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Introduction: Previous studies have demonstrated that frailty is associated 
with depressive symptoms among older people and significantly increase the 
risk of difficulty in activities of daily living (ADL). However, uncertainties remain 
regarding the mechanisms behind such relationship. The aim of this study was 
to investigate the mediating effect of ADL in the relationship between frailty 
and depressive symptoms among older adults in China, and to explore to what 
extend sleep duration moderated the association between ADL and depressive 
symptoms.

Methods: In this study, we carried out cross-sectional descriptive analysis and 
1,429 participants were included in the analysis. A survey was conducted using 
questionnaires and instruments measuring frailty, depressive symptoms, ADL 
and sleep duration. Bootstrap analyses served to explore the impact of ADL in 
mediating frailty and depressed symptoms, as well as the effect of sleep duration 
in moderating ADL and depressive symptoms.

Results: Compared to the robust group, the mediating effects of ADL between 
frailty and depressive symptoms were significant in the prefrail group and the frail 
group. The interaction term between sleep duration and ADL was significantly 
presented in the regression on depressive symptoms. Specifically, the Johnson–
Neyman technique determined a range from 8.31 to 10.19  h for sleep duration, 
within which the detrimental effect of frailty on depressive symptoms was offset.

Conclusion: Sleep duration moderated the indirect effect of ADL on the 
association between frailty and depressive symptoms. This provides support 
for unraveling the underlying mechanism of the association between frailty and 
depressive symptoms. Encouraging older adults to enhance ADL and obtain 
appropriate sleep duration might improve depressive symptoms for older adults 
with frailty and prefrailty.

KEYWORDS

frailty, depressive symptoms, activities of daily living, moderated mediation effect, 
older adults

OPEN ACCESS

EDITED BY

Vered Hermush,  
Technion Israel Institute of Technology, Israel

REVIEWED BY

Revital Feige Gross Nevo,  
Independent Researcher,  
Jerusalem, Israel
Noa Stern,  
Laniado Hospital, Israel

*CORRESPONDENCE

Yana Ma  
 ma_yana@163.com  

Qiushi Wang  
 wangqiushi4021@163.com

RECEIVED 11 April 2024
ACCEPTED 17 May 2024
PUBLISHED 26 June 2024

CITATION

Song W, Liu M, Ye T, Wang D, Yuan Q, Li F, 
Wang Q and Ma Y (2024) Relationship 
between frailty and depressive symptoms in 
older adults: role of activities of daily living 
and sleep duration.
Front. Med. 11:1416173.
doi: 10.3389/fmed.2024.1416173

COPYRIGHT

© 2024 Song, Liu, Ye, Wang, Yuan, Li, Wang 
and Ma. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 26 June 2024
DOI 10.3389/fmed.2024.1416173

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1416173&domain=pdf&date_stamp=2024-06-26
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full
mailto:ma_yana@163.com
mailto:wangqiushi4021@163.com
https://doi.org/10.3389/fmed.2024.1416173
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1416173


Song et al. 10.3389/fmed.2024.1416173

Frontiers in Medicine 02 frontiersin.org

1 Introduction

The global share of population aged 65 years or above is projected 
to rise from 10% in 2022 to 16% in 2050 (1), which reflects the severity 
of the world’s population aging. It is well known that population aging 
gives rise to many geriatric phenomena, of which frailty is the most 
salient (2). Frailty is defined as a biologic syndrome marked by 
decreasing physical power, endurance, and impaired physiological 
function, making older people more vulnerable to developing reliance 
and death (3). Frailty occurs with age and carries a high risk of 
multiple negative health outcomes, such as depressive symptoms, falls, 
difficulty in ADL, and disability (4–7). With the aging population 
growing, the link between frailty and these negative outcomes may 
pose significant challenges to the capacity of healthcare systems (8), 
especially in China which has the largest older population in the world 
(190.64 million people aged 65 and above in 2020, accounting for 
13.5% of the total population) (9).

Depressive disorder is assumed to the most common psychological 
problem among older people and has become one of the leading risk 
factors for disability, greatly contributing to the worldwide disease 
burden (10). A meta-analysis involving 57,486 subjects found a high 
prevalence rate of depression among older people of 31.74% in the 
world (11). Similar to frailty, depressive symptoms also boost 
susceptibility to unfavorable outcomes with increasing age (12). 
According to previous studies, frailty has been proven to be  the 
predicter not only of the onset but also of the persistence of depressive 
symptoms in older age (13, 14). Furthermore, a reciprocal interaction 
between frailty and depressive symptoms has also been demonstrated 
(15). However, despite of the fact that many studies focused on the 
impact of frailty on depressive symptoms, question about the 
underlying mechanisms is still unanswered.

Activities of daily living (ADL) refer to the essential abilities 
required to handle basic physical requirements (16). Individuals with 
declining instrumental activities of daily living (IADL) were prone to 
have weaker basic activities of daily living (BADL) and had less 
capacity to carry out high-level regular activities and social life (17). 
As an important indicator of geriatric physical function, ADL has 
been reported to be closely associated with both frailty and depressive 
symptoms (6, 12). According to a systematic review, the risk of 
developing, worsening, and combining ADL and IADL disability was 
approximately two times or higher for people classified as frail 
compared to those classified as non-frail (18). This review also 
suggested these risks were apparent in prefrail individuals but to a 
lower extent.

There were evidences for the negative impact of ADL functioning 
on depressive symptoms (19, 20). Meanwhile, a cross-sectional study 
demonstrated that disabilities in both physical self-care and IADL 
were positively associated with depressive symptoms, accompanied by 
gender differences (21). The mobility of older adults tends to decline 
over the life course as they age, making plenty of daily activities are 
tough to carry out on their own (22). Then reduced mobility may 
increase older adults’ fear of ageing and death and induce depressive 
symptoms (23). Therefore, we hypothesize that frailty may have an 
indirect influence on depressive symptoms in older adults through the 
mediating effect of ADL.

Depressive symptoms often occur in conjunction with sleep 
disorders as well (24). In addition, sleep duration was significantly 
associated with an increased risk of depressive symptoms (25). Studies 
have showed that in comparison with normal sleep duration (7–9 h 

for adults), either short and long sleep duration had potential to raise 
the risk of depression (26). Sufficient sleep duration can assist older 
people in performing both physical and psychological functions 
adequately (27). Thus, sleep duration may play a moderating role 
between ADL and depressive symptoms.

Our study is aimed at exploring the relationship between frailty 
and depressive symptoms, as well as clarting whether ADL mediates 
the impact of frailty on depressive symptoms with sleep duration 
acting as a moderator.

2 Methods

2.1 Study design and participants

This population-based cross-sectional study was conducted in 
Suzhou, Jiangsu Province, China, from September 2022 to December 
2022. Participants were recruited at a general hospital in Xiangcheng 
District through convenience sampling. The purpose of this study and 
other relevant information was explained to the potential participants 
prior to the study enrollment. All participants were voluntary to 
be  involved in this study and provided written informed consent. 
Trained researchers collected data through face-to-face interviews and 
physical tests. The study obtained approval from the ethics committee 
of Zhong Shan Hospital [NO. B2020-201 (3)] and followed the principles 
outlined in the Declaration of Helsinki. The eligible participants 
consisted of elderly people aged above 65 years old, able to perform 
physical tests, with an absence of cognitive impairments and serious or 
life-threatening conditions. Finally, a sample of 1,574 eligible persons 
was obtained, and of these, 145 individuals with missing information 
were filtered out, leaving 1,429 persons who entered the current analysis.

2.2 Measures

2.2.1 Frailty
Frailty was assessed based on a phenotype model by Fried, a 

widely used screening scale in the field of geriatrics (28). There are 5 
components involved in frailty, which are weight loss, exhaustion, low 
physical activity, slow pace and weakness. Details of assessment 
criteria for frailty we used are available as Supplementary Table S1 
(29). Each compliant indicator represents one point, and a higher 
score indicates a worse state of frailty. Participants scoring 0, 1 or 2, 
and 3 or more were diagnosed as robust, prefrail, frail, respectively.

2.2.2 Depressive symptoms
Depressive symptoms were assessed using the Chinese version of 

Patient Health Questionnaire-9 (30), which has been proven to be an 
effective screening questionnaire for depression in China (31). The 
PHQ-9 has 9 items and all items are rated on a four-point Likert-type 
scale. Participants rated frequency of experiencing each symptom 
from 0 (not at all) to 3 (nearly every day) with the total scores ranging 
from 0 to 27. In this study, the Cronbach’s alpha for the scale was 0.784.

2.2.3 Activities of daily living
Disability in activity of daily living in older adults were evaluated 

by the Activity of Daily Living Scale (ADLS) with 2 subscales within 
Lawton and Brody (32). One of the subscales is the Physical Self-
Maintenance Scale (PSMS) including 6 items about toileting, feeding, 
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dressing, grooming, physical ambulation, and bathing. The other 
subscale is the Instrumental Activities of Daily Living Scale (IADLS), 
which consists of 8 items. All the ADLS items are rated through a 
four-level scoring method, thus the total score ranges from 14 to 56. 
The higher the score, the less capable the participant is of achieving 
daily activities independently. A total score of 14 means no incapacity, 
two and more items ≥3 points or a total score of 22 and higher is 
considered as functional impairment. In the present study, the 
Cronbach’s was 0.755 for the PSMS and 0.739 for the IADLS.

2.2.4 Moderator and covariates
Sleep duration was taken into account in the analysis to explore 

their moderating effects. The measurement of sleep duration was 
relied on the question “How many hours of sleep do you get every 
night averagely?.” Participants were also asked about their usual sleep 
onset and wake-up time to get an accurate sense of how long they 
slept. Covariates were split into sociodemographic variables and 
health-related variables. Sociodemographic features contained age, 
sex, education level, marital status, and annual income. Health-related 
features included smoking status, drinking conditions, weekly exercise, 
chronic disease conditions, number of medications, falls experience in 
the last year, grip strength, gait speed, body mass index (BMI).

2.3 Statistical analysis

SPSS version 27.0 software for Windows (IBM Corp) was used for 
carrying out all the statistical analyses. The statistically significant results 
were detected at a minimum of p value <0.05. Continuous variables and 
discrete variables were described using means (standard deviations) and 
frequencies (percentages) respectively. Pearson correlation coefficients 
between all the study variables were calculated (results are shown in 
Supplementary Table S2). The covariates significantly related to the 
outcome variable (depressive symptoms) were controlled in this study. 
The mediation model and moderated mediation model were tested 
using the SPSS PROCESS version 4.0 macro. Considering the 

independent variable (frailty) was viewed as a trichotomous variable, 
the method about relative indirect, direct, and total effect developed by 
Hayes and Preacher (33) was adopted (See Figure 1 for details on the 
moderated mediation model framework). First, dummy coding was 
used in the independent variable (frailty) with the robust group 
functioning as the reference group. Second, whether ADL mediated the 
association between frailty and depressive symptoms was tested. In this 
study, the indirect effect consisted of two relative indirect effects. ADL 
can be  considered as the mediator between frailty and depressive 
symptoms if there was at least one significant relative indirect effect (33). 
Third, sleep duration was added as the moderator between ADL and 
depressive symptoms. The Johnson - Neyman technique was used to 
explore the boundary values of the moderating effect (34). The 
bootstrap 95% CI for mediating and moderating effects were estimated 
based on 5,000 repeated samples. The significance of the bootstrap 95% 
CI was confirmed with the confidence interval not including zero.

3 Results

3.1 Characteristics of participants

Table 1 shows the sociodemographic and health-related features of 
participants. The mean age of all the participants was 71.69 (SD = 4.94) 
years, 743 (51.99%) were women, and 613 (42.90%) participants had no 
formal school. The majority of participants were married (85.30%) and 
had annual income of less than 30,000 RMB (87.26%). The proportions 
of smoking and drinking participants were 25.68 and 18.05%, 
respectively. More than half of the participants exercised every day of 
the week (57.45%). Approximately 63.47% of the participants suffered 
from one or more chronic diseases, and only 9.52% took three or more 
medications a day. The mean BMI was 24.37 (SD = 3.32) kg/m2 and 
mean sleep duration was 7.22 (SD = 1.78) hours. Their average score was 
2.16 (SD = 2.83) for depressive symptoms, 14.68 (SD = 2.14) for ADL 
and 1.21 (SD = 0.93) for frailty. Of the 1,429 participants, 18.33% were 
considered as having ADL disability and 9.03% as having frailty.

FIGURE 1

The proposed moderated mediation model. The independent variable—frailty (X) has three levels, which are robust (X0), prefrail (X1), frail (X2). a1b is the 
indirect effect on Y via M of being in the X1 group relative to the X0 group, and c’1 represents the direct effect of being in the X1 group on Y relative to 
the X0 group; a2b is the indirect effect on Y via M of being in the X2 group relative to the X0 group, and c’2 represents the direct effect of being in the 
X2 group on Y relative to the X0 group. The dashed lines indicate the subsequent introduction of moderating variable—sleep duration.
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3.2 Mediation effect and moderated 
mediation effect of frailty on depressive 
symptoms

Table 2 presents hierarchical regression analysis results and Table 3 
shows the bootstrap test results. Frailty had a significant predictive effect 
on ADL, which meant compared with the robust group, the prefrail 
(β = 0.368, p<0.01) and frail group (β = 1.349, p <0.001) were both 
positively associated with ADL. However, compared with the robust 
group, the frail group (β = 0.867, p <0.01) was positively associated with 
depressive symptoms while the prefrail group (β = 0.015, p >0.05) 
showed no association with depressive symptoms. ADL (β = 0.179, p 

<0.01) also had a significantly predictive effect on depressive symptoms. 
Meanwhile, with the robust group as the reference level, the 95% 
bootstrap confidence interval for the relative indirect effect was [0.024, 
0.123] for the prefrail group and [0.073, 0.501] for the frail group, 
neither of which included 0, indicating a significant relative mediating 
effect. However, the relative total effect and relative direct effect on 
depressive symptoms were significant in the frail group, but not in the 
prefrail group. For the relative indirect effect as a proportion of the 
relative total effect, it was 21.75% in the frail group.

Moderated mediation models in Table  2 reflected that sleep 
duration (β = 1.193, p <0.001) and the interaction term between ADL 
and sleep duration (β = −0.107, p <0.001) significantly predicted 
depressive symptoms. This showed the moderating role which sleep 
duration played in the relationship between ADL and depressive 
symptoms. As shown in Table  3, the predictive effect of ADL on 
depressive symptoms was stronger for participants with shorter sleep 
duration (M-SD) than for participants with average sleep duration 
(M). Moreover, for the participants with longer sleep duration 
(M + SD), ADL was unable to mediate the relationships between frailty 
and depressive symptoms. The Johnson–Neyman plot further 
indicated that the effect of ADL on depressive symptoms was 
completely offset by sleep duration above the threshold of 8.31 h and 
also below the threshold of 10.19 (Figure 2).

4 Discussion

To the best of our knowledge, this is the first study to establish a 
moderated mediation model with ADL serving as a mediator in the 
relationship between frailty and depressive symptoms, and sleep 
duration serving as a moderator in the path between ADL and 
depressive symptoms. We also revealed that with increasing sleep 
duration, the change in the effect of frailty on depressive symptoms 
tends to decrease to zero and then increase. In other words, only 
adequate and appropriate sleep duration was likely to counteract the 
deleterious effects of frailty on depressive symptoms. Noteworthy, the 
variable of frailty in this study was included in the analysis as 
categorical variable.

We found that frailty is positively associated with an increased risk 
of developing depressive symptoms, which is consistent with prior 
studies (14, 35). To elaborate further, depressive symptoms are more 
severe in frail and prefrail older people. The possible explanation is 
that due to physical impairment, frail individuals are usually unable 
to participate more in social activities, resulting in more depressive 
symptoms (36). Moreover, low-grade inflammation caused by frailty 
may increase susceptibility to depressive symptoms through activating 
the hypothalamus-pituitary-adrenocortical axis (37). There is a 
consensus that the process of frailty is potentially reversible, with 
prefrailty being capable of reversing to a robust state or downgrading 
to a frail stage (38). Meanwhile, Huang et al. (39) has showed that 
depressive disorder was the most common mood disorder in China 
(lifetime prevalence of 6.8%), and its risk occurring at middle and old 
age is apparently higher than other age. Due to disease burden and 
high prevalence, it is crucial to put frailty conditions into consideration 
for interventions of depressive symptoms.

The finding that elevated level of ADL helped to amelioration of 
frailty complements previous studies (18, 28). On the basis of 
CHARLS survey, Zhang et al. (7) illustrated that frail older people have 

TABLE 1 Characteristics of the study participants.

Variables Mean  ±  SD 
/ n (%)

Variables Mean  ±  SD 
/ n (%)

Age(years) 71.69 ± 4.94
Number of chronic 

diseases

Sex 0 522 (36.53)

  Male 743 (51.99) 1 678 (47.45)

  Female 686 (48.01) 2 197 (13.79)

Education level ≥3 32 (2.24)

  No formal 

school
613 (42.90)

Number of 

medications

  Primary 

school
586 (41.01) 0 500 (34.99)

  Middle school 204 (14.28) 1–2 793 (55.49)

  High school or 

above
26 (1.82) ≥3 136 (9.52)

Marital status Falls in the last year

  Single/

divorced/

widowed

210 (14.70) No 1,258 (88.03)

  Married 1,219 (85.30) Yes 171 (11.97)

Annual income, 

RMB
Grip strength, kg 24.49 ± 9.54

  <30000* 1,247 (87.26) Gait speed, km/h 2.72 ± 0.59

  ≥30,000 182 (12.74) BMI, kg/m2 24.37 ± 3.32

Smoking
Depressive 

symptoms score
2.16 ± 2.83

  No 1,062 (74.32) ADL score 14.68 ± 2.14

  Yes 367 (25.68) ADL disability

Drinking No 1,167 (81.67)

  No 1,171 (81.95) Yes 262 (18.33)

  Yes 258 (18.05) Sleep duration, hour 7.22 ± 1.78

Weekly exercise Frailty score (0–5) 1.21 ± 0.93

  Never 414 (28.97) Frailty status

  1–3 times 127 (8.89) Robust 352 (24.63)

  4–6 times 67 (4.69) Prefrail 948 (66.34)

  Every day 821 (57.45) Frail 129 (9.03)

ADL, activities of daily living; BMI, body mass index; SD, standard deviation. *3,000 
RMB = approximately 4,330 USD.
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a higher risk of ADL and IADL difficulties in the future. Meanwhile, 
depressive symptoms are often accompanied by ADL impairment 
among older people (40). He  et al. (19) also indicated that ADL 
impairment was connected to an elevated likelihood of depressive 
symptoms. It is possible that limitations in daily activities and physical 
function cause older adults to lose their independence (22), causing 
them to turn to others for more support with feelings of guilt and 
uselessness (41), which may greatly contribute to the emergence or 
worsening of depressive symptoms.

Our study revealed the mediating role of ADL between frailty and 
depressive symptoms. Older adults with poorer frailty state are less 
able to conduct daily activities, leading to an elevated severity of 

depressive symptoms. This implies that strengthening ADL is vital to 
alleviating depressive symptoms in seniors, particularly prefrail and 
frail ones. Physical exercise has been proven to be a useful alternative 
to antidepressants in the treatment of geriatric depression (42), as well 
as to facilitate increased gait speed, better balances and improves ADL 
performance in frail older adults (43). Additionally, Catalan-
Matamoros et  al. (44) suggested older adults with depressive 
symptoms to find the suitable form of exercise and set practical goals. 
Thus, older adults ought to be  encouraged to get appropriately 
involved in physical exercise fit for them.

It is worth noting that the relative total and relative direct effect of 
frailty on depressive symptoms in this study is present only in the frail 

TABLE 2 Linear regression models for the mediation effect and moderated mediation effect of frailty on depressive symptoms.

Predictors

Outcome variables

ADL Depressive symptoms
ADL (moderated by 

sleep duration)

Depressive symptoms 
(moderated by sleep 

duration)

β t β t β t β t

Sex 0.588 4.412*** 0.476 2.675** 0.588 4.411*** 0.374 2.188*

Smoking −0.170 −1.109 0.077 0.378 −0.170 −1.109 0.066 0.342

Weekly exercise 0.013 0.313 −0.128 −2.270* 0.013 0.313 −0.118 −2.201*

Number of chronic 

diseases
0.031 0.416 0.261 2.648** 0.031 0.416 0.244 2.589**

Prefrail 0.368 2.784** 0.015 0.084 0.368 2.784** 0.127 0.754

Frail 1.349 6.117*** 0.867 2.923** 1.349 6.117*** 0.869 3.055**

ADL 0.179 5.074*** 0.968 6.827***

Sleep duration 1.193 4.227***

ADL × Sleep duration −0.107 −5.688***

R2 0.053 0.050 0.053 0.131

F 13.2466*** 10.710*** 13.247*** 23.782***

ADL, activities of daily living. All the models were controlled for sex, smoking, weekly exercise and number of chronic diseases. *p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 3 Bootstrap tests for the mediation effect and moderated mediation effects of frailty on depressive symptoms.

Type of effect Sleep duration Effect size Boot SE Boot ULCI Boot LLCI

Prefrail

Total effect — 0.081 1.163 −0.246 0.395

Direct effect — 0.015 0.162 −0.306 0.328

Indirect effect — 0.066 0.026 0.024 0.123

Frail

Total effect — 1.108 0.351 0.433 1.809

Direct effect — 0.867 0.331 0.226 1.524

Indirect effect — 0.241 0.110 0.073 0.501

Pre-frail (moderated by 

sleep duration)

Direct effect — 0.127 0.154 −0.182 0.424

Indirect effect

M-1SD 0.141 0.041 0.070 0.230

M 0.071 0.024 0.032 0.124

M + 1SD 0.001 0.021 −0.040 0.043

Frail (moderated by 

sleep duration)

Direct effect — 0.869 0.313 0.265 1.493

Indirect effect

M-1SD 0.518 0.182 0.225 0.927

M 0.261 0.092 0.112 0.466

M + 1SD 0.004 0.078 −0.176 0.142

Boot, bootstrap; SE, standard error; LLCI, lower limit of confidence interval; ULCI, upper limit of confidence interval; M, mean; SD, standard deviation.
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group, but not in the prefrail group, under the reference level of the 
robust group. This provides two indications: (1) ADL partly mediates 
the association between frailty and depressive symptoms for frail older 
adults (relative mediating rate of 21.75%); (2) in view of discussion by 
Rucker et al. (45), we refrain from using the term ‘full mediation’ and 
interpret the direct effect as frailty affecting depressive symptoms 
mainly through ADL for prefrail older adults. Fernández-Garrido 
et al. (46) wrote the incidence of prefrailty was substantially greater 
than the comparatively low prevalence of frailty among older adults 
(7–12% of the population over 65 and roughly 25% of the population 
over 85), which is in line with our results. Gary (47) also found 
medium-intensity exercise yielded a positive effect on falls and 
physical performance in prefrail but not in frail older adults. Therefore, 
more attention possibly should be paid to prefrailty to bring about a 
real state reversal.

We further found that sleep duration moderated the relationship 
between ADL and depressive symptoms. The indirect effect is stronger 
in individuals who slept for shorter or longer periods of time. 
Obtaining approximately 8 to 10 h of sleep per night can even entirely 
offset the negative effects of decreased ADL on depressive symptoms. 
It can be speculated that older adults with long sleep duration may 
elevate their inflammatory markers, leading to an influence on the 
impairment of their cognition and motion, thus increasing the 
possibility of ADL disability and ultimately inducing depressive 
symptoms (48). Luo et  al. (49) argued that short and long sleep 
durations amplified the risk of hypertension among Chinese adults, 
which might result in cardiovascular diseases that impair senior 
people’s capacity for daily activities. There is currently few research on 
the optimum duration of sleep for older adults opposed to the general 
population. Sleep duration of 6–8 h was connected with the lowest risk 
of death in a study comprising 116,632 adults, while the optimal 
amount of sleep duration was roughly 7 h (50). However, one recent 
study supporting our findings has also highlighted that two more 

hours of sleep may be advantageous for older adults’ daily activities 
(48). In addition, the impact of baseline and deteriorating frailty states 
on the increased severity of depression symptoms can be exacerbated 
by short sleep duration (51), which partly validated our results. A 
plausible explanation may be that older adults require more nocturnal 
rest to sustain strength and regain functions. To fully understand and 
elucidate the effect of sleep duration in geriatric health, further study 
is necessary. Taking together, frailty may cause more interference in 
older adults with shorter or longer sleep durations through ADL and 
eventually increase the risk of depressive symptoms.

Significant implications from this study are embodied in the 
management and prevention of the influence of frailty on depressive 
symptoms. For health care physicians and staff, we suggest that when 
diagnosing and managing frail older persons, greater focus be devoted 
to the contemporaneous emergence of depressive symptoms. Besides, 
older individuals should be motivated to engage in ADL-improving 
behaviors in order to alleviate their depressive symptoms. In 
particular, interventions targeted on sleep duration deserve more 
priority to mitigate the effects of ADL on mental well-being. 
Nevertheless, there are several limitations in this study. First, given our 
study was cross-sectional design, we could not offer solid proof for 
causal interpretation of observed relationships. Future longitudinal 
studies are strongly warranted to validate causal associations. Second, 
the information collected was self  - reported by the participants, 
which could bring about recall bias. We have tried to minimize bias 
through application of objective indicators and professional 
investigators. Third, the sample from a Chinese city hinders 
contributions to generalization of our study. A population balance 
between urban and rural areas should be taken into account when it 
comes to the scope of the study subjects. Finally, even though models 
incorporated an extensive range of factors impacting depressive 
symptoms, residual confounding could remain due to neglected 
confounders. Further research should widely select potential 

FIGURE 2

Conditional effect of ADL on depressive symptoms across the range of sleep duration. When the sleep duration is outside the interval [8.31, 10.19], the 
slope of ADL on depressive symptoms dependency is significant. ADL, activities of daily living.
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confounders, including medical background and essential signs (such 
as blood pressure, blood sugar, etc.), to acquire a more 
thorough evaluation.

5 Conclusion

This study may provide support for unraveling the underlying 
mechanism of the association between frailty and depressive 
symptoms and developing an efficient approach to mitigate depressive 
symptoms among older adults. In accordance with this study, ADL 
mediated the relationship between frailty and depressive symptoms, 
with sleep duration functioning as a moderator between ADL and 
depressive symptoms. Specifically, frail and prefrail older adults may 
be more likely to suffer from depressive symptoms through limited 
ADL than robust ones. Meanwhile, enough sleep duration may 
diminish or even offset the mediating effect of frailty on depressive 
symptoms. Thus, enhancing ADL and acquiring appropriate sleep 
duration could be beneficial in the alleviation of depression symptoms, 
especially in the context of frailty and prefrailty.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethics 
committee of Zhong Shan Hospital. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

WS: Investigation, Methodology, Visualization, Writing – original 
draft, Writing – review & editing, Conceptualization. ML: 
Investigation, Writing – review & editing, Conceptualization. TY: 
Data curation, Investigation, Writing – review & editing. DW: 
Investigation, Writing – review & editing. QY: Investigation, Writing 

– review & editing. FL: Writing – review & editing, Supervision. QW: 
Funding acquisition, Writing – review & editing, Conceptualization. 
YM: Writing – review & editing, Supervision.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by Municipal Health Commission and Department of 
Science and Technology in Suzhou, China [grant 
number GSWS2022116].

Acknowledgments

We appreciate the support and cooperation provided by the 
hospital staff in recruiting participants. Meanwhile, we would like to 
express our gratitude to all the participants for their cooperation in 
this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/
full#supplementary-material

References
 1. United Nations Department of Economic and Social Affairs. World population 

prospects 2022: Summary of results. New York: United Nations (2022).

 2. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. 
Lancet. (2013) 381:752–62. doi: 10.1016/S0140-6736(12)62167-9

 3. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. Frailty 
consensus: a call to action. J Am  Med Dir Assoc. (2013) 14:392–7. doi: 10.1016/j.
jamda.2013.03.022

 4. Makizako H, Shimada H, Doi T, Yoshida D, Anan Y, Tsutsumimoto K, et al. Physical 
frailty predicts incident depressive symptoms in elderly people: Prospective findings 
from the Obu study of health promotion for the elderly. J Am Med Dir Assoc. (2015) 
16:194–9. doi: 10.1016/j.jamda.2014.08.017

 5. Cheng MH, Chang SF. Frailty as a risk factor for falls among community dwelling 
people: evidence from a Meta-analysis: falls with frailty. J Nurs Scholarsh. (2017) 
49:529–36. doi: 10.1111/jnu.12322

 6. Vermeulen J, Neyens JC, van Rossum E, Spreeuwenberg MD, de Witte LP. 
Predicting ADL disability in community-dwelling elderly people using physical frailty 
indicators: a systematic review. BMC Geriatr. (2011) 11:33. doi: 10.1186/1471-2318-11-33

 7. Zhang Q, Zhao X, Liu H, Ding H. Frailty as a predictor of future falls and disability: 
a four-year follow-up study of Chinese older adults. BMC Geriatr. (2020) 20:388. doi: 
10.1186/s12877-020-01798-z

 8. Kojima G, Liljas AE, Iliffe S. Frailty syndrome: implications and challenges for 
health care policy. Risk Manag Healthc Policy. (2019) 12:23–30. doi: 10.2147/RMHP.
S168750

 9. National Bureau of Statistics of the People's Republic of China. Seventh National 
Census Bulletin [Internet] Available at: https://www.gov.cn/guoqing/2021-05/13/
content_5606149.htm

 10. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Disease 
and injury incidence and prevalence collaborators. Global, regional, and national 

https://doi.org/10.3389/fmed.2024.1416173
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1416173/full#supplementary-material
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2014.08.017
https://doi.org/10.1111/jnu.12322
https://doi.org/10.1186/1471-2318-11-33
https://doi.org/10.1186/s12877-020-01798-z
https://doi.org/10.2147/RMHP.S168750
https://doi.org/10.2147/RMHP.S168750
https://www.gov.cn/guoqing/2021-05/13/content_5606149.htm
https://www.gov.cn/guoqing/2021-05/13/content_5606149.htm


Song et al. 10.3389/fmed.2024.1416173

Frontiers in Medicine 08 frontiersin.org

incidence, prevalence, and years lived with disability for 354 diseases and injuries for 
195 countries and territories, 1990-2017: a systematic analysis for the global burden of 
disease study 2017. Lancet. (2018) 392:1789–858.

 11. Zenebe Y, Akele B, W/Selassie M, Necho M. Prevalence and determinants of 
depression among old age: a systematic review and meta-analysis. Ann General 
Psychiatry. (2021) 20:55. doi: 10.1186/s12991-021-00375-x

 12. Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a systematic 
review. Clin Interv Aging. (2015) 10:1947–58. doi: 10.2147/CIA.S69632

 13. Feng L, Nyunt MSZ, Feng L, Yap KB, Ng TP. Frailty predicts new and persistent 
depressive symptoms among community-dwelling older adults: findings from Singapore 
longitudinal aging study. J Am Med Dir Assoc. (2014) 15:76.e7–76.e12. doi: 10.1016/j.
jamda.2013.10.001

 14. Collard RM, Comijs HC, Naarding P, Penninx BW, Milaneschi Y, Ferrucci L, et al. 
Frailty as a predictor of the incidence and course of depressed mood. J Am Med Dir 
Assoc. (2015) 16:509–14. doi: 10.1016/j.jamda.2015.01.088

 15. Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, et al. 
Relationship between depression and frailty in older adults: a systematic review and 
meta-analysis. Ageing Res Rev. (2017) 36:78–87. doi: 10.1016/j.arr.2017.03.005

 16. Mlinac ME, Feng MC. Assessment of activities of daily living, self-care, and 
Independence. Arch Clin Neuropsychol. (2016) 31:506–16. doi: 10.1093/arclin/acw049

 17. Tomioka K, Kurumatani N, Hosoi H. Self-rated health predicts decline in 
instrumental activities of daily living among high-functioning community-dwelling 
older people. Age Ageing. (2017) 46:265–70. doi: 10.1093/ageing/afw164

 18. Kojima G. Frailty as a predictor of disabilities among community-dwelling older 
people: a systematic review and meta-analysis. Disabil Rehabil. (2017) 39:1897–908. doi: 
10.1080/09638288.2016.1212282

 19. He M, Ma J, Ren Z, Zhou G, Gong P, Liu M, et al. Association between activities 
of daily living disability and depression symptoms of middle-aged and older Chinese 
adults and their spouses: a community based study. J Affect Disord. (2019) 242:135–42. 
doi: 10.1016/j.jad.2018.08.060

 20. Feng Z, Li Q, Zhou L, Chen Z, Yin W. The relationship between depressive 
symptoms and activity of daily living disability among the elderly: results from the China 
health and retirement longitudinal study (CHARLS). Public Health. (2021) 198:75–81. 
doi: 10.1016/j.puhe.2021.06.023

 21. Li M, Yang Y, Pang L, Wu M, Wang Z, Fu Y, et al. Gender-specific associations 
between activities of daily living disability and depressive symptoms among older adults 
in China: evidence from the China health and retirement longitudinal study. Arch 
Psychiatr Nurs. (2019) 33:160–6. doi: 10.1016/j.apnu.2019.08.010

 22. Yan Y, Du Y, Li X, Ping W, Chang Y. Physical function, ADL, and depressive 
symptoms in Chinese elderly: evidence from the CHARLS. Front Public Health. (2023) 
11:1017689. doi: 10.3389/fpubh.2023.1017689

 23. Abdel-Khalek AM, Lester D. Death anxiety as related to somatic symptoms in two 
cultures. Psychol Rep. (2009) 105:409–10. doi: 10.2466/PR0.105.2.409-410

 24. Shi L, Chen SJ, Ma MY, Bao YP, Han Y, Wang YM, et al. Sleep disturbances increase 
the risk of dementia: a systematic review and meta-analysis. Sleep Med Rev. (2018) 
40:4–16. doi: 10.1016/j.smrv.2017.06.010

 25. Zhai L, Zhang H, Zhang D. Sleep duration and depression among adults: a meta-
analysis of prospective studies. Depress Anxiety. (2015) 32:664–70. doi: 10.1002/da.22386

 26. Chunnan L, Shaomei S, Wannian L. The association between sleep and depressive 
symptoms in US adults: data from the NHANES (2007-2014). Epidemiol Psychiatr Sci. 
(2022) 31:e63. doi: 10.1017/S2045796022000452

 27. Gao L, Yang J, Liu J, Xin T, Liu Y. Activities of daily living and depression in 
Chinese elderly of nursing homes: a mediation analysis. Psychol Res Behav Manag. 
(2023) 16:29–38. doi: 10.2147/PRBM.S394787

 28. Fried LP, Tangen CM, Walston J, Newman AB, Gottdiener J, Seeman T, et al. Frailty 
in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. (2001) 
56:M146–57. doi: 10.1093/gerona/56.3.M146

 29. Chan DCD, Tsou HH, Yang RS, Tsauo JY, Chen CY, Hsiung CA, et al. A pilot 
randomized controlled trial to improve geriatric frailty. BMC Geriatr. (2012) 12:58. doi: 
10.1186/1471-2318-12-58

 30. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity 
measure. J Gen Intern Med. (2001) 16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

 31. Wang W, Bian Q, Zhao Y, Li X, Wang W, Du J, et al. Reliability and validity of 
the Chinese version of the patient health questionnaire (PHQ-9) in the general 

population. Gen Hosp Psychiatry. (2014) 36:539–44. doi: 10.1016/j.
genhosppsych.2014.05.021

 32. Lawton MP, Brody EM. Assessment of older people: self-maintaining and 
instrumental activities of daily living. The Gerontologist. (1969) 9:179–86. doi: 10.1093/
geront/9.3_Part_1.179

 33. Hayes AF, Preacher KJ. Statistical mediation analysis with a multicategorical 
independent variable. Br J Math Stat Psychol. (2014) 67:451–70. doi: 10.1111/bmsp.12028

 34. Miller JW, Stromeyer WR, Schwieterman MA. Extensions of the Johnson-Neyman 
technique to linear models with curvilinear effects: derivations and analytical tools. 
Multivar Behav Res. (2013) 48:267–300. doi: 10.1080/00273171.2013.763567

 35. Nerobkova N, Park YS, Park EC, Shin J. Frailty transition and depression among 
community-dwelling older adults: the Korean longitudinal study of aging (2006–2020). 
BMC Geriatr. (2023) 23:148. doi: 10.1186/s12877-022-03570-x

 36. Mehrabi F, Béland F. Frailty as a moderator of the relationship between social 
isolation and health outcomes in community-dwelling older adults. Int J Environ Res 
Public Health. (2021) 18:1675. doi: 10.3390/ijerph18041675

 37. Arts MHL, Collard RM, Comijs HC, Naudé PJW, Risselada R, Naarding P, et al. 
Relationship between physical frailty and low-grade inflammation in late-life depression. 
J Am Geriatr Soc. (2015) 63:1652–7. doi: 10.1111/jgs.13528

 38. Ng TP, Feng L, Nyunt MSZ, Feng L, Niti M, Tan BY, et al. Nutritional, physical, 
cognitive, and combination interventions and frailty reversal among older adults: a 
randomized controlled trial. Am J Med. (2015) 128:1225–1236.e1. doi: 10.1016/j.
amjmed.2015.06.017

 39. Huang, Y, Wang, Y, Wang, H, Liu, Z, Yu, X, Yan, J, et al. Prevalence of mental 
disorders in China: a cross-sectional epidemiological study. The Lancet Psychiatry. 
2019;6:211–24. doi: 10.1016/S2215-0366(18)30511-X

 40. Kong D, Solomon P, Dong X. Depressive symptoms and onset of functional 
disability over 2 years: a Prospective cohort study. J Am Geriatr Soc. (2019) 67:S538–44. 
doi: 10.1111/jgs.15801

 41. Fu X, Su Y, Zeng C, Liu L, Guo Y, Wu Y. The mediation and interaction of 
depressive symptoms in activities of daily living and active aging in rural elderly: a 
cross-sectional survey. Front Public Health. (2022) 10:942311. doi: 10.3389/
fpubh.2022.942311

 42. López-Torres Hidalgo J. Effectiveness of physical exercise in the treatment of 
depression in older adults as an alternative to antidepressant drugs in primary care. BMC 
Psychiatry. (2019) 19:1–7. doi: 10.1186/s12888-018-1982-6

 43. Chou CH, Hwang CL, Wu YT. Effect of exercise on physical function, daily living 
activities, and quality of life in the frail older adults: a Meta-analysis. Arch Phys Med 
Rehabil. (2012) 93:237–44. doi: 10.1016/j.apmr.2011.08.042

 44. Catalan-Matamoros D, Gomez-Conesa A, Stubbs B, Vancampfort D. Exercise 
improves depressive symptoms in older adults: an umbrella review of systematic reviews 
and meta-analyses. Psychiatry Res. (2016) 244:202–9. doi: 10.1016/j.psychres.2016.07.028

 45. Rucker DD, Preacher KJ, Tormala ZL, Petty RE. Mediation analysis in social 
psychology: current practices and new recommendations. Soc Personal Psychol Compass. 
(2011) 5:359–71. doi: 10.1111/j.1751-9004.2011.00355.x

 46. Fernández-Garrido J, Ruiz-Ros V, Buigues C, Navarro-Martinez R, Cauli O. 
Clinical features of prefrail older individuals and emerging peripheral biomarkers: a 
systematic review. Arch Gerontol Geriatr. (2014) 59:7–17. doi: 10.1016/j.
archger.2014.02.008

 47. Gary R. Evaluation of frailty in older adults with cardiovascular disease. J 
Cardiovasc Nurs. (2012) 27:120–31. doi: 10.1097/JCN.0b013e318239f4a4

 48. Wang Z, Ni X, Gao D, Fang S, Huang X, Jiang M, et al. The relationship between 
sleep duration and activities of daily living (ADL) disability in the Chinese oldest-old: a 
cross-sectional study. PeerJ. (2023) 11:e14856. doi: 10.7717/peerj.14856

 49. Luo SY, Ye YX, Sun MY, Shen JC, Chen NX, Jia S, et al. Relationship of quality and 
duration of sleep with hypertension among adults in Guangzhou. Zhonghua Yu Fang Yi 
Xue Za Zhi. (2021) 55:853–9. doi: 10.3760/cma.j.cn112150-20210204-00125

 50. Wang C, Bangdiwala SI, Rangarajan S, Lear SA, AlHabib KF, Mohan V, et al. 
Association of estimated sleep duration and naps with mortality and cardiovascular 
events: a study of 116 632 people from 21 countries. Eur Heart J. (2019) 40:1620–9. doi: 
10.1093/eurheartj/ehy695

 51. Liu H, Li D, Zhao X, Fang B, Zhang Q, Li T. Longitudinal impact of frailty states 
and sleep duration on subsequent depressive symptoms of older adults. J Am Geriatr 
Soc. (2021) 69:1003–11. doi: 10.1111/jgs.16999

https://doi.org/10.3389/fmed.2024.1416173
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1186/s12991-021-00375-x
https://doi.org/10.2147/CIA.S69632
https://doi.org/10.1016/j.jamda.2013.10.001
https://doi.org/10.1016/j.jamda.2013.10.001
https://doi.org/10.1016/j.jamda.2015.01.088
https://doi.org/10.1016/j.arr.2017.03.005
https://doi.org/10.1093/arclin/acw049
https://doi.org/10.1093/ageing/afw164
https://doi.org/10.1080/09638288.2016.1212282
https://doi.org/10.1016/j.jad.2018.08.060
https://doi.org/10.1016/j.puhe.2021.06.023
https://doi.org/10.1016/j.apnu.2019.08.010
https://doi.org/10.3389/fpubh.2023.1017689
https://doi.org/10.2466/PR0.105.2.409-410
https://doi.org/10.1016/j.smrv.2017.06.010
https://doi.org/10.1002/da.22386
https://doi.org/10.1017/S2045796022000452
https://doi.org/10.2147/PRBM.S394787
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1186/1471-2318-12-58
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1016/j.genhosppsych.2014.05.021
https://doi.org/10.1016/j.genhosppsych.2014.05.021
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.1080/00273171.2013.763567
https://doi.org/10.1186/s12877-022-03570-x
https://doi.org/10.3390/ijerph18041675
https://doi.org/10.1111/jgs.13528
https://doi.org/10.1016/j.amjmed.2015.06.017
https://doi.org/10.1016/j.amjmed.2015.06.017
https://doi.org/10.1016/S2215-0366(18)30511-X
https://doi.org/10.1111/jgs.15801
https://doi.org/10.3389/fpubh.2022.942311
https://doi.org/10.3389/fpubh.2022.942311
https://doi.org/10.1186/s12888-018-1982-6
https://doi.org/10.1016/j.apmr.2011.08.042
https://doi.org/10.1016/j.psychres.2016.07.028
https://doi.org/10.1111/j.1751-9004.2011.00355.x
https://doi.org/10.1016/j.archger.2014.02.008
https://doi.org/10.1016/j.archger.2014.02.008
https://doi.org/10.1097/JCN.0b013e318239f4a4
https://doi.org/10.7717/peerj.14856
https://doi.org/10.3760/cma.j.cn112150-20210204-00125
https://doi.org/10.1093/eurheartj/ehy695
https://doi.org/10.1111/jgs.16999

	Relationship between frailty and depressive symptoms in older adults: role of activities of daily living and sleep duration
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Measures
	2.2.1 Frailty
	2.2.2 Depressive symptoms
	2.2.3 Activities of daily living
	2.2.4 Moderator and covariates
	2.3 Statistical analysis

	3 Results
	3.1 Characteristics of participants
	3.2 Mediation effect and moderated mediation effect of frailty on depressive symptoms

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

