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Background: Presenteeism is the loss of work productivity of workers owing to physical
and mental problems, and its socioeconomic effects are greater than those of absenteeism.
Presenteeism is caused by psychological and physical dysfunctions. On the other hand, the
regularity of mealtimes is an important factor associated with physical and mental health
conditions. We hence assessed the association among the irregularity of mealtimes, presen
teeism, psychological and physical stress responses, and sleep disturbance in office workers
in companies.
Methods: From May to December 2017, the data of 2905 participants who had given their
consent to use their information for academic purposes, and answered a questionnaire about
the survey and their lifestyle were collected. Path analysis was performed to analyze the
association between the irregularity of mealtimes, psychosomatic symptoms (Brief Job Stress
Questionnaire), sleep disturbance (Pittsburgh Sleep Questionnaire), and presenteeism (Work
Limitations Questionnaire).
Results: The direct effect of the irregularity of mealtimes on presenteeism was significant
but weak. However, the irregularity of mealtimes had a strong effect on presenteeism
indirectly through psychological and physical stress responses and sleep disturbance.
Conclusion: Psychological and physical stress responses and sleep disturbance were iden
tified as mediating factors of the effects of irregularity of mealtimes on presenteeism.
Keywords: presenteeism, Work Limitations Questionnaire, WLQ, mealtimes, sleep
disturbance, stress reaction, mediating effect
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Presenteeism is working in poor health conditions that should prompt rest and
absence from work, and results in productivity loss.1,2 Presenteeism has been
reported to affect the workforce and management of companies, to be asso
ciated with job productivity, and to play a potentially important role in
economic development.3–5 Research on presenteeism has shown that costs
associated with the productivity loss caused by presenteeism are greater than
the costs of treatments for the associated physical and mental health
conditions.6 Mental illness, including major depression, has been reported to
be associated with presenteeism.7 Presenteeism might result in a greater cost to
a workplace than absenteeism, which is not coming to work owing to health
issues, and is also an important issue in public health and occupational
medicine.4
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Factors, including job stress, lead to reduced produc
tivity and affect presenteeism.8–11 In particular, psychoso
matic symptoms and psychological and physical stress
responses have a large effect on presenteeism, and it has
also been reported that presenteeism is closely associated
with sleep disturbances.12–14 Sleep quality and inadequate
sleep duration are associated with presenteeism.12–19 In
addition, the sleep-wake cycle and circadian rhythm dys
function are considered to contribute to the incidence and
severity of a wide range of clinical and pathological con
ditions, including sleep disorders, cancer, depression,
metabolic syndrome, and inflammation.20 Misalignments
of sleep and mealtimes affect the functional connectivity
of the amygdala in the resting state.21 Therefore, it is
possible that the irregularity of mealtimes is associated
with psychosomatic dysfunctions and subsequent presen
teeism; however, to our knowledge, there are no reports in
the literature to date that refer to the association between
mealtime irregularities and presenteeism.
In this study, we hypothesized that irregularities of
mealtimes could affect presenteeism through various fac
tors, such as sleep disturbances and psychological and
physical stress responses, regarding the factors that were
pointed out as described above. Therefore, the purpose of
this study was to verify our hypothesis using path analysis
on the data obtained from office workers.

Questionnaires
Demographic Characteristics and Mealtime Patterns
Demographic characteristics, such as age, sex, changes in
work content, changes in life, overtime hours per month,
and one-way commuting time were analyzed. Regarding
mealtimes, the following 4-point Likert scale was used:
“1: quite regular”, “2: tend to be regular”, “3: tend to be
irregular”, and “4: quite irregular”, of which 1 and 2 were
defined as no irregularity of mealtimes, and 3 and 4 as
irregularity of mealtimes.

Psychological and Physical Stress Responses
The Brief Job Stress Questionnaire (BJSQ), which mea
sures occupational work stressors, psychological and phy
sical stress responses, social support, and job and life
satisfaction was used for the evaluation of psychosomatic
symptoms.22,23 The questionnaire asks about the condition
of the participant in the previous month, and psychological
and physical stress responses were evaluated using 29
items on a Likert scale of 1 to 4, and calculated as the
following 6 subscores: lack of vigor, irritability, fatigue,
anxiety, depression, and somatic symptoms.

Pittsburgh Sleep Quality Index (PSQI)

Methods
Participants
From May to December 2017, a questionnaire was dis
tributed to 3314 office workers of 17 offices from compa
nies that agreed to join the survey and to the use of the
data for academic purposes. Finally, 2905 participants
(87.7%; 1837 males and 1062 females; average age: 36.6
± 9.4 years) were included in the study. Statistical analysis
was conducted on the data of the questionnaire responses
on occupational stress, lifestyle habits, and presenteeism.
The surveyed establishments belonged to tertiary indus
tries, such as the service industry, finance industry,
Information Technology industry, broadcasting industry,
retail industry, public service sector, etc., and were in
Tokyo. They did not include primary and secondary indus
tries, such as agriculture, forestry and fisheries, and
mining. There were no particular inclusion/exclusion cri
teria. This study was conducted with the approval of the
Tokyo Medical University Medical Ethics Review Board
(study approval no.: SH3652), and all data were
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anonymized. All of the participants gave their informed
consent and the study was conducted in accordance with
the Declaration of Helsinki.
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PSQI is a questionnaire that analyzes sleep disturbance,
and the validated Japanese Pittsburgh Sleep Quality Index
was used in this study.24,25 The following 7 component
scores are generated from 19 individual items: subjective
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medication,
and daytime dysfunction. In the Japanese version, 6 or
more points of the summed score (global score) indicates
the existence of sleep disturbance.24,25

Work Limitations Questionnaire (WLQ)
WLQ is a questionnaire that asks about the influence of
health issues on work, and evaluates presenteeism. The
short form and the validated Japanese version was
used.26,27 WLQ consists of the following components: phy
sical demands, which covers the ability to perform tasks
involving body strength, movement, endurance, coordina
tion, and flexibility; time management, which addresses
difficulty handling the time and scheduling demands of
a job; mental-interpersonal demands, which addresses cog
nitively demanding tasks and on-the-job social interactions;
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and output demands, which addresses reduced work quan
tity, quality, and timeliness. From the WLQ, the percentage
of productivity loss owing to presenteeism can be calculated.
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Data Analysis
Model
The hypothesis was that the irregularity of mealtimes
enhances psychological and physical stress responses,
sleep disturbances, and presenteeism. It was also assumed
that the irregularity of mealtimes indirectly affects presen
teeism through psychological and physical stress responses
and sleep disturbances. Based on such a hypothesis,
a structural equation model was created, as shown in
Figure 1. Controls were not included in this analysis.

Statistical Analysis
Statistical analysis was performed using IBM SPSS
Statistics ver. 26 and AMOS ver. 22 software. The structural
equation model was analyzed by robust maximum likelihood
estimation in covariance structure analysis. As the model in
this study was a saturation model, a goodness-of-fit index
was not used. The coefficients of the covariance structure
analysis were standardized. The Pearson correlation coeffi
cient and the t-test were performed using SPSS Statistics ver.
26 software to compare demographic information and ques
tionnaire data. The objective variable was WLQ, and the
explanatory variables were demographic information and
each score (age, sex, overtime work hours per month, oneway commuting time, irregularity of mealtimes, psychologi
cal and physical stress response of BJSQ, global PSQI score,

0.268 ***

0.438 ***
0.542 ***

Irregularity of
mealtimes

0.257 ***

0.060 ***

PSQI

WLQ
% productivity
loss

0.154 ***

Figure 1 Results of covariance structure analysis of the structural equation model
with the scores of the irregularity of mealtimes (no = 0, yes = 1), psychological and
physical stress responses, the Japanese Pittsburgh Sleep Quality Index (PSQI), and
Work Limitations Questionnaire (WLQ) percent productivity loss of 2905 non
clinical self-selected adult volunteers. Rectangles indicate the observed variables.
Arrows with solid lines represent statistically significant paths. Numbers beside the
arrows show direct standardized path coefficients. Indirect effects through the
variables are described in the Results section. ***p < 0.001.
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WLQ percent productivity loss). Multiple regression analy
sis was performed by the forced entry method.

Results
Correlation Between Basic Information,
Questionnaire Data, and Presenteeism of
All Survey Participants
Table 1 shows the association between demographic data,
questionnaire data, and presenteeism of the 2905 general
office workers at the time of the survey. Presenteeism was
used as an objective variable, and irregularity of meal
times, psychological and physical stress responses, and
sleep disturbances were used as the explanatory variables.
In the univariate analysis for each item, “age” and
“female” were significantly associated with low
WLQ percent productivity loss (Table 1). On the other
hand, “changes in work content within the
previous year”, “changes in life within the
previous year”, “overtime work hours per month”, “PSQI
global score”, “psychological and physical stress
response”, and “irregularity of mealtimes” were signifi
cantly associated with high WLQ percent productivity
loss (Table 1).

Multiple Regression Analysis on
Presenteeism
Table 2 shows the results of multiple regression analysis
on presenteeism (F = 159.4, p < 0.001). The 9 explanatory
variables were added to the analysis, and the factors that
had a significant effect on WLQ percent productivity loss
were “age”, “sex”, “changes in work content within the
previous year”, “PSQI global score”, “psychological and
physical stress response”, and “irregularity of mealtimes”.
The other variables did not have a statistically significant
effect.

Path Analysis
Figure 1 shows the results of the structural equation model
created by robust maximum likelihood estimation using
irregularity of mealtimes (no=0, yes=1), psychological and
physical stress responses, sleep disturbances, and presen
teeism as observed variables. Regarding a direct effect,
irregularity of mealtimes on presenteeism showed
a significant but weak effect (standardization path coeffi
cient: 0.060, p = 0.001). On the other hand, the path from
psychological and physical stress responses to presentee
ism (0.438, p < 0.001) and from sleep disturbances to
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Table 1 Characteristics, Regularity of Meal Times, and Psychological and Physical Stress Responses Evaluated Using BJSQ, PSQI Global
Score, and the Correlation with WLQ Percent Productivity Loss Score
Characteristics

Number or

Correlation with WLQPLS (r) or Effect on WLQPLS

or Measures

Mean ± SD

(mean ± SD of WLQPLS, t-Test)

Age

36.6 ± 9.39

r = –0.11, p < 0.001

Sex (male: female)

1,837: 1,062

Male 5.9% ± 4.6% vs
female 5.4% ± 4.4% (t-test),
p = 0.010

Changes in work content
within the previous year (yes: no)

1,592: 1,313

Yes 6.2% ± 4.7% vs
no 5.1% ± 4.3% (t-test), p < 0.001

Changes in life within the previous
year (yes: no)

1,069: 1,836

Yes 6.1% ± 4.7% vs
no 5.5% ± 4.4% (t-test), p = 0.002

Overtime work per month (hours)

23.6 ± 26.5

r = 0.040, p = 0.031

One-way commuting time (minutes)

54.5 ± 24.7

r = 0.023, p = 0.21

PSQI global score (points)

6.4 ± 2.8

r = 0.42, p < 0.001

Psychological and physical stress responses of BJSQ (points)

56.7 ± 13.9

r = 0.54, p < 0.001

Irregularity of mealtimes (yes: no)

1,159: 1,746

Yes 6.6% ± 4.3% vs
no 4.7% ± 3.9% (t-test), p < 0.001

WLQ %productivity loss score

5.5% ± 4.2%

Notes: Data are presented as means ± SD or numbers; r, Pearson correlation coefficient.
Abbreviations: BJSQ, Brief Job Stress Questionnaire; PSQI, Pittsburgh Sleep Quality Index; WLQ, Work Limitations Questionnaire; WLQPLS, WLQ productivity loss
score.

Table 2 Results of Multiple Regression Analysis of WLQ Percent Productivity Loss Score
Selected Independent Factors

Standardized Partial Regression Coefficient (Beta)

p-value

VIF

Psychological and physical

0.450

< 0.001

1.571

PSQI global score

0.145

< 0.001

1.525

Sex

–0.115

< 0.001

1.089

Age

–0.075

< 0.001

1.096

Irregularity of meal times

0.048

0.004

1.150

Changes in work content

0.036

0.022

1.078

Overtime work hours per month

–0.028

0.082

1.083

Changes in life

–0.004

0.805

1.058

One-way commuting time

0.003

0.848

1.050

Adjusted R2 = 0.329

F = 158.534

< 0.001

stress response of BJSQ

within the previous year

Notes: Dependent factor: WLQ percent productivity loss score. Independent factors: age, sex (male = 0, female = 1), changes in work content (no = 0, yes = 1), changes in
life (no = 0, yes = 1), overtime work hours per month, one-way commuting time, PSQI global score, psychological and physical stress responses of BJSQ, irregularity of
mealtimes (no = 0, yes = 1).
Abbreviations: Beta, standardized partial regression coefficient; VIF, variance inflation factor; PSQI, Pittsburgh Sleep Quality Index global score; WLQ, Work Limitations
Questionnaire.
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presenteeism (0.154, p < 0.001) were highly significant.
Regarding indirect effects, the irregularity of mealtimes
was found to significantly affect presenteeism indirectly
through psychological and physical stress responses and
sleep disturbances (0.117, p < 0.001 via psychological and
physical stress responses and 0.039, p < 0.001 via sleep
disturbances, respectively), and the total indirect effect
was greater than the direct effect. The total standardized
effect from the irregularity of mealtimes to presenteeism
was 0.216. This model also accounted for 31.5% of the
variability in general office worker presenteeism, because
the square of the multiple correlation coefficient (R2) of
the summary score of the WLQ percent productivity loss
in this model was 0.315. Because the sum of the indirect
effects was much larger than that of the direct effects, the
results indicated partial mediation, which was very close
to full mediation.

Discussion
In this study, the irregularity of mealtimes was found to
indirectly affect presenteeism through psychological and
physical stress responses and sleep disturbances. The
direct effect of the irregularity of mealtimes on presen
teeism was significant but weak. A previous study
reported that work stressors and problems with surround
ing support reduced productivity through sleep distur
bances and psychological and physical stress
responses.12 Our present study suggests a mediating
effect of the irregularity of mealtimes on presenteeism
through psychological and physical stress responses and
sleep disturbance. Our results also indicated that the
irregularity of mealtimes affects sleep, as has been
reported in previous studies.13,28 In addition, our study
suggested that the irregularity of mealtimes also affects
the psychological and physical stress responses of occu
pational stress. However, we found no reports in the
literature to date regarding the effects of the irregularity
of mealtimes on the psychosomatic stress response of
occupational stress.
The mechanism by which the irregularity of mealtimes
results in psychosomatic symptoms and sleep disturbances is
presently unclear, although there are some hypotheses.
Regarding metabolic aspects, the irregularity of mealtimes
leads to a deterioration in blood glucose and insulin
profiles.29,30 Regarding circadian rhythm, regular mealtimes
reset an animal’s internal clock system, and might be asso
ciated with stress responses and sleep.31–33 Irregular meal
times might have a negative effect on blood glucose and
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insulin, and result in a failure to reset the biological clock,
which would then cause sleep disturbances and affect
presenteeism.
This study suggested that the irregularity of mealtimes
might cause presenteeism indirectly through pathways that
influence sleep disturbances and psychological and physi
cal stress responses. Improving presenteeism is important
from public, occupational, and socioeconomic perspec
tives. The results of this study suggest that specific mea
sures to encourage regular mealtimes would improve
worker productivity. To our knowledge, no study to date
has shown an association between the irregularity of meal
times and psychological and physical stress responses,
sleep disturbances, and presenteeism, and our present
study has shown these associations for the first time.
There were five limitations to this study. First, the
study was based on a questionnaire and relied on the
memories of the participants, so there might be some
inaccuracies. Second, the participants in this study were
office workers, not the general population. Thirdly, this
study had a cross-sectional design and was not
a prospective study, and hence a long-term, prospective
follow-up study should be performed in the future.
Fourthly, the measures used to assess mealtime irregula
rities were created by ourselves, and were not validated.
Future studies should hence be performed using vali
dated measures. Finally, presenteeism in this study was
evaluated using the WLQ, which measures both beha
viors and outcomes at work. According to a previous
meta-analysis, this may result in a bias of the overesti
mation of presenteeism.34

Conclusion
The results of this study suggest that the irregularity of
mealtimes cause presenteeism indirectly through pathways
of sleep disturbances and their effects on psychological
and physical stress responses. Therefore, regular meal
times are expected to improve worker presenteeism.
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