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Abstract 

Background:  Evidence has indicated that depression and obesity were associated with functional disability, inde-
pendently. However, little is known about the detrimental impact of comorbid depression and obesity, as well as its 
transition on functional disability. This study investigated the association of baseline depression-obesity status and its 
dynamic change with incident functional disability among middle-aged and older Chinese.

Methods:  This cohort study included 5507 participants aged ≥45 years from the 2011 and 2015 waves of China 
Health and Retirement Longitudinal Study. Depression was defined with a score ≥ 10 using the 10-item Centre for 
Epidemiologic Studies Depression Scale. Obesity was defined as body mass index ≥28 kg/m2. Participants were cross-
classified by depression and obesity status at baseline, and its change during follow-up. Logistic regression models 
were constructed to evaluate the association of baseline depression-obesity status and its transition with incident 
functional disability defined by the Katz index of activities of daily living scale.

Results:  Over four-year follow-up, 510 (9.3%) participants developed functional disability. Individuals with baseline 
comorbid depression and obesity had the highest risk of functional disability (OR = 2.84, 95% CI: 1.95–4.15) than non-
depressive participants without obesity, or those with depression or obesity alone. When investigating the dynamic 
changes of depression-obesity status on functional disability incidence, those with stable comorbidity throughout 
two surveys had the greatest risk of functional disability (OR = 4.06, 95% CI: 2.11–7.80). Progression of depression-
obesity status was associated with increased risk of functional disability, while regression from baseline to follow-up 
was linked to attenuated risk estimates.

Conclusions:  Among middle-aged and older Chinese adults, the risk of functional disability was exaggerated with 
comorbid depression and obesity. Our data further suggest that transitions of depression and obesity over time are 
associated with the risk of developing functional disability.
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Background
With ageing population growing worldwide, most coun-
tries have to face the increasing burden of ageing-related 
health issues. One of such concerns is functional disabil-
ity, which refers to the impairment of the capacity that 
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enable people to be and to do what they have reason to 
value [1]. A cross-sectional study from 23 countries has 
shown that the average prevalence of functional disability 
measured by activities of daily living (ADLs) in women 
and men aged between 55 and 65 years was 7.9 and 6.9%, 
respectively [2]. In the context of China, the country 
with the largest ageing population in the world, the fig-
ures were even higher, with 19.8% in women and 12.1% 
in men at similar age [2]. Individuals with functional dis-
ability were associated with poorer physical health [3], 
reduced quality of life [4], and higher risk of mortality [5]. 
Therefore, great efforts have been made to identify the 
risk factors and high-risk groups of functional disability.

Depression and obesity are common in older peo-
ple nowadays. Both conditions have been found to be 
associated with increased risk of functional disability 
[6–8]. Additionally, these two conditions often occur 
simultaneously with a bidirectional association due to 
shared genetic, metabolic, and psychosocial pathways 
[9, 10]. A meta-analysis of 19 studies has demonstrated 
that depressive people had 37% higher risk of having 
obesity than non-depressive individuals, while those 
being obese were 18% more likely to have depression 
than their non-obese counterparts [11]. Such reciprocal 
associations might exaggerate the detrimental impact 
on health caused by depression or obesity alone. Previ-
ous studies have therefore demonstrated that comorbid 
depression and obesity have been linked to greater risk 
of diabetes mellitus, relative to individuals with either 
condition alone [12, 13]. A recent study in China has 
further revealed that individuals with both depression 
and obesity had the greatest risk of prevalent functional 
disability compared to those with neither condition, or 
with either condition alone [14]. However, this study was 
based on cross-sectional data, which cannot assess the 
temporal association of comorbid depression and obesity 
with the risk of functional disability [14]. Additionally, it 
remains unclear how depression-obesity status changes 
over time and how such dynamic change affects the risk 
of functional disability among Chinese adults. This is an 
important issue with both public health and clinical sig-
nificance, as the findings might inform prevention and 
intervention strategies for functional disability in ageing 
populations.

Therefore, this cohort study aimed to investigate (1) the 
association between baseline depression-obesity status 
and the risk of incident functional disability among mid-
dle-aged and older adults in China, and (2) whether tran-
sition of depression-obesity status over time can affect 
the risk of incident functional disability. Our findings 
may provide insight about whether depressive symptom 
should also be screened in addition to body mass index 
(BMI) among middle-aged and older adults in clinical 

practice. Furthermore, the results can help identify high-
risk individuals of developing functional disability who 
may benefit from health intervention.

Methods
Study design and population
Participants of this cohort study were recruited from 
the China Health and Retirement Longitudinal Study 
(CHARLS), a nationally representative survey of Chinese 
aged 45 years and older [15–17]. The baseline survey was 
conducted between 2011 and 2012 in 450 villages/resi-
dent communities of 28 provinces across China through 
multistage probability-proportional-to-size (PPS) 
sampling method. Of 17,708 participants recruited at 
baseline, we excluded 488 participants without age infor-
mation or aged under 45 years, 2366 without informa-
tion on depression, 2414 without information on obesity 
status, 4193 without assessment of functional disability, 
and 518 with prevalent functional disability, leaving 7729 
participants free of functional disability from the baseline 
survey (shown in Fig.  1). Then, we excluded 1058 indi-
viduals lost to follow-up and 1164 individuals without 
assessment of functional disability in the 2015 survey. 
Finally, a total of 5507 eligible participants were included 
in the first analysis of the association between baseline 
depression-obesity status and incident functional disabil-
ity. Regarding the transition of depression-obesity status 
over time, we further excluded 1397 participants without 
information on depression or obesity at follow-up, leav-
ing 4110 individuals in the second analysis.

The ethics of CHARLS study was approved by the 
Institutional Review Board (IRB) at Peking Univer-
sity (IRB approval number: IRB00001052–11015 and 
IRB00001052–11014.14) [15]. Each participant has 
signed a written consent form. All methods were per-
formed in accordance with the relevant guidelines and 
regulations.

Assessment of functional disability
Functional disability was evaluated using the Katz index 
of independence in ADLs, which includes six items of 
dressing, bathing, eating, transferring, toileting, and con-
tinence [18]. Each item has four possible choices: ‘No, I 
don’t have any difficulty’, ‘I have difficulty but can still do 
it’, ‘Yes, I have difficulty and need help’, and ‘I cannot do 
it’. The participant was considered as having functional 
disability if he or she needed help or could not do any of 
the six activities, which was in line with previous studies 
[19]. The Katz index has been widely used in epidemiol-
ogy practices and demonstrated to be reliable and valid 
among older adults [20].
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Measures of depression and obesity
Depression was evaluated over the previous 7 days using 
the Chinese version of the 10-item Centre for Epidemio-
logical Studies Depression Scale (CESD-10) [21], which 
has been demonstrated to be reliable and valid to detect 
depression in Chinese adults [22, 23]. The total scores of 
CESD-10 ranged from 0 to 30, with higher scores reflect-
ing more severe depressive symptoms. Depression was 
defined with a cut-off score of 10 [21].

The standing height and weight were measured 
by a standardized stadiometer (Seca™213, Seca 
Co., Ltd., Hangzhou, China) and a validated scale 
(Omron™HN-286 scale, Krill Technology Co., Ltd., Yang-
zhou, China), respectively. BMI was calculated as weight 
(kg) divided by the square of height (m2). According to 
the recommendations of Working Group on Obesity in 
China, obesity was defined as BMI ≥ 28 kg/m2 in Chinese 
adults [24].

All participants were divided into four groups accord-
ing to the baseline depression and obesity status: neither 
depression nor obesity (neither condition); depression 
without obesity (depression alone); obesity without 
depression (obesity alone); with both depression and 
obesity (comorbidity).

Covariates
Face-to-face interviews were used to collect information 
of socio-demographic and lifestyle factors, including age, 

gender, education level (illiterate or no formal education, 
primary school, and middle school or above), current 
marital status (married or cohabitated, and not mar-
ried), area of residence (urban and rural), smoking status 
(never and ever smoker), and drinking status (never and 
ever drinker).

Systolic blood pressure (BP) and diastolic BP were 
measured three times with at least 45-s intervals by an 
electronic sphygmomanometer (Omron™HEM-7200, 
Dalian, China). Hypertension was confirmed if the 
participant met any of the following criteria: systolic 
BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg, and/
or with self-reported physician-diagnosed hypertension, 
and/or on anti-hypertensive drugs [25]. Glycated haemo-
globin (HbA1c) was examined using high-performance 
liquid chromatography and plasma glucose was measured 
with hexokinase method. Diabetes mellitus was defined 
as random plasma glucose ≥11.1 mmol/L, and/or fast-
ing plasma glucose ≥7.0 mmol/L, and/or HbA1c ≥ 6.5%, 
and/or with self-reported diabetes mellitus diagnosed by 
a physician, and/or on glucose lowering drugs or insu-
lin treatment [26]. We also extracted 11 self-reported 
physician diagnosed diseases from the baseline dataset, 
including dyslipidaemia, heart disease, stroke, chronic 
lung disease, asthma, liver disease, cancer, digestive dis-
ease, kidney disease, arthritis, and memory-related dis-
ease (including Alzheimer’s disease, Parkinson’s disease, 
and cerebral atrophy). Multimorbidity was defined as the 

Fig. 1  Flow chart of participants selection
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presence of two or more of the above 13 chronic condi-
tions in the same individual [27–29].

Statistical analysis
To describe the baseline characteristics, mean ± stand-
ard deviation (SD) was used for continuous variables, 
and frequency (percentage) was applied for categorical 
variables. Analysis of variance (ANOVA) and Chi-square 
tests were conducted to compare differences of continu-
ous variables and categorical variables across the four 
depression-obesity groups at baseline, respectively. Com-
parisons of baseline characteristics between the included 
and excluded individuals were further conducted with 
independent student t-test or Chi-square tests, where 
appropriate.

In the first analysis, logistic regression models were 
established to evaluate the associations between baseline 
depression-obesity status and incident functional disabil-
ity. Model 1 was a crude model. Model 2 was adjusted 
for baseline age, gender, education level, current marital 
status, area of residence, smoking and drinking status. 
Model 3 was additionally adjusted for multimorbidity 
status, as previous research has indicated its detrimen-
tal impact on functional disability [30]. Odds ratios (OR) 
and 95% confidence intervals (CI) were presented.

In the second analysis regarding the transition of 
depression and obesity status, a Sankey diagram was 
depicted to directly visualize the number of participants 
transitioning across different groups from baseline to fol-
low-up. To determine the association between changes in 
depression-obesity status and the risk of developing func-
tional disability, participants were divided into three cate-
gories: (1) stability (3 groups); (2) progression (2 groups); 
and (3) regression (2 groups). The stability category was 
further divided into 3 groups, including participants with 
neither condition, single condition (depression alone or 
obesity alone), and comorbidity throughout the base-
line and follow-up surveys. Participants with depression 
alone or obesity alone were combined together in the 
analysis as the risk of functional disability were similar 
in these two groups according to our results. Addition-
ally, the number of individuals changed from depres-
sion alone to obesity alone or vice versa was relatively 
small, while combination of these individuals into a sin-
gle group enabled us to perform analyses with sufficient 
statistical power. The progression category included 2 
groups, i.e., participants progressed from neither condi-
tion at baseline to single condition at follow-up, and par-
ticipants progressed from 0 or 1 condition at baseline to 
comorbidity at follow-up. The regression category also 
included 2 groups, one group with participants regressed 
from comorbidity to single condition, and the other 
group  with participants regressed from comorbidity or 

single condition at baseline to neither condition at fol-
low-up. Three logistic regression models with the same 
covariates adjusted in the first analysis were constructed, 
with the group of neither condition throughout the base-
line and follow-up surveys treated as the reference.

All analyses were conducted with Stata/SE 16.0 (Stata-
Corp, College Station, TX). Statistical significance was 
determined as two-tailed P < 0.05.

Results
Of the 5507 participants enrolled in the first analysis, the 
mean age was 60.6 ± 9.4 years and 62.4% were females 
(Table 1). The numbers of participants with neither con-
dition, depression alone, obesity alone, and comorbid 
depression and obesity were 2384 (43.3%), 2390 (43.4%), 
447 (8.1%), and 286 (5.2%), respectively. Compared to 
participants with neither condition, individuals with 
comorbid depression and obesity were younger, more 
likely to be females, had higher levels of BP and glucose 
profiles, as well as higher prevalence of multimorbid-
ity. We also observed statistically significant difference 
between the included and excluded individuals for most 
of the baseline characteristics (Supplementary Table 1).

After 4 years of follow-up, 510 (9.3%) participants 
developed functional disability. The incidence of func-
tional disability was the highest among participants with 
comorbid depression and obesity (15.7%), followed by 
those with depression alone (10.6%) and obesity alone 
(9.6%), and was the lowest among individuals with nei-
ther condition (7.1%). Similar patterns were observed 
for the incidence of functional disability in the dressing, 
bathing, eating, transferring, and toileting subscales, 
except for the incidence of continence, which was com-
parable across different depression-obesity groups (Sup-
plementary Figure  1). Table  2 shows the association 
between baseline depression-obesity status and incident 
functional disability, as well as each ADL item. In the 
unadjusted model, compared to participants with neither 
depression nor obesity, those with depression alone had 
increased risk of functional disability (OR = 1.55, 95% CI: 
1.27–1.90), while the risk estimate was not significant for 
obese participants without depression (OR = 1.39, 95% 
CI: 0.98–1.98). Additionally, comorbid depression and 
obesity was associated with the highest risk of functional 
disability with an OR of 2.45 (95% CI: 2.72–3.49). In the 
adjusted model 2 and 3, we observed similar findings, 
except that participants with obesity alone also showed 
significantly increased risk of functional disability. We 
further found that compared to participants with nei-
ther condition, or with either condition alone at baseline, 
those with comorbid depression and obesity had greater 
risk of disability in dressing, bathing, eating, transferring, 
and toileting, but not in continence.
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Of the 4110 participants included in analysing the 
dynamic change of depression-obesity status from base-
line to follow-up, 2524 individuals maintained the same 
depression-obesity status, 814 participants converted to 
a more favourable group, and 714 transferred to a worse 
condition status (shown in Fig. 2). We further evaluated 
the association between transition of depression-obesity 
status over time with the risk of functional disability 
(Table 3). Compared to individuals maintained no depres-
sion and no obesity at both baseline and follow-up, those 
with comorbid depression and obesity throughout both 
surveys were at the greatest risk of functional disability in 
the fully adjusted model (OR = 4.06, 95% CI: 2.11–7.80), 
followed by the group that progressed from neither or 
single condition at baseline to comorbidity at follow-up 
(OR = 3.10, 95% CI: 1.73–5.55), and the group regressed 
from comorbidity to single condition (OR = 2.83, 95% 
CI: 1.43–5.61). Furthermore, participants with single 

condition throughout the two surveys (OR = 2.10, 95% 
CI: 1.49–2.96) or progressed from neither condition 
to single condition (OR = 1.92, 95% CI: 1.27–2.91) had 
approximately twice increased risk of functional disabil-
ity compared to the reference group. In contrast, we did 
not find significantly increased risk of functional disabil-
ity among participants who regressed from comorbidity 
or single condition at baseline to neither depression nor 
obesity at follow-up (OR = 0.94, 95% CI: 0.60–1.48).

Discussion
This study revealed evidence that individuals with 
comorbid depression and obesity at baseline had the 
highest risk of developing functional disability, compared 
to those with neither condition, or with either condition 
alone. Our data further suggested that participants with 
stable comorbidity or progression to comorbidity had the 

Table 1  Comparison of characteristics across different depression and obesity groups at baseline

Abbreviation: BMI Body mass index, BP Blood pressure, HbAlc Glycated haemoglobin, SD Standard deviation
a Comorbidity was defined as the co-existence of depression and obesity
b Not married included separated, divorced, widowed, and never married

All participants Neither condition Depression alone Obesity alone Comorbiditya P value

N 5507 2384 (43.3%) 2390 (43.4%) 447 (8.1%) 286 (5.2%)

Socio-demographic and lifestyle factors
Mean age (years), mean (SD) 60.6 ± 9.4 61.2 ± 9.6 60.9 ± 9.3 58.0 ± 8.8 57.9 ± 8.2 < 0.001

Gender, n (%)

  Male 2072 (37.6%) 1052 (44.1%) 831 (34.8%) 130 (29.1%) 59 (20.6%) < 0.001

  Female 3435 (62.4%) 1332 (55.9%) 1559 (65.2%) 317 (70.9%) 227 (79.4%)

Education level, n (%)

  Illiterate/no formal education 3002 (54.5%) 1203 (50.5%) 1438 (60.2%) 197 (44.1%) 164 (57.3%) < 0.001

  Primary school 1248 (22.7%) 558 (23.4%) 532 (22.3%) 99 (22.1%) 59 (20.6%)

  Middle school or above 1257 (22.8%) 623 (26.1%) 420 (17.6%) 151 (33.8%) 63 (22.0%)

Current marital status, n (%)

  Married or cohabitated 4679 (85.0%) 2074 (87.0%) 1948 (81.5%) 411 (91.9%) 246 (86.0%) < 0.001

  Not marriedb 828 (15.0%) 310 (13.0%) 442 (18.5%) 36 (8.1%) 40 (14.0%)

Area of residence, n (%)

  Urban 1762 (32.0%) 813 (34.1%) 635 (26.6%) 209 (46.8%) 105 (36.7%) < 0.001

  Rural 3745 (68.0%) 1571 (65.9%) 1755 (73.4%) 238 (53.2%) 181 (63.3%)

Ever smoker, n (%) 1885 (34.2%) 935 (39.2%) 787 (32.9%) 106 (23.7%) 57 (19.9%) < 0.001

Ever drinker, n (%) 1914 (34.8%) 868 (36.4%) 852 (35.7%) 130 (29.1%) 64 (22.4%) < 0.001

Clinical / biochemical measures, mean (SD)
BMI (kg/m2) 23.6 ± 4.1 22.8 ± 2.9 22.3 ± 2.9 30.6 ± 3.3 30.8 ± 3.6 < 0.001

Systolic BP (mmHg) 131.3 ± 21.9 130.9 ± 21.8 129.6 ± 22.0 138.5 ± 21.1 136.6 ± 20.3 < 0.001

Diastolic BP (mmHg) 75.6 ± 12.1 75.4 ± 11.9 74.2 ± 12.0 80.9 ± 11.8 80.4 ± 11.4 < 0.001

HbA1c (%) 5.3 ± 0.8 5.2 ± 0.8 5.3 ± 0.8 5.4 ± 0.8 5.6 ± 1.0 < 0.001

Plasma glucose (mmol/L) 6.1 ± 1.9 6.1 ± 1.8 6.1 ± 2.0 6.4 ± 2.0 6.5 ± 2.1 < 0.001

Multimorbidity, n (%)

  No 2380 (44.9%) 1227 (53.2%) 924 (40.3%) 150 (35.4%) 79 (28.4%) < 0.001

  Yes 2925 (55.1%) 1081 (46.8%) 1371 (59.7%) 274 (64.6%) 199 (71.6%)
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highest risks of incident functional disability, whereas 
such risk estimates were relatively lower in those with 
single condition at follow-up. The risk was attenuated 
to null in individuals regressed to no depression and no 
obesity during follow-up.

The independent associations of depression and obe-
sity with functional disability was in line with several 
previous studies [6–8]. We further demonstrated that 
the risk of functional disability was the highest in par-
ticipants suffering from both depression and obesity. 
This was consistent with previous findings showing that 
comorbid depression and obesity had a greater negative 
impact on health and health-related quality of life than 
those with neither condition, or with either condition 

alone [12, 31–33]. The mechanisms underlying the 
greater detrimental impact of comorbid depression 
and obesity on functional disability have not been fully 
understood. Previous evidence has shown that depres-
sion was associated with dysregulation of the prefron-
tal cortex circuitry, the brain region that is responsible 
for executive function [34]. Executive dysfunction could 
consequently elevate the risk of impairment in func-
tional ability [35]. In terms of the association between 
obesity and functional disability, excessive body weight 
might cause musculoskeletal injuries by increasing the 
loading of weight-bearing joints mechanically [36], sub-
sequently leading to hip and knee osteoarthritis and 
ultimately the functional disability [37–39]. Therefore, 

Table 2  Association between baseline depression-obesity status and the risk of functional disability

Note:a Model 1, unadjusted. b Model 2, adjusted for baseline age, gender, area of residence, marital status, education level, smoking and drinking status. c Model 3, 
additionally adjusted for baseline multimorbidity status. Abbreviation: OR Odds ratios, CI Confidence interval
d Comorbidity was defined as the co-existence of depression and obesity
e Functional disability was defined as any limitation in dressing, bathing, eating, transferring, toileting, or continence

Neither condition Depression alone Obesity alone Comorbidityd

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Functional disabilitye

  Model 1a 1.00 (ref ) 1.55 (1.27, 1.90) < 0.001 1.39 (0.98, 1.98) 0.063 2.45 (1.72, 3.49) < 0.001

  Model 2b 1.00 (ref ) 1.58 (1.28, 1.95) < 0.001 1.72 (1.20, 2.47) 0.003 3.06 (2.12, 4.43) < 0.001

  Model 3c 1.00 (ref ) 1.52 (1.23, 1.88) < 0.001 1.54 (1.06, 2.26) 0.024 2.84 (1.95, 4.15) < 0.001

Disability in dressing
  Model 1 1.00 (ref ) 1.35 (0.92, 1.99) 0.124 1.76 (0.98, 3.19) 0.060 3.01 (1.68, 5.39) < 0.001

  Model 2 1.00 (ref ) 1.36 (0.92, 2.02) 0.120 2.22 (1.21, 4.06) 0.010 3.76 (2.06, 6.84) < 0.001

  Model 3 1.00 (ref ) 1.29 (0.87, 1.92) 0.210 2.14 (1.16, 3.94) 0.014 3.29 (1.77, 6.12) < 0.001

Disability in bathing
  Model 1 1.00 (ref ) 1.50 (1.15, 1.97) 0.003 1.41 (0.89, 2.24) 0.142 2.81 (1.82, 4.35) < 0.001

  Model 2 1.00 (ref ) 1.59 (1.20, 2.10) 0.001 1.83 (1.13, 2.94) 0.013 3.82 (2.42, 6.04) < 0.001

  Model 3 1.00 (ref ) 1.50 (1.12, 1.99) 0.006 1.72 (1.06, 2.80) 0.029 3.41 (2.13, 5.48) < 0.001

Disability in eating
  Model 1 1.00 (ref ) 1.47 (0.76, 2.84) 0.254 2.15 (0.83, 5.57) 0.115 3.96 (1.60, 9.80) 0.003

  Model 2 1.00 (ref ) 1.55 (0.80, 3.03) 0.196 2.77 (1.05, 7.35) 0.040 5.89 (2.30, 15.12) < 0.001

  Model 3 1.00 (ref ) 1.35 (0.68, 2.68) 0.396 2.49 (0.93, 6.65) 0.069 5.12 (1.97, 13.32) 0.001

Disability in transferring
  Model 1 1.00 (ref ) 1.63 (0.98, 2.72) 0.061 1.79 (0.80, 4.01) 0.157 3.56 (1.69, 7.53) 0.001

  Model 2 1.00 (ref ) 1.68 (1.00, 2.83) 0.051 2.52 (1.10, 5.79) 0.029 5.19 (2.38, 11.34) < 0.001

  Model 3 1.00 (ref ) 1.55 (0.91, 2.64) 0.105 2.38 (1.03, 5.50) 0.042 4.38 (1.93, 9.92) < 0.001

Disability in toileting
  Model 1 1.00 (ref ) 1.25 (0.93, 1.69) 0.137 1.76 (1.11, 2.76) 0.015 2.60 (1.62, 4.18) < 0.001

  Model 2 1.00 (ref ) 1.24 (0.91, 1.68) 0.172 2.33 (1.45, 3.73) < 0.001 3.46 (2.11, 5.67) < 0.001

  Model 3 1.00 (ref ) 1.19 (0.87, 1.63) 0.288 2.02 (1.23, 3.33) 0.006 3.26 (1.96, 5.43) < 0.001

Disability in continence
  Model 1 1.00 (ref ) 1.43 (0.95, 2.15) 0.086 1.34 (0.67, 2.70) 0.413 1.47 (0.65, 3.31) 0.354

  Model 2 1.00 (ref ) 1.51 (0.99, 2.28) 0.054 1.77 (0.86, 3.62) 0.119 2.06 (0.90, 4.73) 0.087

  Model 3 1.00 (ref ) 1.48 (0.97, 2.26) 0.068 1.78 (0.87, 3.67) 0.115 2.06 (0.89, 4.76) 0.089
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depression and obesity could independently increase the 
risk of functional disability, and such deterioration might 
be exaggerated when individuals had depression and 
obesity simultaneously.

In regard to the associations between different 
depression-obesity groups and the risk of each ADL 
item. We found that comorbid depression and obesity 
was significantly associated with increased risk of dis-
ability in dressing, bathing, eating, transferring, and 
toileting, but not in continence. The exact mecha-
nism underlying this finding was unclear. One possi-
ble explanation might be related to the self-stigma of 

being incontinent. Therefore, disability in continence 
was more likely to be underreported compared to other 
disabilities, which might lead to an underestimation of 
the association [40, 41]. Another possible explanation 
for this discrepancy might be the residual confound-
ing. Since some common risk factors for incontinence 
(e.g., urinary infection and gastrointestinal disorders) 
were not included in regression models, the impact of 
comorbid depression and obesity on disability in con-
tinence might have been attenuated. Nevertheless, 
further studies with larger sample size are needed to 
confirm the conclusion.

Fig. 2  Transition of depression-obesity status between baseline and follow-up. The width of the connecting edges is proportional to the number 
of individuals transitioning between groups at baseline (left side) and follow-up (right side). Neither condition: No depression and no obesity; 
Comorbidity: with both depression and obesity

Table 3  Association between transition in depression-obesity status and the risk of functional disability

Note:a Model 1, unadjusted. b Model 2, adjusted for baseline age, gender, area of residence, marital status, education level, smoking and drinking status. c Model 3, 
additionally adjusted for baseline multimorbidity status

Abbreviation: OR Odds ratios, CI Confidence interval

Transition of depression-obesity status Model 1a Model 2b Model 3c

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Stability
  Neither throughout 1.00 (ref ) – 1.00 (ref ) – 1.00 (ref ) –

  Single condition throughout 2.04 (1.47, 2.83) < 0.001 2.15 (1.53, 3.02) < 0.001 2.10 (1.49, 2.96) < 0.001

  Comorbidity throughout 3.39 (1.81, 6.35) < 0.001 4.25 (2.22, 8.11) < 0.001 4.06 (2.11, 7.80) < 0.001

Progression
  Neither to single condition 1.80 (1.20, 2.70) 0.005 1.89 (1.25, 2.85) 0.003 1.92 (1.27, 2.91) 0.002

  Neither/single condition to comorbidity 2.66 (1.52, 4.66) 0.001 3.09 (1.73, 5.51) < 0.001 3.10 (1.73, 5.55) < 0.001

Regression
  Comorbidity to single condition 2.77 (1.43, 5.37) 0.003 2.96 (1.50, 5.82) 0.002 2.83 (1.43, 5.61) 0.003

  Comorbidity/single condition to neither 1.00 (0.65, 1.55) 0.989 0.99 (0.63, 1.54) 0.958 0.94 (0.60, 1.48) 0.801
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The increased risk of functional disability caused by 
comorbid depression and obesity might be due to sev-
eral shared pathways. First, depression and obesity have 
shown synergistic effect on the risk of chronic diseases 
[32], which were well-established risk factors of func-
tional disability [42]. Second, individuals with comor-
bid depression and obesity had markedly higher level 
of inflammation than those with either condition alone 
[43]. The elevated levels of inflammatory cytokines, 
such as interleukin-6, C-reactive protein, and fibrino-
gen, could further result in poorer physical perfor-
mance, greater functional limitations, and increased 
risk of later-life disability [44, 45]. In addition, inflam-
mation could lead to endothelial dysfunction [46], a key 
component of atherosclerosis that contributes to the 
development of peripheral and cerebrovascular diseases 
[47], which could further induce physical dysfunction 
and disability [48, 49]. Third, individuals with comor-
bid depression and obesity usually had poor adherence 
to healthy lifestyle and were more likely to be physical 
inactive [50], which was associated with greater risk of 
functional disability in older adults [51]. Therefore, the 
greater detrimental effect of comorbid depression and 
obesity on functional disability observed in our study 
was plausible.

Our study further explored the impact of transition in 
depression-obesity status over time on the risk of func-
tional disability. The results confirmed that progression 
to a less favourable condition status was accompanied 
with increases in the risk of developing functional dis-
ability. In contrast, the risk estimates of functional dis-
ability were reduced in participants with regression of 
depression-obesity status from baseline to follow-up. 
The findings were in line with previously published lit-
eratures showing that treatment of depression or weight 
loss could restore functional ability [52, 53]. Further-
more, a randomized controlled trial has demonstrated 
that compared to usual care, an integrated collaborative 
care intervention for individuals with comorbid depres-
sion and obesity could improve functional outcome 
measured by the Sheehan Disability Scale at 6 months, 
but not at 12 months [54]. Our research highlighted 
the possibility that interventions of psychotherapy or 
increasing exercise among middle-aged and older adults 
with comorbid depression and obesity might have ben-
eficial effect on functional ability in the long term. How-
ever, further randomized controlled trials are needed to 
confirm the findings.

The strengths of this study include the longitudinal 
design, the relatively large study sample, the repeated 
measurements, and the validated questionnaires used 
to measure depression and functional disability. A 
further strength is that we also investigated how the 

transition of depression-obesity status affected the 
onset of functional disability, which provide important 
clinical implication for prevention and intervention of 
functional disability in middle-aged and older Chinese 
adults. However, some limitations merit discussion. 
First, a number of individuals were excluded from this 
study due to missing information or loss to follow-up. 
In addition, several baseline characteristics were sta-
tistically different between the included and excluded 
individuals, imposing concerns on the generalizability 
of our study. Nevertheless, results obtained from the 
imputed datasets also demonstrated increased risk of 
functional disability in those with comorbid depression 
and obesity (data not shown), indicating the robustness 
of our findings. Second, depression was ascertained by 
CESD-10 instead of the gold-standard clinical diag-
noses, which might partially cause misclassification 
bias. However, CESD-10 has been demonstrated to 
be reliable and valid in epidemiology research among 
older adults in China [22]. Third, despite our efforts 
to control for several potential confounders, residual 
confounding might persist [52, 55]. However, we were 
unable to adjust variables such as physical activity and 
antidepressant drug use due to data unavailability. Last, 
the number of individuals with a transition from nei-
ther condition to comorbidity (N = 25) or vice versa 
(N = 29) was relatively small in our study, thus we were 
unable to explore their risk of developing functional 
disability. Future studies are needed to further confirm 
the findings.

Conclusion
In conclusion, our study shows that comorbid depression 
and obesity could exert greater detrimental effects on 
the risk of functional disability among middle-aged and 
older adults in China. Importantly, our data suggest that 
depression and obesity status is transient, with the high-
est functional disability risk for those who remain comor-
bidity. The risk of functional disability was increased with 
deterioration in depression-obesity status and reduced 
with regression of depression and obesity. Apart from 
body weight monitoring, our findings highlight the need 
of screening depression among middle-aged and older 
adults, especially for obese adults, which may help iden-
tify the high-risk population of developing functional 
disability.

Abbreviations
ADL: Activity of daily living; ANOVA: Analysis of variance; BMI: Body mass 
index; BP: Blood pressure; CESD-10: 10-item Centre for Epidemiologi-
cal Studies Depression Scale; CHARLS: China Health and Retirement 
Longitudinal Study; CI: Confidence interval; HbAlc: Glycated haemoglo-
bin; OR: Odds ratio; PPS: Probability-proportional-to-size; SD: Standard 
deviation.



Page 9 of 10Lin et al. BMC Geriatrics          (2022) 22:275 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​022-​02972-1.

Additional file 1: Supplementary Table 1. Comparison of baseline 
characteristics between included and excluded individuals. Supplemen-
tary Figure 1. Incidence of functional disability in 2015 in different groups 
according to baseline depression-obesity status.

Acknowledgements
We appreciate the China Health and Retirement Longitudinal Study team for 
providing data and training in using the datasets.

Authors’ contributions
Conceptualization, VYG; data curation, LL and SB; formal analysis, LL and SB; 
funding acquisition, VYG; methodology, LL, SB, KQ, and VYG; supervision, CL, 
WC and VYG; validation, CKHW, TW, and VYG; writing—original draft, LL, SB 
and VYG; writing—review and editing, all authors. All authors have read and 
agreed to the published version of the manuscript.

Funding
This work was supported by the start-up fund from the Sun Yat-sen University (grant 
number 51000–18841211); and Guangdong Basic and Applied Basic Research Foun-
dation (grant number 2019A1515110571, 2021A1515010906). The funding sources 
had no role in the design and conduct of the study; collection, management, analysis, 
and interpretation of the data; preparation, review, or approval of the manuscript; and 
the decision to submit the manuscript for publication.

Availability of data and materials
Data of this study are available on the website of the China Health and Retire-
ment Longitudinal Study (CHARLS) at http://​charls.​pku.​edu.​cn/​index/​en.​html. 
To access and use this survey data for research purpose, an approval should 
be obtained from the CHARLS team at Peking University.

Declarations

Ethics approval and consent to participate
The ethics of CHARLS study was approved by the Institutional Review Board (IRB) 
at Peking University (IRB approval number: IRB00001052–11015 and IRB00001052–
11014.14), and informed written consent was obtained from all participants. All 
methods were performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology, School of Public Health, Sun Yat-sen Univer-
sity, 74 Zhongshan Second Road, Guangzhou 510080, Guangdong, China. 
2 Department of Family Medicine and Primary Care, LKS Faculty of Medicine, 
The University of Hong Kong, Hong Kong, SAR, China. 3 Department of Phar-
macology and Pharmacy, LKS Faculty of Medicine, The University of Hong 
Kong, Hong Kong, SAR, China. 

Received: 17 October 2021   Accepted: 24 March 2022

References
	1.	 Beard JR, Officer AM, Cassels AK. The world report on ageing and health. 

Gerontologist. 2016;56(Suppl 2):S163–6. https://​doi.​org/​10.​1093/​geront/​
gnw037.

	2.	 Wang S, Phillips D, Lee J. Disability prevalence in midlife (aged 55-65 
years): cross-country comparisons of gender differences and time 

trends. Womens Midlife Health. 2021;7(1):1. https://​doi.​org/​10.​1186/​
s40695-​020-​00061-0.

	3.	 Millán-Calenti JC, Tubío J, Pita-Fernández S, González-Abraldes I, Lorenzo 
T, Fernández-Arruty T, et al. Prevalence of functional disability in activities 
of daily living (ADL), instrumental activities of daily living (IADL) and asso-
ciated factors, as predictors of morbidity and mortality. Arch Gerontol 
Geriatr. 2010;50(3):306–10. https://​doi.​org/​10.​1016/j.​archg​er.​2009.​04.​017.

	4.	 Murray CJ, Barber RM, Foreman KJ, Abbasoglu Ozgoren A, Abd-Allah F, 
Abera SF, et al. Global, regional, and national disability-adjusted life years 
(DALYs) for 306 diseases and injuries and healthy life expectancy (HALE) 
for 188 countries, 1990-2013: quantifying the epidemiological transition. 
Lancet. 2015;386(10009):2145–91. https://​doi.​org/​10.​1016/​s0140-​
6736(15)​61340-x.

	5.	 Bossola M, Marino C, Di Napoli A, Agabiti N, Tazza L, Davoli M. Functional 
impairment and risk of mortality in patients on chronic hemodialysis: 
results of the Lazio Dialysis registry. J Nephrol. 2018;31(4):593–602. 
https://​doi.​org/​10.​1007/​s40620-​018-​0484-4.

	6.	 Lestari SK, Ng N, Kowal P, Santosa A. Diversity in the factors associated 
with ADL-related disability among older people in six middle-income 
countries: a cross-country comparison. Int J Environ Res Public Health. 
2019;16(8). https://​doi.​org/​10.​3390/​ijerp​h1608​1341.

	7.	 Schillerstrom JE, Royall DR, Palmer RF. Depression, disability and inter-
mediate pathways: a review of longitudinal studies in elders. J Geriatr 
Psychiatry Neurol. 2008;21(3):183–97. https://​doi.​org/​10.​1177/​08919​
88708​320971.

	8.	 Al Snih S, Graham JE, Kuo YF, Goodwin JS, Markides KS, Ottenbacher KJ. 
Obesity and disability: relation among older adults living in Latin America 
and the Caribbean. Am J Epidemiol. 2010;171(12):1282–8. https://​doi.​org/​
10.​1093/​aje/​kwq087.

	9.	 Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression 
and obesity: evidence of shared biological mechanisms. Mol Psychiatry. 
2019;24(1):18–33. https://​doi.​org/​10.​1038/​s41380-​018-​0017-5.

	10.	 Casanova F, O’Loughlin J, Martin S, Beaumont RN, Wood AR, Watkins E, 
et al. Higher adiposity and mental health: causal inference using Mende-
lian randomisation. Hum Mol Genet. 2021. https://​doi.​org/​10.​1093/​hmg/​
ddab2​04.

	11.	 Mannan M, Mamun A, Doi S, Clavarino A. Is there a bi-directional relation-
ship between depression and obesity among adult men and women? 
Systematic review and bias-adjusted meta analysis. Asian J Psychiatr. 
2016;21:51–66. https://​doi.​org/​10.​1016/j.​ajp.​2015.​12.​008.

	12.	 Ning F, Zhang D, Xue B, Zhang L, Zhang J, Zhu Z, et al. Synergistic effects 
of depression and obesity on type 2 diabetes incidence in Chinese adults. 
J Diabetes. 2020;12(2):142–50. https://​doi.​org/​10.​1111/​1753-​0407.​12968.

	13.	 Ladwig KH, Marten-Mittag B, Löwel H, Döring A, Wichmann HE. Synergis-
tic effects of depressed mood and obesity on long-term cardiovascular 
risks in 1510 obese men and women: results from the MONICA-KORA 
Augsburg cohort study 1984-1998. Int J Obes. 2006;30(9):1408–14. 
https://​doi.​org/​10.​1038/​sj.​ijo.​08032​85.

	14.	 You Y, Meng X, Qiu HY. Depressive symptoms,obesity and functional dis-
ability among middle-aged and older adults in China:empirical evidence 
based on CHARLS. Modern Prev Med. 2019;46(19):130–4.

	15.	 Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China 
health and retirement longitudinal study (CHARLS). Int J Epidemiol. 
2014;43(1):61–8. https://​doi.​org/​10.​1093/​ije/​dys203.

	16.	 Lin L, Lu C, Chen W, Guo VY. Daytime napping and nighttime sleep 
duration with incident diabetes mellitus: a cohort study in Chinese older 
adults. Int J Environ Res Public Health. 2021;18(9). https://​doi.​org/​10.​
3390/​ijerp​h1809​5012.

	17.	 Lin L, Wang HH, Liu Y, Lu C, Chen W, Guo VY. Indoor solid fuel use for heat-
ing and cooking with blood pressure and hypertension: a cross-sectional 
study among middle-aged and older adults in China. Indoor Air. 2021. 
https://​doi.​org/​10.​1111/​ina.​12872.

	18.	 Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness 
in the aged. the index of ADL: a standardized measure of biological and 
psychosocial function. Jama. 1963;185:914–9. https://​doi.​org/​10.​1001/​
jama.​1963.​03060​12002​4016.

	19.	 Lv Y, Zhou J, Kraus VB, Li T, Sarnat JA, Wang J, et al. Long-term exposure to 
PM(2.5) and incidence of disability in activities of daily living among old-
est old. Environ Pollut. 2020;259:113910. https://​doi.​org/​10.​1016/j.​envpol.​
2020.​113910.

https://doi.org/10.1186/s12877-022-02972-1
https://doi.org/10.1186/s12877-022-02972-1
http://charls.pku.edu.cn/index/en.html
https://doi.org/10.1093/geront/gnw037
https://doi.org/10.1093/geront/gnw037
https://doi.org/10.1186/s40695-020-00061-0
https://doi.org/10.1186/s40695-020-00061-0
https://doi.org/10.1016/j.archger.2009.04.017
https://doi.org/10.1016/s0140-6736(15)61340-x
https://doi.org/10.1016/s0140-6736(15)61340-x
https://doi.org/10.1007/s40620-018-0484-4
https://doi.org/10.3390/ijerph16081341
https://doi.org/10.1177/0891988708320971
https://doi.org/10.1177/0891988708320971
https://doi.org/10.1093/aje/kwq087
https://doi.org/10.1093/aje/kwq087
https://doi.org/10.1038/s41380-018-0017-5
https://doi.org/10.1093/hmg/ddab204
https://doi.org/10.1093/hmg/ddab204
https://doi.org/10.1016/j.ajp.2015.12.008
https://doi.org/10.1111/1753-0407.12968
https://doi.org/10.1038/sj.ijo.0803285
https://doi.org/10.1093/ije/dys203
https://doi.org/10.3390/ijerph18095012
https://doi.org/10.3390/ijerph18095012
https://doi.org/10.1111/ina.12872
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1016/j.envpol.2020.113910
https://doi.org/10.1016/j.envpol.2020.113910


Page 10 of 10Lin et al. BMC Geriatrics          (2022) 22:275 

	20.	 Yang M, Ding X, Dong B. The measurement of disability in the elderly: a 
systematic review of self-reported questionnaires. J Am Med Dir Assoc. 
2014;15(2):150.e1–9. https://​doi.​org/​10.​1016/j.​jamda.​2013.​10.​004.

	21.	 Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for 
depression in well older adults: evaluation of a short form of the CES-D 
(Center for Epidemiologic Studies Depression Scale). Am J Prev Med. 
1994;10(2):77–84.

	22.	 Chen H, Mui AC. Factorial validity of the Center for Epidemiologic Studies 
Depression Scale short form in older population in China. Int Psychogeri-
atr. 2014;26(1):49–57. https://​doi.​org/​10.​1017/​S1041​61021​30017​01.

	23.	 Boey KW. Cross-validation of a short form of the CES-D in Chinese elderly. 
Int J Geriatr Psychiatry. 1999;14(8):608–17. https://​doi.​org/​10.​1002/​(sici)​
1099-​1166(199908)​14:8%​3C608::​aid-​gps991%​3E3.0.​co;2-z.

	24.	 Zhou BF. Predictive values of body mass index and waist circumference 
for risk factors of certain related diseases in Chinese adults--study on 
optimal cut-off points of body mass index and waist circumference in 
Chinese adults. Biomed Environ Sci. 2002;15(1):83–96.

	25.	 Liu J. Highlights of the 2018 Chinese hypertension guidelines. Clin Hyper-
tens. 2020;26:8. https://​doi.​org/​10.​1186/​s40885-​020-​00141-3.

	26.	 American Diabetes Association. 2. Classification and diagnosis of 
diabetes: standards of medical Care in Diabetes-2021. Diabetes Care. 
2021;44(Suppl 1):S15–33. https://​doi.​org/​10.​2337/​dc21-​S002.

	27.	 Lin L, Wang HH, Lu C, Chen W, Guo VY. Adverse childhood experiences 
and subsequent chronic diseases among middle-aged or older adults in 
China and associations with demographic and socioeconomic character-
istics. JAMA Netw Open. 2021;4(10):e2130143. https://​doi.​org/​10.​1001/​
jaman​etwor​kopen.​2021.​30143.

	28.	 Zou C, Sun H, Lu C, Chen W, Guo VY. Nighttime sleep duration, restless-
ness and risk of multimorbidity - a longitudinal study among middle-
aged and older adults in China. Arch Gerontol Geriatr. 2022;99:104580. 
https://​doi.​org/​10.​1016/j.​archg​er.​2021.​104580.

	29.	 Zhao Y, Zhang P, Oldenburg B, Hall T, Lu S, Haregu TN, et al. The impact of 
mental and physical multimorbidity on healthcare utilization and health 
spending in China: a nationwide longitudinal population-based study. Int 
J Geriatr Psychiatry. 2021;36(4):500–10. https://​doi.​org/​10.​1002/​gps.​5445.

	30.	 Williams JS, Egede LE. The association between multimorbidity and 
quality of life, health status and functional disability. Am J Med Sci. 
2016;352(1):45–52. https://​doi.​org/​10.​1016/j.​amjms.​2016.​03.​004.

	31.	 Atasoy S, Johar H, Fang XY, Kruse J, Ladwig KH. Cumulative effect of 
depressed mood and obesity on type II diabetes incidence: findings 
from the MONICA/KORA cohort study. J Psychosom Res. 2018;115:66–70. 
https://​doi.​org/​10.​1016/j.​jpsyc​hores.​2018.​10.​007.

	32.	 Haregu TN, Lee JT, Oldenburg B, Armstrong G. Comorbid depression and 
obesity: correlates and synergistic association with noncommunicable 
diseases among Australian men. Prev Chronic Dis. 2020;17:E51. https://​
doi.​org/​10.​5888/​pcd17.​190420.

	33.	 Nigatu YT, Reijneveld SA, de Jonge P, van Rossum E, Bültmann U. The 
combined effects of obesity, abdominal obesity and major depression/
anxiety on health-related quality of life: the LifeLines cohort study. PLoS 
One. 2016;11(2):e0148871. https://​doi.​org/​10.​1371/​journ​al.​pone.​01488​71.

	34.	 Rogers MA, Kasai K, Koji M, Fukuda R, Iwanami A, Nakagome K, et al. 
Executive and prefrontal dysfunction in unipolar depression: a review of 
neuropsychological and imaging evidence. Neurosci Res. 2004;50(1):1–
11. https://​doi.​org/​10.​1016/j.​neures.​2004.​05.​003.

	35.	 Johnson JK, Lui LY, Yaffe K. Executive function, more than global cogni-
tion, predicts functional decline and mortality in elderly women. J Ger-
ontol A Biol Sci Med Sci. 2007;62(10):1134–41. https://​doi.​org/​10.​1093/​
gerona/​62.​10.​1134.

	36.	 Anandacoomarasamy A, Caterson I, Sambrook P, Fransen M, March 
L. The impact of obesity on the musculoskeletal system. Int J Obes. 
2008;32(2):211–22. https://​doi.​org/​10.​1038/​sj.​ijo.​08037​15.

	37.	 Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and 
burden of osteoarthritis. Br Med Bull. 2013;105:185–99. https://​doi.​org/​10.​
1093/​bmb/​lds038.

	38.	 Browning RC, Kram R. Effects of obesity on the biomechanics of walking 
at different speeds. Med Sci Sports Exerc. 2007;39(9):1632–41. https://​doi.​
org/​10.​1249/​mss.​0b013​e3180​76b54b.

	39.	 Lai PP, Leung AK, Li AN, Zhang M. Three-dimensional gait analysis of 
obese adults. Clin Biomech (Bristol, Avon). 2008;23(Suppl 1):S2–6. https://​
doi.​org/​10.​1016/j.​clinb​iomech.​2008.​02.​004.

	40.	 Tariq SH. Fecal incontinence in older adults. Clin Geriatr Med. 
2007;23(4):857–69, vii. https://​doi.​org/​10.​1016/j.​cger.​2007.​06.​004.

	41.	 Dmochowski RR. Urinary incontinence: proper assessment and available 
treatment options. J Women’s Health (Larchmt). 2005;14(10):906–16. 
https://​doi.​org/​10.​1089/​jwh.​2005.​14.​906.

	42.	 Su P, Ding H, Zhang W, Duan G, Yang Y, Chen R, et al. The association of 
multimorbidity and disability in a community-based sample of elderly 
aged 80 or older in Shanghai, China. BMC Geriatr. 2016;16(1):178. https://​
doi.​org/​10.​1186/​s12877-​016-​0352-9.

	43.	 Schmidt FM, Lichtblau N, Minkwitz J, Chittka T, Thormann J, Kirkby KC, 
et al. Cytokine levels in depressed and non-depressed subjects, and 
masking effects of obesity. J Psychiatr Res. 2014;55:29–34. https://​doi.​org/​
10.​1016/j.​jpsyc​hires.​2014.​04.​021.

	44.	 Kuo HK, Bean JF, Yen CJ, Leveille SG. Linking C-reactive protein to late-
life disability in the National Health and nutrition examination survey 
(NHANES) 1999-2002. J Gerontol A Biol Sci Med Sci. 2006;61(4):380–7. 
https://​doi.​org/​10.​1093/​gerona/​61.4.​380.

	45.	 Qin K, Lin L, Lu C, Chen W, Guo VY. Association between systemic inflam-
mation and activities of daily living disability among Chinese elderly 
individuals: the mediating role of handgrip strength. Aging Clin Exp Res. 
2021. https://​doi.​org/​10.​1007/​s40520-​021-​02003-w.

	46.	 Payne GW. Effect of inflammation on the aging microcirculation: impact 
on skeletal muscle blood flow control. Microcirculation. 2006;13(4):343–
52. https://​doi.​org/​10.​1080/​10739​68060​06189​18.

	47.	 Libby P, Aikawa M, Jain MK. Vascular endothelium and atherosclero-
sis. Handb Exp Pharmacol. 2006;176 Pt 2:285–306. https://​doi.​org/​10.​
1007/3-​540-​36028-x_9.

	48.	 Widener JM. Peripheral arterial disease and disability from NHANES 2001-
2004 data. J Vasc Nurs. 2011;29(3):104–12. https://​doi.​org/​10.​1016/j.​jvn.​
2011.​06.​002.

	49.	 McDermott MM, Liu K, Greenland P, Guralnik JM, Criqui MH, Chan C, 
et al. Functional decline in peripheral arterial disease: associations with 
the ankle brachial index and leg symptoms. Jama. 2004;292(4):453–61. 
https://​doi.​org/​10.​1001/​jama.​292.4.​453.

	50.	 Sander C, Ueck P, Mergl R, Gordon G, Hegerl U, Himmerich H. Physi-
cal activity in depressed and non-depressed patients with obesity. 
Eat Weight Disord. 2018;23(2):195–203. https://​doi.​org/​10.​1007/​
s40519-​016-​0347-8.

	51.	 Chen T, Honda T, Chen S, Narazaki K, Kumagai S. Dose-response associa-
tion between accelerometer-assessed physical activity and incidence of 
functional disability in older Japanese adults: a 6-year prospective study. J 
Gerontol A Biol Sci Med Sci. 2020;75(9):1763–70. https://​doi.​org/​10.​1093/​
gerona/​glaa0​46.

	52.	 Sheehan DV, Nakagome K, Asami Y, Pappadopulos EA, Boucher M. Restor-
ing function in major depressive disorder: a systematic review. J Affect 
Disord. 2017;215:299–313. https://​doi.​org/​10.​1016/j.​jad.​2017.​02.​029.

	53.	 Beavers KM, Neiberg RH, Kritchevsky SB, Nicklas BJ, Kitzman DW, Messier 
SP, et al. Association of sex or race with the effect of weight loss on physi-
cal function: a secondary analysis of 8 randomized clinical trials. JAMA 
Netw Open. 2020;3(8):e2014631. https://​doi.​org/​10.​1001/​jaman​etwor​
kopen.​2020.​14631.

	54.	 Rosas LG, Azar KMJ, Lv N, Xiao L, Goldhaber-Fiebert JD, Snowden MB, 
et al. Effect of an intervention for obesity and depression on patient-
centered outcomes: an RCT. Am J Prev Med. 2020;58(4):496–505. https://​
doi.​org/​10.​1016/j.​amepre.​2019.​11.​005.

	55.	 Shah RC, Buchman AS, Leurgans S, Boyle PA, Bennett DA. Association of 
total daily physical activity with disability in community-dwelling older 
persons: a prospective cohort study. BMC Geriatr. 2012;12:63. https://​doi.​
org/​10.​1186/​1471-​2318-​12-​63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jamda.2013.10.004
https://doi.org/10.1017/S1041610213001701
https://doi.org/10.1002/(sici)1099-1166(199908)14:8%3C608::aid-gps991%3E3.0.co;2-z
https://doi.org/10.1002/(sici)1099-1166(199908)14:8%3C608::aid-gps991%3E3.0.co;2-z
https://doi.org/10.1186/s40885-020-00141-3
https://doi.org/10.2337/dc21-S002
https://doi.org/10.1001/jamanetworkopen.2021.30143
https://doi.org/10.1001/jamanetworkopen.2021.30143
https://doi.org/10.1016/j.archger.2021.104580
https://doi.org/10.1002/gps.5445
https://doi.org/10.1016/j.amjms.2016.03.004
https://doi.org/10.1016/j.jpsychores.2018.10.007
https://doi.org/10.5888/pcd17.190420
https://doi.org/10.5888/pcd17.190420
https://doi.org/10.1371/journal.pone.0148871
https://doi.org/10.1016/j.neures.2004.05.003
https://doi.org/10.1093/gerona/62.10.1134
https://doi.org/10.1093/gerona/62.10.1134
https://doi.org/10.1038/sj.ijo.0803715
https://doi.org/10.1093/bmb/lds038
https://doi.org/10.1093/bmb/lds038
https://doi.org/10.1249/mss.0b013e318076b54b
https://doi.org/10.1249/mss.0b013e318076b54b
https://doi.org/10.1016/j.clinbiomech.2008.02.004
https://doi.org/10.1016/j.clinbiomech.2008.02.004
https://doi.org/10.1016/j.cger.2007.06.004
https://doi.org/10.1089/jwh.2005.14.906
https://doi.org/10.1186/s12877-016-0352-9
https://doi.org/10.1186/s12877-016-0352-9
https://doi.org/10.1016/j.jpsychires.2014.04.021
https://doi.org/10.1016/j.jpsychires.2014.04.021
https://doi.org/10.1093/gerona/61.4.380
https://doi.org/10.1007/s40520-021-02003-w
https://doi.org/10.1080/10739680600618918
https://doi.org/10.1007/3-540-36028-x_9
https://doi.org/10.1007/3-540-36028-x_9
https://doi.org/10.1016/j.jvn.2011.06.002
https://doi.org/10.1016/j.jvn.2011.06.002
https://doi.org/10.1001/jama.292.4.453
https://doi.org/10.1007/s40519-016-0347-8
https://doi.org/10.1007/s40519-016-0347-8
https://doi.org/10.1093/gerona/glaa046
https://doi.org/10.1093/gerona/glaa046
https://doi.org/10.1016/j.jad.2017.02.029
https://doi.org/10.1001/jamanetworkopen.2020.14631
https://doi.org/10.1001/jamanetworkopen.2020.14631
https://doi.org/10.1016/j.amepre.2019.11.005
https://doi.org/10.1016/j.amepre.2019.11.005
https://doi.org/10.1186/1471-2318-12-63
https://doi.org/10.1186/1471-2318-12-63

	Comorbid depression and obesity, and its transition on the risk of functional disability among middle-aged and older Chinese: a cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and population
	Assessment of functional disability
	Measures of depression and obesity
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


