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Abstract

Sleep misperception has long been a major issue in the field of insomnia research. Most
studies of sleep misperception examine sleep underestimation by comparing the results of
polysomnography conducted in a laboratory environment with patients’ sleep diary entries.
We aimed to investigate psychosocial characteristics of adults who underestimated or over-
estimated sleep time in a nonclinical, middle-aged community-dwelling population. We col-
lected one week of sleep data with wrist-worn accelerometers. We used egocentric social
network analysis to analyze the effects of psychosocial factors. Among 4,060 study partici-
pants, 922 completed the accelerometer substudy. Underestimation was defined as an
accelerometer-measured sleep time > 6 h and a subjective sleep time < 6 h. Overestimation
was defined as an objective sleep time < 6 h and a subjective sleep time > 6 h. Psychosocial
characteristics of the sleep misperception group were evaluated using multivariate regres-
sion analysis. A total of 47 participants underestimated sleep time, and 420 overestimated
sleep time. Regression analysis revealed that women, living with spouse, economic satis-
faction, and bridging potential had protective effects against sleep underestimation. Blame
from a spouse involved a 3.8-times higher risk of underestimation than the control group
(p=0.002). In men, discussing concerns with a spouse had a protective effect against
underestimation (p < 0.001). Economic satisfaction, feeling social network-based intimacy,
and support from a spouse were associated with overestimation in women. In men, feeling
social network-based intimacy was also associated with overestimation (p < 0.001). We
found that social relationship quality was related to sleep overestimation and underestima-
tion. This association was marked in women. Good social relationships may have positive
effects on sleep misperception via attenuation of negative emotional reactions and effects
on emotional regulation.
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Introduction

Insomnia disorder is a common mental health problem with a worldwide prevalence of 20% to
40%. This condition can co-occur with psychiatric disorders (e.g., depression, cognitive dys-
function, and impairment of attention and executive function) and medical disorders (e.g.,
cardiovascular disease) [1-5]. Insomnia has been defined as subjective discomfort associated
with sleep initiation or maintenance experienced by an individual. Objective measures of sleep
like polysomnography (PSG) or actigraphy are not always used in the evaluation of insomnia
because insomnia disorder diagnosis and treatment outcomes are determined using subjective
measures. Use of objective measures of a disease is always important. However, the subject of
whether objective or subjective measures are more important in the study of insomnia remains
controversial [6].

Results using subjective sleep quality or quantity measures do not always coincide with
those of objectively measured sleep [7-9]. Sleep misperception is the discrepancy between the
estimates of time for subjectively reported sleep and objectively measured sleep. In patients
with insomnia, it usually presents as an underestimation of total sleep time or overestimation
of wake time after sleep onset or sleep onset latency [10]. Sleep misperception is a very com-
mon phenomenon that can occur in >25% of primary insomnia patients [11,12]. Sleep mis-
perception is important because it has a high prevalence and may have a critical role in the
progression of insomnia [13]. Harvey et al. suggested that the tendency to misperceive sleep
time causes an individual to mistakenly believe they did not have sufficient sleep the previous
night [13]. It increases worry and anxiety about sleep quality. The resulting state of anxiety is
associated with too much attention paid to factors that reduce sleep time. The excessive
increased anxiety and worry worsens insomnia by facilitating detection of meaningless sensa-
tions or cues [14]. Given that this cycle of misperceived sleep time and increased anxiety can
perpetuate insomnia, it is essential to understand and respond to characteristics of sleep mis-
perception to improve insomnia treatment.

There are no clearly established theories about the mechanisms of sleep misperception.
However, previous studies found several factors related to sleep misperception in patients with
insomnia. Most are internal factors (e.g., psychiatric/medical comorbidities or subclinical psy-
chological problems) that can cause mismatches between perceived and measured sleep times
[15,16]. Insomnia is also affected by social factors, such as marital status, social support, and
social connectedness [17-19]. Unfavorable social factors can act as psychological stressors and
cause insomnia, regardless of whether an individual has depression or anxiety [20]. Studies of
sleep misperception have not included these social factors [20,21].

Most sleep misperception studies have only included patients with insomnia who underes-
timate their sleep time [7,12,22,23]. In addition, the objective criteria for sleep in all the studies
were made with PSG, which has limitations in terms of accessibility and familiarity. This limi-
tation is partially attributable to the use of objective criteria and PSG in the experimental set-
ting. Given that sleep misperception is a very common problem, it is likely to be prevalent in
the general population as well as in patients with insomnia [24]. Sleep misperception can also
result in sleep overestimation [25,26]. Investigation of sleep overestimation may be helpful to
alleviate negative consequences associated with subjective sleep estimate errors.

Social network analysis can be used for objective and systematic identification of social fac-
tors. This structural analysis method focuses on relationship research and is used to derive
characteristics of social networks by measuring information about individual relationships.
Egocentric network analysis is a questionnaire-based method used to study these individual
network characteristics. Social network size and bridging potential are the main variables
examined using this analysis method. Social network size is the absolute number of people

PLOS ONE | https://doi.org/10.1371/journal.pone.0241237  October 23, 2020

2/13


https://doi.org/10.1371/journal.pone.0241237

PLOS ONE

Psychosocial factors affecting sleep misperception

who most often discuss their important issues. Bridging potential is a tie between parties,
which increases independence in everyday social life [27,28]. No studies have looked at the
effects of social networks on sleep, but there are studies that have looked at the effects of social
networks on severe mental illness [29,30].

We investigated social and psychological characteristics of people who underestimated or
overestimated sleep in the Cardiovascular and Metabolic Diseases Etiology Research Center
(CMERC) cohort. This cohort consisted of nonclinical, middle-aged community-dwelling
individuals [31]. We collected one week of objectively measured sleep data using accelerometer
instead of PSG. To investigate psychosocial factors, we used egocentric social network analysis
to systematically assess individuals’ qualitative social characteristics (e.g., perceived social sup-
port and relationship problems) [32].

Materials and methods
Study population and design

The CMERC cohort was developed to identify novel risk factors and to develop evidence-
based prevention strategies for cardiovascular and metabolic diseases in Korea. Data were col-
lected from the cohort from July 2013 to June 2018 [31]. The cohort consisted of community-
dwelling middle-aged adults excluding those with cardiovascular disease, a history of myocar-
dial infarction, heart failure, stroke, or transient ischemic infarction, diagnosed with cancer in
the previous 2 years, or who were currently being treated for any of the above conditions.
Adults aged 30 to 64 years who resided at their current residence for at least 8 months, had no
plans to move out of the study area in the next 2 years, and who could articulate their intention
regarding study participation were eligible for the study. The study protocols were approved
by the Institutional Review Boards of Severance Hospital, Yonsei University Health System,
Seoul, Korea (4-2013-0661). Written informed consent was obtained from all participants
before baseline measurements were taken. The baseline measures consisted of socio-demo-
graphic factors, medical history, health-related behaviors, psychological factors including
depression (Beck Depression Inventory-II [BDI] score > 14) [33] and quality of marital rela-
tionship, social network and support, anthropometry, and body composition. Results of car-
diovascular examinations, blood analysis, and urinalysis were also included.

Among the 4,060 participants, 1,626 participated in a sub-study to check physical activity
using wrist-worn accelerometers; 922 participants completed the study for 7 consecutive days.
We mutually excluded individuals who self-reported histories of psychotropic medication pre-
scription (antidepressants or sedative-hypnotics that could affect participant sleep, N = 22).
We also excluded individuals with extremely low accelerometer-recorded sleeping times (<2 h
total during the 7 days) because of possible errors in machine operation (N = 23) [11]. Among
the excluded participants, 10 were in both groups. Data from 887 participants were included
in the final analysis.

Sleep characteristics

Self-reported sleep characteristics. For the cohort survey, all participants completed the
self-reported questionnaires about sleep characteristics during the past year. Based on survey
results, the average bed time and wake time, and total sleep time were collected for each partic-
ipant. We defined reported sleep time as the subjective total sleep time. Respondents also
answered questions about how difficult it was to fall asleep and to maintain sleep during the
last week. The respondents chose one of four answers: never, sometimes (1-2 days per week),
often (3—4 days per week), and almost every day (>5 days per week). For the analysis, we
dichotomized the categories into ‘yes’ (often or almost every day) and ‘no’ (never or
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sometimes). To screen for obstructive sleep apnea, questions about participants’ snoring pat-
terns, daytime fatigue, and sleepiness while driving, which were based on the Berlin apnea
questionnaire, were also included [34].

Accelerometer-measured sleep characteristics. Each CMERC participant wore a GEN-
EActiv accelerometer (Activinsights Ltd., Kimbolton, UK) on their nondominant wrist day
and night for 7 consecutive days. Use of an accelerometer is a valid, cost-effective, and conve-
nient method. Accelerometer-measured sleep parameter results highly correspond to results
using PSG. In previous studies, sleep parameters, such as sleep onset time and sleep duration,
measured using GENEActiv were not significantly different from those measured using PSG
[35,36]. The GENEACctiv triaxial accelerometer recorded movement in three mutual vertical
axes, environmental temperature, and light exposure, and was programmed to collect data at a
frequency of 100 Hz. The raw accelerometer data were downloaded and scored in 1-min
epoch files via post-processing software developed by the accelerometer manufacturer [37].
Time-to-bed, wake-up time, and total sleep time were determined based on metabolic equiva-
lents task units, which represented the energy costs of an individual’s physical activities. Signal
vector magnitude measurement was used to indicate behavioral changes [38]. In our study, we
focused on total sleep time and total bed time, which have most often been used in previous
studies. We calculated sleep efficiency by dividing total sleep time by total bed time. To obtain
measured total sleep time and sleep efficiency, we calculated the average of 7 days of the mea-
sured values and defined the results as objective total sleep time and objective sleep efficiency.

Definitions of sleep underestimation and overestimation. Previous research on sleep
studies has determined the standard value of sufficient sleep. Most studies have defined 6-7
hours as the minimum time for sufficient sleep. Focusing on previous studies, we defined the
standard time of sleep misperception based on 6 hours of objective and subjective sleep [39-
41]. Among those with an objectively measured total sleep time >6 h, we divided participants
into one of two groups: subjective total sleep time <6 h or >6 h. We defined the former group
as the sleep underestimation group and the latter as a control group. We also divided the
group of participants with objectively measured total sleep time <6 h into one of two groups:
subjective total sleep time >6 h or <6 h. The former group was defined as the sleep overesti-
mation group and the latter was a control group.

Psychosocial factors

Due to the nature of the cohort, which consisted mostly of middle-aged people, social factors
included marriage-related questions (e.g., marital status, relationship with spouse). All partici-
pants answered the questions about social relationships, including the egocentric social net-
work and marriage variables. The egocentric social network analysis is a methodological
approach used to understand the social structure, function, and composition of network ties
around an individual [42]. The participants were all asked to identify up to five non-spousal
network members with whom they had most often discussed their important issues. The social
network size was calculated as the sum of the spouse (0 or 1) and the number of non-spousal
members (0 to 5). They were also asked how close they felt to each of the members (up to six)
in their network. The four categories were ‘not close’, ‘somewhat close’, ‘close’, and ‘very
close’. We calculated the average intimacy score and used it in the analysis as a proxy for rela-
tionship satisfaction. We also assessed the value of bridging potential, which referred to the
extent to which an individual was associated with people who were not directly connected to
each other. We defined that a participant could act as a bridge in a network when he or she
was connected to at least two individuals who otherwise were not connected to each other
[43].
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Marriage is a permanent relationship among two adults made by a social contract. It has a
variety of psychological effects on an individual’s mental health [44,45]. Some studies found
that for both sexes, married adults with more relationship problems tend to have more trouble
with sleep [46]. Others found that a stable relationship status with a spouse independently cor-
relates with better sleep quality and continuity in women [47]. We wanted to identify which of
the marriage-related factors had different effects on sleep perception in men and women. In
the cohort survey, the questionnaire about marital relationships included leisure time (how
often do you spend leisure time with your spouse?), worry (how often do you discuss your con-
cerns with your spouse?), support (how often do you depend on your spouse in difficult situa-
tions?), and blame (how often does your spouse blame you?). All these questions had four
choices (i.e., ‘often’, ‘sometimes’, ‘not very often’, and ‘not at all’). We dichotomized the
answers into the categories ‘yes’ (often, sometimes) and ‘no’ (not very often, not at all).

Statistical analyses

Because the effects of psychosocial factors on sleep differ by sex, we first compared the baseline
characteristics of participants based on sex. As continuous variables did not follow a normal
distribution, the Mann-Whitney test and xz—tests were used to compare continuous and cate-
gorical variables, respectively, between the two sexes [48]. The analyses to identify factors asso-
ciated with sleep overestimation and underestimation were also performed separately,
depending on the sex of the participants. After a univariate regression analysis of each psycho-
social variable, we performed a multivariate regression analysis. In addition to the psychosocial
factors related to our main interests (i.e., social network and marriage-related variables), age,
educational status (high school or less), current smoking or drinking use (yes or no), obesity
(body mass index > 25 or less) [49], depression (Beck depression inventory-II score > 14)
[33], and self-reported sleep disturbances including high risk of obstructive sleep apnea mea-
sured using the Berlin questionnaire and difficulty in sleep induction and maintenance were
also included the analysis as covariates. These variables were found to affect sleep mispercep-
tion or thought by the study investigators and to be potentially significant independent vari-
ables [23]. All independent variables were imported into the model and significantly
associated factors were identified using backward elimination procedures in multivariate anal-
yses. The maximum variance inflation factor value was <2.5, so multicollinearity was not
problematic. The data analyses were performed using SPSS version 25.0 software (SPSS Inc.,
Chicago, IL), and the threshold for statistical significance was set at p < 0.05.

Results

The results for the characteristics included in the final analysis are presented in Table 1. Sleep-
related characteristics and psychosocial factors, including social network size and marital rela-
tionship, were significantly different between the two sexes. From a total of 887 participants
included in the analyses, 47 underestimated their sleep time. Thirty-four participants in the
underestimation group were women, which was 5.8% of all women. Thirteen male participants
(4.3%) underestimated sleep time. This result was not significantly different from the rate of
underestimation for women (p = 0.367). A total of 420 participants overestimated sleep time;
247 of them were women (42%) and 173 were men (58%). This sex-based difference was statis-
tically significant (p < 0.001). The results for the characteristics of those who underestimated
and overestimated sleep time are presented in S1 and S2 Tables.

The results for the factors that were significantly related to sleep underestimation are pre-
sented in Table 2. The complete results for the univariate and multivariate analyses are pre-
sented in S3 and S4 Tables. Psychosocial factors had significant effects on sleep
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Table 1. Characteristics of participants of each sex.

Women (n = 588) Men (n = 299) p*

Demographic factors Age (years) 53.38 + 8.41 52.55 +9.72 0.804
Marital status, living with spouse 491 (83.50) 283 (94.65) <0.001
Education > high school 506 (86.05) 284 (94.98) <0.001
Economic status, satisfactory 421 (71.60) 226 (75.59) 0.231
BMI > 25 (Kg/mz) 188 (31.97) 145 (48.49) <0.001
Smoking, current 10 (1.70) 70 (23.41) <0.001
Drinking, current 421 (71.60) 258 (86.29) <0.001

Sleep-related factors Total sleep time (mins)” 353.45 + 87.52 330.54 + 136.44 <0.001
Sleep efficiency” 0.65+0.14 0.58 +£0.16 <0.001
Self-reported total sleep time (mins) 404.93 + 67.23 403.55 + 64.38 0.779
Berlin score, high risk® 94 (15.99) 88 (29.43) <0.001
Difficulty in sleep induction? 99 (16.84) 27 (9.03) 0.002
Difficulty in sleep maintenance? 82 (13.96) 22 (7.36) 0.004

Psychosocial factors BDI > 14 175 (29.76) 47 (15.77) <0.001
Social network size 4.07 £ 1.55 3.80+1.70 0.01
Feeling intimacy in social network® 3.24 £ 0.65 3.28 £ 0.64 0.451
Bridging potential, yes 407 (69.22) 206 (68.90) 0.922
Having friends (>1) outside of family 412 (70.07) 189 (63.21) 0.039
Sharing leisure time with spouse 365 (62.07) 232 (77.59) <0.001
Discussing concerns with spouse 459 (78.06) 269 (89.97) <0.001
Support from spouse 441 (75.00) 248 (82.94) 0.007
Blame from spouse 145 (24.66) 105 (35.12) 0.001

Abbreviations: BMI, body mass index; BDI, Beck Depression Inventory; mins, minutes.

Values are expressed as mean + standard deviation for continuous variables or as n (%) for categorical variables.

2 p values were calculated with Mann-Whitney tests for continuous variables and y>-tests for categorical variables.

® measured by accelerometer.

©2 or more of the categories are positive.

43 days or more per week.

¢ range 1-4 points.

https://doi.org/10.1371/journal.pone.0241237.t001

Table 2. Factors associated with total sleep time underestimation.

Women Men
Adjusted OR (95% CI) P Adjusted OR (95% CI) P

Marital status, living with spouse 0.22 (0.08 to 0.59) 0.003

Economic status, satisfactory 0.37 (0.18 to 0.76) 0.006

BMI > 25 kg/m2 0.36 (0.13 to 0.95) 0.039

Berlin score, high risk 2.86 (0.98 to 8.33) 0.054

Difficulty in sleep maintenance 17.1 (3.54 to 82.7) <0.001

Discussing concerns with spouse 0.08 (0.03 to 0.19) <0.001

Blame from spouse 3.84 (1.63 t0 9.06) 0.002

Bridging potential 0.35(0.17 t0 0.71) 0.004

The table includes only statistically significant variables (full results are in the S3 and S4 Tables).

Abbreviations: BMI, body mass index; CI, Confidence Interval; OR, Odds ratio.

https://doi.org/10.1371/journal.pone.0241237.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0241237  October 23, 2020 6/13


https://doi.org/10.1371/journal.pone.0241237.t001
https://doi.org/10.1371/journal.pone.0241237.t002
https://doi.org/10.1371/journal.pone.0241237

PLOS ONE

Psychosocial factors affecting sleep misperception

Table 3. Factors associated with total sleep time overestimation.

Education > high school
Economic status, satisfactory

BMI > 25 kg/m?

Difficulty in sleep induction
Difficulty in sleep maintenance
Feeling intimacy in social network

Support from spouse

Women Men
Adjusted OR (95% CI) P Adjusted OR (95% CI) P
0.41 (0.17 to 0.98) 0.044
2.13 (1.12 to 4.05) 0.021

0.43 (0.20 to 0.94) 0.033
0.24 (0.12 to 0.48) <0.001

0.30 (0.09 to 0.94) 0.04
1.52 (1.15 to 2.00) 0.003 1.93 (1.59 to 2.35) <0.001
2.07 (1.06 to 4.06) 0.034

The table includes only statistically significant variables (full results are in the S5 and S6 Tables).
Abbreviations: CI, Confidence Interval; BMI, Body mass index; OR, Odds ratio.

https://doi.org/10.1371/journal.pone.0241237.t1003

underestimation, especially in women. Women who lived with a spouse were 78% less likely to
underestimate sleep time. Satisfaction with household economic status was negatively related
to sleep underestimation in women. Women who reported blame by their spouses were 3.84
times more likely to underestimate sleep time than women who did not. Women with bridging
potential had a 65% lower chance of sleep underestimation than women with no bridging
potential. Men were less likely to underestimate sleep time when they discussed their concerns
with their spouses.

The results for the factors significantly associated with sleep overestimation are presented
in Table 3. The effects of psychosocial factors on sleep overestimation were also marked in
women than in men. Intimacy with social network members had a positive association with
sleep overestimation in both sexes. Unlike men, women who got support from their spouses in
difficult situations were more likely to overestimate sleep time. Satisfaction with household
economic status was also positively associated with sleep overestimation in women, but not in
men. The complete results for the univariate and multivariate analyses of sleep overestimation
are presented in S5 and S6 Tables.

Discussion

In this study, we evaluated relationships between sleep misperception and psychosocial factors
in a middle-aged nonclinical community-dwelling cohort. Good social relationships were
associated with sleep underestimation and overestimation. The results were marked in women
than in men.

Among the 364 participants who had an accelerometer-measured sleep time >6 h, 47 peo-
ple underestimated sleep time. The subjectively reported sleep time was underestimated by an
average of 206 min in men and 96 min in women, compared with the sleep time measured
using accelerometer (S1 Table). Women, persons living with spouse, persons satisfied with
economic status, and persons with bridging potential between unconnected people had protec-
tive effects against sleep underestimation. However, even when living with a spouse, blame
from that spouse resulted in a four-fold increase in the risk of sleep underestimation. This
result indicated that relationship quality had a greater effect on sleep underestimation than
simply being in a relationship. In men, sharing worries with a spouse also had a protective
effect on sleep underestimation. Previous study findings have revealed mechanisms associated
with the effects of good social relationships on mental health [50]. First, social relationships
affect network members by providing normative guidance on health-relevant behaviors, such
as regular exercise. These social influences consequently have positive effects on mental health
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by exerting beneficial effects on individuals. Second, integration in a social network is associ-
ated with a positive psychological state, like a sense of belonging and recognition of self-worth.
Third, social network participation modulates neuroendocrine responses to stressors, which in
turn increases the capacity to protect oneself against distress. Considering that many life stress-
ors are related to breaks in social relationships (e.g., divorce or the death of a loved one), emo-
tional regulation is closely affected by social relationships as well as by an individual’s own
ability. Close relationships with others can attenuate emotional distress through coregulation.
During this process, close relationships help to maintain an optimal emotional state by regulat-
ing emotional arousal [51]. Harvey et al.’s findings suggest that emotional arousal level can
affect sleep misperception regardless of an insomnia diagnosis [52]. Therefore, good social
relationships could have a protective effect on sleep underestimation by downgrading exces-
sive arousal, a key mechanism of chronic insomnia, through attenuating negative emotional
reaction and helping emotional regulation.

Social network bridging potential is defined by the ability to act as a link between two peo-
ple not connected to each other. Usually, individuals with bridging potential are believed to be
independent, autonomous, and socially active [53]. Although bridging potential does not nec-
essarily result in bridging behaviors, it is associated with good health (e.g., cognitive function
and functional health), especially in older women [43]. Studies on older adults > 57 years of
age found that women have more bridging potential than men, including more non-kin bridg-
ing potential [53]. Cornwell suggested that in older women, bridging potential boosts indepen-
dence and control in daily social life. Our study of this middle-aged cohort did not find sex-
based differences in bridging potential. Nevertheless, women have more non-family friends
than men. Because this study did not perform a complete social network analysis and count
the total number of bridging potential for each participant, it is possible that a sex-based differ-
ence in bridging potential was not revealed. No studies have revealed the mechanisms underly-
ing bridging potential that can affect sleep misperception. Because greater bridging potential
indicates more social activity, thereby reflecting more social activities during the daytime, it
may attenuate the effects of negative factors on sleep underestimation by diverting excessive
attention from negative emotions. Alternatively, through an association with psychological
strength characteristics (e.g., autonomy, independence, and self-regulation), emotional arousal
may be reduced via the effects of bridging potential. The effects of social position on emotional
regulation, arousal, and sleep perception should be examined in future studies.

Of the 523 participants who had an accelerometer-measured sleep time < 6 h, 420 overesti-
mated their sleep time. The subjectively reported sleep time overestimated actual sleep time by
an average of 122 min in women and 146 min in men (S2 Table). Sleep overestimation was
also affected by good social relationships. In men, social network-based intimacy increased the
tendency to overestimate sleep by about 1.9 times. In women, social network-associated inti-
macy and support from a spouse were associated with an increased tendency to overestimate
sleep (1.5 and 2.1 times, respectively). These results suggested that similar to the feeling of inti-
macy, support from a spouse in difficult situations was likely to serve as perceived social sup-
port. A sleep diary-based study of older adults found that perceived social support is associated
with shorter sleep latency times, irrespective of an insomnia diagnosis [54]. Similar to the pre-
viously mentioned results for the underestimation of sleep time, good social relationships had
a positive effect on sleep time perception; this effect was marked in women. Study results sug-
gest that social relationships have greater effects on mental health in women than in men [50].
Compared with men, women are more likely to be affected by stressful negative social net-
work-based components. Inversely, women are also more influenced by supportive social net-
work-based components [54]. Women also tend to respond more sensitively to both positive
and negative factors in a marriage than men [46,55]. Women with a highly critical spouse have
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a greater tendency to exhibit maladaptive coping behaviors and report poorer psychological
adjustment [56]. Our findings also suggested that social relationships played a more important
role in women than in men for both sleep underestimation and overestimation. Negative com-
ponents of social relationships (e.g., criticism from a spouse) increased the risk of sleep under-
estimation; positive components (e.g., feeling intimacy with network members and support
from a spouse) affected sleep time perception in a positive direction.

The multivariate regression model of psychosocial factors found that satisfaction with eco-
nomic status was associated with reduced sleep underestimation and increased sleep overesti-
mation in women. Economic status can also have gender-dependent effects in terms of the
relationship between social relationships and mental health [57]. Women with poorer eco-
nomic conditions are more likely to provide their resources to others in the network than to
get help from the network. This behavior is more likely to harm than to help them.

This study had several limitations. First, because the CMERC cohort study was not
designed primarily for sleep research, evaluation of sleep was limited. For indicators of objec-
tive sleep, we only obtained information about total sleep time, time in bed, and sleep effi-
ciency. We could not obtain information on sleep onset latency or wake after sleep onset,
which are also associated with sleep misperception [11]. For subjective sleep assessment, we
only had information on participants’ average sleep time and the reported difficulties with
sleep initiation and maintenance. Most importantly, our data could not confirm whether a
participant was diagnosed with insomnia or not. Because of the lack of information on insom-
nia diagnosis, we were unable to determine the proportion of people diagnosed with insomnia
among those with and without sleep misperception. If many insomnia patients were in the tar-
get population, it is possible that sleep overestimation occurred if time spent lying down while
awake was mistaken for sleeping time [58]. Secondly, as the accelerometer study was con-
ducted after the CMERC cohort survey, the assessment of subjective sleep patterns and the
objective sleep assessments through the accelerometer were not performed at the same time.
Further studies should be conducted on various measurements to evaluate subjective and
objective sleep characteristics. Second, no information on sleep schedules during weekdays
and weekends or on shift-work schedules was available. Third, because this study used cross-
sectional data, it is not valid to use the results to predict causal relationships between variables.
Fourth, other than marriage, no other information about family-based social relationships was
available.

Nevertheless, to our knowledge, this is the first study to investigate relationships between
psychosocial factors and sleep misperception, including both sleep underestimation and over-
estimation, in a nonclinical, middle-aged, community-dwelling population. Previous studies
revealed characteristics of sleep misperception from the perspective of PSG findings [59-62].
Those studies were used to examine physiological aspects (changes in the frequencies of
electroencephalogram patterns or in cyclic alternating patterns) of sleep misperception.
Insomnia disorder is significantly affected by psychosocial factors. Therefore, as a type of
insomnia disorder, sleep misperception can also be affected by psychosocial factors [63]. The
positive effects of using a psychological approach to treat insomnia have been demonstrated in
previous studies [64-66]. These study results are important because they suggest that psycho-
logical intervention can be used to modify sleep misperception. Modifying psychosocial factors
may be a way to improve sleep underestimation. Sleep misperception is not limited to those
with insomnia; it is a common phenomenon that can occur in the general population [24].
Considering that misperceived sleep escalates the worry of having insufficient sleep and conse-
quently worsens sleep disturbance, interventions for sleep misperception should be initiated at
the prodromal phase [67].
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Conclusion

In summary, we found that psychosocial factors were related to sleep misperception in both
sexes in a nonclinical, middle-aged cohort study population. Good social relationships were
associated with sleep underestimation and overestimation. The results were marked in women
than in men. Studies that include various kinds of social interactions as potential covariates are
needed to identify other psychosocial effects on sleep misperception.
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