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Abstract

Objectives: Occupational health studies have identified positive associations between work duration and presenteeism, but there is
limited understanding of this relationship in disaster responders. We examined the relationship between the number of work days and
presenteeism and the mediating effect of fatigue in disaster responders deployed after the Noto Peninsula earthquake.

Methods: This cross-sectional study examined disaster responders deployed after the Noto Peninsula earthquake (Japan, 2024). Data
were collected using the health management version of the app for Japanese Surveillance in Post-extreme Emergencies and Disasters,
and included days of work, fatigue score, and presenteeism. Structural equation modeling (SEM) was employed to examine the direct
and indirect effects of the number of work days on presenteeism, with fatigue as a potential mediator. Sensitivity analysis was also
performed.

Results: We analyzed 4656 disaster responders who were deployed after the Noto Peninsula earthquake. Presenteeism increased with
the number of work days, and ranged from 3.4% (1 day) to 16.9% (>7 days). However, fatigue decreased as the number of work days
increased. SEM demonstrated a significant direct effect of the number of work days on presenteeism, and that fatigue slightly decreased
this effect for work durations of 4 to 7 days and more than 7 days. Sensitivity analyses supported these findings.

Conclusions: Working more days led to increased presenteeism in disaster responders, but fatigue decreased as the number of work
days increased. Future longitudinal studies should examine additional factors that may affect presenteeism in disaster responders and
other individuals exposed to stressful environments.
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Key points

What is already known on this topic:

Many studies in occupational health have reported that employees working longer hours have a higher risk of presenteeism, in that
these individuals experience pressure to continue working despite fatigue. Disaster responders working under stressful conditions
are particularly vulnerable to decreased productivity due to fatigue. The disaster responders deployed after the Noto Peninsula
earthquake (2024) participated in prolonged rescue operations that may have led to presenteeism and fatigue.

What this study adds:

This study analyzed data collected in real-time on the relationship of the number of work days, fatigue, and presenteeism in disaster
responders following the Noto Peninsula earthquake. Longer work duration was associated with increased presenteeism, but fatigue
partially mitigated this effect for those working more than 4 days. There are several possible explanations for the inverse relationship
between days of work and fatigue, including the “healthy worker effect,” in which responders who were most fatigued simply stopped
working. We suggest that occupational health models that examine disaster responders can be refined by considering the nonlinear
effect of fatigue.

How this study might affect research, practice, or policy:

Our results and analytical validation demonstrated that disaster responders who worked more days had a greater probability
of presenteeism, but fatigue negatively mediated the association of work days and presenteeism for those working more than
4 days. Implementing regular health check-ups and monitoring for fatigue and presenteeism in disaster responders who work many

consecutive days may help to ensure their well-being and the effectiveness of disaster operations.

Keywords: disaster responders; presenteeism; work duration; Noto Peninsula earthquake; J-SPEED.

Introduction

Natural and man-made disasters impose severe challenges on
affected communities and the professionals who respond to these
events.™? In 2023, the world experienced 399 natural disasters
that led to 86473 fatalities, greater than the 20-year average of
64 148 per year.® These data underscore the immense burden that
disasters impose not only on affected communities but also on
responders, who face significant demands in delivering critical
emergency relief services. Given these challenges, prioritizing
responders’ health, safety, and well-being is essential as their
physical and mental resilience is crucial for their own protection,
and for ensuring effective and sustained emergency response
efforts in crisis situations.

Many studies and resources have examined the health of
disaster victims, but the well-being of disaster responders
is a critical yet underexamined issue. Disaster responders,
including health care professionals, government officials, and
humanitarian workers, play crucial roles in disaster mitigation
and recovery*-® However, their work often involves prolonged
hours, intense physical exertion, and high psychological stress,
all of which expose them to fatigue, stress, and presenteeism..”®
Fatigue in particular is a major concern as it directly affects
cognitive function, decision-making, and physical performance,
increasing the likelihood of errors and reduced efficiency in
emergency response.’ Presenteeism, where individuals continue
working despite health impairments,® can also significantly
compromise productivity, increase errors, and exacerbate health
deterioration,’ ' ultimately impacting both responders and those
they assist.

There remains a critical gap in disaster research regarding
how extended work hours and fatigue contribute to presenteeism
among disaster responders. Understanding the interplay between
work duration, fatigue, and presenteeism of disaster responders is
essential to improve their health and responses to disasters. Such
studies may help guide the development of work schedules that
enhance the performance of these workers while protecting their
health. Interventions that reduce fatigue and its consequences,
and policies that balance operational demands with the well-
being of responders can foster a more sustainable and resilient
framework for disaster management.

These issues are particularly pressing in disaster-prone regions
such as Japan, where frequent seismic events amplify the
demands on disaster responders. The 2024 Noto Peninsula
earthquake, which had a magnitude (M) of 7.6, struck Ishikawa
Prefecture on January 1, 2024 and placed immense operational
demands on disaster responders.’”® This event highlights the
need to understand the factors influencing responders’ health
and performance under extreme conditions. Therefore, the
present study examined the relationship between the number
of days of work and presenteeism in these disaster responders,
and the possible effect of fatigue as a mediating factor.

Methods
Context of the study

The 2024 Noto Peninsula earthquake occurred on January 1,
2024, and triggered a tsunami that severely impacted adjacent
coastal areas, particularly lida Bay.'* This earthquake led to the
opening of more than 1300 evacuation centers that cared for more
than 52000 evacuees.'® As of December 24, 2024, this earthquake
was responsible for an estimated 489 deaths, 1379 injuries, and
damage to 149724 houses.’® More than 2518 Japanese emergency
medical teams (EMTs) provided medical consultations after this
earthquake.”

Study design and study participants

Following the earthquake, disaster responders were deployed to
the affected areas on January 1, 2024, to provide medical care
for disaster victims. These responders were primarily external
personnel, including members of the Japanese Disaster Medical
Assistance Team, the Red Cross, nongovernmental organizations,
and volunteers from other prefectures. Additionally, a smaller
proportion of local responders, such as local health care work-
ers and community volunteers, also contributed to the disaster
response efforts.

To monitor health-related problems of these responders, the
Ishikawa Emergency Medical Team Coordination Cell (EMTCC)
began data collection on January 1, 2024, and continued until
March 31, 2024. Previously, EMTCC had collected health data only
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from disaster victims. However, this was the first time that com-
prehensive data were collected from disaster responders during
the aftermath of a disaster.

To facilitate data collection, EMTCC used the health manage-
ment version of the app for the Japanese Surveillance in Post-
extreme Emergencies and Disasters (J-SPEED+ app). This tool
was originally developed to collect data from patients visiting
EMTs during disasters,'® and was adapted to focus specifically on
responders to this disaster.

To ensure proper data entry, EMTCC conducted on-site hands-
on training, distributed user manuals, and offered continuous
guidance to responders if necessary. Although the J-SPEED+
app was launched on January 1, initial data entry was minimal
because of the limited number of responders present in the first
few days. However, as more personnel arrived, the data collection
became progressively more consistent. Ongoing guidance was
provided for new arrivals to ensure proper reporting.

All responders were required to register their team’s name
and phone number when signing up for the J-SPEED+ app and
were asked to use this app to enter daily health information
using predefined checkboxes. The data collection framework
consisted of 46 predefined items defined by the National
Research Committee and other experts, categorized into 8 key
sections: organization name, type of occupation, type of activity,
environmental problems, symptoms, work performance, fatigue,
and consultation requests. For this analysis, we focused on
fatigue scores, Work Functioning Impairment Scale-Disaster
Version (WFun-D) scores, type of occupation, type of activity,
reported symptoms, and self-reported environmental conditions.
Moreover, we classified the disaster response period into 2 phases,
the first half and the second half, to examine potential variations
over time.

Although these data were collected over 2 months and disaster
responders had varying consecutive work days, this study remains
a cross-sectional study because of the relationship between vari-
ables at a single aggregated time point. The analysis was based
on each responder’s longest consecutive work days rather than
tracking changes over time.

Main variables used for the analysis

The primary outcome variables were the number of consecutive
work days, self-reported fatigue, and presenteeism. The confound-
ing variables were occupation, type of activity, disaster phase,
symptoms, and self-reported environmental problems. Disaster
responders may have multiple deployments throughout the entire
response period, and there may be different numbers of work days
during each deployment. Thus, for each disaster responder, the
deployment period with the greatest number of consecutive work
days was used for analysis. If a disaster respondent had multiple
deployments with the same duration of work days, the earliest
deployments were used.

To monitor the health of disaster responders and facilitate
proactive preventive measures, fatigue levels were assessed using
a 10-point scale, in which 1 indicated minimal fatigue and 10
represented extreme fatigue. This scale was based on the Visual
Analogue Scale (VAS) for fatigue developed by the Japan Society
of Fatigue.'® Responders recorded daily perceived fatigue scores,
and the average score during the period with the most consecutive
days at work was then calculated.

Presenteeism was measured using the WFun-D. This scale was
adapted from the original 7-item WFun,”® which uses a Likert
scale and was developed by the University of Occupational and

Environmental Health, Japan. The WFun-D was subsequently sim-
plified to 5 yes/no questions by the National Research Committee
and other experts, including the WFun developer, to create a
simple and effective tool. The total score of the WFun-D ranged
from O (no presenteeism) to 5 (high presenteeism). Given the low
percentage of responders who scored above 1, a score of 1 or
higher was used to indicate presenteeism in this study.

Statistical analysis

Structural equation modeling (SEM) was used to identify whether
the number of consecutive work days (X) was associated with
presenteeism (Y), and the effect of self-reported fatigue (M) as
a mediator (Figure 1). To categorize the number of work days,
1 day was used as the reference, and 3 categorical variables were
then created: 2-3 days (D4), 4-7 days (D), and more than 7 days
(D3). These durations were based on the 25th, 50th, and 75th
percentiles of the data distribution.

First, a linear regression model was used to estimate the impact
of consecutive work days on fatigue:

M; = o + a1Dy; + @oDy; 4+ a3D3; + eM; (1)

where M; is the fatigue score for individual i; « is the inter-
cept; a1, ay, as are the coefficients for each category (Di, Dy,
Ds), and represent the difference in mean fatigue score rela-
tive to the reference category (1 day); and ¢M; is the residual
error term.

Next, a logistic regression model for presenteeism (Y), which
included the direct effect of the number of work days (X) and the
mediating effect of fatigue (M), was applied:

LOgit (P(Y;i=1)) = B+ B1D4i + B2Dy; + B3Dsi + bMi +eY (2)

where g is the intercept on the log-odds scale; B4, B2, B3 are
the direct-effect coefficients for each category (D1, Dy, Ds) on
presenteeism relative to the reference category (1 day) when
controlling for fatigue (M); b is the coefficient representing the
effects of fatigue (M) on presenteeism (Y); and €Y is the residual
error term.

For the 3 categories of work days (D1, D,, and Dj3), the follow-
ing 3 effect estimates were calculated relative to the reference
(1 day): (1) indirect effect (effect mediated by fatigue, calculated
as akxb, where ak is the effect of the number of work days
on fatigue and b is the effect of fatigue on presenteeism); (2)
direct effect (Bk, the effect of X on Y independent of M); and
(3) total effect (Bk +akxb), where k corresponds to each of the
categories (Figure 1). The final models were adjusted according
to type of activity, occupation, presence of symptoms, and self-
reported environmental problems at work.

All analyses were conducted in R using the lavaan package.
Because presenteeism (Y) was treated as a binary variable,
a logistic link was established by setting ordered=“Y" and
link ="“logit.” The estimation was made using diagonally weighted
least squares, because this approach can provide a more robust
analysis of noncontinuous outcomes than standard maximum
likelihood estimation.”* To ensure more reliable estimates of the
SEs and ClIs, particularly for the indirect (mediated) effects, a
bootstrap procedure was used with 5000 resamples. This approach
helps account for the nonnormal sampling distribution of the
product of paths?>?® An effect was considered statistically
significant if its 95% CI did not include 0 on the log-odds scale, or
1 when analyzing exponentiated odds ratios.
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Figure 1. Structural equation model used to examine the relationship between the number of consecutive work days and presenteeism, and the

mediating effect of fatigue in disaster responders.

Model convergence and fit were assessed via standard SEM
indices, including x?, comparative fit index (CFI), Tucker-Lewis
index (TLI), and root mean square error of approximation
(RMSEA). Sensitivity analysis was performed using linear SEM, in
which the number of work days (X) was treated as a continuous
variable and was regressed on presenteeism (Y) and fatigue (M).
Although fatigue was measured on a continuous scale (range: 1-
10), its impact on presenteeism might not be linear; for example,
increasing the number of work days from 1 to 2 could have a small
effect, but increasing the number of work days from 4 to 5 might
have a large effect. Therefore, the use of categories of work days
allowed the effect to differ among ranges by identifying stepwise
differences, which cannot be identified using a continuous model.
Thus, analyses using continuous and categorical approaches
can help demonstrate whether an observed effect depends on
the coding of a predictor, because it considers the potential
nonlinear relationships among number of work days, fatigue,
and presenteeism.

Ethical considerations

This study was approved by the Ethical Committee of Hiroshima
University (approval number: E2024-0120). Because this was a
real-time study of a disaster, explicit informed consent was not
obtained from disaster responders, and all data were anonymized
before analysis.

Results

We examined 4656 individuals who worked as disaster respon-
ders after the Noto Peninsula earthquake (January 1, 2024) and
collected data until March 31, 2024 (Table 1). Significant num-
bers of these disaster responders were nurses (n=1415, 30.4%),
logisticians (n=1332, 28.6%), and doctors (n=1009, 21.7%). About
one-fourth (24.6%) were employed at a health emergency oper-
ation center, where they provided support and management for
the disaster response. Among all responders, 41.1% worked for
a maximum of 2 to 3 consecutive days, and 38.1% worked for
a maximum of 4 to 7 consecutive days. A total of 148 (3.2%)
responders reported physical or mental symptoms, and 93 (2.1%)
reported adverse environmental conditions. A total of 279 respon-
ders (6.1%) reported presenteeism, and the rate of presenteeism
increased with work duration (3.4%: 1 day; 6.1%: 2-3 days; 6.9%:
4-7 days; 16.9%: >7 days).

We also analyzed the fatigue scores of disaster responders
according to the number of work days (Figure 2). The results

demonstrate a gradual decrease of the mean fatigue score and
its SD as the number of work days increased.

The results of the SEM also show that work duration had a
direct effect on presenteeism (Table 2). Thus, compared with the
reference group (1 day), the odds of presenteeism were signif-
icantly greater for responders working 2 to 3 days (odds ratio
[OR]=1.44; 95% CI, 1.18-1.75), 4 to 7 days (OR =1.56; 95% CI, 1.28-
1.91), and more than 7 days (OR=2.89; 95% CI, 1.94-4.32). In
addition, fatigue moderated this effect, in that it was associated
with decreased presenteeism for work durations of 4 to 7 days
(OR=0.96; 95% CI, 0.94-0.99) and more than 7 days (OR=0.86;
95% CI, 0.79-0.95). In other words, fatigue partially reduced the
direct effect of long work duration on presenteeism. The total of
direct and indirect effects indicated that the OR of presenteeism
was 1.44 for responders working 2 to 3 days, 1.51 for responders
working 4 to 7 days, and 2.49 for responders working more than
7 days. The final model demonstrated an excellent fit to these
data, with a CFI of 0.979, TLI of 0.995, RMSEA of 0.015 (95% CI,
0.000-0.030), and SRMR of 0.002.

We also performed a sensitivity analysis, in which work dura-
tion was treated as a continuous variable (Table 3). The total effect
(OR=1.03; 95% CI, 1.01-1.04; P <.001) and direct effect (OR=1.04;
95% CI, 1.02-1.05; P <.001) indicated a modest but statistically
significant positive association of number of work days with pre-
senteeism, consistent with the results from the categorical model
(Table 2). The indirect (fatigue-mediated) effect had a minor neg-
ative association with presenteeism (OR=0.993; 95% CI, 0.988-
0.997; P<.001), somewhat inconsistent with the results from the
categorical model (Table 2; OR=0.96 for 4-7 days, OR=0.86 for
>7 days). This small difference likely arises from differences
in model specification: the continuous model smoothed effects
across all days, but the categorical model captured larger differ-
ences for more work days. Nonetheless, the model fit remained
excellent, with a CFI of 0.975, TLI of 0.994, RMSEA of 0.016, and
SRMR of 0.002, supporting the general trends identified in the
categorical model.

Discussion

This study examined the relationship between the number of
consecutive work days and presenteeism in disaster responders
who were deployed after the 2024 Noto Peninsula earthquake
in Japan. The overall prevalence of presenteeism was 6.1%,
and presenteeism was more common in those who worked
more days. We also found a negative association between the
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Table 1. Characteristics of disaster responders deployed after the Noto Peninsula earthquake.

All study participants

Participants reporting

Participants not reporting

Variable presenteeism presenteeism
Number Percent? Number Percent® Number Percent®
Total 4656 100 279 6.1 4305 93.9
Number of working days
1 894 19.2 29 3.4 814 96.6
2-3 1912 411 115 6.1 1787 94.0
4-7 1773 38.1 122 6.9 1640 93.1
>7 77 1.7 13 16.9 64 83.1
Occupation
Doctor 1009 21.7 65 6.5 930 93.5
Nurse 1415 30.4 86 6.2 1302 93.8
Logistician 1332 28.6 86 6.5 1231 93.5
Other 900 193 42 4.8 842 95.3
Activity
Health Emergency Operation center 1145 24.6 95 8.4 1041 91.6
Non-Health Emergency Operation center 3511 75.4 184 5.3 3264 94.7
Disaster phase
Phase I (January 1 to February 15) 3716 79.8 248 6.8 3413 93.2
Phase I (February 16 to March 31) 940 20.2 31 3.4 892 96.6
Physical or mental symptoms
No 4456 96.8 258 5.9 4128 94.1
Yes 148 3.2 16 10.9 131 89.1
Perception of working environment
Having a problem 4398 97.9 240 5.5 4110 94.5
Not having a problem 93 21 30 32.6 62 67.4
2Column percent.
bRow percent.
10+
84
e
Q
3 6 —r— —
S
2
&
2
g
<
N :
i E
1 day 2-3 days 4-7 days > 7 days

Duration of working days

Notel: Average fatigue score (mean = standard deviation) - 2.69 = 1.70 in 1 day, 2.64 = 1.43 in 2-3 days,
2.52 + 1.30 in 4-7 days, 2.19 & 1.33 in >7 days.
Note2: Each box indicates median and interquartile range [IQR], upper and lower horizontal bars indicate
[maximum and minimum values within 1.5 times the IQR (or the data range)], and filled circles indicate

[Outliers].

Figure 2. Effect of the number of consecutive work days on fatigue score in disaster responders.

number of work days and fatigue. Overall, these findings provide
valuable insights into how extended durations of work can
affect the function of disaster responders. The prevalence of
presenteeism among these disaster responders was relatively low
compared with those in similar occupations,?**> possibly because
these disaster responders had a strong sense of professional
responsibility and understood the need to support victims.
During the acute phase of the response to this earthquake,
disaster responders forfeited their New Year’s vacations to

engage in life-saving activities,”> demonstrating a serious
commitment and understanding of the critical nature of their
roles.

We initially hypothesized that more consecutive work days
would lead to greater fatigue, which would increase the likelihood
of presenteeism, as in previous studies that were conducted in
general occupational health settings.?®-?° However, our results
showed that fatigue was lower in those who worked 4 days
or more. Nonetheless, the number of work days increased the
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Table 2. Effect of the number of consecutive work days on presenteeism, and the mediating effect of fatigue, in

disaster responders.

Bootstrapping
Adjusted OR? 95% CI P value
0.025 CI 0.975 CI
Model pathways
Total effect: X - Y
1day Reference
2-3 days 1.44 (1.18-1.77) <.001 1.15 1.75
4-7 days 1.51 (1.23-1.85) <.001 1.24 1.87
>7 days 2.49 (1.66-3.75) <.001 2.58 535
Direct effect: X - Y
1 day Reference
2-3 days 1.44 (1.18-1.75) <.001 1.14 1.73
4-7 days 1.56 (1.28-1.91) <.001 1.30 2.04
>7 days 2.89 (1.94-4.32) <.001 2.73 6.38
Indirect effect: X > M — Y
1day Reference
2-3 days 1.01 (0.98-1.03) 667 0.97 1.07
4-7 days 0.96 (0.94-0.99) .014 0.85 0.99
>7 days 0.86 (0.79-0.95) .002 0.67 0.98
Model fitness measure
Model test Baseline Model 0.090
Comparative Fit Index (CFI) 0.979
Tucker-Lewis Index (TLI) 0.995
RMSEA 0.015 (0.000-0.030)
SRMR 0.002

Abbreviations: M, fatigue; OR, odds ratio, RMSEA, root mean square error of approximation; SRMR, standardized root mean square

residual; X, duration of working days; Y, presenteeism.

20R was adjusted for occupation, type of activity, disaster phase, physical or mental symptoms, and perception of the working

environment.

Table 3. Sensitivity analysis of the effect of the number of consecutive work days on presenteeism, and the

mediating effects of fatigue, in disaster responders.

Bootstrapping
Adjusted OR? 95% CI P value
0.025 CI 0.975 CI
Model pathwaysP
Total effect: X - Y 1.03 1.01-1.04 <.001 1.02 1.07
Direct effect: X - Y 1.04 1.02-1.05 <.001 1.01 1.06
Indirect effect X > M —> Y 0.993 0.988-0.997 <.001 0.987 0.995
Model fitness
Model test Baseline Model 0.073
Comparative Fit Index (CFI) 0.975
Tucker-Lewis Index (TLI) 0.994
RMSEA 0.016 (0.000-0.031)
SRMR 0.002

Abbreviations: M, fatigue; OR, odds ratio, RMSEA, root mean square error of approximation; SRMR, standardized root mean square

residual; X, duration of working days; Y, presenteeism.

20R was adjusted for occupation, type of activity, disaster phase, presence of physical or mental symptoms, and perception of the

working environment.

bIndependent variable (working duration) was modeled as a continuous variable.

probability of presenteeism, even after accounting for the mod-
erating effect of fatigue.

The association between work duration and presenteeism is
likely to be affected by context and cultural factors. In the context
of a disaster response, presenteeism is particularly pronounced
due to the urgency of the situation, and this compels responders
to continue working regardless of their physical, mental, or emo-
tional state.** Implicit or explicit norms within disaster response
teams frequently encourage these workers to ignore minor ill-
nesses or fatigue to ensure that critical tasks are completed. This
internal, peer-driven pressure increases with the number of work
days, further perpetuating presenteeism.’®! Thus, in high-stress
disaster settings, teams often develop a “tough it out” culture.

Over time, these group norms grow stronger, pushing members to
keep working even when they are unhealthy and less productive *?
Moreover, staffing shortages and high workloads during disasters
leave few opportunities for responders to take time off. The longer
responders work, the more aware they become of the importance
of each team member’s contributions, leading to a “can’t afford to
stay home” mindset.?! This situation is more severe for individuals
with highly specific roles, such as specialized medical staff, who
cannot easily be replaced.

In terms of cultural factors, a strong sense of duty often drives
disaster responders to remain at work, even when unwell, because
they perceive the mission as critical.” Many responders work
additional days to maintain group harmony and meet shared
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expectations, reinforcing this behavior. The feeling of an obli-
gation to remain on the job is further amplified during severe
emergencies and crises. Responders who work more often see
themselves and others as indispensable in these settings>! In
addition, over time, a responder may develop a strong personal
identity as a frontline worker, and interpret an illness or taking
time off as a sign of weakness or failure. This self-imposed expec-
tation, combined with the reluctance of shifting their workload
onto already overburdened colleagues, reinforces the “keep going
no matter what” attitude *?-*3

We can suggest some possible explanations for the inverse
relationship between work duration and fatigue. Disaster respon-
ders, particularly members of an EMT, are frequently trained to
manage extended work durations. They may have adaptations
that prevent them from experiencing (or disclosing) fatigue, even
after many consecutive work days.>” Another research group also
revealed that self-reported fatigue levels may be influenced by
factors such as adaptation or perceptual bias, which could lead to
a divergence between subjective perceptions and objective phys-
iological indicators over time.** Moreover, many disaster respon-
ders are motivated by a strong sense of commitment and altruism,
leading to an “adrenaline rush,” so they feel energized and report
lower levels of fatigue> Furthermore, the inverse relationship
of work duration and fatigue may be attributed to the “healthy
worker effect,”* in which individuals who are healthier and have
greater physical or mental resilience are more likely to work more
days and report less fatigue.?” Over time, workers who experience
significant fatigue or injuries tend to stop working or reduce their
workload, leaving a truncated sample of workers with low fatigue
but many work days.*® Another possible explanation is the role of
effective management in ensuring adequate rest intervals. If team
managers implement well-structured schedules with sufficient
breaks, responders working for longer durations may experience
less fatigue because they are better rested, despite working more
days. Conversely, individuals with shorter but more intense work
shifts, such as in high-pressure scenarios, may develop fatigue
even though their work periods are shorter.* This finding aligns
with a study conducted among EMT members during the G7
Hiroshima Summit 2023,%” which reported higher levels of fatigue
during the first and second days of deployment compared with
the third, fourth, and fifth days.

When we performed SEM using the number of work days as
a categorical variable, fatigue partially moderated the positive
relationship between work days and presenteeism, especially for
the categories of 4 to 7 days and more than 7 days. In contrast,
when we performed SEM using the number of work days as a
continuous variable, fatigue had a small and nearly negligible
effect. This suggests that fatigue had a more significant effect
when there are 4 or more work days, but the overall average effect
of fatigue was small.

This study had several strengths and limitations. The main
strength is that it is, to our knowledge, the first report of daily
real-time data collected from disaster responders who were
deployed after an earthquake. Most previous studies focused on
disaster victims. Another strength is that we used a large sample
of disaster responders, which allowed for more robust statistical
analysis. However, the limitations of this study are that we did not
account for sociodemographic characteristics (age, sex, marital
status, working years, and work experience); these and other
factors may have influenced presenteeism. Second, our use of
self-reported scores for presenteeism and fatigue could have led
to social desirability bias, because disaster responders may have
downplayed their fatigue due to the perception that fatigue is a

weakness or overstated their ability to continue working under
extreme conditions. The timing of data collection (eg, after a
rest period, immediately after a strenuous shift, etc) may also
have influenced fatigue scores. Third, it was assumed that the
sequence of consecutive working days was interrupted if there
were more than 2 missing days. This approach did not account
for the possibility that disaster responders may have continued
working but failed to enter data. As a result, the duration of
working days might not accurately reflect the actual work days
and fatigue scores of the responders.

Future research should consider the use of longitudinal
follow-up studies to track disaster responders in the aftermath
of a deployment. Such studies could assess whether coping
strategies remained effective in the aftermath of a disaster
and explore the potential effect of accumulated fatigue and
disaster-related exhaustion over time. To improve the accu-
racy of measuring presenteeism, future research should also
focus on validating the WFun-D scale, specifically by disaster
responders during deployment. This validation process should
ensure that the scale accurately captures presenteeism in
high-stress, resource-constrained environments. Self-reported
fatigue measurement is cost-effective, noninvasive, and easy
to administer—making it practical for large-scale research,
particularly in disaster contexts. However, future research could
explore the distinction between perceived fatigue and its potential
physiological manifestations by integrating self-reports with
objective measures such as physiological markers (eg, heart
rate variability, electroencephalography, cortisol), performance-
based tasks (eg, psychomotor vigilance tests, reaction time
assessments), and wearable or behavioral tracking (eg, actigraphy,
eye-tracking).

Practical implications

The findings of this study of disaster responders who were
deployed after an earthquake highlight the importance of
occupational health interventions for mitigating the impact of
long work periods. Given the positive association between the
number of work days and presenteeism, we suggest that targeted
interventions should prioritize responders who are deployed for
longer durations. Implementing structured health check-ups and
regular monitoring during extended deployments can potentially
identify early signs of fatigue and presenteeism, reduce the
risk of accidents and injuries, and ensure the well-being and
effectiveness of disaster responders.

Conclusion

This study provides valuable insights into the relationship
between work duration, fatigue, and presenteeism in disaster
responders who were deployed after the 2024 Noto Peninsula
earthquake. The findings highlight that a greater number of con-
secutive work days was associated with increased presenteeism,
thus emphasizing the need for targeted interventions to support
the well-being of disaster responders. Although we expected that
long consecutive work days would increase fatigue, which in turn
increases the higher odds of presenteeism, we found an inverse
association between the number of work days and fatigue. These
results suggest that factors such as adaptive coping strategies and
psychological resilience may play a role in shaping the perception
of fatigue in disaster responders. Future longitudinal studies may
help to clarify the multifaceted drivers of presenteeism in high-
stress environments.
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