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Abstract 

This study examined the relationship between changes in social interactions and sleep status, 
specifically sleep duration and restoration, among older adults in Japan to inform interventions for 
healthy aging. A 6-year longitudinal study (2017–2023) was conducted under the Community 
Empowerment and Care Project in suburban Japan. A total of 473 older adults with normal sleep in 
2017 were followed. Sleep duration (<6 h defined as deprivation) and sleep restoration (subjective 
restfulness) were assessed according to national guidelines. Social interaction was measured using 
the 18-item Index of Social Interaction (ISI). Changes in the ISI were analyzed continuously and 
categorically. Logistic regression models were used to examine the association between ISI changes 
and sleep outcomes. After six years, 16.3% of the participants experienced sleep deprivation, and 
26.2% reported non-restorative sleep. Declining ISI scores were significantly associated with a higher 
risk of sleep deprivation and non-restorative sleep. Persistently low or declining ISI scores increased 
the odds of poor sleep. A one-point ISI increase reduced the risk of sleep deprivation and non-
restorative sleep, even after adjusting for confounders. Negative or persistently low social interaction 
is linked to worse sleep outcomes; maintaining or improving social interaction may protect sleep 
quality. 

Keywords: Japanese community; older people; social interaction; sleep duration; sleep restoration 
 

1. Introduction 

In modern society, lack of proper sleep has become a public health problem of great concern, 
and the course of insomnia in older adults shows a trend toward chronic development [1]. A 
systematic evaluation noted that sleep disorders can increase an individual’s risk of developing 
psychiatric disorders such as depression or cognitive decline [2]. In the basic policy of Health Japan 
21 established by the Ministry of Health, Labour and Welfare (MHLW), the health goals in the sleep 
area are clearly stated as “an increase in the number of people who are rested from sleep” and “an 
increase in the number of people who are getting enough sleep” [3]. 

In this context, we defined the amount of enough sleep as “good sleep duration.” According to 
the MHLW’s National Healthy Sleep Guidelines, the recommended amount of sleep for elderly 
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people in Japan is at least six hours a day. Some studies have shown that elderly people who have 
too little sleep over a long period of time, especially those who sleep for 5 h or less per night, have a 
higher mortality rate; particularly for those with a significantly increased risk of death related to 
cardiovascular and metabolic diseases, the mortality rate is further increased significantly [4]. Older 
adults who consistently sleep less than six hours a night are more likely to experience depression, 
anxiety, mood instability, and lower life satisfaction. Short sleep disrupts the hormonal balance (e.g., 
cortisol and serotonin), exacerbates stress responses, and impairs emotional regulation, thereby 
contributing to poor psychological well-being. 

Sleep restoration is a subjective sleep quality index determined by night sleep and is presumed 
to reflect physiological sleep sufficiency. The lack of a sense of sleep restfulness can lead to non-
restorative sleep (NRS), a state in which, despite getting enough sleep, one still feels fatigued or does 
not experience a sense of restored energy upon waking [5]. This sleep condition can lead to various 
health problems and affects the elderly and chronically ill in particular, as they are more susceptible 
to the physical and psychological effects of poor sleep quality [6]. One of the most well-documented 
outcomes of the NRS is its association with mental health disorders. Individuals with NRS frequently 
experience symptoms of depression, anxiety, and irritability. The lack of refreshing sleep affects 
emotional regulation and increases susceptibility to mood disorders [7]. A latent profile and 
moderated mediation analysis demonstrated an association between NRS and an increased risk of 
psychosis-like experiences [8]. Moreover, chronic NRS score has been identified as a predictor of 
suicidal ideation, particularly in populations already at risk [9]. NRS contributes to cognitive 
impairment, including difficulties in attention, concentration, memory, and decision-making [10]. 
Among older adults, persistent NRS may accelerate cognitive aging and is considered a potential risk 
factor for neurodegenerative diseases, such as Parkinson’s disease and Alzheimer’s disease [11]. 
Sleep is vital in neuroplasticity and memory consolidation; therefore, a lack of restorative sleep 
hampers these essential brain functions [12]. Although NRS is a subjective experience, its 
physiological impact is evident. It has been linked to an increased risk of cardiovascular diseases [13], 
type 2 diabetes [14], chronic pain [15], and weakened immune function [16]. The failure of the body 
to recover properly during sleep results in prolonged systemic stress, which may contribute to 
inflammatory processes and exacerbate chronic conditions. 

Various biological, psychological, and social factors affect sleep health. Among these, social 
interaction has gained increasing attention in recent years as an important determinant of physical 
and mental health. Robust evidence indicates that older adults with diminished social networks or 
reduced frequency of interaction with others are more susceptible to depression and anxiety [17], 
cognitive deterioration [18], and even increased mortality [19]. Social relationships offer emotional 
support, cognitive engagement, and a daily structure, all of which may contribute positively to sleep 
regulation. 

Despite this growing body of evidence, a notable gap in the literature regarding the direct 
association between changes in social interactions and sleep status, particularly in the aging Japanese 
population, exists. Most existing studies have examined social factors and sleep in a cross-sectional 
manner without evaluating long-term changes or causal relationships. Therefore, this study aimed to 
fill this gap by conducting a longitudinal analysis of the relationship between changes in social 
interactions and sleep health among older Japanese adults. 

This study explored the relationship between changes in social interaction and sleep status, as 
represented by sleep duration and sleep restoration, among adults in Japan, and the results may 
provide a reference for effective intervention measures. 

2. Results 

As shown in Table 1, data from 473 individuals were analyzed. More than half of the individuals 
were females (56.7%), the rest were males (43.3%), 38.9% smoked, 33.2% drank alcohol, 56.2% 
exercised daily, 88.6% had at least one chronic disease at the time of participation, 74.0% were 
satisfied with their lives, 2.1% of the individuals were undernourished, and 16.9% had low motor 
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function. After 6 years, 16.3% of the individuals had sleep deprivation (< 6 hours of sleep per day) 
and 26.2% had NRS. The median ISI among participants was 16 in both 2017 and 2023, with 
interquartile ranges of 14–17 in 2017 and 15–17 in 2023. 

Variables such as age and social interaction were significantly associated with sleep deprivation 
(reduced sleep duration) among participants six years later (p < 0.05) (Table 2). Compared to their 
normally functioning peers, participants experiencing sleep deprivation were more likely to 
encounter negative changes in social relationships (p < 0.05). 

Variables such as daily exercise, life satisfaction, and social interaction were significantly 
associated with NRS among participants six years later (p < 0.05) (Table 3). Participants with NRS 
were more likely to experience negative changes in social relationships compared to their normally 
functioning peers (p < 0.05). 

As for the relationship between change in ISI score (change in score as a continuous variable) 
and sleep duration, after controlling for confounding variables, the results showed an association 
between positive change in ISI score and reduced risk of sleep deprivation (odds ratio=1.096, 95%CI 
[1.018, 1.180]) (Table 4). 

The multiple logistic regression model revealed that participants who showed negative changes 
in ISI scores (odds ratio=2.719, 95%CI [1.382, 5.350]) were at higher risk for sleep deprivation 
compared with those who maintained steady social interactions (reference) over the 6-year study 
period. However, the participants who showed positive changes in ISI scores did not see significant 
changes in their risk of sleep deprivation compared to the stable group (p=0.630) (Table 5). 

In the subgroup trend analysis of social relationships, compared with the group with high 
baseline and high follow-up (reference), the risk of sleep deprivation (sleep duration deficiency) was 
higher in the groups with high ISI scores at baseline and low at follow-up (odds ratio=2.610, 95%CI 
[1.413, 4.821]) or the groups with low ISI scores both at baseline and follow-up (odds ratio=2.089, 
95%CI [1.064, 4.101]) (Table 6). This indicates that negative changes or continuing negative trends in 
the ISI score are predictive of a decline in sleep duration. 

As for the relationship between change in ISI score (change in score as a continuous variable) 
and sleep restoration, after controlling for confounding variables, the results showed an association 
between positive change in ISI score and reduced risk of NRS (odds ratio=1.087, 95%CI [1.023, 1.156]) 
(Table 7). 

The multiple logistic regression model revealed that participants who showed negative changes 
in ISI scores (odds ratio=2.715, 95%CI [1.387, 5.316]) were at higher risk for NRS compared with those 
who maintained steady social interactions (reference) over the 6-year study period (Table 8). 

In the subgroup trend analysis of social relationships, compared with the group with high 
baseline and high follow-up (reference), the risk of NRS was higher in the groups with high ISI scores 
at baseline and low at follow-up (odds ratio=3.014, 95%CI [1.635, 5.557]) or the groups with low ISI 
scores both at baseline and follow-up (odds ratio=2.670, 95%CI [1.356, 5.258]) (Table 9). This indicates 
that negative changes or continuing negative trends in the ISI score are predictive of a decline in sleep 
restoration. 

Table 1. Demographic Characteristics of the Participants (N=473). 

Variables Categories n % 
Age Mean value = 70.27 Standard deviation = 6.496  

Sex 
Male 205 43.3 

Female 268 56.7 

Smoking 
Yes 184 38.9 
No 289 61.1 

Drinking 
Yes 157 33.2 
No 316 66.8 

Disease 
Yes 419 88.6 
No 54 11.4 
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Exercise Yes 266 56.2 
 No 207 43.8 

Life satisfaction Yes 350 74.0 
 No 123 26.0 

Motor function level Normal 393 83.1 
 Low 80 16.9 

Nutrition level Normal 463 97.9 
 Low 10 2.1 

Sleep Duration per day ≥6 hours 396 83.7 
 <6 hours 77 16.3 

Restorative sleep Yes 349 73.8 
 No 124 26.2 

ISI (median and [Q25-Q75]; 2017) 16 14-17 
ISI (median and [Q25-Q75]; 2023) 16 15-17 

Table 2. Association Between Characteristics at Baseline and Sleep Duration. 

Characteristic 
Sleep duration 

χ²/Z p Low Normal 
N % n % 

Age (years; mean and SD) 72.35 6.751 69.87 6.376 -3.154 0.002 
Change in ISI (continuous 

variable; mean and SD) 
-0.11 3.260 0.28 3.946 -2.992 0.003 

Sex         0.119 0.730 
     Male 32 41.6 173 43.7     

     Female 45 58.4 223 56.3     
Smoke         0.606 0.436 

     No 44 57.1 245 61.9     
     Yes 33 42.9 151 38.1     

Drink         0.170 0.680 
     Yes 24 31.2 133 33.6     
     No 53 68.8 263 66.4     
Disease         2.204 0.138 
     Yes 72 93.5 347 87.6     
     No 5 6.5 49 12.4     
Exercise         0.334 0.563 
     Yes 41 53.2 225 56.8     
     No 36 46.8 171 43.2     

Life satisfaction         0.315 0.575 
    Yes 55 71.4 101 25.5     
    No 22 28.6 295 74.5     

Motor function level         0.072 0.788 
  Normal 63 81.8 329 83.1     
    Low 14 18.2 67 16.9     

Nutrition level         0.098 0.754 
    Normal 75 97.4 388 98.0     

    Low 2 2.6 8 2.0     
Change in ISI (grouped by 

different values) 
    12.433 0.002 

  Negative 30 39.0 81 20.5     
  Positive 31 40.3 198 50.0     

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 February 2026 doi:10.20944/preprints202602.1387.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1387.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 12 

 

  Steady 16 20.7 117 29.5     
Change in ISI (subgroup by 

medians) 
    15.485 0.001 

    Low to Low 20 26.0 69 17.4     
    High to Low 26 33.8 78 19.7     
    Low to High 5 6.5 20 5.1     
    High to High 26 33.8 229 57.8     

Table 3. Association Between Characteristics at Baseline and Sleep Restoration. 

Characteristic 
Sleep Restoration 

χ²/Z p Low Normal 
n % n % 

Age (years; mean and SD) 70.05 6.863 70.35 6.369 -0.668 0.504 
Change in ISI (continuous 

variable; mean and SD) 
-0.16 3.075 0.34 4.138 -2.907 0.004 

Sex     0.135 0.713 
Male 52 41.9 153 43.8   

Female 72 58.1 196 56.2   

Smoke     1.043 0.307 
No 71 57.3 218 62.5   

Yes 53 42.7 131 37.5   

Drink     1.155 0.282 
Yes 46 37.1 111 31.8   

No 78 62.9 238 68.2   

Disease     1.077 0.299 
No 11 8.9 43 12.3   

Yes 113 91.1 306 87.7   

Exercise     10.994 0.001 
Yes 54 43.5 212 60.7   

No 70 56.5 137 39.3   

Life satisfaction     6.570 0.010 
Yes 81 65.3 269 77.1   

No 43 34.7 80 22.9   

Motor function level     2.560 0.110 
Normal 97 78.2 295 84.5   

Low 27 21.8 54 15.5   

Nutrition level     2.988 0.084 
Normal 119 96.0 344 98.6   

Low 5 4.0 5 1.4   

Change in ISI (grouped by 
different values) 

    6.746 0.034 

Negative 38 30.6 73 20.9   

Positive 60 48.4 169 48.4   

Steady 26 21.0 107 30.7   

Change in ISI (subgroup by 
medians) 

    17.630 0.001 

Low to Low 33 26.6 56 16.0   

High to Low 35 28.2 69 19.8   

Low to High 9 7.3 16 4.6   

High to High 47 37.9 208 59.6   
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Table 4. Results of logistic regression analysis between the change in ISI (continuous variable) and sleep 
duration. 

Variable   OR       95%CI    p 
Age 0.951 [0.918, 0.987] 0.007 

Change in ISI 1.096 [1.018, 1.180] 0.015 

Table 5. Results of logistic regression analysis between change in ISI (grouped by different values) and Sleep 
duration. 

Variable   OR       95%CI    p 
Age 0.947 [0.914, 0.982] 0.003 

Change in ISI       
    Negative 2.719 [1.382, 5.350] 0.004 
    Positive 1.173 [0.612, 2.247] 0.630 
    Steady                                   Ref 

Table 6. Results of logistic regression analysis between the change in ISI (subgroup by medians) and sleep 
duration. 

Variable   OR       95%CI    p 
Age 0.962 [0.927, 0.998] 0.045 

Change in ISI       
    Low to Low 2.089 [1.064, 4.101] 0.032 
    High to Low 2.610 [1.413, 4.821] 0.002 
    Low to High 2.149 [0.740, 6.241] 0.159 
    High to High                                   Ref 

Table 7. Results of logistic regression analysis between the change in ISI (continuous variable) and sleep 
restoration. 

Variable   OR       95%CI    p 
Exercise 1.947 [1.277, 2.968] 0.002 

Life satisfaction 1.874 [1.180, 2.977] 0.008 
Change in ISI 1.087 [1.023, 1.156] 0.007 

Table 8. Results of logistic regression analysis between the change in ISI (grouped by different values) and sleep 
restoration. 

Variable   OR       95%CI    p 
Exercise 0.919 [0.558, 1.515] 0.741 

Life satisfaction 0.837 [0.481, 1.457] 0.530 
Change in ISI       
    Negative 2.715 [1.387, 5.316] 0.004 
    Positive 1.149 [0.602, 2.193] 0.673 
    Steady                                   Ref 

Table 9. Results of logistic regression analysis between the change in ISI (subgroup by medians) and sleep 
restoration. 

Variable   OR       95%CI    p 
Exercise 1.149 [0.680, 1.941] 0.604 

Life satisfaction 0.949 [0.543, 1.661] 0.855 
Change in ISI       
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    Low to Low 2.670 [1.356, 5.258] 0.005 
    High to Low 3.014 [1.635, 5.557] <0.001 
    Low to High 2.277 [0.778, 6.671] 0.113 
    High to High                                   Ref 

3. Discussion 

This study explored the impact of changes in social relationships on two key aspects of sleep—
sleep duration and sleep restoration—among older adults in a Japanese community. Over a six-year 
follow-up and after controlling for potential confounders, we found that negative changes in social 
interactions were significantly associated with an increased risk of both sleep deprivation and NRS. 
Furthermore, analysis of continuous variables indicated that each incremental increase in the ISI 
exerted a protective effect on both sleep duration and sleep restoration. 

The results of this longitudinal study suggest that negative changes in social interactions among 
older adults adversely affect both sleep duration and restoration, whereas positive changes in social 
interactions have a protective effect. These findings align with those of a previous cross-sectional 
study that reported that social relationships were positively correlated with sleep quality, with lower 
levels of social engagement predicting shorter sleep duration and poorer sleep quality [20]. High 
levels of social support are associated with better sleep quality [21,22]. Yu et al. showed that loneliness 
resulting from a lack of social interaction negatively impacted sleep satisfaction and overall sleep 
quality in older adults [23]. Restorative sleep has been proposed as the key mechanism linking social 
relationships to health outcomes [20]. NRS, exacerbated by low levels of social interaction, may 
further contribute to a decline in both physical and mental health, potentially leading to adverse 
health outcomes, including increased mortality risk [24,25]. 

The subgroup analysis of changes in social interaction among older adults in this study suggests 
that both negative changes and prolonged persistence of low social interaction may contribute to 
adverse sleep outcomes, including sleep deprivation and NRS. In a longitudinal study that examined 
social relationships and social support among older adults, Asante et al. found a significant 
association between the quality of social relationships and physical and mental health, including poor 
sleep quality due to depression and anxiety [26]. Similarly, in an Iranian case-control study, Salehi et 
al. selected 400 older adults with sleep problems and 400 older adults without sleep problems and 
proved through analysis that social support for older adults plays a significant role in improving their 
sleep quality [27]. However, the primary focus of these prior studies has centered on differences in 
patterns of social relationships but has not examined the effects of changes in social relationships over 
time. The present study utilized differences in older adults’ social interaction scores between two 
time points (2017 to 2023) to identify different categories of changes in social interactions, and 
assessed the effects of these differences on each of the two aspects of older adults’ sleep status, sleep 
duration, and sleep restoration. Our results revealed that enhanced or maintained social interaction 
in older adults is a protective factor against deterioration in sleep status, whereas lower levels of 
social interaction further contribute to insufficient sleep duration and deterioration in sleep 
restoration. 

The strengths of this study are its robust longitudinal design, large sample size, and use of the 
Social Interaction Index, a validated and reliable measure within Japanese communities. The six-year 
follow-up period enabled us to examine the causal relationship between changes in social interactions 
and sleep status among older Japanese adults, addressing a critical gap in the existing literature. 

However, this study has some limitations. First, reliance on self-reported data on sleep duration 
and sleep restoration may have introduced a reporting bias. Although previous studies suggested 
that subjective sleep assessments can serve as reasonable substitutes for objective measures [28], 
future studies should incorporate objective sleep measurements to enhance their accuracy. Second, 
this study controlled for several confounding factors, including age, sex, disease history, physical 
activity, smoking and alcohol consumption, life satisfaction, motor function, and nutritional status; 
however, other potential confounders, such as marital status, family and child relationships, and 
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economic status, were not considered. Addressing these factors in future studies could provide a 
more comprehensive understanding of the relationship between social interaction and sleep. Finally, 
the study population was drawn from a suburban area of Japan, which may limit the generalizability 
of the findings to other cultural and geographical contexts. Future studies should replicate these 
findings in diverse populations to enhance their applicability in different settings. 

The primary contribution of this study was its focus on the longitudinal relationship between 
changes in social interactions and sleep status among older adults, which has received limited 
attention in previous research. By demonstrating the protective effects of improved or sustained 
social interaction on sleep quality, this study provides valuable evidence to support the inclusion of 
social interaction as a key dimension of sleep health interventions for older adults. Additionally, the 
use of the Social Interaction Index as a comprehensive and culturally relevant measure within the 
local community underscores the importance of considering contextual factors in health research. 
This study also addresses a critical gap in the understanding of the role of social interactions as a 
determinant of health among older Japanese adults. As populations continue to age, the insights from 
this study can inform policies aimed at enhancing the quality of life of older individuals, not only in 
Japan but also in other countries facing similar demographic shifts. 

4. Materials and Methods 
4.1. Participants and Setting 

This 6-year longitudinal research from 2017 to 2023 is part of the Community Empowerment 
and Care for Well-being and Longevity (CEC) study implemented in a suburban area in Japan [29]. 
This ongoing cohort study was first initiated in 1991. Data is collected using self-reported 
questionnaires every three years. All residents were invited, and all agreed to participate. In this 
study, older people aged > 65 years at baseline (2017) who participated in the survey were included, 
and those who had missing data or were lost to follow-up were excluded. In addition, we excluded 
participants with sleep deprivation or NRS and those with a complete loss of independent living 
ability. 

In 2017, 1162 individuals with normal sleep status were initially enrolled as participants. In 2023, 
a follow-up study was conducted to assess the incidence of sleep deprivation and NRS among these 
participants. In the analysis, data from 473 participants were used after excluding individuals who 
were lost to follow-up or whose data were completely missing. 

4.2. Assessment of Sleep Status 

Sleep status was evaluated following the 2023 Guidelines for Health-Promoting Sleep issued by 
the MHLW of Japan, and the quality of sleep was assessed in terms of both the sense of sleep 
restoration and sleep duration, as follows: (a) Sleep Duration: By self-reporting, we counted the sleep 
duration of the participants and a sleep duration of less than six hours per day was considered 
insufficient sleep. (b) Sleep Restoration: Subjective NRS was investigated using the following 
question: Do you get adequate rest during sleep? Individuals who answered “No” were considered 
to have NRS [30]. The Cronbach’s α coefficient for the items in this study is 0.741, indicating 
acceptable internal consistency. 

4.3. Assessment of Social Interactions 

Changes in social interactions were assessed using the total score of the Index of Social 
Interaction (ISI), which consists of 18 items and 5 subscales [31]. Positive responses were scored 1 
point, and negative responses were scored 0, with the total score used to evaluate social interactions. 
The ISI showed high validity and reliability among Japanese community residents, with a Cronbach’s 
alpha of 0.78 [32]. 

The change in ISI score was calculated by subtracting the 2017 score from the 2023 score, with 
values ≥ 0 indicating stable or improved social relations, and values < 0 indicating a decline [33,34]. 
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The stable group was used as the reference for the analysis. The value representing the change in 
social interaction was treated as a continuous variable to examine the effect of a 1-point increase in 
ISI on sleep status. Due to the skewed distribution of ISI scores, participants were categorized into 
high (ISI ≥ 16) and low (ISI < 16) groups based on the median ISI score at both baseline and follow-
up (ISI = 16). Four groups were formed: low-to-low, high-to-low, low-to-high, and high-to-high 
(reference group). 

The covariates used in this study included age, sex, exercise, smoking, alcohol intake, and life 
satisfaction (measured by the question, “Are you satisfied with your current life?” with yes/no 
response), history of diseases in the past year (hospitalization or treatment for more than two weeks), 
nutritional level, and motor function level. The nutritional and motor function levels of older adults 
were assessed using a subscale from the Kihon Checklist of the Ministry of Health, Labor, and 
Welfare, which has proven reliable and valid in Japan [35]. 

Data analysis was conducted using the SPSS software (version 26.0). Descriptive statistics were 
calculated for the demographic characteristics of participants. In the univariate analysis, categorical 
variables were analyzed using the chi-square test, whereas continuous variables were analyzed using 
the Mann-Whitney U test because of their skewed distribution. Logistic regression was used to test 
the changes in ISI values, subgroups, and covariates with significant correlations, examining their 
causal relationship with sleep duration or restoration. 

5. Conclusions 

In this study, 16.3% reported sleeping for less than six hours per day, while 26.2% experienced 
NRS during the follow-up period. Correlation analysis indicated that age and changes in social 
interactions were associated with sleep duration, whereas exercise, life satisfaction, and changes in 
social interactions were linked to sleep restoration. The subgroup analysis further revealed that a 
decline in social interaction significantly increased the risk of both sleep deprivation and NRS. 
Specifically, individuals who experienced a reduction in social engagement or consistently 
maintained low levels of interaction faced heightened risk, whereas those who improved their social 
connections exhibited better sleep outcomes. 

These findings suggest that social interactions may play an important role in sleep quality 
among older adults over time. A decline in social engagement is associated with a greater risk of sleep 
disturbance, whereas maintaining or enhancing social ties appears to offer protective benefits. This 
study highlights the importance of fostering social connectedness through targeted interventions and 
policies to support healthy aging, improve sleep, and enhance the overall well-being of the older 
population. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

Abbreviation Explanation 

ISI The Index of Social Interaction 
NRS Non-restorative sleep 

CEC Community Empowerment and Care for Well-being and Longevity 
MHLW Ministry of Health, Labour and Welfare 
CI Confidence interval 

OR Odds ratio 
SD Standard deviation 

References 

1. Chattu, V. K., Manzar, M. D., Kumary, S., Burman, D., Spence, D. W., & Pandi-Perumal, S. R. The global 
problem of insufficient sleep and its serious public health implications. Healthcare 2018, 7(1), 1. 
https://doi.org/10.3390/healthcare7010001 

2. Bao, Y. P., Han, Y., Ma, J., et al. Cooccurrence and bidirectional prediction of sleep disturbances and 
depression in older adults: Meta-analysis and systematic review. Neuroscience & Biobehavioral Reviews 2017, 
75, 257–273. https://doi.org/10.1016/j.neubiorev.2017.01.032 

3. Ministry of Health, Labour and Welfare. Sleep guide for health promotion 2023. 2024 
4. Cappuccio, F. P., Stranges, S., Kandala, N. B., et al. Gender-specific associations of short sleep duration with 

prevalent and incident hypertension: The Whitehall II Study. Hypertension 2007, 50(4), 693–700. 
https://doi.org/10.1161/HYPERTENSIONAHA.107.095471 

5. Yoshiike, T., Utsumi, T., Matsui, K., et al. Mortality associated with nonrestorative short sleep or 
nonrestorative long time-in-bed in middle-aged and older adults. Scientific Reports 2022, 12(1), 189. 
https://doi.org/10.1038/s41598-021-03997-z 

6. Corbo, I., Forte, G., Favieri, F., & Casagrande, M. Poor sleep quality in aging: The association with mental 
health. International Journal of Environmental Research and Public Health 2023, 20(3), 1661. 
https://doi.org/10.3390/ijerph20031661 

7. Li, S., Liao, Y., Wu, X., et al. Associations between nonrestorative sleep, perceived stress, resilience, and 
emotional distress in freshmen students: A latent profile analysis and moderated mediation model. 
Perspectives in Psychiatric Care, 2023, 2023(1), 8168838. https://doi.org/10.1155/2023/8168838 

8. Liao, W., Luo, X., Kong, F., Sun, Y., & Ye, Z. Association between non-restorative sleep and psychotic-like 
experiences among Chinese college students: A latent profile and moderated mediation analysis. 
Schizophrenia Research 2024, 270, 295–303. https://doi.org/10.1016/j.schres.2024.06.038 

9. Park, J. H., Yoo, J. H., & Kim, S. H. Associations between non-restorative sleep, short sleep duration and 
suicidality: Findings from a representative sample of Korean adolescents. Psychiatry and Clinical 
Neurosciences 2013, 67(1), 28–34. https://doi.org/10.1111/j.1440-1819.2012.02394.x 

10. Whibley, D., Williams, D., Clauw, D., & Kratz, A. The association between non-restorative sleep and 
diurnal patterns of cognitive function and fatigue in people with fibromyalgia and matched controls 
[Abstract]. Arthritis & Rheumatology 2019, 71(suppl 10). Retrieved from https://acrabstracts.org/abstract/the-
association-between-non-restorative-sleep-and-diurnal-patterns-of-cognitive-function-and-fatigue-in-
people-with-fibromyalgia-and-matched-controls/ 

11. Shamim, S. A., Warriach, Z. I., Tariq, M. A., Rana, K. F., & Malik, B. H. Insomnia: Risk factor for 
neurodegenerative diseases. Cureus 2019, 11(10), e6004. https://doi.org/10.7759/cureus.6004 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 February 2026 doi:10.20944/preprints202602.1387.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1387.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 12 

 

12. Gorgoni, M., D’Atri, A., Lauri, G., Rossini, P. M., Ferlazzo, F., & De Gennaro, L. Is sleep essential for neural 
plasticity in humans, and how does it affect motor and cognitive recovery? Neural Plasticity 2013, 103949. 
https://doi.org/10.1155/2013/103949 

13. Spiegelhalder, K., Scholtes, C., & Riemann, D. The association between insomnia and cardiovascular 
diseases. Nature and Science of Sleep 2010, 2, 71–78. https://doi.org/10.2147/nss.s7471 

14. Okamoto, M., Kobayashi, Y., Nakamura, F., & Musha, T. Association between nonrestorative sleep and risk 
of diabetes: A cross-sectional study. Behavioral Sleep Medicine 2017, 15(6), 483–490. 
https://doi.org/10.1080/15402002.2016.1163701 

15. Lindell, M., & Grimby-Ekman, A. Stress, non-restorative sleep, and physical inactivity as risk factors for 
chronic pain in young adults: A cohort study. PLoS ONE 2022, 17(1), e0262601. 
https://doi.org/10.1371/journal.pone.0262601 

16. Lanza, G., Mogavero, M. P., Salemi, M., & Ferri, R. The triad of sleep, immunity, and cancer: A mediating 
perspective. Cells 2024, 13(15), 1246. https://doi.org/10.3390/cells13151246 

17. Santini, Z. I., Jose, P. E., York Cornwell, E., et al. Social disconnectedness, perceived isolation, and 
symptoms of depression and anxiety among older Americans (NSHAP): A longitudinal mediation analysis. 
The Lancet Public Health 2020, 5(1), e62–e70. https://doi.org/10.1016/S2468-2667(19)30230-0 

18. Shankar, A., Hamer, M., McMunn, A., & Steptoe, A. Social isolation and loneliness: Relationships with 
cognitive function during 4 years of follow-up in the English longitudinal study of ageing. Psychosomatic 
Medicine 2013, 75(2), 161–170. https://doi.org/10.1097/PSY.0b013e31827f09cd 

19. Gronewold, J., Kropp, R., Lehmann, N., et al. Association of social relationships with incident 
cardiovascular events and all-cause mortality. Heart 2020, 106(17), 1317–1323. 
https://doi.org/10.1136/heartjnl-2019-316250 

20. Kent, R. G., Uchino, B. N., Cribbet, M. R., Bowen, K., & Smith, T. W. Social relationships and sleep quality. 
Annals of Behavioral Medicine. 2015, 49(6), 912–917. https://doi.org/10.1007/s12160-015-9711-6 

21. Troxel, W. M., Robles, T. F., Hall, M., & Buysse, D. J. Marital quality and the marital bed: Examining the 
covariation between relationship quality and sleep. Sleep Medicine Reviews 2007, 11(5), 389–404. 
https://doi.org/10.1016/j.smrv.2007.05.002 

22. Troxel, W. M., Buysse, D. J., Monk, T. H., Begley, A., & Hall, M. Does social support differentially affect 
sleep in older adults with versus without insomnia? Journal of Psychosomatic Research 2010, 69(5), 459–466. 
https://doi.org/10.1016/j.jpsychores.2010.04.003 

23. Yu, B., Steptoe, A., Niu, K., Ku, P. W., & Chen, L. J. Prospective associations of social isolation and loneliness 
with poor sleep quality in older adults. Quality of Life Research. 2018, 27(3), 683–691. 
https://doi.org/10.1007/s11136-017-1752-9 

24. Dew, M. A., Hoch, C. C., Buysse, D. J., et al. Healthy older adults’ sleep predicts all-cause mortality at 4 to 
19 years of follow-up [Correction published in Psychosomatic Medicine 2003, 65(2), 210]. Psychosomatic 
Medicine, 65(1), 63–73. https://doi.org/10.1097/01.psy.0000039756.23250.7c 

25. Cundrle, I., Calvin, A. D., & Somers, V. K. Sleep deprivation and the cardiovascular system. In M. T. Bianchi 
(Ed.), Sleep deprivation and disease: Effects on the body, brain and behavior 2013, pp. 131–147. Springer. 
https://doi.org/10.1007/978-1-4614-9087-6_11 

26. Asante, S., & Karikari, G. Social relationships and the health of older adults: An examination of social 
connectedness and perceived social support. Journal of Ageing and Longevity 2022, 2(1), 49–62. 
https://doi.org/10.3390/jal2010005 

27. Salehi, Z., Pasha, H., Hosseini, S. R., Kheirkhah, F., & Bijani, A. The impact of social support, physical and 
psychological performance on sleep outcomes in Iranian older adults: A case-control study. BMC Geriatrics 
2023, 23(1), 791. https://doi.org/10.1186/s12877-023-04455-3 

28. Beauchamp, M. K., Jette, A. M., Ward, R. E., et al. Predictive validity and responsiveness of patient-reported 
and performance-based measures of function in the Boston RISE study. Journal of Gerontology: Series A, 
Biological Sciences and Medical Sciences 2015, 70(5), 616–622. https://doi.org/10.1093/gerona/glu227 

29. Anme, T. Community empowerment and care for well-being and healthy longevity: Evidence from cohort study 
(abbr. CEC). 2015 http://plaza.umin.ac.jp/~empower/cec/en/ 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 February 2026 doi:10.20944/preprints202602.1387.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1387.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 12 

 

30. Matsumoto, T., Tabara, Y., Murase, K., et al. Combined association of clinical and lifestyle factors with non-
restorative sleep: The Nagahama Study. PLoS ONE 2017, 12(3), e0171849. 
https://doi.org/10.1371/journal.pone.0171849 

31. Anme, T., & Takayama, T. Health and welfare study on social relatedness assessment: Development and 
validity of social relatedness assessment for elderly people living in the community. Social Welfare 1995, 
36(2), 59–73. 

32. Anme, T. Evaluation of environmental stimulation and its relation to physical deterioration in the elderly 
after 3 years: A health social longitudinal study. Nihon Koshu Eisei Zasshi 1997, 44(3), 159–166. 

33. Watanabe, K., Tanaka, E., Watanabe, T., et al. Social relationships and functional status among Japanese 
elderly adults living in a suburban area. Public Health 2020, 179, 84–89. 
https://doi.org/10.1016/j.puhe.2019.09.016 

34. Jiao, D., Watanabe Miura, K., Sawada, Y., et al. Changes in social relationships and physical functions in 
community-dwelling older adults. Journal of Nursing Research 2022, 30(5), e228. 
https://doi.org/10.1097/jnr.0000000000000513 

35. Satake, S., Senda, K., Hong, Y. J., et al. Validity of the Kihon Checklist for assessing frailty status. Geriatrics 
& Gerontology International 2016, 16(6), 709–715. https://doi.org/10.1111/ggi.12543 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 February 2026 doi:10.20944/preprints202602.1387.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1387.v1
http://creativecommons.org/licenses/by/4.0/

