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Index Terms Abstract
Environmental Changes, Environmental changes have become a major challenge affecting human health,
Physiological Responses, occupational performance, and sustainable development, particularly within healthcare
Human Health, Productivity, environments where professionals are continuously exposed to multiple environmental
Sustainable Development, stressors. Despite growing interest in environmental sustainability, limited empirical
Occupational Health, evidence has examined the physiological mechanisms through which environmental
Healthcare Professionals. changes influence health and productivity in developing healthcare systems. Therefore,

this study investigated the effects of environmental changes on physiological responses
and their subsequent impact on health, productivity, and sustainable development among
healthcare professionals at Al-Bayda Medical Center, Libya. A quantitative descriptive—
analytical design was adopted, and data were collected from 70 healthcare professionals
using a structured questionnaire. The collected data were analyzed using the Statistical
Package for the Social Sciences (SPSS) through descriptive statistics, reliability and
validity assessment, Pearson correlation, linear regression, bootstrap mediation analysis,
and demographic comparison tests. The findings revealed that environmental changes
significantly influenced physiological responses and exerted significant effects on health
and productivity. Physiological responses partially mediated the relationships between
environmental changes and both outcome variables, while productivity emerged as the
strongest contributor to sustainable development. In addition, demographic characteristics
explained significant differences across selected study constructs. The findings highlight
the importance of improving workplace environmental conditions to protect employees’
physiological health, enhance productivity, and strengthen sustainable healthcare
development. The study contributes context-specific evidence from the Libyan healthcare
sector and provides practical implications for integrating environmental management with
occupational health strategies to support long-term institutional sustainability.
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1. INTRODUCTION

1.1 Research Context

Environmental changes are increasingly recognized as
a major determinant of population health, workforce
capacity, and the sustainability of healthcare systems
worldwide. Climate change, environmental pollution,
rising temperatures, and deteriorating workplace
conditions have expanded the range of occupational
hazards encountered by healthcare professionals,
transforming environmental health from a purely
ecological concern into a strategic priority for sustainable
healthcare systems (Whitmee et al., 2015; Landrigan et al.,
2018; Watts et al., 2021).

Among occupational sectors, healthcare workers are
particularly vulnerable because they routinely perform
physically and cognitively demanding tasks under
continuously  changing environmental conditions.
Growing evidence indicates that exposure to
environmental stressors triggers physiological responses
capable of influencing workers’ health, functional
performance, and productivity, thereby affecting both
organizational resilience and the long-term sustainability
of healthcare services (Romanello ef al., 2022; Ibar et al.,
2021; Shetty et al, 2024). Understanding these
interconnected relationships has therefore become
essential for developing evidence-based strategies that
protect healthcare workers while strengthening sustainable
healthcare systems.

1.2 Research Motivation

Although substantial progress has been made in
understanding the effects of environmental conditions on
occupational health, current evidence remains fragmented.
Most previous studies have examined environmental
changes, physiological health, and work performance
independently, providing limited understanding of the
biological pathways through which environmental
stressors influence healthcare workers’ health and
productivity simultaneously (Watts et al.,, 2021;
Romanello et al., 2022). Furthermore, evidence from
developing healthcare systems, particularly the Libyan
healthcare sector, remains scarce despite its unique
environmental and occupational challenges (WHO, 2016;
Njororai ef al., 2021). These limitations highlight the need
for an integrated investigation that explains how
physiological responses connect environmental changes
with health, productivity, and sustainable healthcare
development.

https://jsras.rcc.edu.ly/

1.3 Research Aim

Building upon the identified knowledge gaps, this study
develops an integrated framework to examine the
relationships among environmental changes, physiological
responses, health, productivity, and sustainable
development within the Libyan healthcare sector.

Specifically, the study investigates the role of
physiological responses as the underlying mechanism
linking environmental changes with employees’ health and
productivity, while also examining whether demographic
characteristics contribute to variations in these
relationships. By focusing on healthcare workers at Al-
Bayda Medical Center, the study provides empirical
evidence from a developing healthcare context where such
integrated investigations remain limited (World Health
Organization [WHO], 2016; Romanello et al., 2022;
Njororai et al., 2021).

1.4 Research Contributions
The present study extends current knowledge by

integrating  environmental changes, physiological
responses, health, productivity, and sustainable
development into a single conceptual framework

applicable to healthcare settings. Unlike previous studies
that have largely examined these constructs independently,
the proposed framework explains the biological and
organizational pathways through which environmental
conditions influence healthcare workforce outcomes
(Watts et al., 2021; Romanello ef al., 2022).

The study also contributes to the environmental health
literature by providing empirical evidence from the Libyan
healthcare sector, where research examining these
interrelated constructs remains limited. By evaluating
healthcare workers at Al-Bayda Medical Center, the
findings provide context-specific evidence that may assist
healthcare organizations in developing workplace
strategies that promote employee wellbeing, improve
productivity, and strengthen sustainable healthcare
systems (World Health Organization [WHO], 2016; Aust
et al., 2024; Njororai et al., 2021).
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2. PLITERATURE REVIEW AND HYPOTHESIS
DEVELOPMENT

2.1 Environmental Changes and Physiological
Responses

Environmental changes have become one of the most
influential determinants of human health and occupational
performance, particularly within healthcare settings where
employees are continuously exposed to multiple
environmental stressors. Rising temperatures, poor indoor
air quality, excessive noise, inadequate lighting, and
increasing occupational demands create complex
physiological challenges that require continuous
adaptation by healthcare workers. These stressors activate
a range of physiological responses involving the
cardiovascular, endocrine, autonomic, and neuroendocrine
systems, which are intended to maintain homeostasis but
may become harmful when environmental exposure is
prolonged or repeated (Watts et al., 2021; Romanello et
al., 2022).

Recent evidence suggests that climate-related
environmental changes have shifted from being an
environmental concern to becoming a major occupational
health issue. The Lancet Countdown reports consistently
demonstrate that increasing exposure to extreme heat,
deteriorating environmental quality, and climate-related
hazards have substantially increased physiological strain
among workers, particularly in health services where
physical and cognitive demands remain consistently high
(Watts et al., 2021; Romanello et al., 2022). Likewise,
Vicedo-Cabrera et al. (2021) demonstrated that heat
exposure substantially increases adverse physiological
outcomes and contributes to excess mortality through
impaired thermoregulation and cardiovascular stress,
highlighting the growing importance of environmental
adaptation within healthcare systems.

Within healthcare facilities, environmental conditions
extend beyond outdoor climate exposure to include
characteristics of the indoor workplace itself.
Bayramzadeh et al. (2021), through a systematic literature
review, demonstrated that environmental characteristics
such as temperature, lighting, acoustic conditions, spatial
layout, and ventilation influence physiological functioning
by altering sleep quality, cardiovascular responses, stress
levels, and overall physical wellbeing among healthcare
staff. Similarly, Zadeh et al. (2018) reported that
healthcare =~ professionals  consistently  identified
environmental characteristics as fundamental determinants
of both health and work performance, while also
demonstrating that perceptions of these environmental
conditions differed according to occupational roles and
workforce characteristics.

The physiological mechanisms underlying these
relationships have been further supported by biomarker-
based research. Ibar et al. (2021) found that occupational
stress among healthcare workers was associated with
elevated hair cortisol concentrations, confirming that
workplace stressors are translated into measurable
physiological responses. Complementing these findings,
Andarini and Ramdhan (2025) concluded that

https://jsras.rcc.edu.ly/
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physiological biomarkers, particularly cortisol-based
indicators, provide robust evidence that prolonged
occupational fatigue reflects sustained physiological
activation capable of compromising workers’ health and
functional capacity. Collectively, these findings indicate
that physiological responses represent the primary
biological pathway through which environmental
exposures influence healthcare workers’ wellbeing.

Despite the growing body of evidence linking
environmental conditions with physiological functioning,
previous research has largely examined individual
environmental stressors or isolated physiological
outcomes rather than considering environmental change as
a multidimensional construct influencing broader
occupational outcomes. Furthermore, empirical evidence
from healthcare systems in developing countries remains
limited, particularly regarding how physiological
responses operate as an intermediate mechanism
connecting environmental changes with subsequent health
and productivity outcomes. Addressing this gap is
particularly important within healthcare organizations
where environmental pressures, workforce demands, and
sustainable service delivery intersect. Accordingly, the
present study proposes that environmental changes
significantly influence physiological responses among
healthcare workers.

2.2 Physiological Responses, Health, and Productivity

Physiological responses constitute the principal
biological mechanism through which environmental
stressors influence workers’ health and occupational
performance. While short-term physiological adaptations
help maintain homeostasis, prolonged activation of stress-
response systems may impair cardiovascular function,
endocrine  regulation, sleep  quality, cognitive
performance, and emotional wellbeing, ultimately
reducing employees’ ability to perform efficiently. Within
healthcare environments, where continuous physical and
mental demands are unavoidable, these physiological
changes become increasingly relevant to both individual
health and organizational effectiveness (Bayramzadeh et
al.,2021; Aust et al., 2024).

Evidence from healthcare settings consistently
demonstrates that physiological stress is associated with
measurable declines in workers’ health status. Ibar et al.
(2021) reported that elevated cortisol concentrations
among healthcare workers were strongly associated with
perceived occupational stress and emotional exhaustion,
confirming that workplace stressors are translated into
biological alterations rather than remaining purely
psychological experiences. Likewise, Morales ef al.
(2019) observed that sleep deprivation and prolonged
work  shifts produced significant physiological
dysregulation accompanied by deterioration in cognitive
performance and mood, suggesting that sustained
physiological strain compromises both personal wellbeing
and professional functioning.

Beyond its implications for health, physiological stress
also influences productivity by reducing concentration,
increasing fatigue, and impairing decision-making during
clinical practice. A recent systematic review by Shetty et

ISSN: 3105-6326 3
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al. (2024) concluded that healthcare environments
supporting workers’ physiological wellbeing consistently
achieved higher levels of staff performance, efficiency,
and workplace satisfaction. Similarly, Aust et al. (2024)
demonstrated that organizational interventions designed to
reduce physiological and psychological strain improved
employees’ wellbeing while enhancing overall work
performance, indicating that protecting workers’
physiological health represents an essential strategy for
improving healthcare productivity.

Although previous studies have independently
examined physiological health outcomes or occupational
performance, limited attention has been given to
explaining how physiological responses simultaneously
influence both health and productivity within a unified
conceptual framework. This limitation is particularly
evident in healthcare systems of developing countries,
where empirical evidence remains scarce despite
increasingly challenging environmental and occupational
conditions. Accordingly, the present study proposes that
physiological responses represent a critical determinant of
both workers’ health and productivity.

2.3 Health, Productivity, and Sustainable Development
Human health and workforce productivity are
increasingly recognized as pillars of
sustainable development, particularly within healthcare
systems where service quality depends directly on the
physical and functional capacity of healthcare
professionals. Sustainable healthcare cannot be achieved
solely through technological advancement or financial
investment; rather, it requires maintaining a healthy

fundamental

workforce capable of delivering safe, efficient, and
continuous healthcare services. Consequently, protecting
employees’ health has become a strategic priority for
achieving organizational resilience and long-term
sustainability (World Health Organization [WHO], 2016;
Whitmee et al., 2015).

Recent international evidence indicates that
environmental and occupational challenges threaten not
only workers’ health but also the sustainability of
healthcare systems. The Lancet Countdown reports
emphasize that climate-related health risks, occupational
stressors, and environmental degradation collectively
reduce workforce capacity, increase absenteeism, and
weaken health system resilience, thereby limiting progress
toward the Sustainable Development Goals (Watts et al.,
2021; Romanello et al., 2022). Similarly, Landrigan et al.
(2018) argued that reducing environmental health risks
should be considered an essential investment in human
capital because healthier workers contribute to stronger
institutional performance and sustainable economic
development.

At the organizational level, improving workplace
conditions enhances both employee wellbeing and
operational performance, creating a positive cycle that
supports sustainable development. Shetty et al. (2024)
demonstrated that healthcare environments designed to

https://jsras.rcc.edu.ly/

promote  staff wellbeing improve performance,
satisfaction, and organizational effectiveness. Likewise,
Aust et al. (2024) concluded that interventions targeting
occupational health produce measurable improvements in
workforce wellbeing while strengthening institutional
performance, indicating that investments in employee
health generate benefits extending beyond individual
outcomes to organizational sustainability.

Although previous research has acknowledged the
relationships  between  health, productivity, and
sustainability, these constructs have frequently been
examined independently rather than as interconnected
components of a unified framework. Evidence integrating
physiological health, workforce productivity, and
sustainable development remains limited, particularly in
healthcare organizations operating within resource-
constrained settings. This gap highlights the need to
investigate how improvements in workers’ health and
productivity contribute simultaneously to sustainable
development outcomes. Accordingly, the present study
proposes that both health and productivity positively
influence sustainable development.

2.4 Demographic Characteristics
Environmental Adaptation

Although environmental changes influence healthcare
workers through common physiological mechanisms,
growing evidence indicates that individual demographic
and occupational characteristics may modify the
magnitude of these effects. Factors such as age,
professional experience, educational level, occupational
role, and work schedule influence workers’ ability to adapt
to environmental stressors and may consequently affect
health outcomes, work performance, and resilience within
healthcare settings. Recognizing these individual
differences has therefore become increasingly important
for designing effective occupational health interventions
and achieving sustainable workforce management
(Njororai et al., 2021).

Recent empirical studies have shown that demographic
characteristics are associated with substantial variation in
employees’ perceptions of workplace conditions and their
subsequent occupational performance. Zadeh et al. (2018)
demonstrated that healthcare workers assigned different
levels of importance to workplace environmental
characteristics according to their professional roles and
demographic backgrounds, suggesting that environmental
improvements may not produce identical benefits across
all occupational groups. Similarly, Njororai et al. (2021)
reported that socio-demographic characteristics, together
with environmental conditions, significantly influenced
the performance of community healthcare workers,
emphasizing that workforce characteristics should be
considered when evaluating occupational outcomes.

Despite these findings, demographic variables have
frequently been treated as control variables rather than
meaningful contextual factors capable of shaping the
relationships ~ between  environmental conditions,
physiological responses, health, and productivity.
Consequently, limited evidence is available regarding

and Workplace
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whether demographic differences contribute to variations
in these relationships within healthcare organizations
operating in developing countries. Addressing this
limitation is particularly relevant in the Libyan healthcare
sector, where workforce composition, professional
responsibilities, and working conditions differ across
occupational groups. Therefore, the present study further
examines whether significant differences exist according
to selected demographic characteristics among healthcare
professionals.

2.5 Research Gap and Hypotheses Development

Despite the growing body of literature examining
environmental health, occupational wellbeing, and
employee performance, several important knowledge gaps
remain unresolved. First, previous studies have
predominantly investigated environmental changes,
physiological health, and occupational productivity as
separate research domains, with relatively limited
attention given to the biological mechanisms through
which environmental changes simultaneously influence
both health and productivity. Consequently, the integrative
role of physiological responses within this relationship
remains insufficiently explored, particularly in healthcare
settings (Watts et al., 2021; Romanello et al., 2022;
Andarini & Ramdhan, 2025).

Second, although recent systematic reviews have
confirmed that workplace environmental conditions
substantially affect healthcare workers’ physiological
wellbeing and occupational performance, most available
evidence has focused on individual environmental
exposures such as thermal stress, workplace design, or
occupational fatigue rather than examining environmental
changes as a multidimensional construct encompassing
diverse environmental stressors. This fragmented
approach limits the understanding of how different
environmental conditions collectively influence healthcare
workers’ physiological adaptation and subsequent
organizational outcomes (Bayramzadeh et al., 2021;
Shetty et al., 2024; Aust et al., 2024).

Third, existing empirical studies have primarily been
conducted in high-income countries, whereas evidence
from developing healthcare systems remains limited. In
particular, little empirical research has examined these
relationships within the Libyan healthcare sector despite
its unique environmental, occupational, and organizational
challenges. Furthermore, demographic characteristics
have frequently been treated as statistical control variables
rather than contextual factors that may explain variations
in workers’ responses to environmental conditions and
occupational demands (Zadeh et al., 2018; Njororai et al.,
2021).

Building upon these limitations, the present study
develops an integrated conceptual framework that explains
how environmental changes influence healthcare workers
through physiological responses and subsequently affect
health, productivity, and sustainable development. In
addition, the study examines whether demographic
characteristics are associated with significant differences
in the proposed relationships. By integrating these
constructs within a single analytical model and providing

https://jsras.rcc.edu.ly/
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empirical evidence from the Libyan healthcare context,
this study contributes to extending current knowledge
while addressing an important geographical and
theoretical gap in the environmental health and sustainable
development literature.

3. METHODOLOGIES

This study adopted a quantitative cross-sectional survey
design to investigate the relationships among
environmental changes, physiological responses, health,
productivity, and sustainable development among
healthcare workers at Al Bayda Medical Center, Libya.
Data were collected using a structured questionnaire
developed from the study framework and relevant
literature. The final sample comprised 70 healthcare
workers from different departments. The questionnaire
included demographic information and measurement
items assessed on a five-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree).

Before hypothesis testing, the dataset was screened to
verify data quality, and the reliability and validity of the
measurement instrument were evaluated using Cronbach’s
alpha, item-total correlations, and complementary
reliability indicators. Statistical assumptions, including
normality, homogeneity of variance, multicollinearity, and
independence of residuals, were examined before
conducting inferential analyses. Where the assumptions of
parametric testing were not fully satisfied, appropriate
non-parametric procedures and bootstrap resampling were
applied to ensure robust statistical estimation.

All statistical analyses were performed using IBM
SPSS Statistics. Descriptive statistics were used to
summarize the sample characteristics, while Pearson
correlation and linear regression analyses were conducted
to test the proposed relationships. The mediating effect of
physiological responses was examined using a bootstrap
regression approach, and demographic differences were
assessed using independent-samples t-tests, one-way
ANOVA, Mann-Whitney U, and Kruskal-Wallis tests, as
appropriate. Statistical significance was established at p <
0.05 for all analyses.

4. RESULTS

4.1 Respondents’ Demographic Characteristics

Table I summarizes the demographic characteristics of
the 70 healthcare professionals who participated in this
study. Male respondents represented the majority of the
sample (61.4%), while females accounted for 38.6%.
Nearly half of the respondents were younger than 30 years
(48.6%), followed by those aged between 30 and 40 years
(41.4%), indicating that the workforce was predominantly
composed of young and early-career professionals. More
than half of the participants were single (52.9%), whereas
44.3% were married.

Regarding educational attainment, most respondents
held a bachelor’s degree (62.9%), followed by diploma
holders (35.7%), while only one participant possessed a
master’s degree. In terms of professional experience, the
largest proportion had between five and ten years of

ISSN: 3105-6326 5
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experience (44.3%), followed by less than five years
(38.6%), reflecting a workforce with moderate practical
experience. Furthermore, almost half of the respondents
worked on rotational shifts (47.1%), compared with 42.9%
working morning shifts and 10.0% working evening shifts.

Overall, these demographic characteristics indicate that
the study sample adequately represents healthcare
personnel with diverse professional backgrounds,
educational levels, and work schedules, thereby providing
a suitable basis for examining the relationships between
environmental changes, physiological responses, health,
and productivity.

TABLE I. DEMOGRAPHIC CHARACTERISTICS OF THE
RESPONDENTS (N = 70)

P F
erc(i/il)tage recgljncy Category Variable
61.4 43 Female
Gend
386 27 Male eneer
486 34 Less than 30
years
414 29 30-40
years Age
8.6 6 40-50 years
14 1 More than
50 years
52.9 37 Single Marital
443 31 Married tart“a
29 2 Divorced Stats
35.7 25 Diploma
Bachelor'
62.9 44 achelors Educational
degree
Master's level
1.4 1
degree
38.6 2 Less than 5
years
443 31 5-10 years Years of
5.7 4 10-15 years experience
g 114 More than
15 years
Morning
429 30 shift
Evening Work
100 7 shift schedule
Rotational
47.1
7 33 shifts

4.2 Reliability and Validity of the Measurement
Instrument

The psychometric properties of the measurement
instrument were assessed prior to hypothesis testing to
ensure the reliability and validity of the collected data.
Internal consistency was evaluated using Cronbach’s alpha
coefficient, while construct validity was examined using
established validity indicators. As shown in Table 2, all
study constructs demonstrated Cronbach’s alpha values
exceeding the recommended threshold of 0.70, indicating
satisfactory internal consistency. Likewise, the validity
indices confirmed that all constructs possessed acceptable
measurement properties, supporting the suitability of the
questionnaire for subsequent statistical analyses. These
findings suggest that the measurement instrument was
both reliable and valid for assessing the relationships
among the study variables, thereby providing a sound basis
for hypothesis testing and inferential analysis (Cho, 2021;
Taber, 2021

TABLE II. INTERNAL CONSISTENCY RELIABILITY OF THE MEASUREMENT INSTRUMENT

Construct No. of Items [Cronbach's o| Interpretation

Environmental Changes 6 0.916 Excellent
Physiological Responses 6 0.883 Good
Health 6 0.841 Good
Productivity 5 0.857 Good

Sustainable Development (Refined) 3 0.760 Acceptable

Overall instrument 28 0.953 Excellent

https://jsras.rcc.edu.ly/ ISSN: 3105-6326 6
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Table II demonstrates that the measurement instrument
achieved satisfactory to excellent internal consistency
across all constructs. The Cronbach’s alpha coefficients
ranged from 0.760 to 0.916, while the overall
questionnaire demonstrated excellent reliability (o0 =
0.953). Environmental Changes showed the highest
reliability (o 0.916), followed by Physiological
Responses (o = 0.883), Productivity (a = 0.857), and
Health (o = 0.841). The Sustainable Development
construct initially included five items; however, two items
(Q24 and Q27) were removed following the reliability
analysis because they reduced internal consistency. After
refinement, the construct retained three items and achieved
an acceptable reliability coefficient (o = 0.760). Overall,
these findings indicate that the questionnaire possesses
adequate internal consistency and is suitable for
subsequent correlation, regression, and hypothesis-testing
analyses.

Note. Two items (Q24 and Q27) were removed during the
reliability analysis to improve the internal consistency of
the Sustainable Development construct. The refined
construct achieved acceptable reliability (Cronbach's o =
0.760) and was used in all subsequent statistical analyses.

4.3 Descriptive Statistics and Correlation Analysis

To provide an initial overview of the relationships
among the study constructs, descriptive statistics and
Pearson correlation coefficients were calculated. The
results indicate that all study variables recorded mean
values above the neutral midpoint (3.00), suggesting
generally positive perceptions among healthcare
professionals  regarding  environmental  changes,
physiological responses, health, productivity, and
sustainable development. Sustainable development
achieved the highest mean score (M = 3.88, SD = 0.66),
followed by physiological responses (M = 3.78, SD =
0.83), health (M = 3.72, SD = 0.81), productivity (M =
3.62, SD = 0.95), whereas environmental changes
recorded the lowest, yet still positive, mean (M = 3.20, SD
=1.13).

Pearson correlation analysis revealed statistically
significant positive associations among all study
constructs (p < 0.01). Correlation coefficients ranged from
0.55 to 0.78, indicating moderate-to-strong relationships
without evidence of excessive multicollinearity. The
strongest association was observed between Health and
Productivity (r = 0.78), followed by the relationship
between Environmental Changes and Health (r = 0.75),
and between Environmental Changes and Physiological
Responses (r = 0.70). These findings provide preliminary
empirical support for the proposed conceptual framework
and justify proceeding with regression and mediation
analyses to examine the hypothesized causal relationships.

https://jsras.rcc.edu.ly/
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TABLE III. DESCRIPTIVE STATISTICS AND PEARSON
CORRELATION MATRIX OF THE STUDY CONSTRUCTS (N = 70)

Variable Mean| SD 1 2 3 4 5

1. Environmental

Changes 3.20 |1.13| 1.00

2. Physiological
Responses

3.78 10.83(0.70**| 1.00

3. Health 3.72 10.81|0.75%*(0.75** | 1.00

4. Productivity | 3.62 [0.95]0.67**|0.69** |0.78**| 1.00

5. Sustainable
Development 3.88 [0.66]0.67**|0.55%* 10.56**| 0.69** [1.00
(Refined)

4.3.1 Correlation Analysis

Table III presents the descriptive statistics and Pearson
correlation coefficients among the study constructs. The
results indicate that all constructs were positively and
significantly correlated at the 0.01 significance level,
providing preliminary empirical support for the proposed
conceptual  framework.  Environmental = Changes
demonstrated significant positive associations with
Physiological Responses (r =0.700, p < 0.01), Health (r =
0.750, p < 0.01), Productivity (r = 0.670, p < 0.01), and
Sustainable Development (r = 0.670, p < 0.01). Similarly,
Physiological Responses exhibited significant correlations
with Health (r = 0.750), Productivity (r = 0.690), and
Sustainable Development (r = 0.550). Health was strongly
associated with Productivity (r = 0.780) and moderately
correlated with Sustainable Development (r = 0.560).
Furthermore, Productivity showed a significant positive
relationship with Sustainable Development (r = 0.690).
Overall, all correlation coefficients were positive and
statistically significant while remaining below the
recommended multicollinearity threshold (r < 0.90),
indicating that the constructs were sufficiently distinct to
justify subsequent multiple regression analysis. These
findings provide initial empirical support for the
hypothesized relationships and are consistent with the
proposed theoretical framework.
Note. Correlation is significant at the 0.01 level (two-

tailed).

4.3.2 Multiple Regression Analysis (H2 and H6)

Multiple regression analysis was conducted to examine
the predictive relationships proposed in H2 and H6.
Specifically, simple regression models were used to assess
the predictive effect of environmental changes on
physiological responses, health, and productivity, whereas
multiple regression analysis was performed to determine
the combined contribution of health and productivity to
sustainable development. Model evaluation was based on
the coefficient of determination (R?), test statistics, and
significance levels.
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TABLE IV. MULTIPLE REGRESSION ANALYSIS FOR HYPOTHESIS

TESTING (H2 AND H6)
Test -
Hypo | Regression | Predictor( e? P Decisio
R R? [statist| valu
thesis model s) . n
ic e
Health ~ | Environme
<
H2 |Environmenta ntal 0'556 t=9.39 8 io Suzzort
1 Changes Changes
Physiologi
ysiological Environme
Responses ~ 0.49 <0.0 | Support
H2 . ntal t=8.19
Environmenta| Chan 7 01 ed
1 Changes ges
Productivity Environm
~ VIFOTINE| ) 44 <0.0 | Support
H2 . ntal t=7.41
Environmenta| Chan 7 01 ed
1 Changes anges
Sustainable Health, Partiall
H6 Development Productivit 0.45 |F=27.| <0.0 y
~ Health + 3 74 01 | Support
Productivity y ed
The  regression  analysis  demonstrated  that
environmental changes significantly predicted all

proposed outcome variables. Environmental changes
explained 56.5% of the variance in health, 49.7% of the
variance in physiological responses, and 44.7% of the
variance in productivity. All three regression models were
statistically significant (p < 0.001), providing strong
empirical evidence that increasing environmental stressors
were associated with measurable changes in workers’
physiological responses, health status, and productivity.
These findings provide full support for Hypothesis H2.

Regarding sustainable development, the multiple
regression model explained 45.3% of its variance.
Examination of the regression coefficients indicated that
productivity was the only significant predictor of
sustainable development (B = 0.625, p < 0.001), whereas
the contribution of health became statistically non-
significant after controlling for productivity (p = 0.76).
This pattern suggests that the influence of health on
sustainable development is transmitted largely through
productivity rather than through a direct independent
effect. Consequently, Hypothesis H6 received partial
support, with productivity emerging as the dominant
predictor of sustainable development in the proposed
model.

4.3.3 Mediation Analysis (H4 and H5)

To further examine the underlying mechanism through
which environmental changes influence health and
productivity outcomes, mediation analysis was conducted
using the bootstrap resampling approach (5,000 bootstrap
samples). This procedure was employed to determine
whether physiological responses transmit the effect of
environmental changes to the two outcome variables. The
significance of the indirect effect was evaluated using bias-
corrected 95% confidence intervals, where mediation is
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supported when the confidence interval does not include
Zero.

TABLE V. BOOTSTRAP MEDIATION ANALYSIS RESULTS (H4 AND

H5)
. Tot | Dire .Ind 95% Me.d
Hyp | Mediat | al ct | irec Boo iatio Deci
othes ion Effe | Effe t tstra n sion
is Path ct ct Eff Typ
(c) (c) | ect pCl e
Enviro
nment
al
Chang
es — .
Physio | 053 | 031 | 0(')171 PZT‘ Sup
H4 logical | 7** | 5** 22 | 036 | med port
Respo * * . ed
nses 5 ation
N
Health
Enviro
nment
al
Chang
es —
Ph}fsio 0.56 0.13 | Parti Sup
Hs logical S 0.30 | 0.2 7- al port
Respo « 0** | 65 | 0.44 | medi d
nses 6 ation | ©
—
Produc
tivity

Note. Bootstrap resampling = 5,000 samples. Mediation is
considered significant when the 95% bias-corrected
confidence interval does not include zero. *** p < 0.001;
** p < 0.01. Results are reported directly from the
statistical analysis.

The mediation analysis demonstrated that physiological
responses significantly mediated the relationships between
environmental changes and both health and productivity
outcomes. For the first mediation model (H4), the total
effect of environmental changes on health was 0.537,
while the direct effect remained statistically significant
after including the mediator (0.315). The indirect effect
through physiological responses reached 0.222, with a
95% bootstrap confidence interval ranging from 0.110 to
0.365, excluding zero and therefore confirming a
statistically significant mediation effect.

A similar pattern was observed for productivity (HS).
Environmental changes exerted a total effect of 0.565,
whereas the direct effect decreased to 0.300 after
accounting for physiological responses. The indirect effect
was 0.265, and the corresponding 95% bootstrap
confidence interval (0.137-0.446) also excluded zero,
indicating a significant indirect pathway. Because the
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direct effects remained statistically significant in both
models while the indirect effects were also significant, the
findings indicate partial mediation rather than full
mediation. Consequently, both H4 and HS were supported.

4.3.4 Summary of Hypothesis Testing

To provide an integrated overview of the empirical
findings, the results of all proposed hypotheses are
summarized in Table VI. The table consolidates the
statistical evidence obtained from the correlation,
regression, and bootstrap mediation analyses, thereby
presenting the final decisions regarding each hypothesis.
This summary facilitates the interpretation of the overall
conceptual framework and provides a concise reference
before discussing the findings in relation to previous
research.

TABLE VI. DEMOGRAPHIC DIFFERENCES ANALYSIS RESULTS

HT7)
Efft
. Affected . p- ¢ ..
Grouping Statist ct Decisio
. construct(s . valu .
variable ) ic . size n
)
Pradcti 004 | 0.1
y: = 6/ 3/ | Partiall
. ; 2.82/ | 0.00 | 0.18 y
tl t 1
Job title Sustainab 436/ 3/ 6/ support
© 503 | 0.00 | 0.16 | ed
Developm
7 5
ent
Health; 0.00 | 0.19 .
Productivit _ 3/ 0/ Partiall
eYe:‘r?e(r)lf: S tZ';nabl 51871004 1 011 s yot
Xper us e‘ 296/ | 7/ | 3/ “‘;‘(’1 '
Developm 2.79 0.03 | 0.11
P 9 | 9
ent
0.04 | 0.08
Health; =
Work | b oductivie | 327/ | 4/ | 9/ | support
system 301 0.04 | 0.08 ed
Y ' 7 7
Educatio | Productivit = 0.00 | 0.15 | support
nal level y 9.67 3 3 ed
Age = 0.02 | 0.10 | support
Health
group e 3.73 9 3 ed

The findings presented in Table VI indicate that
demographic characteristics were associated with selected
study constructs rather than exerting a uniform influence
across all outcomes. Significant differences were observed
according to job title, years of experience, work system,
educational level, and age group, although the affected
constructs varied across these demographic factors. Job
title and years of experience were associated with
significant differences in health, productivity, and
sustainable  development, whereas work system
significantly influenced health and productivity. In
addition, educational level was significantly associated
with productivity, while age differences were observed
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only for the health construct. These findings suggest that
demographic characteristics contribute to variations in
specific dimensions of environmental adaptation and
occupational outcomes, but their effects are neither
comprehensive nor consistent across all constructs.
Accordingly, Hypothesis H7 was partially supported,
indicating that demographic factors explain selected,
rather than wuniversal, differences among healthcare
professionals.

5. DISCUSSION

This study provides empirical evidence that
environmental changes significantly influence
physiological responses, health, productivity, and

sustainable development among healthcare professionals
at Al-Bayda Medical Center. The findings support the
proposed conceptual framework and indicate that
environmental conditions affect occupational outcomes
through interconnected physiological and organizational
pathways. These findings reinforce the growing consensus
that workplace environmental quality represents a
fundamental determinant of healthcare workers’ well-
being and institutional sustainability (Romanello et al.,
2022; Aust et al., 2024).

The significant association between environmental
changes and physiological responses confirms that
environmental stressors trigger measurable physiological
adaptation among healthcare professionals, supporting H1.
This finding agrees with recent evidence indicating that
climate-related  environmental exposures increase
physiological strain and compromise workers’ health and
occupational performance (Vicedo-Cabrera et al., 2021;
Romanello et al., 2022). Within the Libyan healthcare
context, these results suggest that improving
environmental conditions may reduce physiological stress
and enhance employees’ capacity to perform clinical
duties efficiently.

Moreover, environmental changes significantly
predicted both health and productivity, supporting H2,
while physiological responses were positively associated
with productivity, supporting H3. These findings suggest
that unfavorable workplace environments impair
employees’ functional capacity and work performance
through physiological adaptation mechanisms. Similar
observations have been reported in recent occupational
health studies, which emphasize that improving workplace
environmental quality contributes to better health
outcomes and higher workforce productivity (Aust et al.,
2024; Shetty et al., 2024).

The mediation analysis further demonstrated that
physiological  responses partially mediated the
relationships between environmental changes and both
health and productivity, providing support for H4 and HS.
These findings suggest that environmental conditions
influence occupational outcomes both directly and
indirectly through physiological adaptation. In other
words, adverse environmental exposures increase
physiological strain, which subsequently contributes to
poorer health status and reduced productivity.
Nevertheless, the persistence of significant direct effects
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indicates that additional organizational and occupational
factors may also contribute to these relationships. Similar
findings have been reported in recent occupational health
research, emphasizing that physiological stress represents
a key mechanism linking environmental exposures with
employee health and work performance rather than
functioning as the sole explanatory pathway (Aust ef al.,
2024; Romanello et al., 2022).

Furthermore, productivity emerged as the strongest
predictor of sustainable development, whereas health did
not retain an independent contribution after productivity
was introduced into the regression model, partially
supporting H6. This finding indicates that the influence of
employees’ health on sustainable development is largely
translated through their ability to maintain productive
work performance. From an organizational perspective,
healthier healthcare professionals are more capable of
delivering consistent clinical services, improving
institutional efficiency, and supporting long-term
sustainability. This interpretation is consistent with
contemporary sustainability research, which recognizes
workforce productivity as a critical component linking
employee well-being with sustainable organizational
performance (Romanello et al., 2022; Leso et al., 2024).

Finally, the demographic analysis partially supported
H?7, indicating that the effects of environmental conditions
were not uniformly distributed across participant
characteristics. Significant differences observed according
to job title, years of experience, work system, educational
level, and age group suggest that individual and
occupational characteristics may modify employees’
responses to environmental stressors. These findings
imply that environmental health interventions should be
tailored to the specific needs of different professi onal
groups rather than adopting a uniform approach for all
healthcare workers. Similar conclusions have been
highlighted in recent studies, which recommend targeted
occupational health strategies to improve workforce
resilience and organizational performance under changing
environmental conditions (Aust et al., 2024; Shetty et al.,
2024).

Overall, the present study extends current evidence by
demonstrating that environmental changes influence
sustainable  development  through interconnected
physiological and organizational mechanisms within a
Libyan healthcare setting. Unlike many previous studies
conducted in high-income countries, this research provides
empirical evidence from a resource-constrained healthcare
environment, highlighting the importance of integrating
environmental management, occupational health, and
workforce productivity into healthcare sustainability
strategies. These findings provide practical evidence for
healthcare administrators and policymakers seeking to
strengthen institutional resilience while protecting the
health and performance of healthcare professionals.

6. CONCLUSION

The present study demonstrated that environmental
changes significantly influence healthcare professionals’
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physiological responses, health, productivity, and
sustainable development within Al-Bayda Medical Center.
The findings support the proposed conceptual framework
by confirming that environmental conditions affect
organizational sustainability through interconnected
physiological and occupational pathways. In particular,
physiological responses partially mediated the effects of
environmental changes on health and productivity, while
productivity emerged as the principal contributor to
sustainable development.

This study extends the existing literature by providing
empirical evidence from the Libyan healthcare sector,
where research examining the relationship between
environmental conditions, physiological adaptation, and
organizational sustainability remains limited. The findings
emphasize that improving workplace environmental
quality should be considered not only as a public health
priority but also as a strategic organizational investment
capable of enhancing employee well-being, productivity,
and long-term institutional sustainability. Accordingly,
integrating environmental management into occupational
health policies may strengthen healthcare system
resilience while supporting sustainable development
objectives.

7. RECOMMENDATIONS

Based on the study findings, the following
recommendations are proposed:
1.  Healthcare  institutions  should  implement

comprehensive environmental management strategies to
reduce workplace environmental stressors and improve
indoor environmental quality.

2. Occupational health programs should incorporate
regular physiological and environmental monitoring to
identify early indicators of work-related environmental
stress among healthcare professionals.

3. Hospital administrators should integrate environmental
sustainability initiatives with employee health promotion
programs to enhance workforce productivity and
institutional performance.

4. Policymakers should strengthen environmental health
regulations within healthcare facilities by prioritizing
healthy workplace environments as an essential
component of sustainable healthcare systems.

5. Future studies are encouraged to employ longitudinal
and multicenter designs involving larger samples from
different Libyan healthcare institutions to improve the
generalizability of the findings and further examine the
underlying mechanisms linking environmental changes
with organizational sustainability.
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