = 0.02) per day 
and 5,335 (34.69%) had depression in 2011.

In Fig.  1 and Supplementary Table 2, the probability 
of having multimorbidity increased with age (β = 0.006, 
95% CI = 0.004–0.007). It also increased with higher 
socioeconomic status. To be exact, participants with pri-
mary school education (β = 0.041, 95% CI = 0.020–0.061) 
and higher household consumption quartiles (β = 0.044, 
95% CI = 0.023–0.064 for household consumption quar-
tile 3 and β = 0.065, 95% CI = 0.039–0.091 for house-
hold consumption quartile 4) were more likely to have 
multimorbidity.

Multimorbidity, body pain, sleep duration and depression
Table  2 shows the associations of multimorbidity with 
the number of body pain and sleep duration among 
people aged 45 years and older in China from 2011 to 
2018. Multimorbidity was associated with increased 
number of body pain (incidence rate ratio (IRR) = 1.53, 
95% CI = 1.45–1.61) and decreased sleep duration (β=-
0.26, 95% CI=-0.36–-0.15). Those with higher edu-
cational attainment had more body pain (IRR = 1.20, 
95% CI = 1.09–1.33 for those with primary education; 
IRR = 1.21, 95% CI = 1.09–1.34 for those with secondary 
school and above). Higher household consumption quar-
tiles were correlated with more body pain (IRR = 1.05, 
95% CI = 1.00–1.10 for those in household consump-
tion quartile 2; IRR = 1.11, 95% CI = 1.05–1.17 for those 

in household consumption quartile 3; IRR = 1.09, 95% 
CI = 1.03–1.15 for those in household consumption quar-
tile 4).

Table  3 shows the associations between multimorbid-
ity and depression, mediated by the number of body pain 
and sleep duration. In Model 1, multimorbidity was asso-
ciated with higher risks of depression (OR = 1.97, 95% 
CI = 1.85–2.10). When adjusting for the number of body 
pain and sleep duration stepwise (Model 2 and Model 3), 
more body pain (OR = 1.19, 95% CI = 1.18–1.20 in Model 
2) and shorter sleep duration (OR = 0.83, 95% CI = 0.82–
0.84 in Model 3) was associated with higher risks of 
depression. The associations between multimorbidity 
and depression persisted but the value of OR decreased 
to 1.58 (95% CI = 1.48–1.68) in Model 2 and 1.54 (95% 
CI = 1.44–1.64) in Model 3, which to some extent vali-
dated the mediating effects of the number of body pain 
and sleep duration.

Subgroup analysis by socioeconomic status
In Fig.  2, the associations between multimorbidity and 
depression were similar across socioeconomic groups—
i.e., for each group classified by educational attainment, 
those with multimorbidity had higher risk of depression 
(odds ratio (OR) = 1.54, 95% CI = 1.40–1.68 for those illit-
erate; OR = 1.50, 95% CI = 1.31–1.72 for those with pri-
mary education; OR = 1.52, 95% CI = 1.34–1.71 for those 
with secondary education and above). Moreover, the 

Fig. 1 Longitudinal analysis of determinants of multimorbidity among people aged 45 years and older in China, 2011–2018. ADLs = activities of daily 
living, IADLs = instrumental activities of daily living. This table presents the results of the longitudinal analysis using data from four waves of CHARLS 
(2011–2018) to examine the associations between sociodemographic variables, ADLs, IADLs, and multimorbidity over time. The longitudinal aspect of 
the analysis accounts for the trends and patterns in multimorbidity determinants among the study population
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associations between multimorbidity and depression 
were similar across household consumption quartiles. 
The associations persisted even in the highest house-
hold consumption quartile and those with an educational 
attainment of secondary school and above (OR = 1.77, 
95% CI = 1.42–2.19).

Discussion
To the best of our knowledge, this study is the first panel 
data analysis from a nationally representative longitudi-
nal survey of middle-aged and older Chinese people to 
examine the associations of multimorbidity with body 
pain, sleep duration, and depression; and whether the 
associations varied by socioeconomic status. It was found 
that multimorbidity was common among Chinese people 
aged 45 years and older. An additional chronic non-com-
municable disease was associated with increased body 

pain, and decreased sleep duration. Furthermore, multi-
morbidity was associated with a significantly increased 
likelihood of depression, with the mediating effects of 
the number of body pain and sleep duration. The associa-
tions between multimorbidity and depression persisted 
among different socioeconomic groups classified by edu-
cational attainment and quartiles of household consump-
tion expenditure.

For any individual, the likelihood of multimorbidity 
increased with age, given that chronic conditions might 
not be resolved. It was found in our study that the num-
ber of multimorbidity also increased with higher quartiles 
of household consumption and educational attainment. 
It contrasted with evidence from high-income countries 
that showed an increased prevalence of multimorbidity 
in populations with low socioeconomic status [25, 26]. In 
China, people in higher-income groups could have better 
access to healthcare services and better health literacy, 
and they are more likely to be diagnosed (or even over-
diagnosed) with non-communicable diseases than those 
in lower-income groups [27, 28]. Furthermore, recall of 
specific chronic conditions diagnosed in the past might 
be improved for them, for example, because they are pay-
ing for ongoing treatment. In addition, low capacity and 
accessibility of rural facilities may mean that physical 
multimorbidity is under-reported in rural areas.

Further, it was found that more chronic non-commu-
nicable diseases were associated with increased body 
pain and decreased sleep duration. Body pain is one of 
the major symptoms of chronic diseases. Chronic dis-
eases, such as arthritis, rheumatism, and gastrointestinal 
diseases, are often accompanied by pain symptoms [29]. 
Chronic diseases are long-course diseases, so the pain 
caused is also long term. Patients with multiple chronic 
conditions may experience even greater levels of pain. 
Chronic diseases and their associated pain and discom-
forts can also interfere with sleep [30]. Conversely, sleep 
disorders can exacerbate chronic conditions and contrib-
ute to the experience of pain [31]. A recent meta-analy-
sis estimated that 44% of patients with chronic pain had 
sleep disturbances; insomnia (72%), restless leg syndrome 
(32%) and obstructive sleep apnea (32%) were the most 
common diagnoses [32].

Multimorbidity was further associated with a signifi-
cantly increased likelihood of depression, mediated by 
the number of body pain and sleep duration. This means 
that individuals with multimorbidity were more likely to 
experience depression, and this increased risk could be 
partially explained by the presence of body pain and sleep 
disturbances. People with chronic diseases may experi-
ence physical dysfunction that adversely impacts daily 
life activities. Older people are prone to feel pain, anxiety, 
and even despair when they encounter difficulties in daily 
life [33]. The pain caused by physical discomfort can also 

Table 2 The associations of multimorbidity with the number of 
body pain and sleep duration among people aged 45 years and 
older in China, 2011–2018

The number of body 
pain

Sleep duration

IRR (95% CI) P value Coefficient 
(95% CI)

P 
value

Multimorbidity 1.53 (1.45, 
1.61)

< 0.001 -0.26 (-0.36, 
-0.15)

0.004

Age (years) 1.05 (1.04, 
1.05)

< 0.001 0.01 (-0.01, 
0.03)

0.357

Female 1.39 (1.28, 
1.51)

< 0.001 -0.39 (-0.50, 
-0.28)

0.001

Married/partnered 0.98 (0.90, 
1.06)

0.587 0.12 (0.05, 
0.18)

0.011

Primary school 1.20 (1.09, 
1.33)

< 0.001 0.10 (-0.02, 
0.22)

0.078

Secondary school 
and above

1.21 (1.09, 
1.34)

< 0.001 0.09 (-0.06, 
0.25)

0.148

Urban residence 0.78 (0.72, 
0.85)

< 0.001 -0.05 (-0.18, 
0.08)

0.303

Public health 
insurance

1.11 (1.03, 
1.20)

0.009 0.04 (-0.15, 
0.22)

0.586

Middle locations 1.11 (1.01, 
1.23)

0.034 -0.06 (-0.21, 
0.08)

0.271

West locations 1.06 (0.97, 
1.16)

0.198 -0.26 (-0.31, 
-0.22)

< 0.001

Household con-
sumption quartile 2

1.05 (1.00, 
1.10)

0.049 -0.03 (-0.20, 
0.14)

0.608

Household con-
sumption quartile 3

1.11 (1.05, 
1.17)

< 0.001 -0.04 (-0.09, 
0.02)

0.139

Household con-
sumption quartile 4 
(the most affluent)

1.09 (1.03, 
1.15)

0.004 0.005 (-0.10, 
0.11)

0.890

Impaired ADLs 1.53 (1.46, 
1.60)

< 0.001 -0.41 (-0.60, 
-0.21)

0.008

Impaired IADLs 1.36 (1.30, 
1.42)

< 0.001 -0.16 (-0.36, 
0.03)

0.073

IRR = incidence rate ratio, CI = confidence interval, ADLs = activities of daily 
living, IADLs = instrumental activities of daily living
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result in irritability, restlessness, and other negative emo-
tions, which further lead to the occurrence of depres-
sion [17, 34]. Sleep restriction would also promote the 
development of depressive symptoms [35]. Good sleep 
helps with self-regulation, which can help ease depressive 
symptoms [36].

The associations between multimorbidity and depres-
sion appeared to be similar across different socioeco-
nomic groups. Our findings were in part consistent 
with other studies examining physical multimorbidity in 
LMICs, such as India and Bangladesh, which found that 
obesity, physical inactivity, and consumption of tobacco, 
alcohol, fat, salt, and processed food were prevalent 
among high socioeconomic groups [27, 37]. Thus, the 
associations of multimorbidity with body pain, sleep 
duration, and depression could persist among people of 
higher socioeconomic status. On the other hand, people 
of lower socioeconomic status generally have limited 
access to healthcare, financial constraints, and increased 
stress levels. Additionally, lifestyle factors and a lack of 
awareness or education about health management may 
exacerbate these associations, perpetuating health dis-
parities among this vulnerable population.

Strengths and limitations
This study presented valuable findings that can inform 
public health policies and interventions. First, our find-
ings provided new evidence to inform the develop-
ment of targeted policies and interventions to tackle 
the increasing burden of multimorbidity and its nega-
tive impacts in China. It underscored the importance of 
a comprehensive approach to healthcare. Public health 

professionals, policymakers, and healthcare provid-
ers should work together to ensure that programs and 
services address not only the individual health condi-
tions but also their coexistence and interconnected 
effects on overall well-being. In addition, it highlighted 
the importance of addressing health disparities. Public 
health initiatives should focus on creating equal access to 
healthcare services, especially for individuals with lower 
socioeconomic status, to ensure they effectively manage 
their chronic conditions and mitigate risks associated 
with multimorbidity.

Our study had several limitations. First, the use of self-
reported measures of chronic disease may underesti-
mated their prevalence, particularly among older people 
and those from lower socioeconomic and educational 
backgrounds. Second, the CHARLS questionnaire did 
not include all typical chronic diseases in clinical data-
base studies. Further research is also warranted on the 
effect of multimorbidity caused by infectious diseases 
(e.g., tuberculosis, AIDS, COVID-19). Third, we aggre-
gated all diseases into a single count variable and did not 
include individual diseases in the analysis, which might 
overlook potential variations in the effects of specific dis-
eases on the outcomes of interest, and the unique contri-
butions of individual diseases might be masked. Fourth, 
psychological distress as a subjective experience of dis-
comfort, is often confused with psychiatric disorders 
[38]. Therefore, apart from exploring depression, a com-
mon clinical psychological disorder, future studies are 
needed to also assess the impact of multimorbidity on the 
subjective perception of distress. Finally, this study only 
included people from China aged 45 years and older in 

Table 3 The associations between multimorbidity and depression: the mediating effect of the number of body pain and sleep 
duration, among people aged 45 years and older in China, 2011–2018

Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Multimorbidity 1.97 (1.85, 2.10) < 0.001 1.58 (1.48, 1.68) < 0.001 1.54 (1.44, 1.64) < 0.001
Age (years) 0.98 (0.97, 0.98) < 0.001 0.98 (0.97, 0.98) < 0.001 0.98 (0.97, 0.98) < 0.001
Female 1.71 (1.59, 1.84) < 0.001 1.49 (1.39, 1.61) < 0.001 1.40 (1.31, 1.51) < 0.001
Married/partnered 0.61 (0.55, 0.67) < 0.001 0.61 (0.55, 0.67) < 0.001 0.63 (0.58, 0.70) < 0.001
Primary school 0.85 (0.77, 0.93) < 0.001 0.86 (0.79, 0.94) 0.001 0.88 (0.80, 0.96) 0.004
Secondary school and above 0.58 (0.53, 0.64) < 0.001 0.60 (0.55, 0.66) < 0.001 0.62 (0.57, 0.68) < 0.001
Urban residence 0.66 (0.61, 0.71) < 0.001 0.71 (0.66, 0.77) < 0.001 0.70 (0.65, 0.76) < 0.001
Public health insurance 0.91 (0.80, 1.02) 0.111 0.89 (0.79, 1.00) 0.049 0.87 (0.77, 0.98) 0.019
Middle locations 1.57 (1.44, 1.71) < 0.001 1.49 (1.37, 1.62) < 0.001 1.47 (1.36, 1.60) < 0.001
West locations 1.95 (1.79, 2.12) < 0.001 1.73 (1.60, 1.88) < 0.001 1.66 (1.53, 1.80) < 0.001
Socioeconomic Status Class 2 0.97 (0.90, 1.04) 0.397 0.95 (0.88, 1.03) 0.209 0.95 (0.88, 1.03) 0.183
Socioeconomic Status Class 3 0.90 (0.83, 0.98) 0.012 0.88 (0.81, 0.95) 0.002 0.87 (0.80, 0.94) 0.001
Socioeconomic Status Class 4 (the most affluent) 0.84 (0.77, 0.92) < 0.001 0.83 (0.76, 0.90) < 0.001 0.82 (0.75, 0.89) < 0.001
Impaired ADLs 2.71 (2.50, 2.94) < 0.001 2.16 (1.99, 2.34) < 0.001 2.07 (1.91, 2.25) < 0.001
Impaired IADLs 2.21 (2.05, 2.38) < 0.001 1.97 (1.83, 2.12) < 0.001 1.97 (1.83, 2.13) < 0.001
The number of body pain 1.19 (1.18, 1.20) < 0.001 1.18 (1.16, 1.19) < 0.001
Sleep duration 0.83 (0.82, 0.84) < 0.001
OR = odds ratio, CI = confidence interval, ADLs = activities of daily living, IADLs = instrumental activities of daily living
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2011. The multimorbidity and its effect among younger 
populations can be considered in future studies.

Conclusions
In conclusion, multimorbidity was associated with 
increased body pain, decreased sleep duration, and fur-
ther led to increased depression risks. China, with the 
largest ageing population in the world, should pay atten-
tion to the multimorbidity of middle-aged and older 
adults. It is also important for policymakers and health-
care providers to develop effective and sustainable inter-
ventions to relieve their body pain, ensure sufficient 
sleep, so as to further reduce depression risks.
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