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Abstract

symptoms on presenteeism and psychological distress.

Background: Presenteeism is an indicator of productivity loss and the risk of absence from work due to mental
health problems. The purpose of this study was to determine the impact of sleep debt, social jetlag, and insomnia

Methods: The participants were 351 Japanese workers (271 males, 79 females, and one of other gender, with a mean
age of 49+ 9.49 years). The eligibility criteria for this study were full-time employment, working eight hours per day,
five days per week, and no night shifts. The participants answered questionnaires measuring sleep debt, social jetlag,
insomnia symptoms, presenteeism, and psychological distress.

Results: Insomnia symptoms had the greatest impact on presenteeism and psychological distress when compared
with sleep debt and social jetlag (adjusted odds ratio (OR)=5.61, 95% confidence interval (Cl)=2.88-10.91; adjusted
OR=7.29,95%Cl =3.06-17.35). Sleep debt had a greater impact on presenteeism and psychological distress than did
social jetlag (adjusted OR=1.61, 95%Cl = 1.14-2.27; adjusted OR=1.68, 95%Cl =1.11-2.54), which had no impact on
these variables (adjusted OR=1.04, 95%C| =0.91-1.20; adjusted OR =0.96, 95%C|=0.76-1.22).

Conclusions: The findings of this study indicated that insomnia symptoms had a more significant impact on presen-
teeism and psychological distress than social jetlag and sleep debt. Although sleep debt might have an independent

impact on presenteeism and psychological distress, social jetlag did not.
Keywords: Sleep debt, Social jetlag, Insomnia symptoms, Presenteeism, Cross-sectional survey

Background

The average short sleep duration of Japan’s working pop-
ulation 30-60 years [1] contributes significantly to pro-
ductivity and economic loss caused by lack of sleep [2].
Presenteeism is an indicator of productivity loss char-
acterized by health problems even when workers are
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present at work [3]. Presenteeism is also a predictor of
absence due to mental health problems [4].

Sleep debt is a concept that indicates the total
amount of sleep lost by an individual [5]. Sleep debt
worsened presenteeism on linear distribution and indi-
cated that absolute sleep duration does not reflect the
amount of sleep an individual required [6]. Sufficient
sleep duration refers to the amount of sleep an indi-
vidual requires, and obtaining the necessary amount of
sleep duration is more essential than the absolute dura-
tion [6]. Therefore, in the relationship between sleep
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duration and presenteeism, it is important to focus on
sleep debt rather than absolute sleep duration.

When there are social constraints, such as regular
work hours, the time of waking up is determined by
social time, such as the time of arrival at work, resulting
in a discrepancy with the individual’s circadian rhythm.
This discrepancy is called social jetlag, which can be
quantified as the absolute difference between mid-
sleep on workdays and weekends [7]. Social jetlag may
be calculated only by the difference between weekday
and weekend midsleep points and may have a negative
value if the weekend midsleep point is earlier than the
weekday midsleep point. However, the percentage of
social jetlag having a negative value is very low [8, 9]. In
addition, absolute differences are most often used when
considering the impact of social jetlag [10] See supple-
mental information]. For example, absolute differences
are used in the association between social jetlag and
depressive symptoms [11, 12]. Absolute differences are
also used in relation to chronotype and social jetlag [8].
Therefore, this study also used the absolute difference
for the evaluation of social jetlag. Social jetlag has been
associated with depressive symptoms that may be inde-
pendent of sleep debt [6]. Hence, social jetlag has been
associated with presenteeism, in which productivity is
impaired due to health problems; however, this asso-
ciation has not been fully clarified [6, 13]. A previous
study reported that social jetlag’s effect on presentee-
ism was masked by sleep debt, but the study excluded
individuals with negative social jetlag [6]. Therefore, it
is necessary to examine whether social jetlag is a factor
that explains presenteeism, independent of sleep debt.

The relationship between insomnia symptoms, pres-
enteeism, sleep debt, and social jetlag has also been
examined. Insomnia symptoms are considered an
aggravating factor for presenteeism [14]. In a study of
Japanese workers, those with insomnia symptoms also
had higher rates of presenteeism than those without
insomnia symptoms [15, 16].

Sleep problems impact presenteeism, but it is unclear
which factors among sleep debt, social jetlag, or insom-
nia symptoms have the most significant impact. In
addition, sleep debt, social jetlag, and insomnia symp-
toms are also associated with mental health problems
[6, 17]. Mental health problems were shown to worsen
presenteeism [18] and presenteeism predicted men-
tal health problems one year later [19], indicating that
mental health problems and presenteeism are interre-
lated. Therefore, a simultaneous examination of pres-
enteeism and mental health problems would provide
noteworthy information on the mental health of work-
ers and their daytime function. The purpose of this
study was to determine the impact of sleep debt, social
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jetlag, and insomnia symptoms on presenteeism and
psychological distress.

Methods and materials

Study design, participants, and procedure

This study used a cross-sectional design by conducting a
web-based survey through an internet research company
(Cross Marketing Inc.). Cross Marketing’s active panel
for the most recent year was 2.95 million. Individuals
between the ages of 20—69 who had registered with the
research company were randomly selected and requested
to complete the survey. The following screening criteria
were used for inclusion: full-time employment, work-
ing eight hours per day and five days per week, and no
night shifts. A total of 600 workers were included in the
study. Participants with a negative sleep debt index were
excluded following previous studies [6]. A negative value
for the sleep debt index is not the definition of sleep debt
[5]. Participants with more than 16 h of sleep duration
on weekdays were excluded. The final number of par-
ticipants was 351 (271 males, 79 females, and 1 of other
gender). The mean age was 49 4 9.49 years. The selection
process for the participants is shown in Fig. 1. The survey
was conducted from June 18—June 21, 2021.

All the procedures performed in this study were in
accordance with the ethical standards of the institutional
and national research committee and with the 1964 Hel-
sinki Declaration. This study was approved by the Ethi-
cal Board of the School of Psychological Sciences, Health
Sciences University of Hokkaido, Japan (No. 21004), and
the Research Ethics Committee of Fukuyama University,
Japan (No. 2021-H-8).

Measures

The Sleep Debt Index (SDI) is a self-report scale to assess
sleep debt. Actual total sleep times were calculated by
adding up weekday and weekend total sleep times and
dividing them by seven days. The SDI was then calculated
by subtracting the actual total sleep time from the indi-
vidual’s self-reported ideal total sleep time [6].

The Japanese version of the Munich ChronoType Ques-
tionnaire [20] is a self-report scale to assess social jetlag.
Social jetlag was calculated as the absolute difference
between mid-sleep on workdays and weekends [7].

The Japanese version of the Insomnia Severity Index
(ISI-]) is a self-report scale to assess insomnia symptoms.
The ISI-J is considered reliable and valid, with a cutoff
value of ten points [21]; an ISI-] score of ten or more
points indicates the presence of insomnia symptoms.

The World Health Organization Health and Work Per-
formance Questionnaire, Japanese version (WHO-HPQ)
is a self-report scale to assess presenteeism and absen-
teeism [22]. The WHO-HPQ can evaluate presenteeism
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the inclusion criteria (full-time
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night shifts) for this study (N = 600)
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analysis (N =351)
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Fig. 1 Flowchart of the participant selection for this study
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Excluded (N = 249)
Self-reported sleep duration of 16
hours or more on weekdays (N = 222)

Sleep debt in negative value (N = 27)

as absolute and relative presenteeism. In this study, only
absolute presenteeism was used. In the development
study of the WHO-HPQ, it was shown that the self-eval-
uation of absolute presenteeism assessed by the WHO-
HPQ is consistent with the supervisor’s evaluation of the
individual’s work performance [23]. The items for evalu-
ating absolute presenteeism are the performance of work
over the past four weeks, using an 11-point Likert scale
from 0 (worst performance) to 10 (best performance).
The absolute presenteeism score was then calculated by
multiplying the crude score by 10. The cutoff value of the
WHO-HPQ is established at 40 points, and absence due
to mental health concerns increases when the score is 40
or less [19]. Therefore, in this study, a WHO-HPQ score
of 40 or less indicated presenteeism.

The Japanese version of the K6 is a self-report scale to
assess psychological distress. The K6 is a valid measure
[24], and scores of 13 or more points indicate the pres-
ence of psychological distress [25].

Statistical analysis

R 3.6.1 was used for statistical analysis. Shapiro—Wilk
test was performed to confirm the normality of the data.
Spearman’s rank correlation coefficient was used for cor-
relations between variables. The glm function was used
for the multiple logistic regression analysis. The R pack-
age’s epiDisplay [26], ResourceSelection [27], and car [28]
were used. The variables used in multiple logistic regres-
sion analyses were coded. Presenteeism (WHO-HPQ
scores <40, N=49) was coded as 1, and no presenteeism
(WHO-HPQ scores>40, N=302) was coded as 0. Psy-
chological distress (K6 scores> 13, N=30) was coded as
1, and no psychological distress (K6 scores<13, N=321)
was coded as 0. Insomnia symptoms (ISI-] scores> 10,
N=103) were coded as 1, and no insomnia symptoms
(ISI-J scores<10, N=248) were coded as 0. Sleep debt

and social jetlag were used as continuous variables. To
address the problem of overfitting, the number of inde-
pendent variables that could be entered into a multiple
logistic regression analysis was calculated. Forty-nine
participants were classified as having presenteeism, and
30 participants were classified as having psychological
distress. To avoid overfitting, it is recommended that the
number of events in the dependent variable divided by
the independent variable be greater than 10 [29]. There-
fore, only three independent variables were used: sleep
debt, social jetlag, and insomnia symptoms.

In multiple logistic regression analysis, the odds ratio
(OR) and 95% confidence interval (CI) of presenteeism
and psychological distress were estimated with sleep
debt, social jetlag, and insomnia symptoms as independ-
ent variables. In both analyses, with presenteeism as the
dependent variable and psychological distress as the
dependent variable, independent variables were entered
in a simultaneous imputation method with sleep debt
and social jetlag in Model 1 and sleep debt, social jetlag,
and insomnia symptoms in Model 2. A previous study
indicated that social jetlag did not affect presenteeism
based on the results of a multiple regression analysis of
the two variables of sleep debt and social jetlag [6].

Multicollinearity was checked using the variance infla-
tion factor (VIF). A VIF of ten or more was considered to
indicate a multicollinearity problem. The Hosmer—Leme-
show goodness-of-fit test was used to evaluate the fit of
the models.

Results

The results of the Shapiro—Wilk test did not confirm
normality for all variables. Descriptive statistics are pre-
sented in Table 1. The results of the correlation analysis
of sleep debt, social jetlag, insomnia symptoms, presen-
teeism, and psychological distress are shown in Table 2.
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Table 1 Participants’'demographic data and descriptive statistics
for each variable

M SD Median Min Max
Age 49 9.49 50 22 68
BMI 2295 3.65 224 1389 4012
Sleep debt (h) 1.01 0.84 1 0 5.14
Social jetlag (h) 1.18 1.87 0.75 0 19.00
Insomnia symptoms 7.75 538 7 0 28
Presenteeism 58.86 16.52 60 0 100
Psychological distress ~ 4.55 560 2 0 24

Note. M Mean, SD Standard deviation, BMI Body Mass Index

The occupational categories of the participants were as
follows: office worker, public servant or teacher or non-
profit organization worker, self-employed, small office/
home office (SOHO), professional, and other occupa-
tions, accounting for 82.3%, 9.4%, 4.3%, 0.9%, 2.8%, and
0.3%, respectively.

OR and 95%CI estimated with presenteeism as the
dependent variable are presented in Table 3. In Model 1,
in which sleep debt and social jetlag were entered as inde-
pendent variables, sleep debt significantly impacted pres-
enteeism (adjusted OR=1.61, 95%CI=1.14-2.27), while
social jetlag was not (adjusted OR=1.04, 95%CI=0.91—
1.20). The VIF for sleep debt and social jetlag were 1.02
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and 1.02, respectively, and there were no multicollinear-
ity problems. The Hosmer-Lemeshow goodness-of-fit
test confirmed that the model fit well (» =0.21). In Model
2, in which sleep debt, social jetlag, and insomnia symp-
toms were entered as independent variables, sleep debt
and social jetlag did not significantly impact presentee-
ism (adjusted OR=1.30, 95%CI=0.90-1.89; adjusted
OR=1.08, 95%CI=0.93-1.25); however, insomnia
symptoms did (adjusted OR=5.61, 95%CI=2.88—-10.91).
The VIF for sleep debt, social jetlag, and insomnia symp-
toms were 1.05, 1.02, and 1.05, respectively, and there
were no multicollinearity problems. The Hosmer—Leme-
show goodness-of-fit test confirmed that the model fit
well (p =0.55).

OR and 95%CI estimated with psychological dis-
tress as the dependent variable are shown in Table 4.
In Model 1, in which sleep debt and social jetlag were
entered as independent variables, sleep debt significantly
impacted psychological distress (adjusted OR=1.68,
95%CI=1.11-2.54), but social jetlag was not (adjusted
OR=0.96, 95%CI=0.76—1.22). The VIF of sleep debt and
social jetlag were 1.04 and 1.04, respectively, and there
was no multicollinearity problem. The Hosmer—Leme-
show goodness-of-fit test confirmed that the model fit
well (p=0.65). In Model 2, in which sleep debt, social
jetlag, and insomnia symptoms were entered as inde-
pendent variables, sleep debt and social jetlag did not

Table 2 Results of Spearman’s rank correlation analysis of sleep debt, social jetlag, insomnia symptoms, presenteeism, and

psychological distress

Sleep debt Social jetlag Insomnia symptoms Presenteeism Psychological
distress
Sleep debt -
Social jetlag 0.19° -
Insomnia symptoms 031" 0.08 -
Presenteeism 021" -0.07 043" -
Psychological distress 022" 0.06 0.55" 038" -

Note.” p<.05

Table 3 Multiple logistic regression analysis results of presenteeism and sleep debt, social jetlag, and insomnia symptoms

Model 1
Variable Estimate SE Crude OR
(95% Cl)
Sleep debt (one hour increase) 048" 0.18 1.63
(1.16 - 2.29)
Social jetlag (one hour increase) 0.04 0.07 1.07
(094 -122)

Insomnia symptoms

Model 2
Adjusted OR Estimate SE Crude OR Adjusted OR
(95% Cl) (95% Cl) (95% Cl)
161 0.27 0.19 1.63 1.30
(1.14-227) (1.16 - 2.29) (0.90 - 1.89)
1.04 0.07 0.07 1.07 1.08
(091 -1.20) (094 -1.22) (093 -1.25)
172" 0.34 6.12 561
(3.12-11.68) (2.88-10.91)

Note. SE Standard error, OR Odds ratio, C/ Confidence interval, " p<0.01

In both Model 1 and Model 2, the independent variables were entered in a simultaneous imputation method
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Table 4 Multiple logistic regression analysis of psychological distress and sleep debt, social jetlag, and insomnia symptoms
Model 1 Model 2
Variable Estimate SE Crude OR Adjusted OR Estimate SE Crude OR Adjusted OR
(95% Cl) (95% Cl) (95% Cl) (95% Cl)
Sleep debt (one hour increase) 052" 0.21 1.66 1.68 0.27 0.23 1.66 1.31
(1.10-248) (111 -254) (1.10-2.48) (0.84 -2.04)
Social jetlag (one hour increase) -0.04 0.12 1.00 0.96 -0.00 0.13 1.00 0.99
(0.82-1.22) (0.76 - 1.22) 082-1.22) (0.77 -1.27)
Insomnia symptoms 199" 044 8.15 7.29
(349-19.02) (3.06 - 17.35)

Note. SE Standard error, OR Odds ratio, C/ Confidence interval, * p < 0.01

In both Model 1 and Model 2, the independent variables were entered in a simultaneous imputation method

significantly impact psychological distress (adjusted
OR=1.31, 95%CI=0.84-2.04; adjusted OR=0.99,
95%CI1=0.77-1.27), however, insomnia symptoms did
(adjusted OR=7.29, 95%CI=3.06-17.35). The VIF for
sleep debt, social jetlag, and insomnia symptoms were
1.07, 1.03, and 1.04, respectively, with no multicollinear-
ity problems. The Hosmer—Lemeshow goodness-of-fit
test confirmed that the model fit well (p =0.82).

Discussion

The purpose of this study was to clarify the impact of
sleep debt, social jetlag, and insomnia symptoms on
presenteeism and psychological distress. The findings
indicated that sleep debt had a more significant impact
on presenteeism and psychological distress than social
jetlag. Among sleep debt, social jetlag, and insomnia
symptoms, insomnia symptoms had a more significant
impact than the other two variables on presenteeism and
psychological distress. Thus, insomnia symptoms had
the more significant impact on both presenteeism and
psychological distress, and sleep debt had a more sub-
stantial impact than social jetlag. The impact on presen-
teeism and psychological distress was most significant for
insomnia symptoms, followed by sleep debt. Therefore, it
is essential to address insomnia symptoms. On the other
hand, for those with sleep debt and no insomnia symp-
toms, the sleep debt needs to be addressed. However,
no treatment program has been designed to improve
presenteeism by addressing sleep debt [30]. This study
is meaningful because it highlights the importance of
addressing insomnia symptoms and sleep debt and the
need to develop a program for sleep debt.

The impact of sleep debt on presenteeism was more
significant than that of social jetlag, a finding that is con-
sistent with previous research [6]. In the National Health
and Nutrition Survey conducted in 2019, 37.5% of men
and 40.6% of women slept less than six hours [31]. Com-
pared to those who sleep seven to eight hours, those who
sleep six hours or less have a higher rate of presenteeism

[32]. Moreover, Japan faced the world’s worst economic
loss due to sleep debt [2]. Therefore, it is likely that
sleep debt has affected presenteeism. In an experiment
using a psychomotor vigilance task after two weeks of
sleep restriction, the response time to the task gradually
increased in the group that was restricted to four to six
hours of sleep [33]. Although performance on cognitive
functioning tasks decreases with sleep restriction, indi-
viduals do not perceive subjective sleepiness and follow
a subjective sense of adaptability, even in the presence
of chronic sleep restriction [33]. Therefore, people with
sleep debt underestimate presenteeism, which is con-
sidered a daytime dysfunction. In modern society, it has
been observed that people sleep longer on weekends
than on weekdays [8], and many workers have a sleep
debt. Social jetlag affects productivity in the group with
short sleep duration but does not affect productivity in
the group with long sleep duration, even when the social
jetlag is large [34]. The results indicate that longer sleep
duration may be a protective factor against productiv-
ity loss due to social jetlag [34]. In other words, although
sufficient sleep duration on workdays is vital to reduce
the impact on presenteeism, when achieving this is chal-
lenging, it is essential to sleep longer on weekends, even
if this causes social jetlag. The results of the present study
indicate that focusing on improving sleep debt or ensur-
ing that individuals get the amount of sleep they need is
important for improving presenteeism.

Social jetlag is a discrepancy between social time and
the individual’s circadian rhythm and may be excluded as
it cannot be accurately assessed in people who use alarm
clocks on weekends [8]. On the other hand, this study did
not exclude individuals who use alarm clocks on week-
ends. This is becsuse the study also assesses sleep debt.
Social jetlag is calculated as the discrepancy between the
midpoint of sleep on weekdays and weekends. In general,
workers sleep longer on weekends than on weekdays [8].
This suggests that sleep debt is present. Excluding those
who used alarm clocks on weekends might exclude those
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with sleep debt. Japan has the world’s worst economic
loss due to sleep debt [2], and both objective and subjec-
tive sleep duration is short [1, 31]. For this reason, the
evaluation of sleep debt was prioritized over the evalua-
tion of social jetlag. The social jetlag in the previous study
was 0.91 h on average [8], and the social jetlag in the pre-
sent study was similar at 1.18 h on average. Therefore,
while there may be some concern in terms of accurately
assessing social jetlag, it is unlikely to affect the findings.

Insomnia symptoms had a more significant impact on
presenteeism than sleep debt and social jetlag. Insomnia
symptoms can be an aggravating factor for presentee-
ism, and the OR for presenteeism was reported at 5.49
in those with insomnia symptoms compared to those
without such symptoms [14], which is consistent with
the results of the present study. Therefore, this study
confirms that insomnia symptoms affect presenteeism.
Insomnia symptoms might have had the most significant
impact on presenteeism due to persistence; research has
shown persistence of insomnia symptoms at one, three,
and five years of follow-up [35]. When insomnia was pre-
sent at baseline, its persistence was observed in 70.7% of
participants at one year, 49.7% at three years, and 37.5%
at five years. In another study, its persistence was found
in 86.0% at one year, 72.4% at three years, and 59.1% at
five years in the presence of sleep-related psychological
distress or daytime dysfunction problems [35]. Some of
those with insomnia symptoms additionally present day-
time dysfunction. Therefore, those with insomnia symp-
toms may be more likely to experience presenteeism,
which is considered a daytime dysfunction. Given the
above, insomnia symptoms may have more significantly
impacted presenteeism than sleep debt.

Insomnia symptoms had the most significant impact
on psychological distress, while sleep debt had a more
substantial impact on psychological distress than social
jetlag. Because insomnia symptoms [17] and short sleep
duration are both risk factors for depression [36], the
results of the present study are valid. Although social jet-
lag has been reported to increase depressive symptoms
[6], the results of the present study differed from those
of previous studies. A previous study used the Center
for Epidemiologic Studies Depression (CES-D) scale,
but the mean score was very low, which may be insuffi-
cient to identify the presence of depressive symptoms [6].
However, this study did not show that social jetlag affects
psychological distress equivalent to insomnia symptoms
and sleep debt. This does not imply that social jetlag need
not be addressed but that it is less critical than insomnia
symptoms and sleep debt.

There are several limitations to this study. First,
although the study found that sleep debt and insom-
nia affected presenteeism and psychological distress
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independently, it failed to take into account the possi-
bility that some people would have both insomnia and
sleep debt at the same time. One of the characteristics
of those with insomnia is that they rate their subjective
sleep duration as shorter than their actual sleep duration
when their objective sleep duration is six hours or more.
However, when their objective sleep duration is less than
six hours, their subjective sleep duration is never shorter
than their actual sleep duration [37]. In other words,
people with an objective sleep duration of more than six
hours and insomnia symptoms may overestimate their
sleep debt. Future studies need to use objective and sub-
jective sleep measures and to include those who have
both insomnia and sleep debt. Second, this study was
conducted using an Internet survey. The participants in
this study were those sufficiently interested in sleep and
healthy to complete the Internet survey. Because sleep
debt and insomnia symptoms are concerns in Japan and
worldwide, replication of the results of this study in other
studies would enhance the reliability of the results. Third,
the design of this study prioritized the evaluation of sleep
debt over social jetlag. Hence, those who used alarm
clocks on weekends were not excluded from the study.
However, the evaluation of social jetlag may have been
compromised because those who used an alarm clock on
weekends were not excluded. It should be cautioned that,
although this study found that sleep debt had a greater
impact on presenteeism and psychological distress than
social jetlag, this result may be because of the study
design.

Conclusions

This study demonstrated that insomnia symptoms had
a more significant impact on presenteeism and psycho-
logical distress than did sleep debt and social jetlag, indi-
cating for the first time that insomnia symptoms are the
most critical sleep problem to be addressed. In addition,
limited results indicated that sleep debt had a greater
impact on presenteeism and psychological distress than
did social jetlag. To this end, assessment of insomnia
symptoms and sleep debt plays a vital role in address-
ing productivity loss and mental health problems among
workers.
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