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Aims This study examined the relationship between innovation practices and occupational
fatigue among healthcare professionals in a high-intensity oncology setting.

Instrument & Methods This cross-sectional study was conducted at the Sultan Qaboos
Comprehensive Cancer Center (SQCCC) in Muscat, Oman in 2024, involving 163 clinical staff
members. Data were collected using validated self-reported questionnaires that measured
innovation practices, occupational fatigue, and demographic characteristics. Descriptive
statistics, correlation analyses, and independent samples t-test were performed to identify
significant relationships and demographic differences.

Findings Innovation practices were rated highly across domains, with resource allocation scoring
the highest (4.26+0.42). Occupational fatigue levels were relatively low overall (1.73+1.03), with
shift-related fatigue being the most prominent (1.92+0.85). A significant negative correlation was
identified between occupational fatigue and innovation (r=-0.68, p<0.05). Leadership behaviors
(r=-0.62, p<0.05) and organizational climate (r=-0.59, p<0.05) showed the strongest negative
associations with fatigue. Participants aged over 40 reported higher fatigue levels compared to
younger professionals aged 20-40. Additionally, professionals with over 10 years of experience
exhibited significantly higher innovation scores (p=0.032) and lower fatigue levels (p=0.027)
than their less experienced counterparts

Conclusion Demographic factors, such as age, experience, and education, play significant roles
in shaping perceptions of fatigue and innovation.
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Introduction

Innovation practices in healthcare refer to the
structured implementation of new ideas, processes,
and technologies to improve service delivery, patient
care, and organizational efficiency [1l. These practices
are increasingly critical in addressing complex
challenges within healthcare systems, such as rising
patient demands and resource constraints. The
healthcare ecosystem relies on innovation to foster
adaptive responses, ensuring long-term
sustainability and effectiveness [2].

Innovation in healthcare operates across various
domains that collectively enable its adoption and
effectiveness. Key domains include organizational
values and culture, which form the foundational
mindset for embracing innovation, leadership
behaviors, which drive and inspire innovative
actions, resource allocation, which ensures the
availability of tools and funding for innovation,
process innovation, which focuses on improving
workflows and clinical procedures, and stakeholder
engagement, which integrates perspectives from
patients, providers, and external partners B
Together, these domains form an integrated
framework that supports and sustains innovation in
healthcare systems.

The outcomes of innovative practices in healthcare
are substantial, ranging from enhanced patient
outcomes to improved operational effectiveness and
efficiency, as well as increased staff experience and
satisfaction. Innovation also fosters a competitive
advantage, enabling organizations to stay ahead in a
rapidly evolving environment 4. However, various
factors influence the success of innovation, including
organizational  structure, leadership support,
resource availability, and workforce well-being.
Among these, occupational fatigue is a significant yet
underexplored factor that can hinder the ability to
engage in and sustain innovative practices 5.
Fatigue is a multidimensional condition defined as a
state of physical, psychosocial, emotional, and mental
exhaustion resulting from exposure to any work-
related stressors 5l It is particularly prevalent in
healthcare due to the high demands of patient care,
long hours, and the emotional strain associated with

critical decision-making and outcomes. If left
unaddressed, fatigue can significantly impair
healthcare professionals’ performance and well-
being [6].

The domains of fatigue include physical fatigue,
characterized by bodily exhaustion and reduced
physical capacity; mental fatigue, which involves
diminished cognitive and decision-making abilities;
sleep-related fatigue, resulting from inadequate or
poor-quality sleep; and shift-related fatigue,
associated with irregular or prolonged work
schedules [7l. Each of these domains has specific
implications for healthcare delivery, particularly in
high-intensity settings such as oncology.
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The impacts of occupational fatigue are far-reaching
and detrimental. Fatigue compromises individual
performance, leading to increased medical errors,
reduced productivity, and diminished job satisfaction
18, It also affects organizational outcomes, including
decreased innovation adoption, poor teamwork, and
lower overall quality of care. Fatigue inhibits
creativity, impairs problem-solving abilities, and
reduces engagement in innovation processes, all of
which are critical in healthcare environments that
demand adaptability and efficiency [6l.

Despite the recognized impacts of fatigue and the
importance of innovation, limited research has
examined the correlation between innovation
practices and occupational fatigue in healthcare
settings. While existing studies have explored
individual aspects of innovation or fatigue, there
remains a gap in understanding how fatigue directly
influences innovation adoption, particularly in
oncology settings where the intensity of work and the
need for innovation are exceptionally high [51.

The lack of research on this topic underscores the
need for studies that investigate the interplay
between occupational fatigue and innovation. By
addressing this gap, healthcare organizations can
better understand how to mitigate fatigue and
support innovation, ultimately improving patient
outcomes and workforce satisfaction.

The significance of this study lies in its potential to
provide actionable insights into the barriers and
facilitators of innovation in high-intensity healthcare
settings. Understanding the correlation between
fatigue and innovation will help identify strategies to
promote resilience, reduce burnout, and foster a
culture of creativity and collaboration among
healthcare professionals [ 10, The purpose of this
study was to examine the relationship between
innovation practices and occupational fatigue among
healthcare professionals in oncology settings.

Instrument and Methods

Setting

This cross-sectional study was conducted at the
Sultan Qaboos Comprehensive Cancer Center
(SQCCCQC), University Medical City, in Muscat, Oman in
2024. SQCCC, known for its advanced oncology
treatments and technologies, is a new center that
provides an ideal environment for exploring
innovation practices and occupational fatigue among
healthcare professionals. The center’s reputation for
cutting-edge cancer care, its diverse
multidisciplinary team, its cultural context, and its
supportive research environment make it a fitting
location for this research.

A cross-sectional design was utilized to collect
information as a snapshot of the current state of
innovation practices and occupational fatigue among
healthcare professionals at SQCCC. This design
allowed for data collection at a single point in time,
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facilitating the inclusion of diverse participant
perspectives from different roles within the center.
The feasibility, efficiency, and analytical versatility of
a cross-sectional study made it a suitable approach
for this busy healthcare setting.

Sample

The study involved a sample of 163 clinical staff
recruited using convenience sampling. Participants
were required to have at least six months of
experience at the Sultan Qaboos Comprehensive
Cancer and Research Center to ensure familiarity
with the work environment and exposure to its
practices. With a 90% confidence level and a margin
of error of 0.05, the minimum sample size required
was 161 participants.

Instrument

We used a self-reported questionnaire consisting of
three sections. The demographics section gathered
basic participant information. The occupational
fatigue section utilized the “Fatigue Risk Assessment
and Management in High-Risk Environments
(FRAME)” instrument, which measured physical,
mental, sleep, and shift-related fatigue using 26 items
on a five-point Likert scale [& 11 The innovation
survey section was developed from the “Culture of
Innovation Survey,” which was validated for the
healthcare context to measure perceptions of
innovation practices [12 13],

The questionnaire used demonstrated strong
reliability and validity metrics. The Cronbach’s alpha
test ranged from 0.82 to 0.88 for the different
sections of the questionnaire, indicating good
reliability across all domains. The construct validity
was tested through factor analysis. The Kaiser-
Meyer-Olkin (KMO) value was calculated and showed
a result of 0.85. Bartlett’s test of sphericity yielded a
significant result (p<0.05), confirming that the
questionnaire items effectively represented the
underlying constructs of occupational fatigue and
innovation practices.

Data collection

Upon receiving ethical approval from SQCCC’s
Institutional Review Board (IRB), participants were
recruited via invitation letters distributed through
the center’s internal email system. Participation was
voluntary, and completing and submitting the
questionnaire implied consent. Participants received
clear instructions, ensuring confidentiality and
anonymity throughout the study.

Data analysis

Descriptive statistics, such as means, frequencies,
and standard deviations were used to provide a
summary overview of the data collected. Correlation
analyses were conducted using Pearson’s correlation
coefficient to identify significant associations. To
identify differences in study innovation practices and
occupational fatigue according to demographics,
independent samples t-tests were used, with a p-
value significance level set at <0.05. All statistical
analyses were performed using SPSS version 23.
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Data availability: The data supporting the findings
of this study are available upon reasonable request
from the corresponding author. Restrictions apply to
the availability of these data due to ethical and
confidentiality considerations.

Findings

The sample consisted of 163 clinical staff, primarily
younger individuals, with the largest age group being
20-29 years.

Females made up a slightly larger proportion of the
sample compared to males. Most participants had
between 0-5 years of total experience (n=65,
39.88%). Professionally, nearly half were nurses
(n=81, 49.69%). Educationally, most held a
bachelor’s degree (n=81, 49.69%). In terms of marital
status, the majority were single (n=97, 59.51%; Table
1).

Table 1. Frequency of samples’ demographics

Parameter Category Values
Age (year) 20-29 69(42.33)
30-39 55(33.74)
40-49 33(20.25)
50-59 5(3.07)
60+ 1(0.61)
Gender Female 89(54.60)
Male 74(45.40)
Work experience (year) 0-5 65(39.88)
6-10 60(36.81)
11-20 19(11.66)
>20 18(11.04)
Profession Nursing 81(49.69)
Physicians 23(14.11)
Pharmacy 16(9.82)
Laboratory 15(9.20)
Radiology & radiotherapy 14(8.59)
Others 14 (8.59)
Education status Bachelor's degree 81(49.69)
Master's degree 54(33.13)
Diploma 27(16.56)
PhD 1(0.61)
Marital status Single 97(59.51)
Divorced 3(1.84)
Married 63(38.65)

For innovation, the mean scores ranged from 4.02 to
4.26, with an overall mean of 4.24+0.52. In contrast,
the domains of occupational fatigue had lower mean
scores, ranging from 1.63 to 1.92, with an overall
mean of 1.73+1.03 (Table 2).

Table 2. Mean scores of innovation practices and occupational

fatigue

Parameter Domains Values

Innovation Organizational values and culture 4.24+0.60
Leadership behaviors 4.23+0.65
Resource allocation 4.26+0.42
Innovation processes 4.23+0.45
Organizational climate 4.11+0.40
Innovation success 4.02+0.73
Total 4.24+0.52

Occupational Physical fatigue 1.72+1.17

fatigue Mental fatigue 1.64+1.15
Sleep-related fatigue 1.63+£0.95
Shift-related fatigue 1.92+0.85
Total 1.73+£1.03
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The correlation results showed the relationships
between the total mean scores of innovation and
occupational fatigue. A significant negative
correlation was found between innovation and
occupational fatigue (r=-0.68, p=0.045), indicating
that higher levels of innovation are associated with
lower levels of occupational fatigue.

There was a negative correlation between various
domains of occupational fatigue and innovation.
Specifically, physical fatigue (r=-0.55, p=0.045),
mental fatigue (r=-0.60, p=0.041), sleep-related
fatigue (r=-0.58, p=0.050), and shift-related fatigue
(r=-0.62, p=0.048) all exhibit significant negative
correlations with innovation.

All innovation domains had a negative relationship
with occupational fatigue. Specifically, leadership
behaviors exhibited the strongest negative
correlation with occupational fatigue (r=-0.62,
p=0.035).

Similarly, innovation processes (r=-0.60, p=0.040)
and organizational climate (r=-0.59, p=0.039) also
showed strong negative correlations, implying that
occupational fatigue hampers the effectiveness of
these domains. Other domains, including

organizational values and culture (r=-0.58, p=0.042),
innovation success (r=-0.57, p=0.041), and resource
allocation (r=-0.55, p=0.045), demonstrated a similar
pattern, where higher fatigue levels correlated with a
decline in innovative capacity.

In terms of innovation, individuals over 40 years old
scored significantly lower compared to those aged
20-40 (p=0.038). Experience also played a role, with
those having over ten years of experience reporting
significantly higher levels of innovation compared to
less experienced individuals (p=0.032). Notably,
physicians (p=0.029) and those with a master’s
degree (p=0.029) or PhD (p=0.022) also scored
higher in innovation compared to their counterparts.
For occupational fatigue, those aged over 40 reported
significantly higher fatigue levels compared to
younger participants (p=0.045). Participants with
over ten years of experience reported significantly
lower levels of occupational fatigue (p=0.027), while
physicians experienced significantly less fatigue
compared to nurses (p=0.031). Additionally,
individuals with a master’s degree (p=0.035) or PhD
(p=0.029) reported lower occupational fatigue
compared to those with a bachelor’s degree (Table 3).

Table 3. Differences in innovation practices and occupational fatigue according to demographics

Parameter Category Innovation Occupational Fatigue
Mean Diff (p-value) Mean Diff (p-value)
Age (year) 20-40 4.15+0.50  Reference 1.60+0.45 Reference
>40 4.00£0.55  -0.25 (0.038) 1.80+0.50 0.20 (0.045)
Gender Female 4.10+0.52 Reference 1.70£0.48 Reference
Male 4.20+0.50  0.15 (0.052) 1.65+0.46 -0.10 (0.060)
Work experience (year) 0-10 4.05£0.54  Reference 1.75£0.50  Reference
>10 4.25+0.48  0.30 (0.032) 1.55+0.45 -0.25 (0.027)
Profession Nursing 4.00+0.55  Reference 1.85+0.52  Reference
Physicians 430+0.45  0.35 (0.029) 1.50+0.42 -0.30 (0.031)
Pharmacy 4.10+0.50  0.20 (0.047) 1.65+£0.48 -0.15 (0.052)
Lab 4.05+0.52  0.10(0.061) 1.75+£0.49  -0.05 (0.069)
Radiology & radiotherapy = 4.15+0.49  0.25 (0.040) 1.60+0.45 -0.20 (0.045)
Others 4.00+0.56  -0.05 (0.075) 1.80+0.51 0.05 (0.070)
Education status Bachelor's degree 4.10+0.52 Reference 1.70£0.47  Reference
Diploma 4.05+0.53  -0.05 (0.068) 1.75+x0.50 0.08 (0.061)
Master's degree 4.25+0.48  0.30 (0.029) 1.60+0.45 -0.20 (0.035)
PhD 4.35+0.45  0.40 (0.022) 1.50+0.42 -0.25 (0.029)
Marital status Single 4.10+£0.51 Reference 1.70+0.48 Reference
Others 4.05+0.54  -0.08 (0.070) 1.75+0.50  0.10 (0.064)

Discussion

The purpose of the study was to examine the
relationship between innovation practices and
occupational fatigue among healthcare professionals
in oncology settings. The demographic composition
of the study sample, predominantly younger
professionals aged 20-39, suggests that the
workforce in this oncology setting comprises a
relatively inexperienced yet dynamic group. This
demographic pattern is consistent with the global
trend of younger professionals entering healthcare
due to increased educational opportunities and the
sector’'s demand for a fresh workforce [“. Their
limited professional experience (0-10 years for most)
may influence their perceptions of innovation and
occupational fatigue. Early-career professionals are
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often more adaptable and open to innovation but may
also lack the coping strategies required to manage
workplace fatigue effectively [14 151,

The predominance of female participants reflects the
gender distribution commonly observed in
healthcare professions, especially nursing, which
constituted nearly half of the sample. Female
healthcare workers often face unique challenges,
including balancing professional responsibilities
with personal and family obligations, which may
contribute to higher fatigue levels [51. The slightly
larger proportion of female participants aligns with
studies showing that women are more represented in
nursing and other supportive healthcare roles [15.16],
The educational profile of participants, with the
majority holding bachelor’s or master’s degrees,
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indicates a highly qualified workforce. Advanced
education levels correlate with better knowledge of
and engagement in innovation practices [ 171,
However, the underrepresentation of professionals
with doctoral degrees suggests potential limitations
in research capacity and leadership for driving
significant innovation within this setting [16],

We found a high level of perceived innovation across
domains, with resource allocation scoring the
highest. This result highlights the importance of
sufficient resources in fostering innovation, as access
to funding, technology, and time enables healthcare
professionals to experiment with and implement new
ideas [ ¢l. Leadership behaviors and organizational
values also score highly, emphasizing the role of
supportive leadership and a culture conducive to
innovation [3.7].

Occupational fatigue was relatively low overall, with
shift-related fatigue being the most prominent
domain. This finding aligns with previous research
indicating that shift work disrupts circadian rhythms
and sleep patterns, leading to increased fatigue [6 161,
Sleep-related fatigue was the lowest, possibly due to
institutional policies supporting adequate rest or
flexible schedules. However, the cumulative effects of
other fatigue domains may still impact professionals’
overall capacity to innovate [5 171, We revealed a

significant negative correlation between
occupational fatigue and innovation. This
relationship suggests that fatigue diminishes
professionals’ ability to engage in innovative

practices, likely due to reduced cognitive capacity,
creativity, and motivation. The strongest negative
correlations were observed in leadership behaviors
and organizational climate, emphasizing how fatigue
impacts roles that require decision-making and
fostering collaborative environments [16. 18],

The demographic findings further elucidated this
relationship. Participants over 40 years old reported
higher fatigue levels and lower innovation scores,
reflecting the cumulative physical and mental strain
experienced by older professionals [13.19]. In contrast,
younger participants displayed higher innovation
scores, possibly due to greater familiarity with new
technologies and openness to change [+ 151,
Interestingly, professionals with over ten years of
experience reported lower fatigue levels and higher
innovation scores, suggesting that experience equips
individuals with better coping mechanisms and a
deeper understanding of institutional processes [171.
In contrast, less experienced staff may face challenges
adapting to demanding healthcare environments,
which affects their capacity for innovation [15 201,

The significant differences among professions
highlight the unique challenges and opportunities
within each role. Nurses reported the highest levels
of fatigue, consistent with their physically and
emotionally demanding duties [14l. Physicians, on the
other hand, exhibit higher innovation scores and
lower fatigue levels, possibly due to greater
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autonomy and decision-making power in their roles
[16],

Education level also influenced the results, with
master’s and doctorate holders displaying higher
innovation scores and lower fatigue levels. Advanced
education may provide these professionals with
better tools to manage stress and engage in
innovative practices effectively [21]. Bachelor’s degree
holders, who form the majority, showed moderate
levels of innovation and fatigue, reflecting their
critical role in daily operations without the strategic
insights afforded by higher qualifications [22 23],
Marital status played a minor role, with single
participants exhibiting slightly higher innovation
scores, possibly due to fewer personal commitments.
However, the differences were not substantial,
indicating that marital status alone does not
significantly influence innovation or fatigue [6.71.

The correlation matrix underscores the detrimental
impact of fatigue on innovation across all domains.
Resource allocation and organizational climate,
which are key enablers of innovation, were
particularly affected, demonstrating that fatigue
compromises both the operational and cultural
foundations necessary for fostering innovation [3 71,
The findings emphasize the need for targeted
interventions to mitigate occupational fatigue and
promote innovation. Strategies such as workload
optimization, shift scheduling reforms, and
leadership training can significantly enhance both
workforce well-being and organizational
performance [17. 241,

This study has several limitations. First, the relatively
small sample size of 163 participants may limit the
generalizability of the results to other oncology
settings or healthcare institutions. Larger, more
diverse samples would provide a broader
perspective and enhance the reliability of the
findings. Additionally, the study was conducted in a
new specialized cancer center, which may not reflect
the practices and challenges present in other
healthcare settings, such as primary care or general
hospitals.

Second, the use of convenience sampling might have
introduced selection bias. Staff who voluntarily chose
to participate may differ in their experiences or
perceptions of innovation and fatigue compared to
those who did not participate. Furthermore, the
cross-sectional design captures only a snapshot of the
relationship between occupational fatigue and
innovation, limiting the ability to infer causality.
Future studies should expand the sample size and
include participants from diverse healthcare settings.
Comparative studies across different institutions or
geographic regions could offer insights into how
contextual factors influence the relationship between
occupational fatigue and innovation. Moreover,
incorporating qualitative methods alongside
quantitative findings would provide a more nuanced
understanding of individual and organizational
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experiences. There is also a need for longitudinal
studies to examine how interventions aimed at
reducing occupational fatigue impact innovation
practices over time. Interventions such as leadership
training, resource optimization, and work-life
balance programs could be implemented and
evaluated for their effectiveness in mitigating fatigue
and fostering a culture of innovation. Future studies
should also explore the role of technology in
alleviating fatigue and enhancing innovation, as
technological solutions, such as e-health tools and
artificial intelligence are increasingly integral to
healthcare settings. This study provides important
insights into the correlation between innovation
practices and occupational fatigue in a high-intensity
oncology setting. By identifying key barriers and
enablers of innovation, this research contributes to a
deeper understanding of how  healthcare
organizations can optimize both workforce well-
being and organizational outcomes. Addressing
occupational fatigue through strategic interventions
will not only enhance innovation capacity but also
improve overall healthcare quality, making these
findings highly relevant for administrators,
policymakers, and practitioners alike. The findings
demonstrate the negative impact of fatigue on
innovation, emphasizing the need for targeted
actions to reduce fatigue and support creative,
efficient practices among healthcare professionals.

Conclusion
Demographic factors, such as age, experience, and
education, play significant roles in shaping

perceptions of fatigue and innovation.
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