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Purpose: This study aimed to explore the role of sleep quality as a mediator in the activities of daily living (ADLs) and depression.
Patients and Methods: Participants (N=645; age>60) were included in six nursing homes in Weifang, Shandong Province, using
convenience sampling. Participants completed questionnaires to assess sleep quality, ADLs, and depression. Depression condition was
assessed by the Patient Health Questionnaire (PHQ-9), ADLs was assessed by the Barthel Index (BI), and sleep quality was measured
by the Pittsburgh Sleep Quality Index (PSQI). Mediation analysis was carried out by SPSS PROCESS.

Results: ADLs (7=0.449, P<0.01) and sleep quality (»=0.450, P<0.01) were found to be positively associated with depression among
the elderly. Sleep quality plays a significant mediating role in the influence of ADLs on depression in the elderly in nursing homes
(Bootstrap 95% CI [0.076, 0.139]), The pathway from ADLs to sleep quality to depression yielded a medium effect size of 20.23%.
Conclusion: ADLs help to explain how sleep quality partly mediates depression among the elderly in nursing homes. It is therefore
recommended that timely detection and efficient interventions should focus on promoting physical function and improving sleep
quality among the elderly in nursing homes.
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Introduction

Depression is one of the most common problems in the elderly in nursing homes besides chronic illness.! A meta-analysis
indicated that the detection rate of depressive symptoms in nursing homes was 37.49% in China.” Previous studies have
reported that depression is generally associated with both internal and external factors including aging, health status, and
one’s physical function among the elderly.> > Depression is characterized by negative emotions and less motivation, leading
to an inability to perform daily tasks effectively, which is also associated with the declining ADLs of the elderly.®™®
However, the mechanism connecting depressive symptoms and impaired ADLs in the elderly in nursing homes has not been
established. Exploring the theoretical mechanisms underlying these variables may help to reduce the emotional burden on
the elderly in nursing homes.

Previous studies have found that the rate of depression in the elderly may increase as their ADLs decline.” A recent
study identified that there was a significant correlation between depression and functional disability among the elderly in
Nigeria,* and many cross-sectional studies showed that ADLs impairment had a negative effect on depression among
Chinese elderly people.®'°™'* However, the mediating pathways of ADLs and depression remain unclear. Therefore, an
important unsolved question for elderly health is the extent to which the negative effect of ADLs on depression might be
alleviated by targeting modifiable mediators.

Sleep is an important determinant of health for the elderly and is closely associated with physical fitness. There is
a positive correlation between sleep and ADLs impairment in the elderly, and it presents a nonlinear dose-response
relationship.'*'> Impaired ADLs is linked to an increased risk of comorbid depression symptoms, and short sleep
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duration may play a mediating role in this association.'® Poor ADLs are also linked to sleep apnea and sleep-disordered
breathing.'” A cross-sectional survey showed that elderly people with ADLs impairments almost always had sleep
disturbances.'® In addition, the elderly with impaired ADLs are more likely to have sleep problems.'**® The elderly with
impaired ADLs in nursing homes are more likely to be exposed to noise or the bright light at night than those living in
homes or communities which can interfere with initiating or maintaining sleep.?%*'

Sleep and depression may be reciprocally related.”>** Sleep disturbance is a behavior that is strongly associated with
depression, which will further aggravate depression.>*?® Two types of sleep disturbance related to depression are sleep
duration and insomnia. A cross-sectional study has found a U-shaped relationship between sleep duration and depressive
symptoms.?”** Subjective poor sleep quality manifests in various forms, such as insomnia, feeling fatigued, and sleepy
during the day.?’ Poor sleep quality, such as insomnia, is now recognized as a critical feature of depression.*® Insomnia

3132 and suicide.**>* Poor

has been shown in numerous studies to be an independent predictor of depressive disorders
sleep quality is the most prominent symptom in depressive patients and was formerly regarded as the main secondary
manifestation of depression.”’ However, many longitudinal studies have identified poor sleep quality as an independent
risk factor for the development of emerging or recurrent depression among young, middle-aged and the elderly.® >’
Evidence was found for a possible causal relationship between insomnia symptoms and depressive symptoms, and
subjective well-being.*® Above all, there have been more cross-sectional studies that support the hypothesis that poor
sleep quality predicts depression or depressive symptoms. Furthermore, an electroencephalogram (EEG) study estab-
lished that insomnia was a significant risk factor for depression.*” Sleep disturbance subsequently contributes to negative
emotions, especially depression. Sleep disturbance can also have an impact on one’s emotional response and social
function.*® A previous study reported that early intervention for patients with sleep disturbances could reduce the
incidence of depression.*! But a theoretically meaningful mechanism for connecting sleep and depression in the elderly
in nursing homes has not yet been found. Investigating the relationship between these variables may be beneficial in
managing the emotional changes of the elderly.

In conclusion, there have been many studies focusing on the relationship between ADLs and depression in the
elderly in nursing homes.*** Akosile et al* reported that significant correlation existed between depression scores and
individual quality of life and functional disability domains and between overall QoL and each functional disability

domain. Zhao et al*?

found that active leisure activities significantly mediated the effect of moderate/severe depressive
symptoms on physical function. However, current studies do not examine the role of sleep quality between the two
variables among the elderly in nursing homes. Sleep problems are prevalent among the elderly in nursing homes.' The
literatures cited above also provide a theoretical foundation for ADLs and sleep quality on depression. The mediating
role of sleep in ADLs and depression deserves quantitative study. We hypothesize that sleep quality would mediate the

association between ADLs and depression.

Materials and Methods
Participant and Design

This cross-sectional survey of research data was conducted in six nursing homes in Weifang city, Shandong province in
China between August 2021 and January 2022. A total of 672 elderly people with age over 60 years were included in the
six nursing homes using convenience sampling. Those who were included in this research met the eligibility criteria: (1)
at least 60 years old, (2) verbal consent obtained from each participant, (3) residing in the nursing homes for three
months or more. The exclusion criteria were: (1) diagnosed with depression and taking antidepressant drugs; (2) the
absence of coma, being unconscious, or having a severe cognitive deficit. Three well-trained postgraduate nursing
students distributed questionnaires to the remaining 655 elderly people who fulfilled the inclusion criteria. The ques-
tionnaires were completed principally by three trained postgraduate nursing students, who read the items and marked the
responses of the elderly on the questionnaires. Although illustrated exhaustively, ten of them refused to join the research
because they were tired or uninterested. Ultimately, leaving 645 participants participated in the research with a response
rate of 96.0%.
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Data Collection

Before the survey, we got in touch with the managers of the six nursing homes and asked about their facilities’ size and
the number of the elderly. We obtained permission from the managers of the six nursing homes through telephone,
Wechat, or face-to-face interviews. The managers of the six nursing homes helped us to explain the purpose of the survey
to the elderly in nursing homes and obtain informed consent from each elderly people. Participants were informed that
their participation in this study was entirely voluntary and their anonymity and confidentiality were protected. Each
elderly has their own room, and after asking permission, we entered the elderly’s room for a face-to-face interview. Some
basic personal information such as age, gender, disease history, and medication history, was obtained through the medical
records of the nursing homes.

Measurements

Socio-Demographic Characteristics

The data of resident-level factors were collected using the self-design sheet, including age, gender, marital status,
education level, main source of income, number of children, living style of elderly before admission to nursing homes,
length of residence, number of chronic diseases, and medicine.

Depression

Depression in the elderly was assessed using the Patient Health Questionnaire (PHQ-9).** In our study, and Cronbach’s a
of the PHQ-9 was 0.916. The critical score was 5, 10, 15, and 20.** No depression has a score of 0-4. Mild depression
has a score of 5-9. Moderate depression has a score of 10—14; and severely severe depression has a score of 15-19 and
20-27 respectively. A score of 5 or higher was regarded as depression.

Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality.* The PSQI is a 17-item scale, with seven
components assessing subjective sleep quality, latency, duration, efficiency, disturbance, use of sleep medication, and
daytime dysfunction. Participants answered the seven items on a 4-point Likert-type scale. The total score is the sum of
the 7 dimensions, with higher scores indicating poorer levels of sleep quality. The rating scale was 0-5 for sleep very
good, 6-10 for good sleep quality, and 1115 for poor sleep quality, and 16-21 for terrible sleep quality.*® Internal
consistency was measured using Cronbach’s a (0.837).

Activities of Daily Living (ADLs)

The activities of daily living scale was used to assess the physical function of the elderly using a modified Barthel
index (BI).*” The modified BI is a 7-item scale except for one unsuitable item: stairs. The elderly are advised to use
the elevator instead of the stairs in nursing homes in China, and we deleted item 10 (walk up and down stairs) in the
original scale. To prevent participants from feeling repetitive in their questions, instead of asking items one by one, we
combined the bowel and bladder into one question in toileting. The higher the score, the worse the activity of daily
living function is. Cronbach’s a coefficient of the scale in this study was 0.970.

Data Analysis

Data analysis were performed using SPSS 23.0 for Windows (IBM Corp., Armonk, NY, USA) software. Descriptive
statistics were used to present the demographic characteristics and study variables. Categorical variables and
continuous variables were described by frequencies (percentages) and means (standard deviations) respectively.
The normality of the data was examined with a quantile-quantile plot (QQ plot). Spearman correlation was used to
investigate the correlations of non-normally distributed data. To address the mediating effect of sleep quality
between depression and physical function, the bootstrapping procedure in the SPSS PROCESS 3.4 version was
performed to present a regression-based mediation analysis.** ADLs (independent variable), sleep quality (a
mediator), and depression symptoms (dependent variable) total scores were used as an observable variable in the
mediation model. The direct, indirect, and total effects were calculated using the product of coefficients strategy and
tested using the bootstrapping method (N=5000)*°. If the 5000 bootstrap 95% bias-corrected confidence intervals
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(CI) did not cross 0, the indirect effect is significant. The covariates of age, gender, marital status, education level,
main source of income, number of children, living style of elderly before admission to nursing homes, length of
residence, number of chronic diseases, and medicine were controlled in the mediation model. P<0.05 (two-tailed)
was considered statistically significant.

Results

Demographic Characteristics

A total of 645 old adults in nursing homes participated in the research, with an average age of 77.43+9.96 years.
A majority of respondents were female 350 (54.3%). The score of PHQ-9 was (4.63+£5.97), PSQI was (7.92+5.16), and
ADLs was (6.00£5.79). More information is shown in Table 1.

Table | Demographic Characteristics (N = 645)

Variables N (%) or MtSD
Age 77.43%9.96
Gender

Male 295 (45.7)

Female 350 (54.3)
Marital status

Unmarried 19 (2.9)

Married 322 (49.9)

Divorce 2 (0.3)

Widowed 302 (46.8)
Education level

University and above 53 (8.2)

College 53 (8.2)

High or vocational school 108 (16.7)

Junior school 145 (22.5)

Primary school or illiterate 286 (44.3)
Main source of income

Pension 434 (67.3)

Child Allowance 194 (30.1)

Other 17 (2.6)
Children

Yes 627 (97.2)

No 18 (2.8)
Living style of elderly before admission to nursing homes

Living alone 254 (39.4)

Living with Spouse 311 (48.2)

Living with Relatives 80 (12.4)
Length of residence

0-1 Year 302 (46.8)

2-3 Years 157 (24.3)

24 Years 186 (28.8)
Chronic diseases

Yes 563 (87.3)

No 82 (12.7)
Medicine

Yes 446 (69.1)

No 199 (30.9)

(Continued)
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Table | (Continued).

Variables N (%) or M£SD
Depression (PHQ-9) 4.63+5.97
Presence 231 (35.8)
Absence 414 (64.2)
Sleep quality (PSQI) 7.92+5.16
Good 233 (36.1)
Fine 198 (30.7)
Poor 158 (24.5)
Terrible 56 (8.7)
ADLs (BI) 6.00+£5.79
Intact 159 (24.5)
Impairment 486 (75.3)

Correlations Between Variables

Depression was positively correlated with ADLs (r=0.449, P<0.01) and sleep quality (+=0.450, P<0.01), and negatively
correlated with length of residence (»=—0.232, P<0.01), marital status (=—0.096, P<0.05), and age (r=—0.138, P<0.01).
Sleep quality was significantly correlated with age (+=0.117, P<0.01). ADLs was significantly correlated with the main
source of income (r=—0.084, P<0.05). The detail is shown in Table 2.

Sleep Quality as a Mediator Between Depression and ADLs

The following variables were entered into the models as covariates: age, gender, education level, marital status, and main
source of income, length of residence, living style of elderly before admission to nursing homes, number of chronic
diseases and medicine, number of children. The regression analysis showed that ADLs and sleep quality could directly
predicted depression (=0.418, P<0.01; £=0.306, P<0.01). The detail is shown in Table 3.

As shown in Table 4, the direct effect of ADLs on depression was 0.418 (95% CI [0.311, 0.425]). A significant
indirect effect of ADLs on depression through sleep quality was 0.106 (95% CI [0.076, 0.139]). The whole model
explained that 20.23% of the effects of ADLs on depression were mediated through sleep quality in the elderly in nursing
homes. The mediation model is shown in Figure 1.

Table 2 Bivariate Correlations Among Depression, Sleep Quality, ADLs (r)

Variables Depression | Sleep Quality | ADLs
Depression 1.000

Sleep Quality 0.450%* 1.000

ADLs 0.449** 0.340** 1.000
Age —0.138%* 0.1 7% —0.009
Gender —0.058 0.015 —0.019
Marital Status —0.096* 0.055 0.026
Education Level 0.013 0.041 0.022
Main source of income —0.008 —0.030 —0.084*
Children 0.003 0.017 0.047
Living style of elderly before admission to nursing homes | 0.103%* —0.007 0.053
Length of residence —0.232%* —0.003 —0.046
Chronic diseases 0.067 0.004 —0.036
Medicine 0.093* —0.049 —0.028

Note: ** P<0.01, *P<0.05.
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Table 3 The Indirect Effects of Physical Function on Depressive Symptoms by Sleep Quality

Variables Modell: Depression Model2: Sleep Quality Model3: Depression
p t B t B t
Age —0.047 —1.187 0.069 2.966* —0.088 —2.340
Gender —0.030 —0.858 0.369 0910 —0.041 —1.248
Marital status —0.023 —0.601 —0.071 —0.336 -0.018 -0.516
Education level -0.013 —0.349 0.113 0.667 —0.022 -0.617
Main source of income —0.038 —-1.015 —0.015 —0.035 —0.038 —1.068
Children —-0.027 —0.787 —0.322 —0.261 —0.024 —0.742
Living style of elderly before admission to nursing homes 0.040 1.128 —0.182 —0.589 0.047 1.418
Length of residence —0.174 —4.526 —0.463 —1.756 —0.151 —4.163
Chronic diseases 0.005 0.141 0.963 1.517 —0.014 —0.408
Medicine 0.027 0.680 —0.401 —-0.812 0.038 1.023
ADLs 0.524 15.855%* 0.262 9.255%* 0418 12.647%*
Sleep quality - - - - 0.306 9.266%*
R? 0.568 0.370 0.635
AR? 0.323 0.137 0.404
F 27.406** 9.143%* 35.646%*

Note: f=standardized regression coefficient; **P<0.01, *P<0.05.

Table 4 Total and Direct Indirect Effects of Depressive Symptoms on Physical Function by Sleep Quality

Effect Name Effect BootSE BootLLCI BootULCI Ratios of Total and
Indirect Effect (%)

ADLs—sleep quality—depression 0.106 0.016 0.076 0.139 20.23

ADLs—depression 0418 0.045 0.311 0.425 79.77

Total effect 0.524 0.029 0.404 0518 100.00

Abbreviations: SE, standard error; LLCI, lower level of confidence interval; ULCI, upper level of confidence interval.

Discussion

Impaired ADLs (75.3%) and poor sleep quality (33.2%) are highly prevalent in the elderly in nursing homes in China and
are correlated with depression (=0.449, P<0.01; =0.450, P<0.01). ADLs and sleep quality were found to be positively
associated with depression among the elderly in nursing homes. The present study firstly examined sleep quality as
a possible mediator of the mechanisms between ADLs and depression among Chinese elderly in nursing homes.
Furthermore, these findings confirmed that the elderly with high levels of self-care dependence and poor sleep quality
tend to have depression.

The score of PHQ-9 was (4.63+£5.97), PSQI was (7.92+5.16), and ADLs was (6.00+£5.79). The mean scores of PHQ-9,
ADLs, and PSQI in this study were higher than those in previous studies of community-dwelling elderly,” indicating that
the elderly in nursing homes may have poorer ADLs and be more likely to suffer from depression.

In this study, we found that depression was significantly related to ADLs ($=0.524, P<0.01). The regression
coefficient of ADLs on depression is statistically significant, with an effect size of 0.418 (95% CI [0.311, 0.425]).
Previous studies have reported that impaired ADLs may be a risk factor for depression in the elderly.” Impaired ADLs in
later life reduces the range of activities of the elderly and reduces their opportunities to contact and communicate with the
outside world, making them prone to loneliness and disrupting their sense of control over life and other psychological
states, leading older people to experience low self-esteem and self-worth. 152 Besides, impairments in ADLs are
associated with a lower quality of life and lack of social activity, which are in turn associated with the development
of depression symptoms.>> However, the mechanism is not well understood at present. Identifying potential pathways
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Figure | Mediation model: Associations among ADL, sleep quality, and depression.

Depression

could not only shed light on the effects of impaired ADLs in the elderly on depressive symptoms, but also on the
depression and suicide tendency of the elderly with poor physical health.*

Our study found that sleep quality was also significantly associated with depression (=0.306, P<0.01). An
epidemiological survey has confirmed the association between sleep disturbance and depressive episodes, which was
frequently reported to co-occur in a majority of patients.””> According to Krystal et al,>® both sleep disturbances and
problems appeared to increase the risk of the occurrence and recurrence of major depression and other psychiatric
disorders. Together, sleep quality may influence depressive symptoms. The elderly who sleep too long or too short may
have lower sleep efficiency and a higher degree of sleep fragmentation, and are more likely to self-report fatigue, lack of
energy in daily life, and depression.''>* The relationship between the two variables needs to be further verified.

In this study, we confirmed that sleep quality was significantly associated with ADLs ($=0.262, P<0.01). Karakurt
P and Unsal A%’ believed that adequate sleep could restore physical fitness, and high physical fitness was positively
proportional to high ADLs, but may be inversely proportional to depression. Besides, the mechanisms of neurobiological
and psychological factors might account for the association of physical activity and sleep quality,”® for example, the
thermoregulatory hypotheses and the hypothesis of energy conservation and body restoration.>® Kubala et al*® reported
that higher-intensity activity was associated with better sleep quality among middle- to older-aged adults. Collectively,
this research supported the theory that more physical activities might be beneficial to sleep quality, and sleep quality is an
important intermediate variable between depression and ADLs to some extent.

In conclusion, our cross-sectional results are broadly consistent with previous findings. The regression coefficient of
ADLs on depression was statistically significant (5=0.418, =12.647, P<0.01), when ADLs and sleep quality were both
included in the regression analysis together. While sleep quality in the elderly in nursing homes significantly and
positively predicted depression (§=0.306, t=9.266, P<0.01) with a mediating effect value of 0.106 and Bootstrap 95% CI
(0.076-0.139) for the mediating effect of sleep quality. It could be explained that ADLs could directly predict depression
and also play a predictive role through sleep quality. Additionally, as shown in Table 4, the pathway from ADLs to sleep
quality to depression yielded a medium effect size of 20.23%, which is consistent with previous studies in the elderly.®'~
%3 The latest cross-sectional study verified that sleep health mediated 20% of the effect of physical activity on depression
in the US.®® Another longitudinal analysis in Finland confirmed that physical activity was associated with fewer sleep

problems and depressive symptoms in adulthood.®’ Similarly, Cahuas et al®?

found that physical activity and quality
sleep can help teenagers reduce depressive symptoms. Horwath et al®® reported that in “old-old” (aged 80 and older)
long-term care facilities residents, moderate dependency in ADLs, sleep disturbances were significantly associated with
higher prevalence of depression. Our study found that sleep quality partly mediated the relationship between ADLs and
depression among the elderly in nursing homes.

Some notable implications can be provided for clinical practice. Our results confirmed that sleep quality partially
mediated the association between ADLs and depression in the elderly in nursing homes. We suggest that the elderly in
nursing homes with comorbid impaired physical function and sleep disorders may experience more negative emotion or
depression than those only with impaired physical function. Therefore, improving sleep quality may be helpful for the
management of the elderly with depression. Sleep quality should be routinely assessed in nursing homes, especially for

elderly with depression and impaired ADLs. These findings are very important to take into consideration when
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integrating interventions into the management of disability and depression. Interventions should address improving sleep
quality among the elderly as well as providing them with functional support through health education.

Some limitations in the current study should be noted. Firstly, the cross-sectional study could just reveal a section of
these variables in nursing homes, suggesting that subsequent studies should carry out corresponding longitudinal studies
on depression in nursing homes. Many studies have reported a reciprocal relationship between sleep and depression and
impaired physical function. A reverse mediation (sleep-ADLs-depressive symptoms or sleep-depressive symptoms-
ADLs) may also be made. Second, convenient sampling was used which can result in selection bias. Last, the elderly
who participated in our study in nursing homes may be more frail and feel lonelier than community- or home-dwelling
older people. Thus, the generalizability of our results to other settings should be cautious.

Conclusion

This study showed that depression and poor sleep quality were prevalent among the elderly in nursing homes in China.
Furthermore, our study firstly established the mediation model that sleep quality partly mediated the relationship between
ADLSs and depression among the elderly in nursing homes. These findings help to understand the mechanism and role of
ADLs and sleep quality on depression in the elderly in nursing homes. Therefore, we recommend that timely detection
and efficient interventions focusing on promoting physical function and improving sleep quality among the elderly in
nursing homes may be crucial in improving elderly’s psychological state and other health outcomes.

Ethical Considerations

This study was conducted after Medical Ethics Committee of Weifang Medical University approval (approval number:
2019SL076). All participants were informed of the study content, and verbal informed consent was obtained from
themselves or their guardians, which was approved by Weifang Medical University. Before the survey, we obtained
permission from the management of each nursing homes, and all participants were told about the purpose of the survey.
This study complied with the Declaration of Helsinki.
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